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Evgeny V. Abakumov, Vyacheslav 1. Polyakov, Ksenia S. Orlova

St. Petersburg State University, St. Petersburg, Russian Federation

Podzol development on different aged coastal bars of Lake Ladoga

This paper presents the result of the studies of soil formation on different aged
coastal bars in the transgression zone of Lake Ladoga in the Nizhnesvirsky Nature
Reserve (Leningrad region, North-West of the Russian Federation). The investigation
presents the data on soil chronoseries, located on four Ladoga coastal bars of different
ages from 70+25 to 1590+25 years BP. We estimated the trends of accumulation
and transformation of organic matter, elemental composition of humic acids (HAs),
development of plant communities and the influence of soil formation factors on
the formation rate of soil horizons. We assessed the degree of soil organic matter
stabilization using modern instrumental methods (spectroscopy of nuclear magnetic
resonance CP/MAS “C-NMR). An integral indicator of the hydrophobicity of HAs,
which represents the total fraction of unoxidized carbon atoms, is proposed. The
Ladoga Holocene transgression is one of the most informative and applicable models
for pedogenesis; successional processes occurring in young and mature areas can
be traced here. We identified local processes of soil formation such as podzolization,
gleyfication, peat formation and humus accumulation. Physical, physical-chemical
and biological soil properties with a detailed description of the morphology of soil of
different aged coastal bars are presented.

The paper contains 6 Figures, 7 Tables and 71 References.

Keywords: Humic substances; *C-NMR; soil genesis; soil formations; Podzols.
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Introduction

The study of soils of chronoseries of the coastal bars of Lake Ladoga transgres-
sion provides the most representative model of soil formation, unlike the chrono-
series in post-mining dumps, dunes and under mounds. This model describes the
formation of Podzols from 0 to about 3500 years, which allows to fully evaluate
the formation of embryonic Podzols on the first coastal bars and fully formed
Podzols in areas over 2000 years old, since it is generally accepted that the stage
of quasiequilibrium occurs 1500-2000 years ago [1-3]. While the soil formation
models in quarries can assess the rapid processes of soil formation, long-term soil
formation processes can be evaluated.
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Soil formation is a biolithogenic or biocosmic process that connects biologi-
cal and geological cycles in time and space. The temporal cycles of pedogenesis
reflect the rates of bio-nutrient interactions and can be investigated by the goal
of parametrization of soil-biological processes in anthropogenic disturbances. In
the modern ecology of soils, the issue of assessing the efficiency of soil imple-
mentation of the main ecological functions and parametrization of the efficiency
of soil implementation of the most important ecosystem services is acute [4-5].
Soil formation as a modern process is becoming increasingly relevant in new
regenerative models on uncovered land surfaces, dumps of quarries, territories of
perspective development (brownfields) and reclamation areas. In these models,
taking into account temporal development, variants of diversity of different aged
stages of pedogenesis in space are realized, which is described by the property of
ergodicity of soils i.e. the possibility of having an analogue of the temporal stages
of ontogenesis in space [1, 6-8].

The evolution of soils is the result of their constant movement toward equi-
librium with the environment. Periodic changes of external environmental factors
determine the variability of soils in time. The study of uneven-aged coastal bars
on sandy soil-forming rocks has long been considered a classic object of evolu-
tionary soil science. Historically, it was the soils of different ages on the sands
that became the main research object of the soil formation in the taiga zone [1,
5, 9-11]. Chronoseries of soil restoration and recovering by vegetation are more
often found there. Chronoseries include continental coastal dunes, uneven-aged
surfaces exposed as a result of the transgression of lakes, as well as dumps of
quarries and substratum of military constructions [1, 4-5, 7, 12-17].

Soil evolution has been considered as a complicated process related, for the
first time, to combination of soil forming factor or soil-formation potential as a
cumulative result of soil forming factor interrelation [5]. A number of investiga-
tions [2, 14] showed that the rate (speed) of soil formation varies sufficiently and
depends on natural zones, parent materials and type of vegetation community
[13, 18]. Many studies were devoted to interpretation of soil morphological data
in chronoseries [12, 17, 19-20], assessment of diversity of cultivated forms of
microorganisms, their biomass and metabolical activity in soils, alteration of soil
organic matter quality and mineral part transformation [20]. The obtained data
were used to simulate modeling experiments in order to analyze temporal soil de-
velopment dynamics and to develop methods and criteria for prognostic scenarios
of soil/ecosystem development [21].

Mechanisms of Podzol formation, weathering agents and migration processes
of organo-mineral compounds [22-23], have been poorly investigated in the study
area. The Podzol formation process can be defined as a set of weathering phenom-
ena in the surface layers of the weathering crust and continuously developing in
time phenomena of transformation (decomposition and synthesis) and movement
of substances, phenomena that are in close functional interdependence and which
are based on bilateral exchange of substances between soil and vegetation. Even
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less studied are functional options between vegetative cover development and
soil formation in the study area. The study of the carbon content of different aged
soils is of a current interest from the standpoint of genetic and evolutionary soil
science, since it provides information on the organic content in the soil profile.

The territory of the research area was affected by the retreat of the Valdai glacier
and a series of transgressions of Lake Ladoga, which took place 8000-3000 years
ago. About 2000 (1500) years ago, the level of transgression equaled the height of
the watershed, and the Ladoga water flowed through it. The Neva was formed and
the level of the lake dropped to the modern level in a few decades.

The southeastern part includes up to 20 sand bars oriented along the shore of
Lake Ladoga. The strips of pine ridges are replaced in depressions mainly by me-
sotrophic bogs. The slopes oriented to the rivers and a richer vegetation related to
an oxalis type characterize streams in the zone of diluvial drift.

Changes in the shoreline of Lake Ladoga during the Holocene have been ac-
tively studied in recent decades. The main sources of data for studying the fluctua-
tions in the level of Ladoga Lake were the bottom sediments of lakes, marshes and
peatlands of the Ladoga surrounding areas [24]. The main stages of the history
of Ladoga Lake in the post-glacial period have been recreated. Nevertheless, the
dating of the transgressive-regressive phases of the lake in the investigation of
various authors is contradictory, as are the data on the altitude marks of the water
level of the southern region in these periods. The change in the Ladoga shorelines
is mainly associated with two factors: oscillations in the level of the Baltic Sea
and isostatic uplift of Fennoscandia in the postglacial period [24].

The most controversial stage in the history of the Ladoga is the period of the
Ladoga transgression, which followed a significant increase in the water balance
of the reservoir, which led to an increase in the water level in the lake [25-27]. The
Ladoga transgression is fixed in time (about 5000-2000 BP according to the scale
of absolute age) and altitude (from 6 to 18 m) intervals [28].

The causes of the Ladoga transgression are uncertainly interpreted by many
researchers. Obviously, the main reason was the lopsided glacio-isostatic uplift
of the northern and southern parts of the Ladoga basin, as a result of which the
flow from the lake in the northern part of the Karelian Isthmus decreased, and the
territories of the southern Ladoga area were flooded [28]. The development of the
Ladoga transgression is most often associated with a change in the direction of the
water flow from Lake Saimaa system (south-eastern Finland) [27].

During the isostatic uplift of the given territory, the flow from the Saimaa
system to the Gulf of Bothnia, and, later, to the Gulf of Finland, changed its direc-
tion towards the Ladoga basin, forming the Vuoksa River that sharply increased
the water level of Lake Ladoga. However, AV Snitnikov (1957), according to
MYV Sheetov et al. (2010), believed that the development of the Ladoga trans-
gression was due to the centuries-old rhythm of the fluctuation of the total mois-
ture content in the Holocene, which resulted in a breakthrough of the water from
Saimaa Lake and a significant increase in the flow to the Ladoga from the drain-
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age basin. Several factors, endogenous and exogenous, contributed to changes in
the hydrographic network of the drainage basin and the water balance of Ladoga
Lake [25, 29].

The breakthrough of Saimaa Lake water through the Salpausselka ridge sys-
tem and the formation of the Vuoksa River, which is currently one of the main
tributaries of the Ladoga, dates within 5000-3000 years ago (radiocarbon age).
The difference in the uplifts of Ladoga Lake basin caused water overflow from
the deep northern to the shallow southern part and the flooding of significant areas
in the Southern Ladoga [30, 24]. Then the water level in the Ladoga began to rise
and reached a maximum about 3200 years ago [24].

During this period, a breakthrough of the Ladoga water through the Mginsky-
Tosnensky watershed occured, and the Neva River was formed [24-25]. DA Sub-
etto (2007), referring to DD Kvasova, notes that the Neva Channel between Lake
Ladoga and the Baltic Gulf was formed as a result of the glacier isostatic uplift
of the northern Ladoga and the skewing of the Ladoga Basin, in consequence of
which the southern part was flooded with the waters of Lake Ladoga; its water
flowed into the valley of the Mga River, which flowed into the Ladoga. The Mgin-
sky-Tosnensky watershed (about 18 m high), represented by moraine loams, was
washed out, and the waters of the Ladoga fell into the valley of the Tosno River,
which had previously flowed into the Gulf of Finland [25]. However, NN Versilin
and GI Kleimenova (2012) in their research indicate that there is no reliable data
to believe that over the past 6000 years Lake Ladoga level has risen above the ab-
solute 15m mark, the formation of the Neva should be referred to the earlier dates
[31]. Aleksandrovsky AA et al. (2009) note a sharp decrease in the level of Lake
Ladoga during the period of 2800-2500 years, which caused the water level drop
in the entire hydrological system, and links it to the formation of the river [32].

The current studies are focused on determination of elemental composition
of HAs, the degree of its decomposition and determination of soil organic matter
stabilization degree. One of the methods for studying the molecular composition
of organic matter is nuclear magnetic resonance (NMR), which enables to study
the qualitative and quantitative characteristics of organic matter [33, 34, 35]. An
application of this method give a possibility to identify the main trends of soil
organic matter stabilization. It was shown that the accumulation of aliphatic com-
pounds is associated with the processes of depositing fresh soil organic remnants,
and the group of aromatic compounds indicates the processes of humification and
stabilization of organic matter in the soil and accumulation of plant tissues [36].

In this work, we set the goal of the most complete characterization of the pro-
cesses of Podzol formation, the accumulation of organic matter, analysis of mi-
crobiological activity in the chronoseries of Podzols. The research tasks include:
1) morphological characteristics of soil formation on sands, 2) determination of
humus content, biological activity of soils of different ages, 3) molecular compo-
sition of the humic substances.
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Materials and method

The study site

The Nizhnesvirsky Nature Reserve was established in 1980 in the southeast-
ern Lake Ladoga region (Leningrad region). It is located in the Ladoga lowland
and is bounded from the south and east by the Svir River, and from the west by the
Gulf of Svir of Lake Ladoga, a part of which is a part of the reserve. The northern
border is at the same time the border of Leningrad oblast and Karelia. The area of
the reserve is 41000 hectares, of which 19000 hectares are occupied by forests,
14000 hectares by bogs, and 6000 hectares of the water area of the Gulf of Svir
(strip 1-3.2 km from the coast), rivers and lakes. The study site is presented in
Fig. 1.

Ladoga Lake

Legend 022545 9 135

18
() investigated coastal bars Kilometers

[0 coge of the Nizhnesvirsky Nature Reserve

Fig. 1. Study area. The Nizhnesvirsky Nature Reserve
(60°34'58"N 33°00'24"E). Source: ESRI, GeoEye



Podzol development on different aged coastal bars of Lake Ladoga 11

The reserve is characterized by a temperate continental climate, the average
annual air temperature is + 3.64°C, the annual precipitation is 737 mm, the aver-
age thickness of the snow cover is 76 cm [27]. The maximum height above sea
level is 22-24 m. The coastal bars of Lake Ladoga, whose height is up to 40 m,
cover a strip up to 4 km wide along the Gulf of Svir. The height of the rolls is
0.5-4 m, the width is 10-200 m. The depressions between bars have a width of 20-
200 m. In general, the Ladoga lowland can be described as a sandy, lacustrine ter-
raced plain. The largest water area is the Gulf of Svir Bay, which is rather shallow
and, therefore, warms up well. In the north of the reserve, Segezha Lake (18 km?)
is located in the center of the Segezha bog. To the basin of the Svir River belongs
the Lakhtinsky Bay, a part of the old river bed, 6 km long and 200-300 m wide.
Several small rivers with a source in the Segezhsky bog flow into the Svir River.
Into Lake Ladoga flow such small rivers as the Zubets, the Gumbarka and others.
The location of soil pits is shown in Fig. 2.

Fig. 2. Location of soil pits. 1 - First coastal bar, 2 - Second coastal bar,
3 - Third coastal bar, 4 - Fourth coastal bar. Source: ESRI, GeoEye

The flat territory and the presence of depressions along geomorphological ter-
races with poor drainage cause a high percentage of swampy areas. Forests are
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located on hills, mostly composed of sands, so pine forests prevail here. They are
severely damaged by waterlogging and fires, as well as by the military actions of
1941-1943. Therefore, nowadays, young plantations with lichen-green moss cov-
er predominate. Pine sphagnum forests are widespread. Minor areas are occupied
by oxalis and bilberry-sphagnum types of spruce forests. In the reserve, typical
are secondary birch forests of bilberry, eagle fern and reed grass types growing on
the sites of pine forests.

Factors of soil formation in the investigated region

On the territory of the drainage basin of Lake Ladoga the following processes
of soil formation are widespread: podzolization, humus formation, gleyfication
and peat accumulation.

The podzolization process develops in soils of an automorphic location under
cover of coniferous and mixed-coniferous forests. When decomposing plant litter,
which is poor with elements and coming mainly to the surface of the soil, aggres-
sive organic acids are formed. Under their influence, intensive acid weathering of
the soil-forming rock takes place and the moisture content of the decomposition
products of minerals drifts downward to the lower horizons of the soil profile.
The main role during the decomposition of primary and secondary minerals is
played by fulvic acids. Illuvial-ferruginous Podzols form on sandy parent rocks;
as the humidity of the terrain increases illuvial-humus-ferruginous Podzols and
illuvial-humus (spodic) Podzols form. On loamy and clayey parent rocks form
Podzols and podzolic soils without pronounced illuvial-humus horizon. They are
the dominant type of soil in the study area [27].

The process of humus accumulation is associated with a high content of alkaline
bases in the parent rock, which entails their high content in plant litter, and also with
the entry of organic substances into the soil not only on its surface, but also deep
in the soil profile due to decomposition of the remains of grass vegetation root sys-
tems. The sod process is developed under coniferous-deciduous forests with grass
vegetation [27]. Humus formation can be considered as a biogeochemical mecha-
nism of adaptation of plant communities to terrestrial living conditions in case of
poor acids sandy textured parent materials in the boreal climate [37].

The process of gleyfication occurs under anoxic conditions when the water stag-
nates on the soil surface or the soil-groundwater is wedged out into the soil. Be-
cause of anaerobic decomposition of organic matter in the soil, reduction processes
develop increasing the mobility of iron, manganese, nitrogen and phosphorus [27].

The process of peat accumulation takes place under conditions of constant
excessive moistening. In this case, the mineralization of plant remains is difficult,
the process of their conservation dominates. The formation of bog soils can pro-
ceed under conditions of excessive atmospheric moistening (upland bog soils) or
due to groundwater feeding (lowland marsh soils). Combination of podzolization
and gleying processes is common in such conditions. Histic Albic Podzol develop
on loamy parent rocks, whereas peaty-podzolic soils with an illuvial humus hori-
zon form on rocks of fine texture [27].
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Chemical and physical-chemical methods of soil determination

To study the soils of the Ladoga transgression formed on the shoreline, we
used chemical and physical-chemical methods. Classification of soils was carried
out according to the WRB system [38].

Soil samples were air-dried (24 hours, 20°C), grounded, and passed through a
2 mm sieve. Soil samples were selected for each horizon to analyze physical and
chemical properties. Analyses were conducted in the certified laboratory at the
Department of Applied Ecology (St. Petersburg State University, St. Petersburg,
Russia).

Soils were analyzed according to the following methods: determination of ac-
tual acidity (pH,,,.), potential acidity with CaCl,, by a stationary pH meter in
aqueous solution and 1M CaCL, solution, respectively [39].

The microbiological activity of soils, the basal respiration, using incubation
chambers and substrate-induced basal respiration was determined [39].

The carbon and nitrogen content was conducted by “dry combustion” method
by CHN Analyzer (Euro EA3028-HT, Italy). Data were corrected for water and
ash content. Oxygen content was calculated by difference of whole samples mass
and gravimetric concentration of C, N, H and ash.

The texture class was made by the Kachinsky method based on sedimentation
of particles of various sizes [40-41].

The carbon content of the microbial biomass (Cmic) was determined in field
moist samples with the chloroform fumigation-extraction method. A metabolical
quotient was calculated as the ratio of respiration C-CO, to Cmic per day of incu-
bation [42-43]. We determined the soil microbiological characteristics on all soil
horizons, where the soil amount was enough. While the soil respiration and micro-
bial biomass were measured in the described laboratory conditions, data obtained
in this experiment cannot be interpolated directly to field conditions, but can only
be used for a comparison of soil microbiological activity in the same experimental
conditions (temperature 20 °C, moisture 60% to initial soil weight) [44].

The exchange acidity was also investigated, it is caused by the hydrogen and
aluminum ions present in the exchange state in the soil absorptive complex, which
are extracted from the soil by a neutral salt solution. Usually CaCl, solution is
used to determine the exchange acidity of soils. The exchange acidity is measured
by the pH of the salt extract (pHCaC12)'

Hydrolytic acidity is caused by the amount of hydrogen and aluminum ions
present in the exchange (partially non-exchangeable) state in the soil absorptive
complex, which are extracted by a solution of the hydrolytically alkaline salt of a
strong base and a weak acid (usually a 1M solution of sodium acetate CH,COONa
is used). The hydrolytic acidity is total of exchange and actual acidity [45].

The method of radiocarbon dating of *C was used to determine the age of coast-
al bars, it was carried out at the Laboratory of Radiocarbon dating and electron
microscopy (Institute of Geography of the RAS, Moscow, Russia) and Center of
Isotopic Research University of Georgia (Institute of Georgia, Athens, USA) [45].
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Humic acids (HAs) were extracted from each sample according to a published
IHSS protocol [46]. The soil samples were treated with 0.1 M NaOH (soil/solu-
tion mass ratio of 1:10) under nitrogen gas. After 24 hours of shaking, the alkaline
supernatant was separated from the soil residue by centrifugation at 1.516 x g for
20 minutes and then acidified to pH 1 with 6 M HCI to precipitate the HAs. The
supernatant, which contained fulvic acids, was separated from the precipitate by
centrifugation at 1.516 x g for 15 minutes. The HAs were then dissolved in 0.1 M
NaOH and shaken for four hours under nitrogen gas before the suspended solids
were removed by centrifugation. The resulting supernatant was acidified again
with 6 M HCI to pH 1 and the HAs were again isolated by centrifugation and
demineralized by shaking overnight in 0.1 M HCI/0.3 M HF (soil/solution ratio of
1:1). Next, the samples were repeatedly washed with deionized water until pH 3
was reached and then finally freeze-dried. HAs extraction yields were calculated
as the percentage of carbon recovered from the original soil sample [47]. Solid-
state CP/MAS PC-NMR spectra of HAs were measured with a Bruker Avance
500 NMR spectrometer in a 3.2-mm ZrO2 rotor. The magic angle spinning speed
was 20 kHz in all cases and the nutation frequency for cross polarization was
ul/2p 1/4 62.5 kHz. Repetition delay was 3 seconds. The number of scans is
6500-32000.

Results of the research

Morphology of soils

The soil description is presented in Table 1. The spatial soil distribution is
clearly related to the age of the coastal bars. The observed soils are referred to
a single group Podzols. Depending on the age, chemical, physical-chemical and
morphological properties of soil change (thickness of horizons and texture), the
vegetation cover also differs (Fig. 3).

Revegetation of coastal bars occurs gradually; firstly appear mosses and vari-
ous shrubs and then trees. At the age of 70+25 years BP pine forests with a preva-
lence of bilberry and sphagnum were formed. High humidity and low degree of
illumination are favorable conditions for mosses. The first coastal ridge is the
youngest of the investigated region, the characteristic feature is the predominance
of mosses. The soil cover is poorly developed, represented here by Entic Podzols.
Due to the young age of the soil, the eluvial horizon, from which the mineral part
of the soil is released under the action of organic acids and deposited in the illuvial
horizon has not been formed. Soil formation proceeds according to the podzolic
type and is associated with the destruction of the mineral part of the soil in the
upper layers and transition of the soil particles down through the profile. The age
of the coastal bars is presented in Table 2.

The next stage of revegetation is confined to the second coastal bar of
135+30 years BP, the moss and pines that occupy here 30% of the total cover
replace shrubs.
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Fig. 3. Morphological features of the studied soils. A - Fourth coastal bar;
B - Third coastal bar, C - Second coastal bar, D - First coastal bar. Photo by EV Abakumov

The high content of mosses is also confirmed by waterlogging. The Podzol soil
group forms here. With increasing age, the soil acquires the characteristics of the
fully formed profile (climacteric condition), there is horizon E, where the mineral
part of the soil is being destroyed. The underlying horizon accumulates mineral
compounds, ferrous concretion is also noted, and coal particles are presented as
the result of wildfires in the region.

The age of the third coastal bar is 455430 years BP, the occurrence of pine
and the crown density on the territory are increasing. A high level of groundwater
leads to the formation of a gley horizon at a depth of 65 cm.

Here Podzols develop, the thickness of the podzolic horizon is 12 cm. It is
connected with the active processes of weathering of soil particles. A high level of
groundwater leads to the formation of ferrous conditions, in which the accumula-
tion of ferrum compounds Fe?" actively occurs.

The fourth coastal bar, 1590+£25 years BP, was distinguished by the most de-
veloped soil profile. Well-drained conditions are formed here. This is a high de-
gree of density and the prevalence of pines is up to 60%.
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Table 1
The morphological description of the soils
of the Ladoga transgression bars of different ages
Location, vegetation description,
Soil Hori- Depth | Soil horizon description Tota.l Yegetatlon cover (TVC) and
zon individual cover of some plants,
inclusions, coordinates, age
Forest floor, non-
0 0-6 decomposed, 5YR 4/6
E 6-11 Dry, grains of quartz,
i 5YR 7/1, Clay Loam Fourth coastal bar
Folic Roots, moist, Pinus sylvestris (L.) 60%
. structureless, iron Vaccinium myrtillus (L.) 20%
Stagnic Bs (1) | 11-45 .
Podzol (a) concretions, SYR Sphagnum sp. (L). 20%
6/6, Fine Sand 60°38'44.7"N 32°57'53.9"E
Red spots of iron, GLEY | 1590425 years BP
Bs (2) | 45-70 1 7/N, Fine Sand
Anoxic conditions,
Be | 709 161 EY 1 6/N, Fine Sand
Forest floor, non-
0 0-11 decomposed, 5YR 4/6
E 11-23 Dry, roots, SYR T, Third coastal bar
. Loamy Fine Sand .00
Folic - P. sylvestris 40%
Stagnic Pseudofiber, iron V. myrtillus 30%
& Bs (1) | 23-44 |flow, wet, roots, SYR s o
Podzol 6/6. Sandv Loam Sphagnum sp. 30%
(b) Gre;y psel};doﬁber 60°38'47.4"N 32°57'51.3"E
Bs (2) | 44-65 LEY 1 7/N, Fine Sand 455425 years BP
Wet, sand, GREY
" s )
Bg 65 1 6/N, Fine Sand
Forest floor, non-
- > tal
o 0-10 decomposed. SYR 4/6 Second coasta Obar
Dry, inclusions of stones P sylvestris 30%
Folic E | 10-13 |3 MM |V myrtillus 30%
5YR 7/1, Sandy Loam
Podzol Coal laver. ocher. Sphagnum sp. 60%
et ’ 60°38'44.4"N 32°57'46.6"E
Bs 13-75 |rusty spots, SYR 135430 BP
6/6, Fine Sand years
0 03 Forest floor, non-
decomposed, 5YR 4/6 | First coastal bar
E 3.6 Sand, roots, SYR P. sylvestris 20%
Entic 4/4, Clay Loam V. myrtillus 30%
Podzol Ocherous, moist, sandy, |Sphagnum sp. 50%
Bs 6-40 inclusions of coals, 60°38'43.4"N 32°57'42.3"E
roots, red spots, 5YR 70425 years BP
6/6, Sandy Loam

In our opinion, high soil drainage prevents the development of a well-devel-
oped E horizon. In this soil, ferruginous pellicles were observed; an anaerobic
environment and the development of gley processes occur at a depth of 70 cm.
The thickness of the podzolic horizon is 5 cm with a high content of quartz. The
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underlying horizon is the horizon for the insertion of the mineral phase, which is
divided into two parts, differing in colour and density of addition. The underlying
horizon is denser and has a greater number of ferrous spots. This is due to the soil
type which is close to the stage of quasiequilibrium (climacteric condition), or is
already in this state.

Table 2
The age of the coastal bars in the transgression of Lake Ladoga
Soil Depth, cm Radiocarbon age, years BP+SD
Folic Stagnic Podzol (a) 11-45 1590+25
Folic Stagnic Podzol (b) 63-70 455425
Folic Podzol 13-75 135+£30
Entic Podzol 6-40 70+£25

As a result of the analysis of spatial distribution of soils, it can be concluded
that, as the age increases, the degree of weathering of the mineral part of the soil
profile increases. That process of podzalization is closely related to the position
in the landscape and the drainage of the territory. As the age increases, the oc-
currence of pines increases. The occurrence of mosses depends on the moisture
content in the soil and the crown density. Soils develop according to the podzolic
type, migration of ferrum elements and accumulation in gley horizons with the
formation of ferruginous complexes occurs.

Physical-chemical characteristics of soils and biological activity

The main soil physical-chemical and biological analyses of soils were carried
out. The results are shown in Table 3.

From the data obtained, pH of the soils is slightly acid (6.1-6.5), moderately
acid (5.6-6.0), strongly acid (5.1-5.5) and very strongly acid 4.5-5.0. This is due
to the presence of aggressive organic acids (fulvic acids) in the soil. The processes
of Podzol formation are closely related to the acid reaction, due to the destruction
of the mineral part of the soil by organic acids and the presence of ferrum and
aluminum ions in the soil-absorbing complex. In the horizons, where there is
active weathering of the mineral part, the lowest acidity is observed.

According to the data on the microbiological activity, the processes of
biological transformation of a substance are actively undergoing in soils due to
favorable conditions for the activity of microorganisms.

This is linked with the high humidity of the sites under investigation and the
availability of organic material in the soil. It is also possible to note the high
microbial biomass in the investigated areas. Forest ecosystems are characterized
by high activity of microbial biomass in the upper horizons, referring to our data,
microbial biomass is concentrated in horizon O, where microorganisms transform
vegetative forest litter. Down through the soil profile, this indicator drops. In the
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soil of the coastal bars of Lake Ladoga, there is a trend towards an increase in
biological activity with age. More developed soils have a high index of microbial
activity and microbial biomass. The metabolic quotient is an indicator of the
stability of the microbial community, the higher it is the less stable the community
is. The microbial communities of the studied region are stable in the ecosystem.
There were no significant differences between young and old age coastal ridges.
On the first and second bars, the microbiological activity and biomass are slightly
higher. Climax forest communities are characterized by a high level of energy
conservation.

Data on the content of organic carbon and nitrogen in the soil were also
obtained, and the C/N index was calculated, the data are presented in Table 4.

Table 4
The content of organic carbon, nitrogen and C/N index
of the soils of the Ladoga transgression bars (m+SD)
Soil horizon | C, g*kg'! | N, g*kg! | C/N
Folic Stagnic Podzol (a)
O 223.1+11.15 11.2+0.5 20
E 3.2+0.16 0.2+0.01 16.0
Bs (1) 1.6+£0.08 0.3+0.01 5.3
Bs (2) 1.1£0.05 0.2+0.01 5.5
G 0.9+0.05 0.2+0.01 4.5
Folic Stagnic Podzol (b)
(6] 345.0+17.25 23.0+1.1 15
E 4.3+0.21 0.3+0.01 14.3
Bs (1) 2.7£0.13 0.3+£0.01 9.0
Bs (2) 1.9+0.09 0.3+0.01 6.3
G 1.5+0.08 0.2+0.01 7.5
Folic Podzol
O 364.0+18.2 23.4+1.1 12
E 2.3+0.11 0.3+0.01 7.7
Bs 1.1£0.05 0.2+0.01 5.5
Entic Podzol

o] 365.0+18.2 29.8+1.4 12
E 19.7+0.98 0.9+0.05 21.9
Bs 2.3+0.11 0.3+0.01 7.7

The content of carbon and nitrogen in soils is not high, which indicates a high
activity of microorganisms in this region. The carbon content can present an in-
verse of the microbiological activity; the higher the carbon content in the soil, the
lower the microbiological activity index. The enrichment of humus with nitrogen
is high in the lower horizons. In podzolic horizons it is low, this is due to active
weathering processes. The carbon content in the soil decreases with the depth,
the same dependence is also noted for the nitrogen content. Most of the organic
residues accumulate in the upper horizon and are represented by plant litter; due
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to the activity of microorganisms this material is transformed and re-absorbed
by plants, the part that is not absorbed by plants goes into organomineral com-
pounds and migrates down the profile. Depending on the age of the ecosystems,
the content of organic matter in the soil decreases, as does the nitrogen. This is
due to the involvement of carbon and nitrogen pools in the biological cycle of
substances.

We analyzed the soil texture; the results are shown in Table 3. According to
the data obtained, we can identify some patterns in the formation of the mineral
part of the soil profile. With increasing age of soils, the destruction of soil aggre-
gates and the migration of soil particles down the profile are clearly pronounced.
First, this is due to the high level of moistening in the region, as well as to the
active processes of Podzol formation and, as a consequence, the destruction of
the mineral part of the soil by aggressive organic acids. In the E horizons, active
chemical weathering of minerals occurs, as well as their further accumulation in
the underlying horizons of the soil profile.

Elemental Composition of HAs

The obtained data on the HAs elemental composition, atomic ratios and de-
gree of oxidation are presented in Table 5. From the distribution of organic carbon
in HAs, it can be noted that they are divided into two groups, the first, up to 40%
and more than 40%. In the fourth coastal bar, which is the oldest, in the elemental
composition of HAs, the carbon content reaches 39%, this is due to the leaching
of low-carbon molecules from organogenic horizons. In profiles of other coastal
bars, the distribution varies from 42 to 49%. In the third coastal bar, the carbon
percentage reaches 42%, which is also associated with the active leaching of low-
carbon molecules. In the first coastal bar (youngest bar), the carbon content also
reaches 42%, this is due to the low profile development and accumulation of or-
ganic matter in the upper horizon, the process of removal of mineral and organic
particles is poorly developed here. The highest carbon content is observed in the
profile of the second coastal bar. Also noted is the pattern of increasing the oxy-
gen content with age, in the fourth coastal bar the oxygen content reaches 51%,
in the second from 44 to 49%. An analysis of the elemental composition of humic
acid preparations showed that soil HAs are the most humified, their low values of
atomic ratio H/C mod and high O/C values indicate this.

An increase in the degree of hydromorphism in taiga soils is accompanied
by an increase in H/C values. This is due to the lower microbiological activity
of podzolic soils, which contributes to better preservation of carbohydrate and
amino acid fragments in the structure of HAs. Assessment of the degree of
hydromorphism was carried out based on signs of gley processes (color, peat
accumulation and oxidation degree). Analysis of the elemental composition of
HAs of the studied soils revealed a decrease in the profile values H/C mod in all
soils, which indicates an increase in the share of aromatic fragments in the HAs
structure of the mineral horizons (Fig. 4).
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Table 5
Elemental composition of the studied humic acids from surface soil horizons (m+SD)
Sample| Soil | "¢ o/ 1 00 | N% | 0% | on | we | oc | TC [
No | horizon mod*
Folic Stagnic Podzol (a)
1 O [39+1.95] 6+03 | 402 | 46 | 11 [1.89]0.97 | 3.19 |0.05
Folic Stagnic Podzol (b)
2 o 42421 | 6£0.3 | 2+0.1 45 21 | 1.74 | 0.87 | 291 0
3 E 48+£2.4 | 6+0.3 | 2+0.1 39 24 152 0.68 | 244 |-0.15
4 Bs 49+2.4 | 6+0.3 | 2+0.1 38 25 [ 1.35] 0.67 | 2.24 |-0.02
Folic Podzol
5 | E 4921 6403 [3+0.15] 37 | 17 [139]0.64 | 2.25 [-0.11
Entic Podzol
6 (6] 4242.1 | 6+0.3 | 3+0.15 44 19 | 1.80 ] 0.89 | 3.00 [-0.02
7 E 4242.1 | 6+0.3 | 3+0.15 44 18 [1.59]0.88 | 2.77 |0.17
8 Bs 4842.4 | 6+0.3 | 3+0.15 38 18 | 1.56 ] 0.68 | 2.48 |-0.20
Note: *H/C mod - The number of substituted hydrogen atoms in the humic acids; (H/C) mod =

(H/C)+2 (0/C)x 0.67; H/C and W indexes are calculated according to DS Orlov (1985). * H/C
mod - The number of substituted hydrogen atoms in the HAs. (H/C)mod = (H/C) + 2(O/C) x
0.67. ** W - Oxidation coefficient. W = (2C—H)/O. C/N, H/C, O/C, H/Cmod and W was calcu-
lated from mole fraction of carbon, hydrogen, oxygen and nitrogen content.
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Fig. 4. H/Cmod and O/C atomic ratios of the elements in humic acids. H/C
mod - The number of substituted hydrogen atoms in the humic acids, (H/C)
mod = (H/C) + 2*(0O/C) * 0.67. Sample numbers correspond to Table 5

The degree of oxidation showed that almost all studied HAs were weakly re-
duced (from —0.20 to 0.05). The exception was the HAs of the first coastal bar,
the degree of oxidation reaches +0.17. Weak reduction of preparations of HAs of
organogenic horizons is determined by the constant flow of fresh organic residues
and their weak humification.
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Characterization of HAs by *C-NMR spectroscopy
Spectra’s of the CP/MAS 3C-NMR are given in Figure 5. Various molecu-

lar fragments were identified by CP/MAS BC-NMR spectroscopy (Table 6): car-
boxyl (-COOR); carbonyl (-C=0); CH,~, CH,—, CH-aliphatic; -C-OR alcohols,
esters and carbohydrates; phenolic (Ar—OH); quinone (Ar=0); aromatic (Ar-),
which indicates the great complexity of the structure of HAs and the polyfunc-
tional properties that cause their active participation in soil processes [48].

The presence of carboxyl, hydroxyl, and carbonyl groups in combination with aro-
matic structures ensures the ability of HAs to enter exchange and donor-acceptor inter-
actions, formation of hydrogen bonds, and active participation in sorption processes.

Table 6
Chemical shifts of atoms of the *C molecular fragments of humic acids

Chemical shift, ppm The type of molecular fragments
0-46 C, H-substituted aliphatic fragments
46-60 Methoxy and O, N-substituted aliphatic fragments

Aliphatic fragments doubly substituted by heteroatoms (including

60-110 carbohydrate) and methine carbon of ethers and esters

110-160 C, H-substituted aromatic fragments; O,
N-substituted aromatic fragments

160-185 Carboxyl groups, esters, amides and their derivatives

185-200 Quinone groups; Groups of aldehydes and ketones

The group’s chemical shifts are given in Table 7. The aromatic group is calcu-
lated from the sum of the shifts of 110-185 ppm. Aliphatic fragments are calculated
from the sum of the shifts of 0-110 ppm, 180-200 ppm. AL,  + AR  (total num-
ber of unoxidized carbon atoms) - the signals were summed over the regions 0-46
and 110-160 ppm. C, H-AL / O, N-AL. Signals from C, H-alkyls were summed
in the range 0-47 ppm, O, N-alkyl at regions 46—60 and 60—110 ppm [48]. The
presence of all peaks of the carbon species which are required for identification of
the studied substances as humic acids was revealed. The most pronounced peaks
were related to the aliphatic carbon groups. Also, the presence of evident peaks of
aromatic and carboxylic areas was obvious as well. This indicates that the inves-
tigated powders could be identified as humic substances, namely, as humic acids.

From the obtained morphological data, we can conclude that the development
of soils of the coastal bars proceeds through a podzolic type of soil formation with
the accumulation of long aliphatic chains (fatty acids, phospholipids). They are
dominated by oxygen-containing fragments, which can cause their high migration
ability. They promote the mobilization of mineral compounds and their migra-
tion along the soil profiles. On different aged coastal bars, the accumulation of
aromatic fragments of humic substances was discovered. On the fourth and first
coastal bars, carboxyl groups accumulate (26-31%). Aliphatic groups accumulate
on the second and third coastal bars, which is associated with excessive moisture
and reduction of environmental conditions.
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Fig. 5. CP/MAS BC-NMR spectra of soils from the coastal bars.
Number corresponds to Table 7;

Horizontal axis - Chemical shift, ppm,

Vertical axis - Relative intensity, dimensionless
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Table 7
Percentage of carbon in the main structural fragments of humic acids
from the studied surface soil horizons (according to CP/MAS *C-NMR data)

Chemical shifts, ppm
2 AR/|AL h,r +{CH-AL/
0- | 47- | 60- | 110- | 160- | 185- | AR | AL AL | AR hr |ON-AL

47 | 60 | 110 | 160 | 185 | 200
Folic Stagnic Podzol (a)
1 | o [4 ]9 [23[19] 7 ]2 ][2]74]035] 59 | 1.23
Folic Stagnic Podzol (b

Sam- Soil
ple No | horizon

2 O [47 [ 1217 [ 18 5 [ 1 [23[77]030] 65 | 162

3 E_ [ 49 [ 10 [ 13 [ 14 [ 9 [ 5 [23[77[030] 63 | 2.12

4 Bs | 37 | 19 | 17 | 14 | 11 | 1 | 2575034 52 | 1.03
Folic Podzol

5 | E |[s59] 6 [14]13] 6| 3 [19]81]023] 71 | 296
Entic Podzol

6 O [ 38102419 6 [ 2 [25][75]034] 58 | LI2

7 E [ 26| 8 [30 [ 24| 7 [ 5 [31[69][045] 50 [ 0.68

38 | 8 [ 20 | 19 [ 11 | 4 [ 2971 [041] 57 | 135

8 Bs
Note: *AR - Aromatic fraction; AL - Aliphatic fraction; AL, + AR, % - Hydrophobicity
degree; C,H-AL/O, N-AL - The degree of decomposition of organlc matter

) Humification

C,H-Alkyl/O,N-Alkyl

Hydrophobicity

40 45 50 55 60 65 70 75
AL hr+AR h,r

Fig. 6. The diagram of integrated indicators of the molecular composition of humic acids.
Sample numbers correspond to Table 7; AL, _+AR
indicates total number of unoxidized carbon atoms

For a numerical description of the structure of humic acids, we used the method
of graphical representation of the data in the coordinates C,H-alkyl/O, N-alkyl —
AL | + AR (Fig. 6), which serves as a convenient technique to demonstrate
the contribution of oxidation (humification) processes and hydrophobicity
(sustainability).

HAs of the studied soils are represented by weakly oxidized compounds and
are more resistant to environmental factors. Excessive moistening not only leads
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to accumulation of humic substances, but also causes accumulation of humic
substances in the hydromorphic soils enriched with aliphatic structures.

Discussion of the research

The investigations of chronoseries allow analyzing the dynamics of ecosys-
tems in time and determining the trends of accumulation and transformation of
organic material [1, 3, 10]. Time and spatial distribution of soils are the most
important factors of soil formation, which provides the appearing of material and
energy factors that are a necessary condition for the evolution of soils [1-2, 14].

There are many studies of chronoseries of anthropogenic landscape (post-
mining areas, dumps). The development of Podzols occurs according to the zonal
types of soil formation, the accumulation of organic material, microbiological
activity increase and the stable microbial communities in old-age areas form. Ac-
cording to our data, the same dependence is revealed, young sites are character-
ized by low biomass stability and low microbiological activity [49-52].

The content of nitrogen and carbon in young natural ecosystems is higher than
that in anthropogenic ecosystems. The ratio of carbon and nitrogen in natural
ecosystems is higher. These factors develop due to the involvement of carbon and
nitrogen pools in the natural cycle. Young ecosystems are most similar to the eco-
systems of the Arctic and Antarctic regions affected by the alluvial factors due to
poor development of the soil cover. It is also worth noting that research of techno-
genic postchronoseries can begin at the first stage of soil formation, whereas natu-
ral ecosystems are usually old-age systems, this article describes a chronoseries
of four transgression bars with an age of 70£25 to 1590425 years BP. This allows
to study the processes of soil formation considering the time of their activity. The
main parameter by which developing soils of regenerative biogeocoenoses of new
lithogenic surfaces can be referred to models is the determined time of the be-
ginning of soil formation in certain bioclimatic and lithologic-geomorphological
conditions [18, 53-57].

To determine the age of the coastal bars, we used the method of radiocarbon
dating, which made it possible to determine the age of the investigated soils with
high accuracy. To determine the age of the coastal bars, we used the method of
radiocarbon dating, which made it possible to estimate the age of the investigated
soils with high accuracy [58-63]. The evolution of the humus state is clearly dis-
tinguished in the ranks of chronoseries of anthropogenic and natural landscapes.
For natural ecosystems with stable microbial communities, organic matter is in-
volved in the cycle, whereas on technogenic ones, accumulation occurs under
conditions of a low microbial biomass content. The formation of Podzols is as-
sociated with a change in the chemical characteristics of fine texture soils. This is
due to the weathering of the mineral part in the soil profile, expressed primarily in
the decarbonatization of fine particles, which leads to a decrease in the pH of the
aqueous suspension [64].
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In general, the elemental composition of the HAs is comparable with previous
data for soils of the boreal zone [35-36, 47-48, 65-66]. Features of HAs formed in
cold conditions and, especially, in hydromorphic soils are characterized by a rela-
tively high H content and a reduced O content compared to sub-boreal and polar
soils [67-69]. The elemental composition of HAs is the most important indicator
determining the progress of humification, oxidation and degree of condensation
of HAs [66, 70]. The term hydrogenation refers to a chemical reaction involving
the addition of a hydrogen molecule to an organic substance [71]. An increase in
the hydrogen content of the humification products indicates that long aliphatic
chains are formed or can be inherited from parent material. Excessive moisten-
ing not only leads to the accumulation of humic substances, but also affects their
molecular composition, and causes the accumulation of humic substances in the
studied soils enriched with aliphatic structures.

The molecular composition of HAs is also similar to HAs isolated from the
boreal zone, the prevalence of the alkyl zone is noted, which is associated with a
low degree of humification of the organic material [35-36, 47-48, 65-66]. Depend-
ing on the age, the molecular composition of the HAs from Podzol changes; more
mature soils contain more aromatic fragments. In younger soils, the content of
aromatic fragments decreases, while in the youngest studied Podzol, the content of
aromatic fragments increases again. Such dynamics can be associated with precur-
sors of humification, composition of plant residues, and hydrophobicity degree.

Conclusions

As a result of the study of the soil chronoseries of transgression bars, it was
determined that all soils are of the Podzol group with varying degrees of profile
development. The youngest soils (70+£25 years BP) are characterized by a thin
profile with signs of podzolic horizon (Entic Podzols). As the thickness of the
podzolic horizon increases, a powerful horizon with signs of Stagnic appears and
anaerobic conditions near the entry of groundwater form. All investigated area is
composed of sediments of Lake Ladoga and is well drained and aerated, the type
of texture class is sandy, loamy sand and sandy loam. The formation of Podzols in
waterlogged conditions leads to the leaching of organic carbon into Lake Ladoga,
this is due to the light texture class and a high hydrogen content in HAs.

The content of carbon and nitrogen in the soil, the degree of enrichment of hu-
mus with nitrogen, and microbiological activity were determined. In chronoser-
ies, the carbon content connects with the microbiological activity. Thus, as the age
increases, carbon and nitrogen content decreases and microbiological activity in-
creases. This is due to the high level of carbon involvement in the biological cycle
of the ecosystem. The decrease in nitrogen content is associated with a change in
vegetation on the coastal transgression. A high rate of stability of microbiological
communities in the investigated areas was noted.

Analysis of the molecular composition of HAs showed that aliphatic groups
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accumulate in the soils. This is due to the precursors of humification. Because
of the increased oxidation, HAs molecules have a high migration ability. Due to
evolution of Podzols, aliphatic groups and the accumulation of humic substances
in the soil increased, with an increase of -OCH compounds in molecular compo-
sition of HAs; it makes HAs more aggressive and leads to increased migration
ability. The molecular composition of HAs of young soils is enriched with aro-
matic fragments and oxygen-containing functional groups, which ensures their
high thermodynamic stability.
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Hucemumym buonoeuu Komu nayunoeo yenmpa YpO PAH, 2. Coikmuigxap, pecn. Komu, Poccus

IIpocTpaHcTBEHHAS HEOAHOPOAHOCTHL CBOMCTB I0YB B 30HE
pacnpocTpaHeHust 0CTPOBHOI Mep3J10ThI (IIpunoasipubiii YpaJ)

HccnenoBaHue BHITOIHEHO NpH (MHAHCOBOHU moaepskke npoexra POOU
Ne 18-34-00618 «OcobeHHOCTH OpraHMYeCcKoro BeliecTsa 1nous [punonspHoro Ypanay
Y KOMIUIEKCHOH IporpaMMBbl (pyHIaMEeHTAJIbHBIX HayuHbIX HccaenoBanuid YpO PAH
Ne 18-4-4-14 «Pa3HooOpa3yre 0OCHOBHBIX KOMIIOHEHTOB YKOCHCTEM B IIHUPOTHOM U
BBICOTHOM I'PaJIMEHTAaX 3anajHoro Makpockiona CesepHoro u IlpunonspHoro Ypanay.

Tlpocmpancmeennas neoOHOPOOHOCHb CBOUCME NOYE ONPEOeNsemcs: PaIuYHbIMU
NOYGEHHBIMU KOMOUHAYUAMU 6 NPeoenax NeMeHMAPHbIX NouGeHHbIX apeanos (DIIA).
Paccmompenvr mopgponocuueckue u gusuro-xumuyeckue coLUCmMea NOY8 20PHO-1ECHOLO
U 20pHO-MyHOPoBo20 noscos Ilpunonsproeco Ypana na npumepe 08yx mparweil. Ilougwl
20pHo-necHo20  nosica opmupyemcsi 6  chopaouyecku-nsimuucmom OIIA, a nouser
20PHO-MYHOPOB020 nosica — 8 pezyisapro-yukauveckom OIIA. Bvisgneno, umo evicokas
2emepocenHOCH1b HANOY8EHHO20 PACMUMENLHO20 NOKPO6A 00YCI0BIUBAEH CReYUPUUHOCTb
Gopmuposanus  paznuuHbIX NOYGEHHLIX KOMOUHAYUL, PAZTUYAIOWUXCS  2eHeMUYecKU
u mopghonocuuecku. B eopno-necnom nosce opmupylomes mopgano-nepenotino-
kpuomemamopghuuecxkas nouea (Histic Cambi-Turbic Cryosol (Humic)), mopghsmo-
Kpuozém 2neesvlil KpuoeeHHo-odicenesnénnwiil (Histic Cryosol (Turbic, Reductaquic)) u
Mop@aHO-Kpuo3eém  KpuoceHHo-oxcenesnénnvlil  (Histic Cryosol). B eopno-myHnoposom
nosice ghopmupyromest noo6yp 2neeebiil SIUHUCIO-UWITIOSUUPOBAHHBI MEePITOMHbLIL (Stagnic
Entic Podzol (Skeletic, Turbic, Reductaquic)), noodyp wimosuanbHo-2ymycosblii 2ieeéamulil
mepznomnviii (Folic Cryosol (Skeletic. Humic)) u noo6yp enuHucmo-unmoeuuposantblil
(Stagnic Entic Podzol (Turbic, Skeletic)). [1o ¢husuro-xumuueckum nokazamensim 6bl6leHo,
umo yeenuuenue cooepoicanusi oomennvlx kamuonos Ca’t u Mg® 6 opeanocennvix
20PUBOHMAX UCCLEOYEMBIX NOUE ONPEOeTAEMCs COCHIABOM MOXOB0-TUUAIHUKOBO20 APYCd U
CMEHOU OOMUHAHMOB HANOYBEHHO20 NOKPOBd, KOMOpble MAPKUPYION Pa3iuiHble YCI08Us
yenaicnenus dxocucmemsl. Cooeporcanue y2nepooa u a3oma 8 MUHEPATbHbIX 20PUBOHMAX
no48 20PHO-MYHOPOBO2O NOACA 3HAUUMETLHO Bblude, YeM 8 NOYBAX 2OPHO-TECHO20 NOsCd,
4mo 00y COBIEHO HU3KOU OUOTOSUHECKOU AKMUBHOCbIO HOYE 20PHO-NYHOPOBO2O NOSCA U3-
30 CYPOBLIX KIUMAMUYECKUX YCI08ULL U O0Tbuiell KOHCepeayueli OpeaHUecKo20 eujecmsd 6
MUHEPATbHBIX 20PUOHIMAX.

KnioueBble cioBa: uepsiommuvie  NnoYgbl;  HEOOHOPOOHOCML — CEOUCMS,
muozonemuemepanvie nopoovt MMII; Cryosol; Podzol.

BBenenue

[IpocTpancTBeHHOE BapbHpOBaHUE MOP(HOIOTHUECKUX, (PUIUKO-XUMUUECKHX
1 (U3UYECKUX CBOWCTB IMOYB ONPEAEIIICTCS Pa3IMIHBIMU MIPUPOTHBIME (HaKTO-
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paMu, U3y4eHHEe KOTOPBIX MOXKET MPUBECTH K OoJee IIyOOKOMY IOHHMAIO IIO-
YBBI KaK ITPUPOIHOTO TeJa U Mpolecca moyBoodpazosanus B 1einoM. CTpykrypa
nouBeHHoTo MokpoBa (CIIII) Tol i WHOW TEPPUTOPUN XaPAKTEPU3YETCs CIie-
nuQUIECKIMU 0COOEHHOCTSAMH, U Oe3 ee N3y4eHHs NCCIIeI0BaHHs HE MOTYT OBITh
MMOTHONCHHBIMH [ 1, 2].

CoBpeMEeHHOMY M3yUYEeHHUIO Pa3JINYHbBIX ACIIEKTOB IOYBEHHOTO IIOKPOBa CEBEp-
HBIX PETMOHOB, B TOM YHCJIE TOPHBIX TEPPUTOPHUH, YACIIETCS OTPOMHOE BHUMA-
Hue [3—-6]. Tepputopus IlpunonspHoro Ypajia OTHOCHUTCS K IOXKHOMY ITIpeey
pacrpocTpaHeHus KPHOINTO30HBI Ha EBPOIIEHCKOM ceBepo-BocToke Poccum, mist
KOTOPOT'O XapaKTepHa OCTPOBHAs M PEIKOOCTPOBHAs MepanoTa [ 7]. Biusaue kpu-
OTEHHBIX MPOIECCOB MPOSBIIETCS B BHUIC (POPMHUPOBAHUS JIBAUCTOW MEP3JIOTEL,
crienn(pUIecKoil CTPYKTYPHOM OpraHH3aliy MOYBEHHBIX TOPH30HTOB, 00pa3oBa-
HUS WIH pa3pylIeHUs TOYBEHHON CTPYKTYpHI [§]. CTpyKTypa IOYBEHHOTO TOKPO-
Ba paiioHa HMCCIIEI0BaHMS XapaKTepU3yeTcs 3HauYMTeIbHON MecTpoToi, 00ycIoB-
JICHHOW COYeTaHNEM KOHTPACTHBIX HKOJIOTHYCCKUX YCIOBUH U MIMPOKUM PIIOM
(aKTOpPOB: MO3aMYHOCTHIO PACTHTEIHHOTO MOKPOBA, XapaKTepoM MOYBOOOpasy-
IOIIUX TOPOZ U penbeda (KPyTH3HA U SKCIO3UIHS CKIOHOB), HATMYUEM BBICOT-
HBIX PAaCTUTENBHBIX TIOSICOB U BIMsHHA KpruoreHesa [9, 10]. BaxxHocTs u3yueHus
TOPHBIX KOCHCTEM ITOAUSPKUBACTCS X 3HAYNMOCTBIO B IO IEPKAHUH Orochep-
HBIX (YHKIMH U COXpaHEHUH II00anbHOro OuopasHoobpasus [11]. OTMmeuaercs
Ba)kKHAsI POJIb MOYBEHHOTO MOKPOBAa B (hopMHUpOBaHHU pazHOOOpasns Ha3eMHBIX
skocucteM [12]. MccnenoBaHusi MPOCTPaHCTBEHHOTO BapbUPOBAHUS CBOMCTB
ITOYB MO3BOJIAT MOJIYYUTh OOJIee JOCTOBEPHYIO HH(MDOpMAIMIO 00 0COOCHHOCTIX
MOYBEHHOT0 NOKpoBa [Ipunomnsproro Ypana.

B cBs13u ¢ 3THM 1enb TaHHOTO UCCIICIOBAaHMS — H3YUeHHE IPOCTPAHCTBECHHON
HEOTHOPOAHOCTH CBOMCTB 1ouB [IpunonspHoro Ypana.

MaTepnam,I U METOAUKH HCCTICT0BAHUSA

HWccnenoBanus mpoBeJeHBl HA TEPPUTOPHH HAIIMOHAIBLHOTO mapka «tOrsin
Ba» (puc. 1). CommacHO TOYBEHHO-TeorpauuIeckoMy pailOHUPOBAHHIO TEPPH-
TOPHUSI MCCIIEJJOBAaHUS OTHOCHTCS K OKpyry IlpumonspHoro Ypana ropHo-TyH-
JIPOBBIX M TOPHO-JIECHBIX TIIEEMO30JIMCTHIX MOTEYHO-TYMYCOBBIX mouB [13].
[NouBo0Opa3yOIMMU HOPOAAMH CIYKaT JIIOBHH U DJIIOBO-AENIOBHHA, KOTOpHIE
MIPEACTABICHBI IPEUMYIIECTBEHHO METaAMOP(PUUECKIMH CIIaHIIAMH U KBaPIIUTO-
necuanukami [14, 15]. XapaxrepHoii ueproit ckiaoHOB IIpunomnsipHoro Ypana siB-
nseTcsl (GOpMUPOBAHHE KPYITHOTIEIOOBBIX 00pa30BaHUI — KypyMOB, COJTH(ITIOK-
IUOHHBIX TEPPAC, YTO TUIIUIHO JIJIsI CKIIOHOB C JICTHUKOBBIMH U C DITIOBUATBHBIMH
Y ISTIOBHAILHBIMU 00pa3zoBaHusMHU. CorracHo [16] MOYBEI perHOHA OTHOCATCS K
OYeHb XOJIOJIHOMY MOJATHITY JUIMTENHFHO CEe30HHONpOoMep3atoiero tuna. Kimmar
[IpunonspHoro Ypana pe3ko KOHTHHEHTAJbHBIN, CYpPOBBIM, C JIUTENBHON MO-
PO3HOI 3UMOH ¥ KOPOTKHM TpOXJIaJHbIM jJeToM. CpenHerojoBas TeMieparypa
Bo3ayXa paBHa —3,2°C, abcoiroTHas MUHUMaIbHAs Temneparypa —55°C (SHBaphb)
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n MakcuManbHas +30°C (utonp) [17]. [To mpoBeneHHBIM paHee UCCIICA0BAHUSIM
[18] cpenneronoBas Temieparypa Bo3ayxa Ha BeicoTax oT 400 10 610 M u3meHs-
nack ot —1,5 1o —2,2°C, a mosiBIeHNE yCTONYHMBBIX OTPUIATENBHBIX TEMIIEpaTyp
BO3/yXa MPOUCXOJUT BO BTOPOI MOJIOBUHE OKTAOps. [11yOuHa nestensHOro (ce-
30HHO-TAJIOT0) CJIOS TI0YB Ha MEepHOoJ HccienoBanuii (¢ 24 wrons no 04 aBrycra
2013 ) cocrapnsina ot 0,4 no 1 m.

Pecny6nuka Komu

Komi Republic §

1 — HarponambabIi
mapk «OrsuT Bay
[Yugyd va National Park]

Puc. 1. Pacnonoxenne oovextoB uccnenosanus. O6o3nauenus: TP-1 — tpanmes
B rOpHO-JIecHOM nosice; TP-2 — TpaHIest B TOpHO-TYHAPOBOM Iosice (pparMeHT TypUCTCKOI
kapTbl MaciuTaba 1:200 000, [Tpunonsapusiii Ypan, HanuoHanbHEIN napk «FOreLm Bay)
[Fig. 1. Location of research objects. Designations: TP-1 - Trench in the
mountain-forest belt, TP-2 - Trench in the alpine tundra belt]

Junia ompeneneHusi HEOAHOPOTHOCTH MOP(OIOrHUecKUX U (HUIUKO-XUMUYE-
CKHX CBOMCTB MEP3JIOTHBIX TIOYB HCIIOJIb30BaNIM TPAHIICHHBIN MeTof. JlaHHbBIH
METOJI TIO3BOJISIET BBIABUTH OCOOCHHOCTH M3MEHEHHUS! CBOMCTB IMOYB B IpeJesiax
HecKoNbKuX MeTpoB [19]. Tpanmiest ropHo-1ecHoOro nosica (puc. 2, 4) 3a10XeHa B
eJIbHUKE €PHUKOBO-3€JICHOMOIIHOM Ha BbicoTe 430 M Haj yp. M., AJTMHA TPaHIIEH
coctaBisier 3,8 M. Koopmunarer pacnonoxenws: 65°08'12.5"N, 60°51224.0"E.
TpaHies ropHO-TYHAPOBOTO Tosica (puc. 2, B) 3anoxeHa nepreHAUKYSPHO T10-
JIOTOMY CKIIOHY CeBepO-3alaHol 3Kcrmo3uiu xpedTa Pocomaxa (Beicota 961 M
HaJ yp. M.) IpoTsixeHHOCThI0 4,1 M. KoopruHats! pacnonoxenus: 65°02'06.3"N,
60°35'19.2"E.

Jisg TyHAp W JIeCOB CEBEPHBIX PErMOHOB XapaKTepHAa MO3aWYHOCTh PacTH-
TENBEHOTO MOKPOBa, 00YCIOBICHHAsI OBICTPON CMEHOH B MPOCTPAHCTBE IKOJIOTHU-
YECKUX YCJIOBUH, MPOTEKAIOIIMMH B TIOYBE KPHOTEHHBIMHU MPOLECCaMH, MUKPO-
penbedom, ecTpoToit MUKpoKIMMaTnieckux yciaosui [20]. Kpome atoro, mpu
3aKJIaJike TPaHIIEH BBHIMOJHEHb MHOTOYHCIICHHbIE MPUKOIKHU ATl ONpeeseHIs
THTa DJIEMEHTAPHOTO TOYBeHHOTO apeana (DIIA) wmccrmemyeMoi TeppHTOpHU.
PacTutenbHbIN MOKPOB ONMUCAH C UCTIONB30BAaHUEM CTaHAAPTHBIX reo0OTaHHYe-
ckux mMetonoB [21]. Tpanmien pa3meneHsl HA TPU CETMEHTA O CMEHE JOMUHAH-
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TOB B HAIIOYBEHHOM PacTUTEIBHOM IMOKpoBe. OCHOBHAs pOJib OTBEJEHA ONMCa-
HUIO TaKUX XapaKTePHUCTHK, KaK cOCTaB, odmiee mpoektuBHoe nokpoeitre (OITI)
TPaBsIHO-KyCTaPHUYKOBOTO M MOXOBO-JIUIIAHHUKOBOTO SPYCOB U IPOEKTHBHOE
MOKPBITHE OTJENIbHBIX CETMEHTOB. B TpaBsiHO-KYCTapHUYKOBOM MOKPOBE OIHCA-
Ha BEpTHUKaJIbHAsl U TOPU30HTAJIbHASL CTPYKTYpPa, YUUTHIBAIN BUIOBOH COCTaB U
OIIII. IIpoexkTHBHOE MOKPHITHE KAXIOTO BUJA OLIEHUBATIM B COCTaBE spyca He-
MMOCPEACTBEHHO Ha BCeil mpoOHOH Tutomaau. [Ipu onrcaHuu HAIOYBEHHOTO I10-
KpOBa perucTpupoBanu BunoBoit coctas, OIIIl u cTemneHb TocrnoicTBa BUAOB.
CerMeHTHI TpaHIIEH OMUCHIBAIN OTAENBHO. [lapameTpsl, XapakTepu3yomne co-
00ILECTBO B LIE€JIOM, HAIIPUMEP COMKHYTOCTb KPOH U T.II., HA 3TOM 3Tale He y4uu-
THIBAJIN.
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Puc. 2. CxeMbl ucciieIoBaHHBIX TpaHILIEi: 4 — TpaHIlesl TOPHO-JIECHOTO M0sICa;

B — tpanmes ropHo-TyHaposoro nosca. I, II, III — Homepa cermenToB. 1 — nofcrunanue
MHOTOJICTHEMEP3JIBIMHU ITOPOJaMH, 2 — TPYHTOBEIH Jiel, 3 — 00JIOMKH TOPHBIX TIOPOJ
[Fig. 2. Schemes of the investigated trenches. A - Trench of the mountain
forest belt, B - Trench of the alpine tundra belt. I, 11, III - Segment
numbers. 1 - Permafrost, 2 - Ground ice, 3 - Fragments of rocks]

IlouBeHHBIC 06pa3u1>1 JJIA XUHMHUYCCKOIro aHajinu3a OTO6paHBI IO TOpHU30HTaM.
I[I/Ial"HOCTI/IKy n KJ'IaCCI/I(I)I/IKaHI/IOHHOC TIOJIOKCHUE ITOYB OCYIIECTBIIAIN COITIaCHO
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«IToneBoMy ompenenurento mouB Poccum» [22] U MeXIyHAPOIHOW Kiaccu(pu-
karuu ouB WRB [23]. [Ins uccineaoBaHHBIX MOYB ONPEAESUIH OCHOBHBIC (hH-
3UKO-XUMHYECKHE MapaMeTphl: KUCIOTHOCTh, BAJIOBOE COACpIKAHWE YIEpona,
a30Ta, 0OMeHHbIEe (POPMBI KaNbLUs M MAarHUS, COAEPAKAHUE JKeJIe3a U ATIOMUHUS
[24]. ConepskaHne yriepofa W a30Ta OINMpPENesU Ha JIEMEHTHOM aHAIN3aTope
EA-1110 (Carlo Erba, Utanus) B LIIKII «Xpomatorpadus» WucTuTyTa OHoNo-
run ®UI[ Komm HI[ YpO PAH [25]. Onpeneneane pH — moreHmmomerpude-
CKH CO CTEKJIIHHBIM 3nekTpoaoM (AkBuioH M-500, Poccust) ¢ cooTHoIEeHHEM
TOYBa:pacTBOp (AJIT OPraHOTEHHBIX TOPH3OHTOB — 1:25, miusi MUHEPaIbHBIX —
1:2,5). I'panynomerpuueckuil cocras omnpeaensuu no meroqy Kaunuckoro [26].
ConeprkaHre OKcaJaTopacTBOPUMBIX (popM jkelre3a 1 aTIOMIHNS, PACTBOPUMEIX B
KHCJIOM pacTBOPE OKCaIaTa aMMOHUSI, AUAarHOCTHPOBAIN METOJIOM aTOMHO-3MUC-
CHOHHOM CIIeKTpoMeTpuH. J{JIsi M3BIeUeHHs M3 MMOYBBI JUTHOHUTOPACTBOPHMEIX
(opM coenrHEHHUI Kene3a BHE 3aBUCHUMOCTH OT CTEIEHH OKPUCTAJIN30BaHHO-
CTH UCIIONb30Banu Meto Mepa—/lekcona, kputepuii LlIBepTmMana paccuuThIBa-
mm o popmyne (Kur=Fe_/Fe, ) [27].

PesysabTarsl Hccaeq0BaHus U 00CYKIeHIE

Mopgonozuueckue ceoiicmea uccnedyemuix noue

Topno-necnoii nosic (puc. 3, A)

KoukoBartblii MUKpopebed B TOpPHO-JIECHOM IOsiCE XapaKTepU3yeT IMOsBIIe-
HHUE CIIOPaANYeCKU-TIATHHCTHIX DIIA, 00yCIIOBICHHBIX CIEIU(PHICCKIMH PO-
HeccaMy OWOJIOTHYECKOM MPUPOIBI — IMPENeNIbHO CTPYKTYPHBIMU 3JIEMEHTaMH
(TICD3) [28]. K TakuM 31eMEeHTaM MO>XHO OTHECTH MPHCTBOJILHBIC TTOBBIIICHUS,
MEKKPOHOBBIC 3aITaJIMHBI U MOXOBBIC KOYKH, KOTOPBIE ONPEICISIOT Pa3Inyus B
HaIIOYBEHHOM TIOKpOBE. B TpaHIee ropHO-JIECHOTO Tosica TI0 CETMEHTaM HaOIro-
JlaeTcs CMeHa JIOMHHAHTOB MOXOBO-JIMIIAITHUKOBOTO sipyca. B mepBom cermen-
TE, PACHOIOKCHHOM B IIPHCTBOJILHOM IIPOCTPAHCTBE, TOMHUHHUPYIOT C(arHOBEIE
Mxd. Bo BTOpOM cerMeHTe JOMHHAHTAMH SIBIISIOTCS MTOJUTPUXOBBIE MXH, B TPE-
TBEM — 3€JIeHBIe MXH. 1I3BECTHO, UTO TaKHe M3MEHEHNS B COCTaBE HAIIOUBEHHOTO
MOKPOBA CBUETENLCTBYIOT O CHIDKEHHUH CTETICHU yBIaKHEHUs mo4B [29]. Takum
00pa3oM, HAITIOYBEHHBIH TOKPOB ¥ MOP(OJIOTHIECKOE CTPOSHHE TTOYB B IIpeeax
OT/ICIEHBIX CETMEHTOB UMEIOT PSiJI OTIIHYHIA.

I cermeHT — charHoBbIf

Kycrapuauku: ComknyTtocts 0,1-0,2. Betula nana L. BbicoToii 10 0,6 M.

TpasiHo-KycTapHUuKoBBId Apyc: OIIII 20-30%. Jomunupyet Carex vaginata
Tausch. o 20% npuxomutcs Ha Vaccinium vitis-idaea L., 5-10% — Rubus
chamaemorus L.

MoxoBo-numaitaukoBblii sipyc: OIIII 95%. Jlomunant (6onee 80%) — Sphagnum
girgensohnii Russow. 10-20% npuxomutcs Ha Polytrichum commun Hedw.

IMox mpesncTaBiIeHHOW pPaCTHTENBHOCTBIO (OPMHPYETCS mopgsHo-nepe-
eHotiHo-Kpuomemamop@uueckas nousa (Histic Cambi-Turbic Cryosol (Hu-
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mic)) (puc. 3, A-I). Crpoenune npoduns: T (020 cm) — H (20-30 cm) — CRM
(30-80 cm) — CRMg (80—120 cm). XapakTepHOil 0COOEHHOCTHIO KpHUOMETaMOop-
(uuecKoil MOYBHI SBISETCS PAcCHITUaras IUIACTHHYATO-IDIMTYATAas CTPYKTypa
ropuzoHTa CRM, dopmupyromascs noa BIUSHUEM CE30HHBIX MPOIECCOB MpPO-
Mep3anusi/oTTauBanus [30]. B mpoduiie mouBeI BcTpeyaeTcs ce30HHas Mep3ioTa
HECJIUBAIOLIETOCS TUIIA, KOTOpast 00pa3yeTcsl B MECTaX HAKOILICHUS CHETa B 3UM-
HUU TIEPUOJT X XOPOIIIETO peHaka B JeTHwil. Kpome 3Toro, cieayeT moa4epKHyTh
BEPOSATHOE BIMSHUE €I, Ha MPUCTBOJILHOM BO3BBILICHUH KOTOPO# chopMupoBa-
JIMCh MOXOBAs MOMYIIIKA U IEPETHONHBINA TOpr30HT H.

Puc. 3. PacTuTenbHOCTD U OYBBI UCCIIEIOBAHHBIX TPAHLICH:
A — TpaH1Ies TOPHO-JIECHOI'O 10sica; B — TpaHIles: TOPHO-TYHAPOBOTO I0sica.
I, II, III — Homepa cermenToB. ABTOp hoTo A.A. JIpIMOB
[Fig. 3. The vegetation and soil of the investigated trenches. A - Trench of the mountain forest
belt, B - Trench of the alpine tundra belt. I, II, III - Segment numbers. Photos by AA Dymov]

II cerMeHT — JTOATOMOIIHBIN

Kycrapuukn: Comkrayrtocts 0,2—0,3. B. nana Beicotoit 10 0,7 M.

TpassHo-KycTapHUUKOBBI sipyc: OIIII 30%. Tpu Buga. Jomunupyer C. vagi-
nata. J1o 10% R. chamaemorus. Enunanuno V. vitis-idaea.

MoxoBo-numaitaukoBeit sipyc: OII 90%. Tpu Bunma. HomuuanT (OGonee
70%) — P. commune. 1o 25% Pleurozium schreberi (Brid.) Mitt. domns S. gir-
gensohnii He ipeBbIIaeT 2—3%.

[ouBa npencraBicHa MOPDAHO-KPUOZEMOM 2Nee8bIM KPUOLEHHO-0XCENE3HEH-
noim (Histic Cryosol (Turbic, Reguctaquic)) (puc. 3A-II). Ctpoenue npodus:
T (0-15 cm) — CR (15-50 cm) — CRg (25-80 cm) — Gef (20-120 cm). [eeBsrit
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ropu3oHT Gcf mMmeerT BHXpeoOpasHBIA PHUCYHOK, YTO SIBISICTCS OTIMIUTEIIH-
HOM 4epToil MoYB KpUOTeHHOro oTaena. [Ipu3HakoM KPHUOT€HHOTO BIMSHUS IS
MIOYB TYMUIHBIX 00JIaCTEH SBISIETCSI MUTPAIHS 3aKHUCHBIX (POPM OKCHIIA JKee3a
K ¢poHTaM mpomep3aHus. [Ipoduss TOpsHO-KpHO3EMA CONEPKUT OXPHUCTHIE
MHUKPOTOPHU30HTEL, T1Ie OKCHABI JKele3a IPOMUTHIBAIOT CTPYKTYPHEIE arperarsl,
Tak)Ke KOHIEHTPUPYACh B MEJIKHE KOHKPELUH UM PKaBble MATHA, YTO JaeT OC-
HOBAHUE /ISl BBIIETICHUS] KPHOTEeHHO-0Kene3HEHHOoTO oaTuna [31].

IIT cermeHT — 3€1€HOMOIITHO-T0ITOMOIIIHBII

Kycrapuuku: Comkayrtocts 0,1-0,2. B. nana Beicotoit 10 0,6 M.

TpassHo-kycTapHHuKoBBIH sapyc: OIIIl 30%. CorocnoacTByrOT ABa BHJA:
C. vaginata u V. vitis-idaea.

MoxoBo-numaitaukoBeli  sipyc: OIIII 90%. CorocmonacTByroT ABa Buja:
P. commune nu P. schreberi.

[Tousa cermenta Il — mopgano-kpuozém xkpuoeenno-oxcenesnénuvitl (Histic
Cryosol) (puc. 3, A-11I). Crpoenue npodumsa: T (0-14 cm) — CR (1440 cm) —
CRecf (40-120 cm). OnHako B mpoduie 0TCYTCTBYIOT KPUOTEHHBIN BUXPEBOI pH-
CYHOK W Tpu3HaKku orneeHus. Hmxenexammii ropuzoHt CRef xapakrepusyercs
OTCYTCTBUEM SIPKO BBIPOKEHHON CTPYKTYpbI, OOJBIINM KOJMYECTBOM TOPHU30H-
TAJNBHBIX TPOCIOEK TPYHTOBOTO JIbJA (JIMH3HI JIbAA) M TPYOUaTHIX KEIE3UCTHIX
KOHKPEIIMOHHBIX HOBOOOpa30BaHUH.

[penensHBIC CTPYKTYPHBIE JIEMEHTHI UTPAIOT BAYKHYIO PONb B (DOPMHUPOBAHHIN
CIII1. Bricokast reTepOreHHOCTh HAaIlOUBEHHOTO TIOKPOBA 00YCIIOBIMBACT CrICU(UY-
HOCTH (DOPMHPOBAHUS Pa3IUYHBIX TOYBEHHBIX KoMmOuHammii [1]. Takum oOpa-
30M, [MOKa3aHo, YTO B IpeJesiaX HeCKOIbKUX METPOB MOYBHI, (POPMUPYIOLIHECS
oz pa3mumaabiMu [ICD ameMeHTapHOTO IOYBEHHOTO apeaja, MOTYT OBITh TECHO
CBSI3aHBI MEXAY COOOH, HO U UMETh XOPOIIO AUArHOCTUPYEMbIE TeHETUYECKHE
ommywust. J{ns ropHO-necHoro mosica [IpunonspHoro Ypaia HaMH BIEpBbIe OBLI
BBIJICTICH THIT KPHO3EMOB KPHOTCHHO-0XKEJIE3HEHHBIX. PaHee THIT Kpro3eMoB ObLT
OTMEYEH TOJBKO AJISI TOPHO-TYHAPOBOTO Tosica [32]. OmHako cXoKue KPHO3eMbl
BCTPEYAIOTCA B TOPHBIX Jiecax XOHTIHCKOro Haropesi B Monromiuu [33], B CTpyK-
Type IOYBEHHOTO OKPOBa ropHbIX 3kocucTeM KpacHospckoro kpas 9% ot Bcei
IJIOMIA/IU TTOYB COCTABIISIOT KPUO3EMbI ¢ KOMOMHALIUSIMH TTaJeOKpHo3eMOB [34].

Topno-mynoposwiii nosic (puc. 3, B)

B ropHO-TyHApOBOM TOsice (HOpMHUPYIOTCA peryiaspHo-uukianueckue DITA.
OHH XapaKTepU3YIOTCS «IISITHAMI» I10YB, OOYCIIOBJICHHBIX MEPUOANICCKUAM ITy-
YeHHEM U PacTPECKUBAaHMEM ITOUYBEHHOM TOJIIIHU B PE3y/IbTaTe 3aMep3aHus U OTTa-
WBaHUS, YTO XapaKTEPHO I MEPITOTHEIX 1ouB [Ipumonsproro Ypana. [Ipoduib
TpaHILIEd TOPHO-TYHAPOBOTO MOsICa COAECPXKUT OOJBIIOE KOIMUYECTBO OOJIOMKOB
TOPHBIX TTOPOJI, COCTABILIIONX mpuMepHO 50-70% ot ob6rema. BakHol xapak-
TEPUCTUKON MUKpOpeibeda sIBISETCS pacHONIOKEeHHE TPAHILIEH ePIeHTUKYIISP-
HO KypyMy, pacrojararomemycs B 15 M, 9To 00ycIIOBINBaeT IPOSBICHIE TAaKOTO
SIBIICHUSI, KaK KpUOTeHHas Jiecepriusl. MHoroneTHeMep3ible IOPOAbI B TPaHIee
nosiBIIsIOTCS Ha TiTyonHe 40—60 cM. CorlacHO MHOTOYHCIICHHBIM ITPUKOTIKAM Me-
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30CTPYKTYPY IIOYBEHHOTO IOKPOBA MOKHO OIIPEIETHUTh KaK COYCTaHUI-MO3aNKH
[3]. TTouBBI TOPHO-TYHAPOBOTO MOSICA XAPAKTEPUIYIOTCS XOPOIIO BBHIPAKESHHBIM
WIUTIOBHAJIFHO-TYMYCOBBIM TOPH30HTOM M IIPEACTABICHB HECKOJIHKAMH HOATH-
MamMu moi0ypoB.

I cermeHT — 3e71€eHOMOIITHBIN

Kycrapuauku: ComxayTocts 0,3. Hucno BunoB — tpu. Ilpeobnanaer B. nana.
Enuanano Salix glauca L. u S. recurvigemmis A.K. Skvortsov.

TpassiHo-KycTapHU4KOBBIN sipyc: OINII 10%. Jomunant (6onee 90% OIIIT) —
C. arctisibirica (Jurtzev) Czerep., emuanano Hierochloe alpina (Sw.) Roem. &
Schult. u Pedicularis compacta Stephan.

MoxoBo-mmmaitankoBeiit sipyc: O 98%. bonee 50% — Aulacomnium tur-
gidum (Wahlenb.) Schwigr. P. schreberi — no 35%. Jlumaitauku 5—7%: Cetraria
islandica (L.) Ach., Cladonia arbuscula (Wallr.) Flot. Enmanano Dicranum sco-
parium Hedw.

[poduns nodbypa eneegoco eruHUCMO-UNTIOBUUPOBAHHO2O MEP3TOMHO20
(Stagnic Entic Podzol (Skeletic, Turbic, Reductaquic)) (puc. 3, B-I) B cermenTe |
XapaKTepU3yeTCss MAJIOMOIIHOW rpyOOTryMyCHPOBAHHOM MOJCTHIKON U TIOJCTH-
nanueM MMII ¢ miyOunst 60 cm (puc. 2, B). Crpoenue: O (0-5 cm) — BH (5-
11 cm) — G (11-30 cm) — BCi (11(30)-40(45) cm) — CiL (40(45)—60 cm). ITpouece
orvieeHHs Hanboee KOHTPACTHO MPOSIBISIETCS B TOpU30HTe GG, KOTOPBIH XapaKTe-
pH3yeTcss HanOOJIBITNM KOJIMIECTBOM MeNTKo3eMa B mpoduie mouBsl. Ha Bepxueit
MOBEPXHOCTH OOJIOMKOB MOPOJ MPUCYTCTBYIOT TIIMHKUCTHIC TUICHKH MOIIHOCTBIO
1o 1-2 mM. Kposist MMII 3aneraer Ha miyouae 40 ¢M H IIPECTaBIsAET cOOO0M
BBICOKOJIBIUCTBIH CIIOH C MPUMECHIO MelTko3eMa. [Ipe/monoKuTeIbHO 3TO Pa3Ho-
BHAHOCTB TOJIBIIOBOTO ITO3EMHOTO JIbJIa, KOTOPEIH 00pa3yeT OTAeNbHBIE TUIACTHI
JI0 3 M MOIITHOCTH, 3aMOJTHSIET MPOMEXYTKH MEXY 00JOMKAMHU FOPHBIX MOPO]I.

TpassHO-KycTapHHuKoBEIi spyc: OIIIl 10-15%. Homwmuant (Gomee 90%)
C. arctisibirica. 1o 5% npuxonutcs Ha Dryas octopetala L., emMHIYHO OTMeYe-
Hbl Lagotis minor (Willd.) Standl. u V. vitis-idaea.

Moxoo-numiaiiHukoBelii  apyc: OIIIT 98%. bonee 80% mnpuxoautcs Ha
P. schreberi. IlpoextiBHOE TOKpEITHE Aulacomium turgidum mo 5%. Enuand-
Ho — C. arbuscula, Polytrichum juniperinum Hedw. u Stereocaulon paschale (L.)
Hoffm.

Bo II cermenTe GopMHUpYETCS n00OYp ULNIOBUATLHO-2YMYCOBbILL 2lee8amblil
mepznomuwiti (Folic Cryosol (Skeletic, Humic)) (cm. puc. 3, B-1I). Ctpoenue:
O (0-10(13) em) — BH (10(13)-20 cm) — BFg-L (20-40(70) cm). OtmnanrensHoi
yeptoit Il cermeHTa SBJIAETCA OTCYTCTBHE OOJOMKOB TOPHBIX TOPOX B MpOQu-
Jie, KOTOPBIC BBITECHEHBI B CTOPOHBI M «IIOCTABJICHBI Ha peOpoy». BeposTHo, 310
CBSI3aHO C KPHOTCHHOU Jecepnuuei (MpunoAbIMaHueM) OOJOMKOB B pe3yibTa-
Te 00pa30BaHus JIbJa B MPOMEKYTKAX MEXKIY HHUMH, UTO SIBISICTCS OCHOBHBIM
MEXaHU3MOM JIBMKEHUS KypyMmMoB. B Hamewm ciaydae B cermente I mpouzomnuio
BeITecHeHHe MMII k MOBEpXHOCTH U pacCOPTUPOBKA 0OJIOMOUHOIO MIEOHUCTOTO
Marepuaia B IPOTHBOIIOJIOKHBIE CTOPOHEI OT MEP3JIOTEHI.
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III cermeHT — MMIIATHUKOBBII

Kycrapauku: ComxrayTocTh 0,4-0,5. Cogomunupytot B. nana u S. glauca.
Ormedena S. recurvigemis.

TpassiHo-KycTapHUuKoBBIX sipyc: OIII 10%. Homunant (6o1ee 90% OIIIT)
C. arctisibirica. 5% V. vitis-idaea, enpanano H. alpina n Bistorta vivipara.

MoxoBo-numaitaukoBsli apyc: O 98%. bonee 50% nokpsitust — C. island-
ica. 1o 20% P. schreberi.

TpeTuii cerMeHT TpaHIIEH NPEACTaBICH NOOOYPOM 2HUHUCTO-ULTIOBUUDO-
sannuvim (Stagnic Entic Podzol (Skeletic, Turbic)) (puc. 3, B-Ill). Ctpoenue:
O (0-7 em) — BH (7-9(13) cm) — BHF (9(13)-30 cm) — BCi (30-70 cm). C riryOu-
HBI 70 cM IIOYBa XapaKTEpU3yeTC OOMILHBIM MOACTIIAHAEM O00JIOMKaMHU TOPHBIX
mopoj, 00yCIOBIMBAIOIIUM MHHUMAIBHOE KOMUYECTBO MEIKO3EMa M XOPOIIHIA
MTOYBEHHBIN APEHaX, KOTOPHIH, B CBOIO OYEPEedb, MPEISTCTBYET 3aCTOI0 BIATH H
00pa30BaHUIO YCIIOBUS A IPOLIECCOB OIIeeHHs. AHAIOTHYHO CerMeHTy | ¢ niy-
6unb! 30 cM Ha BepXHEH TOBEPXHOCTH TOPU30HTANBHBIX TPaHEH 00JIOMKOB OPOIT
TMOSIBJISIFOTCS IJIMHUCTHIC TUICHKH MOIIHOCTBIO JIO 2 MM.

Takum 0Opazom, B pe3yabrare BO3AEHCTBUS KPHOT€HE3a B IOYBAX TOPHO-TYH-
JPOBOTO MOsICa MPOUCXOSIINE H3MEHEHHUS B BBIPAXKEHHOCTH MOP(OIOTHIECKUX
MTOYBEHHBIX MIPU3HAKOB (HANMYHE OIVIEEHHS, 00pa30BaHNe KPHOTEHHOMN CTPYKTY-
PBI, OXKEJIe3HEHHE) MPUBOAT K 3HAYUTEIILHOMY Pa3HOOOpa3HUIo OYB B IIPOCTPAH-
crBe. [louBeHHBIC KOMOWHANMN TpaHIIEH TOPHO-IIECHOTO M TOPHO-TYHIPOBOTO
TMOSICOB, COCTOSIIIME U3 TPeX IOYB B Ipejesax OJHOM TPaHIIEeH, CIOKHO BKIIO-
YHUTH B PAMKH CyIICCTBYIOIINX HOPM IIPH OYBEHHOM KapTHPOBAHHUH, B KOTOPHIX
paccmarpuBatotcst ipeobnagaromue IIA [35], ocobeHHO A MOYB TPYIAHOIO-
CTYIIHBIX TOPHBIX Teppuropuii [36].

Ceoiicmea uccnedyemplx noue

AHanu3 rpaHyJIOMEeTPUYECKOro cOCcTaBa (Tabaua) HCCIe0BaHHBIX IIOUB TOp-
HO-JIECHOTO TOsIca MOKa3al, YTO ITOYBBI XapaKTEPU3YIOTCA BBICOKUM COACPXKAHH-
eM ¢pakimu puzngeckoi muHel. ContacHo knaccudukanuu Kaunnckoro [25], mo
CYMMapHOMY COJICPYKaHWIO dacTull ¢usmdeckor ruHbl (<0,01) MOXHO CcKa3arh,
4TO TOP(sHO-IIEpeTHOMHO-KpHoMeTaMopdurieckas nousa (cermeHT I) pa3BuBaercs
Ha JIETKUX/CPeHNX CYIIIMHKaX. MaKkCHMaIbHOE CyMMapHOe CONepKaHHe YaCTHUIL
<0,01 cocrasmusier 34% B cpenHeit uactu npoduist. Kpuosemst (cermentsl 11 u 11I)
(opMupyIOTCS Ha CpemHHuX cyrHHKaxX. ComeprkaHue JacTHI] (GU3MIECKON IIMHBI
JUISL TOpGSIHO-KpUO3eMa INIEEBOTO KPHUOTEHHO-0KEJIC3HEHHOTO MAaKCHMAJIbHO —
38%, a mia TopdsHO-Kpro3eMa KpHOTeHHO-okene3HeHHoro — 41%. Hecmotps Ha
CYILECTBEHHOE MPOCTPAHCTBEHHOE BapbUPOBAHUE MOP(OIOTHUECKUX MPU3HAKOB
MEXIy CPaBHHBAE€MBbIMH CETMEHTAMH, pacTpeneseHne Gpakimy Gu3ndeckon mm-
HBI HE UIMEET YETKO BhIpakeHHOHU quddepeHiuanyy no npopuo.

Jst 1moYB TOPHO-TYHAPOBOTO MOsica BBIBICHO IpeoOiiafaHne KPYIHBIX
¢pakuuii Menko3zema. 113 aHanM3a rpaHyIoOMeTpUIECKOro COCTaBa IOUB TPaHIIen
TOPHO-TYH/IPOBOTO IOSiCA CIEIYeT, YTO MOoAOyp IeeBaThlil NIMHNUCTO-MILTIOBHH-
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POBaHHBIM MEP3JIOTHBIN Pa3BUBACTCS HA JIETKUX BBICOKOIIEOHUCTHIX CYTIIMHKAX.
Copepxanue yactuil <0,01 Bapsupyer ot 8 10 30%.
p R PBUPY

Duzuko-xumMudeckue u puznyeckue cBOICTBA HCCIEA0BAHHBIX NOYB
[Physical and chemical properties of soils]

OOMeHHbIe Conepxanue
pH KaTHOHBI (bpaknuit
Topu- Ive [Exchangeabe [Content
No 30HT JIyOuHa, €M cations] of fractions]
[Hotizon]|  LDePht cm] Ca | Mg | <0,001 | <0,
HO,. | KCL, MMOia6/100 T %
[mmol/100 g]
Tpanies ropHo-iaecHoro nosica [Trench of the mountain-forest belt]
T 0-20 4,4 3.4 10,5 5,3
I H 20-30 4,7 3,7 5,9 0,5
CRM 30-80 5,4 3,6 8,4 2,5 17 34
CRMg 80-120 5,9 4,0 10,1 3,2 17 33
T 0-15 4,4 3,3 8,8 4,4
I CR 15-50 4,9 3,6 4,2 1,5 18 38
CRg 25-80 5,8 3,9 10,9 3,6 19 38
Gcf 20-120 5.9 4,1 11,5 3,8 22 36
T 0-14 4,4 34 14,7 4,8
I CR 1440 5,1 3,6 5,4 2,4 19 37
CRef 40-120 5,8 4,0 8,8 3,8 25 41
Tpanimes ropHO-TYHAPOBOTO mosica [Trench of the alpine tundra belt]
(6] 0-5 5,2 4,1 14,8 4,3
BH 5-11 5,0 3,6 5,3 1,3 10 20
I G 11-30 4,7 3,6 1,7 0,5 11 30
BCi 11(30) —40(45) 5,6 3.8 2,1 3,5 6 15
Ci, 40(45) —60 5,7 3,3 2,5 4,7 4 8
(6] 0-10(13) 5,1 4,1 21,8 5,8
II BH 10(13) 20 5,1 3,6 5,8 1,3 10 26
BFg, 20—-40(70) 4,9 3,6 1,5 0,4 12 31
(6] 0-7 5,1 4,0 23,2 4,7
I BH 7-9(13) 4,7 3,7 6,1 1,0 13 21
BHF 9(13) =30 5,4 3,6 0,7 0,3 7 11
BCi 30-70 5,7 3,7 2,4 0,6 4 10

IoaOyp MNIIOBHATIBHO-IYMYCOBBIM ITeeBAaThIf MEP3IOTHBIH — HA CPeIHHUX
cynmHkax (31% gactun <0,01 mm). [loxOyp DIMHACTO-WILTIOBHMPOBAHHBIA —
OT JIETKUX CYIIIMHKOB J0 cymnecu (10 21% uactun ¢usnueckoit munsel). [lomy-
YEHHBIC PE3YNbTaThl MOATBEPIKIAIOTCS JIMTEPAaTypHBIMU HaHHBIME [37, 38], B
KOTOPBIX ITOKA3aHO, YTO B YCJIOBUSIX KPUOTE€HE3a B MOYBOOOPA3YIONINX MOPOAAX
JIETKO-CPEJHECYNIMHUCTOIO COCTaBa MPOMCXOAUT HAKOIUIEHUE YaCTHUL] KPYIHO-
IBIIEBATOrO pa3Mepa. B HipkHel yacTu mpoduist anb(peryMyCoBBIX MOYB yBe-
JIMYMBAETCS COAEPIKAHUE CPEIHETO U MEJIKOTO MECKa, a YTSKEJIeHUE IpaHyJIoMe-
TPUUYECKOTO COCTaBa OKA3bIBAeT BIMSHHUE Ha MOYBEHHBII JpeHaX, B pPe3ynbTare
9ero o0pasyroTcsl YCIOBUS UL BOCCTaHOBUTEIBHOTO IIPOIECCa M HOYBEHHOTO
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OIICEHUA. YUYUTHIBasl CypOBblE KJIMMAaTHUYECKHUE YCIOBUS FOPHO-TYHIPOBOIO I10-
sica, OJM3KOe 3ajleraHre MHOTOJIETHEMEP3JIbIX MOPOJ] U BBICOKYIO IIEOHUCTOCTh
10 BCeMY MPOQIITIO B paccMaTprUBaeMbIX TOPHBIX mmouBax [Ipunomsproro Ypana,
BaXXHYIO POJIb B COOTHOILIEHUH T'PaHYJIOMETPHUYECKUX (HpaKIHii UTPAIOT KPUOTEH-
HbIE mporieccs [39].

[TouBBI HCCIEIOBaHHBIX TPaHIICH UMEIOT CIA00KUCITYIO PEAKIIMIO CPENIbI KaK
BOJTHOM, TaK U COJICBOU BBITSDKEK (CM. TabmuIy). OpraHoreHHbIEe TOPU30HTHI 00-
NajaloT HauOoJbIIeH KUCIOTHOCTHIO. [loKa3aHo, YTO MOXOBbIE OpraHOTEHHbBIE
TOPHU30HTHI TI0YB TOPHO-JICCHOW TpaHIIEH HecKoibko Oosiee kucibie (pH 4,4),
YeM MaJOMOIIHbIE TPyOOryMyCHpPOBaHHBIE TIOACTHIIKH [IOYB TOPHO-TYHAPOBOTO
nosica (pH 5,1). B MEUHEpaTbHBIX TOPU30HTAX MPOUCXOAMT IIABHOE YMEHBIIICHHUE
KHCJIOTHOCTH C TIIyOUHOM 10 ONMU3KUX K HEUTpalbHBIM 3HaUYeHHUsIM. 3HaueHust pH
BOJIHOW BBITSYKKM MUHEPAJIbHBIX TOPU30HTOB IOCTUTAJIM B [TI0YBaX F'OPHO-JIECHO-
ro nosica 5,9 en. pH, g mouB ropHO-TyHApOBOrO mosica — 5,7 en. pH. Ilomy-
YEHHbIE JAHHBIE COOTHOCSTCA C Pe3yJbTaTaMy IO KpHo3eMaM, Pa3BUBAIOLIUMCS
B nucTBeHHHuYHMKax Cpenneit Cubupu, rae pH B moactuike pocruran 4,7, a B
MHHEpATbHBIX ToOpu30oHTaX — 6,1 [40], 1 TaHHBIMHE 1] KPHOTEHHBIX TTOYB 3amaji-
HOW AHTapKTHKH, B KOTOPBIX BelnurHa pH Takxke u3MeHsAeTcs 0T cnaboKUCIIon
B OPraHOT€HHBIX TOPU30HTAX O HEUTPAIBHOW B HIKHMX MHUHEPAIbHOU 4acTH
npo¢uist [41]. DTo rOBOPUT O CPOICTBE KIMMATHUECKHX YCIOBHUH, Xapakrepe
PaCTUTEIHHOCTH MEXY CPABHUBAEMBIMHU PETHOHAMH, B PE3YJIBTAaTe Yero (POpMH-
PYIOTCS CXOXKHE THITBI TIOYB C TIOAOOHBIMH XMMUYECKUMH TOKa3arensiMu. B 1e-
JIOM TEHJEHIWS YMEHBIIEHUS KUCIOTHOCTH C TIIyOMHOM COXpaHsSeTCs Ui BCEX
HCCIICZIOBAaHHBIX MTOYB.

B pesynbrare GHOreHHOTO HAKOIUICHHSI HAHOONBIINE KOHIIEHTPAUHd OOMEH-
HBIX ()OPM KaJIbIMA U MarHusl KaK JUis OYB TPaHILIEH TOPHO-JIECHOTO, TaK U TOp-
HO-TYHIIPOBOTO TIOsica HAaOIIOAAIOTCS B OPraHOTEHHBIX TOpH30HTaX. B cocTase
00MeHHBIX KaTHOHOB mpeobnamaer Ca?". TIpoUCXOIUT 3aMETHOE BaphbUPOBAHHUE
coziepKaHnsl OOMCHHBIX KaTHOHOB B TOPH30HTAJIHLHOM HAIIPABICHIH OT CETMEHTA
I mo cermenra III, koTOpO€E, BEPOSATHO, ONPEAETAETCS XapaKTEpOM HAlOYBEHHON
pactuTenbHOCTH. B mouBax ropHo-iecHoro nosica cogepkanne Ca?t U3MEHsIIOCH
ot 8,8 10 14,7 Mmmons/100 T mpu yMEHBIICHUU B HAIOYBEHHOM IOKPOBE JOIH
C(arHOBBIX M YBEIHYCHUH JOJH 3€JICHBIX MXOB, UYTO XapaKTEPHO VIS JICCHBIX
MOYB C HU3KOWM CTENEHbI0 HACHIIIEHHOCTH OCHOBaHWii [42]. B mouBax ropHo-
TYHAPOBOTO mosica comepxanne Ca*" cocrasmster ot 14,7 mo 23,2 mmons/100 T
U KOppeNUpyeT ¢ BO3pACTaHHEM B HAITOYBEHHOM ITOKPOBE IO JTUIIAHHUKOB U
YMEHBILIECHUEM J0JIM MXOB. BepodTHO, 4TO IpU yMEHBIIEHUM YBIaQ)KHEHHOCTH
yCIoBHi (POPMHUPOBAHUS OPTaHOTEHHOTO TOPU30HTA MPOUCXOMUT yBETHUEHHE
coneprkanne oOMeHHbIX ocHoBaHuil. Comepkanre Mg?* B oJCTHIKAX MOYB 00e-
uX Tpaniei 6muskoe: ot 4,4 10 5,3 MMonb/100 T B TOpHO-JI€CHOM T0sice U OT 4,2
10 5,7 Mmoit/100 T B TOPHO-TYHIPOBOM. J[1s1 MHUHEPATBHBIX TOPU30HTOB TIOYB
TOPHO-JIECHOTO MOsICa XapaKTePHO SMIOBHABHO-WLIIOBHAIIBHOE paciipeesieHue
Ca? u Mg?, s I0YB TOPHO-TYHAPOBOTO TOsICA — AKKYMYJIITHBHOE.
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AHanu3 comepKaHusi AUTHOHUTO- (TI0 J[KEKCOHY) M OKCaIaTopacTBOPUMBIX
(mo Tammy) opM xKemnesa v ATFOMUHUS MTOKa3aJl 3HAYUTEIIHHBIE PA3INIHSI MEXKITY
MTOYBaMH B TPAHIIIEEe TOPHO-JICCHOTO Mosica (puc. 4).

Kpurepunii llIeprmana (Kr)

0 0, 0,
Feqin, % Feo., % Aloy, % [The criterion of Schwertmann]
Tpanmest ropHo-necHoro nosca [Trench of the mountain-forest belt]
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Puc. 4. [TpodunsHoe pactipeneneHne conepKanus JUTHOHUTOpacTBOpUMbIX (Fe )
(bopM xenesa u okcanaropacTBopuMbIxX Gopm xenesa (Fe ) u amromunus (Al )
u xkputepus llIBepTMaHa B MUHEpaNIbHBIX TOPU30OHTAX HCCIIEAYEMBIX IIOYB.
O6o3navenus: 1, I1, 11l — Homepa cerMeHTOB
[Fig. 4. Profile the distribution of Fe and Fe ,, forms of iron and forms of aluminium Al
and the criterion of Schwertmann in the studied soils. Designations: I, II, III - Numbers of segments]

OT mepBOro K TPEThEMY CETMEHTY HaONIONACTCsl yBEIHUCHUE CONep KaHMs
(opm xenesa B kpuosémax. MakcumanbHoe conepxanue Fe  ysenmuunBaercs ot
0,84% B cermente I no 1,44% B cermenre III. Hakomnenne Fe 4icy, OT TIEPBOTO J10
TpeThero cerMeHTa Bapsupyet ot 0,91 no 2,46%. s moysB ropHO-TyHJIPOBOTO
Tosica BEICOKHE KOHIICHTPAINU COSJHHEHNUI JKelle3a XapaKTePHBI U1 TOPH30HTOB
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¢ IpHI3HaKaMu omieeHus. B ropmsonte G cermenTa I comgeprxanue okcanaTropacTBo-
pUMBIX opM cocTaBisio 1,59%, a AUTHOHUTPACTBOPUMBIX — 2,59%. B ropusonre
BFg—2,01 u 2,75% coorBercrBenHo. ComtacHo kputepuro llIBeprmana (Ki), no-
JIy4eHHBbIE JUIS [TOYB FOPHO-JIECHOTO nosica 3HaueHus (10 0,88) CBUIETEIbCTBYIOT O
BBICOKOW CTENEHH 3aCTOMHOTO YBIaKHEHUS UCCIENyeMbIX 1mouB (cM. puc. 4) [43].
Kpome Toro, cormacHo HccienoBaHMSM, HallPaBIeHHBIM HA U3yYEHHE Pa3JIMYHBIX
(dhopm coenuHeHMIA Kene3a [44—46], Bricokre 3HaueHUss K mpu 3acToiHOM yB-
JIAXKHEHUH YKa3bIBalOT Ha YBEJIIMYECHHE Pa3MepPOB KPUCTAILUIOB THIPOKCHA JKele3a
B MEITKO3eMe M KOHKPEIHSX, YTO COIIAcyeTcsl C IOMyIeHHBIMH HAMH JaHHBIMU.
Boree nuzkue 3Ha4uenns Kiu, BRISIBIGHHBIE JUTS TOYB TOPHO-TYHPOBOTO I0sICa, Be-
POSITHO, XapaKTepU3YIOT IPOIECCHI IIPOMBIBHOTO BOITHOTO PEKUMA.

ITo ocHOBHBIM (PU3UKO-XUMHUYECKUM ITapaMeTpaM HOYBBI TOPHO-JIECHOTO T10-
sica OJIM3KH K TaeKHBIM TI0YBaM, KOTOPEIE (POPMUPYIOTCS Ha PaBHUHHBIX TEpPHU-
topusix [31, 47]. [lony4yeHHbIe pe3ybTaThl TAKXKE COMOCTABUMBI C TAHHBIMU [32,
48] ans Mep3noTHbEIX TouB CHOUpH.

ComacHo nuTepaTypHbIM JaHHbIM [49, 50], BRICOKHE KOHIIEHTpAIlud OpTaHu-
YEeCKOTO yIIepoia XapaKTepHBI IS TOYB CEBEPHBIX PETHOHOB. B pesynsrare mpo-
BE/ICHHBIX HCCIIEIOBaHUN 0OHApyXeHO, YTO paclpeesicHre yIIeposa U a30Ta B
HCCIIeIOBaHHEIX MouBax [IpumorspHoro Ypania HOCHT perpecCHBHO-aKKyMYJIs-
THBHBIN XapakTep ¢ MAKCHMaJIbHBIM HAKOIIJICHHEM B OpPIaHOT€HHBIX TOPH30HTaX.
C nryOMHOM KOHIICHTPALUH YIIEpOoa U a30Ta 3HAUNTEIbHO cHIDKatoTcs. Comep-
*aHUe yIiaeposa B HOACTHIIKE IIOUB TOPHO-IECHOTO Mosica gocturaet 43,3%, azo-
ta — 1,5%. B noncTunkax moyB ropHod TyHApPHI coaepxurcs a0 42,3% yriepona
u j10 1,3% azora coorBercTBeHHO. OJJHAKO 3HAYUTENBHBIH HHTEPEC MPEICTABIIS-
0T MUHEpaJTbHBIE TOPU30HTHI TIOYB UCCIIEOBAHHEIX TpaHIIeH. B mousax ropuo-
TYHAPOBOTO N0ACa COAECPKaHKUE YITEepo/ia U a30Ta 3HAUUTENIBLHO BBIIIE, YEM B I10-
YBaX TOPHO-JIECHOTO Mosica (pUcC. 5), 9TO, BEPOIATHO, MOXKHO OOBSICHUTH OJM3KUM
3ajieraHueM K noBepxHocT MMII 1 BBICOKO# IEOHUCTOCTHIO TIOYBEHHOTO TIPO-
(WIS, KOTOphIe CIOCOOCTBYIOT TepeMeNeHUI0 (KPHOTYypOaIysi) pacTUTEIbHBIX
OCTaTKOB BHH3 110 MPO(WII0 K MHHEPaJIbHBIM TOPH30HTaM, TEM CAMBIM yBEJINYH-
Basi cofep kKaHNe OPTaHMYECKOTO BEIIECTBA B HUX.

BrICOKHe KOHIIEHTpaIMK yIVIepo/ia BBISABICHBI B BEPXHUX MUHEPAIbHBIX TOPH-
30HTax I10YB TOPHO-TYHIPOBOTO IIOSICA ISl TIEPBOTO M BTOPOTO CETMEHTOB, XapaK-
TepU3yIoIMXxcst onmu3kuM nozctunanieM MMII, koTopble ciayxkar «Oapbepom» U
CIIOCOOCTBYIOT aKKyMYJLSIIIUF OPTaHUYECKOTO BEIIECTBA B HAIMEP3IOTHBIX TOPH-
30HTaX. MakcuMaibHbIe KOHIIEHTPAIUK yIiiepo/ia HaOMIoaloTesl B WIUTIOBUAIIBHO-
ryMycoBbIX ropu3oHTax (BH), koTopble XapakTepu3yroTcsl OOINBIICH MPOIUTKON
OpraHUYECKHUM BellecTBOM — 0T 5,5% B cermente I 10 9,1% B cermenre 111 Ipene-
Tl BAPBUPOBAHUS COACPIKAHMS a30Ta B TIOYBAaX TOPHO-TYHApoBoro mosica ot 0,03
10 0,67%. B mouBax ropHO-JI€CHOIO Tosica COAEpkKaHUE YIIeposia B MUHEPAIbHBIX
TOPHU30HTaX 3HAYUTENbHO HIbKe u m3mensiercs ot 0,38 mo 1,49%, azora — ot 0,05
70 0,17%. D10 1aeT OCHOBaHUE MPEANOIAraTh, YT0O MOOMIBHOCTh OPraHUIECKOTO
BEIIIECTBA B II0YBAX TOPHBIX TYHIP BHIIIE, YEM B TOPHO-JICCHOM IIOSICE.
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Puc. 5. IIpopunbHOE pactpeneneHue coepskanus yriepoaa, asora 1 C/N B MHHEpaIbHBIX
ropu3oHTax uccienyemsix mous. O6oznauenust: I, 11, 111 — Homepa cermeHTOB.
[Fig. 5. Profile distribution of carbon, nitrogen and C/N content in mineral horizons.
Designations: I, II, III - Numbers of segments]

Kpome storo, mpomep3aHne MalIOMOLIHBIX ITOYBEHHBIX Mpoduieil ropHo-
TYHJPOBOTO TI05iCa OKa3bIBaeT OONBIIOE BIMSHUE HA MHTEHCUBHOCTh MIOUYBEHHBIX
MIPOIIECCOB, IIPH STOM COKPAIIACTCS aKTUBHBIN EPHOJ TOYBOOOPA30BAHIISL, TOTIA
KaK (hOpMUPYIOIIUECS MO MOIIHBIMUA OPraHOT€HHBIMU TOPU30HTAMU [TOYBHI TOP-
HO-JIECHOTO TIosica Ooliee «3aIluIleHb oT mpoMmepianus. [IpoBenénnsie panee
uccie0BaHus mokasany [18], 4To moyBbl TOPHO-TYHAPOBOTO Tosica [Ipunosnsp-
HOTO Ypana GopMHUPYIOTCS B 00I€e CypOBBIX KIMMAaTHIECKHAX YCIOBHAX U XapaK-
TEPU3YIOTCS 3aMeJJIEHHO TpaHc(opMaIeii U, BEpOSITHO, Myyllleil KOHCEpBall-
€l OpraHMIEeCcKOTO BEIIECTBA B BEPXHHUX TOpHU30HTax mouB [51-53].
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3akir0ueHne

Takum 00pa3om, H3ydeHHe HEOTHOPOTHOCTH MOP(OIOTUIESCKUX, PUIUKO-XH-
MHUYECKUX U (PU3MYESCKHX CBOWCTB mMouB [IpumonspHoro Ypana mo3BOJWIO BbI-
SIBUTH CYIIECTBCHHBIC PA3JIMIUsl HE TONBEKO MEXKIY IIOYBAMH, PACIIONOKCHHBIMHU
B Pa3HBIX BBICOTHBIX IOSICAX, HO M MEX/Ty ITOYBAMU B MPE/ICIAX OJHOI TpaHIIICH.
[oxazano, 9TO HMCCIEAOBaHHBIE TTOYBHI (POPMUPYIOTCS B Pa3HBIX AIEMEHTapHBIX
MOYBEHHBIX apealiax: B TOPHO-JICCHOM IMOSCE — B CIIOPATUYECKU-TIATHUCTOM; TOP-
HO-TYHAPOBOM — B peryisipHO-niuKimdeckom JITA.

B pe3synbTare BBISABICHO, YTO JUIS HCCIICAYEMBIX TIOYB XapaKTePHO 3HAYUTENb-
HOE€ BapbHPOBaHHE MOP(OIOTHUSCKUX MTPU3HAKOB, HA OCHOBE KOTOPBIX JHATHO-
CTHPYIOTCSI Pa3HBIC TUIIBI M MOATHUIIBI OYB HA TMPOTSHDKCHUH HECKOIBKUX METPOB.
[ToxazaHo, YTO UMEHHO OHH B IEPBYIO OUYepenb CIYKaT KIaCCH(PUKAIIMOHHOM
OCHOBO#1 KaK B Ipe/eNax OJHOM TpaHIIEH, TaK M B PA3HBIX BBICOTHBIX MOSICAaX,
B TO BpeMs Kak JIpyTue MOKa3aTeld UMEIOT 0oJice KOHCEPBAaTHBHBIN XapaKTep U
CITy’KaT KaK yTOYHSIONIAs aHAJTUTHUCCKAs XapaKTEPUCTUKA.

Ha ocHoBe ¢u3nko-XMMHUYEeCKHX IOKa3aTeJed YCTaHOBJICHO, YTO yBEIHIe-
HUE CcoAep)KaHMs OOMEHHBIX (OPM KaJbIMsI W MarHHs ONPEICIseTCS CMEHOM
JOMHHAHTOB HAIlOYBEHHOTO MOKPOBA, KOTOPHIE MApKHPYIOT pa3lIMdHBIE YCIO-
BUS YBIQKHEHHS 3KOCHCTeMbl. OCHOBHBIC PA3NIMYMs MEXKIY ITOYBAMH Pa3HBIX
BBICOTHBIX PACTHUTENBHBIX ITOSCOB HAOMIOMAIOTCS B MHHEPAILHBIX TOPH30HTAX.
BrisiBneHo, 4TO B cpeqHel 4acTy NMPOQUIIs MOYB TOPHO-TYHIPOBOTO IMOsICa M3-3a
Oolee CypOBBIX KIIMMAaTHYECKUX YCJIOBHH, BHICOKOH TOIH OOIOMKOB KOPEHHBIX
MOpoA B mpoduie, OIM3KOr0 MOACTHIAHUS MHOTOJIECTHEMEP3IIBIX MOPOJ JTydIle
COXPAHSIOTCA W aKKyMYJIHPYIOTCS OPTaHUIECKUH YIIEPOX U a30T, YeM B IIOYBAX
TOPHO-JIECHOTO TI05ICa.

Jlumepamypa

1. ®punnang B.M. O crpykrype (ctpoeHun) mouBenHoro mokposa // TlouBoBenenue. 1965.
Ne 4. C. 15-28.

2. Jloiiko C.B., I'epaceko JL.U., Kymmxckuit C.I1., Amenun WU.U., Uctureues I'1. Ctpoenue
MOYBEHHOTO MOKPOBA CEBEPHON YacTH apeaja YepHEBOM Taird I0ro-BOCTOKA 3amagHoi
Cubupu // TouBoBenenue. 2015. Ne 4. C. 410-423. doi: 10.7868/S0032180X 15040061

3. I'opstukun C.B. IlouBennsiii mokpoB CeBepa (CTpyKTypa, TEHE3UC, SKOJIOTHS, IBOTIOLHS).
M. :TEOC, 2010. 414 c.

4. Kneisel C., Emmert A., Polich P., Zollinger B., Egli M. Soil geomorphology and frozen
ground conditions at a subalpine talus slope having permafrost in the eastern Swiss Alps //
Catena. 2015. Ne 133. PP. 107-118. doi: 10.1016/j.catena.2015.05.005

5.MuC., Zhang T., Zhang X., Cao B., Peng X., Cao L., Su H. Pedogenesis and physicochemical
parameters influencing soil carbon and nitrogen of alpine meadows in permafrost regions in
the northeastern Qinghai-Tibetan Plateau // Catena. 2016. Ne 141. PP. 85-91. doi: 10.1016/j.
catena.2016.02.020

6. Jloiiko C.B., Paynuna T.B., Kymmxckuit C.II., ITokposckuit O.C. I'mppoxummdeckue
IapamMeTpbl PacTBOPOB TOP(SHBIX IOYB BIOJb LIMPOTHOTO I'PaJUeHTa KPHOIUTO30HBI
3anauoii Cubupu / CoBpeMeHHbIe npobiieMbl HayKu U o0pasoBanus. 2017. Ne 4. C. 177—
187. doi: 10.17513/spno.26599


https://doi.org/10.7868/S0032180X15040061
https://doi.org/10.1016/j.catena.2015.05.005
http://dx.doi.org/10.1016%2Fj.catena.2016.02.020
http://dx.doi.org/10.1016%2Fj.catena.2016.02.020
http://dx.doi.org/10.17513/spno.26599

IIpocmpancmeennas neoOHOPOOHOCHb CEOLICHE NOYE 47

7. Obepman H.I'. Teoxprnonornueckue ycious Eponelickoi teppuropuun CCCP u Ypana.
T'eoxpuonorus CCCP. M. : Henpa, 1988.

8. Maxee O.B. Kpnorennsie moussl // KpuoreHHbI€ TOYBEI ¥ X PAIllHOHAIBHOE HCTIONB30BaHHE
/ pen. O.B. Makees. M. : Hayka, 1977. C. 5-13.

9. I'opuaxosckuii I1.JI. PactutensHelil Mup Beicokoropuii Ypana. M. : Hayka, 1975. 248 c.

10. XKanrypos E.B., [ly6posckuii F0.A., JIpiMoB A.A. XapakTepuCTHKA ITOYB M PaCTHTEILHOTO
MIOKPOBA BBICOTHEIX IT0sicoB XpeOdTa Mannsiabipa (I[Ipunonspasiit Ypan) / U3sectis Komu
HIT ¥pO PAH. 2012. Ne 4. C. 46-52.

11. Kympsmosa C.A., Hutn JLIO., Ymuymua A.B., Yymbaes A.C., Mmmep IO,
Be3boponosa A.A. Dxonoro-reorpaduuecKkye acreKThl BBIACICHNS THIIOB KOMIUIEKCOB ITOYB
Ha IUIOCKOTOPbE YKOK C HMCIOJIb30BaHUEM JUCTAHIMOHHBIX HccienoBaHuit / Cubupckuit
sKonornaeckui xypHai. 2012, Ne 5. C. 703-710. doi: 10.1134/S1995425512050046

12. World Soil Resources Reports // Biological management of soil ecosystems for sustainable
agriculture. Brazil : Londrina, 2002. 107 p.

13. lo6poBonsckuii I'B., Ypycesckas 1.C. I'eorpadust mous. M. : KomocC, 2004. 460 c.

14. IstmoB A.A., XKanrypos E.B., Crapues B.B. I1oussl ceBepHoit uactu IIpunonsproro Ypana:
Mopdororust, pU3nKo-XMMHYEeCcKHe CBOICTBA, 3amackl yriepoaa u a3ora // [louBoBenenwe.
2013. Ne 5. C. 507-516. doi: 10.7868/S0032180X1305002X

15. Crapues B.B., Xanrypos E.B., [IsimoB A.A. XapakTepucTHka MOYB BBICOTHBIX IOSICOB
xpebta Sntukaeipa ([Ipunomspaeii Ypan) / Bectn. Tom. roc. yH-Ta. Brnomorus. 2017.
Ne 38. C. 6-27. doi: 10.17223/19988591/38/1

16. umo B.H. Teruooii pexxum nous CCCP. M. : Konoc, 1972. 360 c.

17. Atnac o kiumary u rugponorun Pecrryonuku Komu / mox pen. A.W. Tackaesa. M. : [Ipoda,
1997. 116 c.

18. Crapues B.B., XKanrypos E.B., [IpimoB A.A. T'ogoBast AMHaAMHKa TeMIIEpaTyp OpraHOI€HHBIX
ropu30HTOB 1ouB [IpunomspHoro Ypana // U3Bectuss Komu nayunoro nenrpa YpO PAH.
2016. Ne 2 (26). C. 28-35.

19. Imutpuer E.A. HekoTopble METONONOTHYECKHE ACTEKTHI H3ydeHHs MO4YB // BecTHHK
Mockogckoro yausepcutera. Cep. 17: I[TouBosenenue. 1997. Ne 2. C. 3-9.

20. Opnosa M.A., Jlykuna H.B., Kamaes 11.0., CmupnoB B.3., KpaBuenko T.B. Mo3auunocTs
JIECHBIX OMOTEOIIEHO30B U MPOAYKTUBHOCTH o4B // JlecoBenenue. 2011. Ne 6. C. 39-48.

21. UnaroB B.C., Mupun .M. Omnucanue ¢utoneHo3a. Metogudeckue peKOMEHIAINA :
yueb.-meton. mocodbue. CII6., 2008. 71 c.

22. Ilonesoii onpenenutens nouB Poccun. M. : TlouBennsiit un-T um. B.B. Jlokyuaesa, 2008.
182 c.

23. IUSS Working Group WRB. World reference base for soil resources 2014, update 2015.
International soil classification system for naming soils and creating legends for soil maps.
World Soil Resources Reports No. 106. Rome : FAO, 2015.

24. Teopust ¥ paKTHKa XUMHYIECKOT0 aHanu3a 1mo4B / mox pex. JI.A. Bopo6sesoit. M. : TEOC,
2006. 400 c.

25. Metoanka BBITIOJIHEHHS H3MEPEHUH COIEpKaHUs YIIIepoaa W a30Ta B TBEPABIX 00BEKTax
METOIOM Ta30BOH Xpomarorpa¢un Ha siaeMeHTHOM aHamm3atope EA 1110 (CHNS-O):
CBHJETENHCTBO 00 aTrTecTalMy MeTomuKH m3MepeHuil / mox pen. b.M. Konnparenka,
E.B. BanumkoBoii, A.I. EcradreBoii ; PenepanbHoe rocygapcTBeHHOE OIOIKETHOE
yupexaeHne Hayku MHcTuTyT Ononornn Komu HaydHOTO IEeHTpa YpaibCKOTO OTIENICHUS
Poccuiickoii akanemun Hayk. Ne 88-17641-94-2009 (DP.1.31.2014.17663).

26. Teopun u Metoxs! ¢pu3uku mous / mox pex. E.B. llenna, JI.O. Kapnagesckoro. M. : I'pud
n K, 2007. 616 c.

27. Mehra O.P., Jackson M.L. Iron oxide removal from soils and clays by a dithionite—citrate
system buffered with sodium bicarbonate // Clay Clay Miner. 1960. Ne 7. PP. 317-327.

28. [NouBeHHBIE KOMOMHAIMH U MX TeHe3uc / of per. B.M. @pumnanna. M. : Hayxka, 1972. 216 c.


https://doi.org/10.1134/S1995425512050046
https://doi.org/10.7868/S0032180X1305002X
https://doi.org/10.17223/19988591/38/1

48 B.B. Cmapues, 1O.A. /lyoposckuii, E.B. 2Kanzypos, A.A. /[vimos

29. Cyxaués B.H. U36pannbie Tpynsl : B 3 T. IIpobmemsr ¢uroneHonornu / mox pen.
E.M. JlaBpenko. JI. : Hayka, 1975. T. 3. 542 c.

30. Myzpos FO.B. Mep3noTHsle sBlICHUS B KPUOIUTO30HE PaBHUH U rop. OCHOBHbIE OHATHS
U onpezeneHus. MutocTpupoBaHHblil SHIMKIONEAUUYCKUH cripaBouHuK. M. : Hayunsrii
mup, 2007. 316 c.

31. ToukonoroB B.JI. ABromMop¢pHOEe HouBOOOpa3oBaHHE B TYHIPOBOH M Ta&KHOHW 30HAX
Bocrouno-EBpomneiickoii u 3anagHo-Cubupckoit paBHuH. M. : IlouBeHHBIH WH-T
uM. B.B. Jloxyuaesa, 2010. 304 c.

32. Crapues B.B., Ieimos A A, ITpokyuikun A.C. I1ouBbI HOCTIHPOT€HHBIX IMCTBEHHUYHUKOB
Cpenneit Cubupu: Mopdoiorus, QGU3NKO-XUMHYECKHE CBOWCTBA U OCOOCHHOCTH
MIOYBEHHOTO opraHudeckoro Bemectsa // [louBoBemenne. 2017. Ne 8. C. 912-925. doi:
10.7868/S0032180X17080111.

33. Kpacnomekos FO.H. CtpykTypa moyBeHHOr0 HOKpOBa rOpHbIX JIECOB XIHTIUCKOTO HArOphst
B Monromuu // Bectauk Kpac TAY. 2013. Ne 12. C. 77-82.

34. Epmos I0.1., Mockanes A.K., Crenens P.A. 3emenbHble U stecHbIe pecypcsl KpacHosipckoro
Kpasi, MpoOIeMbl UX pallMOHAJIBHOrO Ucmonb3oBanus. HoBocubupck : Uzn-so CO PAH,
2001. 114 c.

35. TlouBeHHOe KapTUpOBaHUE: Yyd4eO.-mMeron. mocobue / mon pea. b.d. Amapuna,
I'A. Kacarkunoi. CII6. : U3n-Bo CII6. yH-Ta, 2012. 128 c.

36. Ananxo T.B., I'epacumoBa M.U., Konromxkos JI.E. IlouBbl ropHbIX TeppUTOpUil B
knaccudukanuu nous Poccun // bromrerens [lousennoro uacrturyra uM. B.B. Jlokyuaesa.
2018. Ne 92. C. 122-146. doi: 10.19047/0136-1694-2018-92-122-146

37. Konnmes B.H. ®opmupoBanme cocTaBa IUCHEPCHBIX HOPOZ B KpHOIHTOC(hEPE / IO Pex.
A.U. Tlonosa. HoBocubupck : Hayka. Cu6. ota-aue, 1981. 197 c.

38. Paynuna T.B., Kymuwxckuit C.II., Cnupuna B.3. BiausHue KpuUOreHHBIX MPOLIECCOB Ha
(dopmupoBanue mpoduiIs NoYB IEHTpaabHON YacTu Ta3zoBckoro nomyocTposa // BectHuk
TrOMEHCKOr0 TOCyAapCTBEHHOIO YHUBEPCUTETA. DKOJIOIUs U Ipupoaonons3osanue. 2015.
T.1,Ne 1 (1). C. 33-44.

39. Egli M., Poulenard J. Soils of Mountainous Landscapes. In The International Encyclopedia of
Geography: People, the Earth, Environment, and Technology / eds. by D. Richardson, N. Castree,
M.F. Goodchild, A. Kobayashi, W. Liu, R.A. Marston. New York, NY : Wiley, 2017.

40. Gentsch N. Landscape controls of organic carbon content and fraction composition in
permafrost soils, Central Siberia // Diploma Thesis. 2010. University Leipzig. Faculty for
Physics and Geo Science Institute for Geography. 105 p.

41. Jlynaue A.B., AbaxymoB E.B. Iloussl 3emmu Mbopu bapn (3anmagnas Antapkruka) //
IMouBoBenenue. 2013. Ne 10. C. 1167-1180. doi: 10.7868/S0032180X13100079

42. Valtera M., Samonil P. Soil organic carbon stocks and related soil properties in a primary
Picea abies (L.) Karst. volcanic-mountain forest / Catena. 2018. Ne 165. PP. 217-227. doi:
10.1016/j.catena.2018.01.034.

43. Bopstaumxuii 10.H., [llo6a C.A. /luckyccnoHHbBIE BOIIPOCHI HHTEPIIPETALUH PE3YILTaTOB
XUMUYECKON JIKCTPaKLIUKM COCTUHEHHI »eie3a u3 mouyB // [louBoBemenue. 2014. Ne 6.
C. 697-704. doi: 10.7868/S0032180X 14060112

44. Munch J.C., Ottow J.C.G. Preferential reduction of amorphous to crystalline iron oxides by
bacterial activity // Soil Science 1980. Ne 129. PP. 15-21.

45. babanun B.®., Tpyxun B.U., Kapnauesckuii JI.O., iBanoB A.B., Mopo3zos B.B. Maraerusm
oy / oz pea. B.B. Mopo3zosa. M. : SIpocnaeib, 1995. 222 c.

46. Roden E.E., Zachara J.M. Microbial reduction of crystalline Fe (III) oxides: influence
of oxide surface area and potential for cell growth / Environ. Sci. Technol. 1996. Ne 30.
PP. 1618-1628.

47. 3aboesa 1.B. IToussl u 3emensusle pecypcsl Komu ACCP / nmox pen. W.IT. I'epacumona.
CeixteiBKap : Komu kH. u3n-so, 1975. 344 c.


https://doi.org/10.19047/0136-1694-2018-92-122-146
https://doi.org/10.7868/S0032180X13100079
https://doi.org/10.1016/j.catena.2018.01.034
https://doi.org/10.7868/S0032180X14060112

Ilpocmpancmeennas HeoOHOPOOHOCMY CEOTICHIE NOYE 49

48. JlynmaueB A.B., I'youn C.B. OpraHoreHHble HaJMep3JI0THO-aKKyMYJISITHBHBIE TOPH30HTHI
KpHro3éMoB TyHIp ceBepa SIkytun // [louBoBenenne. 2012. Ne 1. C. 57-68. doi: 10.1134/
S1064229312010115

49. Dutta K., Schuur E.A.G., Neff J.C., Zimov S.A. Potential carbon release from permafrost
soils of northeastern Siberia // Glob. Chang. Biol. 2006. Ne 12 (12). PP. 2336-2351. doi:
10.1111/5.1365-2486.2006.01259.x

50. Koven C., Friedlingstein P., Ciais P., Khvorostyanov D., Krinner G., Tarnocai C. On the
formation of high-latitude soil carbon stocks: effects of cryoturbation and insulation by
organic matter in a land surface model // Geophys. Res. Lett. 2009. Ne 36. L21501. PP. 1-5.
doi: 10.1029/2009GL040150

51. White D.M., Garland D.S., Ping C.L., Michaelson G., Characterizing soil organic matter
quality in arctic soil by cover type and depth // Cold Reg. Sci. Technol. 2004. Ne 38. PP. 63—
73. doi: 10.1016/j.coldregions.2003.08.001

52. Dymov A.A., Zhangurov E.V., Hagedorn F. Soil organic matter composition along
altitudinal gradients in permafrost affected soils of the Subpolar Ural Mountains // Catena.
2015. Ne 131. PP. 140-148. doi: 10.1016/j.catena.2015.03.020

53. Henkner J., Scholten T., Kiihn P. Soil organic carbon stocks in permafrost-affected
soils in West Greenland / Geoderma. 2016. Ne 282. PP. 147-159. doi: 10.1016/].
geoderma.2016.06.021

Hocmynuna 6 pedaxyuro 24.06.2019 e.; noemopno 13.09.2019 a.;
npunama 25.09.2019 e.; onyonuxosana 27.12.2019 e.

Asmopckuii Konnekmug:

Cmapyee Buxmop Bukmoposuu — aciupanT oTjena rnousosenenus, Muctutyt 6uonorun Komu HIT YpO
PAH (Poccus, 167000, Pecni. Komu, r. CeikThIBKap, yi. KomMmyHucTHUYeCKas, 1. 28).

ORCID iD: https://orcid.org/0000-0002-6425-6502

E-mail: vik.startsev(@gmail.com

Jlyopoeckuii FOpuii Anexcandposuy — xauj. OHOI. Hayk, H.c. otrena ¢uopsl u pacturensHocTr CeBepa, MHeTH-
TyT 6ronoruu Komut HIT YpO PAH (Poccusi, 167000, Pecri. Komu, . CoikTbiBKap, yi. KommyHucTHYeCKas, 1. 28).
ORCID iD: https://orcid.org/0000-0002-7219-054X

E-mail: dubrovsky@ib.komisc.ru

JKanzypose Ezop Bacunveeuu — KaHJ. CEl.-X03. HayK, H.C OT/eNa MOYBOBENCHUS, IHCTUTYT OHONIOTHU
Komu HIT ¥pO PAH (Poccust, 167000, Pecr. Komu, 1. CrikTeiBKap, yiu. Kommynuctudeckas, 1. 28).
ORCID iD: https://orcid.org/0000-0002-4297-7536

E-mail: zhan.e@mail.ru

[oimoe Anexceit Anexcandpoeuu — 1n-p OWOJ. HayK, B.H.C. OTAENA MOYBOBEACHUS, IHCTUTYT OHOIOTHH
Komu HIT ¥pO PAH (Poccust, 167000, Pecrt. Komu, 1. CeikTeiBKap, yiu. Kommynuctuaeckas, 1. 28).
ORCID iD: https://orcid.org/0000-0002-1284-082X

E-mail: aadymov(@gmail.com

For citation: Startsev VV, Dubrovsky YuA, Zhangurov EV, Dymov AA. Spatial heterogeneity of
soil properties in the zone of sporadic distribution of permafrost (Subpolar Urals). Vestnik Tomskogo
gosudarstvennogo universiteta. Biologiva = Tomsk State University Journal of Biology. 2019;48:32-55.
doi: 10.17223/19988591/47/2 In Russian, English Summary

Viktor V. Startsev, Yuri A. Dubrovsky, Egor V. Zhangurov, Alexey A. Dymov

Institute of Biology of the Komi Science Centre, Ural Division of the Russian Academy of Sciences,
Syktyvkar, Russian Federation
Spatial heterogeneity of soil properties in the zone
of sporadic distribution of permafrost (Subpolar Urals)
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properties will provide more accurate information about the features of the soil cover
of the Subpolar Urals. The aim of this research was to study the spatial heterogeneity of
the morphological and physical-chemical properties of soils of the polar Urals.

We carried out studies on the territory of ““Yugyd va” National Park (63°59' N, 59°13' E) in the
northern part of the Subpolar Urals (See Fig. I). We examined morphological and physical-
chemical properties of soils of the mountain-forest and mountain-tundra belts of the Subpolar
Urals using the example of two trenches (See Fig. 2). The first trench was located in the
mountain-forest belt (See Fig. 34). Coordinates: 65°08'12.5"N, 60°5124.0"E. The second
trench was located in the alpine-tundra belt (See Fig. 3B). Coordinates: 65°02'06.3"N,
60°35'19.2"E. The trenches were divided into three segments. Diagnostics and position
classification of soils was carried out in accordance with “Field guide of Russian soils”
(2008) and the World Reference Base of Soil Resources, version 2015 (IUSS Working
Group WRB, 2015). For the studied soils, we determined the main physical-chemical
parameters: acidity, total contents of C and N, exchangeable cations — Ca** and Mg*',
as well as the content of Fe_, Al and Fe, (Vorob’eva LA, 2006). The contents of
carbon and nitrogen were determined using elemental analyzer EA 1110 (Carlo Erba,
Italy). Granulometric composition was determined according to the method of Kachinsky
(Shein EV and Karpachevskii LO, 2007).

We showed that the heterogeneity of morphological properties may determine
differences between soils within a few meters. We revealed that for the studied trenches
the variation of morphological features determines major differences between soils.
It is demonstrated that differences in the intensity of soil processes lead to a wide soil
diversity. Thus, several types and subtypes of permafrost soils were identified. In the
mountain forest belt are formed: Histic Cambi-Turbic Cryosol (Humic) in the first
segment, Histic Cryosol (Turbic, Reductaquic)) in the second segment, and Histic
Cryosol in the third segment. In the alpine tundra belt are formed: Stagnic Entic Podzol
(Skeletic, Turbic, Reductaquic) in the first segment, Folic Cryosol (Skeletic. Humic) in
the second segment, and Stagnic Entic Podzol (Turbic, Skeletic) in the third segment.
The analysis of granulometric composition of the studied soils of the mountain-forest
belt showed that the soils are characterized by a high content of fraction of physical
clay. For soils of the mountain tundra belt, we revealed the predominance of large
fractions of physical sand (See Table. I). The soils of the investigated trenches have
a slightly acidic reaction medium. Organogenic horizons have the highest acidity. In
mineral horizons, there is a smooth decrease in acidity with depth until close to slightly
acidic values. We established that soils of the mountain-forest belt are more acidic
(pH 4.4-5.7) than soils in the mountain tundra belt (pH 5.1-5.9). The result of biogenic
accumulation of the largest concentration of exchange forms of Ca*" and Mg?, like the
trench of the mountain-forest and mountain tundra belt, was observed in organogenic
horizons. In the soils of the mountain forest belt, the Ca*" content ranged from 8.8 to
14.7 mmol/100 g with a decrease in sphagnum mosses in the vegetation cover and an
increase in green mosses. In the soils of the tundra mountain belt, the Ca** content is
from 14.7 to 23.2 mmol/100 g and correlates with an increase in lichens and a decrease
in mosses in the vegetation cover. The analysis of iron compounds revealed that in the
mountain forest belt zones the maximum Fe__content increases from 0.84 in segment I to
1.44% in segment III. Fe accumulation from the first to the third segment varies from
0.91 t0 2.46% (See Fig. 4). For soils of the mountain-tundra belt, high concentrations of
iron compounds are characteristic of horizons with signs of overmoistening. In horizon
G of segment I, the content of oxalation-soluble forms was 1.59%, and that of dithion-
insoluble forms was 2.59%. In the BFg horizon, it was 2.01 and 2.75%. As a result of
the studies, we showed that the distribution of carbon and nitrogen in the studied soils
of the Subpolar Urals gradually decreases along the profile (See Fig. 5). The carbon
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content in the soil litter of the mountain forest belt reaches 43.3%, and that of nitrogen
- 1.5%. The litter of soils of the mountain tundra contains up to 42.3% carbon and
up to 1.3% nitrogen, respectively. However, in the mineral horizons of soils of the
mountain-tundra belt, the content of carbon and nitrogen is much higher than in soils of
the mountain-forest belt, which can be explained by the low biological activity of soils
of mountain-tundra plant communities.

Thus, we illustrated that it is the morphological characters that primarily serve as
the basis for determining the type of soil, both within the same trench and in different
altitudinal zones, while the physicochemical parameters are more conservative and
serve as a clarifying analytical characteristic. We found out that the increase in the
content of Ca* and Mg?* for both trenches is determined by the composition of the
moss-lichen layer and a decrease in the moisture organic horizon. The content of C and
N in the mineral horizons of soils of the mountain-tundra belt is much higher than in
the soils of the mountain-forest belt. We showed that in the mineral horizons of soils of
the mountain-tundra belt, due to more severe climatic conditions, a high proportion of
bedrock fragments in the profile, and close occurrence of permafrost, organic carbon
and nitrogen are better accumulated and preserved than in the soils of the mountain-
forest belt.

The paper contains 5 Figures, 1 Table and 53 References.

Key words: Subpolar Urals; permafrost-aftfected soils; heterogeneity of properties;
Cryosol; Stagnic Entic Podzol.
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BOTAHUKA

VK 582.579.2:581.55
doi: 10.17223/19988591/48/3

JL.M. Aopamosal, I1.C. Illupoxux?, 1.M. l'ojioBaHoB',
A.H. Mycraduna', A.B. Kprokosa'

! FOoicno-Ypanvckuii 6omanuueckutl cad-uncmumym — 000co01eHHoe
cmpykmypHoe noopasoenetue Ygumcrozo pedepanvioco
uccnedosamenvcrkozo yewmpa PAH, 2. Y¢pa, Poccus
2 Vpumckuii uncmumym ouono2uu — 060codienHoe cCmpyKkmypHoe noopazoeienue
Ypumckoeo gpedepanvrozo uccnedosamenvcrozo yenmpa PAH, 2. Y¢a, Poccus

K 3xoJs10rum peakux crenHbix BUAoOB poaa Iris na IOxxHom Ypane

Pa6ota BeImonHeHa npu nojaepikke rpanta POOU mon_a Ne 18-34-00022, ITporpammer
¢dyrnameHTansHbIX Hecaenosanui [Ipesuauyma PAH «bruopa3snooOpasne IpHpORHBIX
CHCTeM U Ouonorudeckue pecypcesl Poccumy, a Takoke B paMKax rocyIapcTBEHHOTO
samanus FOYBCHU YOUIL PAH mo teme AAAA-A18-118011990151-7 u YUB
YOULL PAH Ne 075-00326-19-00 o Teme Ne AAAA-A18-118022190060-6.

Ilposedena oyenka paznoobpaszus coodujecme u 3KON0SUHECKO20 OUAnd3oHd
3 peoxux cmennwix 6udo6 poda Iris L. IOxcnozo Ypana: 1. pumila L., I. scariosa Willd.
ex Link, I. humilis Georgi — ¢ ucnonvsosanuem sxonoeuueckux wxan J[.H. Lvleanosa.
Ipu opounayuu pacmumenvuvix coobugecms npumenen DCA memoo, peanuzo8annbwiil
6 npoepammuom npunosicenuu  CANOCO 4.5. Cpeoneezseuiennvie 3HaAUeHUs
IKONOSUYECKUX (PAKMOPO8 PACCHUMBIBANUC 8 UHMESPUPOBAHHOU 2e000MaAHUYecKol
cucmeme IBIS. Buisigneno, umo cmenuvie 6udvl pooda Iris npouspacmaiom 6
5 accoyuayusx u 2 coobwecmeax kaacca cmennot pacmumenvrhocmu Festuco-
Brometea Br-Bl. et Tiixen ex Soo 1947. Onu s561510mcsi pacmenusimu OMKPbIMbIX
Mecmoobumanuil, nodmomy ycnogus ocgewjennocmu (Lc) sensomces  Ons Hux
Kpumuyeckumu. K kpumuuecku 3Hauumsim paxmopam cpedvl maxice MO#CHO OMHeCmu
nepemennocmo yenascrenust (fH) u cyposocmo 3ummneco nepuooa (Cr). Yemanosnena
Huzkas sxonoeudeckas amnaumyoa I pumila u I scariosa 0ns psoa KIuUMamo2eHHvIx
¢axkmopos cpedvl, makux Kax apuoHocmv-eymuoHocms (Om) u césa3aHHble ¢ HUM
yenavicnenue (Hd) u xonuuecmeo nocmynaioweeo menaa (Tm), smo obyciosnueaem ux
NPUypOHEeHHOCHb NPeUMyWeCmEeHHO K CIMenHoU 30He pe2uoHd. 3uauenus @axmopa
KOHmuHeHmanbHocmu Kaumama (Kn) Haxoosmes é 6onee wupoxkux epanuyax, 0cobeHHo
ona 1. scariosa. I1o pesynbmamam ucciedosanus onpeoesieno, Ymo 6ce peoKue Cmenule
6UObL UPUCO8 UMEIOM O0BOILHO Y3KVIO IKONOSUYECKVIO AMIAUMYOY, m.e. SGIAmCs
CIMEHOMONHBIMU BUOAMU, YO 8 SHAYUMETbHOU CIMeneHy 00YCI06IUBaem ux NPUpOOHYI0
pedkocmb 6 pecuone FOxcnozo Ypana.

KuarwueBsbie cioBa: [ridaceae; pedkue 6uodvl, sxonoeuueckue wikanvi;, DCA-
opounayus,; Pecnyonuka bawxopmocman,; Openbypeckas obnacmo.
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BBenenune

B XX un nayane XXI B. B pe3ysbTare BO3pacTaHUs aHTPOIIOTEHHBIX HArpy30K
Ha Onocdepy TUTaHeTHl HAMETHIIACHh TSHJCHIINS K CHIDKCHHIO OHopa3zHoo0pa3usl.
[aBHBIE TPUYKMHBI UCYE3HOBEHHUS M CHIDKEHHS YMCIEHHOCTH BHJIOB — POCT Hace-
JIEHUS, XO3HCTBEHHAs AEATEIbHOCTb YEJIOBEKa, IPUBOAALIAS K YHUUTOXKECHUIO U
U3MEHEHHIO OMOTOIOB, YCHIICHHAS SKCILTyaTallls PECYpPCHBIX PACTCHUI, a TAaKXKe
obmiee 3arps3HeHHE cpenbl ooutanus [1—4]. [Ipu 3TOM aHTPONOTEHHBINH Mpecc
MOCTOSIHHO YCHJIUBAETCSI, YTO MPUBOIUT K YCKOPEHHUIO TEMIIOB Pa3pyILICHUs KO-
CHCTEM W JabHEUIIEMy CHIDKCHHIO MX Pa3sHooOpasus. DTo TpeOyeT CpOIHOTO
MIPUHATHUS Mep TI0 00eCIIeYeHHIO BEDKUBAHUS PACTEHUH, HX COOOIIECTB U MECTO-
oOuTaHM M Pa3pabOTKN HAIIMOHAJBHBIX CTPATETHH MO0 COXPAaHCHHIO OMOpPa3HO-
oOpazus [5].

Ha BunoBoM ypoBHE coxpaHeHHe OHOpa3HOOOpa3usl MpEeAroIaracT MOHHTO-
PUHT OCHOBHBIX OOBEKTOB OXpaHbl — MOMYJSALIUN KPACHOKHIKHBIX BUAOB. Jlis
pa3paboTKu Mep N0 COXPAaHEHHWIO PEIKUX BUIOB PACTCHHH Ba)KHOE 3HAYCHUE
UMeeT UCCIe0BaHue ONOTOTHYECKUX, SKOIIOTHUECKUX U TeHETHUECKUX 0COOeH-
HOCTEH BUJOB, IO3BOJIAIOLINX OIPENECNIUTh KOPEHHBbIE NPUYHMHBI UX PEIKOCTH.
B nomynsinuoHHON 3KONOTHM K HauOoJiee BaXKHBIM JKOJOTHUYECKUM (aKTopam,
OIIPENeNISIOIUM KU3HEAEATEIbHOCTh PACTEHUM, OTHOCAT KIMMaTHyeckue (Co-
HEeuyHas pajualus, TeMIepaTypa, OCaJKU U T.A.) U (pakTopsl MecTooOuTanus (¢pu-
3MYECKUN M XMMUYECKHHA COCTaB IOYBHI, €€ YBIAKHEHHOCTH W Tp.). Pacuér mx
BO3ICUCTBUS HA OT/ENIbHBIC MOMYJIALWU PACTEHUH M BUIBI TAE€T BO3MOXKHOCTD
IIPOBECTHU KOJIMYECTBEHHYIO OLIEHKY IKOJIOTHYECKOM TOJIEPaHTHOCTH BUIOB, aHa-
JIU3 UX SKOJIOTMYECKUX TPEATNIOYTEHUN, PACCMOTPETH DKOJIOTHYECKIE MEXaHU3MbI
YCTOMYUBOCTH.

[Ipu u3y4eHHUU DKOJIOTUU BUIOB BO3MOXHO KakK MPSMOE M3YyYEHHUE YCIOBUH
Cpenbl, TaK M HCIOJIH30BAHME PA3HOOOPA3HBIX JKOJOTHUECKUX IIKANl, KOTOPEIE
MO3BOJISIIOT CYIUTh O MOTPEOHOCTAX PACTEHUM M MX HKOJIOTUYECKUX MO3UIHUIX B
KOHKPETHBIX MeCTOOOUTaHuAX. Hanbosree moaHo SKOTOI XapaKTepu3yoT reodo-
TaHUYECKHE OMMCaHUsl (PUTOLIEHO3a, TaK KAK OHU IPEACTAaBISAIOT COBOKYIHOCTb
BXO/SIIIINX B HETO PACTEHUH, OTPAYKAIOIIIX CyMMY PacCMaTpUBAEMBIX (DaKTOPOB,
T.€. (PUTOILIEHO3 BHICTYIAET B JAHHOM CIy4ae KaK MHAUKATOP SKOJIOTMYECKUX YC-
JIOBUH MeCTOOOMTaHMI [6].

B naHHOM HCCIEI0BaHUU IOKA3aH OMBIT OLEHKU Pa3HOO00pasus COOOLIECTB U
9KOJIOTHH 3 PEeIKUX CTENMHBIX BUI0B poaa Iris L. KOxxoro Ypaia ¢ ucrmons3oBaHu-
em skoornueckux mkan JI.H. Lpiranosa [7]. s XxapaKTepUCTHUKH SKOJIOTHHU CO-
OOIIECTB ¢ yUacTHEM PEAKHX BHIOB UCIIOIH30BaHa HENPsIMas OPIMHAIINS, KOTOpast
M03BOJISIET BBIIBUTH BAXKHBIEC SKOJIOTMYECKUE 3aKOHOMEPHOCTU PaclpOCTPaHEHHS
BUJA U JaTh SKOJIOTUYECKYIO0 HHTEPIIPETALIMI0 CHHTAKCOHOMUYECKHUX E€AMHHUILI.

Pon Iris otHOCUTCS K ceMmeiicTBy [ridaceae Juss. (Mpucossle, unn Kacaruko-
BbIe) M BKJIFOYaeT okoyio 300 TakCOHOB, PAacIPOCTPAHECHHBIX B OONBIIECH YacTH
CesepHoro nonymapus [8]. HanGosnbliee unciao BUAOB NPUXOJUTCS HA CTPaHBI
Cpenmzemuomopssi, FOro-3amagnyro n Cpegnroro Aszuto [9]. B Poccun BeTpeua-
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eTcs 38 BUJIOB, U3 KOTOPBIX 25 BUJIOB HPUCOB (uiopsl Poccnu uMeroT cratyc 00b-
exToB oxpansl [10]. Ha FOxuoM Ypane u B IIpuypanbse pox npeacrasieH 5 BU-
JaMH, U3 KOTOpbIX 3 Buaa: I. pumila L. (Mpuc KapIuKoBEIid), 1. scariosa Willd. ex
Link (u. xoxuctsiit), 1. humilis Georgi (1. HU3KHUiT) — pacCIpOCTpaHEHBbI B CTEIHOM
7 JIECOCTENHOM 30Hax pernoHa U BHeceHsl B Kpacuyto kaury Pb [11], a mepssie
nBa u B KpacHyto kaury P® [12]. buonorust 1 3KoJI0rus 3TUX BUIOB H3ydaeTcs
HaMH® B TIociaeaaue romasl [13—15].

MaTepnanm H METOAUKH HCCTICT0BAHUSA

Ji1s XapaKTepUCTHKH (PUTOIIEHOTUYECKOI PUYPOIEHHOCTH U KOJIOTHHU Peal-
KHX CTEMHBIX BHIOB PO [ris BBHIIOMHEHO 28 MOTHBIX T€000TaHUYECKHUX OIH-
CaHMI PACTUTEIBHBIX COOOIIECTB, B IpeesiaX U3yYCHHBIX IIEHOMOMYNAUN Ha
IOxnOM VYpane (nmpeumyniectBeHHo B [Ipenypambe m 3aypaibe PecrmyOimku
BamxoprocTan, a Takxke npuileraromux paifonax Yemstounckoit u OpeHOyprekoit
obnacreit) (puc. 1). Pasmep mromanok cocrasisti 64—100 M2, Omrcanust miomna-
JIOK U KJIaccH(pUKalUs BHIIONHEHHI 10 MeTouke bpayn-branke [16, 17]. Ha3ga-
HUS BHJIOB COCYIUCTHIX pacTteHuit mansl o cBonke C.K. Uepenanona [18].

50.000 55.000 60.000

55.000

Tesltm HTAMAK
[Sterlitapiak]
Canapar

IS

avat]

1. pumila A
0 100 300 kvt [km] I scariosa
1. humilis .

Puc. 1. JlokanuteTsl re000TaHNYECKUX ONUCAHUH C yHaCTHEM PEIKUX
CTEMHBIX BUIOB poaa [ris (udpaMu yka3zaHbl IIOPSIKOBBIE HOMEpPA OMCAHHA)
[Fig. 1. Localities of releves with participation of rare steppe species
of the genus Iris (figures specify sequence numbers of releves)]

Onenka BO3/ACHCTBUS KOMIUIEKCHBIX TPaJIMEHTOB JKOJOTHUYECKUX (DaKTOpPOB
BeinonHeHa B mporpamme CANOCO 4.5 ¢ momormpio DCA-opauranmu [19]. s
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OLICHKH HKOJIOTMYECKHX NTapaMeTPOB MECTOOONTaHHI IPIMEHEHA OTKOPPEKTHPO-
BaHHas U1 FOxHO-Ypansckoro pernona mkana [[.H. I{piranosa [20]. IToncuer
CPEIHEB3BEIICHHBIX 3HAUCHUH 3KOJOTMYECKHX (DaKTOPOB MPOU3BEICH B MHTE-
IpUpOBaHHOI GoTaHnYeckoi nH(popMaIoHHoH cucteme IBIS [21].

Pe3ysabTarsl Hccaeq0BaHuS U 00CYKIeHTE

LeHo3bl ¢ yyacTueM peaKux CTEMHBIX upucoB Ha KOxxHOM Ypaiie oTHOCATCS
k knaccy Festuco-Brometea Br.-Bl. et Tiixen ex So6 1947, o0benuHsIONIEMY B
LIEJIOM 30HANBHYIO CTEMHYI0 pacTuTenbHocTh HOHOU Yipaunsl u Poccum [22,
23], na tepputopun HOxkHOro Ypama mpeactaBieHsl 5 accoruanusMud u 2 co-
o01IecTBaMu.

[pompoMyc cOOOIIECTB ¢ ydyacTHEM PEIKHX CTEHHBIX BUIOB poxa Iris Ha
IOxHOM VYpare.

Knacc FESTUCO-BROMETEA Br.-Bl. et Tiixen ex So6 1947

[opsinox Helictotricho-Stipetalia Toman 1969

Coto3 Carici supinae-Stipion zaleskii Korolyuk 2017

Accortnanus Astragalo austriacae-Stipetum pulcherrimae Martynenko et al.
2018

Accornanus Scorzonero austriacae-Stipetum lessingianae Yamalov 2011
prov.

Coto3z Helictotricho desertorum-Orostachyion spinosae Korolyuk 2017

Accoumanus Diantho acicularis-Orostachetum spinosae Schubert et al. 1981

Accomnanus Silene altaici-Elytrigietum pruiniferae Yamalov 2018 prov.

CoobectBo Festuca pseudovina [Helictotricho-Stipetalia)

BazansHoe coobmecTBo Stipa capillata | Festuco-Brometea)|

Coto3z Amygdalion nanae Golub 2011

Accornanus Spiraeo hypericifoliae-Amygdaletum nanae Solomeshch et al.
1994

1. pumila B OONBIIMHCTBE CITyYaeB MPOU3PACTAET HAa CTEIIHBIX CKIOHAX Pa3Iny-
HBIX DKCITO3HIIHI B COCTaBE OOTATOBHIOBBIX KPAaCHBEHIIIEKOBBUILHBIX CTETIEH acco-
uuanuu Astragalo austriacae-Stipetum pulcherrimae, siBnstomeiics 30HaATbHBIM
tunom crerieit [Ipeaypainbs PeciyOmmku Bamkoprocran [24]. O0miee nmpoeKTHB-
HOE TOKPBITHE TpaBOCTOs BapbupyeT oT 65 1o 90%. Lienodmopa acconuanuu Ha-
cuuThbIBaeT ot 38 710 49 BUIOB Ha IUIOMIAJKe, B cpefHeM 42 Bua. 1. pumila oTMedeH
Ha BceX MPOOHBIX MIOMAAIX ¢ oOmmueM oT 1 1o 5%. dnopucTudeckuii cocTan
aCCOIMAINY HAPSAIy C THIMYHBIMU CTEIHBIMH BHIAMH OOTaT MeTpOpHUTHO-CTEN-
HBIMHU BUIaMU HacTOSIIUX crenel (Artemisia marschalliana Spreng., Galatella vil-
losa (L.) Rehb.f., Koeleria sclerophylla P.A.Smirn., Stipa pulcherrima K. Koch).

[MomMuMo cooO1iecTB BbIlIEHa3BaHHON accolManuy, I. pumila Hepeako Mmpo-
H3pacTacT B IEHO3aX C YYaCTHEM KOBBUII-BOJIOCATHKA — B 0azalbHOM COOOIIe-
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ctBe Stipa capillata | Festuco-Brometea), koTOpble pactpoCTpaHEHBI MIPEHMY-
[IECTBEHHO Ha TUIAKOPHBIX M CKJIOHOBBIX MECTOOOUTAHHUSIX FOKHOW IKCIIO3HUIINH.
Coo011ecTBo 00beIUHAET cllaboIerpaJInPOBaHHbIE CTEIHbIC TACTOUIIA, ITUPOKO
pacmpocTpaHeHHbIe B JecocTenHoi 30He FOxHoro Ypana, u mpeacrasiseT Ha-
YaJIbHYO CTaIMI0 acTOUIHOM aurpeccuu [20]. [IpoeKTHBHOE MOKPHITHE TPABO-
ctos cocrapisieT 70—-85%. Llenodnopa cooOuiecTBa HACUUTHIBAET OT 26 110 45 BU-
JIOB Ha IDIOMIaAKe, B cpenHeM 36 BUAOB. /. pumila 0TMEUEH Ha BceX IUTOMIAIKaxX C
obumueM 1-20%. [l qaHHOTO COOOIECTBa, HAPSILY C BUJAMU HACTOSINUX CTe-
nieit (Agropyron pectinatum (M.Bieb.) P. Beauv., Androsace maxima L., Galium
octonarium (Klokov) Pobed., Hieracium echioides Lumn., Scorzonera austriaca
Willd. u np.), BeICOKa poiib NETPOPUTHO-CTEIIHBIX BUIOB (Artemisia marshal-
liana, Eremogone koriniana (Fisch. ex Fenzl) Ikonn., Gypsophila altissima L.,
Potentilla glaucescens Willd. ex Schitdl. u ap.).

Taxxe [. pumila mponspacraeT B COOOLIECTBaX acCOLUALMK Scorzonero
austriacae-Stipetum lessingianae, peCTaBIAIONINX COOOU JIECCHHTOKOBBLIb-
HBIE CTEMH IOXKHBIX pailoHOB bamkoprocrana [24]. OOmee MpOEKTHBHOE IIO-
KpeITHE KoseOnercst ot 75 mo 90%. llenodmopa acconnanmu BapeupyeT oT 34
1o 40 BumoOB Ha miomanke, B cpenHeM 36 BUIOB. I. pumila 0TMEYEH Ha BcexX
mionaakax ¢ oommuem 1-20%. JIns GproprucTHYecKoro cocTaBa BCEX OTMEUCH-
HBIX COOOIIECTB XapaKTepHAa BBICOKAs POJb METPOPHUTHBIX BUNOB (Artemisia
marshalliana, Ephedra distachya L., Hedysarum argyrophyllum Ledeb., Koeleria
sclerophylla, Tanacetum kittaryanum (C.A.Mey.) Tzvelev u ap.).

Cpenu HauboJlee peIKUX BapUaHTOB COOOINECTB ¢ ydacTtueM [. pumila sBis-
FOTCSI LIEHO3BI aCCOIMAIINY KyCTapHUKOBBIX cTeneil Spiraeo hypericifoliae-Amy-
gdaletum nanae, BctTpedaromuecs IPEeUMYIECTBEHHO 10 BOCTOYHBIM U F0T0-BOC-
TOYHBIM CKJIOHAM XPeOTOB Ha KAMEHHCTHIX CyOCTparax B 3MAHYYPHUHCKOM p-HE
PB. I. pumila ormeuancs cpenu pa3pexeHHBIX 3apociieit Spiraea hypericifolia L.
B BEpXHEH 4acTH CKJIOHA, [0 U3BECTHAKOBBIM OCHIIsIM. O0IIee TPOSKTUBHOE T10-
KpBITHE B HUX BapbpupyeT oT 50 no 65%. Llenodmopa acconnanyuy HaCIUTHIBACT
25 BumOB Ha miomanke. /. pumila BcTpedancs Ha BCeX IUIOMIATKaX ¢ OOUIHEM
1-5%.

CoobuectBa ¢ yuactueM 1. humilis o GIOpUCTHUECKOMY COCTaBy Hanbomee
omu3ku k accorwianuu Diantho acicularis-Orostachetum spinosae. Jlannbie co-
00IIIeCTBa SBIIOTCS HAnOOJIee TUITMIHBIMU [IEHO3aMU METPOMUTHBIX cTenel 3a-
ypanbs [24]. Obmiee mpoeKTHBHOE HMOKpEITHE — 65%. LleHodmopa accormarim
HacuuThiBaeT 34 Buzaa. I. humilis OTMEUEeH Ha BceX IUIomaakax ¢ oommem 1-5%.
B neHodmope accornuanuu BeNHWKa poib TaKMX BUIOB, Kak Carex pediformis
C.A. Mey., Centaurea sibirica L., Orostachys spinosa (L.) C.A. Mey., Scabiosa
isetensis L., Stipa zalesskii Wilensky. Coo01ecTBa acconuaniy 3aHIMAaIOT HHXK-
HIOIO TPETh CKJIOHOB TOpP CEBEPO-3aIaHOM IKCITO3HIIUH.

I scariosa otmeueH B nieHo3ax accouuanuu Silene altaici-Elytrigietum prui-
niferae. JJanHbie cooOlecTBa XapaKTepHbI s OOHAKEHHUI W3BEPIKCHHBIX I10-
POI M BCTpEUAIOTCs Ha TePMOQPWIBHBIX CKJIOHAX ¢ YKJIOHOM 3—25°. Xapakrep-



K sxonozuu peokux cmennwix 6udoe pooa Iris na FOsxcnom Ypane 61

HOU YepTO MOMOOHBIX COOOMIECTB SBISIETCS OTCYTCTBHE MHOTHX THITMYHBIX
KaJble(UIBHBIX BHOB, XapaKTepHBIX JUIA meTpouTHbIX crened [Ipemypanbs
Pecrry6mmukn. OOmiee mpoeKTUBHOE MOKPBITHE Oojiee HU3Koe U cocTaBiser 20—
70%. dnopuctuyueckuii coctaB HacuuThiBaeT 15-34 Buga, B cpegHem 24 Buja.
1. scariosa oTMEYeH C TOCTaTOYHO BBICOKUM oOmmneM — 1-20%. Bo ¢nopuctu-
YEeCKOM COCTaBe BEJHKa POJb MEeTPO(UTHO-CTENHBIX BUIOB pacTenuit (Elytrigia
pruinifera Nevski, Thymus guberlinensis 1ljin, Silene altaica Pers. u np.).

Wspenxa 1. scariosa otMeudaercs B coobuiectBax Festuca pseudovina [He-
lictotricho-Stipetalia), nprypoYeHHBIX K BBIIIOJIOKEHHBIM CKJIOHaM Top 3-5°.
@nopuctudeckuit cocraB HacuuThiBaeT 2431 Bup, B cpegHeM 27 BunoB. Obuiee
MIPOEKTUBHOE MOKPBITHE cocTaBisieT 50-75%. 1. scariosa otmedeH ¢ oOmmueM
5-20%. Bo ¢nopucTHuecKoM COCTaBe BENIUKa POib KaK METPOPUTHO-CTEIIHBIX
Bun0B pacteHuil (Allium rubens Schrad. ex Willd., Astragalus helmii Fisch.,
Centaurea turgaica Klok., Orostachys spinosa, Thymus guberlinensis v np.), Tak
¥ BHJIOB HACTOAIIMX cremneu (Agropyron pectinatum, S. capillata L., S. lessin-
giana Trin. et Rupr. u ap.).

DCA-opaunanms cooOIIecTB ¢ yIacTHEM CTEIHBIX BIIOB pofa [ris mokasaina,
YTO OHH XOPOILIO 000COONEHBI B IPOCTPAHCTBE IBYX MEpBLIX ocel (puc. 2). Ha-
rpy3ku Ha ocu: Axis 1 — 0,64; Axis 2 — 0,38. B qaHHOM cirydae moka3aHbl TOJIBKO
BeJyIINE HKOJIOTUUECKHE (PaKTOPHI.

I'maBnas ocs 1 DCA-opanHanmm HHTEPIPETUPYETCS KaK KOMILIEKCHBIHN TpajIn-
SHT TIEPEMEHHOCTH yBJIa)KHEeHUs-3acoNieHns. [laHHbIi (hakT BO MHOTOM CBSI3aH C
0COOCHHOCTSMH reorpaduIecKoro pacioioKeHHs OMMCAaHHBIX coo0ImecTB. Tak,
CIIpaBa HaJIeBO MIPOUCXOJUT CMEHA PACTHUTEIBHBIX COOOLIECTB OT Haubolee Cy-
XHX THIIEPIETPO(UTHBIX CTeNel ora 3aypaibs co CTa0MIFHO HU3KUM H OTHOCH-
TENLHO MOCTOSIHHBIM PEKUMOM YBIKHEHUS K O0Jiee YBIAXKHCHHBIM HACTOSIIIM
crersMm [Ipemypaibs, pacmoiIoKeHHBIM B IpeAropbsx FOskHoro Ypama c Gomee
NepEMEHHBIM PEKHMMOM YBIIQKHEHHs. B 1paBoii yacTi pucyHKa COCpe0TOUeHBI
Bce cooOIIecTBa ¢ yuactueM /. scariosa, ¢ quanazoHom 3Hadenuit fH = 6,47—6,63
u Hd = 7,95-8,34 (Tabnuua), 94T0 CBUJAETEIHCTBYET O MPUYPOUYECHHOCTH JaHHO-
ro BHAa K HaubOoJiee CyXUM MECTOOOHWTaHHSM CO CTAOWIBEHBIM YBIIQ)KHCHHEM.
B neBoit yacTu pHCyHKa COCPEJOTOUCHBI IIEHO3BI ¢ ydacTueM [. pumila Gomnee
BI&XKHBIX MECTOOOWTAHHH, IPENCTAaBICHHBIC COOOIIECTBAMHI HACTOSIIUX U Tie-
TpoduTu3upoBaHHbIX crenei nopsaka Helictotricho-Stipetalia B ycnoBusix 6o-
Jiee HEYCTOHYHMBOTO peXKuMa yBIIakHeHus1. Jlnamazonsl 3nauennii fH = 6,60—6,75
un Hd =7,99-8,55.

[Nomumo xapakTepa yBIAKHCHHS, CJI€Ba HAIPAaBO MPOHCXOAWT YBEIHMUCHHE
3acolleHHOCTH cyOcTpara. B Gonblieil crerneHn MUHepalbHBIMU COJIIMU OOTaThl
cyoctparbl coobmniects 3aypanbsi Pb ¢ yuactuem I scariosa, 9To MOXET OBITH
CBSI3aHO TaKKe U C XapaKTepOoM MOJCTUIIAIONINX MOPOJ, He CBOWCTBeHHBIX [Ipen-
ypaibo. 3Hadenus Tr = 7,79—8,31. B 1o e BpeMs s COOOIIECTB C YIacTHEM
1. pumila xapaktepHsl 3HaueHus Tr = 7,71-8,20.
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Puc. 2. OpauHanus cooOLIeCTB C yUacTHEM CTETHBIX BUAOB poaa [ris
[Fig. 2. Ordination of communities with participation of steppe species of the genus /ris]
PaznuyHbIME cHMBOJIaMH 0003HaUEHBI CHHTAKCOHBI [Various symbols designate syntaxal:
1 — acc. [association] Astragalo austriacae-Stipetum pulcherrimae; 2 — acc. [asso-
ciation] Scorzonero austriacae-Stipetum lessingianae; 3 — ba3anbHoe coo011eCTBO
[basal community] Stipa capillata [ Festuco-Brometea); 4 — acc. Spiraeo hypericifoliae-
Amygdaletum nanae; 5 — acc. [association] Silene altaici-Elytrigietum pruiniferae;
6 — coobrecTBo [community] Festuca pseudovina [Helictotricho-Stipetalia);
7 — acc. [association] Diantho acicularis-Orostachetum spinosae. Jxonoruueckue
(axropsl [environmental factors]: Tm — TepMOKIMMaTHYECKHit (aKTOp [temperature],
Om — apuAHOCTBb-TYMHIHOCTS [Aridity-Humidity], Hd — yBnaskaeHue [Soil moisture],
Tr — coneBoii pexunM mouB [Salt regime of soils], fH — mepeMeHHOCTD yBIaXKHEHHUS
[Variability of moisture], Nt — 6orarcTBo 1mouB a30ToM [Soil richness in nitrogen].
1-28 — HOMepa onKcaHuii, COOTBETCTBYIOT TalIuIe
[Number of releves, corresponding to Table]
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OneHka coo01IecTB ¢ y4acTHEM PeJKHUX BUAOB poaa Iris ¢ HCIOIb30BAHUEM
MOAM(PUUIUPOBAHHBIX 3KoNornyeckux mkaua /.H. lipiranosa
[Assessment of communities with participation of rare species
of the genus Iris using DN Tsyganov’s modified environmental scales]

INopsnkoBelil HOMEp
OIUCAHHUS Tm Kn [Om | Cr | Hd | Tr | Rc | Nt | fH Lc
[Number of releve]

CoobmiectBa ¢ ydactueM 1. pumila [Communities with participation of /. pumila]
1 8,59 | 10,07 | 7,02 [ 7,27 | 820 | 7,91 [ 9,04 | 4,41 | 6,68 | 2,49
2 8,53 | 10,28 | 7,06 | 7,20 | 8.26 | 7.83 | 9,04 | 4,37 | 6,65 | 2,50
3 849 | 10,61 | 7,13 | 7,18 | 850 | 7,71 | 9,03 | 4,40 | 6,62 | 2,57
4 8,51 | 1030 | 7,13 [ 7,17 | 8,46 | 7,71 | 8,99 | 4,38 | 6,62 | 2,55
5 847 | 10,37 | 7,12 | 7,18 | 8,55 | 7,73 | 8,97 | 4,47 | 6,60 | 2,62
6 8,53 | 10,14 | 7,03 [ 7,22 | 8,23 | 8,01 | 898 | 4,45 | 6,65 | 2,52
7 8,54 | 10,21 | 7,00 | 7.24 | 8.12 | 8,05 | 9,00 | 4.49 | 6,69 | 2,50
8 846 | 996 |7,07 7,18 8,23 [7,9319,05]|4.43 6,67 | 2,51
9 8,39 | 10,08 | 7,10 [ 7,13 | 8,34 | 7.80 | 8.99 | 4,39 | 6,62 | 2,54
10 8,52 | 10,67 | 7,01 [ 7,18 | 8,20 | 7,88 | 9.06 | 4,36 | 6,66 | 2.48
11 8,58 | 10,18 | 6,95 | 7,25 | 8,07 | 7.98 | 9,06 | 4,38 | 6,68 | 2.47
12 8,64 | 1047 16,90 [ 7,28 | 7,99 | 8,19 | 9.13 | 4,50 | 6,75 | 2.47
13 8,61 | 10,81 | 6,89 [ 7,28 | 7,99 | 8,20 | 9.02 | 4,47 | 6,72 | 2,50
14 8,51 | 10,65 | 6,95 [ 7,19 | 8,09 | 7,95 [ 9.01 | 4,45 | 6,67 | 2,53
15 8,51 | 10,54 [ 7,03 17,25 | 831 | 7,96 | 8,84 | 4,61 | 6,68 | 2,53

CoobmectBa ¢ ygactueM [. scariosa [Communities with participation of 1. scariosa)

16 841 | 10,49 16,99 | 7,17 | 8,02 | 8,05 | 8,57 | 437 | 6,51 | 2.45
17 839 | 941 | 7,13 7,13 834 17,79 | 8,67 |4,59 6,54 | 2,55
18 848 | 9,58 |7,05[721] 812|796 |832|4,77 6,56 | 2,44
19 8,50 | 10,64 | 6,91 [ 7,17 | 797 | 831|894 |4,53 | 6,63 | 2.48
20 844 | 1045 | 7,00 [ 7,15 ] 8,05 | 8,22 | 8.88 | 4,56 | 6,48 | 2.49
21 8,50 | 10,07 16,93 [ 7,18 | 7,95 | 8,19 | 8,94 | 4,50 | 6,47 | 2.46
22 842 | 996 |7,02 (7,12 8,06 |7.90 |8.72|4,66|6,53 | 2,55
23 8,44 | 10,96 | 6,94 | 7,16 | 8,02 | 8,09 | 8,62 | 4,37 | 6,52 | 2,46
24 842 | 1094 1698 | 7,13 | 8,16 | 7,94 | 8.61 | 4,41 | 6,54 | 2,50
25 845 | 10,34 | 7,01 [ 7,18 | 8,16 | 8,13 | 8,85 | 4,51 | 6,53 | 2,50
26 8,52 | 10,25 16,92 [ 7,21 | 7,96 | 8,30 | 9,04 | 4,40 | 6,59 | 2.47
27 8,32 | 10,56 | 7,03 [ 7,07 | 8,25 | 8,01 | 8,84 | 4,44 | 6,57 | 2,56

CoobmectBa ¢ ygactueM [. humilis [Communities with participation of 1. humilis)

28 | 831 1079 | 7,14 [ 7,03 | 8,55 | 7.69 | 8,92 | 436 | 6.57 | 2.60

Tpumeuanue. Dxonoruueckue paxkropsl: Tm — TepMOKIHMaTHueckuii, Kn — KOHTHHEHTAIb-

HOCTh KiuMata, Om — apuaHOCTB-TYMUIHOCTB, Cr — CypOBOCTh 3UMHero nepuona, Hd — ye-
NakHeHue, Tr — coneBoi pexuM MouB, Rc — KUCIOTHOCTH 1MoYB, Nt — GOTaTCTBO MTOYB a30TOM,
fH — mepeMeHHOCTh yBIIaXXHEHHUS, LC — OCBEIIEHHOCTb.

[Note. Environmental factors: Tm - Temperature, Kn - Continentality of climate, Om - Aridity-Humidity,
Cr - Severity of the winter period, Hd - Soil moisture, Tr - Salt regime of soils, Rc - Soil acidity, Nt - Soil
richness in nitrogen, fH - Variability of moisture, Lc - Lighting].

Bropyto oce DCA-opauHaiuy MOXHO HHTEPIPETUPOBATh KakK IpajUCHT
apUIHOCTU-TYMHAHOCTH. Tak, B HIDKHEH dYacTH rpaduka COCPEJOTOYEHBI CO-
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obmiectBa ¢ yuactueM [. pumila u 1. scariosa, IpuypoOveHHBIC K 00Jiee apUIHBIM
TEPPUTOPUAM (CTEIHOI U I0XKHO-JIECOCTEITHOM 30HaM), Hoka3arenu Om Bapbupy-
1ot oT 6,91 1o 7,13 (cm. Tabnwmiry).

Leno3ssl accounanuu Diantho acicularis-Orostachetum spinosae c yqaactuem
1. humilis 3aHUMArOT KpaiiHe BepXHEE IOJIOKEHHE B MPOCTPAHCTBE IKOJIOTHIE-
cKuX (hakTOpoB (omMcaHue 28) M PacloOXKeHbI B Oonee TYMUIHBIX YCIOBHUIX
CEBEPHOM YacTH JIeCOCTENHOM 30HbI (Om = 7,14).

OtaenpHYIO Ipynmy o0pa3oBalu KyCTapHUKOBBIE COOOIIECTBA ACCOLUALUU
Spiraeo hypericifoliae-Amygdaletum nanae, BcTpevarommecs Ha NMEOHUCTHIX
ochimsix (onmucanus 14-15).

Taxoxe HaMH OIlCHEHa HKOJIOTHYECKas aMIUIUTYIA PENKUX BUAOB poxa [ris
(puc. 3-5). U3ydeHHble BUABI pojia [ris SBISIOTCS PACTEHUSIMHU OTKPBITBIX Me-
croobuTaHuii (cTermei, JyroB, OEperoB pek), CIEAOBATENBHO, YCIOBUS OCBE-
nieHHocTH (L¢) SBISFOTCS [T HUX KPUTHUECKUMHM. JIJ1sl CTEMHBIX BUIOB POJia K
KPUTHIECKU 3HAYMMBIM (PaKTOpaM CpeIbl TAKKe MOKHO OTHECTH IIEPEMEHHOCTD
yenaxkHeHus (fH) u cypoBocts 3umnero nepuoga (Cr). Huskas skonmorudeckas
ammomartyna I. pumila u 1. scariosa g psaa KIMMAaTOTCHHBIX (PaKTOPOB CpPEJbL,
TaKUX KaK apuAHOCTh-TYMUAHOCTH (Om) U cBsizaHHBIE ¢ HUM yBiaxHeHue (Hd)
1 KOJIMYECTBO IocTymaromero tera (Tm), o0ycnoBmuBaeT MX NpuypoOuYeHHOCTD
MPEUMYILIECTBEHHO K CTEIHO 30HE peruoHa.

Tm

Lc 9 Kn

o

fH Om
Nt Cr
SSEEEE ===
Rc Hd
Tr
——CpenHee 3HAYCHUES — — MuHUMaIBHOE 3HAYCHUE ====MakcuMaabHOE 3HAaYCHHE
[Average value] [Minimum value] [Maximum value]

Puc. 3. 3Ha4MMOCTB 3KOJIOTUYECKUX (HAKTOPOB IS COOOIIECTB C ydacTueM Iris scariosa
[Fig. 3. The importance of environmental factors for communities with participation of Iris scariosa)
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[Average value] [Minimum value]

[Maximum value]
Puc. 4. 3Ha9MMOCTB SKOJIOITHYECKUX (PaKTOPOB JUIsl COOOIIECTB C ydacTueM Iris pumila

[Fig. 4. The importance of environmental factors for communities with participation of ris pumila]
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Hd

T

Puc. 5. 3HaYNMOCTB 3KOJIOTHYCCKHUX (DAKTOPOB JUIs COOOIIECTB ¢ ydacTreM Iris humilis
[Fig. 5. The importance of environmental factors for communities with participation of Iris humilis]
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B 10 xe Bpems 3HaUeHUS (akTopa KOHTHHEHTANbHOCTH KimMara (Kn) Haxo-
nsaTcst B OoJiee MIMPOKUX IpaHUlax, ocobeHHo A I scariosa. TIockombKy ISt
i . humilis HEBO3MOXXHO COOpaTh pENpe3eHTaTUBHBIA 00beM reoboTaHMue-
ckux onucanuii (Ha FOxHOM Ypase U3BECTHA BCETO JIMIIL OJHA TOYKA MECTOHA-
XOXKJICHHS HEOOJBIION IIJIOMAAN), TO PACCUNTATh SKOJIOTHICCKYI0 aMIDIUTYLY H
BBISIBUTH JIMMHUTUpYOLIHE (PakTopbl He yaanock. OqHAKO, YUUTHIBAs pe3yJbTa-
THI, TIOJTyYeHHBIE JJIsI BUAOB [. pumila n 1. scariosa, CX0XecTh UX OMOJOTHUH H
MECTOOOHUTAHMI, MOXKHO TIPE/IIONIOKHTE, YTO TAHHBIA BUJ OyIeT UMETh OJIH3KHe
XapaKTEePUCTUKH.

3akirouenne

Takum 00pa3oMm, HECMOTPSI Ha TO, YTO PEAKUE CTEMHBIC BUIBI MPHCOB Ha
I0xHOM Ypase 10BOIBHO OJIM3KH 110 IKOJOTMYECKOMY JHAIa30HYy, Pe3yJIbTaThl
OPIMHAIIMOHHOTO aHAJH3a MI0KA3aJIH, YTO 10 KOMILICKCY SKOIOTHYeCKHX (HaKTo-
POB KaK/bIH BHJI 3aHUMAET CBOIO dKOJIOrH4ecKyto Huury. [ToaToMy u B mpupose
M3y-YeHHbIC BUIbI UPUCOB KpaiiHe PEIKO BCTPEUAIOTCS B OJHUX M TEX )K€ MECTO-
obuTaHuAX U cooduiecTBax. CorTacHO NPUBEICHHBIM 3HAYEHHIM SKOJIOTHYECKHUX
(axropoB cpensl [lris pumila, I. scariosa w I. humilis Ha FOxHOM Ypase UMeErOT
JIOBOJIBHO Y3KYIO OKOJOTHUECKYIO aMIUIUTY/Y, T.€. SBIISIOTCS CTEHOTOIHBIMH BH-
JIaMH, YTO B 3HAYUTENHHOM CTerneHn 00yClIaBInBaeT UX NPUPOAHYIO PEAKOCTH B
peruone KOxHoro Ypaina.
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and forest-steppe zones of the region and listed in the Red Data Book of Bashkortostan
Republic (Krasnaya kniga..., 2011) and the Russian Federation (Krasnaya kniga...,
2008). We analyzed the ecology of communities with participation of rare species using
indirect ordination, which makes it possible to identify important ecological patterns
of species distribution and to give an ecological interpretation of syntaxonomic units.
Totally, we collected 28 geobotanical releves within the studied coenopopulations in the
Southern Urals (mainly, in the Urals and Transurals of the Republic of Bashkortostan,
as well as adjacent areas of Chelyabinsk and Orenburg regions) to characterize the
phytocenotic localization and ecology of rare steppe species of the genus /ris. Localities
of the studied species are presented on the map (See Fig. ).

The size of the releves was 64-100 m?. Releves descriptions and classification were
performed using the Braun-Blanquet approach (Westhoff and van der Maarel, 1978;
Braun-Blanquet, 1964). The names of vascular plants species are given according to
Cherepanov (1995). The impact assessment of complex environmental factor gradients
was performed using DCA-ordination in the CANOCO 4.5 program (Ter Braak and
Smilauer, 2002). DN Tsyganov’s scale which was adjusted for the Southern Urals
region (Shirokikh and Zverev, 2012) was applied to estimate the environmental factors
of habitats. The weighted average of environmental factors was calculated in the IBIS
software (Zverev, 2007).

We revealed that the phytocenosis with participation of rare steppe irises in the
Southern Urals belongs to the class Festuco-Brometea Br.-Bl. et Tiixen ex So6 1947,
which unites the steppe vegetation of Southern Ukraine and Russia and includes
5 associations and 2 communities. /. pumila grows mainly on the steppe slopes of
various expositions as part of the steppes of association Astragalo austriacae-Stipetum
pulcherrimae Martynenko et al. 2018, which is a zonal type of the Pre-Ural steppe of the
Republic of Bashkortostan. 1. pumila also grows in the communities of the association
Scorzonero austriacae-Stipetum lessingianae Yamalov 2011 prov., which is steppes
with dominating Stipa lessingiana of the southern regions of Bashkortostan and in the
basal community Stipa capillata [ Festuco-Brometea] combining low-degraded steppe
pastures, which are distributed mainly in the upland and slope habitats of the southern
expositions. Among the rarest communities with participation of 1. pumila, there are
phytocoenoses of shrub steppes of association Spiraeo hypericifoliae-Amygdaletum
nanae Solomeshch et al. 1994, which are distributed mainly across the eastern and
southeastern slopes of the ranges on stony substrates. /. scariosa was found in the
phytocoenosis of the association Silene altaici-Elytrigietum pruiniferae Yamalov 2018
prov., characteristic of outcrops of igneous rocks on thermophilic slopes. Occasionally,
L scariosa is observed in the communities of Festuca pseudovina [Helictotricho-
Stipetalia), distributed to the flattened mountain slopes. Communities with 1. humilis
occur in the Southern Urals quite rarely and belong, according to their floristic
composition, to the association Diantho acicularis-Orostachetum spinosae Schubert
et al. 1981. The floristic composition of all noted communities is characterized by a
high role of petrophytic species (4Artemisia marshalliana, Astragalus helmii, Centaurea
turgaica, Ephedra distachya, Hedysarum argyrophyllum, Koeleria sclerophylla,
Orostachys spinosa, Tanacetum kittaryanum Thymus guberlinensis etc.).

DCA-ordination of communities with participation of steppe species of the genus
Iris showed that they are well separated in the space of the first two axes (See Fig. 2).
The main axis is interpreted as a complex gradient of moisture-salinity variability. The
second axis can be interpreted as the aridity-humidity gradient. The studied species of
the genus /ris are plants of open habitats (steppes, meadows, river banks), therefore the
lighting conditions (Lc) are critical for them (See Fig. 3-5). The critically important
environmental factors also include the variability of moisture (fH) and the severity
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of the winter period (Cr). The low ecological amplitude of 1. pumila and I. scariosa
for a number of climatogenic environmental factors, such as aridity-humidity (Om)
and associated soil moisture (Hd), and the amount of incoming heat (Tm) causes their
confinement mainly to the steppe zone of the region. At the same time, the values of the
continentality of climate factors (Kn) are in wider boundaries, especially for /. scariosa.

Ordination analysis showed that, according to a complex of environmental factors,
each species of the genus /ris occupies its own ecological niche. Therefore, in nature,
the studied species are extremely rare in the same habitats and communities. According
to the given values of ecological factors of the environment (See Table), I. pumila, I.
scariosa and 1. humilis in the Southern Urals have a rather narrow ecological amplitude,
i.e. they are stenotopes, which largely determines their natural rarity in the region of
the Southern Urals.

The paper contains 5 Figures, 1 Table and 24 References.

Key words: Iridaceae; rare species; environmental scales; DCA-ordination;
Bashkortostan Republic; Orenburg region.
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0O.B. ToakauéB

Hucmumym sxonozuu pacmenuii u xcueomuuvix YpO PAH, 2. Ekamepunb6ype, Poccus

ITUMOJIOTHSI HEKOTOPbIX HA3BAHUM JIOBYIIEK,
NPUMEeHsIeMbIX B HCCJIEJOBAHUAX MEJIKHX MJIEKOMUTAIOLIHNX

HccnenoBanue BBIONHEHO B PaMKaX FOCYAapCTBEHHOTO KOHTPAKTa

MuctutyTa sKosoruu pacteHui u xxuBoTHeIX YpO PAH.

Omnoe MenKux MAeKONUMaowux (Mule8UOHbIX cPbI3YHO8 U 3eMIepoeK) —
OCHOBHOU CHOCOO UX U3YYEHUsL 8 300J102UYECKUX U IKOLOSUHECKUX UCCLeO08AHUSIX.
Yacmo npumeHsIOmMcs  JIemaibHble  MbIUEL08KU — PA3IUYHBIX  KOHCMPYKYULL U
Haumenoganuil. Bonpocel conymemeyoweit mepmMuHoi02uyu OCMaiomcst Heu3y4eHHbIMU
u HeypezynuposanHviMu. B Oannoti pabome npoananusuposanvi npoucxodcoenue u
0cobeHHOCmU YROmpeOienusi pyCCKOSI3bIYHbIX HA36AHUL MEXAHUYECKUX 1emalbHbIX
JI08YWeK Ol MEIKUX MIeKonumaiowux. Beisenenvt napaineiu 6 26omoyuu
KOHCmpykyuu moiuenoeok 6 Poccuu u opyeux cmpanax. O6uapysicenvt gaxmol
3aUMCmeosanus u pycuuxkayuy auenoazviuHvlx Haszeaunuti. Coenamvl 6b1800bi,
HAnpaeiennvie Ha YHUQDUKAYUIO MEPMUHO8 U KOHCIPYKYULL JI08YUEK, NPUMEHSEeMbIX
6 POCCULICKUX 3001102utdeckux pabomax. /s 00603HaueHuss 1emanbHo20 CaMOL08HO20
MEXaHU4ecko20 YCMpoUucmea ¢ NpY’CUHOU, CMOHMUPOBAHHO2O0 HA MIOCKOU OCHOGe,
DEKOMEHOYemcsi UCNONb306aMb HA38aAHUE OABUIKA C YMOYHEHUeM — Mmpanogas uiu
Kpiourosasi. Pacnpocmpanennoe ¢ nacmosiwyee epems nazeanue «iosyuika Iepoy
npUMeHsims HeyenecoobpasHo.

KiioueBble ¢J10Ba: Mbluieno6Ka, 0aGUIKA, NIAWKA, 2UlbomunKa; iosyuika Iepo;
MeKUe MIEKONUMAowue; 2pbi3yHbl.

BBenenue

MpiieBUAHBIE TPBI3YHBI U 3€MJICPOWKH MPUHAJIEKAT K YUCITY TPAJAULIUOH-
HBIX 00BEKTOB B 300JIOTHYCCKHUX H IKOJIOTHICCKHUX HCCIIENOBaHISIX. Takue pado-
THI YaCTO MOJPa3yMEBAOT OTJIOB JKUBOTHBIX, KOTOPBIA MOXKET MPOBOAUTHCS MHO-
TMMH METOJaMHU, HO 10 TUILY MCIIOIb3yEMBIX OPYAUNH MOXKHO BBIJIEJIUTH BCETO TPU
OCHOBHBIX: KOHYCHI (LIMJIMHJPHI), )KUBOJIOBKH, AaBWJIKU. B mocieaHem ciyyae
MIPUMEHSIOTCSI MBIIICIOBKH PAa3IHYHBIX KOHCTPYKIMH, yOMBAIOIIHE 3BEPHKOB.
OTOT croco0 XOTh U HE JIMIIEH HeTOCTATKOB, OHAKO IIUPOKO MPUMEHSETCS U3-3a
€ro IPOCTOTH M JOCTYIHOCTH. B Hayke OH HCIONB3yeTcs yke Ooiee Beka, IMo-
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3TOMY K HACTOSAIIEMY BPEMEHHU pa3padOTaHO MHOTO BapHaHTOB NaBWiIoK. Cyiie-
CTBYIOT U pa3Hble TEPMUHBI Ui UX 0003HaYeHusa. PasHoOOpa3re MHCTPYMEHTOB
7 UX 0003HAYCHUH HE CIOCOOCTBYET CTaHAAPTHU3AlMU METONa U CPABHUMOCTH
PE3YIBTaTOB, MOMYyYaeMbIX Pa3HBIMU aBTOPAMH.

Iens qanHOTO MCCIIETIOBAHMS — BBISICHEHUE ITHMOJIOTHH PYCCKOSI3BITHBIX Ha-
3BaHUN U UCTOPUU Pa3BUTHS JIETATIBHBIX JIOBYIIEK JJISl MEJIKUX TPHI3YHOB U 3€M-
JIEPOEK B 300JI0THIECKUX HCCIIETOBAHMUSX.

Pe3ysbTaThl HccieqoBaHNus U 00CyKIeHe

Pabora ocHOBaHa Ha aHaNHM3e¢ HAYYHOW JIMTEPATYPhl HA PYCCKOM M aHTJIHMA-
CKOM SI3bIKax. J{JIsl OEHKH pacpOCTPaHEHHOCTH PYCCKOS3BIYHBIX TEPMUHOB UC-
MOJTb30BaHbI ATeKTpoHHBIe TIonckoBbie cucteMbl (HOb eLIBRARY.RU, Google
Scholar).

PesynpraTel H3nOKEHBI IO pasaenaM, KaXXIbId 3 KOTOPBIX ITOCBSIICH OIHO-
My W3 Ha3BaHUU JIOByIIeK. XOTS Ledb paboThl COCTOsUIAa B BBISICHEHHU IIPOMC-
XOXKJICHHS PyCCKOSI3BIYHBIX TEPMUHOB, X aHAJN3 B OTPHIBE OT OCTAIBHOTO MHpPA
0Ka3aJICsl COBEPIICHHO HEBO3MO)KHBIM. /[0CTaTOUHO CKa3aTh, UTO NMEPBBIN cayyait
MIPUMEHEHHS JICTAIbHBIX MEXaHMYECKUX MBIIICIIOBOK JJISI CTPOTO HAyYHBIX IIe-
neit (C 1enplo CUCTEMAaTUYeCKOro M3Y4YeHHUs, a He HCTpeOsieHus]) OOHapyX eH B
pabote ®pena Bpykca [1]. [ToaToMy pe3yabTaThl BKIIFOYAIOT KaK PYCCKOS3bIYHBIC,
TaK U CBSI3aHHbIE C HUMU aHTJIOSN3bIYHBIE CIIOBA: MBILIENIOBKA, IJIAIIKA, JaBUIIKA,
THIILOTHHKA, JIOBYIIKa ['epo, kopunopuuk, deadfall trap, guillotine, flat snap trap,
museum special, choker.

MpimesoBka. B 6ronorndeckoii uTeparype Ha pyCCKOM sI3BIKE TIEPBOE W3-
BECTHOE YIIOMHUHAHUE CJIOBA MBIIIETIOBKA HAJEHO B HAyYHO-MOMYJISIPHON KHHTE
Anbpdpena bpema «OKu3Hb )KUBOTHBIX» [2]. B TO BpeMs OBLIIO H3BECTHO MHOXE-
CTBO pa3HOBHUJHOCTEH MbIenoBok [3, 4]. K coxanenuto, u3 texcra bpema He
SICHO, O KaKOH KOHCTPYKIIMHU HJET pedb. B JOCTymHBIX 6a3axX ymaiaoch HalWTH He
6onee 15 peneBaHTHBIX pabOT. CIOBO MBIIIEIOBKA B HUX YNOTPEOIISIOCH 10 OT-
HOIICHHIO K JTaBHIIKaM, )KHBOJIOBKaM M Jlaxe koHycaMm [5—7]. Tepmun okazancs
CJIMIIKOM Pa3MBITBIM U TMOATOMY MOUYTH HE BCTPEYAETCS B COBPEMEHHBIX 300J10-
THYECKHX padoTax.

Inamka. B kaure Dnyapaa OBepcmana «EctectBenHast uctopust OpeHOypr-
CKOTO Kpas» [8] BIepBbIe onucaHa, HO He Ha3BaHa IJIAIIKa Ha KYHBUX: «3armagHu
9TH COCTOAT OOBIKHOBEHHO M3 JBYX IIAJKHX MPSIMBIX MOJIEHBEB, TONIIMHOIO B
Hory. OHH KJIaJyTCsl TOPH30HTAIBHO OTHO HAJ IPYTHM, M BEpXHEE, KOTaa CTOpO-
KOK OyZIeT CIyIIeH, najas Ha HUKHee, IpuxkuMaeT KyHuily». B kaure C.A. Ky-
kIuHa [9] MOKHO HaWTH M300pakeHHe 3Toro ycrpoicrsa (puc. 1). IlogoOHbIe
JIOBYIIKHA OBUIA IIMPOKO PACIPOCTPAHEHBI IO BCEMY MHUPY U M3BECTHBI C JPEB-
Hux BpemeH [10]. Ha anrmuiickom onn HasbiBarotcs deadfall traps, T.e. moByka,
yOuBaromas najeHueM TSDKEIOTo MpeiMeTa Ha JKEpTBY. XOTS Takue KOHCTPYK-
IIUF MO’KHO HCIIONTB30BATh ISl UCTPEOICHHS TPHI3YHOB, B HAYYHBIX IEJISIX OHH HE



Smumonozun HeKomopwvlx Hazeanuil Jio6yuiex 75

npumenstorcs. [lepBoe u3BecTHOE yHOTpeONeH e ClIOBa IDIANIKa 0 OTHOIICHHIO
K KJIACCUYECKUM IPY>KUHHBIM MBIIIEIOBKaM oOHapyskeHo B padote I'H. 'accos-
ckoro [11]. Ommcanne, nanHoe 3. OBepcmanoM, u pucyHok C.A. Kykimna Ha-
BOJIIIT Ha MBICJIb O POJCTBE CIIOB IUIAIIKa W TWIOCKUN. EcTh W Apyroil BapuaHT
o0bsicHeHUsI — B TOH ke pabote I.H. ['acCOBCKOTO rOBOPUTCS: «JIOBYIIKA-TIAIaq
(mnamka)y. Ho maxa Bce paBHO HMEET TOT XK€ KOPEHb, uTo H Tuiockuit [ 12]. Kpo-
M€ TOTO, TUIAIIKOW PaHbIIIe Ha3bIBaIM MojeHo [12], uTto mpaBnomnogooHee BCero
OOBSICHAET Ha3BaHUE JIOBYIIKU JJisi Oenku. [losTOMyY muamkaMu JOJIKHBI Ha3bl-
BaTbCsI MBILIEJIOBKH € INIOCKUM OCHOBAaHUEM (B IPOTUBOIOJIOKHOCTh, HAIPUMeED,
JYTOBBIM KallkaHaM, KOTOPbIE TaK)Ke MOTYT MCIIOJIb30BaThCsA JJIsl OTIOBA MEITKUX
MJICKOTITalomMX). B HacTosmiee Bpems TepmuH ynotpednsercs ([13—15]; Bcero
6onee 80 peneBaHTHBIX cCBHUIOK). IIpu 3TOM Beeraa uMeeTcst B BUIY CaMOJIOBHOE
MeXaHH9IecKoe (B OTIIMYHE OT KOHYCOB) OpYyIUE C MPYKHHOU (B OTIMYHE OT TPH-
MUTHUBHBIX NaJaloOUINX IJameK), yOuBaroee 3Bepbka yaapoM MeTaUIn4ecKoi
pamku. CoBpeMEHHBIE JIOBYIIKHU IJIsT JOOBIYN OENOK, KOHCTPYKTHBHO aHAJIOTHY-
HBIE MPYXUHHBIM MBIIIEJIOBKAaM, TaKXKe Ha3bIBAIOT IUIALIKaMH (COOOIEHNE aHo-
HUMHOTO PEIIEH3EHTA).

Puc. 1. IInamka 11 OTJI0Ba MENKHX ITyITHBIX 3BEpPEi.
Pucynok u3 xauru C.A. Kyknuna (1938)
[Fig. 1. Deadfall trap for catching small fur animals.
The picture is from the book by SA Kuklin (1938)]

JaBuaka. [lepBoe M3BeCTHOE yNMOMHMHAaHUE 3TOTO TEpPMHHA BCTpEdaeTcs B
pabote A.A. BsutbiHuKOTO-Bupysm [16]. HenoHATHO, 0fiHAKO, SBISETCS JH CII0-
BO JIJaBWJIKA CHHOHMMOM MBIIIEIIOBKH WU aJbTePHATHUBHBIM OpyAHeM. DTO CTa-
HOBHTCS SICHO M3 paboThl [17]: « /)i XOPHKOB ¥ KyHHII pEKOMEHIYIOTCS, KPOME
OOBIKHOBEHHBIX KaIlKaHOB, TaKXke JIOBYIIKU-TaBUIKWY. ClleI0BaTeIbHO, aBTOP B
o0enx paboTax MO CIOBOM JABHIIKA IOIpa3yMeBall IPUMHTHBHYIO TUIAIIKY UL
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OTJIOBa MENKUX ITyITHBIX 3Beped. OueBHIHO, IS YKa3aHHBIX aBTOPOB IUIAIIKA
Y IaBWJIKA SBJSUTUCH CHHOHUMAaMH, TOJIBKO IIEPBOE CIIOBO YKa3bIBaJIO Ha (popmy
paboueii TOBEepXHOCTH OpYyIHs, & BTOPOE — Ha MEXaHU3M ero jJercTBus. Takas
JaBUJIKA [0 CMBICITY siBiseTcs moiaHbM aHasoroM deadfall trap. o oTHomeHHIO
K MBIIIEIIOBKaM Ha3BaHHE «JIaBUIIKA» BIIEPBEIC ynoTpebisercs B pabote b.C. Bu-
Horpagosa u C.M. O6onenckoro [18]. [Ipunaraercs u pucyHox (puc. 2).

Puc. 2. PucyHok 1aBHiIKH U3 paboThI
b.C. Bunorpanosa u C.1. O6onenckoro (1932)
[Fig. 2. Drawing of a snap trap from the work
of BS Vinogradov and SI Obolensky (1932)]

HMeHHO Tak BBINIsIENA JABHIIKA JUIST MBIIIEH [TPU IEPBOM YIIOTPEOICHUH 3TO-
TO CIIOBa B TaKOM 3HadcHWU. JIoByIIKa cHaO)KeHa TparmoM U cpabaThIBaeT OT Ha-
xarust. CyIecTByeT TaK)Ke BapUAHT C KPIOYKOM, Ha KOTOPBIH HACAKUBACTCS TIPH-
MaHka. UToOBI Takas JOByIIKa cpaboTaia, 3BepeK JAOJDKEH MOTIHYTh IPUMAaHKY
TaK, YTOOBI CTOPOXKOK BBICKOYMII U3 MIPOBOJIOYHOM METIH Ha Kprouke. OYeBHIHO,
9TO Takas MOAN(HUKALNSI MEHEe UyBCTBUTENbHA. TeM He MeHee B 300JI0THIECKUX
HCCIICIOBAHUSAX MPUMEHSIOTCS ABHIKKA ¢ OOCHMHU CHCTEMaMH CpaOaThbIBaHUS.
Celiyac TEpMHH «JIaBHIIKa» aKTHBHO YIIOTPEONAETCS] B OMOJIOrHYECKUX paboTax
([19-21]; Bcero 6omnee 700 cepuiok). Bo Becex ciaydasx uMeeTcs BBHLY CaMOJIOB-
HOE MEXaHM4YEeCKOe OpyIHe C MPYKWHOH, yOWBaloliee 3BepbKa yaapoM MeTa-
TUYecKoil pamku. VHTEepecHO, YTO MaBHIKAa W IUIANIKA HO-NPEKHEMY OOBIYHO
YHOTpeOIISIIOTCS KaK CHHOHUMBI (HO HE Beeraa; cM. paszen « CTyIBIrK» ), HECMO-
Tps Ha CMEHY 00beKTa (MBIIICBUIHBIC TPHI3YHBI U 3EMJICPOMKH BMECTO ITYIITHBIX
3Bepeit), menu (cOop HaydHOTO Marephalia BMECTO YTIJIMTAPHOTO IIPOMEICTA) H
3HAYUTEIIBHBIC U3MCHEHHS B KOHCTPYKIIMH. AHITIOS3bIYHBIM aHAIOTOM SIBIISETCS
snap trap (IeITKaronas 1 / Wi anarolas JOBYIIIKA).

I'maboTHHKA. DTO HEOOBIYHOE HA3BAHUE JIOBYIIECK BCTPEUACTCS OUYCHb PEIKO
[22-26]. Buepsoie B 1932 1., a mocnennuit pa3 B 1947 r. @ammnuii 31ech Bcero
yeTeipe. Hu OMUH W3 aBTOPOB HE JaeT MOSCHEHHUIl MO MOBOMY MPOUCXOMKICHHS
Ha3BaHMS, HO MOXKHO TIPEIIIONIOKHTE, YTO 3TO 3aMCTBOBAaHHE OT aHTIIOS3BIYHBIX
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KoJuter. JI0Ka3arelbcTBOM MOXKET CITY)KUTh TOT (aKT, UTO B aHDIMHCKOM TEPMUH
Y TIOSIBUJICA, M MCUE3 PaHbIIIe, YeM B PYCCKOM, J1a U padOT, U aBTOPOB TYT OOJIbLIE
[27-37]. BuepBrie HazBanue guillotine Bctpeyaercs B padote [[3Bunma DpHecra
JIbHna «DKOHOMHUYECKOe HccieloBaHnue MojeBoi Meimm» [27]. s uctpebie-
HUS TPHI3YHOB OH PEKOMEHIIYET JBE JIOBYIIKH, KOTOPhIC Ha3bIBACT I'MIILOTHHHBI-
MU (puc. 3).

Puc. 3. JloBymku u3 pa6otst 1.3. JI3HI1a « DKOHOMUYECKOE HCCIIEJOBAHUE
MOJICBOI MBIIINY, KOTOPBIC OH OIUO0YHO Ha3kiBaeT guillotine trap (1907)
[Fig. 3. Traps from the work of DE Lentz “An economic study
of field mice”, which he mistakenly calls “guillotine traps” (1907)]

[TyOnukanuoHHass akTHBHOCTE TOTO aBTOpa Obla JTOBOJFHO MHTEHCHBHOM,
U, BEPOSITHO, B CBSI3U C 3TUM MPEJIOKEHHbIE UM JTABUJIKH TOJIyYHIIH O(pUIHAIb-
HEI cTatyc B Jlenapramente cenbckoro xo3siictBa CIIA Ha mepuon, mo kpaiftHen
Mepe, 10 30-x ronoB XX B. He sicHo, mouemy /. JI3HI Ha3BaM 3TH JTOBYIIKU ['UIIb-
OTHHHBIMH, BeIlb HOXX TWIHOTHHEI XOJUT B OTHOM IIOCKOCTH, a paMKa TaBHUIOK
nBuraercs no ayre. B xaure [IpBuna Jpammonna «bpuTaHcKie MBIIIEIOBKU 1
WX TIPOU3BOJMTENM [4] OTMCaH THI THIILOTUHHBIX JIOBYIIIEK (pHc. 4). Kak BuIHO,
3[1€Ch aHAJIOTUS C TWIILOTHUHOM OU€BUIHA, TOCKOJBKY ITIaBHAs IETallb XOIUT BBEPX
¥ BHU3 B O71HOM mmockoctu. MaTEepecHo, uto FO.M. Pamns B 1947 1. [26], cyas no
OTMUCAaHUIO U KOHTEKCTY, yIOTpeOsieT Ha3BaHUE THIIbOTUHKA HE 10 OTHOLICHHIO
K IUTAIlIKaM, a KaK pa3 K HACTOSIINM THIILOTHHHBIM JIOByIIKaM. [lo-Bumumomy,
. JIsnn ommbancs, IpuMeHsis IeHCTBUTEIHHO CYIIeCTBOBABILIEE HA3BaHUE K He-
BEepHOMY O00BEKTy. Bece ocTanbHbIe IepednCcIeHHBIE BEIIIE aHITIOSN3BITHBIC aBTOPBI
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0o nipsiMo ceblarotest Ha J1. JIsHma, o 6pum addummposans! ¢ Jlenapramen-
TOM cenbekoro xo3siicta CIIIA. B utore B OTHOIICHUN TABHIOK-TUIAIICK TEPMUH
«rHITBOTHHKA [guillotine]» He MPWXKHUIICS HU B aHIJIUICKOM, HH B PYCCKOM SI3BIKE.
Hacrosiipe THIIBOTHHHBIC JIOBYIIKH CEHYaC MOXKHO BCTPETUTH TOJNBKO B MY3€sX
WITH Y KOJUIEKIIMOHEPOB. JIJIsi 300JI0TMUeCKUX 1esiel OHU He MPUMEHSFOTCSL.

1 2

Puc. 4. 'uipoTHHHAS JIOBYIIKA B cpaboTasiiuem coctosHuu. [Iponssenena
ne no3anee XIX B. Mmumroctpanus u3 «British mouse traps and their makers»
(Drummond, 2008) ¢ nuzmenenusiMu. O603Ha4eHHs1: [ — KPIOYOK JIsl IPUMAHKH, CBSI3aHHBIH
CO CTOPOKKOM, HAa KOHYHK KOTOPOTO CTaBUTCS JIE3BUE NP B3BEACHUN MEXaHU3MA; 2 — JIE3BUE
[Fig. 4. Guillotine trap in the after action state. Produced no later than in the 19th century.

Illustration from “British mouse traps and their makers” by D Drummond (2008),

with changes. Designations: 1 - A hook for the bait connected with the locking bar,

on the tip of which a blade is placed when cocking the mechanism; 2 - Blade]

Museum special. JIoBymk# JaHHOTO THUTIA TIHPOKO UCIIONB3YIOTCS IO BCEMY
MHPY, KPOME TOTO, OHHM OKa3alii OOJBIIOE BIMSHUE HA MBILIEIOBKHU, TPUMEHsIE-
MBIE B 300JJ0THYECKHX HCCIEeNOBAaHUAX B Poccum, moaToMy MX MCTOPHH HYKHO
VAETUTh 0C000€ BHUMAHHE.

B 1894 r. Bumbsam Xykep (William C. Hooker) u3 ropoma AGUHTIOH, IITAT
Wnnunotic, CIIA, nony4us NaTeHT Ha MBIIIEIOBKY 3HAKOMOM BCEMY MUPY KOH-
cTpyku (puc. 5). B 1895 1. ocHoBanHas Xykepom kommanus Animal Trap Com-
pany (ATC) Ha ocHOBe NaTeHTa BBITYCTHIIA B IpoAaxy JoBymkH «Out O sighty,
YTO MOKHO IIEPEBECTH KaK «C IVIa3 JONO0i». IMEHHO TOTIa M MOSBIIIUCH KIacCH-
YyecKue NaBWiIKK, nin riamky «flat snap traps» [10].

[ocnennee caoBocodYeTaHNE YIOTPEOISIETCSI, B OCHOBHOM, CPEIN KOJUICKIIH-
OHEPOB U MCTOPUKOB, a B 300JIOTMYECKHX PadOTaX MCHONB3YIOT KpaTKUi Bapu-
aHT — snap trap. iMeHHO Takyro MbImenaoBKy ucrnonb3oBait J. Jaam B 1907 r.
(cm. puc. 3). Emy xe mpHHAUIEKHUT TIepBOE YIIOMUHAHUE Ha3BaHUS «shap trap»
B HayyHOU Juteparype [31]. B aroit Hanbonee mo3mueit pabdore /1. JIsnma mo
JAaHHOU TeMe OH OTOoXAecTBIseT guillotine u snap trap. AKTUBHasI poraranja c
€ro CTOpOHBI MpH noaAepkke npaButenbcTBa CIIIA B coBoKymHOCTH ¢ ynaqHOM
KOHCTPYKLHMEHN JOBYIIKY MPHUBEIH K IMIUPOKOMY PACIPOCTPAHEHUIO MBIIIEIOBOK
tumna «Out O sight» B OBITY.
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Puc. 5. JloBymika, 3anarenToBanHast BunesimoM Xykepom B 1894 1. (US Patent Ne 528,671)
[Fig. 5. The trap patented by William Hooker in 1894 (US Patent 528,671)]

Wx apanTanus 11 HAy4YHBIX NSl MpUBeEia K MOsSBICHUAI 0C000# Momudu-
kanuu «Museum special» (cnenmanbHast My3eifHas ). DTO MPOU30IIIO B HECKOIb-
ko otanoB. B 1918 1. B pabote [Jeiitona Ctonepa [33] mosiBisieTcsa n3odpaxxeHue
HOBO JIOBYIIIKH, TIpeIocTaBiIeHHOE JlemapTramenTom cenbckoro xo3siicta CIIA
(puc. 6, a). KoHCTpyKIIHs OTIMYAETCs YCEUCHHBIMU yIJIAMU JICPEBSIHHOTO OCHO-
BaHHUA. MOXXHO TPENNONIOKHUTE, YTO TO CHIENAHO ISl CHIDKEHHS Beca yCTPOii-
CTBa. AHAJIOTHYHYIO JIOBYIIIKY MOXKHO HAWTH CPeIH TeX, KOTOPhIC BBITYCKAIHCh
rxommanueir ATC (puc. 6, b). Hazparune nmo-npexxaemy «Out O° Sight». OdeBuHO,
YTO 3TO OJIHA U Ta XK€ KOHCTPYKIHS. MHTepeCcHO, YTO JEPEBSIHHBINA TPAIl y ITOM
MozenH OBIT IPONIUTAH 3aIIaXxoM, IPUBICKAIONINM TPBI3YHOB, HA YTO YKa3bIBACT
Haamuch «Autobaited» («CamonpruMaHO4HAN).

a

Puc. 6. M300paxeHus mpoToTHa JIOBYIIKY TUIa «Museum special»: a — u3 paboTsl
J1. Cronepa (1918) ¢ usmenenusamu; b — u3 paboOTHI
. Apammonga ¢ coasr. (2013) c uameHeHHIMU
[Fig. 6. Images of the prototype of the “Museum special” trap: a - from the work of D Stoner (1918),
with changes; b - from the work of D Drummond and colleagues (2013), with changes]

B 1927 r. BeIxoaut pabora Yunbsima [enpu bepra, B KOTOpOH OH Ha3biBaeT
TaKyI0 ke JIOBYLIKY «mpaBuTenscTBeHHas Out O Sight» u mosicHAET, 4To OHa
oonbme oobraHoM [38]. Ha cienyromem stare ATC momecTriia Ha TaK|e JOBYIII-
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ku Haamuch «Museum specialy» [39]. He u3BecTHO, KorjJa IMEHHO 3TO MPOU30-
uuto. [lepBoe ynomuHanue HazBaHusl «Museum special» B Hay4yHOH JuTeparype
YIAJIOCh HANTH TOJBKO B cTaThsX 3a 1938 1. [40, 41]. Ot 00b14HBIX «Out O" Sight»
noBymIKH «Museum special» omin4aroTcs, Bo-NepBbIX, pa3MepoOM, KaK OTMETHI
V. bept B 1927 1. Cunraercsi, 9TO TaKOW pa3Mep ONTHUMAJICH ISl YIeTa MaKCH-
MaJbHO IIUPOKOTO CIIEKTpa BHUIOB IPBI3YHOB. BTOpoe oTiudne — yBeIMYeHHOE
paccTosiHEe MeKAy OBIOIIeH paMKoil U ITepelHAM KpaeM Tpara. DTo HyKHO I
COXpaHEeHHs IeIOCTHOCTH 4epenoB. [lepennuil kpait Tpamna oOBIYHO HE Tepece-
KaeT CeperHy JUTHHBI ObIoIIeH paMkH. JlaHHOE yCOBEPIICHCTBOBAHHE HE YITOMH-
HaeTcsl B TEKCTE U OTCYTCTBYET Ha pUCyHKe B pabote Y. bepra, a 3HauuT, NOSBU-
noch ozxke 1927 1. (puc. 7, a). UHTEepecHo, 4To 3aI0JITO J0 MOsSBICHUS «Museum
special» B pabore b.C. Bunorpanosa [42], y>xe Oblia npeniokeHa MOTUpUKaLIHS
MBIIIETIOBKHU C YKOPOUEHHBIM TPAIioM, YTOOBI paMKa He Orta TphI3yHOB IO TOJIOBE
(puc. 7, b). BepoatHo, 3TOT ciyyail sIBIsSETCS IPUMEPOM KOHBEPTEHIIMH HAY4YHO-
TEXHUYECKHUX HIeH. Bompoc coXpaHHOCTH 4epernoB IpH HCIONTH30BAHUH JTaBH-
JIOK OCTa&TCs aKTyaJIbHBIM 10 cuXx 1mop [43]. CyiiecTByeT MHOTO pa3HOBHIHOCTEH
«Museum specialy», KOTOpbIe HEMHOTO OTIIMYAIOTCS KOHCTPYKIHEH U MaTepraioM
Tpama, (opMOil OCHOBaHUS M OPYTMMHU HE3HAYMTENbHbIMH JeTansmu. Ceiiuac
ATC He cymiecTByeT KaKk CaMOCTOSITEIIFHOE TPEIIPHUATHE, SBISSCH YAaCTHIO KOP-
nopanuu Woodstream™. B HacTosiiee BpeMst 30010raMu o BceMy MHPY (Kpome
Poccun) mpuMeHSIOTCS UCKITIOUUTEIRHO WM TOYTH UCKITIOUYUTENHHO «Museum
special» u 6onee Menkue «Victory (puc. ). Obe NOBYIIKY TPUHAIIICKAT K TUILY
«flat snap trap», OCHaIIEHBI TPANIOM M BBIIYCKAIOTCS OXHHUM IIPOM3BOIHTEICM —
Woodstream™. IIporornniom obeux siBisiercss «Out O Sight» 1895 . Takum 00-
pasom, JtoBynikn «Museum specialy sIBISIOTCS TOATPYIIION CIICIHAT3UPOBAHHBIX
MBIIIENIOBOK, IPUHAJIEKAIIUX K Oonee o0mieMy Tumy «snap trap». [Tostomy Helnb-
3s1 comacuthes ¢ MHeHHeM b.U. lledrens [43], koTopslii cuutaeT «Museum spe-
cial» u «snap trap» CHHOHIMaMH.

JloBymika I'epo. B nureparype 3To coBO Beeryia MUIIETCS ¢ OONBIION OyK-
BBI U Yallle BCero B KaBbIUkax. BeposTHO, MOATOMY MHOTHE POCCHUIICKHE 300JI0TH
CUMTAIOT, 4TO 'epo — 310 hammius apropa. JloBymku ['epo celiuac, Kak mpaBuiio,
OTHOCSITCS aBTOpaMU K IaBUJIKaM, U / WK TIamkam (Hanpumep, [13, 19, 43-45]).
J7st Toro 9T00B! MPOSICHUTH MPOUCXOKICHUE ATOTO HA3BAHMS, TOTpeOyeTcs He-
OONBIIONH UCTOPUUECKHUI SKCKYPC.

IIo Bocnomuuanusm B.H. IIHUTHHKOBa, KOTOPOMY IPUIIMCHIBAECTCS aBTOP-
CTBO METOJMKH JIOBYLIKO-THHUM, B 1882 I. y HEro ObLIM pa3Hbie BUbI MBILIEIIO-
BoKk [46]. B mepuox 1907-1912 r. 3oonorudeckuit my3eit caabaun B.H. ITxauT-
HUKOBa «LEJOW Kydell camblX pa3HOOOpA3HBIX U XUTPOYMHBIX CHUCTEM» IS
TeCTHpOBaHUs. JIydmuMu oKa3annuch «OOBIKHOBCHHEHIINE IEPEBSIHHEIC C TIPO-
BOJIOYHOH JTy>KKOU MBIIIET0BKNY. Cyasl 10 MPUCYTCTBUIO B OTIOBAX 3eMJIEPOEK,
B TOM YHCJI€ KPOUIEYHOH, peub, BEPOIATHO, UAET O BAPHAHTE C TPAIIOM.

HuTepecHo, uTo 30070TrHuecKUid My3€eil 3aHMMAJICSI TECTUPOBAHUEM MBbIIIIe-
JIOBOK.
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a - b

Puc. 7. [laBuiku, MognUIpOBaHHEBIE A1 cOOpa 300I0THYECKOTO MaTepraa:
a —u3 pabotel Y. bepra (1927) ¢ n3ameneHusiMu; b — U3 paboTHI
B.C. Bunorpanosa (1921) ¢ n3ameHenusMu. JIoByIky MacmTabHpoBaHbI
OTHOCHUTEIIBHO APYT ApYyra B COOTBETCTBHH C X PeajbHBIMU pa3MepaMu
[Fig. 7. Traps modified to collect zoological material: a - from the work
of WH Burt (1927), with changes; b - from the work of BS Vinogradov (1921),
with changes. Traps are scaled relative to each other according to their actual size]

Puc. 8. JloBymka ¢ TpanoM mMapku «Victor» IIpou3BoACTBa
koproparuu Woodstream™ (¢oro: N.10. Tonkauéa)
[Fig. 8. Trap with a treadle of brand “Victor” produced
by Woodstream™ corp. (Photo by I'Yu Tolkacheva)]

Hano nonarats, 4To 0 3TOT0 CUCTEMaTH4ecKue cOOPhl MEIKUX MIIEKOMUTA-
romux B Poccun He poBoamuck. Bripouem, kak u B CILIA n BenukoOpuranuu.
IIpumepHO B TO k€ BpeMs BT «VHCTPYKIUS A1 COOMpaHUs MIICKONUTAIO-
IIUX», B KOTOPOH aBTOpPHI NHUOIYT: «/JIs1 TOBNH B 10JI€ M Jiecy Ooliee IPUTOMHBI
KalKaHYMKH, 0COOEHHO Takue, KOTOpble YOUBAIOT 3BephKa Maatoleil poBoIod-
HOU paMoif; 13 HIX MOXKHO 0COOCHHO peKOMEHIOBATh T€, Y KOTOPBIX paMa Maiaet
ye B Ty MHHYTY, KOI/Ia 3B€peK HaCTYIHUT Ha CIIyCKOBOE Ipucrnocoodnenuey [17].
[TonsiTHO, 9TO 37€CH UAET PeUb O JIOByIIKax ¢ TpamoMm. Hakowrer, B 1921 1. B pa-
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6ote b.C. Bunorpanosa [42] Mbl HaxonuM «kankaHduk «Hero» (puc. 9, a). Kak
BUJIHO, JIOBYIIIKA Upe3BbIUaiiHo moxoxa Ha «Out O Sight» amepukaHckoii koMma-
Hun ATC. OcTanoch TONBKO BRISICHATD, TpHUeM 37ech «Heroy.

B xnure JlpBuna Jlpammonaa ¢ coasT. [39] ynanock HalTH JIOBYIIKY C TAKUM
Ha3BaHUEM CpeIH TeX, KoTopsie mpom3Boawinch ATC mis Ipyrux KOMITAaHUNA U
opranuzanuii Ha ocHoBe 0a3oBoil Momenu «Out O Sight». 3ByuHOe Ha3zBaHHE
«Hero» (Tepoit) — 3T0 OOBIYHBI MapKETHHIOBBIA X01. TOproBbie Ha3BaHUS JIPY-
T'HX JIOBYILEK, BeIyckaBmuxcst ATC B TOT nepuos, Oblnu He MeHee AP PEeKTHBIMU:
«JIoBeny, «lluknon», «3armenue», «Teppop», «JlodpocoBecTHbI», «Omnpene-
neHHbI», «Caenars 370 jerkoy, « Tpamnmnep Tako» u ap. [39]. CeBepoamepukan-
ckas acconmarms koyuekiuonepoB JjoBymek (N.A.T.C.A.) mpenocraBuna Ka-
4ecTBeHHYI0 (oTorpaduto nosymku «Hero» (puc. 9, b). Tak uTo JIOBYHIKY U3
pabotel b.C. Bunorpamosa [42] MOXKHO CPaBHUTH C aMEPUKAHCKOH.

b

Puc. 9. dororpaduu nosymku «Hero»: a — u3 padotsr b.C. Bunorpanosa (1921);
b —npenocrasnennas N.A.T.C.A.
[Fig. 9. Photos of the “Hero” trap: a - From BS Vinogradov (1921); b - Provided by N.A.T.C.A.]

B meiom KoHCTpyKIHsI 000MX YCTPOWCTB CXOXHA. A HAANNCH HA JEPEBSH-
HOU OCHOBe JIOByIIEK oTiauuaroTcsi. Ha uepHo-Oenoit ororpaduu BUAHO Tep-
Byt cTpoky «Hero». Jlanee MoxxHO pa3o0paTh ClOBa MOCIETHHUX ABYX CTPOK.
Tam manucano no-nemenku «KODER in das Loch» T.e. npuMaHKy B OTBEpCTHE.
Hannuces ananornyna amepukanckomy nportoruny: «PRESS CHEESE FIRMLY
INTO BAIT HOLEp. Ilo-BuauMoMy, oBylIKa, nokazanHas y b.C. Bunorpano-
Ba, — 3TO Ipou3BoauBILuiics B [epmanuu Bapuant gasuiku «Hero» amepukan-
ckoif kommanuu ATC. HasBanue noBymku «Hero» B poccuiickoit 30010rndeckoit
TUTEpaType MocTeneHHo TpanchopmupoBanock. b.C. BunorpamoB Bmecte c
C.U. O6onenckum [18] BrepBeie ynoTpedbunu Tpancnutepanuio «l'epo», mpuaeMm
BMECTE C aHIJIMHCKUM BapUAHTOM, UTO JOKa3biBaeT ux ToxaectBo. E.C. Jlannan
[23] BrepBrie Hanucan [epo 0e3 kaBbIYeK U O€3 aHMIOA3BIYHOTO BapuaHTa. Ilo-
ceqauid pa3 «Hero» BcTpedaercs B pabore KO.M. Pamng [26]. Tlocne 3toro B
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Poccun nenons3yror Tonbko HazBaHue lepo kupwmmnen. THTepecHo, 94To XO0TS
ceiiuac CylIecTBYIOT HECKOJIBKO MPaBHJI TPAHCIUTEPAL[MH, BCE OHU JAIOT BapH-
anT «Xepo», a He «['epo». Bo3aMoxkHO, J1eo B HeOIaro3By4HOCTH HPaBUIIBHOTO
BapHaHTa.

[Nomumo TpaHCOpManyy Ha3BaHUS JOBYIIKH, IPOHU3OILIA W3MCHEHHS U B
MpeacTaBleHusIX 0 ee KoHCTpykiuu. B 1930 1. Beina padora W.IN IMunonnudku
«BpemHpie TPEI3YHBI MPpaBOOEPEIKHON JIecocTeniy, rae Hamucano: «K coxane-
HUIO, JI0 CUX IO y HAC He MPOU3BOAAT HUKAKUX XOPOIIUX JOBYIIEK U UX HYKHO
BBO3UTH U3-3a IpaHuLbl. [lo3TOMY Hall0 OpraHu3oBarh y Hac MPOU3BOACTBO JIO-
Bymiek Tuna ‘“Hero”» [47]. [lanee aBTop mpennaraeT KycTapHYI MOAU(DUKAIIUIO
JIOBYIIIKH, B KOTOPOW Tparl 3aMeHsieTcst Ha Kprodok (puc. 10). HeoGxomumo ot-
METHTb, YTO TaKas ke KOHCTpYKIHMs Oblia 3amaTeHToBaHa B BennkoOpuranuu B
1900 r. IxetiMmcoM ATKMHCOHOM, KOTOPBIH npon3Boawi ux a0 1922 r. [4]. Onna-
ko WM.I". [luponnuika Mor 06 3TOM He 3HaTh. AHAJIOTHYHBIE JIOBYIIIKH yBEIHUYEH-
HOTO pa3Mepa HCHONB3YIOTCS, Kak MUHUMYM, ¢ 40-x . XX B. 7151 0TI10Ba GETIOK
(cooO1IeHne aHOHUMHOTO PELICH3EHTA).

B pa6ore E.U. Opnosa u I'K. Jlosunrepa [48] moBymika «Hero» ynomsiHy-
Ta Tak: «Ha miomangkax ctaBuinock o 20 OJHOTHUIHBIX KalKaHYUKOB-IaBHIIOK
(Hero). laBriikn mMenn BMECTO KPIOYKOB CTOPOXKEBEIC TUIACTHHKH, YTO 3HAYH-
TEJBHO MOBBIIIAN0 UX YYBCTBUTEIBHOCTEY. TO €CTh cIycTs 7 JeT mnocie padoThl
W.T". [Tugornyky MOSBUJIOCH OMUO0YHOE MHEHHE, 4T0 HopMa Jutst ['epo — 310
KPIOYOK, a TpaIl — nojie3Hasi MOIu(pUKaIHsL.

B 1947 1. Berxonut meronndeckas kaura KO.M. Pais, B koTopoit oH mumieT
o maBunkax «Hero»: «Haubonee oOuienpuHsTa 1aBUIKa C KPIOUKOM Ui TPH-
MaHKH, MEHEe PacTpOCTPAHEHA IABIIIKA C MTOJIBECHOH IIIOMIAIKONU-TpartomM» [26].
3neck aBTOp MPU3HAET CYIIECTBOBaHUE JABYX BapHaHTOB «Heroy, mpuuem Kproy-
KOBBIH Oosiee pacnpocTpaneH. Takum oOpasom, FO.M. Pamms 3akpenn onmmoKy
E.. Opnosa u I'K. JloH3uHrepa, cAaeIaHHyI0 AecAThIO rofamu paHee. [loromy
YTO HacTosAwlas JoBylKa « Hero» Tonbko ¢ Tpamom.

B 1949 r. BeixoguT 3HakoBas metoamyeckas kaura [.A. HoukoBa «Ilone-
BBIC MCCIICIOBAHUS JKOJIOTMH HA3eMHBIX ITO3BOHOYHBIX KUBOTHBIX» [49]. 3mech
OH CHayajia MpeJCTaBISeT YUTATeNI0 JIOBYWIKY lepo (IpuueM ¢ KpIOUKOM), a
Ha ciefyroulel crpanune numer: «B kaure Pamig onuchiBaeTcs TN JaBUIIKK
¢ Tparom». Takum oOpa3om, HOBHUKOB MPOTHBOIMOCTABISET J1Ba BapUaHTa KOH-
CTPYKLMH, IIPU ITOM OTHOCA K ['€po TOIBKO KPIOUKOBBIN BapuaHT. DTO, KOHEUHO,
ommbka —y FO.M. Panns Obi0 He Tak. B nepensnanuu kauru 1953 1. aBTOp BHEC
m3MeHenne B 310l yactu [50]. JloBymika ['epo ymomuHaeTcst TaM TOIBKO B CHOCKE
U OTHOCHUTCS K 000MM BapuaHTaM KOHCTpPYyKimH, kak y FO.M. Panns. BeposiTHo,
HMMEHHO 3TH JIBE IIHMPOKO pacnpocTpaHeHHble KHUrM HoBukoBa, npeanararoiiye
JIBa TIOHUMAaHMsI JIOByIIeK «l'epoy, u 00a HenmpaBUIIbHbIE, IPUBEIN K CYIIECTBY-
oIl celiyac MyTaHUIle OTHOCUTEIHHO KOHCTPYKIIMH JaBHIIOK. TakuM oOpa3om,
K JIOBYIIKaM [€po JOJKHBI OTHOCUTHCS TOJIBKO IUIAIIKHA Ha IEPEBIHHOW OCHOBE
C TPaIroOBEIM MEXaHM3MOM cpabarbiBaHus. B HacTosmiee Bpems Ha3Banue «[epo»
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Puc. 10. JloBymuika, B KOTOpOH Tpar 3aMEeHEH Ha KpIouoK. PHCyHOK U3 paboTsI
«kignusi rpusynu [IpaBobepexnoro JlicocTemy Ta 3Ha4iHHS OKPEMHX
rpyn y c.-rocnogapctsi» (Ilupomnunuka, 1930)

[Fig. 10. Trap in which the treadle is replaced by a hook. Figure from the work
“Shkidlivi grizuni Pravoberezhnogo Lisostepu ta znachinnya okremikh grup
u s.-gospodarstvi” [“Harmful rodents of the right bank forest-steppe and
the value of some groups in the agricultural economy”] (Pidoplichka, 1930)]

MIPOIOJDKAET aKTHBHO HCIONB30BAThCA KaK B HAYYHBIX paboTax, Tak U B OQHITH-
anbHBIX JoKyMeHTax Poccuu, benopycenu u Kasaxcrana.

Cryapunk. JIOBYIIKH 3TOTO THIIA SBISIOTCS MO (HUKAIIEH JABIIKH C KPIOU-
KOM CO BCEMH OCHOBHBIMU 3JIEMEHTAMU: CTOPOXKOK, IIPYKHUHA, KPIOUOK U ObIoIIast
pamka (puc. 11). JIpyroe HazBanue — oByinka CokooBa (IIpOUCXOKICHHUE Ha3Ba-
HUS BBUICHUTH HE YAallOCh; aBTOp Oy[eT MpU3HATENeH 3a Jr00yr0 HHPOPMAIHIO)
[43, 51-53]. XapakrepHas OTIUYMTENbHAs YepTa — L-oOpa3Has ¢opma — obe-
cre4uBaeT 6ojee KOPOTKHUIL X0/ ObIOIEll paMKH, YTO, BO3MOXHO, TIOJIOXKUTEIBEHO
CKa3BIBACTCS HA YIIOBHCTOCTH. [ TaBHBIM NIPEUMYIIIECTBOM JTHX JTABIJIOK SIBIISCT-
cst HeOoJIbIIIas Macca, YTo 00JIerdaeT ux MNepeHoCKy B OONBIINX KoIndecTBax [43,
52]. OGOpOTHOI CTOPOHOH JIETKOCTH CTaa HEOOXOAMMOCTh HCIIONB30BaTh JIO-
MIOJTHUTEIILHBIN AJIEMEHT («SKOPB») JUIA MPEAOTBPAIICHUS YTACKUBAHHSA JIOBYIIEK
MOWMaHHBIMHU 3BEPbKAMH U MPEICTAaBUTEIIMH HEISJICBBIX BUIOB (pHc. 11, ).

Moaudukainuu, He IMEIOIIHE «IKOPs», HeoOxoauMo mpuss3biBaTh (B.H. Boib-
IIaKOB, JINYHOE COOOMICHNUE), UTO JOJDKHO 3aMEIJIATD MIPOIIECC YCTAHOBKH JTaBH-
1ok (puc. 11, b). HecMoTps Ha Bce 3TU MEpBI, «CTYABUUKIY Yallle TepsatoTes [52].
OTcyTCTBHE CIUTONTHOTO OCHOBAHUS HE MO3BOJISICT OTHOCUTH TAHHYIO KOHCTPYK-
LUIO K IJIalKaM. B HacTosiee Bpemst 3TH JIOBYIIKH TPOJOKAIOT TPUMEHSITHCS
[53, 54].

B 30010rHUeCKUX UCCIEIOBAHUAX TAaKXK€ UCIOJIB3YIOT IPOBOIOYHBIE JABUII-
KM, W «IPOBOJIOYHBIC KankaHduku» [55; JL.E. JlykesHOBa, TMYHOE COOOIIE-
Hue]. [To KOHCTpYKIMK OHH MOMOOHBI «CTYABYHUKY» (OCOOEHHO €CIIU UX COTHYTh
TTOTI0JIaM) U BKITIOYAIOT TOT e Habop aneMeHToB (puc. 12, a).

Kak u B ciy4yae «CTYJIBYHKOBY», IIPU OTCYTCTBUU «SKOPSD JIOBYIIKH HYXHO
MpUBA3BIBaTh. [loMrMo Kprouka (cM. puc. 12, a), ucTionb3yeTcs U TPANOBBIA Me-
XaHU3M cpadareiBanus (puc. 12, b). Ha pucyHke npeacrasieHa IpoBOJIOYHas Ja-
Bruiika koHCTpykumu B.JI. Muxaiinosa, nzrorosmssmasics 8 UOPwXK YpO PAH B
70-80-¢ rr. XX B. OTIHuUUTENbHAS YePTa ITOH JIOBYIIKH — HAIWYME Tpama C 3a-
IUTOHN IS IPUMaHKH. [IpOBOSIOYHBIE TAaBIIIKH, O-BHINMOMY, IPOU3BOIIIIICH
B CCCP u Poccuu TOJBKO KycTapHO, 4TO 0OBSICHAET OONBIIOE YUCIO BAPHAHTOB
MIPY CPABHUTEIHHO MaJOM PaCIpPOCTPAHEHUH KaXKIOTO U3 HUX.
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Puc. 11. JIaBuika «CTYIBUUK» IBYX MOAUGHKALMI: @ — IK3EMILISP, TPEIOCTaBICHHBII
B.IO. Iy6poBckuM (JIOBYIIIKA B3BEACHA); b — 3K3EMIUISP, IIPESAOCTABICHHBIH
B.H. BonpimakoBriM (10ByIIKa He B3BeneHa). O003Ha4eHUS: [ — CTOPOXKOK; 2 — IPYXKHHA;
3 — KPIOYOK ISl IPUMAHKH U YCTaHOBKH CTOPOXKKA; 4 — ObIoIIas paMKa; 5 — «SIKOpPb»
(doto: a — B.1O. ly6posckuii, oopabotka — O.B. Tonkaués; b — N.IO. Tonkauésa)
[Fig. 11. Snap trap “stul’chik” [L-shaped wire snap trap] of two modifications: a - The specimen provided

by VYu Dubrovsky (trap is ready to action); b - The specimen provided by VN Bolshakov

(trap is not ready to action). Designations: / - Locking bar; 2 - Spring; 3 - Hook for bait
and installation of the locking bar; 4 - Striker wire (bow); 5 - “anchor”
(Photo: a - by VYu Dubrov, photo processing by OV Tolkachev; b - by I'Yu Tolkacheva)]

Puc. 12. [TpoBosioyHas TaBUIIKa IBYX MOAUGUKAIUN: @ — SK3EMILISP C KPIOUKOM, TIPEJo-
crasieHHbIi My3eem UOPuK YpO PAH (noBymika He B3BeneHa); b — IK3eMILLp C Tpa-
nom, npenocrasieHHblil B.H. Bonburakossim (JloBymka B3BeseHa). O603HaueHUS:

1 — cTOPOXKOK; 2 — MPYKUHA; 3 — KPIOYOK WJIM TpaIl JJIsl IPUMAaHKH U yCTaHOBKHU
CTOpOXKKa; 4 — ObroIas paMka; 5 — «sakopb» (¢poto: 1.10O. Tonkauéa)

[Fig. 12. Wire snap trap of two modifications: a - The specimen with a hook provided
by the Museum of IPAE UB RAS (trap is not ready to action); b - The specimen with a treadle provided
by VN Bolshakov (trap is ready to action). Designations: / - Locking bar; 2 - Spring; 3 - Hook for bait
and installation of the locking bar; 4 - Striker wire (bow); 5 - “Anchor” (Photo by I'Yu Tolkacheva)]

C TOuKH 3peHus MIPAKTUYECKOTO IPUMEHEHHUS BCE YETBIPE JIOBYLIKHU CIEAYET
OOBEMHUTH B OJHY TPYIINY, MOCKOJIBKY OHU HUMEIOT OJJMHAKOBBIE JOCTOMHCTBA
1 HEIOCTATKH 110 CPaBHEHHIO C OCTAIBHBIMH JaBWIKaMu. BeposrHo, Hambomee
TOYHBIM Ha3BaHHEM JUId 3THX JoBymiek (puc. 11, 12) Oyger «mnpoBonouHas jaa-
BIJIKA C KPIOYKOM / TParoM», IMOCKOJIBKY OHO YKa3bIBaeT M Ha MPHUHAICKHOCTD
K TUITy «JaBHJIKa», U HA MEXaHW3M cpabaThiBaHUs, U HA OTIMYUTEIBHYIO Yep-
Ty — MPOBOJIOYHYIO KOHCTPYKIHIO. B Tpodmib JIOBYIIKa «CTYNBEIMK» HAIIOMU-
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HaeT cTya 0e3 HOXKEK, 9TO MOXKET CIIyKUTH OObsSCHeHHeM e HazBaHHI. Kpome
TOTO, Ha3BaHUE «CTYIBUUK» MOXKET MPOUCXOAUTH OT ONHOUMEHHOH IPOMBICIIO-
BOM JIOBYIIKH, KaK B CIydYae C IUTAIIKaMH U JaBWIKaMu. [lepBoe ymommHaHue
HaiiieHo B DHIUMKJIONeandeckoM ciioBape bpokraysa u Edpona [56] B kauecTBe
noBymiky Ha ropHocTasi. B kaure C.A. Kyknmna [9] ecTh prcyHOK 3TOTO yCTpOii-
ctBa (puc. 13). 3auMcTBOBaHHE Ha3BaHHs MOINIO MPOU3OUTH H3-3a CXOJCTBA B
BHZE QXypPHOCTH KOHCTPYKIMH. Ecnu 3Ta Bepcus MomydyuT yOeAuTeabHOE MMO-
TBEPKJICHHUE, TO BCE MPOBONOYHbIE HaBUIKH (puc. 11, 12) MoxxHO OyneT Takxe
Ha3BIBaTh «CTYIBIUK». DTO COOTBETCTBYET ONPEAEICHUIO «CTYIBINKAY, KOTOPOe
nano b.1. llleptenem [43]: «EcTh NOBYIIKH, B KOTOPBIX OTCYTCTBYET A€PEBSHHAS
WJIM KaKas-In0o JIpyrasi OCHOBA, OHA 3aMellleHa BTOPOH METaNTHICeCKOM yTOH, 1
TaKOI! THII JIOBYIIIEK HA3bIBACTCS aBIIKOIT COKOJIOBA U JIOBYIIKOH-CTYTBUUKOM.
B nporuBHOM ciydae 3TO Ha3BaHHE TOHKHO OTHOCHTHCS TOJIBKO K IPOBOJIOYHBIM
naBuikaM L-o6pa3Hoil opMbl. B aHIIOA3IMHOM BapHaHTE THII JIOBYIIKH MOXKHO
YKa3bIBaTh KaK «wire snap-trapy.

Kopunopunk. Brnepseie 3T0T TepMuH BcTpeuaercss B pabore b.C. Buno-
rpanoBa [33]. KoHCTpyKkmusi ycTpoOiCTBa 3HAYUTEIHHO OTIIMYAETCS OT JABHIIOK
— MEXaHU3M CMOHTHPOBaH B KOPOOYATOM KOpIIyCe, a He Ha IIIOCKOIl 0CHOBE, J10-
BYIIKa pacCYWTaHa Ha OTJIOB JO ABYX 3BEPHKOB OJHOBPEMEHHO, METAJLIHYECKAS
pama He Obert, a gymut (puc. 14, a). [loaToMy B aHIJIHIICKOM SI3bIKE MOJOOHBIE
MBIIIEIOBKK HasbiBaroTcs choker (nymmrens), a He snap trap [3, 4]. [maBHBEIM
MPEUMYIIECTBOM TAKHUX JIOBYILIEK SIBISETCS MX HECIOCOOHOCTH MOBPEIUTH KO-
CTH KHBOTHOTO, UTO Ba)KHO, HAIIpIMeD, TSI cO0pa KOJUICKIIMOHHBIX AK3EMIUISIPOB
WY TIPY HAMEPEHUH UCII0JIb30BaTh METOBI TeoMeTpuueckoi Mopdomerpuu. Io
mHenuto b.C. Bunorpanosa, «KOPHIOPYHKI» HYKHO YCTaHABIMBATH, YKPETUIAA
UX KOJBIIIKAMM, YTO aBTOP OTHOCHUT K HEJOCTaTKaM JIOBYHIKH. OHAKO Ha OCHO-
BaHUX COOCTBEHHOTO OITBITA MBI MOXKEM CKa3aTh, YTO B YCIOKHEHHOH YCTaHOB-
Ke Hyx/bl HeT. JIOByIIKU NepeBOPAYNBAIOTCS, TONBKO €CIIH MOMaJaeTcs 3BepeK.
B.C. Bunorpanos [33] Takkxe OTMETHII 00JIee HU3KYIO YIIOBUCTOCTh «KOPHIOPYH-
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Puc. 13. JloBymka «CTYIBIHK» IS JOOBIYH TOPHOCTASI.
Wnmoctpanus u3 kauru C.A. Kykmmna (1938)
[Fig. 13. Ermine trap “stul’chik”. Picture from the book by SA Kuklin (1938)]
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Puc. 14. JloBymika «kopuaopuuk»: @ — u3 padoter b.C. Bunorpaznosa (1921);
b — coBpeMeHHBIII METaJUINYECKUil BapuaHT CO CXeMOH JeicTBuSI.
O6o03HaueHus: | — KPIOYOK ISl IPUMAHKH U YCTaHOBKH CTOPOXKKA;
2 — cropoxok; 3 — gymamas pamka (¢oro: N.10. Tonkauésa)
[Fig. 14. Choker trap: a - From the work of BS Vinogradov (1921); b - Modern metal version
with action scheme. Designations: / - Hook for bait and installation of the locking bar;
2 - Locking bar; 3 - Chocking frame (Photo by I'Yu Tolkacheva)]

Ka» 1o cpaBHeHuIo ¢ naBmikamu «Heroy». CoBpeMeHHas [eNbHOMETALTHYCCKAs
peruiKa «Kopuaopunkay (puc. 14, b), mo-BuauMomy, paboTaeT Jaydine, YeM Jie-
peBsiHHBII 0Opasen 1921 1.

[To HamuM HaOMrOACHUAM, 3()(OEKTHBHOCTD ATHX JIOBYIIEK COIOCTaBHMA C
TPAIOBBIMU JTaBUJIKAMH, TeM OOJiee, YTO BEPOSATHOCTH MOMMKHU OJHOTO 3BEphKa
yaBoeHHas1. K HeocrarkaM «KOpHIOPYUKOBY» HY)KHO OTHECTH UX MEHBIIIYIO KOM-
MAKTHOCTh W 3HAYUTENHHO OOJBIIYI0 CTOMMOCTB 110 CPABHEHHUIO C JIaBUIIKAMHU.
[enecooOpa3HOCTh MX KCIOIB30BAHMUS ISl OLICHOK OOMJIMSI MEJIKUX MIICKOTTUTA-
I0IIMX cropHa. B HacTosee BpeMs B 300JI0TMUECKHX HCCIISIOBAaHUSAX MBIILIEIOB-
KU 3TOTO THUIIa UCIIONB3YIOTCS KpailHe PEKO, IIOCKOJIBKY SIBIISIOTCS HECTaHIapT-
HBIM ¥ MAJIOJOCTYITHBIM OPYIHEM.

BriBoaBI

Ha ocHoBe npoaHanu3npoBaHHOW WHGOpPMALMU CAETaHbI BBIBOJBI, KOTOPHIE
MOTYT OBITH ITOJIE3HBI ISl YHH(DUKAIIMN PYCCKOS3BIIHBIX U aHTIIOS3BIYHBIX Tep-
MUHOB, yNIOTPeOIsIeMbIX B OTHOLUIEHUH MBIIIETIOBOK.

CrnoBa maBWiKa M IUIAIIKa O0O3HAYAOT aBTOMATHYECKHE MEXaHHMUCCKHUE
YCTpPOWCTBA OJHOKPATHOTO JEWCTBUS, MPEIHA3HAUCHHBIE ISl YMEPILBICHUS
MBIIIEBUIHBIX TPBI3YHOB H 3¢MJIEPOEK ITOCPEACTBOM yaapa. Ilnamka, B ommdne
OT JIJaBWJIKH, BCET/Ia UMEET IUIOCKOE CIUIOIHOEe ocHOBaHue. O0a cioBa sSBISIOT-
s TIOJTHBIM aHaJIoToM aHDIos3baHoro flat snap trap wim snap trap. [Tockonbky
Ha3BaHUE JaBWJIKa UMeEeT Oojiee IIMPOKOE 3HAYEHHE W B HAyYHOU JIUTEpaType
YHOTpeOsIeTes Jame, peKOMEHIYeTCsS HCIOIh30BaTh HIMEHHO €T0 paan yHH(DHU-
Kaluu.

s ykazaHUS HAa MEXaHU3M JICHCTBHS NaBIJIKHA HEOOXOIUMO JeaTh YTOUHe-
HUE: UJET JIK PeYb O «TPAIIOBOMY MM «KPIOYKOBOM» BapHaHTe (JaBHIIKA C KPIOY-
KOM WJIM JIaBHJIKA ¢ TparoM; snap trap with hook / treadle).
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[Ipn BO3MOKHOCTH BEIOOpa MPENNOYTCHHE PEKOMEHIYETCSsI OTAABaTh Tpa-
MOBBIM JABUJIKAaM, MTOCKOJBKY OHH OJMKe K oOpasiamM, MPUMEHIEMbIM BO BCEM
mupe. Kpome Toro, JIOByIIKH ¢ Tpanom Oosiee 3GpGeKTHUBHBI, TaK KaK MOTYT cpa-
OarpIBaTh Jaxke O6e3 MpUMaHKU.

B Hacrosmee BpeMs HazBaHME «]'€po» MOXKET yKa3bIBaTh HA TABUIKHA Pa3HOU
KOHCTPYKIIHH, TIO3TOMY €ro JalibHelIIee yrnoTpedieHre HelesiecooOpasHo.

Tur «poBoJIOYHAS JaBUIIKay» (Wire snap-trap) OMUChIBaeT JHOOBIC JABHIIKH U3
MIPOBOJIOKH 0€3 CILIOIIHOIO OCHOBAHUS C KPIOYKOBBHIM HIIM TPAMOBBIM MEXaHH3-
MoM cpabarsiBaHus. JIOByIIKa «CTYTHIHK» — L-00pa3Has pasHOBHIHOCTH IPOBO-
noyno# naBuikH (L-shaped wire snap trap).

JloBymKu-kOpUAOPUYMKH (chokers) SBISIOTCS CaMOCTOSTENBHBIM THIIOM MBI-
IIEJIOBOK U K JTABHIJIKAM HE OTHOCSTCSL.

Asmop npusnameinen Koine2am, NOMO2AGUIUM 6 NOUCKAX PEOKOU TUmepamypbl u 0ocyic-
Oenuu pyronucu, Cesepoamepukanckoll accoyuayuu xonnrekyuonepog nogyuiek (N.A.T.C.A.) u
auuro Tomy Iappy (Tom Parr) 3a npedocmasnennyro pomoepaghuio, kano. buon. nayk M.B. Yu-
bupaky 3a nodapennyro oasunxy Victor, komopas ucnonvzosana é amoui pabome, B.FO. [{yopos-
ckomy 3a ghomoepaghuro dagunxu «cmymvuury, myzeio UOPu)K YpO PAH 3a npedocmagnennwiil
obpasey nposonoynoll nogywku, B.H. borvwakosy 3a 06pasyvl npogorouHou 0asuiKu ¢ mpa-
HOM U «CHIYTLYUKAN.

Jumepamypa

1. Brooks F.E. Notes on the habits of Mice, Moles and Shrews // Report of the Agricultural
Experiment Station for the years 1907 and 1908. West Virginia, 1908. PP. 31-60.

2. Bpom A.D. UnmroctprpoBaHHOE n3naHie « Ki3Hb )KUBOTHBIX» CO MHOXKECTBOMb OJIMTHIIAKEH
n xpomonurorpadissmu Bb fecsit Tomaxb. T. I1: Minekonuratomist. CII6. : 3nanie Beicodaiiine
yTBepKIeHHaro ToBapumectsa «O6mecrseHHas mons3a» u K°, 1893. 730 c.

3. Drummond D. Nineteenth century mouse traps patented in the U.S.A. Galloway : North
American Trap Collectors Association, 2004. 40 p.

4. Drummond D. British mouse traps and their makers. Galloway: North American Trap
Collectors Association, 2008. 96 p.

5. ®apbep C.K., Ilummkun A.C., Bypenmna T.A., IlesmsxoB E.A., Tpumun E.I,
Ieepna C.B. Meroanka 5KOJOrMYECKOTO0 MOHUTOPHMHIA HA apeHIHBIX TEPPUTOPHIX
JIeC0O3aroTOBUTENBHBIX npeanpustuii Cubupu // XBolinbie 6opeanbHoi 30HEL 2008. T. 25,
Ne 1-2. C. 154-159.

6. ConunaM.B. ®ayna Ha3eMHbIX I03BOHOYHBIX JKUBOTHBIX boTanuueckoro cana MpkyTtckoro
TOCYAapCTBEHHOT'O YHHUBEPCHTETA: COBPEMEHHOE COCTOSIHUE H IIEPCIIEKTHBEI COXPAHEHUs //
Baiikanbckuil 30onoruueckuii xypaan. 2009. Ne 1. C. 106—-111.

7. CwmupHoBa A.B., Yroxaesa 10.A. [loBeneHrue OOBIKHOBEHHBIX TOJICBOK, OOUTAIONIMX Ha
TEpPUTOPHU C TOBHINIEHHBIM cozepxaHnueM xpoma // EBpasuiickuii coro3 yuensix. 2015.
Ne 11(20). C. 28-32.

8. Osepcman D. EctectBennas ncropusi OpeHOyprckaro kpas. OpenOyprs: Tumorpadis
IITa6a Otabisraro Opendyprekaro Kopimyca, 1840. 294 c.

9. Kyxmun C.A. 3Bepu u nrunsl Ypana u oxora Ha HuUX. CepanoBck : CepaloBckoe
obacTHOE M31areaLcTBO, 1938. 244 c.



Smumonozun HeKomopwvlx Hazeanuil Jio6yuiex 89

10.

11.

12.
13.

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Dagg J.L. Exploring Mouse Trap History // Evolution: Education and Outreach. 2011.
Vol. 4, Ne 3. PP. 397-414. doi: 10.1007/s12052-011-0315-8

Taccorckmii I'H. K MeToamke 3KOIOrHUECKOTO HCClienoBanus Tepuodaynsl. Hekotopeie
pe3ynbTaThl u3ydeHus ¢ayHsl miekonuTaromux KxHo-Yecypuiickoro kpas // Haydrsie
HoBocTH. 1930. Ne 2/3. C. 16-31.

®dacmep M. DTuMonorudeckuii cinoBaps pycckoro szpika. M. : IIporpecc, 1987. T. 3. 832 c.
Bbanakupes A.E., Muponosa T.A., Xusn JILA., Bacunenko JLE., Oxynosa H.M. K BunoBomy
COCTaBy, paclpoCTpaHEHUIO W dKkoyoruu moiéBok (Mammalia, Cricetidae, Microtina)
ceBepo-3amaaHoro Kaekasa // [ToBomkckmii skonornaeckuit xyprai 2017. Ne 1. C. 14-23.
doi: 10.18500/1684-7318-2017-1-14-23

. CyvuproB 10, [laBeinosa FO.A. BiusiHIE IPOMBIIIIIEHHOTO 3arpsi3HEHHS CPe/Ibl OOUTAHHS

Ha BCTPEYAEMOCTh aHOMAJIBHBIX CIIEPMATO30HIOB Y PhKei noneBku (Myodes glareolus) //
Oxonorus. 2018. Ne 5. C. 403—408. doi: 10.1134/5036705971805013X

Kamuana A.A. ITocnencTBus y4eToB MEJIKHX MJIEKOIHMTAIOIINX METOIOM O€3BO3BPAaTHOTO
n3psaTys // Dxomorust. 2019. Ne 3. C. 211-216. doi: 10.1134/S0367059719030053
Bsneianuknit-bupyns A.A. COOpHUKD HMHCTPYKLIH M HpOrpaMMb JUIS YYaCTHUKOBD
sKkckypciit Bb Cnoups. CII6. : ObmecTBo n3ydenis Cubupu u yimydmieHis es Obita, 1914.
86 c.

Bseranukunit-bupyns A.A., Ipuxonko C.K. MHCTpYKIIis /1 cOOMpaHis MIICKOTUTAIOIINXb.
Hacrasnenist s coObupasisi 300J0THUBCKUXD KOJIIEKIIH, U3/1aBaeMBIs 300JI0THIECKHIMb
My3eeMb MMnepartopckoii akageMin Haykb. Ilerporpanbs: tumorpadis Mmmeparopckoit
akajeMin Haykb, 1916. 32 c.

Bunorpagos B.C., O6onenckuit C.J1. BpenHble W mone3Hble B CEITBCKOM XO3SHCTBE
miexonuraromue. M. ; JI. : TocymapcTBeHHOE M3[aTENBbCTBO CENBbCKOXO3AUCTBEHHOU M
KOJIXO3HO-KOOIIEpaTUBHOU uTepaTypsl, 1932. 222 c.

BaxenoB 10.A. Oco0eHHOCTH HaceleHHs MEJNKHX MIICKONMUTAIONNX IHPOTEHHBIX
coobmiecTB Talirm ® JecocTemHBIX OopoB Bocrtounoro 3abaiikames // BecrHmk
Tomckoro rocynapcTBeHHOro yHHUBepcuTeTra. buomorns. 2016. Ne 1 (33). C. 50-61. doi:
10.17223/19988591/33/4

I'puropkuna E.B., Onenes I'B., Cmupros H.I. 3uMHee pasMHOXeHHE IUKIOMOPQHBIX
MJICKOITUTAIONINX: OT (heHOMeHa K sieieHuto // Jlokmansl akamgemun Hayk. 2019. T. 485,
Ne 5. C. 638-641. doi: 10.31857/S0869-56524855638-641

Kucnenit A.A., PaBkun 10.C., Boromonmoa WM.H., Crapukxo B.II., L[pioymua C.M.,
XKyxos B.C. IlpocTpaHcTBeHHAs] H3MEHYMBOCTE OOMINS CHOMPCKOTO JIEMMHHTa Lemmius
sibiricus (Kerr, 1792) B 3amamnoii Cubupn: HaceleHYeCKHe IOAXOABI NPH aHAIN3e
pacnpenenenus // Bectauk Tomckoro rocynapcTBeHHOTO yHUBepcuTeTa. bronorus. 2019.
Ne 46. C. 115-134. doi: 10.17223/19988591/46/6

Janman E.C. O xauecTBEHHOM cocTaBe (hayHbI TPEI3yHOB HEKOTOPHIX cTaauii Tpoumkoro
JIECOCTEITHOTO 3aITOBETHIKA U €ro OKpecTHocTeH // M3BecTrs [lepMckoro GHOIOrnaecKoro
Hay4HO-HCcClIefoBaTenbckoro uucturyra. 1932, T. 8, Bemm. 3. C. 105-122.

Hanman E.C. Marepuansl 1O 95KOJIOTHM M OHOJNOTHH TPBI3YHOB TpOMIKOTO paiioHa
VYpanobnactn // W3Bectus IlepMckoro OHOIOTHYECKOTO HAyYHO-HCCIIENOBATEIHLCKOTO
uncruryta. 1933. T. 8, Bei. 9-10. C. 375-421.

KamabyxoB H.W., PaeBckuii B.B. Mertonuka u3ydeHHsT HEKOTOPBIX BOIPOCOB JKOJIOTUH
MBIIICBU/IHBIX TPHI3YHOB // BECTHHK MHKPOOHOIOTHH, STIMAEMHOIOTUH U ITapa3UTOJIOTHH.
1933.T. 12, Ne 1. C. 47-62.

Harnau E.C., Bonomuna 3.C., Komssukor B.I. Marepuansl o 3KOJIOTHH M OHONOTHH
Micromammalia VInbMeHCKOTO 3allOBeTHHKA M €r0 OKpeCTHOCTed // YdeHble 3aricKu
Monorosckoro rocygapcrseHHoro ynusepcureta. 1940. T. 4, Ne 1. C. 32-41.

Pamns FO.M. Metoanka moseBoro u3yd4eHust TPhI3yHOB U 60pbObI ¢ HUMHU. PocToB H//T :
Poctuznar, 1947. 159 c.


https://evolution-outreach.biomedcentral.com/articles/10.1007/s12052-011-0315-8
https://pje.sgu.ru/sites/pje.sgu.ru/files/2017/05/pej_2017_1_14-23.pdf
https://elibrary.ru/item.asp?doi=10.1134/S036705971805013X
https://elibrary.ru/item.asp?id=37713813
http://journals.tsu.ru/biology/&journal_page=archive&id=1385&article_id=27731
https://journals.eco-vector.com/0869-5652/article/view/14322
http://journals.tsu.ru/biology/&journal_page=archive&id=1836&article_id=40721

90

O.B. Tonkaués

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Lantz D.E. An economic study of Field mice / U.S. Department of Agriculture, Biological
Survey. 1907. Ne 31. PP. 1-64.

Lantz D.E. How to destroy rats // U.S. Department of Agriculture. Farmers’ bulletin. 1909.
Ne 369. PP. 1-20.

Lantz D.E. Field mice as farm and orchard pests // U.S. Department of Agriculture. Farmers’
bulletin. 1915. Ne 670. PP. 1-10.

Lantz D.E. House rats and mice // U.S. Department of Agriculture. Farmers’ bulletin. 1917.
Ne 896. PP. 1-23.

Lantz D.E. The house rat: the most destructive animal in the world // Yearbook of the
Department of Agriculture. 1917. PP. 235-251.

Merriam C.H. California Ground Squirrels // Public Health Reports (1896-1970). 1908.
Vol. 23, Ne 52. PP. 1861-1864.

Stoner D. The rodents of Iowa // Iowa Geological Survey. 1918. Bulletin Ne 5. PP. 1-172.
Hatt R.T. The Biology of the Voles of New York // Roosevelt Wild Life Bulletin. 1930.
Vol. 5, Ne 4. PP. 513-623.

Taylor W.P. Methods of Determining Rodent Pressure on the Range // Ecology. 1930.
Vol. 11, Ne 3. PP. 523-542. doi: 10.2307/1929217

Pearce J. Albinism in the cinereous shrew // Journal of Mammalogy. 1934. Vol. 15, Ne 1.
P. 67. doi: 10.2307/1373901

Koestner E.J. An annotated list of mammals collected in Nuevo Leon, Mexico, in 1938 //
The Great Basin Naturalist. 1941. Vol. 2, Ne 1. PP. 9-15.

Burt W.H. A Simple Live Trap for Small Mammals // Journal of Mammalogy. 1927. Vol. 8,
Ne 4. PP. 302-304. doi: 10.2307/1373328

Drummond D., Brandt C., Koch J. British mouse traps and their makers. Dorking : Mouse
Trap Books, 2013. 58 p.

Blair W.F. Ecological Relationships of the Mammals of the Bird Creek Region, Northeastern
Oklahoma // The American Midland Naturalist. 1938. Vol. 20, Ne 3. PP. 473-526. doi:
10.2307/2420288

Hatfield D.M. Studies on Rodent Populations in a Forested Area // Journal of Mammalogy.
1938. Vol. 19, Ne 2. PP. 207-211. doi: 10.2307/1374615

Bunorpagos b. UHCTpykumst Juis KOJUISKTUPOBAHMS BPEJHBIX MIICKOIUTAIOMNX U
HaOmoneHuss Hag ux oOpasoM »xw3HH // IleTporpaiackmii arpoHOMHYECKHH WHCTHTYT.
Hayuno-uccnenoBarensckuil  otaen. OHTomonoruueckas craHuus. Cepus B. Ne 2.
[erepOypr : ['ocynapcrBenHOE n3narenscTBo, 1921. 28 c.

edrens b.M. MeTtons! y4eTa YHCICHHOCTH MEJIKHX MiIeKonuTaomux // Russian Journal
of Ecosystem Ecology. 2018. T. 3, Ne 3. C. 1-21. doi: 10.21685/2500-0578-2018-3-4
Tumomkuna O.A. Meroabl MNOIEBBIX MCCICAOBAHUI MEJIKHX MIICKOIMTAIOIIUX:
MeTonuueckue ykasanus. Kpacnospck : Kpacnospckuii roc. arpap. ys-T, 2012. 20 c.
Asepun B.C., Tloramo /I.B., T'amunoBckuit H.I. BunoBas crpykrypa cooOIecTs
MBIIIEBUAHBIX T'PHI3YHOB B YCIOBHSX J0OBYM HedTH pasHbIMH criocobamu // M3Bectust
Tomenbckoro rocynaperseHHoro yauBepcurera uM. @. Cxopunst. 2017. Ne 3 (102). C. 5-10.
TantanKoB B.H. 113 Bociomunanuii Harypanucra. M. : 'eorpadrus, 1958. 326 c.
IMunonumuxka 1IN Hxiumsi rpusynn IpaBoGepexnoro JlicocTeny Ta 3Ha4iHHS OKPEMHX
rpyn y c.-rocnonapctsi / KuiBceka kpaiioBa c.-T. mociigHa cramis. Bignin enTomororii.
1930. Ne 63. C. 1-106.

Opios E.I., Jlonsunrep I K. K MeTonuke konnaecTBeHHOT0 y4era JecHbIX Micromammalia
// Yaensie 3ancku CI'Y. Buonormyeckas cepus. 1937. T. 1(14). C. 167-175.

Hosuxos I'A. TloneBrle HMCCIEIOBaHHS DKOJOTHH HAa3eMHBIX IO3BOHOYHBIX >KHMBOTHBIX.
M. : CoBerckas Hayka, 1949. 662 c.

Hosukxos I'A. TloneBble ucclieoBaHUs IO 3KOJIOTMU HAa3€MHBIX IO3BOHOUYHBIX. M. :
Coserckas Hayka, 1953. 502 c.


https://doi.org/10.2307/1373328
http://rjee.ru/rjee-3-3-2018-4/

Smumonozun HeKomopwvlx Hazeanuil Jio6yuiex 91

51. Menumunackas Tepuonorns / ox pen. A.C. Apramommuna. M. : Hayka, 1979. 330 c.

52. Kapacesa E.B., Temmuusina A.lO., Kuransckuit O.A. MeTonsl u3ydeHusl rpbI3yHOB B
nonesbix yenosuax. M. : JIKH, 2008. 416 c.

53. ly6poeckuii B.}O. CrpykTypa HacelneHHs TPHI3YHOB W HACEKOMOSTHBIX 3aIlOBETHHKA
B mepuoa npem3umMbs // Hayureie Tpymsl [0CyIapcTBEHHOTO MPUPOTHOTO 3aMOBEIHUKA
«bonpmas Kokmaray. 2017. Beim. 8. C. 396-402.

54. yopoeckuii B.1O., Cumakun JI.B. CpaBHuTeNbHAs OIEHKA JIBYX MOTU(PHKAIUA ydera
YHCJICHHOCTH MEIKUX MIICKOMUTAIONINX IHIHHApPaMy // 3oomormdeckuid xypHait 2012.
T. 91, Ne 5. C. 635-638.

55. JlykpsiHoB O.A. OrlieHMBaHWE YUCICHHOCTH OCE/UIBIX M TIOTOKA TPAH3WTHBIX 0OCOOCH
B TOMYJISAIMSIX MEJIKHX MIJICKOIMUTAIONIMX METOJOM MHOTOCYTOYHOTO OE3BO3BPATHOTO
H3BATHS B OJHOMECTHEIE JIOBYIIKH // DKomnorust. 1989. Ne 2. C. 32-41.

56. Dunmknonenuueckuit cnosaps / moxa pen. K.K. ApcenneBa, @.®. [Terpymresckoro. CIIO. :
WznarensctBo @.A. Bpokraysa u U.A. Edpona, 1893. T. 17. 496 c.

Tlocmynuna 6 pedaxyuio 06.06.2019 e.; nosmopro 11.10.2019 2.;
npunsma 07.11.2019 e.; onyonuxosana 27.12.2019 .

Caezienusi 06 aBTope:

Tonkauée Onez Bnaoumuposuu — kaup. 6HON. HayK, C.H.C. TJabopaTopuu (yHKIHOHAIBHON YKOJIOTHU Ha-
3eMHBIX KHBOTHBIX, IHCTHTYT dKonoruu pactenuil u xuBoTHBIX YpO PAH (Poccus, 620144, r. Exarepun-
Oypr, yi. 8 Mapra, 202).

ORCID iD: http://orcid.org/0000-0002-5673-7816

E-mail: olt@mail.ru

For citation: Tolkachev OV. Etymology of some names of traps applied in the studies of
small mammals. Vestnik Tomskogo gosudarstvennogo universiteta. Biologiya = Tomsk State
University Journal of Biology. 2019;48:73-96. doi: 10.17223/19988591/47/4 In Russian,
English Summary

Oleg V. Tolkachev

Institute of Plant and Animal Ecology, Ural Division of the Russian Academy of Sciences, Yekaterinburg,
Russian Federation

Etymology of some names of traps applied in the studies of small mammals

Mouse-like rodents and shrews are among the traditional objects in zoological and
ecological studies. Such work often involves capturing animals, which can be carried out
by many methods, but the type of used tools can be only divided into three main ones:
pitfall traps, live traps and snap traps. In the latter case, different designs of mousetraps
are applied. This method, though not without drawbacks, is widespread because of
its simplicity and availability. It has been used in science for more than a century, so
many variants of snap traps have been developed to date. There are different terms for
their designation in Russian. There is no complete correspondence between the names
and designs of traps in Russia and abroad, which makes it difficult for researchers to
understand each other. All this does not contribute to the standardization of the method
and the comparability of the results obtained by different authors. The aim of this
study was to clarify the etymology of Russian-language names and the history of the
development of lethal traps for small rodents and shrews in zoological studies. The
work is based on the analysis of scientific literature in Russian and in English. The
results are presented in sections, each of which being devoted to one of the names of
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traps (See Fig. 1-14). Although the aim of the work was to clarify the origin of Russian
terms, their analysis in isolation from the rest of the world was absolutely impossible.
Therefore, the results include both Russian-language and the related English-language
words: “myshelovka” [mouse trap], “plashka” [flat snap trap], “davilka” [flat snap trap],
“gil’otinka” [guillotine], “Gero” [Hero trap], “koridorchik” [choker]. The meaning of
some Russian names of mousetraps found in zoological publications is not obvious to
English-speaking readers without special explanations that are given in this work.

Parallels in the evolution of mousetrap design in Russia and other countries were
revealed. Facts of borrowing and russification of English names were discovered.
Conclusions were made aimed at the unification of terms and designs of traps used
in Russian zoological works. The words “davilka” and “plashka” denote automatic
mechanical devices of single action designed to catch rodents and shrews by a strike. Both
words are a complete analogue of the English “flat snap trap” or “snap trap”. Since the
name “davilka” has a broader meaning and is used more often in the scientific literature in
Russian, it is recommended to use it for the sake of unification. To indicate the mechanism
of action of the “davilka”, it is necessary to clarify whether it is a snap trap with a hook or
a snap trap with a treadle as a trigger. When it is possible to choose, it is recommended to
give preference to the snap trap with a treadle, as it is closer to the samples used worldwide.
In addition, traps with a treadle are more effective, as they can work even without bait.
Currently, the name “Gero” (Hero trap) may indicate snap traps of different designs, so its
further use is impractical. The “stul’chik” trap is an L-shaped variety of a wire snap trap.
The trap “koridorchik” (choker) is an independent type of mousetrap and does not belong
to the kind of “davilka” (snap trap). In most Russian works published in English, lethal
mechanical mousetraps are called “snap trap” regardless of the design features. The paper
systematizes the Russian names of lethal mechanical mousetraps taking into account their
designs and classification used in English-language scientific works. Depending on the
type of traps, Russian researchers are encouraged to employ the following terms: “flat
snap trap with a treadle” (See Fig. 7), “flat snap trap with a hook” (See Fig. 10), “wire
snap trap with a treadle” (See Fig. 12b), “wire snap trap with a hook” (See Fig. 12a) and
“L-shaped wire snap trap” (See Fig. 11).

The paper contains 14 Figures and 56 References.

Key words: mousetrap; snap trap; guillotine; Gero (Hero) trap; small mammals;
rodents.

Funding: This study was performed within the framework of the state contract with
the Institute of Plant and Animal Ecology, Ural Branch, Russian Academy of Sciences.

Acknowledgments: The author is grateful to the colleagues who helped in
searching rare literature and discussing the manuscript: the North American Trap
Collectors Association (N.A.T.C.A.) and personally Tom Parr for providing the photo,
MYV Chibiriak for the donated Victor trap, which was used in this research, VYu
Dubrovskiy for the photo of the trap “stul’chik”, Museum of the Institute of Plant and
Animal Ecology UB RAS for the provided specimen of a wire trap, VN Bolshakov for
the specimen of a wire trap and “stul’chik”.

No animals were harmed in this research.

The author declares no conflict of interest.

References

1. Brooks FE. Notes on the habits of Mice, Moles and Shrews. Report of the Agricultural
Experiment Station for the years 1907 and 1908. West Virginia. 1908. pp. 31-60.

2. Brehm AE. Brehm’s Life of Animals. Vol. 2. Mammals. Translate from Germany 3rd edition:
lustrirtes Thierleben. Eine allgemeine Kunde des Thierreichs. Brehm AE, Schmidt EO
and Taschenberg EL. 10 Vols. Hildburghausen, Bibliographisches Institut, 1864-1869.



Smumonozun HeKomopwvlx Hazeanuil Jio6yuiex 93

Sent-Iler KK, editor. St. Petersburg: “Obshchestvennaya pol’za” i Ko Publ.; 1893. 730 p.
In Russian

. Drummond D. Nineteenth century mouse traps patented in the U.S.A. Galloway: North

American Trap Collectors Association; 2004. 40 p.

. Drummond D. British mouse traps and their makers. Galloway: North American Trap

Collectors Association; 2008. 96 p.

. Farber SK, Shishikin AS, Burenina TA, Shevlyakov EA, Trishin EG, Sheverda SV.

Metodika ehkologicheskogo monitoringa na arendnykh territoriyakh lesozagotovitel'nykh
predpriyatiy Sibiri [Methodology of ecological monitoring for leased territories of forestry
companies in Siberia]. Khvoynye boreal’noy zony = Conifers of the Boreal Zone. 2008;25(1-
2):154-160. In Russian

. Sonina MV. Fauna nazemnykh pozvonochnykh zhivotnykh Botanicheskogo sada Irkutskogo

gosudarstvennogo universiteta: sovremennoe sostoyanie i perspektivy sokhraneniya
[Fauna of ground vertebrate animals of the botanical garden of Irkutsk State University:
The modern state and prospects of preservation]. Baykal'skiy Zoologicheskiy Zhurnal.
2009;1:106-111. In Russian

. Smirnova AV, Ugozhaeva YuA. Povedenie obyknovennykh polevok, obitayushchikh na

territorii s povyshennym soderzhaniem khroma [The behavior of common voles living in
areas with a high content of chromium]. Evraziyskiy Soyuz Uchenykh = Eurasian Union of
Scientists. 2015;11-1(20):28-32. In Russian

8. Eversman E. Yestestvennaya istoriya Orenburgskago kraya [Natural history of Orenburg region].

Orenburg: Tipografiya Shtaba Otdel nago Orenburgskago Korpusa Publ.; 1840. 294 p. In Russian

9. Kuklin SA. Zveri i ptitsy Urala i okhota na nikh [Mammals and birds of the Urals and hunting

10.

11.

12.

13.

14.

15.

16.

17.

18.

them]. Sverdlovsk: Sverdlovskoye oblastnoye izdatel’stvo Publ.; 1938. 244 p.
Dagg JL. Exploring Mouse Trap History. Evolution: Education and Outreach.2011;4(3):397-
414. doi: 10.1007/s12052-011-0315-8
Gassovskiy GN. K metodike ekologicheskogo issledovaniya teriofauny. Nekotoryye rezultaty
izucheniya fauny mlekopitayushchikh Yuzhno-Ussuriyskogo kraya [On the methodology of
ecological teriofauna studies. Some results of studying the mammalian fauna in the South
Ussuri region]. Nauchnyye novosti [Sciences News]. 1930;2/3:16-31. In Russian
Fasmer M. Etimologicheskiy slovar’ russkogo yazyka [Etymological dictionary of the
Russian language]. Vol. 3. Moscow: Progress Publ.; 1987. 832 p. In Russian
Balakirev AE, Mironova TA, Khlyap LA, Vasilenko LE, Okulova NM. On the specific
composition, distribution and ecology of voles (Mammalia, Cricetidae, Microtina)
in the North-Western Caucasus. Povolzhskiy Journal of Ecology. 2017;1:14-23. doi:
10.18500/1684-7318-2017-1-14-23 In Russian
Smirnov GYu, Davydova YuA. Effect of industrial pollution of the environment on the
frequency of abnormal spermatozoa in the bank vole, Myodes glareolus. Russian Journal
of Ecology. 2018;49(5):459-463. doi: 10.1134/S1067413618050132
Kalinin AA. The consequences of small mammal censuses by method of irreversible removal.
Russian Journal of Ecology. 2019;50(3):262-267. doi: 10.1134/S1067413619030056
Byalynitskiy-Birulya AA. Sbornik instruktsiy i programm dlya uchastnikov ekskursiy v Sibir’
[Collection of instructions and programs for participants of excursions to Siberia]. St. Petersburg:
Obshchestvo izucheniya Sibiri i uluchsheniya yeya byta Publ.; 1914. 86 p. In Russian
Byalynitskiy-Birulya AA, Prikhodko SK. Instruktsiya dlya sobiraniya mlekopitayushikh.
Nastavleniya dlya sobiraniya zoologichvskikh kollektsiy, izdavayemyya zoologicheskim
muzeyem Imperatorskoy akademii nauk [Instructions for collecting mammals. Instructions
for zoological collections, published by the Zoological Museum of the Imperial Academy of
Sciences]. Petrograd: Tipografiya Imperatorskoy akademii nauk Publ.; 1916. 32 p. In Russian
Vinogradov BS, Obolenskiy SI. Vrednyye i poleznyye v sel’skom khozyaystve
mlekopitayushchiye [Harmful and useful mammals in agriculture]. Moscow-Leningrad:


https://evolution-outreach.biomedcentral.com/articles/10.1007/s12052-011-0315-8
https://pje.sgu.ru/sites/pje.sgu.ru/files/2017/05/pej_2017_1_14-23.pdf
https://link.springer.com/article/10.1134%2FS1067413618050132
https://link.springer.com/article/10.1134%2FS1067413619030056

94

O.B. Tonkaués

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

Gosudarstvennoye izdatel’stvo sel’skokhozyaystvennoy i kolkhozno-kooperativnoy
literatury Publ.; 1932. 222 p. In Russian

Bazhenov YuA. Features of taiga and forest-steppe pine forest mammals of pyrogenic
communities in the Eastern Transbaikalia. Vestnik Tomskogo gosudarstvennogo
universiteta. Biologiya = Tomsk State University Journal of Biology. 2016;1(33):50-61.
doi: 10.17223/19988591/33/4 In Russian, English Summary
Grigorkina EB, Olenev GV, Smirnov NG. Winter reproduction of Cyclomorphic Mammals:
From a case to the phenomenon. Doklady Biological Sciences. 2019;485(1):52-55. doi:
10.1134/S0012496619020108
Kislyi AA, Ravkin YuS, Bogomolova IN, Starikov VP, Tsybulin SM, Zhukov VS. Spatial
variability of the Siberian brown lemming Lemmus sibiricus (Kerr, 1792) abundance
in Western Siberia: Population approaches in distribution analysis. Vestnik Tomskogo
gosudarstvennogo universiteta. Biologiya = Tomsk State University Journal of Biology.
2019;46:115-134. doi: 10.17223/19988591/46/6 In Russian, English Summary

Danini ES. O kachestvennom sostave fauny gryzunov nekotorykh stadiy Troitskogo
lesostepnogo zapovednika i ego okrestnostey [On the qualitative contents of the fauna of
rodents in some stages of the Troitsk Reserve (Transural region)]. Izvestiya Permskogo
Biologicheskogo Nauchno-Issledovatel skogo Instituta. 1932;8(3):105-122. In Russian
Danini ES. Materialy po ekologii i biologii gryzunov Troitskogo rayona Uraloblasti [Materials
on the ecology and biology of rodents in Troitsk region of Ural oblast]. Izvestiya Permskogo
Biologicheskogo Nauchno-Issledovatel skogo Instituta. 1933;8(9-10):375-421. In Russian
Kalabukhov NI, Rayevskiy VV. Metodika izucheniya nekotorykh voprosov ekologii
myshevidnykh gryzunov [Methods of studying some questions of the ecology of mouse-like
rodents]. Vestnik Mikrobiologii, Epidemiologii i Parazitologii. 1933;12(1):47-62. In Russian
Danini ES, Volodina ZS, Kotlyachkov VG. Materialy po ekologii i biologii Micromammalia
II’'menskogo zapovednika i yego okrestnostey [Materials on Micromammalia ecology
and biology of the Ilmen reserve and its surroundings]. Uchenyye Zapiski Molotovskogo
Gosudarstvennogo Universiteta. 1940;4(1):32-41. In Russian
Rall’ YUM. Metodika polevogo izucheniya gryzunov i bor’by s nimi [Methods of field studies
of rodents and rodent control]. Rostov na Donu: Rostizdat Publ.; 1947. 159 p. In Russian
Lantz DE. An economic study of Field mice. U.S. Department of Agriculture, Biological
Survey. 1907;31:1-64.

Lantz DE. How to destroy rats. U.S. Department of Agriculture. Farmers’ Bulletin.
1909;369:1-20.
Lantz DE. Field mice as farm and orchard pests. U.S. Department of Agriculture. Farmers’
Bulletin. 1915;670:1-10.

Lantz DE. House rats and mice. U.S. Department of Agriculture. Farmers’ Bulletin.
1917;896:1-23.

Lantz DE. The house rat: The most destructive animal in the world. Yearbook of the
Department of Agriculture 1917. 1917;235-251.

Merriam CH. California Ground Squirrels. Public Health Reports (1896-1970).
1908;23(52):1861-1864.
Stoner D. The rodents of lowa. lowa Geological Survey. 1918;5:1-172.
Hatt RT. The biology of the voles of New York. Roosevelt Wild Life Bulletin. 1930;5(4):513-
623.
Taylor WP. Methods of determining rodent pressure on the range. Ecology. 1930;11(3):523-
542. doi: 10.2307/1929217

Pearce J. Albinism in the cinereous shrew. J Mammalogy. 1934;15(1):67. doi:
10.2307/1373901
Koestner EJ. An annotated list of mammals collected in Nuevo Leon, Mexico, in 1938. The
Great Basin Naturalist. 1941;2(1):9-15.


http://journals.tsu.ru/biology/en/&journal_page=archive&id=1385&article_id=27731
https://link.springer.com/article/10.1134%2FS0012496619020108
http://journals.tsu.ru/biology/en/&journal_page=archive&id=1836&article_id=40721
https://doi.org/10.2307/1929217
https://doi.org/10.2307/1373901

Smumonozun HeKomopwvlx Hazeanuil Jio6yuiex 95

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

Burt WH. A simple live trap for small Mammals. J Mammalogy. 1927;8(4):302-304. doi:
10.2307/1373328
Drummond D, Brandt C, Koch J. British mouse traps and their makers. Dorking: Mouse
Trap Books; 2013. 58 p.
Blair WF. Ecological relationships of the Mammals of the Bird Creek Region, Northeastern
Oklahoma. The American Midland Naturalist. 1938;20(3):473-526. doi: 10.2307/2420288
Hatfield DM. Studies onrodent populations in a forested area. / Mammalogy. 1938;19(2):207-
211. doi: 10.2307/1374615

Vinogradov B. Instruktsiya dlya kollektirovaniya vrednykh mlekopitayushchikh i
nablyudeniya nad ikh obrazom zhizni [Instructions for collecting harmful mammals and
observing their lifestyle]. St. Petersburg: Gosudarstvennoye izdatel’stvo Publ.; 1921. 28 p.
In Russian
Sheftel BI. Metods for estimating the abundence of small mammals. Russian Journal of
Ecosystem Ecology. 2018;3(3)1-21. doi: 10.21685/2500-0578-2018-3-4 In Russian

Timoshkina OA. Metody polevykh issledovaniy melkikh mlekopitayushchikh:
metodicheskie ukazaniya [Methods of field studies of small mammals: Guidelines].
Krasnoyarsk: Krasnoyarsk State Agrarian Univ. Publ.; 2012. 20 p. In Russian
Averin VS, Potapov DV, Galinovsky NG. Species structure of mouse-rodent communities
in conditions of oil production in different ways. Proceedings of Francisk Scorina Gomel
State University. Natural Sciences. 2017;3(102):5-10. In Russian
Shnitnikov VN. Iz vospominaniy naturalista [From the memories of a naturalist]. Moscow:
Geografgiz Publ.; 1958. 326 p. In Russian

Pidoplichka IG. Shkidlivi grizuni Pravoberezhnogo Lisostepu ta znachinnya okremikh
grup u s.-gospodarstvi [Harmful rodents of the right bank forest-steppe and the value of
some groups in the agricultural economy]. Kiivs 'ka krayova s.-g. doslidna statsiya. Viddil
entomologii. 1930;63:1-106. In Ukranian
Orlov EI, Lonzinger GK. K metodike kolichestvennogo ucheta lesnykh Micromammalia
[On the methods of quantitative accounting of forest Micromammalia]. Uchenyye zapiski
Saratovskogo Gosudarstvennogo Universiteta. Biologicheskaya seriya. 1937;1(14):167-
175. In Russian
Novikov GA. Field studies of the ecology of terrestrial vertebrates [Field studies of the
ecology of Terrestrial Vertebrates]. Moscow: Nauka Publ.; 1949. 662 p. In Russian
Novikov GA. Polevyye issledovaniya po ekologii nazemnykh pozvonochnykh [Field studies
of the ecology of Terrestrial Vertebrates]. Moscow: Nauka Publ.; 1953. 502 p. In Russian
Meditsinskaya teriologiya [Medical theriology]. Artamoshina AS, editor. Moscow: Nauka
Publ.; 1979. 330 p. In Russian
Karaseva EV, Telitsina AYu, Zhigalsky OA. The methods of studying Rodents in the Wild
Nature. Moscow: LKI Publ.; 2008. 416 p. In Russian
Dubrovskiy VYu. Struktura naseleniya gryzunov i nasekomoyadnykh Zapovednika v period
predzim”ya [Structure of rodents and insect-eaters population in “Bolshaya Kokshaga”
Nature Reserve in pre-winter period]. Nauchnye Trudy Gosudarstvennogo Prirodnogo
Zapovednika “Bol'shaya Kokshaga”.2017;8:396-402. In Russian
Dubrovskiy VYu, Simakin LV. Registration of small mammal numbers using pit-falls under
artificial and natural guiding objects: Comparison of two methods. Zoologicheskiy Zhurnal.
2012;91(5):635-638. In Russian

Luk'yanov OA. Otsenivanie chislennosti osedlykh i potoka tranzitnykh osobey v
populyatsiyakh melkikh mlekopitayushchikh metodom mnogosutochnogo bezvozvratnogo
iz"yatiya v odnomestnye lovushki [Estimation of the number of settled and the flow of
transit individuals in small mammal populations by the method of long-term irretrievable
withdrawal into single traps]. Russian Journal of Ecology. 1989;2:32-41. In Russian


https://www.jstor.org/stable/2420288
https://doi.org/10.2307/1374615
http://rjee.ru/rjee-3-3-2018-4/

96 O.B. Tonkaués

56. Ehntsiklopedicheskiy slovar' [Encyclopedic dictionary]. Vol. 17. Arsen’ev KK and
Petrushevskiy FF, editors. St. Petersburg: FA Brokgauza and IA Efrona Publ.; 1893. 496 p.
In Russian

Received 06 June 2019; Revised 11 October 2019;
Accepted 07 November 2019, Published 27 December 2019

Author info:

Tolkachev Oleg V, Cand. Sci. (Biol.), Senior Researcher, Laboratory of Functional Ecology of Terrestrial
Animals, Institute of Plant and Animal Ecology, Ural Branch of the Russian Academy of Sciences, 202a 8
Marta Str., Yekaterinburg 620130, Russian Federation.

ORCID iD: http://orcid.org/0000-0002-5673-7816

E-mail: olt@mail.ru


http://orcid.org/0000-0002-5673-7816
mailto:olt@mail.ru

Becmnuk Tomckozo zocyoapcmeennozo ynusepcumema. buonozua. 2019. Ne 48. C. 97-114

OU3NO0JIOT'UA

VIK 612.1:159.944:615.837
doi: 10.17223/19988591/48/5

I0.A. bonaapuyk' 2, M.H. Hocora' 2, U.1. IllaxmaToB'-2

! Anmatickuii 2ocydapcmeennviil meouyurckuil ynueepcumem, 2. bapnayn, Poccus
2 Hayuno-uccine0o8amensCckuti UHCmumym u3uonocuu
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Biausinne 1JINTEJLHOCTH YJIBTPa3BYKOBOIO
BO3/1eliCTBUS HA COCTOSIHME MUKPOIUPKYJISITOPHOIO
pycJia U CHCTeMbI FeM0CTa3a y KpbIC

C nomowpwio ynvmpaszeykoeozo 6o3lelicmeus ¢ uacmomou 25 xly, cunoi
7,7340,03 Bm/cm? u yposnem 38ykogoeo oOaenenuss 89,0 0B mooenuposanu
cocmosanue Heuszbezaemozo cmpecca y Kpvic. B kauecmee kpumepues paszgumus
NCUXOIMOYUOHATILHO2O CIMPECca UCNOAb308ANUCH NOKA3AMENU MUKPOYUPKYIAYUU U
eemocmasa. Yemanoeneno, umo 24-uacoeas u 7-OHeSHASL SKCNOZUYUU VIbMPA3EYKA
6bI3LIBANU Y ONBIMHBIX KPbIC COCMOSHUE CIMPECCd, BbIPAXCABUEECs 6 POPMUPOBAHUU
CnasmMa cocyoos MUKpOYUpKYIAMOPHO20 pPYCIA, NO8IeKuteco 3a Co00l paszeumiue
uwemuu mraueti. Kpome mozo, evisenena 6mopuuHocmv cO08U208 noKazamenet
2emMocmasa no OMHOUIEHUIO K USMEHEHUAM MUKDOYUPKYIAMOPHO20 DYCAA, MAKHCE
OEMOHCMPUPYIOWUX — pazeumue Cmpecc-peakyuu, NoomeepiHCOeHHOU  OAHHbIMU
no  YBeNUHeHUI0 KOHYEHMpayuu 6 Kposu AOPEeHOKOPIMUKOMPONHO20 —20PMOHA
(AKTT), xopmusona u pe3ynomamamu USMeHeHus no8e0eH4ecKUx peaxyuil 6 mecme
«Omxkpwvimoe noney. Y kpuvic, no0gepauiuxcs 00HOOHEBHOU IKCNO3UYULU VIILINPA3EYKOM,
noKazameny 2emMocmasa ompeazuposanu 6onee 8blPAHCEHHbIMU OMKIOHEHUAMU NO
CPABHEHUIO ¢ MAKOBLIMU NOCIE CEMUOHEBHO20 6030eliCMBUs, UMO CEUOEmelbCmayem
0 hopmuposanuu adanmayuu 6 omeem Ha OaumenvHoe deticmeue cmpeccopa. Taxum
06paszom, noryuenHvle pe3ybmamsl UCCIe008aHUSL MO2YNI CEUOEMENbCME08AMNb O TNOM,
Umo OUAZHOCIUKA NAPAMEMPO8 CUCIEMbL MUKDOYUPKYIIAYUU U 2eMOCMA3A AGIAEMCSL
YYECMEUMETbHBIM CROCODOM OYEHKU COCOAHUS NCUXOIMOYUOHATLHOZO CIPEcCd.

Ki1roueBblie CJI0Ba: 11CUX0IMOYUOHATLHBLIL CIPECC; YIbMPA38yKo8oe 8030elicmeaue;
MUKDOYUPKYIIAMOPHOE PYCILO, CUCEMA 2eMOCA3A, MPpOMOOINACOMEMPUSL.

BBenenune

OnmHIM U3 OCHOBHBIX CTPECCOPHBIX (PaKTOPOB, BO3ICHCTBYIONINX Ha YelIOBe-
Ka B COBPEMEHHOM O0ILECTBE, SIBIISETCS CUTyallusi XpOHUYECKO HH(popMaIoH-
HOU HEOTIPEIEIICHHOCTH, BBI3BIBAIONIASI Y HETO ICTPECCUBHO-IIONOOHOE COCTOS-
HUE, UTparollee CyIEeCTBEHHYIO POjib B (JOPMUPOBAHUH TICHXOIMOIMOHATBHOTO
ctpecca [1]. Cpenut BOBMOXKHBIX HOCHUTENIEH WH(POPMAIMU CIICAYET BBIACITUTH
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VABTPa3ByKOBEIC BOJIHEI, IPEACTABISIONINE COOOH YIPYyTHE 3BYKOBEIE KOIEOAHMUS
BbICOKOU yacToThl (cBbimre 20 k'), oOnagaroniue MarepuaaibHBIMU CBOWCTBAMH
W HEeCyIUe ONpeeIICHHYIO SHEPTHIO [2]. YIBTpa3ByK cllOCOOCH BHI3BIBATH B Op-
raHU3Me YeJIOBEeKa HapyIIeHUs] TeMOANHAMUKU B MUKPOIIMPKYISITOPHOM pyclie ’
MTOKA3aTEIIX CHCTEMBI TEMOCTA3a.

B 370l CBSI3M MEpCEeKTUBHBIM MPEACTaBISIETCd U3yUeHHE BO3IEHCTBHS Ha
71a00paTOPHBIX KUBOTHBIX YIBTPA3BYKOBEIX BOJH IIEPEMEHHBIX YacTOT, SIBILSIO-
LIUXCSl y TPHI3YHOB CPENICTBOM 300COIHANIbHON KOMMYHUKalnu. Kpome Toro, BbI-
SIBJICHO, 9TO y >KUBOTHBIX, CIOCOOHBIX BOCIIPHHUMATH YIBTPa3ByKOBEIC BOJHEI,
9TOT (DaKTOp BBI3BIBAET €Il M NICHXOAMOIMOHAIBHBIN cTpecc. Tak, u3myuyarenu
¢ actoToit 35, 38, 40 n 50 k'l pazapaxanu u 1eMoOHIn30BaIn Kpbic [3]. Yera-
HOBJIEHO, YTO KOJIEOAHUs C 4acTOTOM BOiH 22-25 kIl M3Har0TCs KUBOTHBIMU
MIPY HAJTMYHH NCTOYHUKA OTTACHOCTH, ITOCIIE TOPA’KeHNUS B CXBATKe, IIpU 00JIEBOM
Bo3zeiicTBu [4]. CUTyaIuio MacCHPOBaHHOTO HEN30eraeMoro NoToka nHpopMma-
IIUH MOYKHO CMOJEIMPOBATh BO3IEHCTBHEM YIBTPA3BYKOBOTO U3ITyUCHHS Pa3HOM
4acTOThI, KOTOpOe OyJeT BBI3BIBATh Y KPBIC COCTOSHUE cTpecca. B ycnoBusx xe
JUTUTEIHHOM SKCIIO3UIINH Y )KHBOTHBIX BO3MOXKHO Pa3BUTHE JETIPECCHBHO-TION00-
HOTO cocTostHus [1].

CrpeccopHoe BO3/IEICTBHE 3a CUET 3HAYUTEIHHOTO MOBBHIIICHUS YPOBHS Ka-
TEXOJAMHUHOB B KPOBH BBI3BIBAET CY>KEHHE COCYAOB M MOXKET MPUBOIUTH K pas-
BHTHIO HAapyIICHUH B CHCTEME MUKPOUHPKYSIHU. TeM He MeHee BOIPOCH Ma-
TOTEHETUYECKOTO BIIMAHUS CTPECCA Ha CEPACYHO-COCYAUCTYIO CUCTEMY JI0 KOHIIa
He m3ydeHbl. HebnarompusitHoe Bo3neiicTBHEe (aKTOPOB pPHUCKA CEPACIHO-COCY-
JUCTBIX 3a00JIeBaHMIA, COTJIACHO COBPEMEHHBIM IPENCTaBICHUSIM, peaIn3yeTcs
Yyepes HapylieHHe QYHKIUN COCYAUCTOro sHaoTenus [5]. B paHHue cpoku nei-
CTBHS CTPECCOPOB MPOUCXOAUT (HOPMUPOBAHME SHAOTETUAILHOW TUCHYHKIIUH,
MIPUBOISIICH, HATPUMED, B CPEAHUX COCYAaX MBIIICIHOTO THITA MO3Ta YeIOBEKa
K TIOBBIIIIEHUIO COCYJUCTOTO TOHYCA U YBEIUYEHHUIO MEepUPEPUUECKOTO COMpO-
THUBIICHHSA [6].

OnHaKko BO3HMKHOBEHHME OCTPOI MIIEMUHM TKaHHW 3aBUCHT HE TOJBKO OT CO-
CTOSIHUSI HEMPOTYMOPANBEHON PETYISIMHA COCYANCTOTO TOHYCA, HO M OT PEOIIo-
TUYECKHUX CBOMCTB KPOBU, BO MHOTOM ONpEAEeMbIX CUCTEMOH reMocTasa. [lo-
CIICITHSS SIBISIETCSI OHON M3 HanOoJiee peaKTHBHBIX CHCTEM OpTaHN3Ma, a BayKHas
POJb TEMOCTA3HONIOTUYECKUX MMapaMeTPOB B Tpolieccax aJanTaluu K AeHCTBUIO
CTPECCOPHBIX (haKTOPOB HE BHI3bIBaCT COMHEHHS [7]. COBpeMEHHBI HHTETPalhb-
HBIIi METOJl TPOMOOIACTOMETPUH, IPUMEHSIEMBbIH B paMKax SKCIepUMEHTaIb-
HBIX UCCIICJOBAHUH, TO3BOJISIET OLIEHUTH (OPMHUPOBAHIE 1 MOCIICAYIOMINH JIH3HC
(huOpPUHOBOTO CrycTKa; OOHAPYKHUBAET KaK TUIIO-, TAK M TUIEPKOATYNISAIMOHHbIE
COCTOSIHHST; SIBIISICTCSl HAJEKHBIM SKCIPECC-TECTOM UIS THATHOCTHKH THIEphH-
OpuHoM3a [8] 1 BEeHO3HOTO TpoMOoIMboIH3Ma [9].

B macrosmee BpeMsi aKTyaJlbHBIME SIBIISTIOTCS HAYYHBIE HCCIICIOBAHUS, Ha-
MpaBJieHHbIE HA MOMCK BO3MOXKHBIX MPEIUKTOPOB PA3BUTHUS CEPACUHO-COCYIIH-
CTBIX 3a00JICBaHUI W MX OCJIIOKHEHHA. B 3TOH CBS3M NEPCIICKTHBHBIM SBIISICTCS
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H3y4YeHHUE POJIM MOKa3aTeael MUKPOLMPKYJISALUU U FeMOCTa3a B KaueCTBE KpUTe-
pHUEB pa3BUTHUS IICUXOAMOIMOHAIBHOTO CTpecca.

Lens paboTHI — ONEHUTH BIISIHAC JUTHTEIBFHOCTH YIBTPAa3BYKOBOTO BO3JEH-
CTBUSI Ha COCTOSIHUE MUKPOLIMPKYIISITOPHOTO PYyCila M CUCTEMBI TEMOCTa3a y KpbIC.

MaTepnam,I U METOAUKH HCCJICT0BAHUSA

HccnenoBanust BBITOIHEHB! HA 42 3M0pOBBIX KpbIcax-camiax JIHuU Wistar 3-Me-
CSIYHOTO Bo3pacTa ¢ Maccoit Tena 25020 1. JKuBoTHBIE ObIIH pa3zieNieHbl Ha TPH TPYII-
bl — 1 kKoHTponbHYH0 (KOHTpOomb) 1 2 onbITHBIE, 10 14 KpbIC B Kaxaol. XKuBoTHBIE
TMOJTyYEHbI U3 LIEHTPAJILHOIO BUBapusl ANTaiicKoro rocyapcTBEHHOTO MEUIIMHCKOTO
yHHUBepcutera (T bapHayi) 1 0 Hayana SKCIIEpUMEHTOB HAXOWINCh Ha KapaHTHUHE B
TedeHue 2 Hepl. JKMBOTHBIE colep KaluCh MPU €CTECTBEHHOM OCBEILLEHUH B KIIETKAX
pazmepoM 57x37x20 cM, U3TOTOBICHHBIX U3 KPYMHOSUEHUCTOM MPOBOJIOKH, HA CTaH-
JapTHOM PAaIlioHe CO CBOOOJHBIM JIOCTYIIOM K ITHIIE M Boze. Temreparypa Bo3myxa
B MOMeIleHnH cocTaBisa +22,54+0,2°C, armocdepnoe nasnenue — 101,3+9,3 klla u
IUTOTHOCTH Bo3myxa — 1,19 £0,03 kr/m®. M3aydarenn yibTpa3ByKOBBIX BOJIH yCTa-
HaBJIUBAJIN B BEPTUKAIBHON MO3UIMU Ha paccTossHUU 10 ¢M C IBYX CTOPOH OT
OOKOBBIX CTEHOK KJIETKH M OCTaBIUIA MX B BHEIKIIFOUEHHOM COCTOSHUH JJISI KOH-
TpONbHBIX UBOTHBIX (KoHTpons). [lepByro rpymnmy onbITHBIX )XKUBOTHBIX ([ pyn-
na 1) moxBepraiu yiabTPa3ByKOBOMY BO3JIEHCTBHIO ¢ 24-4acOBOM JKCIIO3HIIHEH,
Bropyto ([pynma 2) — 7-mHEBHON SKCHO3ULMHU C MOMOIIBIO TeHepaTropa-pened-
nenta «®umua» (HIIIT «/JoKont», Poccus). McciaenoBanue mapameTpoB BO3-
JEeUCTBYS BO3AYIIHOTO YABTPa3ByKa OT FeHeparopa MPOBOIMWIN C MOMOIIBIO aT-
TECTOBAHHOTO B METPOJOTMIECKOM IUIaHEe IIyMOMEpa-BHOpOMETpa aHaI3aTopa
crekTpa «Oxopuznka-110A» ¢ ynpTpa3ByKOBEIM MUKPO(OHOM (BHECEH B PEECTp
cpeactB u3Mepenuil Poccuiickoit @enepanuu ¢ peruCTPALMOHHBIM HOMEPOM
48906-12, cBUIETEIHCTBO O TOCYIapCTBEHHOM moBepke Ne 465699, nelicTBUTENb-
Ho 110 04.03.2020 1) Ha gacTtote 25 k[ 11 B pesknme «Yasrpazsyk — 40K». Mukpo-
(hoH M3MepuTeNs YAbTPa3BYKOBBIX KoJieOaHUIl pacmonarajid BHYTPH KIETKH H
OpPUEHTHPOBAJIM B CTOPOHY reHeparopa « PuianH». YpoBeHb 3ByKOBOIO 1aBICHUS
cocrasisul 89,0 ab, MIOTHOCTH MOTOKA MOIIHOCTY UM CUJIA YABTPA3BYKOBBIX KO-
nebanuit — 7,73+0,03 Br/em? [10].

Iocne mpekpairieHust BO3IEUCTBUS HCCIICOBATN IOKA3aTEINd MHKPOLMPKYIIS-
TOPHOTO pycClia ¢ WCITIONB30BaHUEM METONIa JIa3epPHOM NOIMUICPOBCKOH (roymeTpum
(JIA®) ¢ aHamM30M aMIUIUTYJHO-YaCTOTHOIO CIIEKTpa KoneOaHuil KpOBOTOKA HA arl-
mapare JIAKK-02 (HITO «JIa3zmay, Poccust). ['o110BKa onTHYECKOTO 30H1a (PMKCHPOBA-
Jlack B 00JIACTH OCHOBAHMS XBOCTA KUBOTHOTO. JlmuTensHoCTh 3amucu JIID-rpaMmbl
cocTaBisuia 5 MuH. PerucTprpoBaiyuch OCHOBHBIE NTapaMeTpbl MUKPOLMPKY/IALMH, a
TaKKe MPOBOAWIICS AHAIN3 AMIUIUTYJHO-YaCTOTHOTO CIIEKTPa KoleOaHui KpOBOTOKA B
nostoce actot ot 0,005 1o 3 I'n. B a1oii monoce hopMupoBanock 4eThipe HelepeKphbI-
BAIOIIMXCS YACTOTHBIX AUAIA30HA, TO3BOJIIIOIINX OLIEHUTH COCTOSIHUE «aKTHBHBIX)» U
«IIaCCUBHBIX)» 3BEHbEB PETYIIALIUN MUKPOKPOBOTOKA.
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Yporenb koptuzoia u AKTIT B kpoBH onpenensuim MeToaoM IMMYHO(DEpMEHT-
Horo ananuza (M®DA) na ananuzarope Immulite («DPS Cirrus Inc.», CILIA) [11].

s OIeHKH CHCTEMBI T€MOCTa3a WCIIONB30BAINM MHTETPAIbHBIA METOH HC-
ciefoBaHus — TpoMbosnactomeTpus. TpoMOo3IacTOMeTpHIO MPOBOJUIIN HA TIPH-
oope «Rotem» («Pentapharm GmbHy, ['epmanus) ¢ UCHONB30BaHUEM pearcHTa
«Natemy, B COCTaB KOTOPOTO BXOIUT XJIOPH] Kambius [12].

B xone pacmmgppoBkr TpoMO037IaCTOrpaMMBI YIUTHIBAIHN CIICITYTOIIHE ITOKa-
3arend [8]:

CT (coagulation time) — BpeMs KOaryJsiuu (BpeMsi OT J00aBJICHUS CTapTO-
BOTO peareHTa J0 Hadana popmupoBanus TpomOa). Yonunenune CT moxeT ObITh
pe3yIeTaToM HeocTaTka (PakTOpPOB CBEPTHIBAHMS KPOBH ITH N30BITKA TeHapHHA.
VYrkopouenue CT cBuAeTeNnbCTBYET O runepkoarysuu [13].

CFT (clot formation time) — BpeMst Hagasia 00pa30BaHus CTYCTKa. MI3MeHeHue
9TOrO IMOKAa3aTelsl 3aBHCUT OT COJEepkKaHus TpomMOuHa u gubpuHorena. B stor
MIPOMEXYTOK BpeMeHH 00pa30BaBIIHKCSA TPOMOWH TIEPEBOANT (GUOPHHOTEH B (U-
opun. Ymuuenne CFT, kak npaBuiio, BEI3BAHO HAPYIIICHUEM (DYHKIMU W HU3KHM
CoZIep)KaHUEM TPOMOOITUTOB, HAPYIICHUSMH TOJIMMEpH3ai GUOPHHA WK Jie-
¢umurom pudpunorena. [lo-suaumomy, B 3T0i (Ppaze Takke ydacTByeT (akTop
XIII. Yxopouenue CFT yka3siBaet Ha runepkoaryssiuio [14, 15].

Yron aneha — yros, IOCTPOEHHBIN MO KacaTelbHOW K TpoMOo3IacTorpaMme
W3 TOYKM Havaja oOpa3oBaHWS CTYCTKa, BBIpaXkaeTcs B rpagycax. OtoOpakaer
CKOPOCTb POCTa (PUOPHHOBOIL CETH U €€ CTPYKTYpOoOoOpa3oBaHUE, XapaKTepPU3yeT
YpOBEeHb (hHOpHUHOTEHA.

MCF (maximum clot firmness) — MakcuMalibHasi TBEPOCTb CTyCTKa. SIBiIsIeT-
csl caMol OOJBIION BepTHKAILHOW aMIUTUTYI0H Tpaduka. OHa oTpaxkaeT abco-
JIIOTHYIO IPOYHOCTH (pubprHa u TpomOouTOB TpoMOa. Huskuit MCF sBnsercs
MTOKa3aTeJIeM YMEHBIICHHUS KOJIMYECTBA TPOMOOIINTOB TITH UX (DYHKITUH, a TaKXKe
CHIDKEHUS ypOBHs (PUOPHHOTCHA W HAPYIICHUS MOIUMepHu3aluy GuopuHa win
HU3KOM akTBHOCTH (hakTopa XIII. Mexanudecku ciaabblii CryCTOK MPEICTABIIAET
c000i1 cepbe3HbIN PUCK Pa3BUTHUSI KPOBOTECUEHUS.

ML (maximum lysis) — MakcuManbHbIi au3uc. [Ipeacrasinser coboit pasHUILY
MEXIYy MAaKCUMaJIbHOM aMIUIMTYyIOW M HaWMMEHbIIEH aMIUIUTYIOH, MOITydeHHON
MocyIe JOCTIDKCHUS MAKCHMyMa.

Al0 — onwuchIBaeT IUIOTHOCTh CTyCTKa (WM aMIUTUTYy), MOJYYeHHYIO 4Yepe3
10 MuH 1 Jaet nporHo3 no oxugaemoit miotHoctd MCF Ha Gornee panHei craum.

Hcnonp3oBaHue KpbIC B SKCIEPUMEHTAX OCYIIECTBISUIOCH B COOTBETCTBUH C
TpeboBarmsamu EBporeiickoit konBeHIIMN «O 3aMINTE TTO3BOHOYHBIX KUBOTHBIX,
UCTIONI3YEMBIX UIS SKCIePUMEHTAIbHBIX WM WHBIX HaydHbIX menei» (Ctpac-
oypr, 1986) u Jupexrusamu 86/609/EEC [16]. O6e300nuBaHne U yMEPIIBICHHE
JKMBOTHBIX MIPOBOAMIIM B cOOTBeTCTBHU C [IpaBmiamu mpoBeneHus: paboT ¢ uc-
MTOTH30BaHMEM HKCIIEPUMECHTATBHBIX KIUBOTHBIX.

CrarucTU4ecKuil aHau3 MPOBE/ICH C MCIIOJIb30BAHUEM IMAKeTa TPHKIIATHBIX
mporpamm StatSoft STATISTICA 10.0. CraTHCTHYECKYIO 3HAYNMOCTD pa3IHduil
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(p<0,05) oneHuBany TpH MOMOIIM HemapaMmerpudeckoro U-kpurepus MaHHa—
VYuTHH, Tak KaKk MPU3HAKU HE MOTINHUINCHh HOPMAJIBHOMY pacIpeeeHHIO.

PesysabTarsl Hccaeq0BaHuS U 00CYKICHTE

B paMxax Hay4qHOTO HaIpaBJIEHUs [0 U3yUCHUIO BIUSHUS Pa3IMYHBIX CTpEC-
COpHBIX (haKTOPOB Ha YeJIOBEKa 0CO00€ BHUMAaHHUE YIEISIeTCs MIOMCKY CIIOCO0O0B
(hopMupOBaHUS aJaITUBHBIX pPe3epBOB opraHusMa. C 3ToH TOUKU 3peHus (ax-
TOPEI, BEI3BIBAIOIINE TICHXOAMOIIMOHATIBHBINA CTPECC, SABISIFOTCS OOBEKTOM ITOBEI-
LIEHHOTO MHTEpeca y UccieqoBareneil, Tak Kak JOCTaTOYHO PACIpPOCTPAHEHBI B
YCIIOBHSAX TEXHOTEHHOU CpeIbl OOMTAHMS YeTIOBEKA.

B Hacrosimem uccieoBaHUU IPOBEJICH CPaBHUTENILHBII aHATN3 BO3ACHCTBUS
Pa3IMYHON JUIMTENBHOCTH YJIBTPa3ByKOBBIX BOJIH, PACIPOCTPAHSAIOLINXCS B BO3-
JOyIIHOH cpese, Ha kpblc TuHUHM Wistar. Kak yxe ObUIO YCTaHOBJICHO M OIMHCAHO
HaMH paHee, 24-4acoBas SKCIO3MLUSA YIbTPa3ByKa IEPBUYHO BBI3bIBAJIA Y OIBIT-
HBIX KPBIC BBIPAXKEHHBIE HAPYILIEHUS B 30HE MUKPOLMPKYIISIUY B BUJIE Ba30KOH-
CTPUKLMU U CHIDKEHMSI JUJIATallMOHHOIO Pe3epBa, a BTOPUYHO — 3HAYUTEIIbHbIE
HeONaronpuaTHBIE CIBUTH B CHCTEME reMocTasa (TUIEPKoaryIsiuio, yTHeTeHIe
AQHTUKOATYISTHTHOM M (UOPHHOIMTHYECKON aKTHBHOCTH IUIa3MBI KPOBH), HYTO
SIBISIETCS. TIPU3HAKaMU pa3BUTUs cTpecca [17]. Pa3Burtue crpecc-peakuuu moj-
TBEP)KICHO CTaTUCTUYECKU 3HAYMMBIM ITOBBIIIEHUEM B KPOBU 3THX YKUBOTHBIX
KOHIIEHTpaIuu aapeHokopTuxorponHoro ropmona (AKTIY) u xoptusona. Taxk,
xoHueHTpanuss AKTI Bwipocna Ha 227% (p=0,001), a xoptuzona — Ha 37%
(p=0,01). Kpome TOro, Kak MOKa3aHO B paHee OMyOIMKOBAHHBIX Pe3y/bTaTax UcC-
cienoBanus (Tect «OTKpbITOE HONEY), A 90% IpoTecTUPOBAaHHBIX KPBIC YiIb-
TPa3ByKOBOE 00IyueHHE IPEICTABIUIO COOO0I cTpece, 3aTPOHYBILUI OTAEIbHbIE
9JIEMEHTHI UX moBeneHus [18].

C TOuKH 3peHuUsI MOJECTUPOBAHHS XPOHHUECKOTO BO3CHCTBUS OMPEACICHHBII
HMHTEpeC MPEICTABISAET U3yUEeHUE BIUAHUA 7-THEBHOM 3KCIIO3UIIMH CTPECCOPHO-
ro (pakropa, Tak Kak B uccnenoBanusix A.B. [oproBoii ¢ coasr. [ 1] BBIsIBIEHO, UTO
XPOHUYECKOE BO3ACHCTBHE YIBTPa3ByKa MEPEMEHHBIX YacTOT (POPMHUPYET CHTYa-
LU0 XPOHUYECKOTO HEM30eraeMoro cTpecca U NpUBOAUT K Pa3BUTHUIO AETPECCHUB-
HO-TIOZTOOHOTO COCTOSTHHS Y KPBIC.

CornacHo NoTy4eHHbIM B Halllel 1a00paTopuu JaHHBIM, 24-4acoBasi U 7-1IHEeB-
Has 3KCIIO3ULMM YJIBTPa3ByKa BBI3BIBAIN Y OIBITHBIX KPBIC OJHOHAIIPABIECHHbIE
U3MEHEHHsI B MUKPOLUPKYISITOPHOM pyciie — JOCTOBEPHOE CHUXKEHHE UCCIETye-
MBIX aKTUBHBIX M TACCHBHBIX (PaKTOPOB MOIYIISIIIH KPOBOTOKA TI0 CPABHEHHIO C
KOHTPOJIBHBIMH UBOTHBIMH (Tab1. 1).

O pa3BUTUM Ba30KOHCTPUKIMU Y ONBITHBIX )KUBOTHBIX IIPU IEHCTBUM CTpEC-
COpa TOBOPUT CHMXEHHUE aKTUBHBIX (PaKTOPOB — MOKa3aTenei MUKPOIUPKYIISIUN
u (makca Ha 66 u 68% (I'pynma 1) u Ha 32 1 63% coorBercTBeHHO ([pymma 2),
XapaKTePU3YIOIIUX POJIb MHOTEHHOTO KOMIIOHEHTA KaK IPUYUHBI MOBBIIICHUS
3HA4YEHUS IPUCTEHOYHOTO HAIIPSKEHUS CBUTA.
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Tabmuna 1 [Table 1]

H3meneHue nokaszaresieii MUKPOLMPKYJISIUH Y KOHTPOJbHBIX

(KoHTpoJ1b) M ONBITHBIX :KMBOTHBIX MOCJ/IE

24-gacosoro (I'pynna 1) u 7-nueBHoro (I'pynna 2) yIsTpa3sByKoBOro Bo3JeiicTBUs
[Changes in microcirculation parameters in control (Control) and experimental ani-
mals after 24 hours (Group 1) and 7 days (Group 2) of ultrasound exposure]

Tlokazatenu Konrpor, I'pynmna 1 [Group 1], I'pynmna 2 [Group 2],
[Parameters] (Control], (n=14) (n=14)
(n=14)
[Tokazarens MUKpO- 2,5[1,8-5,9] 5,1 53_,3661,0]
LHPKYIAIH, 1. €1, 7,5 [5,8-8,7] p1=0,002 P
[Microcirculation AL-66% (A1-32%)
index, pf units] (A1-66%) p2=0,14
o I I
Make, ng. e 4,1 [3,3-4,6] p1=0,0001 p1=0.90
[Flax, pf units] (A1-68%) (A1-63%)
p2=0.6
SHHOTe(J{;/IIaTJ;I);HLE 22101,6-52] 3,51[_2(,)58339]
BOJIHBI , ud. en. o _ =0,
[Endothelial 8.8 [5.9-11.8] p All (;’231 (A1-63%)
waves, pf units] (A1-75%) p2=0,3
Baszomoropnslie 2,1 [1,5-3.,8] 2’51[:2(,)2(;331]
BonHs (LF), nd. ex. 9,8 [6,1-11,6] p1=0,0001 p1=u, ;
[Vasomotor waves, AL-78% (A1-74%)
pf units] (A1-78%) p2=0,6
JbIxaresbHbIe BOJTHBI 1,5 [1,3-1,6] 1,41[3(,)96362]
I 5 »4—0, p1=U;
(HF1), n. ex 49 [2,4-6,9] 1=0,0001 pr=y
[Respiratory A1-69%) (A1-71%)
waves, pf units] (A1-69% p2=0.9
0,5 [0,26-0,65
ITynbcoBele Bon- 0,6 [0,45-0,62] ’ [1;0 OOi :
skt (CF), . ex. 24[1.532] p1=0.0001 (AL79%)
[Pulse waves, pf units] (A1-75%) 02-0.6

Ipumeuanue. Pe3ynprarsl mpeacTaBieHbl B Tabnuie B Buae (m [25-75%]), rne m — mequana
B BBIOOPOUHOM COBOKYIHOCTH; [25-75%] — 25-i u 75-it meprenTtuns; Al — craTHCTHYECKH
3HAaUMMas pasHHIA TPYHI ONBITHHIX XUBOTHBIX ([pynma 1) u (Ipynma 2) ¢ KOHTPOIBEHBIMH
*kuBoTHEIMU (KoHTpo:p) mpu p<0,05; pl — ypoBeHb CTAaTUCTUYECKON 3HAYUMOCTH PA3IHUUIL
OTIBITHBIX TPYI ¢ KOHTPOJIBHBIMHU JKUBOTHBIMHU; P2 — YPOBEHb CTAaTUCTUYCCKON 3HAYUMOCTH
Ppa3u4Hil OMBITHBIX TPYIII MEXIY co00ii; 1. e. — mepPy3nOHHbIE SIUHHLIBL; N — KOITMYECTBO
JKUBOTHBIX B MCCJIElyeMOM rpymre.

[Note. The results are presented in the table in the form (m [25-75%]), where m - The median in the
sample; [25-75%] - 25th and 75th percentile; Al - Statistically significant difference between groups of
experimental animals (Group 1) and (Group 2) with control animals (Control) at p<0.05; p1 - The level of
statistical significance of differences between experimental groups and control animals; p2 - The level of
statistical significance of differences between experimental groups; Pf units - Perfusion units; n - Number
of animals in the study group].

B Takux cIBUTOBBIX OTOKAaX HEOOXOIUMO YUUTHIBATH B3aUMOIEHCTBHE TPOM-
OOIMTOB C HPUTPOLUTAMHU. B sKcriepuMeHTax in vivo, BEIIOTHEHHBIX Ha OEIbIX
KpBICax B YCJIOBHSAX MMMOOMIM3AIIMOHHOIO CTpecca, MOKa3aHO YCUJIEHHE JKC-
MpeccHr Ha MeMOpaHaX HSPUTPOLUTOB OeTa-aIpeHOPELHENTOPOB W CHIYKCHHE
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OCMOTHYECKOW PE3UCTCHTHOCTH JPHUTPOLUTOB. MHIyIMpoBaHHAS aIpeHaIIHOM
arperanysi SpUTPOLUTOB ITOBBIMIAET B3aHMMOJCHCTBHE IMOCIEIHUX C AKTUBHPO-
BaHHBIMH TPOMOOIIUTAMH, YBEININBAsI TEM CAMBIM PUCK Pa3BHTHUS MUKPOIAPKY-
JSTOPHBIX U TpoMOoTHueckux ocnoxuenuit [19]. Ilpu tpaBme cocyna okoio 1%
HavMeHee CTOMKHX SPUTPOIMTOB BHITEKAIOMICH KPOBH Pa3pymIaeTcsi, 4YTO CHOCo0-
CTBYeT 00pa30BaHUIO TPOMOOLUTAPHON NMPoOKH U (pubpuHOBOTO cryctka [20].

TpomOo0Opa3oBaHye BHYTPH COCY/A BENIET K HAPYIICHUIO KPOBOTOKA U TPODUKH
YKU3HEHHO B)KHBIX OPIaHOB U TKaHEeW M KaK CJIEACTBHE K Pa3BUTHIO OOJBIIOTO KO-
JTMYeCTBa 3a00JICBaHMiA, HAITpUMep: HH(PAPKT MUOKAp/a, TPOMOOTHICCKUI HHCYIIBT,
nerounas sMoonus. [IpumeneHne Metosa TpoMO0AIaCTOMETPUH O3BOJISET POCIIe-
IUTH KapTHHY CBEPTHIBAHMS KPOBH OT Havala KOAryJsiuy 10 mporecca GpudpuHo-
JIM3a ¢ OINpeJIeIeHHeM BS3KOYIPYTHX CBOMCTB Cr'ycTKa B IIEJIBHOM KpoBu. Jlonroe
BpeMsI POJIb SPUTPOIUTOB B (POPMUPOBAHUH TPOMOOB CUHTANIACH ITACCHBHOM, TIPH
9TOM paccMaTpHBaJIOCh TOJIBKO MX BIHMsHUE Ha peonoruto [21]. [Ipu uccnenoBannu
K€ TeMOCTA3HOJIOTHUECKUX MapaMeTpoB METOAOM TPOMOOAIACTOMETPUH HEOOXO-
JIMO YYUTHIBATh, YTO aKTUBALMS TPOMOOIMTAPHOIO 3B€HA FEMOCTa3a B COYCTaHUH
C TIOBBIIICHHOHN arperamyeil SpHUTPOLUTOB, KOTOpasl YCHINBACT BI3KOCTh KPOBH U
YMEHBLIAET €€ TEeKYy4eCTh, MOTYT PacCMaTPHBAaThCs KaK B3aHMOJIONOJHSIIOIINE 3Be-
HbS1, YCYTYOJISIOIIHE COCYTUCTYIO MaTtoyioruro [22]. [ToaTBepskaeHHeM 3TOTO CITy»KaT
JaHHBle 00 YXY/UIEHHH Je(hOpPMaLIOHHBIX CBOWCTB SPHTPOLMTOB, HHTEHCU(UKA-
IIIX arperarooopazoBanus ¢ GOPMUPOBAHIEM ITATOIOTHIESCKIX arperaToB IIpH ap-
TepUaIbHOM rHnepToHuH. J{jsi HeOONBIIMX KPOBEHOCHBIX COCYIOB M MECT CYXKEHUS
COCYAMCTOTO pycia, TIe pa3Mepsl (POPMEHHBIX DIEMEHTOB CTAHOBSITCSI COITOCTABH-
MBIMH C T€OMETpHeH MOTOKa, CIIPaBeIUIMBO yTBEPKICHHE, YTO TMHAMHKA TPOMOO-
IIUTOB, UX aJIre3Ws M arperays B KPOBEHOCHOM COCY/IE TIOCTOSIHHO HAXOISTCS IO
BIUSIHUEM TOpa3io 00Jiee MHOTOUKCICHHBIX SpUTPOLUTOB [22]. B Takux o0macTsx
pycia Ut IpOrHO3UPOBAHIS IIPOLIECCOB Pa3padaThIBAIOTCS MAaTEMaTHYECKUE MOZIC-
JIM, TTOKa3aBILIMe, YTO SPUTPOLUTHI, BEPOSTHO, HE MOTYT CUJILHO MOBJIMSATh Ha y)Ke
c(hopMHPOBABIIHICS TPOMO, OTHAKO MX MPUCYTCTBHE MOKET W3MEHHUTH T€MOJIIHA-
MUKy U TPAHCIIOPT TPOMOOLIUTOB K MOBPEXICHHON CTeHKe cocyna [23], ycunusaro-
IIUIACS TIPY YBEJIMUIEHUH TeMaTtokpuTa [24].

B HacTosee BpeMsi yCTaHOBIEHA B3aUMOCBS3b ICHXOIMOLIMOHAJIBHBIX
(akTopoB ¢ HapymeHHeM (QyHKINOHAIFHOTO COCTOSHUS »Hmorenus. [lcuxo-
SMOLIMOHAJIBHBIA CTPECC MPUBOAUT K aKTHBAlMM THIIOTaJaMO-TUIO(pH3apHO-
HA/IMTOYCIHUKOBOH CHCTEMBI, CHMIIaTOAIPCHAIOBONH CHCTEMBI, THIICPCEKPEIIH
MIPOBOCTIAIUTENBHBIX IUTOKHHOB, YTO CIIOCOOCTBYET Pa3sBUTHIO Y TAIIMEHTOB SH-
norenmanbHoi aucynkym (I)]) [25]. Dopmupyromascs /1 B pe3ynbrare Hapy-
nIeHus O6anaHca B IIPOIYKIMH Ba30pEeTyIUPYIOIUX (aKTOPOB SHIOTEINEM COCY-
JIOB CBsI3aHa, IPEXKIE BCETO, CO CHIKCHHEM OMOIOCTYITHOCTU YHIOTEINAIHLHOTO
oxcuza azora (NO). B panHue cpoku IeHCTBUS CTPECCOPOB CHUKAETCSI CEKpeLUs
Bazommiararopa NO 1 pacTeT MpoxyKIus Ba30KOHCTPUKTOPA SHIOTEIHHA- 1.

[Nomy4yeHHbIe HAMU JTaHHBIE CBUJIETENILCTBYIOT B TI0JIb3Y Pa3BUTHS SHIOTEIH-
aIbHON MUC(YHKINH y KPBIC U3 ONBITHBIX TPYIII, TaK KaK B YCIOBUSX IIOCTOSTHHO
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MIOBBIIIICHHOTO MPHUCTCHOYHOTO HANPSDKEHUS CABHTA (PYHKIIMOHAIBHBIA pe3epB
9H/IOTENHS] HCTOLIAeTCA. YMEHbIIEHHE MPUTOKA KPOBH B MUKPOLUPKYIATOP-
HOE PYCJIO y OIBITHBIX KUBOTHBIX 3apPETHCTPUPOBAHO HA OCHOBAHMH CHIDKEHHS
AMIUTATYIBI YHOTEIHATBHBIX BOJH Ha 75 u 63% B ONMBITHBIX rpymnax 1 u 2 u
CHIDKEHHME aMIUIUTY/bl BA30OMOTOPHBIX BOJIH Ha 78 U 74% COOTBETCTBEHHO, YTO
HEeU30eXHO MPUBOAUT K PAa3BUTHIO CTa3a U HapyIIEHUIO MeTaboau3Ma TKaHeH 3a
cdeT myHTHpoBaHUs KpoBoToka. [lo manuemM W.C. Jlynkoro [6], momy4eHHBIM
MIPU MCCIIEOBAaHUU TeMOJMHAMUKHA MO3ra YeJOBeKa, YK€ Ha HayaJbHOM 3Tare
BIMSHUSI XPOHHYECKOTO TMCHXO3MOIMOHANEHOTO HAMPSHKEHUS Pa3BHUBAIOIIASICS
Ha (oHe aucOanaHca Ba30opeTyIupyoIMx (GakTopoB 1 OKa3sIBacT CTUMYIUPY-
olIee JeWCTBHIE Ha MPOLECCH PEMOACTHPOBAHMS COCYA0B. B KpymHEIX cocymax
9JIACTUYECKOTO THIA PEMOJESIMPOBAHUE MPHUBOAUT K YTOJILEHUIO MHTUMO-Me-
IUHHBIX CTPYKTYP, @ B CPEIHUX COCYHAAaX MBIMIEYHOTO THIIA — K TIOBBIIICHHUIO CO-
CYJHCTOTO TOHYCA, YBEIMUCHUIO NEPUPEPUUECKOTO COMPOTUBNIEHHS U KaK CIE-
CTBHE CHW)KCHUIO IMHEWHON CKOPOCTH KPOBOTOKA.

B nosp3y noBeIlIeHUS TOHYCA PE3UCTHBHBIX COCYI0OB U IPaUEHTa apTepHO-
BEHO3HOTO JIaBIICHHUS TOBOPUT W CHIDKEHHE ITACCHBHBIX (PAKTOPOB MOIYIISIHH
KPOBOTOKA Y JKUBOTHBIX B ONBITHBIX Tpynmax 1 u 2: mynbCOBBIX BOJH (Ha 75 u
79%) u neIxaTenbHBIX BONH (Ha 69 u 71%). Habnromaemas HaMH COBOKYITHOCTD
M3MCHEHHI aKTUBHBIX U MACCUBHBIX (PAKTOPOB y OMBITHBIX KPBIC B 00CHX TPyI-
max OKa3bIBaeT C(OPMUPOBABIIMICS CIa3M COCYIOB MHKPOUUPKYISTOPHOTO
pycia, IPUBOAAIINN K 00€AHEHUI0 HYTPUTHBHOTO KPOBOTOKA, Pa3BUTHIO WMIIIe-
MHU TKaHEH U CHIDKCHHIO TToKazares nepdy3un. Ba3okoHCTpUKTOPHBIH S eKT,
MOJTy4EHHBIH B Harell padoTe, ckopee, pa3BUIICS MO IPUUUHE CTPECCOPHOTO BO3-
NEWCTBHSA, a HE B PE3yNBTaTe IPSIMOTO ICHCTBUS YIBTPAa3BYKOBBIX BOJH, ITOCKOJIb-
Ky TpY KOPOTKOHM JJIMHE BOJIHBI YABTpa3ByKa yepe3 IPaHUIy BO3AyX—OMOJIOTH-
YeCcKHue TKaHW MPOXOOUT Bcero numb okoio 0,1% sHeprum. B Omomormaecknx
TKaHSX CYIIECTBYET JMHEWHAs 3aBUCUMOCTb MOMIOMIEHUS! ¥ 3 OT YacTOThI B CBA3H
¢ 0ONBIION HEOTHOPOTHOCTHIO TKAHEH. B HallleM SKcriepuMeHTe HCITOIb30BaIOCh
U3Ty4eHHE HU3KOM 4acTOThI, TO3TOMY BO3MOXKHO MPEANOIOKUTE C1aboe ero mo-
TIIOIICHUE TKaHIMH [26].

JuHamMMKa M3MEHEHHUs IOKa3areleidl reMmocra3a, UCCIEJOBAaHHBIX METOJIOM
TPOMOOBIIACTOMETPHH, TIPEICTaBICHA B Ta0II. 2.

VY KHMBOTHBIX B OIBITHOW Tpymme 1 OTCYTCTBOBAaM CTaTHCTUYECKH 3HAYU-
MBIC M3MEHCHHUS BPEMEHH KOATyJIIUM Ha HadaabHOM dTamne cBepThBaHus (CT)
(p=0,3), XOT1, 10 AAHHBIM KOAryJIAIHOHHBIX TECTOB, MbI HAOIIOAJIN THIIEPKOAry-
JISIMIO 110 BHEITHEMY ITyTH IUTa3MEHHOTO TEMOCTa3a M Ha €ro KOHEUHBIX JTarax
[17]. B ombiTHO# I'pynne 2 Habmonanocs ymiunenue CT Ha 36,8% (p=0,01);
mogoOHOE M3MEHEHNE BPEMEHH KOAryIISIIIIHA MOXKET OBITh Pe3yJIBTaTOM HEIOCTAaT-
Ka (aKTOpOB CBEPTHIBaHUSA KPOBU [8] WM cABUroM OajnaHca B CUCTEME aKTHBa-
TOPBI-MHTHOUTOPHI B ONB3Y HOCHeAHNX. COMOCTaBICHNE TeMOKOAT yIISIIINOHHBIX
C/IBHTOB NPHU BO3ACHCTBUH CTPECCOPHBIX (PaKTOPOB JHOOOH MPUPOABI BHISBHIIO
o0IIIre YepTHI: TIEPBOHAYATIBHOE TTOSBICHUE THIIEPKOATYICMHICSCKHUX U JIMIIH 3a-
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TEM TUTTOKOATYJIEMHYECKIX H3MEHEHHH, HAPUMED, TIPU TUTIEPTEPMUIECKOM BO3-
neiicteun [27]. Ilpu ucciieoBaHUM COCTOSHUS KOAryJSIIUOHHOTO TeMOCTa3a B
XOJI€ BO3JICHCTBUS TUTIEPKATHUIECKON THITOKCUY TIEPBUYHON pEaKIuel CUCTEMBI
TakKe 3aUKCUpOBaHA THUIEPKOATYISAIMs, ONHAKO Oojee IUIMTENbHOE BO3IEH-
CTBWE€ IPUBOAMIIO K Pa3BUTHIO THIIOKOATYJISIITUOHHBIX CBUTOB [28].

Ta6numa 2 [Table 2]
H3meHeHue noka3zareJieii reMocTa3a y KOHTPOJIbHBIX
(KoHTpoJ/1b) ¥ ONBITHBIX KUBOTHBIX NOCJIE 24-4aCOBOI0
(I'pynna 1) u 7-nueBHoro (I'pynna 2) yJabTpa3ByKOBOIo BO3/1eiiCTBUS
[Changes in hemostasis parameters in control (Control)
and experimental animals after 24 hours (Group 1)
and 7 days (Group 2) of ultrasound exposure]

ITokazarenu Kowrposs I'pymma 1 [Group 1], I'pymma 2 [Group 2],
[Parameters] [Control], (n=14) (n=14)
(n=14)
247,0 [194-251]

E%:Z‘:l:t?;fy“”“““’ ¢ 180,5 204,5[171,5-225,25] p1=0,01
time (CT), 5] [165,75-202,25] p1=0,3 (AL;?;%?%)
Bpewmst Hauana 00- 133,0 [91,5-159,75] 64,1())1[ilg—587]
pa30BaHMsI CTyCTKa, C _ _ =0,
[Clot formation 76,0163,25-106,5] pAll _:)7’2?/9 p2=0,006
time (CFT), s] ( ) (A2-51,8%)
Yron anbba, rpagyc 66,5 [63,0-71,5] 78’01[273]80]
[Alpha angle 72,0 [68,25-76,5] p1=0,013 pI2)=O 608
(ALP), degree] (A1-7,6%) (A2+1; 2%)
MakcumanbHas TBEp- B
i ———— 60.0[6625-70,75) | 000+ 72]

: : 68,0 [62,0-69,5] -~ pl1=0,1
[Maximum clot firm- pl=0,2 2=0.5
ness (MCF), mm] p~=U,

1 —1

MaxkcuManbHBIHA JTU3HC 0,0 [0-0] 102([)000;
[Maximum 4,0 [1-7,5] p1=0,007 ?A1-7’5"/)
lysis (ML)], % (A1-100%) 020 1"
HJ‘[OTH;)(;:TL CrycTKa 58,0 [52,5-61,75] 631(1 E)Sgag;]
4epe3 10 MUHYT, MM _ =0,
[Clot density after 39,5 [12,75-49,3] 511—}—40&()3‘3 (A1+62%)
10 minutes (A10), mm] ( 8%) p2=0,1

IIpumeuanue. Pe3yaprarsl mpecTaBieHsl B Tabnuie B Buae (m [25-75%]), e m — MenuaHa B BbI-
60po4HOI COBOKYIHOCTH; [25—75%)] — 25-1i 1 75-i1 nepuenTiiib; Al u A2 — cTaTMCTHYECKH 3HAUH-
Masi pa3HHLA TPy OIBITHBIX JKUBOTHBIX (I'pynma 1) u (I'pymnna 2) ¢ KOHTPOJIBHBIMH )KUBOTHBIMU
(Konrpoins) u Mexy coboit mpu p<0,05; pl — ypoBeHb CTaTUCTHUECKOM 3HAYMMOCTH Pa3Inyuuii
OIIBITHBIX I'PYIII ¢ KOHTPOJIBHBIMU KMBOTHBIMH; P2 — YPOBEHb CTaTUCTHYECKOM 3HAUMMOCTH pa3-
JIMYUI ONBITHBIX IPYIIT MEXKLY COOOM; N — KOJIMYECTBO )KUBOTHBIX B HCCIIEAYEMOIi rpyIe.

[Note. The results are presented in the table in the form (m [25-75%]), where m - The median in the sample;
[25-75%] - 25th and 75th percentile; Al and A2 - Statistically significant difference between groups of
experimental animals (Group 1) and (Group 2) with control animals (Control) and between experimental
groups at p<0.05; p1 - The level of statistical significance of differences between experimental groups and
control animals; p2 - The level of statistical significance of differences between experimental groups; n -
Number of animals in the study group].
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OTCcyTCTBHE AOCTOBEPHOIO M3MEHEHHMs IOKa3aTelsl MaKCUMaJbHOW TBEpAo-
ctu cryctka (MSF) B 06eux ONBITHBIX TPYIIAX yKa3bIBAJIO HA CTAOUIBHOCTH KO-
JTYECTBAa TPOMOOIIUTOB C COXPAHEHHEM HX CITIOCOOHOCTH K arperannu.

YBenunuenue Bpemenu opmupoBanus cryctka (CFT) B KpOBH OMBITHBIX JKH-
BOoTHBIX [ pynnsl 1 Ha 75% (p=0,009) B xOMIIEKCE CO CHI)KEHUEM 3HAUEHUH yIyia
anbda (ALP) nHa 7,6% (p=0,013) nemoHCTpupoOBano HapylleHHe Mmpolecca Imo-
TuMepu3anui GUOpPHHA, OMHOW W3 MPUYHUH KOTOPOTO MOXKET OBITh JePUIHT (DH-
OpuHOreHa, GOpMHUPYIOLINIICA U3-3a PACXOI0BAHUS MIOCIEIHETO Ha 00pa3oBaHe
TpoMOa. Hapsimy ¢ 3tuM, B ombITHOH [pyrime 2 cTaTUCTHYSCKU 3HAYUMOTO H3-
MeHeHust CFT u ALP B kpoBU HUBOTHBIX He 3aUKcUpOBaHO. [TomydeHHbIe HaMu
Pe3ynbTaThl TOBOPST B MOJIb3Y IPEAINIONOKEHUS, YTO 7-THEBHOE YIBTPa3BYKOBOE
BO3ICUCTBUE HE BBHI3BIBAJIO HApyIIEHHs Mpolecca NoinuMepusanuu (udpuHa
00 Te(HUITUTHOTO COCTOSIHHUS TPOMOOIIMTOB MM (PHOPHUHOTECHA, YTO TIOATBEPIK-
JlaeTcs TaKKe POCTOM aMIUIUTYIIBI INIOTHOCTH crycTka Ha 10-i MHH OT Havana ero
obpazosanms (A10) Ha 62%.

YcTaHOBIIEHO, YTO MoCIe 24-4acoBOM U 7-THEBHON SKCIIO3UIIMU HAOIIONAIOCh
YMEHBIIICHHE MTOoKa3aTes sl MakcuMainbHoro jmsnca (ML) ma 100 u 75% 1o cpas-
HEHUIO C KOHTPOJIEM, CBUAETENbCTBYIONIEe 00 YrHETeHNH (PHOPUHOIUTHIECKOH
akTUBHOCTH. CHIDKCHHBIH (DUOPWHOIMTUYCCKUIM IOTEHIMAI, TMPOSBISFOIINHI-
csl B YIUIMHEHUHM BPEMEHHM JIM3UCa CTYCTKa, MPeCTaBseT co0oil GakTop pucka
BEHO3HOH TPOMOOIMOOINIMH, a TaKkKe apTepHaibHOro TpoM6Oo3a [29]. Hamumu
WCCIICZIOBAaHUSIMHA PaHee YCTAHOBJIEHO, YTO M0 OKOHYAHUH OJHOKPATHOTO THIIO-
TEPMHUUYECKOTO BO3ICHCTBUS METOIOM TPOMOO3IACTOMETPHHU 3a(pHKCHPOBAH TH-
MePKOAryIISILIMOHHBIN CIBUT Ha ()OHE BBHIPAXXEHHOTO YTHETEHHsI aKTUBHOCTH (H-
OpUHONIHTHYECKOM crcTeMbl [30], 9TO MOATBEPKAAET PA3BUTHE CTPECC-PEAKITUH
y KpbIC TIPU AEUCTBUH CTPECCOPHOTO (hakTopa, 3a()MKCUPOBAHHOE U B HALIIEM HC-
ciaemnoBarmu [17].

Pesynbratel mpeAcTaBIEHHOTO HAMHU HWCCIENOBAaHUS 7-JAHEBHOH SKCIO3ULIUU
YABTPa3ByKa COIVIACYIOTCSI C PE3YJIbTaTaMU BIMSAHUS 7-THEBHOTO T'MIIEpTEpMUYE-
CKOTO BO3/ICHCTBHUS Ha KPBIC, B KOTOPOM OTMEUEHbI aHAJOTUYHBIE PEAKIIMH: THUIIO-
KOAryJsiysl M yrHeTeHHe (HOPUHOIUTHYCCKONH aKTUBHOCTH IUIa3MBI KPOBH IIPH
HEM3MEHEHHOW KOHIIeHTpauuu ¢pudprHoreHa [27]. OgHako HE0OXOAUMO OTMETHTH,
YTO B ONBITHOM [pyrine 2 Mbl IOJIyYMIIM MEHBILYIO BHIPAXKEHHOCTh CHIKEHUS T10-
Kazareysi MaKCHMAaJIbHOTO JIM3UCa M0 CpaBHEHMIO C omnbITHOW I'pymnmoi 1. Takue
JaHHBIE B COBOKYIHOCTH C OTCYTCTBHEM IIPU3HAKOB HapyIIEeHUs IpoLecca IoJu-
Mepuzaiuu GUOpUHA U POCTOM aMILIMTY/BI TNIOTHOCTH crycTka Ha 10-if MUH OT
Havaa ero 00pa30BaHMUs y OIBITHBIX KPBIC MOCHE 7-IHEBHOM SKCIIO3UINH YIIETpa-
3ByKa, O-BUAMMOMY, CBUICTEILCTBYIOT O TEHIEHIINH K IMOCTETIEHHON CTaOHIIu-
3allMU TI0Ka3aTesiel cCuCTEMBI TeMocTasa. M3 BhIEN310)KEHHOIO MOXKHO CHEJIaTh
3aKJIIOYEHUE, YTO U3MEHEHHS MUKPOLMPKYISATOPHOTO pyciia B OTBET Ha 7-THEB-
HO€ BO3JIeliCTBHE YAbTpa3ByKa COIPOBOXKIAIOTCS HE CTOJIb 3HAYUTEJIbHBIMU CIIBU-
ramMH TeMOCTa3UO0JIOTMYECKUX MapaMeTPOB, KaK MOKa3aHO B UCCIEIOBAHUAX BIHU-
stHYS 24-9aCOBOM HKCITO3UITNH, BBI3BIBAIOIIEH CTPECC-PEAKIIHIO.



Brusanue onumensnocmu ynompazeyKko6020 6030e€iicmeus 107

3akir0ueHne

Hacrosiiiee uccrienoBanme mokasano, 9To yIbTPa3ByKOBOE BO3ICHCTBUE HU3-
KOW YaCTOTHI BBI3BIBACT PA3BUTUE CTPECC-PEAKIMH y KPBIC, TOATBEPIKICHHOE
MOBBIIIEHHEM KOHIIeHTpauuu B KpoBu ropmonoB AKTI u xopruzosa, a Takxe
pe3yIpTaTaMi U3MEHEHUs! MTOBEJICHUYCCKUX Peakiuii B TecTe «OTKPBITOE MOJIeY.
V3mMeHeHus] MUKPOLMPKYJSITOPHOTO pyclia B OTBET HA IICHXO3MOI[MOHAbHBIH
CTpECC, CMOJICIMPOBAHHBIN YIBTPA3BYKOBBIM BO3/ICHCTBUEM, MMEIU OIUHAKO-
BYIO HaIPaBJICHHOCTh M BBIPAXXEHHOCTh Y OMBITHBIX KPBIC KaK MMOCIE CYyTOYHOTO,
TaK ¥ 7-ITHEBHOTO BO3AEHCTBUs cTpeccopa. OTKIOHSHUS TeMOCTa3HOIOTHIECKUX
MapaMeTpoB OT HOPMBI, UMEIOIIE BTOPHUYHBIA XapakTep, TaKkKe MOATBEpIKIa-
10T pPa3BUTHE CTpecc-peakiuu. TakuM oOpa3oM, MOKa3aHo, YTO YIBTPA3BYKOBOE
BO3JCUCTBHE MOJCIUPYET COCTOSIHUE XPOHHYECKOr0 Hem3beraeMoro crpecca y
OTIBITHBIX JKUBOTHBIX, & BBICOKAs YYBCTBUTECIBHOCTh K CTPECCOPHOMY BO3JCH-
CTBUIO M JOCTYIHOCTH Ja0OpaTOPHOW AMATHOCTUKH MHUKPOLUPKYISTOPHBIX H
reMOCTa3MOIOTHIECKUX TIOKA3aTeNel MO3BOJISIOT UCIIONB30BaTh UX JUIS OLCHKH
COCTOSIHHSI TICHXO3MOIIMOHAIBHOTO CTpecca W aIalTHPOBAHHOCTH OpPraHH3Ma.
Bossparienue HEKOTOPBIX MapaMeTPOB CHCTEMbI TeéMOCTa3a B OTBET HA 7-THEB-
HOE CTPECCOPHOE BO3/ICHCTBHE K TIOKA3aTENsAM, XapaKTEPHBIM Ui KOHTPOJIBHBIX
JKHBOTHBIX, MOJKET OBITh PAaCIICHEHO KaK MPOsBICHUE HAYaILHBIX 3TATIOB a/arTa-
[IUU K CTPECCOPHOMY (aKTOpYy.
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Effect of ultrasound exposure duration on the state
of microcirculation and hemostasis system in rats

In modern society, people are often subjected to chronic unavoidable stress
provoking depressive-like states that play a significant role in the formation mechanisms
of psycho-emotional stress. In view of this, the need to create an experimental model
of psycho-emotional stress as a cause of cardiovascular disease development arose. By
means of ultrasound waves which cause the depressive-like state in animals, it is possible
to create such model as long as ultrasound has material properties and certain energy. We
used the parameters of microcirculation and hemostasis as criteria for psycho-emotional
stress development. Stress stimulation results in vasoconstriction and can be associated
with the development of microcirculatory disorders due to a significant increase in blood
levels of catecholamines. The development of acute tissue ischemia depends both on the
state of neurohumoral regulation of vascular tone, and on the rheological blood properties.
Hemostasis system is one of the most reactive body systems, and hemostasiological
parameters play an important role in the process of adaptation to the effect of stress
factors. Currently, studies aimed at finding possible predictors of cardiovascular diseases
and their complications are relevant. In this regard, it seems promising to study the role
of microcirculatory and hemostasis parameters as criteria for psycho-emotional stress
development. The aim of this research was to assess the effect of ultrasound exposure
duration on the state of microcirculation and hemostasis system in rats.

The study was performed on 42 Wistar male rats divided into three groups: 1 control
group and 2 experimental groups subjected to a 24-hour (Group 1) and a 7-day (Group
2) ultrasound exposure using a repellent-generator “Filin” (SPE “DonKont” Ltd.,
Russia) at a frequency of 25 kHz. Emitters were installed in a vertical position at a
distance of 10 cm on both sides of the side cell walls made of coarse-meshed wire. The
microphone of the ultrasonic vibration meter was located inside the cell and oriented
towards the generator “Filin”. The sound pressure level was 89.0 dB and the power
flow density was 7.73+0.03 W/cm?. After exposure termination, microcirculation
parameters were studied by laser Doppler flowmetry (LDF) method with analysis of
the amplitude-frequency spectrum of blood flow oscillations by LAKK-02 apparatus
(SPE “LAZMA” Ltd., Russia). The optical probe was fixed at the base of the animal’s
tail. The recording duration of LDF-gram was 5 minutes. The main microcirculation
parameters were recorded, and the analysis of the amplitude-frequency spectrum of
blood flow oscillations in the frequency range of 0.005 to 3 Hz was conducted. Four
non-overlapping frequency ranges were formed in this range that allowed to estimate
the state of “active” and “passive” links of micro-blood flow regulation. Blood levels of
ACTH and cortisol were determined by enzyme immunoassay (EIA). The hemostasis
system was assessed by an integral method, thromboelastometry. Thromboelastometry
was performed by the “Rotem” device (“Pentapharm GmbH”, Germany) using the
“Natem” reagent which includes calcium chloride. The statistical significance was
assessed using the non-parametric Mann-Whitney U-test. The use of rats in experiments
was carried out in accordance with the requirements of the European Convention for the
Protection of Vertebrate Animals used for Experimental and other Scientific Purposes
(Strasbourg, 1986).

In this research we revealed that in experimental rats, the 24-hour ultrasound
exposure, primarily, caused significant disorders in microcirculation area in the form
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of vasoconstriction and dilation reserve reduction, and, secondly, it led to significant
adverse changes in the hemostasis system that is a sign of stress. Evidence of the
development of stress reaction was significantly increased concentration of ACTH by
227% (p=0.001) and cortisol by 37% (p=0.01) in the blood of these animals and the test
results of the animals according to the “Open Field” method. A statistically significant
decrease in the studied active factors of blood flow modulation, microcirculation and
flax rates (by 66% and 68%), that characterize the role of the myogenic component
as a reason of increased value of the wall shear stress was observed. The reduction
of passive factors, pulse and respiratory waves, was also obtained. In experimental
rats after the 24-hour ultrasound exposure a drop by 75% and 69% in the parameters
was recorded compared to the control animals, and in the 7-day exposure group it
was by 79% and 71% (See Table I). In summation, these changes prove a formed
spasm of microcirculation vessels. Reduction of blood flow into microcirculation
in experimental animals of both groups was registered on the basis of reducing the
amplitude of endothelial waves (by 75 and 63%) and vasomotor waves (by 78 and 74%)
which inevitably leads to the development of stasis and disruption of tissue metabolism
due to a blood flow bypass. Unidirectional changes in microcirculation in rats of the
two experimental groups were accompanied by secondary changes in the hemostasis
system. Based on the analysis of deviations of hemostasiological parameters from the
control values, stress reaction development was recorded in rats exposed to the 24-hour
ultrasound and the tendency of smoothing the deviations of hemostasis parameters after
the 7-day exposure (See Table 2) was observed. We found that after the 24-hour and
the 7-day exposures there was a decrease in the maximum lysis (ML) by 100 and 75%
compared with the control which indicates the inhibition of fibrinolytic activity and
represents a risk factor for venous thromboembolism and arterial thrombosis. Lower
evidence of the decline in ML after the7-day exposure to stress factors together with
the absence of signs of infringement of fibrin polymerization process and the growth
of the clot density amplitude in the 10th minute after the beginning of its formation
shows a tendency towards the gradual normalization of the hemostatic system. Thus,
ultrasound exposure simulates the state of chronic unavoidable stress in experimental
animals. The state of psycho-emotional stress is confirmed by the data on the increased
concentration of hormones (ACTH and cortisol) in blood as well as by the results of
testing on animals using the “Open Field” method. The study results indicate that the
diagnosis of the microcirculation and hemostasis parameters is a sensitive way to assess
the development of psycho-emotional stress and organism adaptedness. The return of
some parameters of the hemostasis system in response to the 7-day stress exposure
compared to the 24-hour exposure to the indicators specific for control animals can be
regarded as a manifestation of the initial stages of adaptation to the stress factor.

The paper contains 2 Tables and 30 References.

Key words: psycho-emotional stress; ultrasound exposure; microcirculation;
hemostasis system; thromboelastometry.
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DJIeKTpUYecKoe MoJie cepana YejoBeKa B ePHoI Penosipu3anuu
JKeJTyI0YKOB MPH OCTPOiIl HOPMOOAPUYECKOH TMIIOKCHU
J10 ¥ MOCJIe Kypca HHTEePBAJIbHON IMIIOKCHYeCKO TPEHUPOBKHU

Hccnenosanue BbinonHeHo B pamkax HUP OCK ®UILL Komu
HIT ¥pO PAH (AAAA-A18-118012390260-9).

Y monodvix npakmuuecku 300p08bIX MYHCUUH NPOBEOEHO UCCIE008AHUE
NEKMPUYECKoll akmugHocmu cepoya Memoodamu MpaouyUoOHHOU
EKMPOKAPOUOSPADUU U MHONCECMBEHHOU CUHXPOHHOU KAPOUOILEKMPOMOonozpaguu
68 Nepuo0  penonApuzayuUU  HCeryoouko8 cepoyd npu  6030elcmseul  0Cmpoil
HOpMODAPUYECKOU 2UNOKCUHECKOU 2UNOKCUl 00 U nocie npoeedeHus 19-oneeHuvix
UHmMep8anbHbIX 2unoxcuyeckux mpenuposox (UI'T). Ilocie unmepeanbHbix mpeHuposoxk
npu Oelicmeuy ocmpoul 2UNOKCUU Y 00C1e008AHHBIX TH00ell NO CPABHEHUIO C UCXOOHBIM
cocmosanuem 6 nepuod, coomsemcmeyiowuti unmepsany ST-T, evisaeneno usmeneHue
spemennvix napamempos OKI' 6 omeedenusx om KoHeuHOCMeU U IKCMpemMyMos
ANEKMPULECKO20 NOJISL CepOYa HA NOBEPXHOCHIU MOPCA NPU NPAKMUYECKU HEeUSMEHHbIX
AMIAUMY OHBIX XAPAKMEPUCTIUKAX.

KuiroueBble ciloBa: snekmpoxapouozpadus, cepoye, SUNOKCUS, Penonapusayus;
UHMEPBANbHOE 2UNOKCUHECKOe B030eliCmaBUe.

BBenenune

BinsiHEE THIOKCHYECKOTO CTHMY/Ia Ha OPTraHW3M YesIOBeKa U KMBOTHBIX SB-
JsIeTCs TPEAMETOM MHOTOYHCIICHHBIX NCCIIEIOBAHHUHN 110 (POPMHUPOBAHUIO a/aITa-
MM K CTPECCOPHBIM BO3/ICHCTBHSM, BBISBICHHBIE TIPe- U ITOCTKOHAUIIHOHUPYIO-
mrvie 3G QeKTh TPEepPHIBUCTON TUITOKCHHY JISXKAT B OCHOBE MPOMUITAKTHKH, JICUSHHS
U peabIINTAIIN CEePICUHO-COCYAUCTHIX 3a001eBanuii [1—4], moBslmeHus pado-
TOCIOCOOHOCTH YesioBeka [5, 6].

Ipu ocTpoit ¥ MHTEPBATIEHON THIIOKCHH KUCIOPOXTPAHCIIOPTHAS (DYHKIMOHAb-
Hasl CHCTEMA UTPAeT BEIYIILYIO POJb, MHOTHE XapaKTePHUCTHKH KPOBOTOKA OIIPEIEIIs-
10TCsI QYHKIMOHATIEHBIMH BO3MOKHOCTSIMH cep/iua. KapauoMuonuTsl, Hapsity ¢ Hel-
POHAMH, TIOTPEOIISTIOT 3HAYUTENBHYIO YacTh KUCIOPOAA, TIOCTYTIAIOIIETO B OPTaHI3M,
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npu 3toM 80-90% ero pacxomyercst Ha oOpasoBanue AT®, Omaromaps KOTOpOMY
BO3MOXHO aKTUBHOE (hyHKIIMOHUPOBAHUE MHUOKap/a U 00eCIeUEeHHE 3NIEKTPOreHe3a
KJIeTOK cepaua [7]. Mi3mMeHeHne sHepreTHaeckoro oOMeHa B KJIETKaX CEepAla B yCio-
BUSIX OCTPOTO Je(HIUTa KUCIOPOA OTPaXKAeTCsl Ha ANIEKTPHYECKOi aKTUBHOCTH Kap-
JIMOMHUOLIATOB, BBIPQKEHHOCTh M3MEHEHHUH 3aBUCUT OT IJIUTEIFHOCTH BO3ICHCTBH
TUIIOKCUYECKOTO CTUMYJIA — IIPU XPOHUUYECKOH (DOpME TMIIOKCUH CABUTH KIETOYHOTO
MeTabom3Ma 3aIycKaroT Mopdoornueckue n3mMeHenus Tkanu [8]. [IpepsiBrcToe
BO3/IEHCTBHE TUIIOKCHYECKOTO (haKTOpa MPUBOAUT K CTPYKTYPHBIM U3MEHEHHSIM B MU~
OKapze, CHIDKAIOIINM TIPI3HAKA TIOBPEKACHIS OT OCTPOH THITOKCHH (IIPOCBETIICHIE
KapIMOMHOLIUTOB U UX S7EP, pacIIpeHue HHTepcTus) [9].

OyHKINOHANBHEIE M3MEHEHUSI B MHOKap/e OTPaXKaroTCsl Ha (OPMHPOBAHUHU
AIIEKTPUYECKOM aKTUBHOCTH ceplua. Bricokas 4yBCTBUTENBFHOCTH Tpoliecca pe-
TOJIIPHU3AIIIH COTIPOBOXKAACTCS HU3KOH CIIEM()UIHOCTHIO M3MEHEHUH Ha DJIeK-
TPOKapJHOTpaMMe, YTO CO3JaeT CIMKHOCTh B aHanmu3e U untepnperanuu DK B
CTaH/IaPTHBIX OTBEACHHSX, B CBSI3H C 3TUM HCIIONIB30BaHNe Oos1ee HH(OPMATHBHEBIX
METOMIOB M3yUeHHsI AIEKTPOPU3UOIOTHH ceplia MPHoOpeTaeT Bce OONBIIYIO 3HA-
YUMOCTB. PerucTparyis yHUIOMSPHBIX AIEKTPOKAPIHOTPaMM cepara OT MHOXKe-
CTBa OTBEJICHU Ha OBEPXHOCTH TpyaHol kinetku, DKI -kapTupoBanue, obiaagaer
BBICOKOW UyBCTBHUTEIBHOCTBIO; THATHOCTUYECKAs! U MPOTHOCTHYECKAsl IIEHHOCTD
9TOT0 METOIa MOJTBEPKIeHa MHOTUMH KIIMHUYEeCKUMU uccienoBanusmu [10—-13].
Bnaromapst moapoOHO# 3meKTpoKapaArorpapuuecKoil HHPOPMAITUY, BKIFOYAFOIIEH
B ce0s aMIUTUTYIHBIN, BPeMEHHON M MPOCTPAaHCTBEHHBIH KOMIIOHEHTHI CUTHAJIA,
MHOTOKaHaJIbHas KapANOAIIEKTPOTOIIOT padHsi IIO3BOJISIET JIOKATI30BATH U OLICHUTD
30HY MIIEMHYECKHUX TOBPEXKICHUN CepIeUHON MBIIIIBI, PA3BUTHE EKTPHUUECKOM
HETOMOTCHHOCTH MHOKaplia, M3y4aTh €ro THIEPTPOPHUIECKOe PEeMOICTIHPOBAHIE
[14-16]. TToka3ana Beicokasi 3(p(heKTHBHOCTD KapAHOIIEKTpOTONorpaduu B Jaua-
THOCTHKE HapyIIEHHHA pUTMa CEpIra, KapIuOMHOIATHH, THIEPTPOGHH MHOKAp-
na [17, 18]. IlporHocTuueckasi EHHOCTh METOJa MO3BOJIIET UCIIONB30BAThH €ro
IUTSL M3YYeHHST THIIOKCHYECKOTO TIPEKOHANIIMOHAPOBAHIS Y YelIOBeKa B Hanboee
YYBCTBHUTEJBHBIM TEPUOJA CEPACYHOTO IHKIA — PENOSpU3alfio, UCCIEe0BaTh
(opMHupOBaHHE AIMEKTPHUYCCKOTO TOJIS CepAlla B MEPHUON BO3NEHCTBHS OCTpPOH
HOPMOOAPUUECKON TUITOKCUU JI0 U MOCIIE aaNTHUBHBIX U3MEHEHUH K HEAOCTAaTKy
KHCJIOpO/Ia.

Lenp paboThl — HCCIE0BATh MEKTPUUECKYI0 aKTUBHOCTh CEp/lla YeloBeKa
METOIOM KapIUOAIIEKTPOTONOTpauy B TEPHON PEHOIBIPHU3AINH KETYJ0UYKOB
MIPH OCTPOH HOPMOOAPUUIECKOI THIIOKCHHU JI0 ¥ TIOCIE Kypca UHTEPBaJIbHBIX TH-
MTOKCHYECKUX TPESHUPOBOK.

MaTepnam,I H METOAUKH HCCJICT0BAHUSA

B uccrenoBanum mpuHSITN TOOPOBOIBEHOE yuacTHe 14 MpakTHYeCKH 3M0POBBIX
myxauH (19,7 = 1,0 roma, macca Tena 74,4 + 9,8 kr, ;ymHa tena 177,2 + 6,4 cm).
Bcex wmccnenyeMbIX MpeaBapyUTEbHO O3HAKOMIUTH C TIPOTOKOJNIOM HCCIIETOBAHMS,
MPEAYNPEIMIA O BO3MOKHBIX HEOIATONPHUSTHBIX IOCIEACTBHAX THIIOKCHIECKOTO
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BO3JIEHCTBUS, IOCIIE YEr0 OHM JIAJIM CBOE MMChbMEHHOE COIVIACHe Ha y4acTUe B UCCIIe-
JIOBaHHH, KOTOPOE OI0OPEHO KOMHCCHEH 110 OMO3THKE BBUTBropTcKoit HayuHO-3KCTIe-
PYMEHTAIIbHON OMOJIOrHYeCKOl CTaHIMK — Qruiaiia DerepallbHOroO UCCIIeI0BaTelb-
ckoro 1enTpa «Komu Hayunslii ientp YpO PAH» (r. CeiktbiBKap, Poccus).

HccnenoBanue npoBOIWIN MO CIEAYIOLWIEH cxeMe. B MCXOmHOM coCTOsSHUU y
Ka)/I0T0 MCTIBITYEMOTO U3MEPSUTN MacCy | JJTUHY Tejla C IOMOILBIO 3JIEKTPOHHBIX
BECOB U POCTOMEPA, CaTyPALUIO KMCI0PO/Ia reMornoorHoM KposH (SpO,) u yacTo-
Ty cepaeunbix cokpatiennii (HCC) — mynbcokcumerpom «Nonin 8500» (CILIA),
cucronmueckoe (CAJ]) u nquactommueckoe (JIAJ]) aprepuanbHoe naBieHUe — TO-
HomeTpoM «OMRON I-Q 142» (Smonust). Ha Topc obcnenyemMoro HaxiabiBa-
JIM CUCTEMY YHHIIOJISIPHBIX 3JIEKTPOAOB ISl PETUCTPALMU 3IEKTPUUECKOTO OIS
cepaua (OI1C), Ha koHeuHOCTH — 3neKTpoab! At cHaTust KT B cTaHAapTHBIX OU-
MOJISIPHBIX OTBeeHMsIX. McecnemyeMoro ycaxxuBaiu B KpECo, B KOTOPOM OH CHAET
B TIOKOE JIJIS aJJalTalliK K J1a00PaTOPHBIM YCIOBUSAM B TedeHHe 15 MuH.

3areM y HccieyeMoro NpoBOAMIIN OLIEHKY Ha YyBCTBUTEIBHOCTh K THIIOKCH-
yeckomy BosneicTeuio (I'B). McnbityeMomy, cuasiieMy B Kpecie, HaKia bIBajIu
JIMLEBYI0 MacKy, IPUCOEIMHEHHYIO K MELIKY eMKOCTbI0 250 J1, B KOTOPOM Haxo-
JIMIIACh THITIOKCHYECKas Ta3oBas cMech ¢ 12% conmepkaHueM KUCIopoAa, KOTOPYIO
TOJTy4aJIH IIPY MIOMOILM KMCJIOPOAHOro KoHnenTparopa «Krober O,» (l'epmanns),
MOAU(UIIMPOBAHHOTO COIIACHO CBHJICTENBCTBY Ha MOJE3HYI0 Mozenb Ne 24098
ot 27 mronst 2002 1. lansbnii pexkum ['B He oka3biBaeT HEOIAronpusITHOTO BO3-
JEHCTBUSA Ha OpPraHU3M IMpH KPAaTKOBPEMEHHOW KCIO3UIMHM U MO3BOJISET Olle-
HUTH TyBCTBUTEIHHOCTD K THIIOKCHH [ 1], TOSTOMY OH BEIOpaH B Ka9€CTBE T'MITOK-
CHUYECKOTO TeCTa JIJIsl OMPENEIeHUs] PE3UCTEHTHOCTH OPTaHU3Ma UCTIBITYEMBIX K
runokcun. VccieayeMelil apiman ra3oBoid cMechio 15 MuH, B T€UeHHE KOTOPHIX
y mero peructpuposanu SpO,, UCC, AJl, OKT" u OIIC. Ananu3 pe3yssraToB ru-
IMOKCUYECKOT0 TeCTa NPOBOJWIN, CPAaBHUBAS JAHHBIE, I10JIyY€HHBIE B UCXOAHOM
COCTOSIHUH, B T€U€HHUE 15 MUH BO3/1E€HCTBUS TUIIOKCHUEN U 5 MUH BOCCTAaHOBJICHUS
TOCJIe CHSTHUS JIUIIEBOM MAaCKU M JBIXaHHUS aTMOC(EPHBIM BO3IYXOM.

Hauunas co cnenytomiero qHs B TeueHue 19 qHel kaxapid HcCieyeMblid Mpo-
XOIIMJT €XKETHEBHYIO0 MHTESPBAIBHYIO THIIOKCHUecKyto TpeHupoBky (MI'T), xoto-
pas coctosuia u3 uHTEepBasibHOrO I'B M3 Memika ¢ apixarenabHO cMecbio ¢ 10%
CoZlep KaHUuEM KHUCIIOpoJa.

HenpepriBHas 5KCTO3UIIMS THIIOKCHYECKOH Ta30Boi cMechio ¢ 10% coneprkaHu-
€M KHUCII0po/a B TeueHue 20 MUH [IPUBOAUT K 3HAYUTENIbHBIM CIBUTaM B TOMEOCTa3e
U CYILIECTBEHHOMY HAaIPsKEHUIO PETYISITOPHBIX MEXaHU3MOB OpTaHU3Ma, OJHAKO
MIPY MHTEPBAIIEHOM BO3/IEHCTBIH OKa3bIBaeT Oojiee ObICTpoe TpeHUpyIomee aeii-
ctBUe [1], MOATOMY B HallleM HCCIIEAOBAHHH 3TOT PEXHUM NMPUMEHSIICS UHTEp-
BaJIbHO B BUJIE LIUKIIOB.

[epBblit AeHb BKIIOYAN B ce0s 6 AbIXaTeIbHBIX [UKIOB (OAWH LUK — 5 MUH
IBIXaHHUS THITIOKCUYECKOH CMECHI0 W 2 MUH JBIXaHUS aTMOC(EpHBIM BO3IyXOM
(HOpMOKCHS)), BTOPOl IeHb — 8 LIUKJIOB, C TPETHETo MO JecAThIN neHb — 10 1nu-
kioB. C 11-ro mo 19-# nens TpennpoBKa coctosa n3 10 nbIxaTebHBIX ITUKIIOB, B
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OJTHOM IIMKJIEe THUTOKCHS — 5 MUH, HoOpMokcus — 1 mun. Ha 20-ii gens nccnemoa-
HUS CHOBA MPOBOJIMIIM TECT HA YyBCTBUTEIBHOCTh K TUTIOKCHH.

Hccreoosanue snexmpuueckou axmugHocmu cepoya. Peructpamuro moTeH-
nuaioB JIIC MeTo oM CHHXPOHHON MHOTOKaHABHOW KapAHOAJIEKTPOTONOTpa-
(uH IpU TOMOIIIH aBTOMATH3UPOBAHHON YCTaHOBKH IIPOBOIMIIN TIPH THITOKCHYE-
CKOM T€CTUPOBAaHUU — B TIOKOE, Ha Kaxkj0i MuUHYTe ['B 1 5 MUH BOCCTaHOBJICHHS
nocne Hero. CucteMa OTBEeIEHUN cOCTosIa U3 64 3JeKTPO0B, CKPETUICHHBIX 110
BOCEMb DJIEKTPOIOB B BOCEMb DIIACTHYHBIX JIeHT. Ha BeHTpaIbHON MOBEPXHOCTH
TPYAHOM KIJIETKH DJIEKTPOJBI paclojaraiy IO JIEBOM W IMPaBOW HapacTepHallb-
HBIM U TI€PETHEIOAMBIIICYHBIM TUHUAM (1—4-#1 psiabl), Ha JOpPCAIbHOMN — 1O Ma-
paBepTeOpaIbHBIM M 3aTHETOAMBINICYHBIM JIMHUAM (5—8-i psiibl). CHHXPOHHO
¢ 64 yaunonspasiMu OKI' peructpuposanu ounonspasie OKI' B 0TBeeHUSIX OT
KOHEYHOCTeH. AHaINU3 NOJIYYEHHBIX JaHHBIX IPOBOAWIM Iporpammoit «Kapau-
ounpopm» [19]. [Ipu aHanM3e ANEKTPUUECKON aKTUBHOCTH JKETYIOYKOB CepAla
Ha OKI" Bo BTopoM OTBEJEHUM OT KOHEYHOCTEH 10 TPEM CEPAEUHBIM KapAHOLH-
KJIaM OTIPE/IEISIIN CPEIHUE JTUTENLHOCTU uHTepBasios J-Tpeak, u Tpeak-Tend ,
R-R, QT,, mo popmyne bazeTTa BRIYMCIAIN JIUTETLHOCTE KOPPUTUPOBAHHOTO
untepsana QT (QTc).

AMIUIUTYIHO-BPEMEHHBIE XapaKTEPUCTUKU IEKTPUUYECKOTO MO cepiua Ha
MMOBEPXHOCTH Tella B IIEPUOJ PENOJISPU3ALINH KETYI0YKOB aHATHU3UPOBAIIH IO K-
BUITOTEHIIMAJIEHBIM MOMEHTHBIM KapTaM, OTPa)KaroLIUM IEKTPUYECKYI0 aKTHB-
HOCTbh Cepjla B KaX/blii MOMEHT BPEMEHU Ha pPa3BEpTKE MOBEPXHOCTH Tela Ha
IJIOCKOCTH IPSAMOYTOJIbHUKA, JIEBAsi CTOPOHA KOTOPOTO COOTBETCTBYET BEHTPAJIb-
HOI, a mpaBasi — IOpCabHOI MOBEPXHOCTH Tena (puc. 1).

OI1C aranM3upOBAIN 110 HANOOJIBIITNM 3HAUYCHHUSM IOIIOKHUTEIFHOTO (MaKCH-
MyMa) U OTPHULATENLHOTO (MUHMUMYMa) SKCTPEMYMOB KapJUOMOTEHIINAIOB, Bpe-
MEHH JOCTIKEHUSI MOJIOKUTEIbHBIM U OTPULIATEIbHBIM IKCTPEMYMaMH MaKCH-
MaJIbHOW aMILTUTY/bl OTHOCHTENBHO muKa R, . TlocTpoenne sKBUIIOTEHIIMATBHBIX
KapT MPOMU3BOAMIOCH aBTOMAaTHUYECKO cuctemont uepes kaxapie 0,25 mc. Ilpn
ananuze DI1C Mbl onpenensaan MakCUMallbHbIe 3HAUYEHHsI SKCTPEMYMOB 32 BECh
niepuoy, coorBeTcTBytomuit Ha DKI" naTepBamy ST-T. B pesynprarax mpemncras-
JIEHBI CPeTHUE TIO TPYIIIE UCCIENYEMbIX 3HAYCHHSI MAKCUMAJIbHBIX SKCTPEMYMOB,
KOTOpBIE IIPEABAPUTEIHHO PaCCUNTaHbl MHAUBUAYAIBHO B UCXOAHOM COCTOSIHUH,
MIpH TUIIOKcHYecKoM TectupoBanuu (1, 3, 5, 7, 10, 12 u 15-1 MuH), U B iepuof
5-muHyTHOTO BoCcTaHoBieHus (1, 3 u 5-s MuH).

Cratuctuueckyto o0pabOTKy JaHHBIX W NPOBEPKY MX HA HOPMaJbHOCTD
pacnpenencaust nposonuian ¢ momonipio StatSoft STATISTICA. Ilockonmbky
ucnonb3oBanue kpurepus Lllanupo—Yuika mokasano, 4To MOJIy4eHHbIE PE3yib-
TaThl MOIYMHSIIOTCS 3aKOHY HOPMaJIbHOTO PaclpeesIeHus, TO CTaTUCTUUECKYIO
3HAYUMOCTh PA3IMYUil OLEHUBAIH f-KPUTEPUEM NSl JIBYX 3aBHCHMBIX BbIOO-
POK «zo—mociue». JlaHHbIe IPEICTABICHH B BUIEC CpeAHEH apu(MeTHIecKo +
omunbOKka cpeaneid (M+m). Pa3nuuus cyutanu cTaTUCTUYECKU 3HAYUMBIMH MTPH
p<0,05.
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Puc. 1. DxBUNoTeHIIMAIbHAS MOMEHTHAsI KapTa Ha MOBEPXHOCTH
IpyIHOH KJIeTKH y uccienyemoro Betomkuna H.

[Mpumeuanus: 3akpaiieHa 00IacTh MOJOKUTEBHBIX KapAUOTOTCHIINAIOB. 3HAKH «+)
U «—» 0003HAYAIOT MOJOKCHNE MAKCUMyMa U MHHUMYMa COOTBETCTBEHHO. Touku
NepeceYeHns: BEPTUKAIbHBIX U TOPU3OHTAIILHBIX JIMHUN CETKU Ha KapTe COOTBETCTBYIOT
JIOKATM3aIMH SJIEKTPOIOB Ha noBepxHocTy Tena. [lon kaxnoi kaproii npusenenst DK
C MapKepoM BPEMEHHU OTHOCHTENLHO THKa R |, Bpems (ms)
¥ MaKCUMaJIbHbIC aMILTUTY/BI (MV) 3KCTPEMyMOB
[Fig. 1. Equipotential momentous map on the thorax surface of the surveyed Vetoshkin N.

The area of positive potentials is darkened. Signs “+”and “-—"denote the location of the positive
and negative extrema, respectively. The vertical and horizontal lines of the grid intersects
at the points correspond to the locations of the electrodes on the thorax surface.

ECG,, with the time marker relative to the peak R , the time (ms)
and the maximum amplitudes (mV) of the extrema are shown under each map]

Pe3yabTarhl HecsleToBaHUs M 00CY:K/IeHHEe

I'emonuHamMuuyeckue nmokasaresiu U IeKTPUUYECKAsA AaKTHUBHOCTb cepaua
00cJIeOBAHHBIX JI0el B UCXOAHOM COCTOSIHUU, MPU TMIOKCHY€CKOM BO3-
JeliCTBUM U B NlepHOJ BoccTaHoBJIeHus 10 kKypca UT'T

T'emoounamuueckue noxasamenu

Caryparmst KHcIopoaa TeMOITIOOMHOM KPOBH B HCXOTHOM COCTOSTHHH Y 00Cieno-
BaHHBIX Jirozieit coctaBuna 98 + 1%, UCC — 75 + 13 yn/mun, CAZl — 123 + 6 MM pT. T,
IOAID—76 £ 7 MM pT. CT.

C 1-ii mun I'B y oOcnenyeMbIX BBISBIE€HA CTAaTHCTUUECKasl 3HAYMMOCTh pas-
mnuwii (p<0,05) SpO, n UCC oTHOCUTENBHO HCXOAHOTO YpoBHSA. Hanmenbmiee
snagenune SpO, (77 + 9%) ormedeno Ha 12-i munyte ['B, MakcumanbHoro 3xa-
yerns 110 93 + 8 ya/mua UCC nocrurana na 7-ii mun ['B. Tlpu I'B CAZl u TA L
JOCTUTIIM MaKCUMaJIbHOTO 3HaYeHUs Ha 3-i MUH BO3/eUCTBU, cocTaBuB 128 + 9
u 77 £ 7 MM pT. CT. COOTBETCTBEHHO.
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K xoHITly ISTUMHHYTHOTO BOCCTAaHOBHTEIHHOTO MEPHOJIA YPOBEHD CaTypalin
remoniobuHa kuciopoaom, BenuuuHel CAJl u JIAJl y oOcnenoBaHHBIX JrOEi
BO3BPAIIAIHICH K HCXOAHBIM 3HAYCHUSM.

Dnexmpuueckas aKmMusHOCmMy cepoya

JmiTenbHOoCTh R—RII WHTEpBAJIa B MCXOIHOM COCTOSHUH Y OOCIIEIOBaHHBIX
coctaBuia 838 + 132 mc (puc. 2).

900

800 ~

700

600
1 ‘ 3 ‘ 5 | 7 ‘ 10 ‘ 12 ‘ 15 1 ‘ 3 | 5 | smn[min]
HCXOD'_HU T'mnoxcuueckoe osaciicTBHE BocerasoBIerHe
[Baseline| [Hypoxic exposure] [Recovery period]
——R-R 10 UT'T [R-R before IHT] —+—R-Rnocne UI'T [R-R after IHT]

Puc. 2. Jlnurensrocts nntepsana R-R na OKT'| (Mc) y 06cnenoBanHbIX IHOa€EH
B UCXOJHOM COCTOSIHUM, ITPU TMIIOKCUUECKOM BO3/I€HCTBUH, B IEPHUOJ] BOCCTAHOBICHUS
rocyie BO3IeHCTBUS 10 U mocie Kypca 19-1HeBHBIX HHTEPBAIBHBIX THIIOKCHYECKUX Tpe-
HupoBok (UI'T). * — craructuyeckas 3Ha4nMocTh paszinyauit (p<0,05) R-R unteppana
0 CPAaBHEHUIO C UCXOAHBIM cocTosiHueM 10 UI'T, # — cratucTudeckast 3HAYMMOCTh
pasmuunii (p<0,05) R-R unrepBana mo cpaBHEHHIO C HCXOAHBIM COCTOSIHUEM
nocie UI'T. Ilo ocu opauHar — «AUTenbHOCTE, MC»; IO OcH abcuuce — «Bpems, Mun»
[Fig. 2. Duration of the R-R interval (ms) on the ECG of the subjects in the baseline, during
hypoxic exposure and recovery period before and after a 19-day interval hypoxic training (IHT).
* differences of the R-R interval are statistically significant (p<0.05) compared to the baseline
before [HT, # - differences of the R-R interval are statistically significant (p<0.05) compared to the
baseline after IHT. On the Y axis - Duration of the R-R interval, ms; on the X axis -Time, min]

C 1-ii mo 10-1t0 mun I'B npoucxonuio cratuctudecku 3Hagnmoe (p<0,05) us-
MEHEHHUE JUIMTENBHOCTU R-R | MHTEpBaia 10 CPaBHEHMIO C HCXOIHBIM YPOBHEM.
C 12-it muH u 70 koHHa I'B mpoucxonuno yBeqHueHHE NPOAODKUTEIBHOCTH
nHTepBaia R-R,,. B niepnox mATHMHUHYTHOTO BOCCTAHOBIICHHS COXPAHAIOCH He-
3HAYUTEIILHOE YBETMUEHHE IPOJIOJDKUTENLHOCTH MHTEpBaia R-R oTHOCHTEIBEHO
HCXOJHOTO 3HAYEHUS (CM. pHC. 2).

B ucxonnom cocrosnumn puurensroctu unrepsanos QT u QTc y obenemno-
BaHHBIX Jiopel coctaBwin 355 + 21 u 390 £ 20 mc coorBercTBeHHO. [Ipomon-
KUTENbHOCTh MHTepBana QT Ha ka0l MuHyTe ['B cratncTHyecKn 3HaUMMO
(p<0,05) n3mensIach IO CPaBHEHHUIO ¢ UCXOMHBIM cocTostHneM, QTc — Ha 3-if MuH
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I'B. IIpu nsSTEMHUHYTHOW HOPMOKCHH TIOCJTE OCTPOM THUITOKCHH JIUTEIHHOCTH
QT u QTc, uHTEPBATIOB BOCCTAHOBWJIMCH JIO HUCXOIHBIX 3HAYECHHUH (pHC. 3).

390 1

350 1

JinurensHocTh, Mc [Duration, ms]

# #

w

310 |

Hexoms0 ‘ 5 ‘ 7 ‘

[Baseline

[Hypoxic exposure]

=~ QT 10 UI'T [QT before IHT]
—8—QTc 1o UT'T [QTc before THT]

THIIOKCHYIECKOE BO3AeHcTBHE

# # #

10 ‘ 12 | 15 1 | 3 ‘ 5 |vumH [min]
BoccranoeneHHe
[Recovery period)]

=@~QT nocre UI'T [QT after IHT]
—4—QTc nocte UT'T [QTc after ITHT]

Puc. 3. lnurensroctn untepsanos QT u QTc (mc) na OKT',y obcnenoBaHHbIX Troei
B UCXOJTHOM COCTOSIHHH, IIPY TMIIOKCUYECKOM BO3€IICTBUM, B IEPUO]] BOCCTAHOBJICHHS [IOCTIE
BO3ieiicTBUSA 10 ¥ nocie Kypca 19-1HEeBHBIX HHTEPBAIbHBIX TUIIOKCUYECKUX TPEHUPOBOK
(UI'T). * — cratucTueckas 3HaYUMOCTh pazananii (p<0,05) QT unTepsana 1o cpaBHEHUIO
¢ ucxogHeM cocrostaneM o UI'T, # — craructideckas 3Ha4MMOCTb pasmmanii (p<0,05) QT
HHTEpBaJa 0 CPaBHEHHIO C UCXOAHBIM cocTostHueM nocie UI'T, § — cratucTnyeckast 3HaUH-
MocTh pasmmanii (p<0,05) mexny 3nadenusmu QT mo u mocie UI'T. A — cratuctudeckas
3HaYUMOCTH pasmmuanii (p<0,05) QTc uHTEpBana M0 CPAaBHEHHIO C MICXOIHBIM COCTOSTHHEM
1o UI'T, ° — craructideckas 3HaIUMOCTh pasnuanii (p<0,05) mexny 3nauenusMu QTe 1o
u ociie UI'T. [o ocu opauHaT — «/TMTETBHOCTD, MCY; TI0 ocHu abcumce — «Bpemst, MuH»
[Fig. 3. Duration of the intervals QT and QTc (ms) on the ECG, of the subjects in the baseline,
during hypoxic exposure and recovery period before and after a 19-day interval hypoxic
training (IHT). * differences of the QT interval are statistically significant (p<0.05) compared
to the baseline before IHT, # differences of the QT interval are statistically significant (p<0.05)
compared to the baseline after IHT, & differences are statistically significant (p<0.05) between
values QT before and after IHT, # differences of the QTc interval are statistically significant
(p<0.05) compared to the baseline before IHT, ° differences are statistically significant (p<0.05)
between values QTc before and after IHT. On the Y axis -Duration, ms; on the X axis-Time, min]

B ucxomHOM COCTOSHHM IUIMTENBHOCTH HHTEpBana J —Tpeakn cocTaBMIIa
196 + 14 mc. Ha xaxxnoii munyte I'B u 1-if MUH BoCCTaHOBIIEHHS 110 CPAaBHEHHIO
C UCXOTHBIM COCTOSTHEM MPOUCXOIMIO cTaTucTrdecku 3Haanmoe (p<0,05) yko-
pouenue unrepsana J-Tpeak . K KOHIly BOCCTAHOBUTENILHOTO TIEPUO/IA POIOI-
KuTenbHOCTh J-Tpeak  MHTEpBaia HOCTHINIA HCXOIHOTO YPOBHS (pHC. 4).
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Puc. 4. lnurensnocts unteppana J-Tpeak na OKI', (Mc) y o6cnenoBaHHbIX moneit
B HCXOJHOM COCTOSIHUM, ITPU TMIIOKCUYECKOM BO3/AEHCTBUM U B IEPUOJ] BOCCTAHOBICHUS
rocyie Bo3eicTBuUS 10 U mocie Kypca 19-THeBHBIX HHTEPBAIbHBIX THIIOKCHYECKUX
tpennpoBok (UI'T). * — crarucTudeckast 3HaunMocTh pasnuuuii (p<0,05) J-Tpeak
HMHTEpBaJIa [0 CPAaBHEHUIO ¢ UCXOAHBIM cocTosiHueM 1o UI'T, # — cratuctiueckas
3HAYUMOCTD paznuunii (p<0,05) J-Tpeak unTepBana no CpaBHEHUIO C HCXOTHBIM COCTOSTHUEM
nocne UI'T. Tlo ocu opauHar — «J[nutensHOCTh, MC»; 10 ocH abcuuce — «Bpemst, MU
[Fig. 4. Duration of the J-Tpeak interval (ms) on the ECG,; of the subjects in the baseline,
during hypoxic exposure and recovery period before and after a 19-day interval hypoxic train-
ing (IHT). *differences of the J-Tpeak interval are statistically significant (p<0.05) compared to
the baseline before IHT, # differences of the J-Tpeak interval are statistically significant (p<0.05)
compared to the baseline after IHT. On the Y axis -Duration, ms; on the X axis -Time, min]

JimarensHocTh uuTepBana Tpeak-Tend, B MCXOIHOM COCTOSHMHU y 0OCIENO-
BaHHBIX coctaBmna 79 £ 11 mc. [Ipu I'B mpoucxoamno ykopoueHue mHTepBaia
Tpeak-Tend; OTHOCHTENBEHO HCXOMHOTO COCTOSHHUS, OTMEYEHA CTATHCTHYECKAs
3HaYUMOCTh pazinuuii (p<0,05) B Teuenue Bcero I'B u Ha 3- MHH BOCCTaHOBH-
TEJNBHOTO Tiepuosa (puc. 5).

Amnaumyounwie xapakmepucmuru II1C

B ncxoaHOM cOCTOSIHMM MakcUMajbHAas aMIUTUTY/A TOJIOKUTEIHLHOTO SKCTPe-
mymMa coctasmia ot 0,42 o 1,05 mB, orpuniarensaoro sxcrpemyma — ot 0,38 1o
0,97 MB (Tabnuma).

IIpn I'B MakcuMalbHBIE BETMYUHEI ITOJIOKATEIBHOTO U OTPULIATEIIEHOTO 3KC-
TPEMYMOB DJIEKTPUUYECKOTO OIS ceplilla HE3HAYUTEIbHO YMEHBIIUINCH, HO CY-
LIECTBEHHO HE pa3IMYyalIuCh OT MOKa3aresiel B UCXOAHOM COCTOSIHUH, IIPH HOp-
MOKCHH 3TH TOKa3aTeIl BOCCTAHOBUIIUCH JI0 UCXOJHOTO YPOBHSI.

Bpemennvie xapaxmepucmuxu 311C

B ucxonmHoM coCTOSIHMM BpeMsi JOCTH)KEHUS MaKCUMAaJbHOTO 3HAu€HUs T0-
JIOKUTEIBHBIM 3KCTPEMYMOM B IIEPUO PETIOIAPU3ALIUH JKEITYI0UKOB COCTABIISIIO
ot 194,3 no 250,5 mc, oTpuniateabHbIM SKcTpeMyMoM — oT 208,3 10 280,3 mc (cMm.
TaOIHILY).
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Puc. 5. Jlnutensrocts uuTeppana Tpeak-Tend na OKT', (Mc) y oOcnenoBaHHBIX

B MCXOJHOM COCTOSTHUH, TP TMIIOKCUYECKOM BO3/ICHCTBUH U B TIEPUOJ] BOCCTAHOBIICHHS
mocie Bo3/eicTBus 0 ¥ mocie Kypca 19-maeBHbix UI'T. * — cTatuctudeckas 3HAYUMMOCTh

pasmunii (p<0,05) Tpeak-Tend mHTEpBaa M0 CPABHEHUIO C UCXOTHBIM COCTOSTHHEM

1o UI'T. 1o ocu opauHaT — «J[IUTENEHOCTH, MCy»; TI0 ocH adcrpce — «Bpems, MuH»

[Fig. 5. Duration of the Tpeak-Tend interval (ms) on the ECG,; of the subjects in the baseline, during

hypoxic exposure and recovery period before and after a 19-day interval hypoxic training (IHT).

* differences of the Tpeak-Tend interval are statistically significant (p<0.05) compared
to the baseline before IHT. On the Y axis-Duration, ms; on the X axis-Time, min]

Ha xaxnoit munyte I'B y o0cnenoBaHHBIX Trofiei BpeMsl TOCTIOKEHHUS 000-
uMmu 3kctpemymMamu OIIC MakcUManbHBIX 3HAYEHUN MEHbIIE, YEM B UCXOAHOM
cocrosauu (p<0,05). HanGonpiiee yMeHbIIEHHE BPEMEHU JOCTUKEHUSI 000UMHU
skctpemymamu JI1C makcumyma ormedeno Ha 10-if mun ['B. B BoccranoBuTens-
HBII TIEpUOA BpPeMs MaKCUMAJIBHOTO 3HAYEHHUS MOJIOKUTEIBHBIM SKCTPEMYMOM
JOCTHUIVIO UCXOHOI'O YPOBHSI.

IemonuHaMuUYecKHe MOKA3aTeU U JIeKTPUYECKAas aKTUBHOCTH cepana
o0ci1elOBAaHHBIX JI0ell B UCXOAHOM COCTOSIHUM, NPU TMIOKCHMY€CKOM BO3-
JAeHCTBMH H B IIEPHOJA BOCCTaHOBJIeHHUd nocJie kypca UI'T

Temoounamuyeckue noxaszamenu

B ncxonnom coctosinum nocine kypca MI'T nmokaszarenu caTypaiiy KUciIopoaa
remoniioonHoM kpoBu, YCC, CAJ] u JIAJl He UMeNT CTaTHCTUYECKH 3HAUUMBIX
pa3Iu4uil ¢ TakOBBIMHU MOKazaressiMu 1o MUI'T.

[Ipu mpoBeneHNN THIOKCHYECKOTO TeCTa MakCUMabHbBIX 3HadeHnit YCC no
kypca UI'T nocturana 93 + 8 yn/muH Ha 7-it MuH I'B, Torna xak nocne MI'T mak-
CUMallbHO yBenuunBanack o 87 + 8 yn/MuH Ha 4-if muH ['B. CHMXkeHue moka-
3aresiell caTypany reMorioonHoM kpoBH 110 u rocsie UI'T B cooTBeTCTBYIONIME
MUHYTHI [ B cTaTuCTHYECKU 3HAYMMO HE Pa3IN4aIOCh.

B nepuon Hopmokcuu nociie I'B UCC BoccTaHOBMIIACH IO UCXOAHBIX 3HAde-
HUH Kak 110, Tak 1 nociie UI'T, a 3HaueHms SpOzy 00cCJIeIOBAaHHBIX JIIOIEH I10-
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cie kypca UI'T BocCTaHOBMIIUCH K MCXOAHBIM MOKA3aTeNsAIM, TOTJa KaK 10 Kypca
UI'T — Her.

ITocne kypca UI'T mpu I'B u B BoccranoButenpHbIN nieprosn 3HaueHuss CAJ|
HEe3HauuTeNbHO mpeBblmanu, a JAJ] craTHCTHYEeCKH 3HAauMMO Pa3In4aIiCh
(p<0,05) co 3nauenusiMu 10 UI'T.

Onexmpuueckas akmugHocms cepoya

Jmarensroctn unTepBanoB QT u QTc, B HCcXOMHOM coCTOsIHHM y 00Cen0-
BaHHBIX Jitoziet coctaBuiu 349 + 22 u 381 £ 22 Mc, COOTBETCTBEHHO (CM. puc. 2).
CrarucTudeckas 3HaUUMOCTh paznuunil (p<0,05) MexIy 3HAUCHUSAMH JITUTEITh-
noctu QT untepsana 10 u nocne UI'T ormeuena ua 3-i mun I'B, nnreppana
QTc, — na 3-i u 12-i mun I'B. Ilpoxommkurensrocts uarepsana QT,, QTc, B
HCXOJHOM cocTosiHuY, ipu ['B u B nepuon Bocctanosienus 1o UI'T Gonbiue, yuem
nocie kypca UI'T.

B ucxommom cocrosun ymtensHoOCTh R-R) nHTepBana cocrasuia 845 + 136 mc
(cm. puc. 3). ITocne kypca UI'T nponomxuTensHoCTh nHTepBaia R-R, B ucxon-
HOM cocTtosiHuM, nipu I'B u B mepuoxa BoccranosneHus Oonbiie, yuem g0 UI'T.
C 3-ii mo 10-r0 u Ha 15-# mun I'B nocne UI'T ormeuena craructTuyeckas 3Hauu-
MocTh pasinuuit (p<0,05) anurensHocTH uHTepBana R-R  mo cpasnenuto ¢ uc-
XOIIHBIM COCTOSIHUEM.

JimarensHocts J-Tpeak | wHTepBana B HMCXOIHOM COCTOSHUM COCTaBHIJIA
197 £ 21 mc (cM. puc. 4). [lo uniocrne kypca UI'T B Teuenue ['B Habmronanock yko-
pouenue untepsana J-Tpeak . Craructuueckas 3HauMMOCTh pasnuuni (p<0,05)
HPONOIKMTENBHOCTH nHTepBana J-Tpeak  BbIsiBIeHa ¢ 3-i o0 10-10 MHH OCTpOI
HopMoOapuieckoit runokcuu nociue kypca UI'T. IIpogomxurensHOCTh HHTEpBa-
na J—TpeakIl B MCXOIHOM COCTOSIHHH, IIpu I'B U B meproa BOCCTAHOBIIECHHS IO
UI'T menbire, uem nocne kypca UI'T.

B ncxomHOM COCTOSHMH JUTMTENBHOCTh MHTEpBana Tpeak-Tend, y obcnemo-
BaHHBIX Toneil coctaBmna 71 + 10 mc (cm. puc. 5). Kak o, Tak u nmocne UI'T
HPOUCXONUIIO yKopoueHne unrepsana Tpeak-Tend, mpu I'B.

Amnaumyounsie xapakmepucmuru II1C

B uncxognom cocrostaum nocie kypca UI'T amMmuTynsl MakcMMyMa U MAHH-
MyMa HE3HAYUTEIbHO OTINYanuch oT 3HaueHui 1o UI'T (cm. Tabnuiy).

B teuenue I'B o u nmocne xkypca UI'T BBIABICHO HE3HAYUTEIBHOE YMEHb-
[IeHHE MaKCHUMaJbHON aMIUTUTYJbl MOJOKHUTEIBHOTO SKCTPEMyMa, aMILTUTYIa
muHUMyMa nociie UI'T 3HaymMo ymMeHbIINIack nocie 7-ii MUH BO3AEHUCTBUS 10
CPaBHEHUIO C UCXOJHBIM YPOBHEM.

Bpemennvie xapaxmepucmuxu 311C

[ocne xypca UI'T B UCXOTHOM COCTOSIHUM BPEMSI TOCTHKEHHSI MAKCHMAJIBHOTO
3HAUEHUS TIOJIOKUTENIBHBIM U OTPULIATENBHBIM SKCTPEMYyMaMH B IIEPHOJL PEMOLs-
PH3aLHHY JKETyJOUKOB HE3HAUUTEIBHO ObLI0 OomnbIne, yeM a0 UI'T (cMm. Tabnuiry).

B rtedenue I'B BBIABICHA cTaTMCTHUECKas 3HAYUMOCTh paznuuuid (p<0,05)
BPEMEHH JOCTHM)KEHUS MAKCHMAJIBHOTO 3HAYEHUS TOJIOKUTENFHOTO U OTpHULA-
TeNbHOro 3kcTpeMyMoB DIIC OTHOCHTENBHO MCXOJHOTO cOCTOsiHUA. B mepuon
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HOopMokcuu nocie I'B BpeMs MakcuMymMa U MUHMMyMa HE BOCCTaHOBHJIOCH 10
HCXOJIHOTO COCTOSIHUSL.

Jlo UT'T Hamboibllice YMEHBIICHHE BPEMEHH JOCTHKECHUS OOOMMH JKCTpe-
myMamu OIIC MakcuManbHBIX 3HadeHuil ormetunu Ha 10-it mun I'B, nocne UI'T
TOJOXKHUTEIBHBIN SKCTPEMYM MAKCUMAJIbHO YMEHBIIWICS paHbLIe — HA 7-i1 MUH
I'B, orpunarensHslif — mo3xe, k 15-i MuH. CraTucTudeckas 3HaUMMOCTb Pa3iiu-
yuii (p<0,05) BpeMeH! JOCTIKEHUSI MAKCUMAIBHOTO 3HAYCHHUS TTOJIOKUATETHHBIM
skcTpemyMoM o u nocie UI'T ormeuena Ha 7-if MuH I'B, oTpunareabHbIM 3Kc-
TpemymoM — Ha 1-i u 10-it mun ['B.

[Monyuennpie pesynbrarel no AJl, YCC u SpO, B paHee NPOBENCHHBIX HC-
CJIEZIOBAaHUAX T€MOAMHAMUKH YEJIOBEKA IIPU OCTPBIX U IIPEPBIBUCTHIX TMIIOKCHYE-
CKUX Bo3neicTBusx [22, 27, 28], y obcaenoBaHHBIX HamMu Jirofeii ipu ['B o u mo-
cite UI'T mo3BONSIOT cenarh BBIBOI O (POPMHPOBAHUH 3a MIEPUO]] HHTEPBaIbHBIX
TUIIOKCUYECKHUX BO3JEMCTBUIN ONaronmpusTHOTO aJlalTUBHOTO OTBETa OpraHu3Ma
(mocne UI'T ysenmnaenne YCC, CAJl u ymensmenne SpO, crano MeHee BbIpa-
YKEHHBIM I10 CPABHEHHUIO C HCXOHBIM COCTOSHUEM).

AHanmu3 aMIuTMTYyTHO-BpeMeHHbBIX xapaktepuctuk OIIC Ha moBepxHOCTH
IpYIHOM KJIETKU 00CIIe0BaHHBIX JIFOJEH MOKa3aj, 4To MpU OCTPOil HopMoOapu-
YeCKOW TMIoKcuu 1o u nocie kypca UI'T B mepuon penonaspu3anuu KeryJ09KOB
cep/ia MPOUCXOAUIN U3MEHEHHUS! TUHAMUKU MaKCUMaTbHON aMILTUTYABI TOJO-
YKUTEIBHOTO U OTPHULIATENIEHOTO SKCTPEMYMOB U BPEMEHH TOCTHKEHUS UMH Hau-
OOJBIIEro 3HAYEHUSL.

Kapamosnexrpryeckiie TOTSHITNAIB pa3HBIX OTACIOB H CIIOEB cepana ¢op-
MUPYIOT €JUHOE NEKTPUIECKOe MOoNe CepALla, PETUCTPUPYEMOE CUCTEMON OTBE-
nenuii B Bune OKI. M3aMeHnenne aMIIUTyJHBIX, BDEMEHHBIX M MPOCTPAHCTBEH-
HBIX XapaKTEPUCTHUK IEKTPUUECKOTO TMOJIS CepAlla OTpaxaeT (PyHKIHUOHATIbHbIE
CHIBUTH B €ro paboTe, YTO paHee IOKAa3aHO B MCCIECIOBAHHAX Ha JKUBOTHBIX U
yenoseke [14, 17]. IIpu u3ydeHUU penoysspu3aliy KeIyJouKoB cepaua ocodoe
BHUMAaHHE YAESIOT HCCIENOBAaHUIO aMIUIUTYIHO-BPEMEHHBIX XapaKTEPUCTHUK
skcTpeMyMoB OIIC, uyTo HaeT mpeacTaBlIeHUE O MPOLECCe BOCCTAHOBICHUS BO3-
OyINMOCTH MHOKap/a IPH Pa3INIHBIX (PU3NOTOTTIECKUX COCTOSHUSIX WIIN BHETII-
HuX Bo3neicTusx [ 14, 20]. B HamieM rcciae0BaHUH BBISIBIIEHO, YTO IIPH BO3/IEH-
CTBUM KPaTKOBPEMEHHOH 0CTPO HOpMOOApUIECKON THITOKCUH OOJIbINEH YacThIO
MEHSIOTCS He aMIUTUTYIHbIE, 2 BpEMEHHBIE XapakTepUCTUKH dKcTpemyMoB DIIC.
Ha SKFH MOKa3aHO M3MEHEHHUE O0IIEeH JUTUTEIBHOCTH MPOIlecca PEroIIpH3aliu
KENYI0YKOB, IPH 3TOM MEHSJIACh MPOAOIDKUTEIHHOCTh HHTepBaoB J-Tpeak u
Tpeak-Tend kak mo, Tak u mocie UI'T. Ananmuz OIIC npu obrieM yKOpOYeHHH
MepUoJIa PETOIAPU3AIINHY JKEeITyA0UKoB Tpu ['B M03BOIMI BBISIBUTh YMEHbBILIEHUE
BPEMEHHU JOCTHXKEHUS SKCTPEMYyMaMU MaKCUMaJIbHOW aMIUTUTY/bI, IIPH 3TOM I10-
cine UI'T 1o cpaBHEHUIO C MCXOIHBIM COCTOSHHUEM YKOPOUYEHHE BPEMEHHU ObLIO
MeHbIne, yem g0 WUI'T.

B cocrosiHMM MOKOS B MEpHOJ PENoJsIpU3allui KEITyI0uYKOB 30HA MOJIOXKHU-
TEJIbHBIX KapAHOIIOTEHLIMAJIOB Ha IOBEPXHOCTH TOPCa YEJIOBEKA pacIoIoKeHa Ha
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BEHTPAJILHON CTOPOHE TeJla, OT 30HbI KIIOUHUI] 1O HUKHETO Kpas TPYIHON KIETKH
Y HIDKHEH TpeTH JIeBO- U MpaBoyiaTepalibHbIX cTopoH [20]. UccnenoBanue mpo-
Iecca BOCCTAHOBIICHHST BO3OYAMMOCTH JICBOTO H IIPABOTO JKEIYIOYKOB YeJIOBEUe-
CKOTO Cep/illa M1 COOTHECEHHE pacIipeesieHUs] BHYTPUCEPISUHBIX TIOTEHIIHAJIOB C
noreHuanamu OKI' Ha HOBEpXHOCTHU IpyJHOM KJIETKHU ITOKa3ajH, YTO K MOMEHTY
BepIIUHBI T-BOJIHBI TOTHOCTHIO PETIONSPU3YETCS MTPABHIi JKeJTyA0ueK, a BCsl Mac-
ca MUOKap/a JIEBOTO — TOJIBKO K okoH4YaHui0 T-BonHEI [18]. B mepuon pemomsipu-
3allMHU JKETYJOYKOB MOJIIOKHUTEIbHBIE KapAUOIOTEHIIMABI Ha TIOBEPXHOCTH Teja
O0TOOpaKaIOT IMPEHMYIIECTBEHHO MOJIOKUTEIHHO 3apsDKEHHBIE 00IacTH HIDKHEH
YacTH MEXOKETYJOUKOBOM MEPErOpoIKHy, 3aiHennadparMaabHOrO U BEPXYIIEYHO-
TO CErMEHTOB JIEBOTO xenmynouka [ 10].

He cymecTByeT 4eTKOro COOTHOIICHUSI BPEMEHHBIX XapaKTEPUCTUK JKCTpPe-
MYMOB ¥ JITUTEIIFHOCTH TOTEHIIHAaa IeHCTBUS KapAHOMUOLUTOB Pa3HBIX 00JIa-
CTei M CIIOEB Cepila, OJHAKO €CTh MPENONIOKEHHE, YTO U3MEHEHHE BPEMEHH
JTOCTIDKEHHUS SKCTPEMyMaMH MaKCHMANBGHBIX 3HAYEHUH TIPH COXPAaHCHUH OO0IIeH
JUIUTEJIBHOCTH TIpOIlecca BOCCTAHOBICHUS BO3OYIUMOCTH YKa3bIBaeT Ha U3MEHe-
HY€ BHYTPEHHEU CTPYKTYypHI penoisipu3aiuu B cepae [20].

Paznuuue niurenbHOCTEH (a3 moTeHuana IeHCTBHUS KapJUOMHOLIUTOB pa3-
HBIX CTPYKTYp CEpALA JI)KUT B OCHOBE MOHATHUS IUCIEPCUH PENONIIpU3aLNHU, KO-
TOpasi IMEET CBOU I'PaHUIIBI JJISl PA3IMYHbIX (PU3NOIOTHUECKHUX cocTosHui [13].
MopzenupoBaHue 03BOJIWIO BBISIBUTH KOPPEJIALUIO PENOISPU3ALUU KapAUOMHO-
uuTOoB cyOsnukapnaa ¢ uarepBasioM J-Tpeak na DKI, yBennueHne IIUTEIbHOCTH
Tpeak-Tend cooTBEeTCTBYET TpaHCMYypPaTBHON AUCTICPCUH PETIOISPU3AIIUH JKEITY-
JI04KoB cepaua [21]. Penonspuszamust mpaBoro xemyrodka OTpakaeTcsl MpermMy-
[IECTBCHHO N3MECHEHHEM aMILTUTYABI U Mop¢oioruu T-BomHs! Ha DKI' B oTBene-
HustX V —V,, BOCCTaHOBIIEHUE BO30YIMMOCTH JIEBOTO JKENYI0YKA COOTHOCUTCS €
nsmenenusamu OKI' B orenennsx V—V, [18].

OtpunarensHelif s5kcTpemMyM Ha OIIC yenoBeka B HOPME JOCTHTAET CBOETO
MakcuMyMa Ha Hucxozsmei ¢ase T-Bomasl [20]. BeisBieHHOE B HallleM UcClie-
JIOBaHUU TPU THUIMOKCHYECKOM BO3/ICHCTBUN YMEHbBIIEHUE BPEMEHH JOCTIKEHHUS
MaKCHMAJIFHBIM OTPUIATEIFHBIM 3KCTPEMYMOM Y 00CII€IOBaHHBIX JTUI HA (poHE
yKopoueHus uHTepBaia Tpeak-Tend MOXkeT KOCBEHHO yKa3bIBaTh Ha M3MEHEHHE
TPaHCMYPAJIbHOTO I'PaJMEeHTa PENOJIpU3aluy U €r0 YMEHbILIEHHUE [oCe Kypca
HWHTEPBaJIbHBIX TPEHUPOBOK.

OCHOBHBIE U3MEHEHHUS EKTPUIECKONH aKTUBHOCTH CEpALia IPpU HENOCTAaTKE KHC-
Jiopoaa 00yCIIOBIEHbI MOJIEKYJSIPHBIMH MEXaHU3MaMu (POPMHUPOBAHHUS TTOTEHIHANA
JENCTBUA KapAUOMUOLIMTOB, a TAKKE CKOPOCTBIO €70 U3MEHEHHS Ha IPOJOJDKatoLee-
csl IefcTBIe cTpecc-(pakTopa. YMEHbIIIEHNE MOJIEKY/SIPHOTO KUCIOPOAa B KPOBH yT-
HETaeT MPOLECCH MUTOXOAPUAIFHOTO a3pOOHOTO BIXAaHMS, B PE3YJIbTaTe CHIDKACTCS
obpazoBaHue AT® U akTMBHOCTb 3aBUCHMBIX OT Hee MeMOpaHHBIX KaHAJIOB, paboTa
KOTOPBIX U 00pa3yeT MOTEHITNAN JISHCTBUS KIIETOK CepleHOM MBIk [22, 23].

N3meneHne Gpu3noIornueckoro coCTosHUs opranusMma (¢pusndeckas padora,
YMCTBEHHO€ HallpsKEHME U T.J1.) BeleT K ykopoueHuto QT-uHTepBaia, Toraa Kaxk
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VIUTHHEHHUE €TO MPH CTPECC-BO3ACHCTBUN CBUACTENBCTBYET O (BYHKIIMOHATBHBIX
HapyleHusx [24]. U3meHenne npoaomkutesibHocT QT-uHTepBaia mpu 0CTpoM
TUIIOKCUYECKOM BO3JIEHCTBUM HE UMEET YETKOH CBSA3M ¢ U3MEHEHHEM IPOJOIIKU-
TeNbHOCTH UHTepBasia R-R, a BeIpaskeHHOCTH yKOpoueHus jumtensHoct QT BoI-
COKO KOppENUpyeT C BEIMYMHON MaJeHUsI CaTypalliii KUCIOPOaa TeMOTIIOOMHOM
KpoBH [25]. B oCTphIX dKCIIEpUMEHTaX Ha KUBOTHBIX MOKA3aHO, YTO THIIOKCHS
MIPUBOAUT K BOSHUKHOBEHMIO FMIIEpKAIUEMUH [7], KOTOpas BBI3BIBAET yKOpOue-
nue QT-untepBana [26].

Ananu3 wsmenenuii nokasareneir AJl, YCC u SpO, Ha OCTPYIO I'MIIOKCHIO
nociie kypca MI'T mo3BonsieT caenarh BbIBOJ O (DOPMHUPOBAHWUHU aIalTHBHOTO
OTBETa CEPACYHO-COCYIUCTON CHCTEMBI OOCIEIOBAHHBIX JIOACH K THIOKCHYE-
ckomy ctumydny. [lociie HHTepBaTbHBIX THIIOKCHYECKUX TPEHUPOBOK B OTBET HA
0CTpoe HOPMOOApUUECKOe TUMOKCHUCCKOE BO3ICHCTBHE COXPAHSIIOTCS M3MEHE-
HUS JUIMTENBHOCTH (pa3 paHHEH M MO3HeH penossipu3alum KeIyJ0UKOB cepana
(uaTepBanoB J-Tpeak u Tpeak-Tend coorBercTBeHHO) Ha DKI' B cTaHIapTHBIX
OTBECHUSAX, T.€. HE BBISBICHO MOJOKUTENBHOTO 3(deKTa mpepbIBUCTON TUITOK-
CHH Ha TIPOIECC BOCCTAHOBJICHUS BO3OYIMMOCTH JKEIYyAOUKOB CepAna. AHAIN3
BpeMeHHbIX XapaktepucTuk JI1C Ha MOBEpXHOCTH Tena 00CIeI0OBaHHBIX JIFO/IEH,
MPOLIEIINX KypC MHTEPBAJbHBIX I'MIIOKCMYECKUX TPEHUPOBOK, IO3BOJIMI BbI-
SIBUTH 3HAYUMOE M3MEHEHUE BPEMEHHU JTOCTHKEHUS SKCTPEMyMaMU CBOETO Mak-
CHUMaJIbHOTO 3HAYEHUS B IEPUO]] PETIONIAPU3ALIMH JKEITYJOUKOB ceplua 10 U Iocie
UTI'T Ha Bo3A€HCTBIE THIIOKCHUECKOTO TECTA, YTO CBUAETEILCTBYET O HAYaIbHON
aJIalTaIly CepALa K HETOCTATKy KHCIOPOaa, ¥ MOXKET OBITh HCIIONB30BAHO B Ka-
YeCTBE JUArHOCTUYECKOTO MapKepa.

3akrouenune

OcTpoe runokcuueckoe HopMmoOapuueckoe |5-MHHYTHOE BO3IEiCTBHE Yy
00CIIeTOBaHHBIX JTIOAEH MPUBOAMIO K CTATUCTUYECKH 3HAUUMBIM Pa3InIHsIM B
nnurensHOCTH HHTEpBanoB J-Tpeak, , Tpeak-Tend,, QT,, QTc, na OKT mo cpas-
HEHHIO C WCXOIHBIM COCTOSHHEM, ITOCIIe Kypca MHTSPBAIBHON THIIOKCHYECKOM
TPEHUPOBKH CTATHCTUYECKH 3HAYMMBIE PAa3IM4Ms B JUIUTEIFHOCTH HHTEPBAJIOB
coxpaHsuch. [Ipn BO3MEHCTBUM OCTPOW THITIOKCHH O M MOCIE Kypca HUHTEp-
BQJIBHBIX THITOKCHYECKUX BO3JCHCTBUI BpeMs JOCTHIKEHHUS ITOJIOKUTEIBHBIM U
OTPHIATEIFHBIM AKCTPEMyMaMH MaKCHMATbHON aMIUTUTYbI CTATUCTHYECKH 3Ha-
YHMO COKpAILAJIOCh, OJJHAKO ITOCJIE MHTEPBAJIbHBIX TPEHHPOBOK B IEPUOJ BOC-
CTaHOBJICHHUS aTMOC(HEPHBIM BO3IyXOM aMIUTUTYIBI SKCTPEMYMOB BO3BPALIAIIICh
K MCXOJHBIM BEJINYMHAM 3HaYUMO ObICTpee. Vcnop30BaHne MHOXKECTBEHHOH pe-
THCTPAIIH KapIHOdJICKTPHYECKIX OTEHIHAJIOB CO BCEil IIOBEPXHOCTH TPYIHOM
KJIETKH 4eJIOBEKa BIIEPBBIE TIO3BOIMIIO YCTAHOBUTDH HadalIbHbIE N3MEHEHHUS Perio-
JISIPU3AIAH JKEITYTOYKOB CEpAIa B THIIOKCHIECKHX YCIOBHUX ITOCIIE TPEHUPOBOU-
HOro 3¢ dexTa MHTEPBAIbHBIX BO3/ICHCTBHUN, HE BBISBICHHBIE ITPU IPUMEHEHUH
TPaIULIHIOHHOHN IEKTpOKapIuorpaduu.
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The electrical activity of the human heart during ventricular repolarization
under acute normobaric hypoxia before and after interval hypoxic training

Morphological and functional differences in the heart, which have not resulted
from a pathological process, do not cause specific changes in the traditional ECG,
widely used for determining various functional disorders in the myocardium. The
Body Surface Potential Mapping method (BSPM), known as noninvasive multichannel
synchronous recording of electrical potentials of the heart on the thoracic surface from
multiple unipolar leads, is a more informative method for studying the functional state
of the heart, which makes it possible to obtain more data on the electrical processes
in the myocardium compared to the standard electrocardiography. The aim of this
research was to investigate the electrical activity of the human heart by the method of
BSPM during the period of ventricular repolarization with acute normobaric hypoxia
before and after a course of interval hypoxic training. The study population consisted
of 14 practically healthy young men (19.7 + 1.0 years, weight 74.4 £+ 9.8 kg, height
177.2 £ 6.4 cm). All subjects gave information consent to participate in this study;
the protocol of the study was approved by the Bioethics Committee of the Vil’gort
Scientific Experimental Biological Station, Branch of the Federal Research Centre
“Komi Science Centre”, Ural Branch of the Russian Academy of Sciences (Syktyvkar,
Russia). We studied the heart’s electrical activity in young men using traditional and
multiple electrocardiography during the ventricle repolarization period of the heart to
the acute normobaric hypoxia (gas mixture contains 12% of O,) before and after a
19-day interval hypoxic training. BSPM with 64 unipolar leads covering the thorax
was perfomed. Limb lead II was used as a reference. The electrodes located in the
intercostal space on the torso with 3-5 cm distance were used. The electrodes were
attached to 8 flexible strips each containing 8 electrodes. BSPM was recorded in the
supine position at rest. We analyzed the amplitude characteristics of the positive and
negative extrema (the amplitude of the maximum and the amplitude of the minimum,
respectively) and the time they reach the maximum amplitudes at the period of the
ventricular repolarization (the maximum time and the minimum time, respectively)
(See Fig. I). In the initial state, at each minute of the acute hypoxia and the recovery
period - normoxia (5 min) the heart rate (HR) and hemoglobin saturation (SpO,) were
measured in each subject by an oximeter (Nonin Medical Inc., USA). Systolic and
diastolic blood pressure was registered by an automatic tonometer (OMRON, Japan).
At each minute of the study, unipolar ECG from 64 electrodes located on the thorax
surface was recorded. In limb lead II of ECG, the QT , R-R,, J-Tpeak and Tpeak-
Tend, intervals were determined, the corrected QT interval (QTc) was calculated using
the Bazett formula. The course of interval hypoxic training (IHT) consisted of 19 days
of breathing with a hypoxic mixture with 10% oxygen content in the intermittent mode.
The first day included 6 cycles (one cycle - 5 minutes of breathing with a hypoxic
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mixture and 2 minutes of breathing with atmospheric air (normoxia)), the second day -
8 cycles, from the third to the tenth day - 10 cycles. From 11 to 19 days, the training
consisted of 10 cycles and normoxia was 1 minute. The normality of the distribution
of values was determined by the Shapiro-Wilk test; the results are represented as mean
values and their standard deviations (M+m). Statistical examinations were performed
using the paired Student’s #-test. The differences were considered significant at p<0.05.

In this research, we revealed that hemodynamic parameters under the hypoxic
influence demonstrated favorable training effect of the interval exposures on the
subjects. According to the results of the analysis of hemodynamic parameters, we
showed that hemoglobin oxygen saturation, heart rate, and systolic and diastolic blood
pressure did not statistically differ with the same data in the initial state after the course
of interval hypoxic training. In comparison with the ECG in standard leads, statistically
significant changes in the temporal dynamics (before and after interval exposures) of
the extrema were detected on the heart electric field (See Fig. 2 and 3). During acute
normobaric hypoxia, the changes of the ventricles repolarization on the ECG limb leads
were revealed: the shortening of the corrected QT interval corresponded to the decrease
in durations of J-Tpeak  and Tpeak-Tend  intervals, the severity of correlation changed
with hypoxia duration (See Fig. 4 and 5); the time required to reach maximum extrema
values was shorter; the changes of temporal dynamic of the negative extremum was
shown. In the initial state after the course of interval hypoxic training, the amplitudes
of the maximum and the minimum differed insignificantly from the values before the
interval hypoxic training. During acute hypoxia before and after the course of interval
hypoxic training, a decrease in the maximum amplitude of the positive extremum was
revealed. During hypoxic exposure before the course of interval hypoxic training,
the maximum values of the positive and negative extrema of the heart’s electrical
field did not significantly differ from those in the initial state. After hypoxic training,
when exposed to acute hypoxia, the amplitude maximum and minimum decreased
significantly (p<0.05). After interval training under the exposure of acute hypoxia in
the subjects in the period corresponding to the ST-T interval, we revealed changes in
the temporal parameters of the ECG in the limb leads and of the extrema of the heart’s
electrical field on the torso surface in comparison with the initial state. The changes in
amplitude-temporal characteristics of the extrema of the heart’s electrical field were
revealed using the BSPM method, that was the result of the structural changes of
ventricular repolarization of the heart of the subjects (See Table). Thus, using the BSPM
method during acute hypoxia after the intermittent hypoxic training we identified the
initial changes in the electrical activity of the heart which were not detected using
traditional methods of studying cardiac electrophysiology.

The paper contains 5 Figures, 1 Table and 26 References.

Keywords: electrocardiography; heart; hypoxia; repolarization; intermittent
hypoxic exposure.
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®U3NO0JIOT A U BUOXUMMUS PACTEHUI
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M.IO. Bapkuna, JI.A. Iloma3zénxoBa, H.C. Yonenko,
I1.B. Beaancknuii, 9.51. Kocrenxknii, H.M. Cannna

Janvruesocmounulii pedepanvhuvlil yHusepcumem, 2. Braousocmox, Poccus

Bausinue CKOpPOCTH TeNJI0BOI AKKJINMALMH
HA JKUPHOKHUCJIOTHBINA COCTAB U (pa30Bbie Mepexoabl
[IMKOJMIUA0B Saccharina japonica (J.E. Areschoug)

Pabora BbInoaHeHa pH NOAEPKKE MUHUCTEPCTBA HAYKH
u BeIcIero oopasosanus PO (roc3amanue 6.5736.2017/6.7).

Ilposedeno uccreoosanue cnocobnocmu Saccharina japonica (J.E. Areschoug)
Peopeanu30818anb TUNUOHbIL MAMPUKC MEMOPAH NPU PAZTUYHBIX CKOPOCMAX NPOZPESa
MopcKotl 600bl. Bodopocnu cobpansi 6 3anuee [lempa Benuxozo Anonckozo mops 3umoii
npu 4°C u akkaumuposanu k nemueil memnepamype (20°C) co ckopocmsio 16 unu 2°C/
cym. Cocmag sHCupHbIx KUCI0m U menaiossle nepexo0bl KPUCMAl — HCUOKULL KPUC AL
OCHOBHBIX NONAPHBIX TUNUOA08 S. japonica (MoHozanrakmosunouayurenuyepona (MIAI),
oueanaxmosunrouayunenuyepona (41T u cynvgpoxunososunrouayunenuyeponra (CX/AI))
ananuzuposanu ¢ nomowwro 1KX, BOKX-MC u oupgepenyuanvroii ckanupyroweil
Kanopumempuu coomeemcmeento. Ilokazano, 4mo mennosas akKIUMAayus 6bl3b18and
6 obwux napamempax KK cocmaea (umoexc HemacvluyyeHHOCMU, COOMHOWIEHUS
n-3/n-6 nonuHeHacvluyeHHvle JHCUPHLIE KUCIOMbL U HEHACbIUWeHHbIe/HACIUeHHble
JHCUPHBIE  KUCTIOMbL) 2IUKOIUNUO08 S. japonica u3MeHeHus, NpOmuBoONnoNoNHCHble
AKKAUMAMUSAYUOHHOMY MPeHOY Npu cmene ce3ona om 3umvl K aemy (6 MIT) uiu
yacmuuno cosnaoarowue c vum (6 4L I u CX/IT'). Bvicmpas akkaumayus uHoyyuposaid
peakyuio, 6oiee cOOMEEMCMEYIOUYI0 KOHYENYUuu 20Me0BA3KOCMHOU a0anmayuu, em
Mmeonennas. Tepmozpammvl Meniogulx nepexo0os IUKOMUNUOOE AKKIUMUPOBAHHBIX
8000pociell c8udemenbCmeosany 0b ycunenuu Qasoeo2o0 pazoeneHus IUKOIUnuoos,
umo, 6epOAMHO, HANPABNIEHO HA NOOZOHKY Npoduieli ux mepmospamm K Makoebim
JlemHux 00pasyo8 nymem nepepacnpeoeneHus 8 Ccocmage MONEKVIAPHbIX Gopm
anukonunuoos S. japonica. Ilonyuennvie pe3ynvmamel CEUOEMETbCMBYIOM 00
omcymemesuu dpdexmusnozo adanmayuono2o mexanusma y S. japonica Kk npoepegy
MOPCKOU 6006l NPU UCCIEO08AHHBIX CKOPOCHAX MEN0B0U AKKAUMAYUU.

Coxpamennsi: BOXX — BeicokoaddexruBHas xuakoctHas xpomarorpadus; [0KX — razoxuaxocTHas
xpomarorpadus; AT — auranaxrosmwiguanuirunepor; JCK — muddepennuansaas ckaHupyromas Ka-
nopumetpust; KK — xupnsie kuciorsr; MH — nnnekc Henacsimennoct; MIJIIT — MoHoranakTo3miuanmi-
miepos; MHXKK — mononenaceiennsie JKK; MOXKK — metunossie a¢upst JKK; HXKK — HachieHHbIC
KK; [THXK — nonunenaceimennbie XKK; CXT — cynbpoxunososunauanunrunepor; T — remnepary-
Ppa MaKkCUMyMa TeILIONONIOMeHNS (a30BbIX nmepexonoB mumuaoB; TCX — ToHKocIo#Has XxpoMarorpadus.
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KiroueBble ci10Ba: amMuHapus, mMenioeas aKKIuMayusi, JIUnuobl MemMOpa;
JICUPHBIE KUCTIOMbL, NOTUHEHACHIUEHHbIE JCUPHbIE KUCLOMbL, MONEKYIAPHbIe GUObL,
KanopumempuiecKue nepexoobl.

BBenenue

Bypas Bomopocinb caxapuna sinoHckas (Saccharina japonica = Laminaria
japonica) — IeHHBIH TPOMBICIOBEBIN 1 Hambojee MINPOKO KYJIBETUBUPYEMBIH BUJ
MOPCKHUX Bozopociiel [1], pocT u pa3BuTHE KOTOPBIX B MEPBYIO OYEPENb OTpeie-
JIETCS TeMITepaTypHbIM (hakTopoM cpessl oouTanus [2]. [losTomMy mecienoBaHus
MOJIEKYJISIPHBIX MEXaHM3MOB TEPMOAJAIITAIIMH CaXapUHBI STOHCKON aKTyabHBbI,
TaK KaK IMEIOT HE TONBKO BayKHOE TEOPETHIECKOE 3HAYCHHE IS IOHUMAHUS T10-
TEHIMATFHON CIIOCOOHOCTH BOIOPOCIM K BEDKUBAHUIO B YCIOBUAX TII0OATBHOTO
MOTETUICHUS KuMara [3] v quHaMHUKH (PyHKIHOHHPOBAHHS MOPCKUX IKOCHCTEM
B 1eJIoM [4], HO U 0OJbIIOE MPAKTHYECKOE 3HAUEHHUE ISl pallMOHAIBHOTO pas-
BEICHUSI MAPUKYIIBTYPHI.

U3BecTHO, 4TO B MOCHEAHNE NECATUICTHS CPETHIE TEMIIepaTypbl BOAbI B Mu-
poBoM okeaHe moBbimarotcs [3]. JIist pocta S. japonica Hanboee OIaronpusTHBI
TemrepaTypsl oT § 1o 15°C, Toraa kak Temmeparypsl Beiiie 18°C neToM U HUXe
4°C 3uMoOif TpenebHBI I Pa3BUTHS KU3HEHHO BAXKHBIX MPOIECCOB. Tak, mpu
TemrnepaTrypax Bbime 18°C HauMHAIOT pas3pyliaTbes ciaoeBuIna [5]. 3aMeucHo,
YTO IOBBIIICHHIE CPEIHNX TEMIIEPATYP MOPCKO BOMIBI B I0’KHOM apeajie OOMTaHHs
S. japonica — 6yxte Manycuma (cesepHas Snonust) ¢ 24,5°C nerom 2005 1. 110
25,1°C B 2007 I. BBI3BIBAJIO PE3KOE CHIKEHUE OMOMACCHI, OoJIee IMo3IHee MOosIBIIe-
HHUE cOpPO(UTOB, paHHUN POCT U pa3pylleHUe TAIJIOMOB IaHHOW BOIOPOCIIH, YTO
MPHUBEIIO K CMEHE MeCTa OOMTAHUS JTaHHOW TOMYJISIIKH [6].

[Mocneanue NporHoO3bl CBUIETENBCTBYIOT O TOM, YTO TEIJIOBbIE BOJIHBI B Oy-
nymeM OymyT Ooliee SKCTpeMalbHBIMU U YacThiMu [3, 7]. CienoBaTensHO, B yc-
JIOBHSIX YCWJICHHUSI BapuabOelIbHOCTH TeMIlepaTyphl OKpysKaroulei cpeasl 0cobo
Ba)KHOE 3HAYCHHE MPUOOPETaeT CKOPOCTh alalTallMOHHBIX U3MeHeHul [8]. Ox-
HAKO JI0 HacToAIEeTO BpeMeHH 3(h(heKT CKOPpOCTH TeMIepaTypHOM aKKIMMaIlui Ha
9KTOTEpPMHBIE OPTaHU3MBI MaJO H3yUeH.

B coBpemeHHoOI nuTeparype uMeeTcs: HHPOpMaIus 0 OUOIOTHYECKHX OCO-
OEHHOCTSIX MOPCKHAX MaKpOBOAOPOCIEH, ONTUMAIbHOW TeMIIepaType IJIs Bere-
TalUi U CIOPOHOIIEHUSI OT/IENbHBIX BUA0B. OTHAKO HAKOIJICHHE 3HAHUH O MOp-
CKHX MaKpOBOZOPOCIISIX MPOUCXOOHUT 3HAYUTEIHFHO MEIIEHHEE 110 CPAaBHEHHUIO C
TEMIIaMH UCCIIEI0BaHU MUKPOBOJOPOCIEH, YTO OTUYACTH CBA3AHO C MEIJICHHBIM
pocToM MakpoBomopociell. B pesymnbrate HaOmomaeTcss 3HAUNTEIHHOE OTCTaBa-
HUE B pElICHUH 3TON aKTyalbHOH COIMAIbHO U SKOHOMHYECKH BaXKHOW HAy4YHOU
po6nemsl [9]. OcoOeHHO ci1aboe BHUMAaHUE yaeseTcss GU3NKO-XUMUIESCKUM H3-
MEHEHHSIM MEMOPaHHBIX JIMIKJIOB, JIEKAIIUX B OCHOBE TEMIIEpaTypHOH ajarita-
Y JaHHOHN TPYIITEI SKTOTEPMHBIX OPTaHU3MOB.

KittoueBbIM MONIEKYIAPHBIM MEXaHU3MOM TEPMOAIANTAIIUN SKTOTEPMHBIX Op-
TaHU3MOB, B TOM YHCJIE€ BCEX TPYI PACTCHUH, SBIIETCS IepepacipeneicHue B
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coctaBe XUpHBIX kucinoT (JKK) MeMOpaHHBIX JTUMHIOB. DTH KOMIICHCATOPHEIC
M3MCHEHHsI HAIPABJICHBI HA TMOICP)KAaHUE ONTHMAIBHOTO sl (DYHKIIMOHHPOBA-
HUS JKUAKOKPUCTAUIMYECKOTO COCTOSHISI TUIMAAHOTO MaTpukca MemOpas. [lo-
3TOMy (peHOMEH IONTyUUIT Ha3BaHUE TOMEOBA3KOCTHOM aganTtanuu [10].

B dorocunTe3MpyIOMUX KIETKaX PACTEHHH Cpeau MEeMOpaHHBIX JHIHIOB
peo0IalaloT TITUKOIUIUIBI, KOTOPBIE 00SCIICUNBAIOT ONTUMAIBHOE (HYHKIIHO-
HUpOBaHUE (HOTOCHCTEM, BIHUAS Ha KOHPOPMAIHIO OETKOB ()OTOCHHTETHUECKUX
OEJKOBBIX KOMILICKCOB M, TAKMM 00pa30oM, Y4acCTBYs B PEryISIHU paboThl GOTo-
CHHTETHYECKOTO ammapara. Tak, MyTaHT JecaTypa3bl OMera-6 XHPHBIX KUCIIOT
B Arabidopsis thaliana MOXeT CHUXaTh YPOBHU IOMUHEHACHIICHHBIX KUPHBIX
KHCJIOT B TAJIAKTONUIHIAX XJIOPOIUIACTOB U 3aMEIUISITh CKOPOCTH BOCCTAHOBIIE-
Hus komriekca ¢orocuctemsl I (OC II) mpu Huskoir Temmeparype [11]. Ha-
KarutuBaeTcss nH(GopMamus 00 yJ9acTHH JTUIHIOB B MEXaHU3MaX 3aluThl (oTo-
CHHTETHYECKOI0 anmnapara npu crpeccax. OnHaKo UX pojib Ha HACTOSIIEE BpeMs
ocraércs cnadousyueHHou [12—13].

Mpenpinymme ncenenoanus cocrasa KK U TepMOTPOIHOTO TOBEAEHHS OC-
HOBHBIX TIOJISIPHBIX JIMITHAOB MOPCKHX Makpo(UTOB (MaKpOBOIOPOCIIEH U TpaB)
SImoHCKOro MOpsI TOKA3aJH, YTO MPU AKKIUMATH3ALUK OT 3UMBI K JIETy HaOIo-
naercs noBeimieHue HackimeHHocTH JKK BO BCeX MONAPHBIX JHITUAAX, OJHAKO
TEMIIEPaTypbl MakKCHUMyMOB Teronornomenus (T ) TenmnoBbIx mnepexonoB
IIMKOJMIIHIOB MOHOTanakTo3wimuanminmiepona (MIIY), muramakro3wimu-
amunnmnepona (AT u cynbdoxunoBozmnauanmnruuepona (CXAI), o6-
Pa3yIOMUX JTHUITUAHBINA MaTPUKC THIIAKOMIHBIX MeMOpaH XJIOpOILIacTOB, HE IIO-
BBIIIAJIKCE, B OTIM4KE OT T TMONAPHBIX JIMIHI0B SKCTPAILIACTHIHBIX MEMOpaH
(bocharmmunxonuna, GocharuamnataHosamuna u 1,2-muarmmmnepo-N, N, N-
TpuMmeTmiromocepuna) [14]. Takoe HeanekBaTHOE C TOUKH 3PEHUS KIACCUYECKO-
TO MPEICTABICHUS O TOMEOBS3KOCTHOHM aJanTanny MMOBEICHUE, BO3MOXHO, CBSI-
3aHO C PONBIO0 IIMKOJIMIIUAOB B perymsinuu pabots! ¢otocucteM [12]. OgHako
HEOOXOIMMO JaNbHeiee n3ydeHne pr3nKo-XUMHICCKIX U3MCHEHHI O CHOBHBIX
MOJISIPHBIX JIUMTUIOB (POTOCHHTETHYECKUX MEMOpPaH B 3aBUCUMOCTH OT CKOPOCTH
MIOBBIIICHUST TEMIIEPATYPhI OKPYKAIOIMIEH Cpeabl MOPCKUX MakpO(UTOB LI 00-
Jiee SICHOTO IPEACTABICHHUS 00 MX aJanTallMOHHBIX BO3MOKHOCTIX B YCIOBHSIX
DI00aTEHOTO TTOTEIUICHHS KIINMara.

B cBs13u ¢ 3THM 11eTh pabOTHI — UCCIISTOBAHIE ATANTAIMOHHBIX U3MCHEHHH B
DIMKOTIAIEPOIHITIIAX KaK TIaBHBIX MEMOPAHHBIX JINIIHIAX MOPCKOM MakpOBO-
J0pociH S. japonica NPU Pa3IMYHBIX CKOPOCTSX TEIJIOBOM aKKJIMMALUH OT 31M-
Hel remmiepatypsl (4°C) k setHeit (20°C).

Marepuajbl 1 METOAUKH UCCJIET0BAHUS
Coop pacmumenvHo2o mamepuana u HOCMAHOGKA IKcnepumenma. Tamo-

MBI CaxapuHBbI SIOHCKOH S. japonica (J.E. Areschoug) (Phaeophyceae) coOpansr
B 3aimBe [lerpa Bemmkoro SImoHckoro Mopst B eBpaie Ipu TeMIeparype BOIbI
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4°C na myoune 1,5-3 m (43° c. m., 131° B. 11.). Co6pannsie Bogopoci (1o 500 T
CBIPOM Macchl) MporpeBanu B aBToMarudeckoM pexume 10 20°C co CKOpOCTbIO
16°C/cyT (ObicTpas akkmuManus) u 2°C/cyT (MeIJIeHHas aKKJIMAIIHs) B TEPMO-
CTaTUPYEeMBIX aKkBapHUyMax ¢ MOpcKoi Bojoi (00bem — 100 ). OcBemeHHOCTh —
40 mxE/(m? ¢) ipu dotoneprone 12 1 cBeT : 12 1 TemHOTa. Takke 1Is BHIICICHUS
JUTHUIOB UCIIONB30BAU TAJUIOMBI BOAOPOCIel, coOpaHHbIe B (heBpalie U aBrycre
pu Temneparype Bonbl 4 u 20°C cooTBeTcTBeHHO. Bogopocnu TarensHo o4n-
IIaJH OT SMHU(UTOB U MEJIKHX OCCIIO3BOHOYHBIX U 3aTEM IMOMEINAIN B KUIILYIO
BOIY Ha 2 MUH IUII WHAKTUBALUH JTUIIOIUTHIECKUX (pepMEHTOB. DKCIIEPHMEHT
NPOBEIEH B TPEX MOBTOPHOCTIX.

Dxcmpakuus u evloeneHue AUnUO08. IKCTPAKT OOIINX JUITHIOB TOTYJaH
no Metony bnaits u Jaitepa [15]. MaauBuayanbHble TIIMKOIUIHUBL BHIISISAIN
C TIOMOIIBIO KOJIOHOYHOM XpoMarorpadyy Ha CHIIMKATeNe IpPH II0CIIEI0BATEIIh-
HOM >JIIOMPOBAaHMU CHCTEMOIl pacTBopHTeneit xiaopodopm / anetoH (1:1, 06/00),
aIleTOHOM M CMEChI0 aneToH / 6eH301 / ykcycHas kuciota / Boga (200:30:3:10,
00/00) [14]. JonOTHUTEIBHYIO OUUCTKY TIIMKOJIUIMUAOB IPOBOJMWIN C TIOMOIIBIO
npenapatuBHOi omHOMepHO# TCX Ha criIMKarese mocieqoBaTeIbHO B CHCTEMAX
xsiopodopm / anetod (1:1, 06/06) u ameron / 6enszon / Boma (91:30:6, 06/006).
YucroTy MuaoB mpoBepsuty ¢ momoiisio AsymepHor TCX Ha cunmkarene [16].
[pouenypy BbIICICHHS HHINBHIYAILHBIX JIAHIOB MOBTOPSIIH TPUKIBI.

Ananus KK cocmasa. Anams cocrasa XXK xpomaTtorpapmuaecku YUCTHIX JIU-
MUIHBIX TPENapaToB MPOBOIWIN C MOMOIIBIO Ta30)KUAKOCTHOU XpoMarorpadpuu
(I'XX), kak ommcano paHnee [14]. DrepuduKanuio JTUIMHIOB BBITOIHSIIA C TI0-
MOIIBIO CUCTEeMBI anleTmixyuopus / Metanon (1:10, 06/00) npu 95°C B Teyenue |
4. Metunossie 3¢upsl KK (MDXKK) skcTparupoBaiu x-reKCaHOM H JTOYHIIATH
Ha TCX. Anamn3 MOXKK npoBoaniu Ha ra3o-KHIKOCTHOM XpomaTorpage Agi-
lent 6890 («Agilent», CIIIA) ¢ mIaMeHHO-HOHH3AIIMOHHBIM JIETEKTOPOM, B Ka-
nusapHoi kononke HP Innowax (30 M x 0,25 Mm). B kadecTBe raza-HOCHTENs
ucnoib3oBanu remuit (He). Komonky repmocraruposanu npu 200°C. Unentudu-
karro MOXKK mpoBoauim rmo BpeMeHH yIepKUBaHUsI HA OCHOBAHHUHU pacuéTa dK-
BHBAJICHTHOW JUTHHEI 1eTH [ 17] v myTéM cpaBHEHUS C U3BECTHBIMHU CTaHIAPTaMHU.
IIpouentHoe coneprkanue kaxaoit JKK paccuntsiBanu no meroxy Kapposna [18].
Wnnexe menacemennoctu (MH) paccunteiBanm no ¢opmyne: MH = ZPe, rae
P, — conepxanne i-it KK (%), €, — uncino asoinsix csseit B i-i KK.

Ananuz cocmaea MONEKYNAPHBIX U006 NUKOAUNUO0E. AHAIUTUYECKOE
pasneneHre MOJCKYISIPHBIX BUIOB MHIMBHIYAJIBHBIX JHITUIOB MPOBOIMIA Me-
TOZIOM BBICOKO3(D(PEKTUBHON KUAKOCTHOH xpomatorpaduu (BOXKX) Ha xpoma-
torpade Shimadzu-LC20 («Shimadzu», SlnoHus) ¢ Macc-CIeKTPOMETPUIECKIM
nerekropoMm LCMS-2010EV u snekrpocnpeii-nonmsanueid. Kononky Ascentis
C18 (25 cm x 2,1 mm, pasmep yactull cunukarens 5 um) («Supelco», CILIA),
tepmocrtarupoBanu npu 45°C [19]. Pazagenenne mpoBoawimm B HENMPEPHIBHOM
MOTOKe pacTBopuTesell (5 MM BOAHBIN pacTBOp alerara aMMOHHS / METaHOM /
H30TIPONIAHOI) IPU CKOPOCTH NOoToKa 0,3 MII/MUH €O CIICIYIONIMA HHTEPBAIAMH
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MOCTOSTHHOTO cocTaBa amoeHTa: 0 MuH — 6:92:2, 30 muH — 6:79:15, 35-38 MuH —
6:69:25, 06/06 g MIL, AU u CXAT. Hetexuuro ML, ATAT npoBoaniu
B pEXHUME MOJIOKHUTENbHBIX HOHOB, a CX]II" — B pexxume OTpHUIaTeTbHBIX HOHOB.
CojeprkaHrie aHAJUTOB PACCUUTHIBAIN TI0 TUIOMIAH XPOMATOrpadUueCKuX Mu-
KOB X KBa3UMOJICKYIISIPHBIX HOHOB.

Kanopumempusn. TepMoTporTHOE TOBEJCHHUE XPOMATOrpa()UYecKd YUCTHIX
JTHUMAZOB MCCIEA0BAIN METOIOM U PepeHINANBFHON CKaHUPYIOMIEH KaloprmMe-
tpuu (JJCK) [14]. OOpa3usl TMIUA0B, pacTBOPEHHBIE B XJI0pohopMe, TOMEIIATH
B CTaHAAPTHHIC aJJFOMUHHUEBBIC KOHTEHHEPHI, BRICYIIIMBAIIH II0]] BAKYYMOM IO TI0-
CTOSIHHOM Macchl (0ko0j10 10 Mr), 3amakoBBIBAIN U IOMEHIATH B U3MEPUTEIBHYIO
staeliky TuddepeHanbLHOro cKaHupyromero kanopumerpa JJCM-2M (Poccus).
OO6pa3ipl HarpeBanu co ckopocThio 16 °C/muH B uHTepBajie oT —135 mo 80°C
P YyBCTBUTEIBHOCTH 5 MB. 3a TemmepaTypy TeIIoBOrO mepexona JHNIMHAa
MPUHUMAIH TEMIIEPATYpy, IPU KOTOPOH HAOMIONAIOCh MAKCUMAIBHOE TEILIONO-
rnomenue (T ). J/lnanason temneparyp kaanOpoBam 10 pemnepHbIM oOpasnam
Ha(TaIMHA, PTYTH U UH]THSL.

Cmamucmuueckuit ananu3. JlaHHpIe IPEICTaBICHBI B BHIC CPEIHUX apud-
METHYCCKHX 3HAYCHUI C JOBEPHUTENHHBIM HUHTEpBANIOM, N=9. CTaTHCTHYCCKYIO
3HAYUMOCTP OTIIMYHNN aHATU3UPOBAIIH C UCTIONIE30BaHUEM ¢-KpuTepust CTbIoneHTa
(p £ 0,05).

Pe3yabTarsl Hccaeq0BaHNS U 00CY:KIeHIE

MemOpaHHble TUNHIBI 00€CIIEUYNBAIOT TEPBUYHBIN KOHTAKT PACTUTENBbHBIX
KJIIETOK C OKpY’)KaloIIel cpenol, SIBISFOTCS ONOCEHCOpaMH aIanTalnoOHHBIX TIPO-
LIECCOB MPH M3MEHEHUH TEeMIEePaTyPHBIX YCIOBUH M 00eCledrBaloT ONTHMAaIb-
HOE€ U JKU3HH JKUIKOKPUCTAIUTHIECKOE COCTOSHHE OHMONOTHIECKHX MEeMOpaH
[10]. Takum o6pa3oM, U3MEHEHHE TeMIIEPaTypbl MOPCKON BOIBI AJs S. japonica
B IMIEPBYIO OYepeqb BBHI3OBET aNANTAI[IOHHEIA d(PPEKT B TIaBHBIX MEeMOPaHHBIX
JUNHUAX, TAKOBBIMHU SIBJISIFOTCA (DOTOCMHTETHYECKHE TITMKOIUITH/IBL.

Ans cpaBHEHHS aganTalMOHHBIX M3MEHECHUH B JIMITMIHOM Marpukce (oro-
CHUHTETHYECKUX MeMOpaH caxapuHbl sIMOHCKOM mpu Obictpoit (16°C/cyt) u
MemeHHoH (2°C/cyT) TeIioBOd akKJIMMAIMK BIACIUTH TiMkoaumuasl MIIT,
ATAI n CX/I' u3 Bogopocu, codpanHoil npu 4°C 3uMoit 1 aKKIIMMUPOBaHHON
K netHed Temreparype (20°C). B TunmakouaHbIX MeMOpaHax pacTeHUH OHU CO-
cTaBisitoT okojo 50, 25 u 12% cootBercTBeHHO [12]. Pesynprarsl anammza KK
COCTaBa TVIMKOJIUIIHMJIOB TPECTaBIeHbl B Ta0n. 1-3. Jns oneHkn 3 peKTHBHO-
ctu nepepactpenenernus KK octaTkoB npu TEMIOBoH aKKIMMAallUK UCCIIEI0BAIH
KaJOPUMETPHUYECKHIE TEePEXOIbl KPUCTAIT — XUAKUAN KPHCTAIUT TIHKOJIUIHIOB
(puc. 1). dnsa Gonee peTanbHON MHTEPIPETALMU TEIJIOBBIX MEPEXOJOB TaKKe
MPOBEITH aHAJIU3 COCTaBa MOJICKYJISIPHBIX BHJIOB TIIMKOIHITUAIOB (Tabm. 4—6). J{ist
CPaBHUTENIbHOM OIIeHKH 3()(HEKTUBHOCTH aAalTAllHOHHBIX MEPECTPOCK B JIUIHU-
nax S. japonica B 3aBUCHIMOCTH OT CKOPOCTH TEIUIOBOI aKKIIMMAIIIH UCCICIOBAH
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KK cocTaB u TepMOTpOITHOE MOBEJICHHE MIHUKOIUITUIOB S. japonica, cOOpaHHOM
B JICTHUH M 3UMHUH miepuoasl (cM. Tabn. 14, puc. 1).

Tabnuna 1 [Table 1]
KK cocras MI'II" Saccharina japonica B 3aBucUMOCTH
oT ckopocTu akkiauManum (% ot cymmsl JKK)
[FA composition of MGDG of Saccharina japonica depending
on the rate of thermal acclimation (% of total FAs)]

Mennennas
boicTpas akknu-
KK 3uma marnus [Rapid AICICTIMATHA Jlero
. o [Slow ac-
[FAs] [Winter] acclimation], .. [Summer]
16°C/ da climation],
Y 2°C/day
14:0 6,8 +0,3° 4,8 +0,2° 3,1+0,1° 5,0+£0,2°
16:0 49 +0,2° 3,9+0,2° 3,0+£0,2° 5,5+0,1¢
16:1 n-7 0,5+0,2° 0,5+0,3" 0,6 +£0,1° 4,0£0,3"
18:1 n-9 4,3 +0,5* 4,5+0,1° 4,1+0,3? 9,7+0,2°
18:2 n-6 4,6 +0,1* 4,1 +£0,4° 3,1 +£0,4° 11,2+0,5°
18:3 n-6 1,0+£0,3° 1,2+0,2° 1,2+0,1° 8,1+0,1°
18:3 n-3 6,4+0,1° 4,6 £0,3° 3,8+£0,2° 8,8 +0,5¢
18:4 n-3 63,5+0,7° 60,9 + 0,3 60,2 + 0,4 20,4 +0,3°
20:4 n-6 0,4+0,2° 1,0£0,1° 1,7£0,2° 10,0 £ 0,2¢
20:5 n-3 6,1 +£0,3° 13,1+0,4° 18,3+0,1° 16,0 = 0,24
HXKK [SFA] 12,0 £0,2? 9,0£0,2° 6,4 +0,2° 11,1 £0,1¢
MHXK [MUFA] 4,7+0,3* 5,1+£0,2° 4,6 +0,3* 13,7 +0,3"
ITHXXK [PUFA] 83,3 +0,3° 85,9 +£0,3" 89,0 +0,2¢ 75,2+ 0,24
n-3 ITHXKK [#-3 PUFA] 76,7 +0,4° 79,1 +£0,2° 82,2 +0,2¢ 46,0 + 0,34
n-6 ITHXKK [1n-6 PUFA] 5,9+0,2° 6,3 +0,3" 6,0 £0,2° 29,2 +0,2°
n-3/n-6 TIHXKK . b . .
[1-3/n-6 PUFA] 13,1+0,3 12,5+0,2 13,6 £ 0,2 1,6 0,3
HH [U1] 324,1+0,2* 3454 +0,3% 364,3 +£0,3¢ 287,4 £ 0,4¢
Hewnacsi. / HacsII. . b . B
[UFA/SFA] 7,3+0,3 10,2+0,2 14,7+ 0,1 8,0+£0,2

Ipumeuanue. 3nech u B Ta0m1. 2, 3 KK, npoueHTHOE coepikaHne KOTOPBIX BO BCEX YETBIPEX
9KCIEPUMEHTAIBHBIX Tpynnax Hiwxke 3%, B TaOJIMLEe HE PEICTABICHBI, HO YYTEHbI IIPU pac-
yerax obuux napamerpos. HXKK, MHXXK, ITHXKK — cyMMbI HaCBIIIEHHBIX, MOHOHEHACHIIIICH-
HbIX, nonuHeHackieHHbIX JKK coorBercTBeHHO; VTH — MHIEKC HEHACHILIIEHHOCTH; HEHACHILLI. /
HAaCBIII. — COOTHOIIEHHE MEXKAY CyMMaMu HeHachleHHbIX M HachlmeHHbIX JKK. IIpencTas-
JICHBI CPE/IHUE 3HAYEHMS + JIOBEpPUTEIIbHBII HHTepBal, n=9. HajncrpouHsle naruHCKUe GyKBbI
0003HAYAIOT CTATHCTUYECKYIO 3HAUMMOCTh pasiinuuii cpeqHnx 3HadeHui npu p < 0,05 mo co-

nepxxanuio kaxaon JKK.

[Note. FAs with content lower than 3% in four experimental groups are excluded but considered in calcula-
tions of total parameters. SFA, MUFA and PUFA are sums of saturated, monounsaturated and polyunsatu-
rated FAs, respectively; Ul is unsaturation index; UFA/SFA is the ratio between the sums of unsaturated
and saturated FAs. Mean values + confidence interval, n =9, are given. Superscript Latin letters denote the
statistical significance of differences in mean values for p < 0.05 in the content of each FA].

Pe3synbratsl, moay4eHHbIE IPU UCCIEA0BAaHUY ITIUKOIUIUAOB S. japonica, co-
OpaHHOM B JICTHUH W 3UMHHUH NEPHOJIBI, COIACYIOTCS C PaHee OITyOIHKOBAHHEI-
MU JaHHbIMH [14]. B HacTosmel paboTe MbI HCIONB30BATIH 3TH PE3YIBTAThI IS
OLEHKHU 3 (PEeKTHBHOCTH aKKJINMAIIMOHHBIX H3MCHEHHUH.
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KK cocmae enukonunuoos S. japonica. OcHOBHOW nuIua (OTOCHHTETHYE-
CKUX (TUnakouaHbIX) MeMOpan MIJII" aBisercst HeOUCIONHBIM Onaromaps BbI-
cokoit HeHackimeHHocTu cBoero JKK cocrasa [20]. Tak, cogepkanue moivHe-
HacwimieHHbIx JKK (ITHXKK) B naHHOM JIMniuie caxapuHbI SITOHCKOM COCTaBIIsIIO
75-88% (cM. Tabm. 1). ITO COCOOCTBYET ecTeCTBEHHOH Aedopmariiu MeMOpaH
u obecneunBaeT (HOPMUPOBAHUE KPUBU3HBI THJIAKOUTHBIX MEMOpaH, HEOOX0IH-
MOU ISl BKJIFOUCHHSI MHOTOYMCIICHHBIX MeMOpaHHbBIX OenkoB [21]. TTomnHack-
menHble JKK ocrarku, obmagarolye 3HaYUTENBHON CTPYKTYpHOH T'HOKOCTBIO,
MTO3BOJISIOT JIUIIHIAM TPUCTIOCA0IMBATECSA K pa3IMdHbIM (hopMaM OEIIKOB B CO-
CYIIECTBYIOIIUX MEMOPaHHBIX KOMIUIEKCAX U cTabuan3upoBars ux [10].

[oxazano, 4to M OBICTpas, © OCOOCHHO MEAJICHHAs TEIUIOBAs aKKIMMAIIUs
npuBoauia k nossimenuto UH MIZII S. japonica B otnuuue ot sddekra cme-
HBI ce30Ha OT 3uMbI K Jety [14] (cM. Tabm. 1). [Ipu stom moesimenne MH co-
MPOBOXKIANIOCH YBEIWYEHHEM BKIafa HeHachleHHbIX JKK: cooTHolleHue He-
HacwinieHHble / HackimenHble JKK Bospactamo B 1,4 u 2 pasza npu OBICTpOH U
MEJUIEHHOH aKKJIMMAaIUN COOTBETCTBEHHO, TOT/Ia KaK CE30HHAs aKKIMMaTU3aIus
MaJIo BIHsUIA Ha 3TOT napameTp. Hao0opoT, a3 dekT TemioBoil akkiMMannuy Kak
Ha cooTHoleHue n-3/n-6 ITHXK, Tak u Ha 6onpmmHcTBO OTAENbHBIX KK (16:1
n-7,18:1 n-9, 18:2 n-6, 18:3 n-6, nomuanpyromeii 18:4 n-3 u 20:4 n-6) oxazancs
HE3HAYUTENIbHBIM B OTIIMYME OT BIUSHUSA CMEHBI ce30Ha. OTMEUEHHOE paHee 3Ha-
YUTEIhHOE CHIDKEHHE coOTHOIEHUS 71-3/n-6 ITHXKK ot 3uMbI k nety, T.e. yBelu-
yeHue Bkiazaa n-6 [THXKK B HanGonee puznonorndecku akTUBHBIN nepuon [14],
BEPOSITHO, CBsI3aHO ¢ TeM, uto 1u [THXKK sBistrores mpeaniecTBeHHnKamu 6osee
CHJIBHBIX MEIUAaTOPOB MO CPABHEHMIO C 1-3 MPOU3BOIHBIMU [22-23]. YpoBeHb
ocranbHBIX JKK CHMKaJCS ¢ yMEHBIIEHHEM CKOPOCTH TETUIOBOW aKKIIMMAIUH,
HO NIPH CMEHE CEe30Ha MaJjlo U3MEHsUICS 3a uckimodeHueM 20:5 n-3, IpoLeHTHOoe
CoZiepKaHne KOTOPOH OCIEAOBATENIFHO YBETMIUBAIOCEH IIPH IOHIKSHUH CKOPO-
CTHU TEIUIOBOI aKKIMMAIUU U JOCTUTAJIO YPOBHS B JIETHUI MEPUOJ, T.€. aKKIHMa-
UOHHBIE U aKKIIMMaTH3alHOHHBIE (D (PEKTHI COBIIAIANH.

Hecmotpst Ha TO, yro MIJI[" siBNseTCs MpeALIECTBEHHUKOM B OMOCHHTE3€
JAUAT [24], cymmaprbie mapamerpsl (MH, HenachimenHbple / HachimeHHbIe KK
u n-3/n-6 TTHXKK) XK coctaBa AT/, B ommune ot MIT, u3MeHsmch npu
TEIIOBOW aKKJIMMAIIUU 3UT3ar000pa3Ho: 3HAYUTENBFHO CHIKAJIICH TIPH OBICTPO
aKKJIMMalluK, Y4TO COBIAJAJ0 C HANPaBJICHHEM M3MEHCHUM MPH CMEHE Ce30Ha OT
3WMBI K JIETY, & 3aT€M BO3paCTaJH | JIaKe IPEBOCXOIMIN NCXONHBIN ypoBeHs (MH,
HeHachleHHble / HachimenHble JKK) npu MemneHHo# akkimmanuu (cM. Tadi. 2).
Taxke, B ommune or MIJII, B akknmuManmoHHBIX m3MeHeHHsX JKK cocrama
AT yuactBosano 6onbummHcTBO JKK. Tak, coneprxkanue odenx MakopHaIx KK
(18:4 n-3 1 20:5 n-3) U3MEHIOCH B pe3yabTaTe aKKIIMMAIMH U aKKIMMAaTH3aIH
B TOM € HallpaBJICHUH, YTO U CyMMapHbIC NOKA3aTeH, a YPOBEHb OCTAJIbHBIX
KK (14:0, 16:0, 18:1 n-9 u 18:2 n-6), Ha0OOPOT, MOBHIIIAJICS MTPH OBICTPON aK-
KIIMMAIIUH, 9TO, TEM HE MEHEE, COBIAAIIO0 C aKKJIMMATH3alMOHHBIM TPEHIOM JUIs
atux KK, a 3aTeM cHIDKaics npu MeUIEHHOH akKImManun. B mporecce akkim-
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MaIuy He MpUHUMaIK ydactus ase MuHopHbie JKK (16:1 n-7 u 18:0), conepxa-
HHUE KOTOPBIX, OJIHAKO, PE3KO BO3PACTajo B JICTHUH MEPUOM, U O -THHOJICHOBAs
kuciota 18:3 n-3, ypoBeHb KOTOPOH Majio M3MEHSUICS KaK MPH aKKIMMAIiH, TaK
Y TIpY aKKJIMMAaTH3aIH CaXapHHbI ATIOHCKOM.

Tabnuna 2 [Table 2]
KK cocras ATAI" Saccharina japonica B 3aBucumMocTu
oT ckopocTu akkiauManum (% ot cymmsl JKK)
[FA composition of DGDG of Saccharina japonica depend-
ing on the rate of thermal acclimation (% of the total FAs)]

BricTpas M
CUICHHAasL
KK 3uma al([lliznritucljm AKKJIUMAIIYs Jleto
[FAs] [Winter] climr; tion] [Slow acclimation], | [Summer]
16°C/day 2°Clday

14:0 6,1 £0,2° 8,3+ 0,5° 2,9+0,1° 9,8 £0,3¢
16:0 5,4+0,3% 11,1 £0,2° 49 +0,22 17,4 £ 0,4¢
18:0 0,4+0,1* 1,1 +£0,2° 0,9 +£0,3° 22,3+0,2¢
16:1 n-7 0,6 0,22 1,0 +0,3? 0,7+0,12 3,6£0,1°
18:1 n-9 1,8+0,1° 5,5+0,4° 29+0,3° 15,3 +0,5¢
18:2 n-6 2,24+04° 4,3+0,2° 2,5+0,22 11,9 £0,2¢
18:3 n-3 6,8+0,1° 6,5+0,3 50+0,4° 57+03°
18:4 n-3 41,3 +0,5* 33,5+04° 39,4 £0,2¢ 3,5+0,3¢
20:5 n-3 33,3+0,2° 24,1 +£0,2° 35,6 £ 0,6° 3,7+0,1¢
HOKK [SFA] 12,2 £0,2° 20,8 +0,3" 8,6 £0,2° 30,8 +0,3¢
MHXXK [MUFA] 2,4 4+0,1° 8,0 £0,2° 42 +0,2° 40,3 + 0,44
TIHDKK [PUFA] 854+0,3" | 71,2+03° 872+0,3° |289+0,37
n-3 TTHXK [r-3 PUFA] 81,4 +0,2° 64,0 £0,3° 80,3 £0,5° 12,8 0,24
1-6 TTH)KK [n-6 PUFA] 34+03 58+0,.2° 55+0,3" 16.1£0,1°
?’1‘_33//’;2 EgﬁK 24003 | 11,1203 145403 | 0,802
HH [UI] 363,4+0,2° 295,7 £0,4° 372,2 +£0,3¢ 128,4 + 0,34
%GF‘ECS‘;E / HaceuL. 72402 | 3,8+03° 10,6025 | 22402

Nzmenenus B XKK coctae CX/II, KOTOPBIN SBISETCS CAMBIM HACHIIIEHHBIM
TJIMKOJIUITHIOM, OKa3aluch momoOHbIMU TakoBeIM B JITJIIT (cM. Tabm. 3): Takke
HaOIoMaNCs 3Ur3aroo0pasHblil XapakTep aKKIMMAlMOHHBIX WU3MEHEHUH CyM-
MapHbIX napameTpoB (MH u Henackimennsie / HackimeHHble JKK), HO B Gonee
CIJIAXKCHHOM BHJIE 3@ CUET TOTO, YTO WX 3HAYECHHUs CHIDKAJIHUCh MPH 00EUX CKO-
POCTSX aKKIMMAIIMA OTHOCHUTEIHHO YPOBHS B 3UMHHU MEPUOA. ITOMY TPEHAY
COOTBETCTBOBAIM M3MEHEHHUs B cofeprkaHnu MaxopHbix [THXKK 18:3 n-3, 18:4
n-3 u 20:5 n-3, Torma kak ypoBeHb JoMuHHpYromei HaceimenHoi KK (HXKK)
16:0 u3MeHsICS IPOTUBOMONOXKHBIM 00pa3oM. CootHomenue n-3/n-6 ITHXKK
TakkKe N3MEHSIIOCH 3UTr3aroo0pa3Ho, HO €ro BEMYMHA HEMHOTO BO3pacTaja IpH
OBICTPOI aKKIMMAIKK, a IPH MEIJICHHOW MPaKTU4YeCKH BO3Bpallaach K 3Haue-
HUIO B 3UMHHI TIepHrol. B meroM akkmiMannoHHbIe W aKKITIMaTH3aIlHOHHBIC H3-
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MEHEHHMSI BCEX TPEX IMapaMeTPOB IMPOUCXOJMIN B OTHOM HAIpaBJICHUH, XapaKTe-
PHU3YIOLIEMCS] CHIXKEHHEM UX YPOBHEH OTHOCHUTENFHO 3UMHUX 3HaueHHH. Taxoke
HEOOXOIMMO OTMETHTB, YTO JUIS MEIUICHHOW aKKIMMAIUU XapakTepeH dPQPeKT
noBbitieHuss TH 1 cooTHomeHus: HeHackleHHbIe / HachimeHHble JKK o cpas-
HEHUIO C YPOBHEM 3THX ITAPaMETPOB Y BCEX TPEX POTOCHHTETUICCKUX TJTHKOJH-
MUNO0B S. japonica, aKKINTUMUPOBAHHOM CPaBHUTENBHO OBICTPO.

Tabauma 3 [Table 3]

KK cocras CX/I" Saccharina japonica B 3aBucuMocTH
oT ckopocTu akkauManum (% ot cymmsl JKK)
[FA composition of SQDG of Saccharina japonica depending
on the rate of thermal acclimation (% of the total FAs)]

BricTpas Mennennas
WK Juma aKI}({J‘IPI.I\(/;aHI/ISI aKKSJ'lII/IMaHI/Iﬂ Teto
[FAs] [Winter] [Rapid ac- [Stow ac- [Summer]

climation], climation],

16 °C/ day 2 °C/day
14:0 2,5+0,1* 3,3+0,2° 2,2+0,5° 3,8+04°
16:0 25,5+0,3* 37,1 £0,1° 34,1 £0,2° 47,3+£0,1¢
18:0 0,6 £0,3° 1,0 +0,3° 1,2+0,4° 4,5+0,3°
16:1 n-7 0,2+0,1° 0,3+0,2° 0,2+0,1° 3,8+0,4°
18:1 n-9 15,7+ 0,5* 20,8 +0,1° 18,1 £0,3¢ 22,9+0,1¢
18:2 n-6 4,9+0,1* 2,7+0,2° 34+0,2¢ 8,1 +0,3¢
18:3 n-3 21,5+£0,2° 10,2 +0,4° 13,0£0,4° 3,1+0,2¢
18:4 n-3 13,3 +0,3* 12,1 +£0,2° 13,1 +£0,5* 0,9+0,1°
20:5 n-3 12,8 +0,4* 9,8 £0,3" 11,8 +0,3° 1,5+0,2¢
HXK [SFA] 28,6 £0,3* 41,5+0,2° 37,1 +0,3° 54,9 £ 0,29
MHXK [MUFA] 16,4 +0,3* 22,1+0,1° 19,5 +0,2° 27,4 +0,3¢
TTHXK [PUFA] 55,0 + 0,4 36,4 +0,3" 43,4 +£0,3¢ 17,7 +£0,2¢
n-3 TTHXK [#-3 PUFA] 47,6 £0,2° 32,1+0,3" 37,9+ 04° 5,5+0,2¢
n-6 ITHXKK [n-6 PUFA] 6,5+0,1° 3,6 £0,2° 4,9 +£0,2° 12,1 +£0,3¢
n-3/n-6 TTHXK a b . 4
[1-3/n-6 PUFA] 7,3+0,2 8,9+0,3 7,7+0,3 0,5+0,2
WH [UI] 2139+0,5*| 158,5+0,2° 182,1 £0,3¢ 79,5 £0,2¢
Hewnacpim./naceim. a R
[UFA/SFA] 2,5+0,3 1,4+0,2° 1,7+0,2° 0,8+0,3

B nemom XX anamm3 mokasain, uro uamenenust B KK cocrase (IH, coot-
vomenwust n-3/n-6 [THXK u menacwimennsie / Hackimenubie JKK) MIITT 6p1cTpo
U 0COOEHHO MEIUIEHHO aKKIMMUPOBAHHOU S. japonica MPOTUBOIOIOXKHBI TEH-
JICHIIUSAM, KOTOpbIe HAOIIONAINCh TIPH CMEHE Ce30Ha OT 3UMBI K Jjiety. Hampag-
nenre akkauMmanuoHHbiXx u3MeHeHuil B KK cocrase AIJII u CX/II' wacTH4HO
COBITAJIANIO C aKKJIMMATH3AIIMOHHBIM TPeHIOM. [Ipu 3TOM ObIcTpasi aKKIUMAIIHs
BbI3bIBaJia OoJiee aJeKBaTHBIM OTBET, 4YeM MeJIeHHas. BeposTHO, mpu OBICTPOit
AKKIIUMaIMK cpadaThIBAIOT CTPECCOBBIE MEXaHU3MBI aJlalTallii, KOTOphIE CTa-
HOBsTCS He(h(HEKTUBHBIMU WIIM MeHee Y(PPEKTUBHBIMH MPHU MOHWKEHUU CKOPO-
ctu akkaumarmnn. Tak kak MI/IT siBisieTcst OCHOBHBIM TUTIUAOM S. japonica, Ha
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JIOJIF0 KOTOPOro Ipuxoautcs npuMepHo 50% 0T cyMMbl DIMKOIMIIUAOB [25], TO
MOJTyYeHHBIE Pe3yJIbTaThl CBUIETENBLCTBYIOT 00 O4eHb OTPaHUYEHHON CIIOCOOHO-
ctu S. japonica nepectpanBath JKK cocTraB mUMuUIHOTO MaTpruKca TUIAKOWTHBIX
MeMOpaH MpH UCCIE0BAaHHBIX CKOPOCTAX TEIUIOBOW aKKIMMAIIWH.

Tepmomponnoe nosedenue u moneKynapHosle 6Uobl Z1UKOAURUO08 S. japo-
nica. D((HeKTUBHOCTD aJIaNTUBHBIX NEeperpynmnupoBok B coctaBe KK ocrtarkos
DIMKOJHAIHUIOB S. japonica TIpU TEIUIOBOH aKKIMMAIIUH OICHUBAIH IO KaIOpH-
METPUYECKOMY MEPEXOIy U3 KPUCTAIUTUIECKOTO COCTOSHUS B ONTHUMAIbHOE IS
(YHKIIMOHHPOBaHUS MEMOPAH YKHIKOKPUCTAIUTMIECKOE COCTOSTHUE (CM. pHC. 1).

Uccnenosanue JJCK nepexonos MIJII" caxapuHbl AIIOHCKOM TOATBEPIUIIO Pa-
Hee MOy4YeHHBIN pe3ynsrar [ 14] o HeaqeKBaTHOM MOBEIECHUH ATOTO ITUKOIHIIH/IA
MIPU CMEHE Ce30Ha OT 3UMBI K JIETY C TOYKH 3PEHHSI KIIaCCHYECKOTO MpecTaBe-
HHS 0 TOMEOBSI3KOCTHOM amarrraruu [10]: T .. cMemanace ¢ —10°C B Oosee HU3-
KoTemIeparypHyo oonactb (1o —34°C), necmotpst Ha cHmxkenue MH. Tlpu atom
B 00J1aCTH BBICOKHX TeMIIeparyp JonmoaHuTeIbHbIe uku mpu 20 u 44°C ocrasa-
JIUCh, HO UX UHTEHCUBHOCTH PE3KO CHIXKamach (cM. puc. 1, a). bosiee neranbHbIi
anaymm3 KK cocraBa, a IMEHHO aHaJIU3 MOJICKYJISPHBIX BHIOB (cM. Tabi. 4) 1o-
Kasall, 4YTO TpH TEIUIOBOM aKKJIMMAaTHU3alUU MPOUCXONUIIO YBEIMUEHUE YPOBHS
HauboJIee HeHaChIeHHBIX (hopM: MoHOHeHachIeHHbIe KK (MHXKK) / TTHXK,
a Taxoke ocHoBHBIX (hopm ITHXKK / ITHXKK, Torna xak comep:kanue 6osee Hachl-
mennoi Gpopmer HXKK / TTHXKK namano noutn B 4 pasa. Camxennio T, Takxke
MOIJIO CHOCOOCTBOBATH YMEHbIIEHUE cooTHOIeHUs 7-3/n-6 ITHXK, To ecTs yBe-
nmuaenue jgonu n-6 I[THXK B neTHHii iepros;, KOTopbie CIIOCOOCTBYET OOIBIIEMY
nonmwkennto T, yem Gosee nenacwiuiennsie 7-3 ITHXKK [26].

[Ipu OpIcTpoii TerutoBoi akkmManuu coxepkanue HXKK / TTHXK cHmxka-
noch Marde (B 1,4 pasa), 4To, BEpOSATHO, CIIOCOOCTBOBAJIO YCHIICHHUIO (ha30BOTO
pa3neNeHus JIMNHUAA, XapaKTepH30BaBIIETOCS HAIWYHEM IBYX IJIABHBIX ITHKOB,
MPUMEPHO OJMHAKOBBIX 110 MHTEHCHUBHOCTH: HHU3KOTEMIIEPATYpPHOTO MHKA IPH
—22°C u BeicokoTeMIieparypHoro nuka npu 38°C. CHIKEHHE CKOPOCTH aKKIIH-
Manuu B 8 pa3 npueeno K capury T Hu3KoTeMmeparypHoro nuka 10 —46°C, T.e.
K ero my4meil moaronke k ocHoBHoMy mmuKky JCK mepexoma nernero oGpasiia,
yeMy cnocobcTBoBanio yBennueHne MH 1 cooTHOIIEHUs! HEeHachIeHHbIe / Ha-
ceimiennbie KK (cm. Tabm. 1).

N3BectHO, uTo MIZII, SABASSICE OCHOBHBIM IO COJIEP>KAHUIO JIMIIUJOM TH-
JAKOUIHBIX MeMOpaH, UrpacT PEeIaroIlyi0 pojib B CTPYKTYPHOU TMOKOCTH Ma-
KkpoaHcambneit cetocobuparomero komiuiekca 11 (CCKII), @CII u ®CI, uut.
bJfu CF CF -AT®asbl B xyopomtactax [12, 19]. B cBs3u ¢ 5TUM Ba)HO OTMe-
TUTh, YTO PACHOJIOKEHHE 3HAYUTENIFHOW YaCTH TePMOTrpaMMbl 3UMHET0 o0pasia
MIAT" S. japonica npu temmeparypax Boiie 4°C CBUIETENBCTBYET O MPHUCYT-
CTBUH OOJIBIION JIONM JIMIINIA B KPUCTANINYECKOM COCTOSHUM B 3MIMHEE BpEMH,
TOTJa KaK KaJOpHUMETPHUYECKUH mepexof JeTHero oopasna MI/IT, mpakTHaecKu
MOJTHOCTBIO OCYIIECTBIsIIoIuUiicS B oOnmactu Huxke 20°C, yKka3plBaeT Ha JKUIKO-
KPHCTAIUTMYECKOE COCTOSHHE TPEBATMPYIOMICH YacTH STOTO JIMIHIA B JETHEE
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Bpemsi. Takum oOpazom, Ooree BS3KOE COCTOSHHE OCHOBHOTO JIMIHIIA THIIAKO-
UIHBIX MEMOpaH B 3UMHEE BpeMsi MOXKET CIIOCOOCTBOBAThH 0OJiee HU3KOW aKTHB-
HOCTH (DOTOCHHTETHUECKUX KOMIUIEKCOB. JleToM, Ha000pOT, aKTHBHOCTD MOXKET
BO3pacTaTh Onarofapsi 6oJiee MOIBUKHOMY COCTOSIHUIO THIAKOUIHBIX MEMOpaH.
[oxnep:xanue KUIKOKPUCTAIUINIECKOTO COCTOSHISI JIUITHUIHOTO MaTpUKCa THJIa-
KOUIHBIX MEMOpaH 0COOCHHO BaXHO IS 3P (HEKTHUBHOM 3aMEHBI MOBPEKIEHHBIX
OenkoB peakionHoro neHTpa OCII, rmaBHabIM 00pa3oM D1. Takas 3ameHa mpo-
tekaet mytem nuccormary OCII Ha 1Ba MOHOMEpa MyTEM KX JIaTepaIbHOM TU(-
¢by3unm [27-28]. Tak kak MIJII" HaxomuTcs B 30He KoHTakTa MoHOMepoB DCII, To
MOBBINICHHAS BA3KOCTh 3TOTO IIIMKOJIHITKIA MOXET 3aMEJISITh TAaHHBIA MPOIeCcC
U TE€M CaMBIM OBITh MPUINHON HU3KOTEMIIEpaTypHOTO HHTHOUPOBaHMS (POTOCHH-
Te3a B 3UMHHI TIEPHO]I.
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f T T T T
-140 -120 -100 -80 -60 -40 -20 0 20 40 60 80

Temnomornorenue
[Endothermic process]

T T T T T
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Temperature, °C

— 16 °C/cyT. [ °C/d] Jlero [Summer]

2°C/eyt. [ °C/d] == 3uma [Winter]

Puc. 1. Tunmunsie ICK tepmorpammel mukonunugos MIAT (a), ATAT (b), CXAT (c)
Saccharina japonica B 3aBUCUIMOCTH OT CKOPOCTH TeIUIOBOH akkiaumMarmu (16 u 2°C/cyT)
1 OT ce30Ha (JieTo U 3uMa). BeptukanpHas nuans — 1 MBT. CKOpOCTh CKaHUPOBAaHUS —
16°C/mun. Bec o6pasua — 10 mr. Kaxnprii o0pasern ckaHnpoBaad MUHEMYM 3 pasa
[Fig. 1. Typical DSC thermograms of glycolipids MGDG (a), DGDG (b), SQDG (c) of Saccha-
rina japonica depending on the rate of thermal acclimation (16 and 2°C/d) and season (summer
and winter). The vertical bar - 1 mW. Scanning rate is 16°C/min. Sample weight
is 10 mg. Each sample was scanned at least 3 times]
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Tabnuma 4 [Table 4]
CocraB Mosexyasipubix BuaoB MIII" Saccharina japonica npu nporpese MOpcKoii Boabl
(% oT cyMMBI MOJIEKY./ISIPHBIX BH/IOB)
[Molecular species composition of MGDG of Saccharina japonica when heating seawater
(% of the total molecular species)]

BricTpas
AKKITUMAITUS Mennenas
MonekynspHsie guum 3IflMa [Rapid ac- aKKnmv.[am@ Jleto
[Molecular species] [Winter] climation], [Slow ::cchmatlon], [Summer]
16°C/day 2°Clday

14:0/18:1 5,8 £0,2° 6,6 £0,1° 7,5+0,7¢ 6,0 +0,1?
16:0/18:1 3,4+0,1° 4,1+0,3° 3,4+0,3? 5,3+0,2¢
14:0/18:2 6,8 £0,3* 6,5+ 0,5° 4,8 +0,5° 1,6 £0,1°
16:0/18:2 3,5+0,2° 4,3+0,3" 4,2+0,1° 2,3+£04°
14:0/18:3 5,3+0,2° 3,6+0,1° 1,9 +£0,3° 0,3+0,3¢
16:0/18:3 3,3+0,4° 2,4+0,2° 1,7+£0,2° 0,8+0,1¢
14:0/18:4 3,7+0,1° 0,7+0,2° 0,8+0,1° 0,2+0,1°
16:0/18:4 3,4+0,3° 1,1 £0,3" 1,2+0,2° 0,9+0,2°
18:2/20:5 1,2+0,1° 1,2+0,1* 2,3+0,2° 4,7+ 0,3¢
18:3/18:4 7,3 +0,6° 7,4+0,3° 5,9 +£0,3° 4.4 +0,4°
18:4/18:4 31,2+0,22 21,1 +£0,2% 19,2 £0,1¢ 7,4 £0,3¢
18:4/20:4 1,0+0,1° 2,0+0,2° 2,6 +£0,3¢ 9,7+0,2°
18:4/20:5 10,5+ 0,22 14,7 +0,4° 14,6 £0,2° 12,5+0,1°
HOKK/HXKK [SFA/SFA] - - 0,2+0,1° 0,1 +0,1°
HXXK/MHXXK [SFA/MUFA] 9,6 £0,3° 11,8 £0,2° 12,4 +0,2¢ 12,6 £0,3¢
HXKK/TTHXKK [SFA/PUFA] 26,4 +£0,2° 19,7 £0,3° 15,7+0,2¢ 7,24+0,2¢
1[\1/\[/[%}112511?/[/15?55 0,3+0,1° 0,4+0,3* 0,9+0,1° 1,4+0,1°
?&%ﬂéiggél]( 2,5+0,2¢ 32+0,1° 5,0+0,3¢ 11,1 +0,3¢
g%}gf/gg;}i{]l( 61,2+0,4° 64,9 +£0,2° 65,8 +£0,2° 67,6 = 0,34

Ilpumeuanue. MonexynspHble BUJIbl, IPOLIEHTHOE COAEPKaHUE KOTOPBIX BO BCEX UETBIPEX IKC-
MePUMEHTAIIBHBIX Ipymmax Hike 3%, B TaOIHIEe He MPEACTaBICHbl, HO YUTEHBI P pacyerax
o6mux mapamerpos. HXKK, MHXK, ITHXKK — HachllieHHbBIC, MOHOHEHACHILICHHBIE, TOJMHE-
HaceieHHble JKK coOoTBETCTBEHHO. «—» — HE 00HApYKEHO; CJI. — CIIEIOBBIC KoluuecTBa (co-
nepxkanue Hinke 0,1%). IlpencrapiaeHsl cpeiHUe 3HaYEHHS £ JOBEPUTENbHBIN HHTEPBA, N=9.
Hancrpounsle natuHckre OyKBbI 0003HAYAIOT CTATHCTHYECKYIO 3HAYMMOCTD Pa3jInuHid cpea-
HHX 3HaueHui npu p < 0,05 o conepiKaHHIO KaXKI0r0 MOJIEKY/IAPHOro Bua / hOpMBL.

[Note. Molecular species with content lower than 3% in four experimental groups are excluded but con-
sidered in calculations of total parameters. SFA, MUFA and PUFA are saturated, monounsaturated and
polyunsaturated FAs, respectively. «-» is not detected; tr. is traces (content less than 0.1%). Mean values +
confidence interval, n = 9, are given. Superscript Latin letters denote the statistical significance of differ-
ences in mean values for p < 0.05 in the content of each molecular species/form].

Tak Kak mpu 00erX CKOPOCTIX aKKIMMAIMK HAOMIONANICs MHTEHCUBHBIHN MUK Ka-
JIOpUMETpHrYecKoro epexona B odmactu 40°C, To BEIOpaHHOE BpeMsI IPOTrpeBa Mop-
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CKOM BOZIBI 0Ka3aJI0Ch HEOCTAaTOUHBIM TSI TOCTIDKEHNS Hanborree (pyHKIIMOHAIBHO
aKTHBHOTO COCTOSIHHSI IJIABHOTO JIMIHK/Ia THIAKOMIHBIX MeMOpaH S. japonica.

Tepmorpammbl 3uMHEX 00pa3ioB MIJIT u ATJII" xapakTepru30BaIMCh CXOMI-
HBIMU TPO(QWIAMU U OMM3KHMHU MO MOJOKEHHIO TIABHBIM K JIOMOJTHUTEIbHBIM
MeHee WHTEHCUBHBIM IuKaMu B obmact —10 u 25°C coorBercTBenHo. Ho B 0OT-
JMYHE OT CE30HHOTO M3MEHEHHUS TEPMOTPOITHOTO ITOBEACHHS HENaMeJUIIPHOTO
MIAL, T, namemsproro AT anexsarno noseimanack Ha 10°C, a Temmnepa-
TYPHBIH HHTEPBaJ KaTOPUMETPUUIECKOTO nepexoa pacmupsica Ha 30°C 3a cuer
BBICOKOTEMIIEPATYPHOU 00JIaCTH IIPU CMEHE Ce30Ha OT 3UMEI K JIeTY (cM. puc. 1,
b). DToMy, BeposTHO, cIOCOOCTBOBAIO pe3koe najneHne MH u cooTHomeHus He-
HachlmeHHbIe / HachmeHnble JKK npu yBenndeHun copepskanus Hanbolee Ha-
coimeHHoi ¢opmel HXKK / MHXKK B 4 pa3a u, Ha000poT, yMEHbIIICHUS BKJIaa
camoii HeHachimeHnHon ¢opmbl [THXKK / TTHXKK B 1,5 paza. UaTepecHo, 4To co-
JeprkaHue IBYX Apyrux Monekymsipaeix ¢dopm MHXKK / ITHXKK u HXKK / ITHXKK
TaK)Ke U3MEHSIOCH TIPOTUBOIIOJIOKHBIM 00pa3oM (CM. Taoi. 5).

Tabauma 5 [Table 5]
CocrtaB Monexyasipubix BuaoB AUIT Saccharina japonica
NpU Nporpese MOpcKoii BoAbI (Yo 0T CyMMBbI MOJIEKYISPHBIX BU/I0B)
[Molecular species composition of DGDG of Saccharina japonica
when heating seawater (% of the total molecular species)]

BricTpas Mennennas
MornekynsipHbie BUTBI 31fIMa alc[ggﬁiléljm aKE;ﬁijg_Pm Jleto
[Molecular species] [Winter] . . [Summer]

climation], climation],

16°C/day 2°C/day
14:0/18:1 34+0,2° 3,7+0,3° 2,6 +0,1° 6,4 +0,3°
16:0/18:1 ci. [tr.] 1,1 £0,2° 0,6 +0,3? 6,3+0,1°
14:0/18:2 45+0,1° 6,4 +0,3° 2,8 £0,2° 2,4+04°
14:0/18:3 6,0 +0,3° 5,8+£0,1° 2,3+£0,3° 1,2+0,2¢
16:0/18:3 4,7+0,4° 2,4+0,2° 0,4+0,2° 2,7+0,1°
14:0/18:4 3,9+0,3° 1,1 £0,2° 0,5 £0,2¢ 0,3+0,1°
16:0/18:4 5,1 +£0,2° 0,5+0,1° 0,2 +0,2° 0,8 +0,4°
16:1/20:5 ca. [tr.] ci. [tr.] ca. [tr.] 7,6 £0,2°
18:2/20:5 0,1 +0,1* 0,1+0,1° 1,8+0,3° 8,5+£0,3¢
18:3/20:5 ca. [tr.] co. [tr.] ca. [tr.] 6,3 £0,4°
18:4/18:4 0,5+0,2* 4,6 £0,3° 52+04° 0,6 £0,3
18:4/20:4 4,1+0,5° 5,6+0,2° 8,9 +0,2° 10,7 +£0,2¢
18:4/20:5 63,1 £0,6° 63,3+0,2* 69,0 +0,3° 14,9 +0,3¢
HOKK/HOKK [SFA/SFA] — — - 0,3+0,1°
HXK/MHXK [SFA/MUFA] 3,6+0,2° 5,5+04° 3,4+£0,3° 15,3+0,3°
HXXK/TTHXK [SFA/PUFA] 25,7+0,1° 18,3 +0,1° 7,6 £0,2° 13,8 £0,2¢
MHXK/MHXK [MUFA/MUFA] - - ci. [tr.] 1,3+0,1°
MHXXK/TTHXXK [MUFA/PUFA] 0,3+0,1* 0,2+0,1° 1,3+0,3° 17,3 +0,3¢
ITHXXK/TTHXKK [PUFA/PUFA] 70,4 +£0,3? 76,0 +0,2° 87,7+0,2° 52,1+0,1¢

Ipumeyanue. CM. Tabm. 4.
[Note. See Table 4].
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D dexThl OBICTPOI U MEIJICHHON aKKJIMMAIMU Ha TEPMOTPOITHOE ITOBEACHUE
ATJII oka3anuch MpOTUBOMONOXKHBIMU. Eciu mpu OBICTPOM aKKJIMMAIMU MaKCH-
MyM TerutornorionieHus nmpuxomwics Ha 30°C (T.e. Ha CyIIecTBeHHO OoJiee BBICO-
KyI0 TeMIIepaTypy, 4eM JIETOM), TO TP MEUICHHOH aKKJIMMAIlUU HaOII0a1ach Tep-
Morpamma, nonooHas TakoBoi sumuero obpasua I, no T = waGmronancs mpu
ette 6osee HU3KOM Temneparype (—35°C). ITo KoppeupoBao ¢ 3Ur3aro00pasHbIM
XapaKTepoM 3aBUCUMOCTH cyMMapHbIX mapametpoB KK cocrasa AIAI" (MH, He-
HacbleHHble / HachieHHble JKK u n-3/n-6 ITHXK), koTopble 3HaYUTENIBHO CHU-
JKaJICh IPH OBICTPOI aKKIIMMaIMK. JTO COBIIAAAJIO C HAIIPABICHHEM N3MECHEHHH
KK cocrasa AI'/II" npu cMeHe ce30HA OT 3UMBI K JieTy. IIpu MeaneHHoN akkiu-
MaliK 3Ha4eHUs BO3pacTajy U Jaxe IPEeBOCXOIWIN UCXOAHBIN ypoBeHb. Cpenu
MOJIEKYISIpHBIX (popM B HauOoOIbIIEH CTENCHU U3MEHSJIOCH COAepKaHue (opMm
HXK /ITHXK u B menbmeit cterenn [THXK / TTHXKK. Ipuyem ypoens HXK /
I[MHXK mocnemoBarenbHO CHIXKAJICA P OBICTPOH, a 3aTeM IpU MEAJICHHOH aK-
KJIMMallUd B COOTBETCTBUM C TPEHAOM TEIUIOBOW aKKIMMATU3aILUH, a COLeprKa-
nue [THXKK / ITHXKK Taxoke mociaeoBaTeNnbHO YBEINUYUBAIOCH IPU aKKITMMAIH
B [IPOTUBOIOJIOKHOCTH CE30HHBIM U3MEHEHUSIM.

HecooTBeTcTBUE CE30HHBIX M3MEHEHUil TepmoTponHoro moseaeHus CX/I
S. japonica, nogooro MI/IT, KiTacCHUECKUM TIPEICTABICHUSAM O TOMEOBS3KOCT-
HOU aJlalTaliy COBNAAACT C paHee MOMyUeHHBIMU pe3yabrarami [14]. [Toxmxke-
aue T CXIII' OT 3uMBI K JIETY CONPOBOXKAAIOCH PE3KUM CHHIKEHHEM COJIEPIKa-
Hust popmel [THXKK / ITHXK B 10 pa3 u Bozpactanuem yposss HXXK / MHXKK
B 2 pa3a. BozamoxHo, Beicokast HeHackimeHHoCTh #-3 TTHXKK (18:3 n-3, 18:4 n-3
u 20:5 n-3), Bxogaumux B cocraB ¢opm ITHXKK / ITHXK, cnocobctByeT Oomee
II0THOHM ynakoBke mosiekyn CX/IIT 6iaromaps ctpykrypHoit ruokoctr ITHXK,
3aMONHSIOMNX MTyCTOTHI MEXKAY OAHOMMEHHO 3apsDKEHHBIMU Mojekyiaamu. Ilo-
3TOMY JpaMaTHYeCKOE CHIKEHHE YPOBHS 3TUX MOJEKYISPHBIX BHUIOB JIETOM
MOXeT OBITh INIABHON NMPUYMHON pazpbixieHus ynakoBku CX/II' npu TemnoBoi
aKKJIuMaru3auuu S. japonica, HecMoTps Ha cHibkeHue MH u cooTHomeHus He-
HACBILICHHBIE / HACBIIIIEHHBIE (CM. pHC. 1, ¢; Tabn. 6). OnHaKo IpHU TEIIOBOM aK-
KIIMMaImu Mecto Mosekyisipaoit popmsl HXKK / MHXKK, conepkanue koTopoid B
9TOM CIIydae Majo U3MEHSI0Ch, 3aHuMaa MojekyssipHast opma HXXK / TTHXK.
Ho ee ypoBens noeimancs, a conepxkanue [THXK/TTHXK camxanocs npumep-
HO B OJJMHAKOBOH crenenu (B 2 u 1,5-1,7 pa3a COOTBETCTBEHHO) NIPH PA3HBIX CKO-
pocTsix akknumaru. B pesynsrare Tepmorpammbl CXJIIT U3 aKKITMMHUPOBAaHHBIX
BOJIOPOCJIEH TaKkKe CXOAHBIM 00pa30M CMEILIATUCh B CTOPOHY TEMIIEpaTyp HUXKe
0°C u gaxe 6onee 3h(HEKTUBHO TIO0 CPAaBHEHUIO C CE30HHBIMU U3MeHEeHUsMU. [Tpu
9TOM TaKke HaOIIOANIOCh YCIOXKHEHUE TPOQUIIS TEPMOIPaMM U COOTBETCTBYIO-
mee yeuieHus (a3oBoro pasaeneHus rmukonunuga. CHIKEHHE CKOPOCTH aKKITH-
Malluu IMIPUBOIUIIO K IepepaclpeeIeHUI0 HHTEHCUBHOCTEH MUKOB, HAIPABJICH-
HOMy Ha yculleHne Haubosee Onm3Ko pacnooxeHHblx K T jeTHero oOpasna
CXATI.
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Tabauma 6 [Table 6]
CocraB Mosexkyasipubix BuioB CX/II' Saccharina japonica npu nporpese MOpcKoii BoAbI

(% oT cyMMBI MOJIEKY./ISIPDHBIX BH/IOB)
[Molecular species composition of SQDG of Saccharina japonica when heating seawater
(% of the total molecular species)]

boicTpas M
eJICHHAst
AKKJIMMAaLHs
MostexyinsipHble BUJIbL 3uma . AKKJIUMALHs Jlero
. . [Rapid . .
[Molecular species] [Winter] L. [Slow acclimation],| [Summer]
acclimation], 2°0/d
16°C/ day 2y

14:0/18:1 0,3+0,2° 2,9+0,1° 3,8+04° 4,9+0,3¢
16:0/18:1 35,7+ 0,3® 29,7 +0,3° 29,7 +£0,2° 63,9 + 0,4°
16:0/18:2 4,0+0,1* 5,7+0,3° 7,2+0,3¢ 10,0 +0,2¢
16:0/18:3 7,2+0,2° 19,0 £ 0,4° 21,2+0,1¢ 6,8 £0,3°
18:3/18:4 5,8+0,2° 4,7 £0,2° 3,8+0,3¢ 0,6 +0,1¢
18:4/20:5 40,6 + 0,5* 23,5+0,3" 21,1 +£0,2¢ 1,0+0,3¢
HXXK/HXKK [SFA/SFA] - 1,7+0,2° 2,6 +0,1° 3,5+0,2¢
HXK/MHXK [SFA/MUFA]| 36,1 £0,3* 33,3+0,3" 343 +0,2° 70,7 £ 0,29
HXXK/TTHXK [SFA/PUFA] 14,5+0,22 31,2+0,3° 33,9+0,2° 19,9 +£0,3¢
MHXK/MHXK a
[MUFA/MUFA] — ci. [tr.] o [tr.] 0,2+0,1
MHXXK/TTHXK N a a
[MUFA/PUFA] - 0,5+0,2 0,5+0,1 0,8 +0,3
TTHXK/ITHXK a b . d
[PUFA/PUFA] 49,4+ 0,4 333+0,3 28,7+0,2 4,9+0,2

Ipumeyanue. Cm. Tabn. 4.
[Note. See Table 4].

IIpeanonaranock, 4To ofHa U3 MaBHBIX QyHKIUNH CX/I' — 3amelneHre aHu-
oHHOTO JIntAa Gpocharuamrmunepona (OI') B poTocuHTeTHISCKIX MEMOpaHax
B YCIIOBUSAX HemocTaTka GochaTroB JUIs MOICPKAHUS OTPUIATEILHOTO 3apsia
[29]. OmHako BBISACHMIOCH, YTO JUJISl TIOAJICPKAHHUS HOPMAILHOTO 0Opa3oBaHUs
TUIAKOUAHBIX MeMOpaH u padotel ®CII 5TH 1Ba MTUMUIA HE SBISIOTCS B3aUMO3a-
mensiembiMu [30-31]. CX T Bmecte ¢ MIJII" oOHapykeHBI B CTpYKTypax (oTo-
CHHTETHYECKHX KOMILICKCOB B KaueCTBE KO(haKTOPOB, B YACTHOCTH, B 30HE KOH-
takTa MoHOMepoB DCII.

Paznenenue ¢a3z, xapakrepHoe 17151 TEPMOTPOITHOTO MOBEIEHHSI BCEX UCCIIE0-
BaHHBIX TTIMKOJIHUITAIOB, BOSMOKHO, HEOOXOMMMO st oOecredeHust 0oee BSI3KOi
cpenbt 1t OCII, CKOHIICHTPUPOBAHHBIX B TPAHANBHBIX THIAKOMIHBIX MeMOpa-
HaX, ¥ OoJiee MOJBHKHON B CTPOMAJIBHBIX MeMOpaHaX, rie npeodnamaetr OCI
[32-33].

[Nomy4enHsple pe3ynpTaThl MOKA3aIH, YTO TPH Pa3HBIX CKOPOCTSX TEIUIOBON
AKKJIMMAIIMK HaOIOMAaeTCsl HAYalbHBIN STall MOATOHKH Hpoduis TepMorpaMm
DIMKOJHIUIOB K TAKOBOMY JIETHUX OOpa3IOB, CONMPOBOKIAIOIIICS YCHICHUEM
(a3oBoro pasueneHus NIMKOIUMUA0B. OMHAKO BBHISIBICHHBIC H3MEHEHUS CKOpEe
MOXHO pacIeHHBaTh KaK TEHICHIWIO: BEIOPAHHOTO BPEMEHH TEIUIOBOH aKKIIH-
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MaIll{ 0Ka3aJoCh HEJOCTAaTOYHO /IS SIBHBIX CABHTOB B MpPOQHIEC TepMOrpamMM
[IMKOJMIINIOB, MPUOIMKAIOIIUX UX K CTPYKType TepMOorpamm JeTHUX oOpas-
noB. HesBHBIM M Ja)ke HEOAHO3HAYHBIM XapaKTep AKKIMMAIMOHHBIX H3MEHE-
HUH TEPMOTPOITHOTO IMOBEICHUSI OCHOBHBIX KOMIIOHEHTOB JIMITUAHOTO MaTpUKca
S.japonica, BOSMOXXHO, CBSI3aH C TEM, YTO NAHHBIA BHUI SBISICTCS XOJOIOTIOOH-
BbIM [4]. OTH BomOpoCIK OOUTAIOT HA TIIyOMHE U HE TMOIBEPraloTCs B €CTECTBEH-
HBIX YCJIOBHSIX YacThIM IIEperajaM TEeMIIeparypbl B IIHPOKOM Auama3one [34].
[oatomy S. japonica, BepoaTHo, nuiieHa 3()p(PEeKTUBHBIX MPUCTIOCOOUTENBHBIX
MEXaHU3MOB PETYILIINH (PU3NIECKOTO COCTOSIHUS JINIHIHOTO MAaTpPUKCAa MEM-
OpaH B yCIOBUAX PE3KOTO MOBBIILIEHHUS TEMIIEPATyPhl OKpy Xk arolei cpensl. B pe-
3yJIbTaTe HaOMoqaeMble M3MEHEHHS TEIUIOBBIX MEPEXOI0B U CBA3aHHOTO ¢ HUMH
KK coctaBa mUKOIUIHUIOB S. japonica HOCUIIU CTPECCOBBIN XapakTep.

3akir0ueHne

TermoBas akxkmumanws S. japonica ot 4 no 20°C mokazana, 9To mapaMeTpsl He-
HaceimeHHoctr (MH u cootHonenne HenacwimeHHble/HachieHnbie JKK) KK co-
CTaBa OCHOBHOTO MuKoumuaa sogopocia MIJII" yBennunBamuch o CpaBHEHUIO
C UX 3HAYEHMSIMH B 3UMHHUU MEpHOJ B IMPOTHBOIOJIOKHOCTh aKKINMAaTH3aI[OH-
HOMY TPEHIly IIpY CMEHE C€30Ha OT 3UMbI K JeTy. [IoBblllieHre 3TUX napaMeTpoB
YCUJINBAJIOCh IIPU CHIDKEHUH CKOPOCTH TEIUIOBOM akkauMarmu ¢ 16 go 2°C/cyT.
CootHomenne n-3/n-6 TTHXK, xoTtopoe yMeHbIIaeTcss pHU TEIUIOBOW aKKIIH-
MaTH3allid B MOJSPHBIX JTUMHIAX MOPCKHUX MaKpO(QHUTOB, MAJO W3MEHSIIOCH B
MIAI u CXATL S. japonica vu tipu OBICTPOH, HYU TPU MEJICHHON aKKIMMAIINH.
Tonbko B AIJAl" cootHomenue n-3/n-6 [THXXK ymeHbIIanoch B COOTBETCTBHH C
CE30HHBIM TPEHJIOM, 0COOCHHO MPH OBICTPOi akKmMMarwn. B otnuane ot MIIT,
napameTpbl HeHachimeHHOCTH KK coctaBa Il u CXAI" cHrxanuce npu Obl-
cTpoif akknmumanuu. [Ipu MeuIeHHON aKKIMMai U3MEHEHUS] HEHACBIILIEHHOCTH
OCNaOJSUIMCh WIM HOCWIIM MPOTUBONONOXKHBIN Xapaktep B CXAI u AT co-
OOTBETCTBEHHO. Pe3ynbTaTtoM TEmIoBOM aKKIMMAIHH SBHIIOCH YCHIIeHHE (azo-
BOTO pa3JeNIeHHs INHMKOJIMIKI0B, KOTOPOE MOXKHO paccMaTpHBaTh Kak Hadallb-
HBIH 3Tall MOATOHKH MPOQIIIL TePMOTpaMM IIUKOIUIHIOB K TAKOBOMY JICTHHUX
00pa3noB. BeposTHO, BEIOpaHHBIE CKOPOCTH TEIIOBOM aKKJIMMAIMH CIHIIKOM
BBICOKHE JJISI TIPOSIBIICHUS Oojiee YeTKHX M3MECHEHHH TepPMOTPOITHOTO IIOBEIe-
HUSl OCHOBHBIX JIMMUJOB TUJIAKOMIHBIX MEMOpaH, COOTBETCTBYIOIINX CE30HHBIM
TperaaM. [IpranHOM HEOqHO3HAYHOTO, CTPECCOBOTO Xapakrepa nm3menennii JKK
COCTaBa W KaJOPUMETPUUYECKUX MEPEXON0B NIHUKOJIUMUIOB S. japonica IpU Te-
TUTOBOH aKKJIMMAIIUHU, BEPOSTHO, SBISTIOTCS XOIOIOTIO0MBOCTD M OTCYTCTBHE PE3-
KHX KoJieOaHUi TeMIepaTryphl B €CTECTBEHHBIX YCIOBHAX OOUTaHUS TOTO BUJA
MOPCKHX MaKpOBOZOPOCTEN.
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Peter V. Velansky, Eduard Ya. Kostetsky, Nina M. Sanina

Far Eastern Federal University, Vladivostok, Russian Federation

Effect of warm acclimation rate on fatty acid composition and phase
transitions of Saccharina japonica (J.E. Areschoug) glycolipids

Saccharina japonica is a valuable commercial species and the most common
object of mariculture. Temperature is a powerful factor determining the growth and
development of macroalgae. Rational mariculture and an understanding of the dynamics
of marine ecosystems require the study of the physicochemical basis of temperature
adaptation. The key mechanism of this process is the redistribution of the fatty acid
(FA) composition of polar lipids, maintaining the optimal liquid-crystalline state of
the biomembrane lipid matrix. In the conditions of increasing ambient temperature
variability, the rate of changes aimed at the thermal adaptation of ectothermic
organisms, which include plants, becomes particularly important. However, to date,
the effect of the temperature acclimation rate on ectothermic organisms has been
little studied. The present paper aims to study the ability of S. japonica to adapt the
physicochemical properties of the main polar lipids to elevated ambient temperature at
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different rates of seawater heating. Algae were collected in the Sea of Japan in winter
at a water temperature of 4 °C and warmed to a summer temperature of 20 °C at rates
of 16 °C/d (rapid acclimation) and 2 °C/d (slow acclimation). We isolated glycolipids
monogalactosyldiacylglycerol (MGDG), digalactosyldiacylglycerol (DGDG) and
sulfoquinovosyldiacylglycerol (SQDG) from acclimated algae as well as their thalli,
collected in winter and summer, and studied their FA composition, the composition
of molecular species and thermal transitions from crystalline state to liquid crystalline
state, which is optimal for functioning of biomembranes, by GLC, HPLC-MS and
differential scanning calorimetry (DSC), respectively. Statistical significance was
analyzed using Student’s ¢-test (p < 0.05).

The results of this study showed that rapid thermal acclimation caused an increase
in the unsaturation index (UI) and the ratio of unsaturated/saturated FA of the main
lipid of thylakoid membranes MGDG (See Table I), in contrast to both acclimatization
and acclimation changes in the FA composition of the remaining glycolipids DGDG
and SQDG when a season changes from winter to summer (See Tables 2-3). The
opposite character of changes in the unsaturation of the FA composition of MGDG
compared with DGDG and SQDG was also preserved during slow thermal acclimation.
Slow warming only strengthened this feature in MGDG, contributed to increasing the
unsaturation of FA composition of DGDG as opposed to the effect of rapid acclimation or
weakened its effect in SQDG. The ratio of n-3/n-6 polyunsaturated fatty acids (PUFAs),
the decrease of which, that is, increase in the share of n-6 PUFAs in polar lipids of
marine macrophytes during thermal acclimatization is important both for regulating
the viscosity of membrane lipids, and for strengthening mediators derived from PUFAs
in the physiologically active season. However, during thermal acclimation, the n-3/n-6
ratio of PUFAs changed a little in MGDG and SQDG of S. japonica regardless of the
acclimation rate. Only in DGDG, the n-3/n-6 ratio of PUFAs decreased in accordance
with the seasonal trend, especially at rapid acclimation. These changes in the FA
composition of glycolipids were accompanied by equally ambiguous changes in their
thermotropic behavior. Thermal acclimation caused the phase separation of MGDG,
which was characterized by splitting of the peak of crystal — liquid crystal thermal
transition of the glycolipid into the low and high temperature peaks, while the seasonal
effect contributed to a decrease in the peak maximum temperature (T, ) to the low
temperature region by 20°C (See Fig. Ia). Phase separation of MGDG was accompanied by
an increase in the percentage of molecular PUFA/PUFA forms, as well as monounsaturated
FA (MUFA)/PUFA, and a decrease in saturated FA (SFA)/ PUFA (See Table 4). However, the
warming up of sea water at a rate of 16°C/d and 2°C/d was not enough to bring the profile of
the thermogram acclimatization and acclimation closer to that of the summer sample. Similar
acclimation changes, which had a character of the emerging trend of fitting the profile of
thermograms, were observed in the DGDG and SQDG calorimetric transitions (See Fig. 1b,
¢), which were based not so much on the FA composition as a whole but on the composition
of their molecular species/forms (See Tables 5-6).

Consequently, an increase in seawater temperature from 4 °C to 20 °C at rates of
16 °C/d or 2 °C/d showed an ambiguous, stressful nature of the FA composition and
calorimetric transitions of glycolipids from S. japonica during thermal acclimation.
The low efficiency of molecular mechanisms underlying maintenance of the liquid
crystalline state of the main polar lipids of S. japonica that is optimal for functioning of
the membranes is probably due to cold-loving nature and absence of sharp temperature
fluctuations in the natural habitats of this species of marine macroalgae.

The paper contains 1 Figure, 6 Tables and 34 References.

Key words: Laminaria;, warm acclimation;, membrane lipids; fatty acids;
polyunsaturated fatty acids; molecular species, calorimetric transitions.
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Abbreviations: DGDG - Digalactosyldiacylglycerol; DSC - Differential scanning
calorimetry; FA - Fatty acid; GLC - Gas-liquid chromatography; HPLC - High-
performance liquid chromatography; MEFA - Methyl esters of fatty acids; MGDG -
Monogalactosyldiacylglycerol; MUFA - Monounsaturated FA; PUFA - Polyunsaturated
FA; SFA - Saturated FA; SQDG - Sulfoquinovosyldiacylglycerol: T - Peak maximum
temperature of phase transition; TLC - Thin-layer chromatography; UI - Unsaturation
index.
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XapvKo6cKkuil HAYUOHANLHBIIL a2papHblil yHUGepCUmem
um. B.B. Jlokyuaesa, 2. Xapvkos, Yxpauna

CepoBoaopoa u aganTamus pacTeHu
K 1eiiCTBHI0O A0MOTHYECKHUX CTPeCcCOpoOB

Ceposodopoo (H,S) aensemcs oonum u3 KAIOUeEbIX 2a30MpancmMummepos 6
PACTUMENbHBIX U HCUBOMHBIX KaemKax. OOHaKo npedcmasieHus o e2o mecme 8
CUSHAIbHBIX CemAX PACMUMENbHBIX KIEMOK, Xapakmepe 83auMo0eiucmes ¢ Opyaumu
NOCPEOHUKaMU U POIU 6 POPMUPOBAHUU KOHKPEMHBIX 3AWUMHBIX DeaKyuil npu
Oeticmeuu cmpecc-@pakmopos 8 Hacmosujee epemsa auwib gopmupyiomes. B obzope
KPAMKO ONUCAHbL OCHOBHblE NYMu CUHME3Ad Ceposodopood, €20 (QYHKYUOHATbHOE
83aumooeticmeue ¢ OpyeUMU CUSHATLHLIMU NOCPEOHUKAMU (UOHAMU  KATbYUS,
AKMUBHBIMU POPpMAMU KUCTIOPOOd, OKCUOOM A30Ma) U HEKOMOPLIMU (PUMO2OPMOHAMU.
TIpueedenv ceedenus o enuanuu H,S na npoyeccor adanmayuu pacmenuii k 0eticmeuio
IKCMPEMATLHBIX MEMNEPAmyp, 00e360HCUBAHUS, 3ACONEHUS, MANCENLIX MEMANL08.
Akyenmupyemcs 6HumMaHue Ha e20 ponu 8 pecyiayuu COCMOAHUA AHMUOKCUOAHMHOU
cucmemyl, CUHMeE3Ad NPONUHA U GMOPUYHBIX MeMAbOIUMO8 C NPOMEKMOPHLIMU
ceovicmeamu. OOCYHcOeHbl C8e0eHUsI O MEXAHUSMAX GIUAHUA Cepo8o00pPoOd Ha
cocmosanue  ycmouy. Paccmompenvl  803MONCHOCMU — UCNONb308AHUSL  OOHOPOS
€eposooopoda Onid UHOVYUPOBAHUA YCMOUYUBOCMU PACHEHU K CMpeccopam,
pe2ynayuu nPopaAcManusl CeMaH, nPedomspawerus. NOMepPs YPOorcas npu XpaHeHuu.

KiioueBble €i10Ba: ceposo0opoo; akmueHvie Qopmvl KUCIOPOOd, KALbYUL, OKCUO
asoma, GumozopmoHsl; AHMUOKCUOAHINHASL CUCTEMA, YCIMOUHMUBOCTb.

BBenenune

Ceposonopon (H,S), napsny ¢ monookcunom asora (NO) U MOHOOKCHIOM
yriepona (CO) OTHOCHTCS K KIIOYEBEIM MOJIEKYIaM-Tra30TpaHCMUTTEPaM B KJIET-
Kax pacTeHud W kuBOTHBIX [1-3]. Tlom TepMUHOM «CepoBOAOPOA» MOApa3zyMe-
BalOT He TOJIbKO H,S Kak pacTBopeHHOE ra3000pa3sHOE COETMHEHNE, HO H AHHOH
HS", B kOTOpBIi B pU310I0rHIECKH HOPMATIBHBIX YCIOBHIX IPEBPAILACTCS OKOJIO
80% mosekysipHOro cepoBogopona [4].

Jo 90-x IT. mpouLIoro CTOJIETHS CEPOBOAOPOA B (DH3HOJIOTHH U OHOXUMUU
JKUBOTHBIX M PacTEHHH pacCMaTPUBAJICS B OCHOBHOM KaK TOKCHKaHT. Ha mpu-

Coxpamenusi: GY'Y4137 — morpholin-4-ium-4-methoxyphenyl [morpholino] phosphinodithioate; PTIO —
2-phenyl-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide; ABK — a6crm3oBas kuciora; AOK — akTuBHBIC
(dopwmsl kucnopona; KAK —rxacmonosas kucnora; HITH — aurponpyceun Harpust; COJ] — cynepokcuiuc-
myTtaza; OJI — pocdonumasza; DI TA — ITHICHIIUKOIb-01C(2-aMHHOA THI-3(HP ) TETPAYKCYCHAS KHCIIOTA.
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Mepe MHOTHX BHJIOB pacTCHHH OBIIO IOKA3aHO, YTO (PyMHUTAIHSI CEPOBOIOPOAOM
BBI3bIBACT MTOBPEXKICHUS JIUCTHEB, Ae(oNnaliio U yroeTenue pocta [5, 6]. C npy-
TOl CTOPOHBI, IOCTATOYHO JIABHO OBLIM 0OHApPYKeHBI 3D (DEKThI aKTUBAIIMH POCTA
pactennit nox BiusinueM H,S B Hu3kux konuenrpanusx [5]. [oznuee crany Ha-
KaIUTUBATHCS AKCIICPUMEHTANBHBIC JaHHBIC, CBHICTEIbCTBYIOIINE O BOSMOXKHOM
CUTHAJIBHOI POJIM CepoBO/IOpOJa B KileTKax pacTeHuil [7]. B Hacrosiee Bpems
MTOTY4EHBI CBEICHHUS O €T0 TECHBIX (DYHKIIMOHATIBHBIX CBS3AX C APYTUMH U3BECT-
HBIMU CHTHAJBHBIMU MOCPEIHUKAMH (B YaCTHOCTH, C MOHAMH KAJBIUS, MOHO-
okcugoM azota (NO), aktuBHBEIME (opMamu Kuciopona (ADK)), a Takxke ¢ ps-
J0M (pUTOropMOoHOB [8, 9]. B CBsI3U ¢ 3TUM CEpOBOAOPO]] PACCMATPUBAETCS KaK
areHT, YYaCTBYIOIINH B PETYISIINA MHOTUX (PYHKIIUH PACTUTEIHHOTO OpraHnu3Ma,
B YAaCTHOCTH, POCTOBBIX MPOLIECCOB, CO3PEBAHMS M CTapEHHMs IUIOJI0B, a/IalTaluH
K IEWCTBUIO CTPECCOPOB CaMOU pazHo# mpupomast [9—12].

AXTHBaIUs aJaNTUBHBIX PEAKIUA PACTCHUH SIBISCTCS OJHUM U3 HauOoIee sp-
Kkux Quuonormyeckux 3ddexTor ceporonopona [3, 8, 13]. OmHako MeXaHU3MBI
aKTMBAllMM CTPECC-NPOTEKTOPHBIX CHCTEM pacTeHuil mox BiusHueM H.S, nermo-
CPENCTBEHHBIC MHUIIECHH €T0 EWCTBUS, CHTHAIBHBIE i TOPMOHAIBHBIE ITOCPEIHH-
Ku, obecrieunBaroniye Gpuanonornyeckue 3pQeKTsl, 0CTAIOTCS MaJOU3YYCHHBIMU.
Taroke He cHOPMUPOBATICH YETKHE IPENCTABICHUS O (PYHKIMIX CEpOBOIOpOAa
Kak IMOCPEIHHKA B peanu3alliy JCHCTBUs IPYTHX (DH3HOJIOTUUCCKH AKTHBHBIX
BEIIIECTB, B YaCTHOCTH, (PUTOTOPMOHOB [9—14]. AHANIN3 M CHCTEeMaTHU3aIs TAKUX
CBEJICHUI M CTaJIH LIEJIbI0 HACTOSIIEro 003opa.

O0paszoBaHune cepoBOIOPOAA y PACTCHUH

OHUM U3 KpUTEPUEB, MO3BOJISIIOIINX OTHECTH TO WM MHOE COETUHEHHE K
ra30TPaHCMUTTEPAM, SBIICTCS HAMYUE Y )KUBBIX OPraHU3MOB (pepMEHTATHBHOM
CUCTEMBI eTo CUHTe3a U Jerpaaanuu [4]. K HacTosieMy BpeMeHH YCTaHOBJIEHO,
9TO CEpOBOIOPO y PACTEHUH MOXKET CHHTE3HPOBATHCS, KAK MHHUMYM, C TIOMO-
LIbIO MIECTH (PePMEHTOB.

OnnuMm u3 0cHOBHBIX My Tei cuuTe3a H,S y pacTennii canraercs npeppaiieHue
L-uucrenna B mupyBaT ¢ BBICBOOOXKACHHUEM CEpOBOOpoaa U aMMoHHs (puc. 1)
[15]. Ota peakius xaramusupyercs L-nmcrennnecynbdruapaszoii (KO 4.4.1.1),
KOTOpasi MOXKET OBbITh JIOKaJM30BaHa B IIUTOIJIa3Me, TUIACTUAAX U MUTOXOHPHUAX
[7, 16]. Taxxe BO3MOKHO 00pa3oBaHUE CEPOBOAOPONA U3 D-IucTenHa moj Aei-
CTBHEM Haxojsuielics B nuromiazme D-iuctennaecynspruapassl (KO 4.4.1.15)
[16, 17]. Kpome TOTO, CEpPOBOAOPOA MOXKET CHHTE3UPOBATHCS ITyTEM BOCCTAHOB-
neHus cynbdura ¢ yaactuem cynbpurpenykrassl (KO 1.8.7.1) [7]. Ilpu stom B
KaueCTBE BOCCTAHOBUTEIS CEPHI HCTIONIB3YETCSI BOCCTAHOBICHHBINA (heppeTOKCHH.

OO6pa3oBaHue cepoBOOPOA Y PACTCHUN MOXKET MPOUCXOIUTh U C YHaCTUEM
B-manoananuH-cuHTa3bl (KO 4.1.1.9) [8]. DTOT MHTOXOHIPHATBHBIN (EepMEHT
KaTaJIM3UpyeT PeaKkIHi0 KOHJeHCAaluu L-1IMcTenHa U IMaHU/Ia C BBISICHUEM Ce-
poBomopona [18]. Cunuraercs, 9To ero OCHOBHAS (YHKIIMS CBA3aHA C KOHTPOJIEM
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conepxkanus TokcnuHoro CN-. IucrenncunTaza (KO 2.5.1.47), nokann3oBaHHAS
B IIUTO30JI€, MUTOXOHAPHUSAX U XJIOPOIIIACTAX, TAKKE MOXET BHOCUTH BKIJIA] B
obpazoBanue cepoBomoposa (puc. 1). OHa Karaau3upyeT 0OpaTUMYIO PEaKIIHIO
Mexay L-uncrennom u aneratom ¢ obpasoBanueM O-anerun-L-cepuna u H,S
[18, 19]. HakoHel, cepoBOIOPOI MOXKET BBIACIATHCS TPH Pa3IOKEHUH KapOo-
HWICYIb(HIA C TOMOIIBIO HAXOASMIEHCS B XJIOPOILUIacTaX U LIUTOIIa3Me Kapoo-
aaruapassl (KO 4.2.1.1) (puc. 1) [20].

L-cys D-cys

I

Fdreo Y Y
502 | D H,S TP s

A
O-AS - —B-CA

S| fros

AC— <—CN~

L-cys

Puc. 1. ITyTu cuHTE3a CEpOBOIOPO/A Y PACTEHUH (TTOSCHEHNUS B TEKCTE):

Ac — anerar; CA — xap6oanruapasa; SR — cynbdurpenykrasa; Fd_, — deppenokcun
BOCCTaHOBNEHHBIH; CS — nucTenHcunTasa; Pyr — nupysar; L-cys, D-cys — L- u D-1iucrenn
cootB.; L-, D-CDSH — L- u D-1iuctennaecynsdruapasa coots., O-AS — O-areTuicepuH;

B-CA — B-umanoananus; B-CAS — B-unanoanaHrHCHHTa3a
[Fig 1. Ways of hydrogen sulfide synthesis in plants (explanation in the text).
Ac - Acetate; CA - Carbonic anhydrase; SR - Sulfite reductase; Fd , - Ferredoxin reduced;
CS - Cysteine synthase; Pyr - Pyruvate; L-cys, D-cys - L- and D-cysteine, resp.; L-, D-CDSH -
L- and D-cysteine desulfhydrase, resp., O-AS - O-acetylserine; -CA - B- cyanoalanine;
B-CAS - B-cyanoalanine synthase]

Hapsiny ¢ (epMeHTaTUBHBIMH CHCTEMaMH CHHTE3a CEPOBOIOPONA, B PACTCHHUSX
MPUCYTCTBYET H3UM, 00ECTICUHBAIOIIMIL €To Aerpanariuo, — O-anerTuncepurmasa [21].

CUrHAJHHT ¢ ydacTueMm cepoBoaopoaa B paCTUTEJIbHBIX KJIETKaX

CepoBonopo/1, Kak U APYTUe MOJIEKYJIbI-Ta30TPAaHCMUTTEPHL, B PACTUTEIBHBIX
KJIETKaX HE UMEeT CIeHU(PHIECKIX MOJIEKYISIPHBIX pernentopos. [Ipennomnaraet-
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Cs1, 4TO EPBHYHBIE MOJIEKyIApHbIe dddexTh H S cBa3ansi ¢ S-cynbpruaparanueis

(nepcynshuanpoBaHueM) — mpeBpalieHneM ocTtatkoB nuctenHa —SH B —SSH

[22]. Takxe BOBMOXKHO €0 B3aHMMOJICHCTBHE C TUCYIb(GUIaMU OCIKOB, MIPH KO-

TOPOM 00Pa3yIOTCsl BOCCTAHOBJIECHHBIH U nepcynb()UANPOBAHHEL ocTaTKu [23]:
R-SS-R + H,S — R-SSH + R-SH.

Cynebruaparaiys OTHOCHTCS K BOKHBIM MOCTTPACISIIMOHHBIM MO (UKa-
nusaM OenkoB. Hambomnee pacnpocTpaHEHHBIMH OEIKaMH, COCTOSIHUE KOTOPBIX
perynupyercst myTeM Cylb(ruapaTanuy, SBISIOTCS MEPOKCUPEAOKCHUHBI [23],
KOTOpEIE, B CBOIO OY€peb, OTHOCATCS K KITIOUCBHIM yYaCTHHKAM KIICTOYHOU pe-
JoKc-perymsinuu [24]. B To ke BpeMs JaHHBIE, TIOIy4YeHHBIE METOJaMH OMOWH-
(hopMaTHKH, YKa3bIBAIOT YTO MEPCYTbOUANPOBAHNIO MOXKET ITOABEPTaThes 10 5%
mpoTeoMa pacTUTenbHOU KieTku [25]. Cpenu nepcyab(pUIMpOBaHHBIX OEJIKOB
MOTYT OBITh YYAaCTHHUKH IIIHKONN3a, IUKIIAa TPIKapOOHOBBIX KUCIIOT, ITHKiIa Kais-
BHMHA, OMOCHHTE3a KpaxMmania.

OnHako CBEICHUI, KOTOpEIE OB TMO3BOJLIIN CBS3aTh IPOIECCHl IepCyb(u-
JUPOBAHUS OIpPEJENIEHHBIX OEJKOBBIX MHUIICHEH ¢ CHUTHAJBHBIMH MPOILIECCaMH,
00€eCIIeUNBAIONIIIMA H3MEHECHUE IKCIIPECCHH KOHKPETHBIX TeHOB, IOKAa OYCHb
Masio. IHTepeCHBIM IMPUMEPOM MOXKET OBITh 3aBUCHUMBII OT CEpOBOAOPOAA XO-
JIOZOMHIAYIIMPOBAHHEIA CHHTE3 BTOPUIHOTO METa00NNTa KyKypOHUTaIllHa y pac-
TeHU orypia [26]. DTOT TeprneHOU 1 NOBHIIIAET YCTOMYUBOCTD PACTEeHUH K MaTo-
TeHaM, B 9YaCTHOCTH, K Phytophthora melonis. Iloka3zaHo, 4TO €ro CHHTE3 CBsI3aH
¢ S-cynbdruapatanueil AByX TPAaHCKPUIIIIHOHHBIX (aKTOPOB, CBSI3BIBAIOLIUXCS C
MIPOMOTOPOM T'eHa CHHTAa3bl KyKypOuTanuHa. JlaHHbIHA mporiecc, MPOUCXOMSITUI
B KJIETKaX JIUCTHEB OTYypla, MOXKET OBbITh CJIEJCTBHEM BbI3BIBAEMOIO XOJOAOM
(metictBueM Temriepatypbl 4°C) yCHIICHHS SKCIPECCHH TEHOB Pa3IUMYHbIX MOJIe-
KyJsipHbIX GopMm L- u D-necynbdruapas u yBenuueHus: CoAepKaHus CEPOBOIO-
porna [26].

B nenom xe 6onee win MeHee YETKHE IPEICTABICHUS O MEXaHU3Max Iepe-
Ja9¥ KIETOUYHBIX CHTHAJIOB C y4acTHEM CEPOBOJOPOIA eIle He ChpOpMHIPOBAINCE.
IIpeanonaraercs, 4TO CEPOBOOPOJ BOBIEKAETCSI B IPOLIECCHI PEAOKC-PEryIsILINY,
npoucxomsmue ¢ yaactueM ADK u NO, a Takke MOXKET BIHUITHh Ha KaIbIIHEBBINA
romeocras (puc. 2) [8].

BepositrHo, Bo MHOTHX citydasx ADK BBICTYIaloOT B PO OCPEAHUKOB B pe-
aJIM3aIy CUTHAJIBHBIX MPOLECCOB, B KOTOPBIX 3a/eiicTBOBaH cepoBoaopo. Tak,
00paboTKa TPOPOCTKOB MIIECHHUIIBI HHTUOUTOPOM CHHTE3a CEpPOBOIOPOAA aMU-
HOOKCHUYKCYCHOM KHCJIOTOH YacTHYHO yCTpaHsJIa BBI3BIBAEMOE OCMOTHYECKHM
CTPECCOM TOBEIMICHNE CONEPKAHUS IIEPOKCHIA BOIOPOIA M HUBEIHPOBaIa d(-
(heKT aKTHBAIMM AHTUOKCUAAHTHBIX (pepMeHTOB [27]. ABTOpPHI MOJAraroT, 4To
MIEPOKCHI BOJOPO/A B ST CUTHAJIMHTA, HHIAYIIIPYEMOTO 00e3BOKHBAaHHUEM, Ha-
XOJUTCS. HUXKE CEPOBOJOPOJA.

A®K, B yacTHOCTH, IEPOKCHU]T BOAOPOA, MOTYT OBITh IIOCPEITHIKAMH H B pe-
QJIN3aIUY CUTHANBHBIX 3((EKTOB 3K30I€HHOTo cepoBofopoaa. Tak, BeI3bIBAEMOE
JOHOPOM CEPOBOAOPOAA THAPOCYAL(PHUIOM HATPHUS IOBBIIICHHE TEIUIOYCTONIH-
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BOCTH KJIETOK KOJICONITHJICH MIIEHUIIBI, KOTOPOMY TPEAIIECTBOBAIO TPAH3UTOP-
Hoe ycunenue reHepainu ADK, ycTpaHsioch moa AeHCTBUEM aHTHOKCHIIAHTOB
Oy THIITHIPOKCUTOITYOJIa U IUMETHITHOMOYEBUHBI [28]. MTHrHONTOpHBIMU MeTO/IA-
MU MOKa3aHO, YTO 3K30T€HHBIN cepoBOOPO] BBI3bIBAET 3aBucuMoe oT HAJIDH-
OKCHJIa3bl, HO HE OT BHEKIJIETOYHOU TIEPOKCHA3bI, YCHIICHHE TeHEePAIH KIETOIHON
TOBEPXHOCTHIO CYIIEPOKCUAHOIO aHHOH-paIvKaja 1 MOCIEAyIOIIee eTo MpeBpallie-
HUE B TICPOKCHT BOIOPOJIA C IOMOIIIBI0 cynepokcuauemyTassl (COJI) [29].

Crpeccopsl

[Stressors] ABA

PN

H,S

0

TpaHcayKuus 1 B3aUMOAENCTBME CUTHAMOB
[Transduction and interaction of signals]

FTEHOM [GENOME]

dU3MOMOrMYecKue peakumm
[Physiological reactions]

Puc. 2. dynxnuoHanbHOE B3aUMOACHCTBUE CEPOBOIOPO/IA C CUTHATIbHBIMU
nocpexHuKamMu 1 puroropmoHamu: ROS — akrusHbIe GpopMel Kuciaopona; ABA —
a0cIu30Bas KHCIIOTa; SA — CAHIIIIOBas KHCI0Ta; JA — sKacMOHOBas KiciaoTa; Et — aTHieH
[Fig. 2. Functional interaction of hydrogen sulfide with signaling messengers and phytohormones.
ROS - Reactive oxygen species; ABA - Abscisic acid,;

SA - Salicylic acid; JA - Jasmonic acid; Et - Ethylene]
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B 10 Xe Bpems mepokcHI BOAOPOAAa MOXET HHIYIHPOBAaTh CHHTE3 CEPOBO-
Jopoaa B KieTkax pacteHuit. Obpabotka cemsH satpodsl (Jatropha curcas L.)
MIEPOKCHIOM BOIOPOAa, AKTHBHPYIOIIAs UX MIPOPACTAHUE, BHI3BIBAJIA TIOBHIIICHIE
B MPOPOCTKAX aKTUBHOCTU L-nmcTenHaecynbGruapassl U COAEpKaHus CepoBO-
nopoxa [11]. Y pacrenuii apabuioncrca Takxke IMPOUCXOIUIIO YCHIICHUE dKCTIpEC-
cunt L-/D-uucrennaecynbdruipas B OTBET Ha 00paboTKy IepOKCHIOM BOJOPOAA
[13]. Y mytanTOB atrbohD, atrbohF, atrbohD/F He IpOsBIIAIOCH YCUIICHUE 00pa-
30BaHMs CepoBOOPOAa B yciaoBusax 3acyxu [30]. [Ipu gelicTBuM coneBoro crpec-
ca Ha pacTeHHs1 0000B B HHUX YBEIMYHBAIOCH CONEpPKaHUE KaK CEPOBOAOPOIA,
TaKk ¥ nepokcuaa Bogoposa. [pu srom anraronuctsl H,S He Biusiim Ha sddexr
TIOBBIIICHUST KOJIMYECTBa NepoKcuaa Bogopoaa [31]. ABTopsl monararot, 4to ce-
POBOIOPO/ B CUTHATILHOHN LENH, HHAYLUPYEMOU COJIEBBIM CTPECCOM, HAXOAUTCS
HIKE HZOZ. Opnnako UMeIOTCA U TaHHbIe, yKa3biBaromue Ha poias ADK B peanu-
3auuu 3¢ (HeKToB cepoBOAOpoaa MPU cosieBoM cTpecce. Tak, aktuBanus Na'/H'-
AHTUTIOPTEpa y paCTEHH apaOUIOIICHCca, BEI3BIBacMasi JOHOPOM CEPOBOAOPOA,
nojaBIsIach aHTHOKcUAanTamu 1 uHrnouropamu HAJI®OH-okcnaasst [32].

B memom ecTh OCHOBaHMS MONATaTh, YTO MEPOKCHI] BOIOPOAA U CEPOBOIOPOI
HAXOMATCS B CIOKHOM (PYHKIIMOHATBHOM B3aUMOJICHCTBUM, IIPU 3TOM OHH MO-
TYT yCUINBAaTh CHHTE3 ApYT Apyra. C Ipyroif CTOPOHEI, MEKAY CEPOBOIOPOIOM H
A®K MOryT OBITh M aHTATOHUCTUYECKUE OTHOIICHUs. B 4acTHOCTH, BO MHOTHX
paboTax moKa3aHO WHAYIHPOBAHNE aHTHOKCHAAHTHOW CHCTEMBI SK30T€HHBIM Ce-
poBomopoaoM [33, 34]. B cBsi3u ¢ 3TUM mpeanosiaraercs, YTo yBEIUYEHUE CO-
Jep>KaHus BOCCTAHOBICHHOTO ITyTaTHOHA, aCKOPOMHOBON KHCIOTHI M aKTHBHO-
CTH psZia aHTUOKCUIAHTHBIX ()EPMEHTOB, BBI3BIBAEMOE CEPOBOJOPOAOM, JOIKHO
MIPUBOANTEL K CHIDKeHHUIO coxepkanus ADK u momudukarmum ADK-curnanos
[34]. Cooburaercs Tarxke o npsaMoM B3aumoneicteun H,S ¢ ADK, B Tom uncie
CYTIEpOKCUIHBIM U THAPOKCUIBHBIM PaJIMKallaMH, IMEPOKCHIIOM Bomopona [35].
[IpaBna, cyniecTBEHHOCTh MPSIMOTO BKJIaJa CEPOBOAOPONA B PETYIISILIUIO COAEP-
xaans ADK ocraercss COMHUTENTBFHOM, TTOCKOJIBKY €r0 KOHIIEHTPANUs B KIETKAX
HaMHOT'0 HIDKE, YeM y IpyTruX aHTHokcuaanTos [34]. Kpome, Toro, momuepkusa-
€TCs OYEeHb HU3Kask CKOPOCTh B3aumoehcTus H S ¢ okucnurensamu.

Jpyrum nocpenHuKoM, ¢ KOTOPBIM CEPOBOJOPO HAXOIUTCS B OUE€Hb TECHOM
(DYHKIIMOHATTLHOM B3aMMOJICHCTBHH, sBJsieTcs okcua azota (NO) (cm. puc. 2).
OJHUM U3 TaKHX MEXaHU3MOB SBIIAETCS MpsIMOe B3auMojieiicTBre Moneky. Ce-
poBomopon MoxeT pearupoBarh ¢ NO u nepokcuautrpurom (ONOOY) [21, 36].
CrnencTBueM Takoro B3auMOJECHCTBUS Oy[eT MX B3aUMHAasg HEUTpalu3alus U oc-
nallieHre CUTHAJOB, a TaK)Ke MOSBICHHE HOBOTO COCAMHCHHS — HUTPO30THOIIA,
KOTOPBIN caM MOXKET 001a1aTh CUTHAIBHBIMH CBOMcTBaMU [37].

Bsaumoneiicteue mexay H,S 1 NO MoxkeT 00yClOBIMBATECS U HAJTMYHEM Y
HUX OOIIMX CalTOB CBA3BIBAHUS C OCITKOBBIMH MHIICHIMHU. B mepByro ouepens,
pedb HAET O THOJOBBIX rpymmax. OKCHA a30Ta CIoCO0EH U3MEHSATh COCTOSHUE
9THUX TPYII MyTEM S-HUTPO3WIUPOBAHHUSA, a CEPOBOIOPO] — IyTEM MepCyabPuIu-
poBanus [22]. OMHAM H3 IPUMEPOB OEIKOB, COCTOSIHAE KOTOPBIX PETYIHPYETCs
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TaKUM 00pa3oM, SBIISETCS DIHIEPATbACTHI-3-PochaTaeruaporeHasa, urparomas
KIIIOUEBYIO POJIb B Mpoliecce miukonusa [38, 39]. BzaumoneiicTBue 3Toro 6eixa
C CEepOBOJOPOIOM MPUBOAUT K IOSBICHHUIO ¥ HETO CIIOCOOHOCTH TPAHCIIOPTUPO-
BaThCs U3 IUTOIUIA3MBI B PO U CAMOMY BBICTYINATh B MHOW POJIH, BIIHsSA HA CO-
cTOsiHUE (DaKTOPOB PETYISINN TPAHCKPHITIIUN U SKCIIPECCHIO TeHOB [22].

Eme omuuM u, moxanyi, Hanboiee M3Y4YEHHBIM B (DU3UOIOTHUCCKUX IKC-
MEPUMEHTaX MEXaHM3MOM B3aUMOJIEHCTBUS MEXIY CEpPOBOJOPOIOM H OKCHAOM
a30Ta SIBJISIETCS UX BIUSHHUE HA CUHTE3 JpyT Apyra. B psaae padot coobmaercs o
TOM, 4TO (prsmosornueckre 3h(HEeKThl CepoBOJOPOAA MOTYT OBITH OIOCPEIAOBA-
HBI OKCHJIOM a30Ta U HAa000poT. Tak, MOJ0KUTETBHOE BIUSHUE JOHOpPA CEPOBO-
nmopona NaHS Ha coieycTOWYMBOCTh pacTEHUH JIIOTIEPHBI M SKCIIPECCUIO TEHOB
AQHTUOKCHUJIAHTHBIX (DEPMEHTOB YCTPAHSJIOCh CKaBeHIkepoM okcua azota PTIO
(2-phenyl-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide) [40]. TloBbimeHue
YCTOWYHUBOCTH MPOPOCTKOB TOPOXa K TOKCHYHOMY JICHCTBHIO MBIIIbIKA 00paboT-
Kol THApoCyIb(GUIOM HATPHsI OBLIO OMOCPEIOBAHO YBEIHICHHUEM COICPKAHHS
okcua azota [41]. UnnynupoBanue ruapocyabpuIoM HATPHS TEIUIOYCTONIHBO-
CTH ITPOPOCTKOB IMIIEHHUIIEI COIIPOBOXKIATIOCH TPAH3UTOPHBIM YBETMUCHHEM B HUX
COZIep>KaHUs IEPOKCUIA BOAOPOa U OKcHa a30Ta. [Ipu 3ToM ckaBeHKEp MEpOK-
CHUJIa BOJIOPOAa TUMETHITHOMOUeBHHA 1 nHTHONTOp HAJI®H-0KCHIa361 MU IA-
3011 TIOJIHOCTBIO YCTPaHSIM BIMSHUE CEPOBOOpOoAa Ha coaepkanue NO, a aHTa-
TOHHCTHI OKCH/IA 230Ta Cl1ab0 BIWSIIN Ha COIEpPKaHUE H202 [42]. [To-BunnmMoMmy,
B CUTHAJIBHOM ITyTH CEPOBOIOPO/IA, HHIYIIUPYIOIIEM Pa3BUTUE TEIUIOYCTOMIHBO-
CTH, OKCHJ] a30Ta HaXOIUTCs HIDKE IepoKcHaa Boxopoaa. [lon ausHueM goHOpa
cepoBogopona NaHS y pacTeHuid ToMara yMEHBIIAINUCH MOCIEACTBUS OKUCIH-
TEJILHOTO CTpecca, BEI3BIBAEMOTO JieicTBHEM BhIcOKOH (100 MM) KOHIIEHTpaITUH
nutpara [43]. [Ipu sTom nonop H,S BeI3bIBas MOBBIIEHNE SHIOTEHHOTO COIEP-
xaHus NO B KOpHSIX, KOTOPOE aCCOMUMPOBAIOCH C YBEIMIECHHEM aKTHBHOCTH HU-
TpaTpenyKTasbl, HO He (hepMeHTa, Tofno0HOro NO-cHHTa3€e )KUBOTHBIX [43].

C npyroil CTOpOHBI, B OTIEIBHBIX paboTax MokazaHbl 3()(eKThl MOBHIIIe-
HUSI COZCPIKAHMS CEPOBOJIOPOJA B TKAHAX PACTCHUI IMOJ BIUSHHEM 3K30TCHHO-
ro okcuaa a3zora. Hampumep, Mpu HOBBIIEHHH TEIIOYCTOMYMBOCTH IPOPOCT-
KOB KYKYpYy3bl, BBI3bIBaeMOM JeiicTBHeM foHOpa NO HUTpompyccuaa HaTpus
(HITH), 3adukcupoBaHO yBEIHUEHHE SHJIOTEHHOTO CONCPXKAHHS CEPOBOIOPO-
na [44]. Naruburopsl pepMEHTOB CHHTE3a CEPOBONIOPOJA YCTPAHSIIH 3TOT 3-
dexr. B 10 xe Bpems nonop H,S GYY4137 (morpholin-4-ium-4-methoxyphenyl
[morpholino] phosphinodithioate) ycunuan nonoxutensHoe Bnusaue HITH
Ha TEIUIOyCTOWYNBOCTH IPOPOCTKOB. ABTOPEI ITOJIATAIOT, YTO CEPOBOIOPOA Kak
CUTHAJIBHBIM MOCPEJHUK PACHONOXKEH Hocie okcupaa asora [44]. Crnemyer oT-
METHUTh, YTO B HEKOTOPBIX Ciydasx d(Qexr ysennduenus copepxkanus H,S npu
oOpabotke pactenuit goHopom NO HITH MoxeT ObITh MeTOIUYECKHM apTedax-
TOM, CBSI3aHHBIM ¢ oOpa3oBanueM nuaHuna w3 HITH, xoTopbrit MoxeT MHIYIH-
poBath [(-LMaHOaTaHMHCUHTAa3y, 00e3BpexuBaiy0 SCN™ ¢ HCMOIb30BaAHUEM
L-umcrenna n obpazoBanueM cepoBogopona [2].
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Kaxpnuii, kak W3BECTHO, SBIACTCS YHHBEPCATHHBIM BTOPUIHBIM MECCEH/IKE-
POM pacTUTENbHBIX KJIEeTOK [45, 46]. VIMeroTcs CBEACHUS O €ro yYacTHH Kak B
00pa30BaHUM CEPOBOJOPONIA, TaK M B TPAHCAyKUMM curHanos H,S B remermye-
ckuii anmapar (cM. puc. 2). Tak, 3K30Te€HHbIN KaJIbLU B KOHLIEHTPAIUIX, TOBbI-
MIAIONINX TEIUIOYCTONYNBOCTE KIETOK CYCIICH3HOHHOM KYJBTYpPhI Ta0aka, BBI3bI-
BaJl YBEJIMYEHHE COJEpPKAHUS CEPOBOJOPOAA, CBI3aHHOE C POCTOM aKTHBHOCTH
L-umcrennnecynbdruapaser [47]. AxtuBanms L-nuctenHaecynbOrHapa3bl B
KJIETKaX CYCIIEH3MOHHOW KYIBTYypHl Ta0aka B YCJIOBHUSIX TEIUIOBOIO CTpecca yr-
HeTaJach TNpenoOpaboTKoi XenatopoM BHeKJeTouHOro kKaibims I TA, uro
yKa3blBaeT Ha POJIb KajbliMid B MHIYLHPYEMOM TEIJIOBBIM CTPECCOM CHHTE3E
cepoBojioposa [47]. 3aBUCHMBIM OT KaJbIUs ¥ KaJbMOMYJIHHA OKa3aJI0Ch U 00-
pa3oBaHUE CEpOBOAOPONA B IPOPOCTKAX apabUIOICUCa, BBI3bIBAEMOE JEHCTBU-
em xpoma (Cr¢") [48]. TToka3aHo, 9YTO KaJIbIHi B KOMIUIEKCE C KAIbMOIXYTHHOM2
B3aMMOJICHCTBYET C TPAHCKPUIIHUOHHBIM (hakTopoM TGA3, uTo HEOOXOIUMO IS
€T0 CBS3BIBAHUS C IIPOMOTOPOM r'eHa L-1iicTennaecynbGruapassl 1 YCHICHUS €T0
skcnpeccuu. [Toxokue MexaHU3MbI YCHUIICHUS! CHHTE3a CEPOBOJIOPO/Ia B OTBET Ha
NEeWCTBHE HUKENS, ITO-BUANMOMY, QYHKIIMOHHPYIOT W B KJIETKaX KOpHEH W JH-
cteeB Cucurbita pepo L. Nunyunyemoe Ni** OBBIIICHHE COACPIKAHHUS CEPOBOIO-
pona ycrpansiiock JI'TA, OrMoKaTopoM MOTCHIHAT3aBUCHMBIX KaJbIIUEBBIX Ka-
HAJIOB BepanaMuIoM U aHTarOHHCTOM KaJlbMOIYIHHA TpudToprnepasuHom [49].

Kanbuuii 3aneficteoBan u B nepeade curnanos H.S. Tak, o6paboTka ruapo-
cynbhuaom Hatpus Setaria italica yMeHbIIajga MPOSBICHUE TOKCHYECKOTO BIHU-
staust Cré* [50]. TIpu 9TOM 9K30TeHHBIN KalbIMH BBI3BIBAT yCHIeHHE 3G (PEKTOB
00pabOTKK pacTeHU cepoBOIOPOIOM, a BO3AeHCTBHE ero xenatopa, DI TA, Ha-
000pOT, HUBEIHPOBAJIO TPOSBICHIE (PI3HOIOTHYECKOTO BIUSIHAS CEPOBOAOPOIA.
Pactenus apabumorncuca, MyTaHTHbIE 10 TeHy L-nmcrennnecynb(ruapassl, oT-
JTHYAIINCH CTa0BIM BBIXOIOM KaNIBIMS B IIUTO30JIb B OTBET Ha JCHCTBUE 3aCyXH
[51]. ABTOpaMu crenaHo 3aKIIOYEHUE, YTO CEPOBOAOPO OKa3bIBAET BIUSHUE HA
COCTOSTHHE KaJTbIIMEBHIX KaHAIOB. C 3THUM IPEAINIOIOKEHHEM COIIACYIOTCS TaH-
HbIe 00 YTHETEHUH Pa3INYHBIMU aHTAarOHUCTaMH KaJIbIHsI BIUSIHUAS CEPOBOAOPO-
Jla Ha TETUIOYCTOMYMBOCTH KIIETOK KOJNICONTHIIEH MieHuIlbl, reaepanuio ADK n
AKTUBHOCTh aHTUOKCHJIAHTHBIX (hepMeHTOB [28].

CepoBomopox B3aUMOICHCTBYET H CO CIOKHOH CEThIO TOPMOHATILHOTO CUTHA-
nuHra (cM. puc. 2) [8, 12, 52, 53].

[Nomydensl SkcrieprMeHTaJIbHEIE NaHHBIC, yKa3plBaromue Ha pons ABK B
cuHTe3e cepoBopopona. Jk3orenHass ABK moBblmana comepkanue cepoBOAOpO-
Ja y pacrteHuit apaduzgoncuca [13]. MyranTsl apadunorncuca o cuaTedy ABK
OTIMYAIIUCH TIOHMKEHHBIM SHJIOTEHHBIM COJEPXKAHUEM CEPOBOIOPOJA U HU3KOH
3acyxoycTtornuuBocThIO [51]. C mpyro# CTOpOHEI, MMOKa3aHa POIb CEPOBOIOPOA
Kak HocpeAHuka B peanmusanuu 3¢pdexkroB ABK. AHTaroHUCTHI cepoBOAOPOAA
YTHETaIN MOJOKHUTEIbHOE BiHsHNE dKk3oreHHONH ABK Ha ¢yHKunmonmpoBanue
acKopOaT-NIyTaTTHOHOBOTO LUKJIA y MPOPOCTKOB MIIEHUIIBI IPU OCMOTHYECKOM
ctpecce [53].



166 I0.E. Konynaes, T.0. Acmped

Ectp cBeneHms 0 TOM, 9TO CEpOBOIOPOI OIOKHPYeT (DI3HONOTHYECKIE PEaKIIiH,
KOHTPOJIUPYEMBbIE 3THJICHOM, B YACTHOCTH, CTapeHHe IIoA0B. IIpennonaraercs, uro
OH CBSI3BIBACTCSI C aTOMOM MEJIH, BXOJISIIMM B COCTaB Oelika-perienTopa 3teieHa [ 12].

CepoBon0po1, HO-BUIIMOMY, SIBIISIETCS TOTOXKUTEIbHBIM PETYJIITOPOM PEaKIIHi,
aKTUBUPYEMBIX KacMOHaTaMu. Tak, IOKa3aHO MOBBIIIEHUE YHIOTCHHOTO CONepIKa-
HHSL CEPOBOJIOPOAA Y pacTeHUIt apabuioIcuca U Ipoca Mo BIUSTHUEM SK30T€HHBIX
skacMoHOBoM kucnoTel (JKAK) n metmmxacmonara [54, 55]. Uanynupyemoe me-
THJDKACMOHATOM TIOBBIIICHHUE YCTOHUMBOCTH PACTEHUM K TOKCHUECKOMY JIEHCTBHIO
KaaMusl OBIIO OIIOCPETOBAHO CEPOBOIOPOIOM M YCTPAHIIOCH 00pabOTKOM pacTe-
HUI HHruouTOpOoM L-1ucrennaecynbhrunpass! rugpokcuiaMutaoM [55]. C apyroit
CTOPOHBI, MOJIEKYJLIPHO-OHOJIOTMIECKIME METOIAMH MTOKa3aHO, YTO CEPOBOIOPOI
MOXXET aKTHBUPOBAaTh IKCIPECCHIO TeHA, KoAupymomero Oenok-perentop XKAK
COI1 u Takum 00pa3oM y4acTBOBATh B PETYIISIIMHU )KACMOHATHOTO CHTHAJIMHTA [9].
[To-Bugumomy, cepoBomopo; MoxkeT UHIynrpoBars u cuHre3 JKAK. Tak, Bo3neit-
CTBHC Ha pacTeHUs Tabaka BEICOKOH TeMITepaTyphl, BEI3BIBAIOIIEE CHHTE3 HUKOTHHA,
COTPOBOKIANIOCH OBICTPBIM ycuiieHreM renepaumu H,S u cunresom XXAK. Tona-
BIICHHE CHTHAJa CEPOBOIOPOAA JICHCTBHEM €T0 CKaBCHIKEPOB WM WHTHOMTOPOB
L-muctensaecynb(ruapassl CHIMANIO BHICOKOTEMIIEPATYPHYHO HHAYKIUIO CHHTE3a
JKAK n HukoTtrHa [52]. ABTOPBI IENat0T 3aKII0YEHHUE, 9TO B CHTHAIBHOM Iy TH, UH-
JQyLUPYIOIIEM CHHTE3 HUKOTHHA, CepOBOAOPOJ HaxoauTcs Boiiie JKAK.

Enre omauM CTpeccoBbIM (PUTOTOPMOHOM, B CHTHAIBHBIX 3(PQEKTaX KOTOPOro
3a7IeHiCTBOBAaH CEPOBOOPO]I, ABISACTCS CATUIUIOBAs KUCIOTA. MHyIupyeMoe K-
30TM€HHOM CAJMIMIOBOM KHCIIOTOM MOBBIMIEHUE TETUIOYCTOWYMBOCTH IMPOPOCTKOB
KyKypy3bl CONIPOBOXKAAIOCH aKTHBalMe L-nucrennaecyab(ruapassl U yBenuye-
HUEM COJepKaHHs cepoBomopona [56]. DddekT MHIYIUPYEeMOro CaIHIUIOBOM
KHCJIOTOM MOBBIIIEHHS TEIIOYCTOHUMBOCTH NIPOPOCTKOB U YBEIUYEHUS B HUX CO-
nepxanus H,S ycrpansics 1eHcTBHEM CKaBEHDKEPA CEPOBOIOPO/IA THIIOTayPUHA
U MHrHOUTOpa €ro CHHTe3a mponapruinminuia. C Ipyroi CTOPOHbI, HHTMOUTOP
CHHTE3a CATUIIMIOBOH KHCIIOTHI MAKJI00yTPa30II He BIMSUT Ha HHIYIIMPOBAHHOE J0-
HOpoM cepoBosiopoga NaHS pa3Butue TemnoycTOHUMBOCTH MIPOPOCTKOB KYKYpPY-
3bl, YTO I1O3BOJISIET ClIEJIAaTh 3aKJIIOYEHUE O POJIM CEPOBOIOPOIA KaK IOCPEIHUKA B
peanuzanuu 3hGEKTOB CATUIUIOBOM KUCIIOTHL, a He Ha000poT [56].

HenaBHo mosiBHiMCH cBemeHHUsI 00 YYacTHH CEpPOBOAOPOAA B pealld3allvu
CTpPECC-POTEKTOPHOTO JEHCTBUS HA PACTEHUsI OJHOTO U3 Haubonee pacnpocTpa-
HEHHBIX MONMHaMHUHOB myTpeciuHa [57]. TlommamuHbl B ocieaHee BpeMs pac-
CMAaTpPUBAIOTCS HE CTOJIBKO B KAUECTBE CTPECCOBBIX META0OJINTOB, 00JaJAOIIIX
MIPOTEKTOPHBIMU CBOMCTBAMH, CKOJBKO KaK (PH3MOIOTHIECKH aKTUBHBIC COEIH-
HEHHUsI, UHAYLHUPYIOIHE MHOTYE KOMIOHEHThI CUTHAJIBHBIX CETEH U MPOSIBIISIO-
[Iye akKTUBHOCTB, TIOJA00HYIO CTpeccoBbIM ¢putoropmonam [58]. IlokazaHo, uTo
npu feifctBun ynerpaduosnera (YO) B y MoIonbIX pacTeHUil sUMEHs MOBbIIIA-
JIOCh cozepikanue mytpeciuHa [57]. X 00paboTka myTpeclMHOM yYMEHbIIaa
MOBpEXIeHUs, BbI3bIBacMble JeiictBueM Y®-B. IIpu 3ToMm nelictBue kak YP-B,
TaK U IyTPEeCLMHA YBEIUYUBAJIO COAEpKAHUE CEPOBOAOPOA B IUCThIX. CTpecc-
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MIPOTEKTOPHOE BIUSHHUE MyTPECLHA, BBIpaXKarOIeecss B MOBBIIIEHUN aKTHUBHO-
CTH aHTHOKCHJAHTHBIX (DEPMEHTOB U YMEHBIIEHUH OKHCIUTEIbHBIX MOBpEXKIe-
HUM, YCTPAHSIIOCH JISHCTBUEM CKaBEH/Kepa CEpOBOIOpoia TumoTaypuna [57].

B nienoMm cepoBonopo, mo-BUIMMOMY, BOBJICUEH B CJIOKHYIO PETYIATOPHYIO CETh
CUT'HAJIBHBIX ¥ TOPMOHAJIBHBIX MOCPEIHHUKOB. C TaKUMU MPEICTaBIEHUSAMH XOPOLIO
COMIACYIOTCS MHOTOUHMCIIEHHBIE (PEHOMEHOJIOTHYECKUE JJaHHbIe 00 MHIYIIMPOBAHUH
CEPOBOIOPOIOM MHOTHX CTPECC-IIPOTEKTOPHBIX CHCTEM H €TI0 YIaCTHH B (JOPMIPOBA-
HUHU MIEPEKPECTHON YCTONUMBOCTH pacTeHHH K ICHCTBUIO CTpecc-(haKTOpOB.

CepoBoaopoa M aJanTHBHbIE PeAKIUH PACTeHMIt

VYBenuueHue 3HAOTEHHOTO COMICP)KaHUS CEPOBOOPOJA Yy PACTEHUM B HACTOS-
miee BpeMsi OOHApY)KEHO TIPH CTpeccax pa3iIudHON MpUposl. Tak, mpu IeHCTBUN
HHU3KOH TeMIIepaTypbl IOKA3aHO TPAH3UTOPHOE MOBBIIIEHHE 3HAOTEHHOTO COAEP-
JKaHHS CEPOBOIOPOIA M YCHUIICHHE SKCIIPECCHU T€HOB KITIOUEBBIX (PEPMEHTOB €ro
cunre3a — L-/D-uuctennaecynsruapas y pacteHuil apabugorncuca, BUHOrpaaa u
orypma [26, 59, 60]. B otnenbHbIX paboTax moka3aH 3pQeKT TpaH3UTOPHOTO yBe-
JIMYEHUSI COJICPXKaHUS CEPOBOJIOPOAA B OTBET HA JeHCTBUE runeprepmui [21, 52].

YcTaHOBIIEHA aKTUBAIHS KCIIPECCHH TeHOB L- i D-1iuctenHaecymbOruapaspl
y pacTeHuil apaOHJIOICHca P 3acyXe, CONPOBOXKIAIOIIAsICS yCUIEHHEM 00pa-
30BaHuA cepoBopopoaa [61]. [ToBeimenne cogepxanust HZS B OTBET HA JIEHCTBUE
OCMOTHYECKOI0 cTpecca 00HapyXeHO U y pacTeHuil mmeHuns! [33].

Ipn comeBoM cTpecce Takke 3aHKCHPOBAHO IIOBBIIICHHE CONCPYKAHUS Ce-
poBomopona y pacreHuil. IlokazaHo yBelIMUEHHE KOJMYECTBA TPAHCKPUIITOB
L-mmicrennnecynbrupassl u conepsxanns H,S y monepHs! 1 orypua npu JIeHCcTBIm
crpeccoBbIx koHIeHTpanuii NaCl [62, 63]. AktuBarus L-/D-1uctennaecynashruapas
¥ yBeJMueHue cofepkanus HS okazanmich HeOOXOMMMBI JUTS HHIyLMPYEMOTO COJle-
BBIM CTPECCOM 3aKPBIBAHUS YCTHHI] y pacTeHuit 60008 [31].

Ha psime 00BeKTOB M3ydIeHO M3MEHEHHE CONEPXKAHUS CEPOBOAOPOAA B OTBET
Ha JAeHCTBHE TOKCHMYECKHUX J03 TSDKEIBIX METANIOB U ANIOMHUHHSA. Y pacTeHHH
apabumorcrca oHO yBenuunBanoch mox BiusaneM Cré [48]. ITomo6HbIi addext
IpU AEHCTBUU cojiel HUKeIsl oOHapyXeH y pacTeHud Iykkunu [49]. Ilon Bau-
STHUEM TOKCHYECKHUX KOHIICHTPALWi ATIOMHHHS Y PACTEHHH COM ITOBHIIIAIACH
aKTUBHOCTh L-/D-nuctennaecynbpruapas u -nuaHOalTaHUHCHHTA3bl, a TAKXKe
SHJIOTEHHOE COJIepKaHre cepoBogopoaa [64].

BnusiHue cepoBogopona Ha (hyHKIIMOHMPOBAHUE CTPECC-MPOTEKTOPHBIX CH-
CTEM pacTeHH 0OBITHO M3yUYaeTcsl C FCIIOIb30BAaHUEM €T0 IK30T€HHBIX JTOHOPOB.
Yamie Bcero B TaKOM KadeCcTBE UCHONIB3yeTcsl ruapocyibdua Harpus (NaHS).
OnHako MmoKazaHo, 4To 00paboTKa PacTeHUI STHM COEAWHEHHWEM B JOCTATOYHO
BBICOKHX KOHIICHTPALUSIX BBI3BIBAECT CYLICCTBEHHOE, HO KPATKOBPEMEHHOE II0-
BBIIIICHHE BHYTPUKIIETOYHOTO cofiepKanusi cepoBonopona [21]. st mcnoms3oBaHus
B OMOMEUITMHCKHIX UCCIIEOBAHUSIX ObLIN pa3paboTaHbI JOHOPHI ¢ 00JIee «MSATKIM
U TIPOJIOHTHPOBAHHBEIM JEHCTBHEM, KOTOpHIE TETeph HCIONB3YIOTCS W B (H3HO-
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norny pacternii. OMHIM U3 HUX SIBISIETCS] COSMHEHNE, n3BecTHOE, Kak GY'Y4137
(morpholin-4-ium 4 methoxyphenyl(morpholino) phosphinodithionate) [65, 66]. Ycra-
HOBJICHO, 4TO 00pabOTKa MM PACTEHWI apaOWJIoTICHCa BhI3bIBANIA OoJIee JUTUTEIHHOS
yBenM4enue coziepxkanus H,S B TKaHAX 10 CPaBHEHHIO € JIEHCTBUEM THPOCYTIb(H/Ia
Harpust [67]. Tem He Meree NaHS 10 cux mop ocraercs HarOosee OMyJISIPHBIM J10-
HOpPOM CEpOBOJIOpOsia B (PUTO(PU3UONOrNUECKUX UCCIEA0BAHMSX [8, 68].

[loxg BmusSHWEM JOHOPOB CEPOBOIOPOAA 3aPETUCTPHPOBAHO ITOBEHIMICHUE
YCTOWYHMBOCTH PaCTEHHUN Pa3IMIHBIX TAKCOHOMHYECKUX TPYIII K JACHCTBUIO abu-
OTHUYECKUX CTPECCOPOB CaMON pasHOW MPUPOIBI: TUIIO- U THIICPTCPMUH, 3aCyXH,
3aCOJIEHUs], NOHOB TDKENBIX MeTajuioB, YP-B (Tabnuma).

HccnenoBaHo (GyHKIIMOHUPOBAHNE KITIOUEBBIX CTPECC-IIPOTEKTOPHBIX CUCTEM
NP ICHCTBUH Ha pacTeHUs JTOHOPOB CEPOBOIOPO/A B OOBIYHBIX YCJIOBUSAX U Ha
¢one crpeccopo. BecbMma mogpoOHO W3yUEHO BIMSHHE K30T€HHOTO CEPOBOJIO-
pona Ha (yHKIMOHHPOBAHHE aHTHOKCUAAHTHOM CHCTEMBI, KOTOpas OTHOCHTCS K
YHUBEPCATHHBIM CTPECC-TIPOTEKTOPHBIM CUCTeMaM [24].

Tak, y BUHOTpaza B YCIOBHSAX TUIIOTEPMUN OTMEUANIOCH TTOBBIIICHHE aKTHB-
HoctH COJI mpu obpaborke NaHS [59]. TloBbImeHHEe YCTOHYNBOCTH pacTEHUI
6epmynackoit Tpassl (Cynodon dactylon L.) k NelicTBHIO X0J10/1a, BBI3BIBAEMOE J10-
HOPOM CEPOBOAOPOIA, COMPOBOKIAIOCH YBEIMICHHEM aKTHBHOCTH KaTajasbl,
I'BasKONINEPOKCHUAA3HI U ITyTaTHOHpeRyKTassl [69]. [IpenoOpaboTka MpopoCcTKOB
MIICHUTTBI THAPOCYIb(PHUIOM HATPHUS Ha (POHE XOJOJ0BOTO 3aKAMBAHHUSI CIIOCO0-
CTBOBAJIA ITOBBINICHUIO AKTUBHOCTH TBasIKOJIIIEPOKCHIA3bI U KaTajla3bl, CONeprKa-
HUS caxapoB ¥ mpoiuHa [71], 00MamaronMx aHTHOKCHIAHTHBIMH CBOMCTBAMH
[78, 79]. Taxke yCTaHOBJIEHO, YTO MOA ACHCTBHEM JOHOPA CEPOBOAOPOJA MPH
XOJIOZIOBOM 3aKaJIBaHUH IIPOPOCTKOB IMIIIEHHUIBI CYIIECTBCHHO ITOBHIIIANACH aK-
TUBHOCTD (heHUIIaTaHWHAMMOHUINA3kI [ 72] — pepmMenTa, KOTOpHhIid TpeBpalacT
L-denmnananua B mpanc-KOPUIHYIO KUCIIOTY, SBISTIONIYIOCS IPEIIICCTBCHHH-
KOM OOJIBIIIMHCTBA BTOPUYHBIX META0OJIMTOB, U CYMTACTCS CTAPTOBBIM (pepMeH-
TOM B CIIOXKHBIX TIporieccax cuHTe3a (GruaBoHou 108 [80]. [Ipu a3TOM B mpopocTKax
MOBBIIIANOCH 00IIee copepxaHne (JIaBOHOUIOB M KOJIMYECTBO aHTOIIMAHOB, KO-
TOpBIC 00JIATAI0T OYCHb BHICOKOH aHTHOKCHUAHTHOW aKTHBHOCTHIO [81].

WunynupoBaHue TOHOPOM CEpOBOAOPO/A TEIIOYCTOHYMBOCTH KOJICOIITHIIEH
IICHUIBI COTPOBOXKIAIOCH TOBBIIICHHEM AKTUBHOCTH KITIOYEBBIX aHTHOKCH-
JaHTHBIX Q)epMeHTOB. OToT 3(1)(1)6KT YTHETAJICA pa3IMYHbIMU aHTArOHUCTAMU KaJlb-
mus 1 061 3aBHCHUMBIM OT rerepannu ADK c¢ yuactnem HA JIOH-okcnnaszer [28].

Y 00paboTaHHBIX THUAPOCYAb(UIOM HATPHUSI STHOIMPOBAHHBIX MPOPOCTKOB
TIIICHAIBI [TOKA3aHO YCHJICHHWE HSKCIPECCHH T€HOB WM IOBBIIICHUE aKTHBHOCTH
ackopOaTnepoKCHaa3bl, TyTaTHOHPELYKTa3bl U MOHOJETUIPOACKOPOATPETyKTa3bl
P OCMOTHYECKoM cTpecce [27]. MHrubupoBanue cHHTE3a CepOBOIOPOAA B MPO-
POCTKax IIIEHHIBI 00pabOTKOI AaMUHOOKCHYKCYCHOM KUCIIOTOM YCTPaHSIIO BBI3BI-
BaeMO€ OCMOTHYECKIAM CTPECCOM ITOBHIIIIEHIE AKTUBHOCTH aCKOPOATIIEPOKCHIA3HI,
DIy TaTHOHPEIYKTa3bl, AETHIpoackopOaTperykTa3bl M MOHOJEruapoackopoarpe-

IyKTassl [27].
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HWHuayuupoBanue cTpecc-NPOTEKTOPHBIX CHCTEM PacTeHMii cepoBoI0PoIOM
[Induction of plant protective systems by hydrogen sulfide]

Houop H,S
Crpeccop Bun (MM) Ouznonorndeckuii r3ppexr
[Stressor] [Species] [H,S donor [Physiological effect]

(mM)]

Uctou-
HHUK
[Ref.]

‘YMeHbIIeHNE XOJI0T0MH Iy IIUPYEMBIX
OKHUCJIUTENIbHBIX MTOBPEKICHUH,
YCUJICHUE DKCIIPECCUH

Vfﬁf NaHS (0,1) XOJIOZJOYYBCTBUTEIIBHBIX T€HOB [59]
vinifera L. WWICEL n VwCBF3

[Reduction of cold-induced oxidative

damage; increased expression of cold-
sensitive genes VvICEI and VvCBF3]

TloBeienne aktuBaoctd H-AT®azb1
Cucumis

4 NaHS (0,1) na3MalieMMbl IpU Xf)JI.O,E[OBOM [63]
sativus L. crpecce [Increased activity of H*-ATPase
in plasmalemma under cold stress]

VBenuueHue akTUBHOCTU
AQHTHOKCH/IAHTHBIX (DEPMEHTOB,
Cynodon TOBBILIEHNE BEIKUBAHUS PACTEHUI

4 NaHS (0,5) p [69, 70]
dactylon L. HocIIe TPOMOPaKHUBAHUS
[Increased activity of antioxidant enzymes;

T'unorepmust : . .
p increased plant survival after freezing]

[Hypothermia] VBenuueHue akTUBHOCTH

AHTHOKCHIaHTHBIX (DEPMEHTOB,
CoJIepKaHUs IPOJIMHA, CaxapoB
Triticum NaHS |4 ¢rraBoHonzos, TOBEIIIEHHE
aestivum L. (0,1;0,5) |BbUKHMBAHUS pacTeHHii nocne [71,72]
MIPOMOPAKUBAHUS

[Increased activity of antioxidant enzymes
and the content of proline and sugars;
increased plant survival after freezing]

YBenuueHue aKTUBHOCTH
AQHTHOKCU/IAHTHBIX (PepPMEHTOB,
CoJepKaHMs IIPOJIMHA U CaXapoB.,
Secale NaHS  |nogpimenne BopkuBanms pacreHuit [71]
cereale L. (0,15 0,5) |moce mpomopaxuBarus

[Increased activity of antioxidant enzymes
and the content of proline and sugars;
increased plant survival after freezing]

‘YMeHbIIICHNE OKUCIUTEITEHBIX

GYY4137 |noBpeskneHuii, BBI3bIBAEMBIX HATPEBOM [44]
0,1) [Reduction of heat-induced oxidative
damage]

Zea mays L.

FI/IHCpTCpMI/Iﬂ IloBbIIeHNE BEDKUBAHUS OTPE3KOB
[Hyperthermia] KOJICOTITUIIEH, YBEIMUEHHE

Ti riti.cum NaHS (0,1 AKTUBHOCTH aHTHOKCHIAHTHBIX [28]
aestivum L. (depmenToB

[Increased survival of coleoptile segments,
increased activity of antioxidant enzymes]
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[ponomxenune tadbnaunel [Table (cont.)]

Crpeccop
[Stressor]

Bujg
[Species]

Houop H,S
(MM)
[H,S donor
(mM)]

Omuonormyeckuii d3pdext
[Physiological effect]

Hctou-

HHUK
[Ref]

Nicotiana
tabacum L.

NaHS (0,1)

‘VMeHbIIIEHHE BBI3BIBAEMBIX Harpe€Bom
OKHCJIMTCIIbHBIX nospemneﬂm‘/i

KJ1eTOK [Reduction of heat-induced
oxidative damage to cells]

[47]

006e3B0-
JKUBaHHE
[Dehydration]

Triticum
aestivum L.

NaHS (0,1)

Yeuienue rnpopactanus CeMsiH
B npucyrcreuu [19I°

[Enhanced seed germination

in PEG presence]

(73]

NaHS
(0,1;0,5)

Yeunienue pocra pacTeHui npu
MOYBEHHOM 3acyxe, IOBbIILIEHUE
AKTUBHOCTH CYIEPOKCUNAUCMYTA3bI,
COZEpKaHUS [IPOJIMHA U AHTOLUAHOB
[Enhanced plant growth during soil drought;
increased superoxide dismutase activity and
the content of proline and anthocyanins]

[74]

Spinacia
oleracea L.

NaHS (0,1)

TToBpIIIeHNE OTHOCUTEIHHOTO

COJZIEp KaHMS BOJbI, CHUIKCHHUE
OKHUCIIUTENIbHBIX MOBPEKICHUH,
TIOBBIIICHUE COACPKAHUS TTUINH-
OeTanHa, caxapoB U TOJINAMHHOB
[Increase in relative water content; decrease
in oxidative damage; increase in the content
of glycine-betaine, sugars and polyamines]

[75]

CouneBoit
cTpecc
[Salt stress]

| Arabidopsis
thaliana L.

NaHS (0,1)

VBenuueHnue akKTUBHOCTH
AQHTHOKCHIAHTHBIX (DEpPMEHTOB
[Increased activity of antioxidant enzymes]

[13]

Triticum
aestivum L.

NaHS (0,1)

YeusneHue npopacTaHus CeMsH B
npucytctBuu NaCl

[Enhanced seed germination

in NaCl presence]

[76]

Medicago
sativa L.

NaHS (0,1)

Ilonnepxanne HOHHOTO TOMEOCTa3a
[Maintaining ion homeostasis]

[40]

Vicia faba L.

Yuacrtue 3HI0re€HHOTO HZS B
MHIYLUPYEMOM COJIEBBIM CTPECCOM
3aKpBIBAHUU YCTBHI]

[Participation of endogenous H,S

in salt-induced stomata closure]

(31]

N i2+

Cucurbita
\pepo L.

NaHS (0,1)

VBenuueHne akTHBHOCTU
AQHTHOKCH/IAHTHBIX (DepMEHTOB,
YCHJIEHHE POCTa PACTEHUH

[Increased activity of antioxidant enzymes
and enhanced plant growth]

[49]

Cr6+

Zea mays L.

NaHS (0,1)

VBenuueHue akTUBHOCTU
AQHTHOKCH/IAHTHBIX (DEPMEHTOB,
YMEHbIIEHHE OKUCIIUTENIBHBIX
TOBPEkKACHUI

[Increased activity of antioxidant enzymes
and reduced oxidative damage]

[77]
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OkoHuaHue Tabauiel [Table (end)]

Houop H,S Herou-
Crpeccop Bun (MM) Ouznonorudeckuit appexr
[Stressor] [Species] [H,S donor [Physiological effect] HIK
[Ref]
(mM)]

‘VYMeHbIIICHHE HAKOTUICHUSI HOHOB

Arabidopsis XpOMa B TKaHAX
Lop NaHS (0,1) [*PoMa B TKamix (48]
thaliana L. [Reducing chromium ions
accumulation in tissues]
CHWXEHHE HAKOTUICHHSI HOHOB
. JIFOMHHUS B TKAHAX, CMATYEHH
Glycine NaHS |20 amix, cHue

AP* max L (0.025) POCTHHTHOMPYIOMEro 3 dheKTa [64]
’ ’ [Reducing accumulation of aluminium ions in
tissues; mitigating growth-inhibiting effect]

IIpenorBpaiieHue OKUCIUTEIbHBIX
MOBPEKACHUHN, YMEHbILIEHUE BBIXOJa
9JIEKTPOJIMTOB U3 TKaHEH 1ocie
NaHS (1,0) |crpeccosoro Bosneiictsus [57]
[Prevention of oxidative damage; reduced
release of electrolytes from tissues after
stress exposure]

Hordeum

Y@-B [UV-B] vulgare L.

O0paboTKa 3eIeHBIX PACTCHUH MIIICHUIIBI PACTBOPOM THAPOCYIIL(GUIA HATPHUS
mepes MOYBEHHOW 3acyXoil crocoOcTBoBaja MOBbIIEeHUIO akTHBHOCTH COJl u
TIpeoTBpaIiajia BEI3BIBAEMOE CTPECCOM CHIDKEHIE aKTHBHOCTH KaTala3bl U TBas-
KOJINEPOKCHUAA3BI B IUCTHSIX [ 74]. Takoke MOJ BIUSIHUEM JOHOPA CEPOBOAOPOJIA IPU
MIOYBEHHOH 3aCyX€e B JIUCTHSIX PACTEHUH MIIICHUITHI TOBBIIIATIOCH CONEPIKAHNE HI3-
KOMOJIEKYJISIPHBIX ITPOTEKTOPOB — IPOJIMHA M aHTOLIMAHOB [ 74].

[loxazaHo MOBBHINICHNWE AKTUBHOCTH MEPOKCHAA3BI, KaTanasbl W IIIyTaTHOH-
penyKTa3bl y pacTeHUH OepMyAcKoH TpaBbl IMIPU UX 0OpPabOTKE JOHOPOM Cepo-
Bomopoaa NaHS, mpenmiecTBoBaBIeil 0CMOTUYECKOMY CTPECCY, BBI3BIBAEMOMY
neiicteuem [10I 6000. Takast 06paboTka Takxke cTabUIM3UpOBaa Iya BOCCTa-
HOBIIeHHOTO mytatroHa [70]. IloBbImieHue comepkanus ackopbara W BoccTa-
HOBJICHHOTO IIIyTaTHOHA, a Takke yBenuueHue cooTHomeHuss GSH/GSSG noa
BIHMSIHHEM 00paOOTKH pacTeHHH TOHOPOM CEPOBONOPOAa OTMEYANUCH B YCIO-
BUSIX OCMOTHYECKOTO U COJEBOTO CTPECCOB y PACTEHUM 3eMIsIHUKU (Fragaria X
ananassa cv. Camarosa) [68]. Y pacrenuit Spinacia oleracea L. on BIAsHAEM
JIOHOPA CEpOBOAOPO/a B YCIOBUSAX 3aCyXHU MPOUCXOAUIO MOBBIIICHUE COAEpKa-
HUS TIUIWH-OeTanHa U TPErajio3bl, 00IagalonX OCMOIIPOTEKTOPHBIMHI M aHTH-
OKCUJIaHTHBIMU cBoiicTBaMu [75]. Ilocne BO300OHOBNEHUs ONKBA B BapUaHTE C
IEWCTBHEM JOHOPA CEPOBOAOPOIA TAKKE OTMEUATIOCh ITOBHIIICHUE COICPKAHMS
MOJIMAaMUHOB — MyTpeCcUnHa U crepmuuHa [75). [TonnaMuHbI MOTYT OKa3bIBATh
MPSMOE aHTHOKCHIAHTHOE M MEMOpPaHOIPOTEKTOPHOE AEUCTBHE, a TaKKe pac-
CMAaTpPUBAIOTCS B Ka4E€CTBE PETyISATOPOB aJalTUBHBIX MPOLIECCOB, CBSI3AHHBIX C
W3MEHEHHEM DKCIIPECCUH psAia TeHOB [58].

Oobnapyxena axtuBauuss COJl, karamasbl, acKopOaTHEepOKCHIA3bl U TIBas-
KOJITIEPOKCHIA3El JOHOPOM CEPOBONOPONA y PACTEHHI MIIEHHIBI IIPH COJICBOM
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ctpecce [27, 82]. O6paboTka pactenuit apadbumorncuca NaHS BbI3bIiBana moBHI-
[ICHUE MX BBDKUBAHUS TPU TMPOJOIIKUTEIFHOM COJIEBOM CTPECCE M YBEIUYCHHE
aktuBHOcTH CO/l, mIyTarnopenykrasbl U HecnienuGuIeckoi mepokcumassl [13].

Veunenne npopacTaHus CEMAH IIIECHHMIBI, BbI3biBaeMoe noHopom H S na
(oHE TOKCHYECKOTO AEUCTBHS KaIMUs, COIMPOBOXKAATIOCH TOBBIIICHUEM aKTHB-
HOCTH TBasSKOJIEPOKCUAA3BI, acKopOaTnepokcuaassl u karanassl [83]. Ctpecc-
MIPOTEKTOPHOE AEHCTBHE THAPOCYIb(GHIA HATPUs Ha TPOPOCTKH KYyKypy3HI,
noaBepruyThie AetictButo Cré, mposBisiocs B ycuwnenuu aktuBHoctd CO/ u me-
POKCHIa3, TOSBICHUH UX HOBBIX MOJEKYISIPHBIX (OPM, a TAKKE B CTAOMIIH3aIIUI
aKTUBHOCTH KaTanassl [77].

[o-BunmuMoOMYy, TTOJOKUTEIEHOE BIUSHHUE JTOHOPOB CEPOBOIOPONA HA YCTOM-
YUBOCTb PACTEHHUH K CTPECCOPaM HE UCUEPIBIBACTCS aKTUBAIMEH aHTHOKCUIAHT-
HOW U OCMONPOTEKTOPHOU CUCTEM. B 3KCIIEpUMEHTaxX ¢ pacTeHUAMU 3EMIISTHUKHU
MOKa3aHO MHAYIMPOBaHUE MIPU 00pabOTKe THAPOCYIB(UIOM HATPHSI SKCIPECCHU
regoB BTIUI 90, BTII 80, BTHI 70, a Takxe akBartoprHOB B KopHsX [68]. Takoi
3¢ EKT COnpoBOXKAAICS HOBBIIIEHUEM TEILIOYCTONIMBOCTH PACTEHHH.

Eme omaum QusmonormyeckuM 3QQPEKTOM CcepoBOIOPOIA, BaXKHBIM IS
YCTOWYHMBOCTU PacTEHUH K 3acyXe U 3aCOJICHHUIO, SIBISIETCS €T0 BIIMSHUE HA CO-
CTOSIHME YCTBHYHOTO ammapara. [loka3zaHo, 9TO MpH NEHCTBHH OCMOTHYECKOTO
cTpecca, uaayuupyemoro II9I, y pactenuii apabunorncuca Col-0 yctbuyHas
arepTypa YMEHBIIANACh, B TO BPEeMs KaK y MyTaHTOB des, Ne(PEKTHBIX 110 TeHaM
(hepMEHTOB CHHTE3a CEpOBOJOPOJA LIMCTEUHAECYIb(IUApa3, OHA MOYTH HE W3-
MeHsiach [84]. Bri3piBaeMoe CONEBBIM CTPECCOM 3aKPHIBAHKE YCTHHUI] B JIHCTHSIX
6000B yCTpaHANOCh CKABEHPKEPOM CEPOBOAOPOA TUIIOTAYPHUHOM M MHTHOUTO-
pamu nucrenHaecynbdruapas [31]. BosneiictBue 100 MkM ruapocyibduiom
HaTpus B TedyeHre 90 MUH BBI3BIBAJIIO YMEHbBIIECHHE alepTyphl YCTHUI] Y pacTe-
Hul apadumoncuca [85]. OOpaboTka sMUaAepMECa JTUCTHEB CIAIAKOTO KapTodes
(Ipomoea batatas L.) 100 MmxM NaHS yBenu4uBana OTHOCUTEIbHOE KOJTUYECTBO
MTOJTHOCTBIO 3aKPBITHIX yCThUIL [85]. B To ke Bpems B padotax Lisjak et al. [67,
86] OBLIO MOKA3aHO YBENUYEHUE YCTHUYHON amepTypsl y pacTCHUI pa3HbIX BU-
JIOB TocIie 2,5-qacoBoii 00padoTku smmaepmuca 100 u 200 MM NaHS Ha cBety.
OO6HapyxeHo, 4TO MpH 00pabOTKe OTAETCHHBIX JUCThEB apabuoIcuca OpraHu-
yeckuM JoHOpoM cepoBopopoaa GYY4137 B xonnentparuu 100 MxM uepe3
90 MUH NPOUCXOAMIO 3aKpbIBAHUE YCThUII, a uepe3 120 MuH, HA0OOPOT, OTMeE-
4aJI0Ch YBETUUYCHHE alEePTYPHI C MOCIEeMyIONIM yMeHbeHueM k 180 mun [87].
Takum 06pazoM, 3¢ GEeKTH JOHOPOB CEPOBOAOPOA HA COCTOSIHUE YCTBUIl MOTYT
HUMETh CIIO)KHYIO BPEMEHHYIO THHAMHUKY.

Bnusiane cepoBofiopona Ha YCTBUYHYIO alepTypy, Kak U IPYTUX WHAYKTO-
POB 3aKPBIBAHUS YCTHHUII, CBA3aHO C N3MEHEHUEM COCTOSHHS HOHHBIX KaHAJIOB, B
YaCTHOCTH, KaJUeBbIX KaHaoB (K’ ) 3aMBIKAIOIIMX KIETOK. YCTaHOBIIEHO, YTO
UX OTKPBIBaHHUE, 00YCIOBINBAIOIICE BBIXO KAIUS U3 3aMBIKAIOIINX KIETOK, IIPO-
ucxogut ¢ ydactueM ADK, renepupyemsix nop siusHueM HAJIOH-okxcunasel
[88]. Jpyrum mocpeTHUKOM B pealiu3aliiyl YCThHUHBIX 3P (eKToB cepoBomopona
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siBrsieTcs Kajpimid. B pabore Honda et al. [87] mokazaHo, uTo 00paboTKa JINCTHEB
apabuoncuca NPOHULAEMbIM JJIS1 KJIIETOK XEJIaTOPOM KalbILUsl CHUMAla BBI3bI-
Baemoe GY Y4137 3akpeiBanue yctpuil. Hamm ncciemoBaHus MoKa3aiy, 9TO B
peanu3anuu JeHCTBUS CEPOBOAOPOA HA COCTOSIHUE YCTHUIL IPUHUMAIOT yJacTUe
pa3NYHBIC ITYJTHl KaJdblus. BeI3pIBaeMoe JOHOPOM CepOBOAOPOIa YMEHBIICHHUE
YCTBHYHOW anepTypbl U OTHOCHTENILHOTO KOJIMYECTBa OTKPBITHIX YCTBHHI[ TOYTH
MTOJTHOCTHIO HUBEIUPOBAIOCH MPenoOpabOTKON JINCThEB OJIOKATOPOM KaJlbllHe-
BBIX KaHAJIOB XJIOPHIOM JIaHTaHa, XeJIaTopoM BHeEKJIeToyHoro kameims OI'TA,
uHTHOUTOpOM (ochonmmnazel C HEOMHIIMHOM W aHTArOHUCTOM OOpa30BaHUS ITH-
KIIMUECKOM afieH03HH-5'-1udocharproo3s! HUKOTHHAMUIOM [89]. Taxoke ycTbHY-
HeIA 3pdexT monopa H S 4acTHYHO yCTpaHSICS aHTarOHUCTOM KaJbMOJyJIHHA
xJiopnpomasuHoM. HusenupoBanue eicTBUS TOHOpa CEPOBOAOPO/A HA COCTOS-
HHUE YCTBRIYHOTO aIlapaTa JICThEB apabumorcruca 0TMEYaoch U MpHY IpeaBapu-
TENIbHOI 00paboTKe JIUCTBEB OyTaHOIOM-1 — MHTHOUTOPOM 3aBUCUMOTO OT (hoc-
(omunassl D o6pazoBanus hocharuaHon KucIoThl [89]. MOXKHO MPEIIIOI0KUTS,
YTO B CJIOXKHOM ITyTH JEHCTBUS CEPOBOAOPOJA HA COCTOSIHUE YCThUL] IPUHUMAIOT
yJacTtue ABa pepMeHTa TunuIHoro curaaniara — pocdonumnassl (OJI) C u D. Ka-
KOBa KOHKpETHast POJIb IPOIYKTOB PeaKlnii, KaTaJM3UPyeMbIX STHMH (hepMeHTa-
MU, B IIPOSIBJICHUH BIMSIHUS CEPOBOOPO/IA HA COCTOSHHUE YCTHHII, II0KA HE SICHO.
Bo3moxHO, 4T0 mocpenHuky, obpasytomuecs nox sausaueM OJI C, ygacTByroT
B PETYISIHMU KaJBIIEBOTO ToMeocTasa. PocarnmnHas KUcIoTa, KoTopas odpa-
3yerca nox sausaueM OJI D, moxxer aktuBuposars HAJIOH-okcunasy, renepu-
pytomyto curHan ADK, mo-BuanMoMy, Takke HEOOXOMMMEIH ISl MPOSBICHUS
UHIYyLHUPOBAHHOTO CEPOBOAOPOAOM 3 (eKTa 3aKpbIBAHUS YCTBUI[ Y PacTEHHUH
apabunorncuca. Tak, moka3aHo, 4YTO Y MyTaHTOB apabUIOIICHCa 110 IBYM (opMaM
HA®H-okcuaassl (rbohD u rbohE) He TPOUCXOUIIO 3aKPhIBAHUS YCTHHIL B OT-
BeT Ha 00pabotky NaHS [85].

B 1iennoM MOXHO nonararh, 4To AeHCTBHE CEPOBOJOPOA HA COCTOSIHUE YCThUY-
HOTO amrapara peaju3yeTcs ¢ YIacTHEM IUTO30JIbHOTO KalbIIHs, KOMIOHEHTOB
nunuaHoro curHanuHra [89], AOK [85] u okcuaa azora [87]. [lo-Bugumomy, 3tu
MOCPETHUKN (PYHKIIMOHHUPYIOT KaK B3aHMMOCBSI3aHHBIC IIEMEHTHI OOJBINION CHT-
HaJIBHON CETH, OIHAKO XapaKTep 3TUX B3aUMOCBS3€il BO MHOTOM OCTaeTcs He-
SICHBIM.

B03MOXHO, 4TO yyacTHe B PETYISIUHA COCTOSHUS YCTHUIL ABISIETCS] OXHON U3
MIPUYHH TTOJIOKUTENFHOTO BIHSHIS S9K30TEHHOTO CEPOBOAOPOIa Ha 3aCyX0- U CO-
JICyCTOWYMBOCTh pacTeHUi. B 4acTHOCTH, €CTh AaHHBIE O NMPEJOTBPAICHUU 00-
paboTKO# JOHOPOM CEPOBOIOPOAA MAJCHISI OTHOCUTEIFHOTO COEPKAHUS BOABI
y pacTeHuil B HeONArompUsTHRIX ycioBusix [75]. CrenmyeT, 0JHAKO, OTMETUTH,
YTO JTaHHBIC O MEXaHW3MaXx BIUSHHS CEPOBOAOPOAA HA COCTOSHHUE YCTHUI OBLIH
MOJTy4€HBl B OCHOBHOM B 3KCIIEPUMEHTAX C SMUIECPMHCOM JUCTHEB JUOO0 C OT/e-
JICHHBIMH KyCOYKaMH JIACTHEB, B CBSA3U C UE€M DKCTPAIOIIALUS 3TUX PE3YIBTATOB
HAa MPOLECCH PETYISINH BOJHOTO 0OMEHAa HHTAKTHBIX PACTCHUI B €CTECTBEHHBIX
YCIIOBHSAX BEChMa IUCKYCCHOHHA.



174 1O.E. Konynaes, T.0. Acmped

3akir0ueHne

Hecmotps Ha TO, 9TO (prznonornvyeckre (GyHKIINH CEPOBOIAOPOIA H3YUICHBI
3HAYUTEIBHO MEHBIIIE 10 CPABHEHHIO C (PYHKIIMAMH TaKUX CUTHAIBHBIX MOCPE-
HUKOB, KaK HOHBI Kanbiws, ADK u okcun a3ora, €ro poib B yCTOHYUBOCTH pac-
TEHUH K OOJIBIIMHCTBY M3BECTHBIX CTpeCcC-(aKTOPOB HE BBI3BHIBACT COMHCHUI.
OO0 3TOM CBHJIETEILCTBYIOT OOHApYX)CHHBIC 3()(EKThI YBEeTMUeHHS YHIOTCHHOTO
COJlep)KaHMsl CEpOBOAOPO/IA B KIIETKaX NP ACHCTBUH cTpecc-(paKkTopoB, OJIOKH-
POBaHMS MHOTHX aJalTUBHBIX Peakuuii mpu oOpaboTke pacTeHUH ero CKaBeH-
JUKEpaMU JTMOO MHIHOWTOpaMH OCHOBHBIX (hepMeHTOB cuHTe3a H,S m mHoro-
YHCIEHHBIC JaHHBIE O IOBHIICHWH YCTOWYMBOCTH PACTEHHH IEHCTBHEM €ro
noHOpoB. [lepBuuHble MoONEKyIsIpHBIE dPGEKTH CEPOBOIOPONA, MO-BUIUMOMY,
o0ycioBiieHbl ¢ S-cynbruaparanueii (nepcynbGuaupoBanueM) OCIKOBBIX MH-
meneld. CBsa3b 3TOro 3(ekra ¢ mpoueccam nepefadd CUTHAJIOB B TeHETHYe-
CKHI ammapar dyepe3 CUTHAJIBHEBIC CETH 0CTaeTCa Malon3ydeHHOW. OTHaKo HAKoO-
IUIEHBI MHOTOYHCIICHHBIE TPUMEPHI OTIOCPEIOBAHHOCTH 3P (PEKTOB cepoBOIOpOIa
ITyTeM M3MEHEHUS KaJbIINEeBOTO ToMeocTasa, oopazosanust ADK u okcuna a3ora
(cMm. puc. 2). IIpaBaa, nocnen0BaTeNbHOCTh PACIONOKEHHSI 3TUX MOCPEIHUKOB
npu (popMHUPOBAHUN TEX WIHM MHBIX aJalITUBHBIX PEakUil pacTCHUH BO MHOTHX
CIIy4yasiX 0CTAeTCsl HeM3BeCTHOM. Tak, 0 HEOMHO3HAYHOCTHU CBSI3CH MEXKIY IByMs
KITIOYEBBIMH Ta30TPAHCMHUTTEPAMH — CEPOBOJIOPOIOM M OKCHIIOM a30Ta — CBHIE-
TEJNBbCTBYET OCTPOYMHOE Ha3BaHUE HefaBHero o03opa Corpas et al. [90] «Nitric
oxide (NO) and hydrogen sulfide (H,S) in plants: Which is first?». [Tokazano, uro
9TH Ta30TPAHCMHUTTEPHI MOTYT JICHCTBOBATH HA OJIHU U TE e OCIIKOBBIC MHIIICHH,
BBI3bIBas 3((HEKTHI TepcyabGUInpoBanst Tn00 HUTpo3mwmposanus [90]. B To xe
Bpems NO u H,S oxa3biBaroT BIMAHHE M HA BHYTPUKJIETOYHOE CONEPKAHUE PYT
npyra. PesynbraTsl ucciaeqoBaHuil CBUAETEIBCTBYIOT O TOM, UYTO B 3aBHCHMOCTH
OT MPUPOIBI cTpecc-PaKkTopa U peryIupyeMbix mporeccoB NO B CHIHAJIBHBIX I1e-
TISIX MOXET OBITh PACIIONIOKEH KaK BBIIIE, TaK U HUXKe cepoBogopona [90]. He me-
HEE CJIOXKHBIM, TIO-BHIMMOMY, MOXKET OBITh U (PyHKIIMOHAILHOE B3aMOJICHCTBHE
CEpOBOIIOPOIA C APYTUMH MOCPETHUKAMHE. Tak, akKTHBALIUS CHHTE3a CEPOBOIOPO-
Jla, CBSI3aHHAsI C YCWICHUEM KCIPECCHH TeHa L-1ucrennaecynbGruapassl, Mo-
JKeT OBITh WHIYIIMPOBAHA C TIOMOIIBIO KaJbIUsA U KanbMmoaynuna [48]. C apyroit
CTOPOHBI, KAJIBIMI ABJISETCS MOCPSTHUKOM B TPAHCIYKIIUM CUTHAJIOB CEPOBOJIO-
pona [49]. MHorue ¢usnonorndeckre 3hHEKTsl cepoBOIOPOIa OMOCPETOBAHBI
ycuinenueM renepannn A®K pacTuTeNnbHbIMHE KI€TKaMH, HO M H,S MoxeT BbI-
CTyIaTh B POJU IMMOCPETHHKA B peanu3aiun 3pGeKToB nepokcuaa Bogopoaa [91].

CepoBonopon SIBISACTCST YIACTHUKOM TPAHCIYKIMKM CHIHAJIOB KITFOUEBBIX (PUTO-
TOPMOHOB, 33/IeHICTBOBAHHBIX B amanThBHBIX Tporieccax: ABK, YKAK u canvpnoBoi
kucnotsl [8, 9]. C mpyroit croponsl, H,S moxer unnynmposars cunres JKAK [75] u
aKTUBUPOBATh Kcrpeccuro reHa COI ], KomupyIoIIero pernenTop >kacMoHara [9].

OyHKIMOHATBHOE B3aUMOJICHCTBHE CO MHOTMMH CUTHAJILHBIME MTOCPETHHUKA-
MU U (UTOTOPMOHAMH, ITO-BUANMOMY, OOYCIIOBIMBAET YIaCTHE CEPOBONOPONA B
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(hOpMHPOBAHUY MTEPEKPECTHON YCTOWIMBOCTH PACTEHHI K CTPECCOPaM pa3InIHOM
npuponsl [12]. CepoBomopoa OKa3bIBa€T BBIPAXKEHHOE AKTHBHUPYIOIIEE BIMSIHUE
Ha a/IallTUBHBIC TIPOIIECCHI, 00YCIOBIMBAIONIIE HECICIN(PUIESCKYIO YCTOHINBOCTD
pacTeHHid K cTpeccopaM, B YaCTHOCTH, Ha DKCIIPECCHIO TEHOB aHTHOKCHUAAHTHBIX
(epMEeHTOB M Ha HAKOIUICHHE MONN(YHKIHOHAIGHBIX HI3KOMOJIEKYISIPHBIX CO-
eIWHEeHUH ¢ 3amuTHBIME 3(deKTamMu, HampuMep BTOPHUYHBIX METa0OIUTOB. DTH
3¢ deKxTHI cepoBOIOpOaa MO3BOIIIOT PACCMATPUBATH €r0 JOHOPH B Ka4eCTBE CO-
eIMHEHUH, TepPCHEKTUBHBIX Al NPUMEHEHHs B pacTeHHeBoAcTBe [92]. OmHako
UX WCTIONB30BAHUE ITOKA OTPAaHMIMBACTCS HETOCTATOYHON M3YUYCHHOCTHIO MeXa-
HU3MOB JIEHCTBUSI CEPOBOAOPOAA M OTCYTCTBUEM TEXHOJOTHYECKH «YIOOHBIX)
noHopoB. Haunbosee momynsipHbIii oHOp cepoomopona NaHS, kak yxe oTrmeda-
JI0Ch, OBICTPO pasiiaraeTcs M BBI3BIBAET PE3KOE M KPATKOBPEMEHHOE TMOBBIIICHHE
conepxanus H,S B kneTkax. B 10 jke BpeMs opraHM4eCcKue JIOHOPBI CEPOBOIOPOJIA,
UCTIONIb3yeMble B (hapMaKOJIOTHH, TIOKA SBJISIFOTCS TOPOTUMH U MaloOIOCTYITHBIMH
IUTSl IPUMEHEHHS B PACTEHUEBOJCTBE. bolree ycenHeIM 0Ka3aioch IPaKTHIECKOe
MIPUMEHEHHUE CEPOBONIOPOIA B TEXHOIOTUH XPAHEHUS CEIbCKOXO3IHCTBEHHOM Mpo-
nyknud. Tak, ucrons3oBanre NaHS npu XxpaneHuH 1mI070B | SITOf MPEMSTCTBYET
WX CO3PEBAHUIO U CTAPEHHIO, CIIOCOOCTBYET COXPAaHEHUIO ITyJla aHTHOKCHAHTOB, B
YaCTHOCTH, aCKOPOWHOBOW KHCIIOTHI, ()eHONBHBIX COENMHEHUH, (h1aBoHOUIOB [12,
93]. Taxxe cepoBOIOPOI MOXKET ObITh MCIIOIB30BaH ISl MPOAJICHUS KU3HH Cpe-
3aHHBIX [1BETKOB [10]. B mesroM, HeCOMHEHHO, UTO NaJIbHEMIIee n3ydeHue 3G dek-
TOB CEpOBOJIOPO/IA MO3BOJIUT, C OJJHOI CTOPOHBI, TITy0XKe TIOHATH MEXaHU3MBI ajarl-
TaIWH 1, BEPOSITHO, CKOPPEKTHUPOBATH IIPEACTABICHIS O ICHCTBUH YK€ JOCTATOTHO
H3YYEHHBIX CTPECC-IIPOTEKTOPOB, C APYTOM — CO3AAaTh TEOPETUUECKUE OCHOBBI JIJIst
HOBBIX TIOJIXOZIOB B arpOOHOTEXHOIOTHSIX.
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Hydrogen sulfide and plant adaptation to abiotic stressors

Hydrogen sulfide (H,S) is one of the key gasotransmitters in plant and animal cells.
The term “hydrogen sulfide” means not only H,S as a dissolved gaseous compound,
but also the HS— anion, into which, under physiologically normal conditions, about
80% of molecular hydrogen sulfide is converted. One of the most notable hydrogen
sulfide physiological effects is the activation of adaptive plant responses. However, the
activation mechanisms of plant stress-protective systems under the H,S influence, direct
targets of its action, signaling and hormonal mediators providing physiological effects,
remain poorly understood. Analysis and systematization of information on hydrogen
sulfide synthesis, signaling, and activation of adaptive reactions with its participation
became the aim of this review.

Hydrogen sulfide synthesis. To date, it has been found that in plants hydrogen
sulfide can be synthesized using six enzymes (See Fig. ). Conversion of L-cysteine to
pyruvate catalyzed by L-cysteine desulthydrase with release of hydrogen sulfide and
ammonium is considered as one of the main ways of synthesizing H,S in plants. It is
also possible to form hydrogen sulfide from D-cysteine under the action of D-cysteine
desulfhydrase. Hydrogen sulfide can also be synthesized by sulfite reduction with the
participation of sulfite reductase. Formation of hydrogen sulfide in plants involving
B-cyanoalanine synthase, cysteine synthase and carbonic anhydrase is also expected.

Hydrogen sulfide signaling. Hydrogen sulfide does not have specific molecular
receptors. It is assumed that primary molecular effects of H,S are associated with
S-sulthydration (persulfidation) — conversion of —SH cysteine residues to —SSH. The
most common proteins whose state is regulated by sulthydration are peroxyredoxins,
which, in turn, are among the key participants in cellular redox regulation. Hydrogen
sulfide is also involved in processes of redox regulation occuring with participation
of reactive oxygen species (ROS) and nitric oxide (NO), and can affect cell calcium
homeostasis (See Fig. 2). In this case, however, the sequence of arrangement of these
intermediaries in formation of various adaptive reactions of plants in many cases
remains unknown. There is evidence of an increase in the ROS content in plant cells
under the influence of hydrogen sulfide, due, primarily, to the activation of NADPH
oxidase. At the same time, synthesis of hydrogen sulfide can be induced by an action
of hydrogen peroxide on plant objects. Hydrogen sulfide can directly and indirectly
influence activity and expression of antioxidant enzyme genes, which also affects cell
redox homeostasis.
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It was shown that hydrogen sulfide and nitric oxide can act on the same protein
targets, causing effects of persulfidation or nitrosylation. Moreover, NO and H,S also
affect the intracellular content of each other. Hydrogen sulfide is in a rather complex
functional interaction with calcium ions. Activation of hydrogen sulfide synthesis
associated with increased expression of L-cysteine desulthydrase gene can be induced
with calcium and calmodulin. On the other hand, hydrogen sulfide can cause an opening
of calcium channels of plant cells.

Hydrogen sulfide interacts with a complex network of hormonal signaling too (See
Fig. 2). In particular, its synthesis can be induced by abscisic acid (ABA). On the other
hand, H,S can mediate physiological effects of ABA. Hydrogen sulfide can activate
synthesis of jasmonic acid in plants. Also, H,S is involved in plant adaptive reactions
induction under influence of salicylic acid and polyamines. In general, hydrogen sulfide
is involved in a complex regulatory network of signaling and hormonal mediators.

Participation in plant adaptation. In response to the impact of many stressors (high
and low temperatures, dehydration, salinization), the content of endogenous hydrogen
sulfide in plants increases. Moreover, mutants defective in the hydrogen sulfide synthesis
were not resistant to action of these stress factors. Plant treatment with hydrogen
sulfide donors (in particular, sodium hydrosulfide NaHS) increases resistance of plants
to stress temperatures, drought, salt stress, action of heavy metals, UV-B and other
factors (See Table). Hydrogen sulfide has a pronounced activating effect on expression
of antioxidant enzyme genes, accumulation of polyfunctional low-molecular-weight
protective compounds, in particular proline and sugars. Of particular importance for
plant adaptation is the accumulation under the influence of hydrogen sulfide of a wide
range of secondary metabolites, including phenolic compounds and flavonoids, which
have a pronounced antioxidant effect. Hydrogen sulfide is also involved in regulation
of plant stomatal reactions. Dependence of the stomata closing process under osmotic
and salt stress on the activity of cysteine desulthydrase and H,S synthesis was shown.
The effect of hydrogen sulfide on stomatal aperture, as well as other stomata closing
inducers, is associated with a change in the ion channels state, in particular, potassium
channels (K*_ ) of guard cells. ROS, calcium ions and, possibly, components of lipid
signaling are involved in the implementation of these effects of hydrogen sulfide.

Hydrogen sulfide donors can be used not only to induce adaptive reactions of plants,
but also in storage technology for agricultural products. The use of NaHS during storage
of fruit and berries prevents their ripening and aging, contributes to the preservation of
a pool of antioxidants, in particular, ascorbic acid, phenolic compounds and flavonoids.
Also, hydrogen sulfide can be used to extend the life of cut flowers. A further study of
stress-protective effects of hydrogen sulfide will allow, on the one hand, to more deeply
understand the adaptation mechanisms, and, on the other hand, to create theoretical
foundations for new approaches in agrobiotechnology.

The paper contains 2 Figures, 1 Table and 93 References.

Key words: hydrogen sulfide; reactive oxygen species; calcium; nitric oxide;
phytohormones; antioxidant system; resistance.
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