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Abstract—The study was made about parameters of
fluctuating asymmetry of the birch leaf blade and amount of
total soluble protein of the seed progeny of Betula pendula in
areas of Central Black Earth Region in different
environmental conditions. The environmental impact on trees
of weeping birch and its seed progeny in areas with different
ecological pressure was shown. The high level of fluctuating
asymmetry was revealed in maternal samples growing in
conditions of anthropogenic pressure. The seed progeny of
Betula pendula has the increased amount of total protein in
polluted areas as compared to the control group (maternal
trees and its seed progeny collected in the ecologically clean
territory).
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. INTRODUCTION

In  connection with the deterioration of the
environmental situation, the effects of anthropogenic impact
on living organisms, including at the morphophysiological
and biochemical levels, are comprehensively studied [1-2].
The concept of fluctuating asymmetry, the quantitative
expression of which is the coefficient of fluctuating
asymmetry, is more often associated with developmental
stability, which is studied under various conditions,
especially unfavorable for the body, in plants [3-7].

Fluctuating asymmetry is understood to mean
insignificant and random deviations from the strict bilateral
symmetry of biological objects [8]. According to A. T.
Chubinishvili [9], the absence of absolutely symmetrical
organisms is a consequence of the imperfection of the
mechanisms that control ontogenesis, manifested in their
inability to withstand the negative effects of environmental
factors. In this regard, the fluctuating asymmetry of
organisms according to bilateral signs is a macroscopic
event, which consists in the independent manifestation of
signs of varying degrees of manifestation on either the left
or right or on both sides of the body [10]. The indicated
property allows the use of fluctuating asymmetry at the
macroscopic level as a measure in assessing the stability of
the development of an organism [11]. The level of
morphogenetic deviations from the norm is minimal only
under certain (optimal) environmental conditions and
increases non-specifically with any stressful effects. In this
regard, the assessment of the level of fluctuating asymmetry
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makes it possible to diagnose deviations from the
conditional norm at earlier stages of the pathological state of
the tree, when, according to other criteria, it is still “healthy”
[10-12]. Thus, developmental stability, assessed by the level
of fluctuating asymmetry, is a sensitive indicator of the state
of organisms [9-14].

Using the assessment of the level of fluctuating
asymmetry is effective, since it is fairly simple and fast.
This method determines developmental stability by
phenotypic features of parent organisms. But it is possible to
assess environmental tension in the collection area of the
plant material according to the level of fluctuating
asymmetry. This is the main area of use of the method.
Morphometric indicators allow to suggest genotypic
changes in parental organisms and make a prediction about
disturbances in the offspring, but they cannot give an
accurate quantitative and qualitative determination of
characteristics. A more adequate assessment of disturbances
in the offspring and a prognosis of further changes in the
genotype (by phenotypic characteristics) are possible using
the physiological-biochemical method. One of its sides is
the assessment of the amount of total soluble protein.

The study of the changing amount and composition of
soluble protein in seeds is important as it is related to their
quality and can be used to find the best storage conditions,
and to study the agronomic features of woody plants. The
data about the changing content of total protein in the seeds
of woody plants is scarce: Acer negundo L., A.
pseudoplatanus L., Fraxinus lanceolata Borkh. [2]. Earlier
research did not show a correlation between the parameters
of fluctuating asymmetry of the birch leaf in maternal plants
and the amount of total soluble protein in seed progeny.

The timeframes of a single study often do not allow for
the mass selection of selection-valuable trees based on the
anatomical and morphological features of several
generations of the progeny. Experiments using herbaceous
plants are faster. They allow you to see the results of
research in several generations of offspring, to identify
modified specimens, especially when using the cytogenetic
method [15]. The cytogenetic method makes possible to
adequately determine stability of the genetic material of the
parent plant and its seed offspring, and, at the same time, to
assess environmental tension in the collection area [16-17].
This property of the method is valuable because the
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environment affects the genotype not only of plants, but also
of humans [18-19] and especially the phenotype [20-21].

For the breeding process, it is necessary to identify and
select mother plants with certain characteristics, and then to
carry out the check by offspring [22]. But in order to
accelerate the selection of woody plants, which sometimes
takes decades, it is possible to conduct research in shorter
time periods.

Some studies relate morphometric and physiological
parameters [23-26], including the lipid peroxidation rate
and the fluctuating asymmetry of the leaf in Betula pendula
[3, 27] or specific leaf area, asymmetry of the leaf surface,
stomata resistance, and chlorophyll content in Quercus
robur [28]. Few works on the study of the stability of
genetic material show the possibility of using
morphophysiological traits in breeding, although this
direction is quite promising. To accelerate the breeding
process of woody physiological parameters were used.
Using the example of scots pine, a fundamentally new
method has been developed for the early diagnosis of
adaptive properties of plus trees by seed progeny, called the
"Method of Functional Tests" [29-30]. However,
morphometric and biochemical parameters in the complex
were not investigated.

Purpose of the study is to determine the parameters of
fluctuating asymmetry of the birch leaf blade and the
amount of total protein of the seed progeny of Betula
pendula in areas of Central Black Earth Region in different
environmental conditions.

Il.  EXPERIMENTAL

Weeping birch (Betula pendula Roth) is a prevalent
woody plant known for its medicinal properties and
classified among main forest-forming species in European
Russia. This species is a valuable material for the timber,
wood chemical, pulp and paper, and other industries. It also
has a high decorative value. Due to the biologically active
substances, weeping birch has a higher or lower phytoncidal
activity in different periods of the growing season and is
widely used in sustainable building [3-4, 27]. The
phytoncidal properties are especially important for planting
in urban areas affected by technogenic pollution. Therefore,
to fulfil this function, it is highly important to select plants
resistant to anthropogenic pressure. Weeping birch is being
actively studied in the area of anatomy [27], morphology
[3-5, 10-14], biochemistry [27] and cytogenetics [16-17].
As Betula pendula is a perennial plant, it may experience
chronic impact from environmental mutagens, accumulate
doses of mutagens, and be used in cytogenetic studies, being
one of the most sensitive species for bioindication [3-6, 10—
14].

Object of the studies were approximately 30-40-year old
phenotypically normal plants (without visual damage from
parasites) from six areas of Central Black Earth Region.
Three of them were ecologically clean (control) and another
had environmental pollution. The research was conducted in
two districts of Voronezh, Belgorod and Zadonsk (Lipetsk
region). The following pollutants affect living organisms in
Voronezh: SO, NO, and heavy metals of various
concentrations depending on how polluted the area is. These
areas were ranked (by the level of pollution) in earlier
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research [31]. But environmental pollution is within
permissible values on the ecologically clean area [31].
Ecologically clean (control) and contaminated districts
presented in noted territories.

Plant material collected from 30 (15 in the ecologically
clean and 15 in polluted areas) trees of weeping birch
(Betula pendula Roth). Seeds and leaves were used as plant
material for the research. To analyze the fluctuating
asymmetry, 50 leaves (from each tree) of approximately the
same size were collected from the maximum number of
available shortened shoots of the lower part of the crown,
relatively evenly around the tree. We measured five
parameters of each leaf (the width of the left and right leaf
halves; the length of the veins of the second order, the
second from the base of the leaf; the distance between the
bases of the first and second veins of the second order, the
distance between the ends of the same veins, the coner
between the main vein and the second from the base leaf
vein of the second order) and the calculation of fluctuating
asymmetry according to the method of V.M. Zakharov
described earlier [5, 10].

In order to obtain protein preparations, a weighed
portion of one seed (10 seeds from every tree were studied)
was ground with glass sand in 0.1 M tris-NS1 buffer at pH
7.5, and centrifuged for 10 min at 20,000 g, 4°C, in a CM50
ELMI centrifuge (Latvia). The total soluble protein content
was measured in the supernatant following a standard
method [32]. Bovine serum albumin (Sigma) was used as a
standard.

The results were processed statistically using the Stadia
7.0 software package. The procedure of data grouping and
processing were described by A.P. Kulaichev [33]. A
comparison of samples based on the level of fluctuating
asymmetry was conducted using Student's t-test. A
comparison of the samples was performed using the Van der
Varden rank X-test, based on the amount of total soluble
protein, as the distribution of these indicators is
nonparametric. To calculate the correlation dependence,
Spearman'’s rank correlation coefficient (rs) was used.

I1l.  RESULTS AND DISCUSSION

Quantitative data on the level of fluctuating asymmetry
and the amount of total soluble protein are presented as
average values in the table 1.

TABLE I. THE AMOUNT OF TOTAL PROTEIN IN THE SEEDS AND THE
LEVEL OF FLUCTUATING ASYMMETRY IN BETULA PENDULA IN VARIOUS
ENVIRONMENTAL CONDITIONS

TP, Mo/ML | CFA TP, Mo/ML | CFA
LIPETSK REGION (CONTROL) LIPETSK REGION (EXPERIENCE)
0.17+0.02 ‘ 0.040+0.004 0.37£0.02° ‘ 0.059+0.005°¢
BELGOROD (CONTROL) BELGOROD (EXPERIENCE)
018:002 | 0028:0003 029:003" | 0.061:0.004°
VORONEZH (CONTROL) VVORONEZH (EXPERIENCE)
0.3110.03 ‘ 0.020+0.005 0.73+0.04¢ ’ 0.060+0.005°¢

# Note: TP, mg/ml — Total protein in seeds, mg/ml; CFA — coefficient of fluctuating asymmetry; 2 —
differences with the control are reliable (P<0.05); ® — differences with the control are reliable
(P<0.01); ¢ — differences with the control are reliable (P<0.001)
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In the control districts of Voronezh and Belgorod, a low
level of fluctuating asymmetry is noted, corresponding to a
conditionally normal state or | point of an assessment of the
quality of the environment according to the scale of V.M.
Zakharov [5, 10]. A higher level of fluctuating asymmetry
was seen in the control of the Lipetsk region. Initial
(insignificant) deviations from the norm or Il point of
environmental quality assessment on the scale of V.M.
Zakharov [5, 10] are revealed. It is take place due to the
emission of harmful substances from the Novolipetsk
Metallurgical Combinat, which makes the main contribution
to the environmental pollution of the city of Lipetsk, the
region and the Central Black Sea Region, in general [34].
An increase in the level of fluctuating asymmetry indicates a
deterioration of the environmental situation in the
experimental territories, which, according to the scale of
V.M. Zakharov [5, 10] corresponds to a critical state or V
point of environmental quality assessment.

There was an increase in the coefficient of fluctuating
asymmetry and, correspondingly, a decrease in the stability
of development in plants [3-6, 10-14] and animals [8-9, 12]
in unfavorable conditions for the body. It was established
that fluctuations in weather conditions had a significant
effect on the value of fluctuating asymmetry in Betula
pendula trees of the control plot, as well as at a moderate
level of motor pollution. At a high level of technogenic
pressure, the anthropogenic factor makes the main
contribution to the formation of fluctuating asymmetries [4,
27].

However, the amount of total soluble protein in the seeds
of Betula pendula in the control region of Voronezh was the
highest compared to others (control) (differences are
reliable, P<0.05), which may indicate strong offspring and
good quality of seeds.

The results of our study show an increase in the level of
fluctuating asymmetry of the leaf blade and the amount of
total soluble protein in Betula pendula seeds in
environmentally polluted areas compared to clean ones. The
largest amount of protein was found among the seed
progeny from Voronezh (Table I). Birch trees grow in the
conditions of low anthropogenic pressure [31]. Particularly
increased the amount of total protein in seed offspring from
Voronezh and the Lipetsk region (more than 2 times), which
indicates the influence of environmental pollutants, causing
a stimulating effect.

Analysis of the amount of total protein in the seeds
showed a connection with the morphometric parameter
"level of fluctuating asymmetry" in maternal birch plants.
We found high positive correlations between the parameters
"level of fluctuating asymmetry" and "amount of total
soluble protein™ for the studied regions rs = 0.9 (P <0.05).
An increase in the amount of total soluble protein, indicating
an increase in metabolic activity, is possibly an adaptive
mechanism under conditions of anthropogenic pressure. The
results of our research are consistent with the literature.
Studying physiological and biochemical parameters, in
particular, the bioelectric rest potential (BEP) of scots pine,
it was shown that mild stress causes a stimulating effect
[30].
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IV. CONCLUSION

Thus, according to the level of fluctuating asymmetry, it
is possible not only a rapid assessment of the ecological
situation at the tree habitats and the quality of plantings, but
also selection of maternal samples. Subsequent verification
of the offspring can be carried out according to cytogenetic
and  physiological-biochemical  characteristics.  The
combined study of morphometric and biochemical
parameters of plants can be used for the selection of source
material.

REFERENCES

[1] M.K. Murtazaliyeva, and P. R. Abakargadzhieva, “The study of the
fractional composition of proteins of rapeseed”, Izvestia of Dagestan
State Pedagogical University. Natural and exact sciences, Ne 3, pp.
29-30, 2011.

[2] T.I Yusypiva, Yu.P. Koval, “The influence of technogenesis on the
total protein content and the ratio of protein fractions in the seeds of
woody plants”, Bulletin of Dnipropetrovsk University. Biology.
Medicine, Ne 2 (3), pp. 123-127, 2011.

[3] E.A. Erofeeva, M.M. Naumova, “Seasonal dynamics of the
morphophysiological indicators of the sheet Betula pendula
(Betulacea) during road pollution”, Plant Resources, Ne 48 (1), pp.
59-70, 2012.

[4] E.A. Erofeeva, “Fluctuating asymmetry of the sheet Betula pendula
(Betulacea) in the conditions of road pollution (Nizhny Novgorod)”,
Plant Resources, Ne 51 (3), pp. 366-383, 2015.

[5] V.M. Zakharov, N.G. Kryazheva, S.G. Dmitriev, L.E. Trofimov,
“Evaluation of Possible Changes in the Population State Due to
Climate Change (with Particular References to Study of
Developmental Stability of European White Birch)”, Biology Bulletin
Reviews, Ne 131 (4), pp. 425-430, 2011.

[6] V.M. Zakharov, N.P. Zhdanova, E.F. Kirik, F.N. Shkil’, “Ontogenesis
and Population: Evaluation of Developmental Stability in Natural
Populations”, Russian Journal of Developmental Biology, Ne 32 (6),
pp. 336-351, 2001.

[71 V.P. Ivanov, S.I. Marchenko, Yu.V. Ivanov, “Features of the
organization of environmental monitoring of forests near large
industrial facilities”, Ecology and Industry of Russia, Ne 8, pp. 35—
39.

[8] V.M. Zakharov, “Asymmetry of animals: population-phenogenetic
approach”, Moscow: Science, 1987, 216 p.

[9] A.T. Chubinishvili “Evaluation of Developmental Stability and
Cytogenetic Homeostasis in Populations of European Green Frogs
(Rana esculenta-Complex) under Natural and Anthropogenic
Conditions”, Russian Journal of Developmental Biology, Ne 32 (6),
pp. 362-366, 2001.

[10] V.N. Kalaev, I.V. Ignatova, V.V. Tretyakova, V. G. Artyukhov, A. D.
Savko, “Bioindication of contamination in districts of Voronezh city
with use of parameter of fluctuating asymmetry of the birch leaf blade
in weeping birch”, Bulletin of Voronezh State University. Seria
Chemistry. Biology. Pharmacy, Ne 2, pp. 168-175, 2011.

[11] V.M. Zakharov, “Ontogeny and population: developmental stability
and population variation”, Russian Journal of Ecology, Ne 32 (3), pp.
146-150, 2001.

[12] D.B. Gelashvili, E.V. Chuprunov, D.I. Iudin, “Structural and
bioindicative aspects of fluctuated asymmetry of bilateral organisms”,
Journal of General Biology, Ne 65 (5), pp. 433441, 2004.

[13] N.G. Kryazheva, E.K. Chistyakova, V.M. Zakharov, “Analysis of
development stability of Betula pendula under conditions of chemical
pollution”, Russian Journal of Ecology, Ne 27 (6), pp. 422—424, 1996.

[14] E.K. Chistyakova, N.G. Kryazheva, “Possible Application of the
Indices of Developmental Stability and Photosynthetic Activity for
Studying the States of Natural Plant Populations using the Weeping
Birch as an Example”, Russian Journal of Developmental Biology,
Ne 32 (6), pp. 352—-356, 2001.

[15] L.I. Weisfeld, “About Cytogenetic Mechanism of Chemical
Mutagenesis Station”, Ecological Consequences of Increasing Crop
Productivity: Plant Breeding and Biotic Diversity, Eds.: A.l. Opalko,

359


https://elibrary.ru/item.asp?id=5049386
https://elibrary.ru/item.asp?id=5049386
https://elibrary.ru/item.asp?id=5049386
https://elibrary.ru/item.asp?id=5049386
https://elibrary.ru/item.asp?id=5049386
https://elibrary.ru/item.asp?id=5049386
https://elibrary.ru/contents.asp?id=33077740
https://elibrary.ru/contents.asp?id=33077740
https://elibrary.ru/item.asp?id=5049389
https://elibrary.ru/item.asp?id=5049389
https://elibrary.ru/item.asp?id=5049389
https://elibrary.ru/item.asp?id=5049389
https://elibrary.ru/item.asp?id=5049389
https://elibrary.ru/item.asp?id=5049389
https://elibrary.ru/item.asp?id=5049389
https://elibrary.ru/item.asp?id=5049389
https://elibrary.ru/contents.asp?id=33077740
https://elibrary.ru/contents.asp?id=33077740
https://elibrary.ru/item.asp?id=5049387
https://elibrary.ru/item.asp?id=5049387
https://elibrary.ru/item.asp?id=5049387
https://elibrary.ru/item.asp?id=5049387
https://elibrary.ru/item.asp?id=5049387
https://elibrary.ru/item.asp?id=5049387
https://elibrary.ru/item.asp?id=5049387
https://elibrary.ru/item.asp?id=5049387
https://elibrary.ru/contents.asp?id=33077740
https://elibrary.ru/contents.asp?id=33077740

£

ATLANTIS

PRESS

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

L.I. Weisfeld, S.A. Bekuzarova, N.A. Bome, G.E. Zaikov, Toronto —
New Jersey: Apple Academic Press, pp. 259-269, 2015.

T.V. Vostrikova, “Instability of Cytogenetic Parameters and Genome
Instability in Betula pendula Roth. Russian Journal of Ecology”,
Ne 38(2), pp. 80-84, 2007.

T.V. Vostrikova, A.K. Butorina, “Cytogenetic Responses of Birch to
Stress Factors”, Biology Bulletin, Ne 33(2), pp. 185-190, 2006.

A.A. Kuzemko, “Influence of Anthropogenic Pressure on
Environmental Characteristics of Meadow Habitats in the Forest and
Forest-Steppe Zones”, Temperate Crop Science and Breeding:
Ecological and Genetic Studies, Eds.: S.A. Bekuzarova, N.A. Bome,
A.l. Opalko, Oakville: Apple Academic Press Inc., pp. 385-404,
2016.

L.V. Chopikashvili, T.I. Tsidaeva, S.V. Skupnevsky, E.G. Pukhaeva,
L.A. Bobyleva, F.K. Rurua, “Genetic Health of the Human
Population as a Reflection of the Environment: Cytogenetic
Analysis”, Temperate Crop Science and Breeding: Ecological and
Genetic Studies, Eds.: S.A. Bekuzarova, N.A. Bome, A.l. Opalko,
Oakville: Apple Academic Press Inc., pp. 287-302, 2016.

A. L. Opalko, O.A. Opalko, “Anthropo-Adaptability of Plants as a
Basis Component of a New Wave of the “Green Revolution™”,
Biologycal Systems, Biodiversity and Stability of Plant Communities,
Eds.: L.I. Weisfeld, A.l. Opalko, N.A. Bome, S.A. Bekuzarova,
Oakville: Apple Academic Press Inc., pp. 3-18, 2015.

N. A. Bome, L.I. Weisfeld, S.A. Bekuzarova, A.Y. Bome,
“Optimization of the Structurally Functional Changes in the Cultured
Phytocoenoses in the Areas with Extreme Edaphic-Climatic
Conditions”, Biologycal Systems, Biodiversity and Stability of Plant
Communities, Eds.: L.I. Weisfeld, A.l. Opalko, N.A. Bome, S.A.
Bekuzarova, Oakville: Apple Academic Press Inc., pp. 19-32, 2015.

A.P. Tsarev, S. P. Pogiba, V.V. Trenin, Forest Tree Breeding and
Reproduction. Moscow: Logos, 2003, 520 p.

Y.V. Ivanov, Y.V. Savochkin, V.V. Kuznetsov, “Scots pine as a
model plant for studying the mechanisms of conifers adaptation to
heavy metal action: 2. Functioning of antioxidant enzymes in pine
seedlings under chronic zinc action”, Russian Journal of Plant
Physiology, Ne 59 (1), pp. 50-58, 2012.

Y.V. lvanov, Y.V. Savochkin, V.V. Kuznetsov, “Effect of mineral
composition and medium pH on scots pine tolerance to toxic effect of
zinc ions”, Russian Journal of Plant Physiology, Ne 60 (2), pp. 260—
269, 2013.

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

Advances in Biological Sciences Research, volume 7

Y.V. Ivanov, Y.V. Savochkin, V.V. Kuznetsov, “Development of
scots pine seedlings and functioning of antioxidant systems under the
chronic action of lead ions”, Biology Bulletin, Ne 40 (1), pp. 26-35,
2013.

V.B. Ivanov, “Using the roots as test objects for the assessment of
biological action of chemical substances”, Russian Journal of Plant
Physiology, Ne 58 (6), pp. 1082-1089, 2011.

E.A. Erofeeva, “Hormesis and paradoxical effects in plants under
conditions of motor pollution and under the action of pollutants in the
experiment”, Dis. for the degree of Doctor of Biology, Nizhny
Novgorod, 184 p., 2016.

T. Wuytack, R. Samson, K. Wuyts, S. Adriaenssens, F. Kardel, K.
Verheyen, “Do leaf characteristics of white willow (Salix alba L.),
northern red oak (Quercus rubra L.), and scots pine (Pinus sylvestris
L.) respond differently to ambient air pollution and other
environmental stressors?”, Water, Air and Soil Pollution, vol. 224,
pp. 1635-1642, 2013.

A.A. Vysotsky, R.G. Shevernozhuk, “Some results and priority
directions of selection of woody plants in the forest fund of the
Central Federal District”, Achievements and problems of forest
genetics and selection for the 40th anniversary of NIILGIS, VVoronezh,
pp. 80-88, 2010.

R.G. Shevernozhuk, “Some results and prospects for improving
methods for selecting plus trees of the main forest-forming species”,
Achievements and problems of forest genetics and selection for the
40th anniversary of NIILGIS, Voronezh, pp. 89-100, 2010.

S.A. Kurolap, O.V. Klepikov, 1V. Dobrynina, “Environmental
Assessment of the Microclimate of Technogenic Pollution of the Air
Basin of the City of Voronezh”, Problems of Regional Ecology, Ne 1,
pp. 24-29, 2012.

V.V. Bradford, “A rapid and sensitive method for the quantities of
protein utilizing the principle of protein-dye binding”, Analilical
Biochemistry, Ne 72(4), pp. 417-422, 1976.

A.P. Kulaichev, Methods and tools for integrated data analysis.
Moscow: FORUM: INFA-M, 2006, 512 p.

T.A. Devyatova, S.N. Bozhko, A.V. Belik, “Dynamics of pollutants
emissions in the Central chernozem region”, Agroecology, Ne 3(3-3),
pp. 3-6, 2015.

360


https://elibrary.ru/item.asp?id=17970696
https://elibrary.ru/item.asp?id=17970696
https://elibrary.ru/item.asp?id=17970696
https://elibrary.ru/item.asp?id=17970696
https://elibrary.ru/item.asp?id=17970696
https://elibrary.ru/item.asp?id=17970696
https://elibrary.ru/item.asp?id=17970696
https://elibrary.ru/item.asp?id=17970696
https://elibrary.ru/contents.asp?id=33748403
https://elibrary.ru/contents.asp?id=33748403
https://elibrary.ru/contents.asp?id=33748403
https://elibrary.ru/contents.asp?id=33748403
https://elibrary.ru/item.asp?id=20436805
https://elibrary.ru/item.asp?id=20436805
https://elibrary.ru/item.asp?id=20436805
https://elibrary.ru/item.asp?id=20436805
https://elibrary.ru/item.asp?id=20436805
https://elibrary.ru/item.asp?id=20436805
https://elibrary.ru/contents.asp?id=33855513
https://elibrary.ru/contents.asp?id=33855513
https://elibrary.ru/item.asp?id=20423261
https://elibrary.ru/item.asp?id=20423261
https://elibrary.ru/item.asp?id=20423261
https://elibrary.ru/item.asp?id=20423261
https://elibrary.ru/item.asp?id=20423261
https://elibrary.ru/item.asp?id=20423261
https://elibrary.ru/item.asp?id=20423261
https://elibrary.ru/item.asp?id=20423261
https://elibrary.ru/item.asp?id=20423261
https://elibrary.ru/item.asp?id=20423261
https://elibrary.ru/contents.asp?id=33852569
https://elibrary.ru/contents.asp?id=33852569
https://elibrary.ru/contents.asp?id=33852569
https://elibrary.ru/item.asp?id=18008758
https://elibrary.ru/item.asp?id=18008758
https://elibrary.ru/item.asp?id=18008758
https://elibrary.ru/item.asp?id=18008758
https://elibrary.ru/item.asp?id=18008758
https://elibrary.ru/item.asp?id=18008758
https://elibrary.ru/contents.asp?id=33754774
https://elibrary.ru/contents.asp?id=33754774
https://elibrary.ru/contents.asp?id=33754774
https://elibrary.ru/contents.asp?id=33754774
https://elibrary.ru/contents.asp?id=33754774
https://elibrary.ru/contents.asp?id=33754774



