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Hydrothermal conditions of the temporal variability
of the phytoproductive functioning: case study
of the Burtinskaya steppe landscape (Southern Urals)

The interpretation of a geographic landscape as a geosystem requires evidence that, under certain conditions,
an external signal has a similar response in its spatial elements. The article examines the similarifies and dif;
ferences in the response of units in the steppe landscape of the Southern Urals (Burtinskaya steppe) tovarying
hydrothermal conditions. The Normalized Difference Vegetation Index (NDVI) is used as an indieatorof in-
tra-seasonal variability in phytoproduction performance. 110 standardized incrementsgof WDVI during the
growing seasons in 20102020 were ranked and interpreted as types of dynamics in€@mparisengWwith back-
ground modal values. The occurrence and diversity of types of phytomass dynamics within the model units
(gullies, ridges, and interfluve flat surfaces) vary depending on hydrothermal cofiditions andithe length of the
time interval between measurements. The integrity of the unified response in the landsgape is enhanced dur-
ing dry periods, when changes in phytomass in gullies and on ridges differ little from those on spatially dom-
inant slopes and flat surfaces. Strong deviations from the background dynamies often appear at intervals of up
to 2 months, but are compensated for within 4-5 months. The dynamics efihydrothermal conditions over the
entire growing season manifests itself in phytomass changes in a similar way over the landscape, which
proves the connection between the spatial and temporal paramétershof landscape organization. Depending on
the landform, phytocenoses adapt to the late summer moistute deficitgither by transitioning to another stable
state of structure while maintaining the intensity of funetioning (self-organization), or by maintaining the
structure while reducing the intensity of functioning (self-regulation).

Keywords: steppe, NDVI, phytomass dynamics, meisture, resilience, landscape unit.

Introduction

The spatio-temporal organizationsofigeosystems has long been recognized as the main subject of land-
scape science and landscape ecology![1, 2])Since the 1980s it is known that interactions between landscape
components are possible only when their characteristic time scales are comparable [3—5]. A regular relation-
ship has been established between the characteristic time scales of geosystem processes and the characteristic
space scale of their manifes§tation |3,°6]. Since the geographical landscape is usually interpreted as a geosys-
tem [1], evidence is required’that, under certain conditions, an external signal is perceived in a similar way
by the spatial elements|of this®geosystem. This would mean that the landscape responds to external influ-
ences as a holistig entity. Fréom a practical point of view, this means the predictability of the behavior of the
landscape parts following any strong changes at a regional or global scale. The response to climate changes
is most.eften the subjeet of research. One of the informative indicators of the landscape state has long been
congidleredits, bioproductivity, which sensitively responds even to short-term changes in hydrothermal condi-
tions:)Bigproductivity studies are labor-consuming [7]. However, the development of space technologies has
providediconvenient and affordable means of studying the spatial organization of bioproductivity in the form
of numerous’ indices calculated by means of geoinformation systems based on multi-band satellite images.
Among them, the normalized difference vegetation index (NDVI) has become the most popular. This index
is most often used to identify trends in phytomass over long-term periods, especially over the past 40 years,
which were marked by significant warming in many regions. Less commonly, it is used as an indicator of
short-term variability in phytoproductive functioning.

The range of possible states and variants of transition from one state to another can serve as a relevant
indicator of the landscape stability types, its adaptation to the range of fluctuations in external conditions (in-
cluding climate or anthropogenic loads). The definition of a geographical landscape includes a single climate
[8, 9]. Consequently, fluctuations in the hydrothermal conditions, characteristic of the regional climate, are
expected to find some response in all spatial units of the landscape. If most spatial units of a territory pass
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from one state to another in approximately the same way, then such a territory may be considered as a holis-
tic entity. At the same time, a genetically-uniform geographical landscape, by definition, is a mosaic territo-
ry. Mosaic is explained by internal processes in the landscape, primarily geomorphological ones [1]. There-
fore, the question of the relationship between internal mosaicity and the possibility of a holistic response to
external influences is of particular interest. With the obligatory originality of the “behavior” of each element
of the landscape mosaic, there must be some unity of their reaction to external signals.

Steppe landscapes are particularly sensitive to interannual and intraseasonal fluctuations in hydrother-
mal conditions, which are expressed in the phytomass values. The usual seasonal rhythm of the steppes is
well known. In involves the maximum accumulation of phytomass in the first half of summer and its reduc-
tion in the second half, accompanied by a pause in the vegetation of many species [10, 11]. In space, the
slightest variations in soil moisture supply are well-reflected in the species composition of the phytocenosis.
The dynamic characteristics of phytomass, which are subject to the phenological rhythms of domina i
and intra-seasonal hydroclimatic fluctuations, can indicate soil hydrology parameters. There
sider the steppes as a convenient testing ground for studying the question to what extent &Q

tions the landscape mosaic is consistent with or contradicts the assumption of the landscape 1
More than 30 years ago, V.A. Bokov [5] developed a classification of geograp%
1

ape integrity
types, one of which he called the integrity of the unified response. This type of i he focus of our
study, carried out on the example of a low-mountain-steppe landscape in the sia of the Southern
Urals.

By holistic functioning, in this study, we mean the subordination of scape units over a certain
time interval to the same type of phytomass dynamics, indicated by N lues. The unity of the type of
dynamics was understood as a change in phytomass by approxima same value following a change in
the background hydrothermal conditions that are common for the4yho scape.

&ow integral is the functioning of the

nified reaction of phytomass to hydro-

thermal changes, is it close to the background modal of the entire landscape or different from it?

Under what conditions can a landscape unit function inde y of a most part of a landscape? 2) How do

sis in various units differ with increasing mois-

ture deficit? 3) Is there a relationship between the o e of local deviations from the modal phytomass
dynamics and the duration of the time intervallbetween NDVI measurements?

In the study, we sought answers to the following questi

xperimental

nskaya steppe, located in the Belyaevsky district of the Orenburg
region of Russia. It occupies t the left tributaries of the Ural river — the Urta-Burtya and Bur-

lya rivers (Fig. 1).

Figure 1. Geographical position of the Burtinskaya steppe.

Note — The black rectangle is the area for calculating NDVI-based indices. The red circle is a place for field research
in the Orenburg Nature Reserve. The yellow line is the border between Russia and Kazakhstan. Space image: Google Earth
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Part of the territory belongs to the section of the Orenburg State Nature Reserve. The territory is located
in the continental sector of the typical steppe subzone. The landscape belongs to a foothill deeply dissected
structurally erosive elevated plain composed of Permian-Triassic conglomerates and sandstones. Typical
steppes with dominance of Stipa zalesskii, Festuca valesiaca, and forbs are formed on Calci-Glossic Cherno-
zems and Lithozems [12—-14]. On the slopes of elevated massifs, gently sloping ridges with steppes alternate
with gullies dominated by shrubs and forbs. In the most deeply incised gullies birch-aspen thickets occur.
The low hypsometric level is occupied by accumulation and denudation-shaped plains. At the foot of the
massifs, a large area is occupied by gently-rolling plains, dissected by shallow gullies. In the wide flat-
bottom valleys and along streams, sedge and reed meadows occur as well as black alder forests on Gleyic
Chernozems. In some sites, there are galophytic communities on Solonetzes and Solonchaks.

To study the intra-seasonal dynamics of NDVI as an indicator of green aboveground phytomass, we
used 50 Landsat 5 and Landsat 8 satellite images with a resolution of 30 m from 2010 to 2020, covering the
period from April to October. The further calculation included 1381765 pixels in an areafof 1243, kin?, in-
cluding protected and agricultural areas (Fig. 1). We calculated differences in NDVI values between all, pos-
sible imagery dates of one year: earlier NDVI minus later NDVI. Totally, difference valueg,for<d0 pairs of
dates were obtained. At the next step the original algorithm [15—17] was implemented. Tt allows one to relate
the modes of functioning in time to the landscape spatial pattern and establish ratiosief factors acting at dif-
ferent scales. The resulting estimates do not depend on inter annual fluctuations it phytemass, since the basis
is standardized increments of phytomass between two dates. The values ofsNB VIdincrements standardized
for each pair of dates were recorded into five gradations. The gradations refleet the degree of deviation from
the background NDVI increment, that is, deviation from the modal range ofivalues, which in all cases turned
out to be close to the average value in the landscape. Hence, gheygreflect the degree of deviation from the
modal response of the landscape to seasonal climatic thythms. Bélow, these gradations are referred to as the
phytomass dynamics types (PhDT). The sense of dynamics types,is as,follows (Fig. 2). PhDT 1: Strong devi-
ations from the background dynamics of more than L5 standard‘deviations from the average landscape in-
crement in the negative direction. PhDT 5: The samedwith@a positive deviation from the mean. PhDT 2:
Slight deviations from the background dynamicsgwithin 0:5%1.5%tandard deviations in the negative direction.
PhDT 4: The same in the positive direction fromthe average. PhDT 3: Background dynamics, 0.5 standard
deviations either side of the mean increment over theylandscape. The background increment (PhDT 3) was
interpreted as subordination to the seasonal dgnamics of weather conditions, which is the same for the entire
landscape, and the low contribution of local conditions for the water and nutrients migration. Large devia-
tions (PhDTs 1 and 5) and small deviations"(BhDTs 2 and 4) from the background increment were interpret-
ed as a significant contribution of 1g€al fagtors that distort the landscape-scale rule. The probability of each
PhDT for each pixel was calculated.\Based on the set of probability values of five PhDTs, the measure of
instability (H) was calculated uSing the®Shannon formula. The higher the measure of instability H, the more
often five PhDTs replace ea€h®otherlover a period. The maximum value of H is achieved with the same re-
peatability of five PhDTs, thegminimum — in the presence of only one PhDT. The general regularities of the
spatial distributiof, of [PhDTs,and H in the Burtinskaya steppe were described in our previous publica-
tion [18].

1 2 3 - )

/\/\/\

Figure 2. Scheme of types of phytomass dynamics (PhDTs)

Note — The X-axis is the sequence of dates during the growing season, Y-axis — Green aboveground phytomass
as indicated by NDVI. 1-5 — types of green phytomass dynamics (PhDTs)

To get insight into the mechanisms of functioning stability, we performed a study at three transects and
in a group of analogous units on the interfluves. Three transects differ in landscape pattern and together
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characterize all the main variants of the landscape diversity in the Burtinskaya steppe. At each transect de-
scriptions of landscape and geobotanical characteristics were recorded at a regular step of about 30 m. They
cover adjacent pixels of a satellite image, provided by calculations of frequency of each of the five PhDTs
and H. Transect 1 (“ridges and flat-bottom valleys”): from the upper reaches of the gully to the watershed
with the intersection of the south-facing and north-facing slopes and two flat-bottom valleys (19 sites). The
transect 1 contains almost all types of units of the Mueldy massif. Transect 2 (“gully”): bushy gully 2-5 m
deep cutting the northwest-facing slope of the Mueldy massif (17 sites) and one background interfluve unit
above the catchment depression. Transect 3 (“ridges and saddles”): along a ridge-like surface in the north-
western part of the Mueldy massif between two valleys with the intersection of several saddles (19 sites). As
the fourth model group, the analogous zonal steppe associations of flat interfluve surfaces were considered
[14]. For each transect, we calculated the occurrence of each PhDT for each pair of dates and a measure of
the spatial diversity of PhDTs according to the Shannon formula.

The obtained occurrence values for each PhDT and their diversity on transect for €ach pais,of dates
were examined for correlations with the hydrothermal indicators of each year and the periodybetweenieach
pair of dates. To characterize hydrothermal conditions we used the average annual and monthly teniperatures
and precipitation, as well as the Selyaninov hydrothermal coefficient base on the datafof the nearest meteoro-
logical station Belyaevka. To assess the relationships between the integrity of thegunefioning of a landscape
unit and hydrothermal conditions, the years from 1960 to 2020 were classified by, standardized monthly and
average annual temperatures and monthly and annual precipitation. Four 4seategories were distinguished:
warm mid-humid, cool humid, hot dry and cold wet years. We used analysisgof@ariance (ANOVA) to test
the hypothesis that the occurrence of PhDTs on transect may vary depending of hydrothermal conditions of a
year. Spearman correlation coefficients were calculated to evaluate, the\dependence of the occurrence and
diversity of PhDTs on the duration of the period between NDVI measuréments.

The research focused on the following issues: a) phytoceneticimechanisms of each of the five PhDTs;
b) hydrothermal conditions for the integral functioning,of landscape, units; c¢) hydrothermal conditions for the
subordination of a group of studied units to a holistic mode of\landscape functioning (i.e., the predominance
of the background 3rd PhDT in the absolute majority sites)hA high occurrence of one PhDT and a low diver-
sity of PhDTs were treated as an indicator of the integral funetioning of a landscape unit.

Results

Field interpretation of the PhDTs showedithe main reasons for the variation in phytomass increments
relative to background modal values (Fig. 2)!

The lowest values of the instability“measure H were achieved, as a rule, due to the predominance of
background dynamics (PhDT 3)4both at short (up to 2 months) and long (3—5 months) intervals between
NDVI measurements. This is typieal fom@levated plateaus, low-level accumulative plains, and gentle slopes
of low mountains dominated™®yStipafzalesskii, Festuca valesiaca, Helictotrichon desertorum, and xeroph-
ilous forbs. Using the time sexsies Of ground-based measurements of the phytomass in 12 communities for the
growing season 2015-2020%14]¢wve obtained a positive correlation between the NDVI for the corresponding
date and the phytomass imdicators, namely, aboveground green phytomass, green phytomass of forbs, green
phytomass of Poageae species (especially in July), and the ratio of green phytomass to dead aboveground
mass. Spearman correlation coefficients in the summer months accounted for 0.5-0.7.

The highestyinstability of PhDTs (H) were achieved in gullies due to a regular switch between PhDTs 2
andé, as welllas periodic manifestations of background dynamics (PhDT 3) and maximum deviations from it
(PhDTsfl and/9). In spring and early summer, phytomass accumulation occurs at a higher rate than in the
backgroundgsteppe conditions (PhDTs 1 and 2). It is replaced by a rapid decrease in phytomass in the second
half of summer and autumn at a higher rate than in the background steppe conditions (PhDTs 4 and 5). Such
a change is explained by the short duration of the action of the local factor, namely — high soil moisture
within 30-60 days after the spring snowmelt. In the second half of summer, the effect of this factor ceases.
The thaw moisture in the soils becomes depleted, while summer precipitation is spent on physical evapora-
tion. Since the dominant plant species of mesophytic communities (Calamagrostis epigeios, Sanguisorba
officinalis, Trifolium media) are not adapted to the rapid drying of the soil, the phytomass is sharply reduced.

PhDT 1 corresponds to a rapid spring and early summer accumulation of a large phytomass in meadow
communities without its subsequent sharp decrease in the second half of summer. During the entire growing
season, a strong local factor of sufficient soil moisture acts. As a result, the phytomass is practically pre-
served or decreases much less than in the background steppe landscape. The species composition is dominat-
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ed by Phragmites australis, Carex sp. In phytocenoses Galium aparine, Lavatera thuringiaca, Lythrum sali-
caria, and Sium sisarum are typical. Soils are distinguished by powerful humus accumulation (up to 50-70
cm) and gleyization in the lower horizons.

PhDT 5 is never dominant throughout the growing season. It manifests itself almost exclusively in the
second half of summer in the form of a maximally sharp (compared to modal values of the landscape) de-
crease in green phytomass. Such phytomass dynamics corresponds to the termination of the action of a
strong short-term local influence of excessive soil moisture supply. The period of significant accumulation of
phytomass in gullies and valleys is associated with the intensive development of leaves of trees and shrubs
(Salix sp., Populus tremula, Amygdalus nana, Cerasus fruticosa, Spiraea crenata, S. hypericifolia, Genista
tinctoria), as well as spring-flowering herbaceous plants characteristic of such habitats plants (Pulsatilla pat-
ens, Anemona sylvestris, Tulipa biebersteiniana, Fritillaria meleagroides, F. ruthenica). The drying up of
temporary streams and a decrease in soil moisture reserves results in the disappearance of spring-flowering
species from plant communities and in a decrease in the productivity. Quantitatively this ptecesstis,reflected
by a high H value and a sharp decrease in NDVI in gullies with short-term spring moisture Supply. In‘larger,
deeply incised gullies and along the bottoms of valleys, accumulation of large phytomass myspring’and early
summer is not replaced by its sharp decrease in the second half of summer (PhDT4l), probably due to the
conservation of phytomass by trees and shrubs. A sharp decrease (PhDT 5) occurstefily in October due to
changes in the composition of leaf pigments and leaf fall. Such changes in the PhiDTs atesfealized in the bot-
toms of the valleys and the most deeply incised gullies, where the snow coyerean persist until the beginning
of May.

A study of a shrubby (Spiraea hypericifolia, Cerasus fruticosa, Amygdalusgnana) gully on a transect 2
showed that the unity of the phytoproductive functioning regime may be\disturbed by differences in the in-
tensity of moisture and nutrients circulation. From the middle inéised pastiof the gully upward to the catch-
ment depression, xeromesophytes (Elytrigia repens, Filipendula vulgaris, Melampyrum arvense, Phleum
phleoides, Pulsatilla patens, Seseli libanotis) are gradually replaced”by mesoxerophytes (Artemisia mar-
schalliana, Centaurea marschalliana, Falcaria vulgarisy, Galium ruthenicum, Hieracium virosum, Phlomis
tuberose, Poa transbaicalica, Scorzonera austpiaca, Sergatul@ cardunculus, Veronica incana) and xero-
phytes (Stipa lessingiana, Stipa zalesskii, Artemisia austriaca, Galatella villosa, Festuca valesiaca). This
corresponds to an increase in the frequency of background dynamics (PhDT 3) at time intervals of 2—4
months (type 3), zero frequency of large devidtions (PhDT 1 and 5), and a decrease in the frequency of small
deviations (PhDT 2 and 4). The upper reaches of the gully differ from the background dynamics, as a rule,
only at short intervals up to 1-2 months,

The bottoms of narrow gulliesfare characterized by increased accumulation of snow in winter due to
wind-induced transport and slower (compared to slopes) melting in shaded positions in spring. This ensures a
high level of groundwater and Surface Tufoff in May and June when heat supply is high. Therefore, meadow
communities increase theirgphytemassbin spring and early summer much faster than the background steppe
(PhDT 1). In the second half of s@immer, adaptation to the increasing moisture deficit and falling groundwa-
ter level is manifested in a sharpfreduction in phytomass (PhDT 5) without changes in species composition.
The background dynamiesy(PhDT 3) at long intervals (April-October) appears occasionally, in hot dry years
(2010, 2019) or manifests itself at short 1-2-month intervals. The larger the catchment area is, the higher the
repeatability of (PhD®E, 1)'dynamics in the gully bottoms.

The saddlesyare characterized in April by the development of ephemeroids (Pulsatilla patens, Adonis
wol@ensisd Fritillaria ruthenica, Tulipa biebersteiniana, and Tulipa gesneriana) quickly creating a large
mass. Stmmer losses of phytomass (PhDT 4) due to their death turn out to be greater than the modal ones.
The degreeof instability is higher than on the slopes due to the more frequent manifestation of strong phy-
tomass losses compared to the modal conditions of the landscape. Under extreme dry summer conditions, the
communities adapt by a large reduction in phytomass of the dominant grass species (Stipa zalesskii, Festuca
valesiaca, and Agropyron cristatum).

On the south-facing steep slopes in the second half of summer, an increased abundance of Artemisia
austriaca and Galatella villosa with a small (45-40 %) projective cover contributes to the partial preserva-
tion of phytomass (PhDT 2). The phytocenosis adapts of the to the summer depletion of soil moisture by the
replacement of species, i.e. structural changes.

On the steep west-facing slopes, the phytomass dynamics during the period from May to September
does not differ from the landscape background trends. Other PhDTs (2 and 4) occur only at short intervals; at
longer 4-5-month intervals, the background dynamics is restored.
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On the tops of hills with petrophytic conditions, the deviation from the background dynamics at long 4—
5-month intervals (May-September) may be manifested in a relatively small summer decrease in phytomass
(PhDT 2). The phytocenosis adapts to moisture deficit by a decrease in the projective cover with a steady
dominance of Festuca valesiaca, Artemisia austriaca, and Stipa lessingiana.

In flat bottoms of gullies and at the footslopes, an increase in the proportion of mesoxerophytes and
mesophytes (Bromus inermis) is accompanied by a sharp drop in phytomass by the second half of summer.
The strategy of adaptation is to reduce the phytomass of dominant species without changes in species com-
position. However, at a greater distance from the footslopes, a decrease in the abundance of mesoxerophytes
and Bromus inermis results in the dominance of background dynamics with a moderate summer decrease in
phytomass.

At the next step, we tested the hypothesis about the unified reaction of the Burtinskaya steppe dandscape
to the weather conditions of a year, i.e. about the integrity of the unified response (sensu [5]). In general, in
the landscape of the interfluve of the Urta-Burtya and Burlya rivers, the most integral functioninga(the mini-
mum variety of PhDTs) is typical for hot dry years. To understand the reasons, the issue wasystudied'in de-
tails in three groups of landscape units provided with pixel-by-pixel descriptions of the phytocenosis.

On transect 1 (“ridges and flat-bottom valleys”), an increased occurrence of bagkgroundBhDT 3 with a
reduced occurrence of small deviations (PhDTs 2, 4) was typical for warm, moderately humid years (2013,
2015, 2016, 2017, 2020). In cool wet years, the diversity of PhDTs increased Over a tim€ interval of more
than 3 months. Different types of units (gullies, flat-bottom valleys, intesfluves;ynorth- and south-facing
slopes) reacted differently to increased moisture. Hence, the integrity of unified response was lost by a land-
scape.

On transect 2 (“gully”) in the hottest dry years (2010, 2012, 2014, 2019), at time intervals of more than
2 months, the occurrence of background dynamics increased (PRDT 3)nthe occurrence of large deviations
from it (PhDTs 1 and 5) sharply decreased. Small deviationsyfrom, the background dynamics manifested
themselves mainly at short intervals of less than 2 months. Hor example, in July-August of dry 2010, most of
the phytocenoses were in the mode of strong phytomassiloss(BhDTs 4 and 5). The minority was in the back-
ground mode. None of the phytocenoses preserved the phytomass despite increased moisture in the concave
landform. In the same period of wet 2018, the vatiety of PhDTs was minimal, but of a different kind. The
synchrony of functioning was manifested in the deviationdfrom the background dynamics towards increased
resistance to the summer pause of the vegetation of the steppe landscape. PhDT 2 with a relatively small loss
of phytomass prevailed. This indicates fayorable conditions for mesophilic and xeromesophilic forbs.

On transect 3 (“ridges and saddles”), in'the dry year of 2010, the maximum synchrony of phytoproduc-
tive functioning with the rest landscape oceurred, regardless of the position in the relief (slopes of different
exposures, a ridge, a saddle, opayflat bottom of a gully). Almost all phytocenoses were in the background
functioning mode with a modefatgloss®@fphytomass. In the wet year of 2018, most of the slope phytoceno-
ses functioned independently ofythetbackground dynamics and supported the phytomass (due to Artemisia
austriaca, Galatella villosa). Fhe background dynamics persisted only in the saddles and at the bottom of the
gully with an ineteased abundance of Stipa zalesskii and a reduced abundance of Festuca valesiaca and
Galatella villosa.

In the group“of phytocenoses on interfluves, diversity of PhDTs was maximum in hot dry years. In me-
dium-warm, moderately humid years, an increased summer loss of phytomass took place (PhDT 4). In wet
years gthe fiequency of the background dynamics increased (PhDT 3).

Based ‘oniithe material of each of the above four model groups of landscape units, we investigated the
question: does/the occurrence of PhDTs for each pair of dates depend on the duration of the time interval
between theddates of satellite imagery and the position of the interval within the season? The occurrences of
PhDTs were compared for time intervals with a comparable start date and duration (about 40, 60, 90 days)
for years with different hydrothermal conditions. In addition, we tested the hypothesis that within the grow-
ing season there is a direct relationship between the duration of the interval and the occurrence of back-
ground dynamics (PhDT 3).

At the landscape scale, at short intervals (up to 15 days) and at long intervals (more than 30 days), a de-
crease in the area of background dynamics occurred due to relatively small deviations from background in-
crements (i.e., the transition to PhDTs 2 and 4). However, at intervals of 15-30 days, along with small devia-
tions, stronger deviations from the background dynamics were possible with a transition to PhDTs 1 and 5.
The longer the interval, the less often were replacement of background dynamics by strong deviations from
it. Thus, strong deviations from the background dynamics outside the gullies can be induced by the local fac-
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tors lasting 15-30 days. The breakdown of the integral phytoproductive functioning of the landscape into
separate types at intervals of up to 60 days is most pronounced in the first half of the season (with the initial
date of the interval in April and May), which can be seen from the values of the measure of the spatial diver-
sity of PhDTs (Fig. 3). During the summer, the variety of functioning options decreases from June to August.
However, at the end of the season (with the initial date of the interval in August), depending on the hydro-
thermal conditions, the spatial diversity of PhDTs may vary greatly from year to year. It was minimal in
2014, which was characterized by very dry weather in August and September. The area with the background
PhDT 3 was the maximum. In September, the variety of options increases again.
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Figure 4. Dependence of the occurrence of the background type of phytomass dynamics
in the hollow stow on the duration of the NDVI measurement interval

For example, within transect 1 (“ridges and flat-bottom valleys”), the maximum diversity of dynamics
types was usually observed at short time intervals (up to 15 days). The increase in the duration of the interval
with the beginning in May-June is consistent with the increase in the uniformity of the PhDTs. In interfluves
with zonal steppe communities, the consistency with the whole landscape was high at 4-5-month intervals.
In other words, the difference between the phytomass of the beginning and end of the growing season coin-
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cided on all plots and corresponded to the modal increments characteristic of most of the landscape. In the
interval of 30—60 days, the synchronous dominance of the background dynamics on the interfluves took
place only at low average daily temperatures of less than 14 °C in autumn and spring. At the highest temper-
atures, dominance passes to PhDT 4 corresponding to a strong loss of phytomass in late summer. On transect
2 (“gully”), an increase in the occurrence of background dynamics with an increase in the duration of the
interval was clearly manifested in dry years (Fig. 4, A). However, in wet years, sufficient soil moisture
throughout the season maintained the phytomass at a level that differed greatly from the background steppe
(Fig. 4, B).

Discussion

The study enabled us to identify phytocenotic features corresponding to the predominance of gach type
of phytomass dynamics and their changes during the growing season.

In hot dry years, the uniformity of the types of phytomass dynamics increases at a landseapéscale. This
is explained by the fact that numerous gullies and narrow ridges lose the originality of'theirtode of ‘gpera-
tion and obey the modal PhDT 3. In other words, the integrity of the unified response of the,landséaped5] to
the growth of moisture deficiency is enhanced. In cool, humid years, the functional infegrity ofithe landscape
decreased, and the diversity of types of dynamics increased. The area with reducedsphytomass losses in-
creased in the second half of summer relative to the background. Different landscapestinits (gullies, flat-
bottom valleys, flat interfluves, slopes) reacted differently to increased moisture; the integrity of the same
type of response was lost.

The background phytomass dynamics (PhDT 3), covering the main part ofithe landscape, was usually
most pronounced in most landscape units over a long interval (3—5nonths), especially in hot dry years. For
short periods (up to 1 month or 1-2 months) within the season, dnder the influence of short-term activation
of local factors, deviations from the background dynamics often occur. Possible explanations involve an in-
crease in soil stoniness, a sharp moisture deficit, a temporagy excess, of'Soil moisture after spring snowmelt or
rains, and a short-term high position of groundwater in‘aygully:

In the gullies, which combine the features of stéppe and meadow phytocenoses, during extreme
drought, there was a sharp reduction in the mass ofiforbs. By this, they switch to the “steppe” mode of func-
tioning. Consequently, in arid conditions, a shallowly,ingised gullies lose their inertia of functioning and,
hence, originality as a separate landscape unif. The phytocenoses in convex well-drained landforms (ridges)
are also subject to the integrity of the unified résponse at a landscape scale during dry periods. Flat and gen-
tly sloping interfluves, on the contrary, join'the background dynamics in cool wet years, and function inde-
pendently in dry years. Thus, the types of natural landscape units (flat interfluves, slopes, ridges, gullies)
“join” the background dynamicg,of the landscape scale under different hydroclimatic conditions.

Strong deviations from thé'backgrouftd dynamics outside the gullies can be induced by the local drivers
lasting 15-30 days. Shortergdftenvalsiafe apparently insufficient for the accumulation or disappearance of the
required amount of moisture.Ahefdiversity of local dynamics factors is most pronounced in the spring. The
reasons may be umevefl heating@nd depletion of thawed soil moisture and different duration of the period
after snowmelt in convexsand concave landforms as well as at different slope aspects. The integrity of the
unified response {8] is‘most clearly realized over the landscape over long intervals about 4-5 months. This
means that comtrasting types of landscape units (gullies, slopes, plateaus, ridges) increase or lose green and
dead phytomassiby approximately the same amount, corresponding to the background landscape response to
the 4ntraseasonal trend in moisture supply. We believe that this is a vivid confirmation of one of the most
important theoretical provisions of landscape science about the consistency of the spatial and temporal scales
of geographi€al processes. The process (in our case, a seasonal decrease in moisture supply, which is reflect-
ed in a decrease in phytomass), covering a large area (landscape as a whole), is fully realized only over long
time intervals (in our case, 4—5 months). However, with the same duration of the interval (4—5 months), the
increase in moisture (Selyaninov coefficient more than 0.4) causes an increase in the diversity of PhDTs,
mainly due to an increase in the area covered by the PhDT 2 (partial preservation of phytomass in summer)
and PhDT 4 (loss of phytomass in summer is greater than background). Thus, the integrity of the functioning
of the low-mountain-steppe landscape is manifested in a rather narrow range of weather conditions corre-
sponding to the hydrothermal norm of the steppe zone with the Selyaninov coefficient of the May-August
period less than 0.4.

At short intervals (1-2 months), the functioning switches between a number of types, depending on be-
longing to one or another type of a landscape unit. The unified functioning at short time intervals is typical
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for periods characterized by an increase in stress factors of moisture and heat deficiency. During the growing
season, such small deviations compensate each other. As a result, from the “start” to the “end” date of a long
time interval, most of the landscape units change their phytomass in approximately the same way, which
proves the integrity of the functioning of the landscape as a single geosystem.

Our study provided the opportunity to establish several ways of phytocenoses adaptation to different
durations of strong local drivers. Some phytocenoses tend to maintain the structure of the phytocenosis dur-
ing summer drought by changing the intensity of the biological cycle, more precisely — phytoproductive
functioning. Others, on the contrary, change the structure (i.e. species composition) to preserve the phyto-
mass and productivity characteristics, i.e. the volume of the substance involved from the soil into the phyto-
mass. Finally, some phytocenoses have the ability to maintain both the structure and the nature of function-
ing. In terms of types of stability proposed by M.D. Grodzinsky [19] these ways are referred to asdnertness,
elasticity, and plasticity.

In the bottoms of the widest valleys with a large catchment area, a large phytomass isietaineéd,through-
out the summer folowing its rapid increase in spring. Such dynamics is considered as a’manifestation\of in-
ertness, that is the ability to maintain structure and functioning under conditions of strong ‘€xternal’influence
— a decrease in precipitation. In this case, this type of stability is ensured by the constancy ofithe action of a
strong local factor, namely — excessive soil moisture despite a deficit of precipitations

In the flat-bottom valleys and at the footslopes, inertness under the actionef a strong external signal is
uncharacteristic. The alternative mechanism of adaptation is to reduce thegphytomass of dominant species
without replacing species. In other words, self-regulation (sensu [20]) occursgTogreduce the negative effect
of late summer drought stress, the consumption of deficient moisture is minimized, and phytocenosis reduces
phytomass. With an increase in moisture supply, the previous modg,of functioning is restored with intensive
production of phytomass. This type of stability manifests itself 4lso theugh the restoration of background
dynamics after short-term deviations. In our case, such deviatiens unider the influence of strong local factors
last up to 1-2 months, but the dynamics for 4-5 months does not differ'from the background in most tracts.

Finally, adaptation of the phytocenosis to the summer depletion of soil moisture can involve but the re-
placement of species to maintain phytomass. This is typical foppetrophytic communities of stony tops and
south-facing slopes, where the activity of Artemisia and Galatella species increases at the end of summer.
Such a partial change in the structure is treated as a‘self-organization mechanism [20]. The landscape units
demonstrate plasticity since they have the ability to switch to another state that maintains the previous inten-
sity of functioning.

Conclusions

1) Holistic phytoproductive funetioning of the low-mountain-steppe landscape is most clearly manifest-
ed in dry periods, when phytocén@ses ofieonvex and concave landforms lose their specificity of functioning.

2) Depending on the lg€ation, phytocenoses adapt to the late summer moisture deficit either by transi-
tioning to another stable state of the structure while maintaining the intensity of functioning (self-
organization), or by maintaimingthe structure while reducing the intensity of functioning (self-regulation).

3) Short-term (Up tey2,months) deviations of the phytomass dynamics from the background under the
influence of strorigylocalfactors at longer intervals (4—5 months) are mutually compensated. The dynamics of
hydrothermalgeonditions ‘over the entire growing season manifests itself in a similar way in the territory of
the landscape, which/proves the connection between the spatial and temporal parameters of landscape organ-
ization.

Acknowledgements

The research was financially supported by the Russian Foundation for Basic Research (project 20—-05—
00464).

References

1 Hcauenko A.I'. Teopust u metogonorus reorpapudeckoit Hayku / A.I'. Mcauenko. — M.: Akagemus, 2004. — 400 c.
2 Forman R.T.T. Land mosaics / R. Forman. — Cambridge: Cambridge University Press, 2006. — 632 p.

3 Ilysauenxo FO.I'. [IpocTpaHncTBEHHO-BpEeMEHHAs! HepapXHsi T€OCHCTeM C mo3uiuu Teopun konedanuit / FO.I'. ITysauenko //
Bomnpocs reorpapun. — 1986. — T. 127. — C. 96-111.

Cepusa «brnonorusa. MeguunHa. Neorpacpusa». Ne 2(106)/2022 199



A.V. Khoroshev, O.G. Kalmykova, A.P. Ashikhmin

4 Shugart H.H. Equilibrium versus non-equilibrium landscapes / H.H. Shugart // Wiens J.A., Moss M.R. (Eds.). Issues in Land-
scape Ecology. — Snowmass Village, Colorado, USA, 1999. — P. 18-21.

5 Boxos B.A. IIpocTtpancTBeHHO-BpEeMEHHBIE OCHOBBI IT'€OCHCTEMHBIX B3aUMOAEIHCTBHIA: AuC. ... A-pa reorp. Hayk / B.A. Bokos
— M., 1990. — 406 c.

6 Delcourt H.R. Dynamic plant ecology: the spectrum of vegetation change in space and time / Delcourt H.R., Delcourt P.A.,
Webb T. // Quartenary science review. — 1983. — Vol. 1. — P. 153-175.

7 TwurnsHoBa A.A. Buosoruueckasi MpoayKTHBHOCTh TPaBSHBIX 3KOCHUCTeM. I eorpaduueckue 3aKOHOMEPHOCTH U IKOJIOTHUe-
ckue ocobenHoctu / A.A. Turtnsaosa, H.W. Basunesuy, E.W. [lImakoBa, B.A. Cupitko, C.C. [dyObsiHuna, JL.H. Maromenosa, JL.I.
Hedenwvera, H.B. Cementok, A.A. Tumxkos, Tu Tpan, ®.U. Xakumzsaosa, H.I'. [llatoxuna, Y.O. Keipreic, A.JI. Cam6yy. — HoBo-
cubupck: UITA CO PAH, 2018. — 110 c.

8 Comnues H.A. TIpuponusiii nanamadt u Hekotopsle ero odmue 3akonomeprocts / H.A. Conuues // Tp. II Beecoros. reorp.
cbesna. — T. I. — M.: Teorpadrus, 1948. — C. 258-269.

9 Dyakonov K.N. Landscape studies in Moscow Lomonosov University: development of scientific domains and education /
K.N. Dyakonov // Dyakonov K.N., Kasimov N.S., Khoroshev A.V., Kushlin A.V. (Eds.). Landscape analysisjfor suStainable devel-
opment. Theory and applications of landscape science in Russia. — Moscow: Alex Publishers, 2007. — P. 41-20.

10 Mopnkosuu B.I'. Crennble sxocuctems! / B.I'. Mopakosua. — HoBocubupck: Axan. m3a-so «I'eox, 2004. —<1170.c.

11 Yubune A.A. Crennast EBpasus: pernoHaiabHbIi 0030p npupogHOro pasHooOpasus / A.A. UnOmiies. — WAh; OpenOypr: n-
T creriu PAH; PI'O, 2017. — 324 c.

12 Epemeesa A.II. [IpocTpancTBeHHbIE MacIuTaObl nposiieHus pakTopos auddepeHunannu JanamadtoB Byprunckoit crenu
(Openbypixbe) / A.IL. Epemeena // BectH. Mock. yu-Ta, Cep. 5: I'eorpadus. — 2012. — Ne 4. — Ci48-53.

13 KanmsikoBa O.I'. XapakTepucTuka HEKOTOPBIX CTEHNHBIX (opmanuii BypTuHckoii grenit (3arnoBenHuk «OpeHOyprekuii») /
O.T". KanmeikoBa // BectH. Open0ypr. roc. yH-ta. — 2015. — Ne 13 (188). — C. 138-140.

14 Dusaeva G.H. Effects of fire on production and destruction processes in steppe phytoeenodses of Burtinskaya Steppe, Oren-
burg Nature Reserve / G.H. Dusaeva, O.G. Kalmykova, N.V. Dusaeva // IORyConference\Series: Earth and Environmental Science.
—2021.— Vol. 9. — 012031.

15 Xopomes A.B. IIpocTpaHcTBeHHAs! CTpYyKTypa Kak (akTop CTaOHIBHOCTH OHONPOTYKINOHHOTO (YHKIMOHHPOBAHUS CTEI-
HBIX reocucteM (Ha mpumepe Airyapckoit cremm, Oxusiit Ypan) / A.B. Xopomes //Plpunimmst sxonorun. — 2020. — T. 9, Ne 3.
— C. 71-86.

16 Xopomes A.B.JlangmadTHbe ycaoBHS CTaOMIBHOCTH (UTOHPOIYKHMOHHOTO (DYHKIMOHHPOBAHHS B ANTyapckod cremm
(FOxnsrit Ypam) / A.B. Xopomes // Becta. Mock. yu-Ta. CophyS: I'eorpagust. — 2021. — Ne 2. — C. 82-91.

17 Khoroshev A.V.Dynamics of phytoproductive functiohing offlow-mountain steppe landscapes of the Southern Urals /
A.V. Khoroshev // IOP Conference Series: Earth and EnvironmentaliS€ience. — 2021. — Vol. 817. — 012046.

18 Xopowes A.B. JlannmadtHeie GpakTopbl cTaOMABHOCTH AMHAMHUKH (UTOMACCHI B 3aIlIOBEAHBIX M MACTOMIIHBIX HU3KOTOPHO-
crenubix nangmadrax byprunckoit crenu (HOxusit Ypan) / A.B. Xopomes, A.Il. Aumxmun, O.I'. Kanmeikosa, I'.X. [ycaesa //
Junamuka u B3aumoneiictsue reocdep 3emin. — T. THig—Tomck: 13a-Bo Tomckoro ITHTH, 2021. — C. 85-88.

19 T'pomsuncekuit M.JI. Jlanamadtaa ekonorit AM.JI. I'pomsuncekuii. — Kuis: 3nanns, 2014. — 550 c.

20 Apmang A.Jl. Camoopranmsanmsihyi camoperyipoBanue reorpapudeckux cucreM / A.JI. Apmann. — M.: Hayka, 1988. —
264 c.

A'BsXopomes, O.I'. Kanmbikosa, A.Il. AmmuxMux

BepTi nanacel (OnTycTik KaiiblK) JaHIIIAPTHIHBIH
(puTONpPORYKIUJIBIK )KYMBIC iCTeYIHIH T'HAPOTEPMHUSIIBIK KaFIaHIapbl

Teorpadusuibik taHmmadTTel TeoXkyiie peTiHnae TyciHmipy Oenriimi Gip »karaiapia CBHIPTKBI CHTHAIJIBIH
KCHICTIKTIK ~ JJIEMEGHTTEpIHIEC YKcac okayam OepeTiHAITiH jonenjeyai Tajgam  ereni.  Makanana
THIPOTePMIUSUIBIK JKaFrmaiimapasiy e3repyine OnrycTik Opan nmana manmmadgrrsl amementrepiniy (bepri
Jlanackl) PEakKLMsACHIHBIH YKCACTHIKTAPhl MCH ailbIpMallbUIbIKTaphl 3epTTenreH. Kaublka KelTipiireH op
Typmi Bereraimsiblk  wHAEKC (NDVI)  uTONpORyKIMSUTBIK  JKYMBIC —ICTEYIiH MaychbIM iIIiHJIETI
©3repriluTiriHiH MHAUKATOPbI peTinae maiganansurrad. 2010-2020 sxpuigapaarbl BereTalHsIIbIK Ke3eHIer
NDVI cranpaprranran ecingiiepinin 110 emmemi capamanrad jxoHe (OHABIK MOJANIBABI MOHASPMEH
caJIbICTBIpFaH/a JAMHAMHKa Typiepi periHme Ttycinaipineai. IIyHKbIpmapasiH, KOTajapblH, Cy OeyeTiH
OeTTepiH MOZENBAIK LIATKAJIAaphl IIeTiHAeri ¢guromaccanap IMHAMHUKACBIHBIH Ke3[eCyli MEH TYpJIIiri
THAPOTEPMUSIIBIK JKarJaillapra JKOHE eJIley Mep3iMIepi apachlHIarbl YaKbIT apajbIFbIHBIH Y3aKThIFbIHA
GaitmanbICcTEl o3repeni. JlanmmadTTeiH OipTUNTI ocep eTy TYTAaCTBIFBI Kyprak Ke3eHuepae Kymeifemi, Oy
Ke3le IIYHKBIpIap MEH >KOTajdapiarbl (PUTOMAaccaHBIH e3repyi OachkiM Oerkeitiep MeH Teric Oerrepneri
e3repicrep/ieH a3 epekiueneHe/i. PoHIbIK JMHAMUKAaH KaTThl aybITKyNap 2 aiira AeiiHri apanslKTapaa xKui
Oailikamanpl, Oipak 4-5 aii imiHme eoteneni. bapiblKk BereTalVsUIBIK KE3CHJACTI THIPOTEPMHUSIIBIK
JKaFIainapbH THHAMUKACh! JTaHmadT ayMarslHaaFs! (PUTOMACCAHBIH ©3repicTepiHeH yKcac KepiHnesmi, Oy
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naHamaTTHIK YABIMHBIH KCHICTIKTIK JKOHE YaKpITIIAa HapaMeTpiiepiniy OallaHbICBIH IQJIENICH L.
PenbedTeri opHamacybiHa OaiyIaHBICTBI (DHTOLECHO3MAP JKA3[bIH COHBIH/AA BUIFAJIBIH IKETiCICYIIiTiriHe
HeMece JKYMBIC iCTey KapKBIHIBUIBIFBIH CaKTail OTHIPHIN (031H-031 YHBIMAACTBIPY) KYPBUIBIMHBIH Oacka
TYpaKThl KyHiHE Kelly apKbUIbl HEMECE XYMBIC iCTey KapKbIHIBUIBIFBIH TOMEH/ETY apKbUIbl KYPBUIBIMJIBI
cakTay XKOJbIMEH OeifiMaeneni (e3iH-031 perTey).

Kinm coe30ep: nana, NDVI, dbutomaccaHblH IHHAMHKACHI, BUTFaJIaHy, TO3IMILTIK, IATKA.

A.B. Xopomes, O.I'. KanmbikoBa, A.Il. AmmuxMud

I'maporepmuyeckue ycJ10BHsI H3MEHYUBOCTH (PMTONPOTYKIMOHHOTO
¢pynxkunonupoBanus Janamadra byprunckoi crenu (FQ:xubiid Ypau)

Hurepnperanus reorpaduyeckoro nasmadTa Kak reocucTeMbl TpeOyeT J0Ka3aTeNbCTB, UYTO MPHyOHpeIes
JIEHHBIX YCJIOBUSIX BHEIIHMI CHTHAIl UMEET CXOIHBIN OTKIMK B €€ NMPOCTPAHCTBEHHBIX 3IeMeHTax. B eraThe
HCCIIEOBAHBI CXO/CTBA U Pa3JIMIMs PEaKkIUH 3JIeMEeHTOB cTenHoro nanamadra FOxxHoro Ypana (BypTrackas
CTeNnb) Ha BAapbUPOBAHME THAPOTEPMHUUECKUX yclIoBHH. Hopmann3oBaHHBIN pa3sHOCTHBIM BERETANMOHHBII
nanexc (NDVI) ncmonmp3yercss Kak HMHAMKATOpP BHYTPHCE30HHOW H3MEHYMBOCTH (HUTQHPOLYKEVNOHHOTO
¢yukuuonupoBanus. 110 n3MepeHuii cranaapTH30BaHHBIX npupamenniit NDVI B TeueHuo BEFETalJHOHHOTO
nepuona 2010-2020 rr. paHXUpOBaHBl ¥ UHTEPIPETUPOBAHbI KaK THITBI AMHAMUKU B cPaBHECHUMEPOHOBBIMU
MOJANbHBIMU 3HaUeHUsIMH. BeTpeyaemMocTs M pazHOOOpasue THMOB AMHAMMKU (DUIOMACEHI B TMpeenax Mo-
JETbHBIX YPOUHII JIOIUH, rpeOHel, BOIOpa3IeibHBIX MOBEPXHOCTEH BapbUPYIOT B 3@BUCHMOCTH OT THIPO-
TEPMHUYECKHX YCIOBUI U IIUTEIHOCTH BPEMEHHOTO MHTEpBala MEeXIy cpokaMugrsmépenus. LlenoctHocTh
OJHOTHUITHOTO pearnpoBaHMs JIAHAMA(Ta yCUIINBACTCS B 3aCYIUINBBIC EPHQIBI, KOLAaJ3MEHEHH s (huTOMac-
CHI B JIOIIMHAX U HA TPEOHAX MaJo OTIMYAIOTCS OT TAKOBBIX HARPEQOIafaloIuX 10 IUIOMAId CKIOHAX U
IUTOCKUX TOBEPXHOCTSIX. CHIIbHBIE OTKIOHEHHS OT ()OHOBOU IMHAMHKH YalHC HPOSBIAIOTCS HAa MHTEpBAJIAX
JI0 2 MecsLEeB, HO KOMIIEHCUPYIOTCA B TedeHue 4—5 MecsueB. [JuHaMIKa rupOTEpPMUUECKUX YCIOBUH 3a BECh
BETCTAL[MOHHBIIl EPUOA CXOIHBIM 00pa3oM NpOSABIAETCA B HEMECHEHUSIX))UTOMACCH Ha TEPPUTOPHHU JIAH[-
madTa, 9TO JOKa3bIBAET CBS3b MPOCTPAHCTBEHHBIX HBPEMEHHBIX MAPAMETPOB NaHAMA(QTHON OpraHU3aIyu.
B 3aBHCHMOCTH OT MECTONONOXEHUS B penbede HUTOUEHO3BIAJANTUPYIOTCS K MO3IHENCTHEMY Ae(HILHUTY
BJIary JIMOO MyTeM Mepexoja B JPYroe yCTOHUHBOE COCTOSHKE CTPYKTYPHI IIPH COXPAaHEHUH HHTEHCUBHOCTH
(YHKIMOHUPOBaHUS (CaMOOPTaHMU3aNKs), TNOO0 MYTEM COXPAHEHUS CTPYKTYpHI IIPH YMEHBIIEHHN HHTCHCHB-
HOCTH (DyHKIIMOHHPOBAHHUS (CaMOPETyJIMPOBAHUE).

Knioueswvie crosa: crenb, NDVI, tnHaMuKagpuTOMACCHI, yBIQKHEHNE, YCTOMYHMBOCTD, YPOUHIIE, THIPOTEP-
MHUYECKHUE yCIIOBUS, MECTOIIOJIOKCHUS B pelibede, O3 THENCTHUIT NeQHUIUT BIard.
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MEPENTOW MECI
K FOBUIEIO
ANNIVERSARY

K 75-neTHeMy ro0u/1e10 M3BeCTHOTO YYEHOIO,
JOKTOpPAa MEeAUIMHCKHUX HAYK, Ipo(deccopa
Kaparanagunckoro ynusepcurera um. akaja. E.A. Bykerosa
MEHPAMOBA TABUTA TABJIYJUIOBHYA

I'.T'. MeiipamoB (1947 T1.p.) —  WuCClIeIOBaTEIb-THAOCTOIOT.
B 1971 r. oxonumnn KaparaHmuHCKHA METUITMHCKHA WHCTUTYT. Hagamo
ero Hay4yHoi pa®oTbl mpuxoautcs Ha 1964 r. YHHUKaIbHOE HanpaBieHe
WCCIIEIOBAHNN yYEHOT0 Ha MPOTHKEHUH Ooiee yeM S50-IeTHErO meprona
(1964-2022) — wuzy4eHHe MEXaHH3MOB DPAa3BUTHS M TPEIOTBPAITCHES
nua0era, BHI3BIBAEMOT0 XMMUYSCKUMH KOMILIEKCOOOPa3yOIUMH ‘€OC/THU-
HEHUSMH, B TOM YHCJIE 00pa3yIONIUXCs B OPraHu3Me 4eI0BeKa.

On aBtop 176 HaydHBIX pabOT, ONMyOIMKOBAHHBIXAB BEALYLIHNX KYp-
Hanax Poccuu, ®PI', ABctpanuu, Anonuun, Mcnanuu, AAtiuu, DpaHiuu,
CIIA, Uranuu, Kananel, [IBerun, Kazaxcrana, BiroMm uuciie 54 — B BEI-
COKOPEHTHHIOBBIX IUTHPYEMBIX 3apyOekHbIX )ypHamax (Fhomson Reu-
ters, Scopus).

SIBnsiics MPUTITANICHHBIM YJICHOM AMEPMKaHCKOW auadeTosioruye-
ckoit accounanuu (CILIA,1999-2005). B*1988-2011 rr. BeIe3:kan ¢ 10-
KJIaZJlaMA Ha BCEMHpPHBIE, €BPOTICHCKHE MiaMepIKaHCKHNE KOHTPECCHI Jua-
oeronoroB B Cunnedi, Mocksy,, Bamunrron, bapcenony, Amcrepmam,
Jluccabon, bepnun, Konenrarew;, Bemys/Dpankdypr-Ha-Maitne, Xenb-
cunky, [roccenpnopd, NnHebpyk, 3ampri0oypr, KapicOypr, ['elinensoepr, Jlybaii, a Takxke ¢ TOKIamaMu 10O
npuriameHnio yHuBepcuteToB'OPI™ 1 Asctpanmu. Jloknan B CugHee Ha BecemupHOM KOHTpecce nuabero-
noroB (1988) ormeuen@ uncie 50-u npemupoBanHbix u3 1200 npeacrasneHnbix. B 1979-1995 rr. paboran
CHETMaTUCTOM MEAMIIUHCKIX ITPOM3BOACTBEHHBIX o0bennHeHuit Pl Ha opranmzoBanHbIXx B/O «Okcmo-
eHTp» (CCCP, MockBa) 16 MexxayHapOIHBIX MEIHIIMHCKUX BBEICTaBKax B Mockse, Jleauarpaae n Anma-
Arte, 4TO MO3BOIMIONEMYPO0ECIICUUTD HCCIeNOBaHMs OecriaTHeIME peaktuBamu. [Ipomien Gonee 10 creru-
aM3aiARo METoJaM HcclieloBaHUM, oOecnedeHHbIX jadopatopusimu KapncOypra (6), Jlednmura (1),
Cumgies (3) mAmctepnama (1).

Wedmpeniokenno MunucrepcrBa 3npaBooxpanenus PecnyOnuku Kazaxcran moaroroun ['ocymap-
CTBeHHY, iporpammy «JIuader. 2000-2003», yreepxkaennyto 30.06.2000 r. [pencenarenem [IpaButens-
ctBa K.- K'K.TokaeBsim

OTMeueH TpaHTaMu TSl HCCIeOBaHMH, BeIMaHHEIME MHCTHTYTOM J{Mabeta, I'peiidcBanpackum YHU-
Bepcurerom, ®PI), Hemelkumu, aBCTpanwiiCKUMH, (PAHIY3CKUMHU, aBCTPUHCKUMH U aMEPUKAHCKHUMH
Hay4YHBIMH LIEHTpaMHU U (UpMaMu; TpaHTaMHU Ha TIOe3IKH Ha KoHTpecchl B CunHee, Bammarrone, Kode, Ko-
nieHrarene, Jluccabone, bapcenone, Bene, ®pankdypre-Ha-Maiine, ['eiinensoepre, AMcrepaame, MHCOPY-
ke, Jroccenpnopde, XenbCuHKY.

ITo pesynapTataM HayuyHBIX HCCIEAOBaHUM HarpaxiaeH opaeHoM «3Hak [lowera» (CCCP, Mocksa,
1986). B r. Cunnee B 1992 1. ouHO oTMedeH 3BaHueM «ll0YeTHBIN WieH DHIOKPUHOIOTHIECKOTO HAyIHOTO
neHTpa Koponesckoro rocnutans Ilpuama Anbdpena CumHEHCKOTO YHHUBEPCHTETa» C BBIIAYCH TpaHTa U

Cepus «buonorusa. MeauuuHa. Meorpadusa». Ne 2(106)/2022 203





