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Abstract. Relevance. The change of certain environmental factors (water or wind erosion, anthropogenic component) leads 
to changes of the structure and properties of the soil body. Coastal area soil can already be affected by erosion, which can also 
negatively affect the quality of water, because washout of the soil particles from the organic-rich upper part of the soil profile 
can lead to an acceleration of eutrophication processes. Moreover, the recreational activity of these territories increases the 
anthropogenic load on the soil cover, thereby aggravating soil degradation. That is why the importance of a comprehensive 
study of the soil disturbance problems caused by erosion and anthropogenic factors is beyond doubt. Aim. To analyze the 
behavior of the magnetic and humus profiles during soil cover degradation due to water erosion. Object. Soil profiles of the 
coastal area of Lake Kandrykul (Republic of Bashkortostan). Materials and methods. Magnetic susceptibility was measured 
using MFK-1A Kappabridge (AGICO). The hysteresis parameters of the studied sedimentary deposits were determined using 
a coercive spectrometer (J_meter), the Tyurin method was used to determine the level of humus in the soil. Results. 
According to the magnetic susceptibility data, the studied soil profiles can be divided into accumulative (soil profiles 2, 6, 7, 
10) and eluvial-illuvial (soil profiles 1, 3, 4, 8, 9) types of distribution of magnetic components. According to the Day–Dunlop 
diagram, the magnetic grains of the samples of the studied soil profiles belong to the category of pseudo-domain particles. 
Conclusions. Studying magnetic susceptibility and humus level helped us to determine soil profiles as accumulative and 
eluvial type of magnetic components and humus distribution. We proved that the ferromagnetic component makes the main 
contribution to the magnetic susceptibility. The method of coercive spectrometry has shown that magnetic grains in the 
studied soil profiles are pseudo-domain particles, which may indicate their pedogenic origin. 
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Аннотация. Актуальность. В последние несколько десятилетий достаточно остро стоит проблема разрушения 
почв из-за процессов эрозии. Изменение тех или иных факторов природной среды (водная или ветровая эрозия, 
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антропогенная составляющая) приводит к изменению структуры и свойств почвенного тела. Почвы, расположен-
ные в прибрежных территориях акваторий, уже априори могут испытывать воздействие эрозионных процессов, что 
также негативно может отражаться на качестве воды в акваториях, ведь смыв почвенных частиц с верхней, богатой 
органическими веществами, части почвенного профиля может привести к ускорению процессов эвтрофикации. К 
тому же рекреационная активность данных территорий только увеличивает антропогенную нагрузку на почвенный 
покров, тем самым усугубляя процессы деградации почв. Таким образом, важность всестороннего изучения проблем 
деградации почв из-за процессов эрозии и антропогенного фактора не вызывает сомнений. Цель. Изучение степени 
деградации почвенного покрова при возможных процессах протекания водной эрозии с использованием комплекса 
современных методов магнитного анализа, включающих магнитометрию и коэрцитивную спектрометрию, а также 
определение содержания гумусового вещества в данных почвах. Объект. Почвенные профили прибрежной к озеру 
Кандрыкуль (Республика Башкортостан) территории. Методы. Магнитная восприимчивость получена с использо-
ванием MFK1 A Kappabridge (AGICO). Гистерезисные параметры исследуемых почвенных профилей были определе-
ны с помощью коэрцитивного спектрометра (J_meter). Для определения гумуса в почве применялся метод Тюрина. 
Результаты. По данным магнитной восприимчивости и определению содержания гумусового вещества изученные 
почвенные профили можно разделить на аккумулятивный (профили 2, 6, 7, 10) и элювиально-иллювиальный (про-
фили 1, 3, 4, 8, 9) типы распределения магнитных компонентов и гумуса. Согласно диаграмме Дэя–Данлопа, магнит-
ные зерна образцов изученных почвенных профилей относятся к категории псевдооднодоменных частиц.  Выводы. 
По результатам измерений магнитной восприимчивости и анализу содержания гумусового вещества показано, что 
изученные почвенные профили определяются аккумулятивным и элювиально-иллювиальным типом распределе-
ния магнитных составляющих и гумуса. Показано, что ферромагнитная компонента вносит основной вклад в маг-
нитную восприимчивость. Методом коэрцитивной спектрометрии показано, что магнитные зерна в исследуемых 
почвенных профилях представляют собой псевдооднодоменные частицы, что может говорить об их педогенном 
происхождении. 

Ключевые слова: прибрежные почвы, эвтрофикация озера, магнетизм почв, эрозия почв, магнитная восприимчи-
вость, коэрцитивная спектроскопия, почвенный гумус 
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Introduction 

Soil is the most important natural resource on Earth. 
The quality of life of all living things, like plants, 
animals, humans, depends on soil quality and of its 
condition.  

One of the urgent problems today is soil erosion 
that affects degradation of the soil cover under the 
impact of such natural factors as water and wind [1, 2]. 
Water erosion often occurs in the coastal areas of 
reservoirs, especially during high water season, and 
leads to the movable topsoil ablation. Therefore, the 
soil structure is destroyed, nutritious matters are 
washed out into the reservoir in the form of suspension 
[3]. This, in its turn, accelerates the processes of 
reservoir eutrophication and disrupts the natural 
organo-mineral balance of the soil.  

At the same time, the shores of lakes are actively 
used as a resting-place by a large number of people; 
this not only exacerbates the problem of soil erosion, 
but also increases the degree of anthropogenic impact 
on soils. Therefore, the issues of soil degradation due 
to the impact of erosion are extremely relevant today 
and are being studied by scientists from all over the 
world. For example, the soil erosion as a global 
problem of our time was emphasized in the scientific 
literature [4–7]. Moreover, in [1] it was stated that 

erosion dramatically worsens the agrochemical 
characteristics of soil, reducing humus, nitrogen, 
phosphorus and potassium level. According to 
N.M. Zholinsky, I.N. Korableva, N.N. Nuzhdin, 
climate change, especially an increase in average 
annual temperature, affects the increase in erosion 
processes formed on arable agrarian landscape [3].  

Usage of magnetic methods in the study of both 
water and wind erosion has been widespread mainly 
abroad. For example, P. Nazarok and co-authors in 
their research state that the indicator of soil magnetic 
susceptibility can be used as a diagnostic criterion of 
soil erodibility [8]. Also Z. Ding and co-authors 
studied the characteristics of magnetic susceptibility 
under various types of land-use in an area subject to 
wind and water erosion. They made a conclusion that 
magnetic susceptibility can be used as an indicator to 
study soil redistribution in areas subject to erosion [9]. 
Despite the fact that scientific literature has a large 
number of manuscripts on soil erosion [1, 2, 4] and 
even manuscripts on using magnetic susceptibility for 
study soil erosion [8–10], there is almost no data on the 
study of erosion of reservoir coastal areas by using 
coercive spectrometry and soil humus state 
determination. 
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Materials and Methods 
The aim of the research is to analyze the behavior 

of magnetic and humus profiles during investigation of 
the soil cover degradation degree of the coastal 
territory of Kandrykul Lake due to water erosion.  

To achieve the research aim, the following tasks 
were set: to build a graph of the magnetic susceptibility 
and humus values distribution of the studied soil 
profiles; to determine the contribution of 
dia/paramagnetic (χp) and ferromagnetic (χf) 
components to magnetic susceptibility; to obtain 
coercive spectra of isothermal magnetization.  

The area of our research is the territory on the shore 
of the second largest lake of Republic of Bashkorto-
stan – Kandrykul. It lies in a lobe between two low 
northeastern spurs of the Bugulma-Belebeevskiy 
upland in the basin of the Usen river. The lake basin is 
embedded in Ufa sandstones, clay and marly rocks, 
below which lie Kungur gypsum and anhydrite [11].  

The object of our research is the soil profiles of the 
western riparian land of Lake Kandrykul. The 
vegetational cover of the studied territory includes 
groves of broad-leaved oak, birch and oak-birch trees 
and meadow steppe. Along the coastline of the lake 
there has been taken 10 soil profiles in total with depth 
of 120 cm (Fig. 1). 12 soil samples were taken from 
each profile in layers of 10 cm. 

Due to the great difference of parent rocks and the 
diversity of flora in the research area, there can be 

found many types of soil: peat-bogie and slimy-gley 
types of soil on the north-eastern side of the first lake 
terrace and calcareous chernozems on the northern. 
Dark gray cryptopodzol soils are common for the 
terraces of the southeastern part of the lake drainage 
area. On the western terraces there are chernozem-like 
meadow soil with signs of gleyzation [11].  

The preliminary preparation of soil samples was 
carried out in accordance with SS ISO 11464-2015 
Soil Quality [12]. The multifrequency magnetic 
susceptibility meter AGICO MFK1-FA was used to 
measure magnetic susceptibility χ. Prior to this, all 
samples were ground in an agate mortar.  

Coercive spectra can be used to determine the 
contribution of the dia/paramagnetic (χp) and 
ferromagnetic (χf) components to the magnetic 
susceptibility. Coercive spectra of isothermal 
magnetization in the magnetic fields of up to 0.5 T 
were obtained using a coercive spectrometer 
(“J_meter”) [13, 14], which allows separate recording 
of remanent and induced magnetization at room 
temperature. Samples were magnetized from their 
natural state. The following parameters were derived 
from the magnetization curves: saturation remanent 
magnetization (Jrs), saturation magnetization corrected 
for the paramagnetic component (Js), bulk coercive 
force corrected for the paramagnetic component (Bc), 
coercivity of remanence (Bcr). 

 
Fig. 1.  Sampling scheme 
Рис. 1.  Схема отбора проб 



Bulletin of the Tomsk Polytechnic University. Geo Аssets Engineering. 2025. V. 336. 2. P. 17–25 
Fattakhova L.A., Kuzina D.M., Antonenko V.V. Identification of erosion processes in the soils of the coastal territory of lake ... 

20 

The humus level was determined by the Tyurin 
method [15].  

The obtained data was processed by using MS 
Excel and Grapher program. 
 
Results 

The magnetic properties of all substances on our 
planet, including soil, are reflected in their ability to 
magnetize in an external magnetic field. An important 
indicator of magnetic properties is magnetic 
susceptibility that shows the ratio between the 
magnetization of a substance and its magnetic field 
intensity. The magnetic properties of soil mainly reflect 
the combination of primary and secondary minerals 
and organic matter of soil solid phase. Soil magnetic 
susceptibility changes during its formation, 
transformation and migration of iron compounds. This 
suggests that magnetic susceptibility reflects soil 
formation and can be considered as a diagnostic 
indicator. 

The humus state of soil is a set of morphological 
features, total reserves and organic matter properties 
and processes of its creation, transformation and 
migration in the soil profile [16]. 

The characteristics of magnetic properties and the 
humus level not necessarily to be functionally 
dependent on each other. However, it is worth 
considering that the uniform behavior of these 
parameters values profile curves may partly be 
mediated by the contribution of biogenic organo-
accumulative surface horizons organic matter to the 
creation of optimal conditions for heterotrophic 
microorganisms that synthesize magnets [17]. 

The shape of the curves of humus and magnetic 
susceptibility along the depth of the profile in Fig. 2–4 
shows that the distribution of these parameters is 
significantly inhomogeneous. The behavior of the 
curves in Fig. 2 is more typical for the eluvial-illuvial 
type of profile curves – with the removal of organic 
matter, clay, sesquioxides, magnetic minerals from the 
upper horizons and their accumulation in the illuvial 
horizon with a gradual decrease in their content 
approach to the soil-forming rock [16]. It can be 
assumed that soil drainage and movement of finely-
dispersed particles with prevailing water currents are 
taking place in this area.  

The graphical analysis in Fig. 3 shows that the 
distribution curves of the humus content along the 
depth of the profile are characterized by an 
accumulative type of distribution, which means the 
maximum accumulation of organomineral substances 
from the surface with a gradual decrease in their 
content with depth [16]. It can be assumed that the 
washing of the soil column in these profiles occurs 
only to a certain depth, below which there is a 
constantly dry dense layer, which leads to a weak 

differentiation of these soils and the appearance of a 
pronounced accumulative type of humus distribution. 
A slight difference in the behavior of the curves (not a 
homogeneous but a more ladder-shaped decrease of the 
humus with depth) is possibly due to different 
granulometric composition of soil horizons or the type 
of soil-forming rock. In this way according to the 
profile humus level curves, the presented soil profiles 
are mainly characterized by an accumulative type. 
However, in profiles 1, 4 and 5 we can see obvious 
movement of humus components deep into the profile, 
which indicates its eluvio-illuvial nature. 

 
Fig. 2.  Humus distribution in profiles 1, 4, 5 
Рис. 2.  Распределение гумуса в профилях 1, 4, 5 

 
Fig. 3.  Humus distribution in profiles 2, 3, 6�10 
Рис. 3.  Распределение гумуса в профилях 2, 3, 6�10 

According to the magnetic susceptibility curves, they 
can be divided into accumulative (2, 6, 7, 10 profiles) 
and eluvio-illuvial (1, 3, 4, 8, 9 profiles) types of 
magnetic component distribution. The fifth profile is 
difficult to attribute to any type of magnetic components 
distribution. The accumulative magnetic susceptibility 
distribution means the pedogenic origin of magnets [18]. 
In this case, the maximum number of magnetic 
components is located in the upper part (0–20 cm) of the 
soil profile, whereas it is difficult to attribute profiles 
of a mixed type to the accumulative and eluvial-illuvial 
type of distribution of magnetic minerals, since they 
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are concentrated throughout the profile and their 
decrease is observed only from a depth of 60–80 cm. In 
profiles 2 and 6, the maximum humus content drops to 
a depth of 15–20 cm, probably due to being in 
proximity to recreational areas (picnic areas). 

The contribution of various components of 
magnetic susceptibility (dia- and paramagnetic ( p), 

superparamagnetic ( sp) and ferrimagnetic ( f)) was 
estimated by using coercitive spectrometry. According 
to the results obtained, the main contribution to the 
magnetic susceptibility is made by its ferrimagnetic 
component ( f) (Fig. 5), while the contribution of the 
diamagnetic and superparamagnetic components is 
much lower. 

 

 
Fig. 4.  Distribution of magnetic susceptibility components in profiles by depth: А) profiles 1, 3, 4, 8, 9; В) profiles 2, 5, 6, 7, 10 
Рис. 4.  Распределение компонентов магнитной восприимчивости в профилях по глубине: А) профили 1, 3, 4, 8, 9; 

В) профили 2, 5, 6, 7, 10 

 
Fig. 5.  Contribution of paramagnetic (а), superparamagnetic (b) and ferromagnetic components (c) to magnetic susceptibility 

(d) (profile 1) 
Рис. 5.  Вклад парамагнитной (а), суперпарамагнитной (b) и ферромагнитной компонент (c) в магнитную воспри-

имчивость (d) (профиль 1) 
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Analysis of Bc, Bcr, Js, Jrs magnetic hysteresis 
parameters that depend on the composition, 
concentration of the magnetic fraction, shape and size 
of the magnetic grains was conducted to determine the 
magnetic rigidity and the domain state of the grains of 
the magnetic fraction [19] (Fig. 6). 

 
Fig. 6.  Day plot 
Рис. 6.  Диаграмма Дэя 

The Bcr/Bc and Jrs/Js ratios depict the prevailing 
grain size and the ratios between magnetic fraction and 
different domain structures. According to the Day–
Dunlop diagram [20], magnetic minerals of the studied 
soil samples fall into the category of pseudo-single-
domain particles. Getting into the area of pseudo-
single-domain particles suggests that the magnetic 
components of the studied soils are present in the clay 
fraction. 
 
Discussion 

Being near the lake, the soil cover of the studied 
territory is formed in conditions of a wide variety of 
flora, different geomorphology of the area that cause 
its heterogeneity. 

According to P.R. Slezkin, “humus-forming agents” 
are fixing in the soil due to gradual accumulating in the 
soil profile in the form of water extract of the plant 
litter [21]. According to B.R. Grigoryan, soil humus 
content is a set of morphological characters that 
consists of total reserves, organic matter properties and 
its creation, transformation and migration in the soil 
profile [16]. The studied meadow chernozemic soil can 
be characterized as a type of low humus content. The 
maximum value of humus is not typical for this type of 
soil and is about 6% on the topsoil (0–30 cm) in the 
accumulative type of profiles, and about 4.5% at a 
depth of 50–60 cm in the eluvio-illuvial. Grigoryan 
considers that humus content in various chernozems 
ranges from 6 to 12% [16]. As the surface soil layers 
(top soil) are organo-mineral horizons of humus 
accumulation during the growth of plant litter, they can 
protect the soil from water or wind erosion [16]. 
However, being also an active recreational zone, 
Kandrykul Lake coastal territory is under strong 

pressure on the vegetation cover of the topsoil. 
Consequently, this leads to the plant litter destruction 
and increases the risk of erosion, which definitely 
affects the humus content. 

Besides, expert M. Martynova and co-authors think 
that the highly dispersed structure of the topsoil, where 
there is plant litter destruction by compaction, leads to 
losses of humus by the soil [22].  

The transformation and migration of iron 
compounds during the soil-formation change soil 
magnetic susceptibility. It means that magnetic 
susceptibility reflects soil-formation and can be 
considered as a diagnostic indicator [23]. As for the 
results of magnetic susceptibility within the research 
area, some magnetic profiles behave like humus 
profiles. There is both an accumulative type of profile 
magnetic components distribution, which demonstrates 
a gradual decline in the magnitude of magnetic 
susceptibility (profiles 2, 6, 7, 10), and a mixed type 
(profiles 1, 3, 4, 8, 9), which is characterized by the 
magnetic component transformation into the upper and 
middle layers of the soil, where their accumulation 
occurs. 

The presence of more magnetic components in the 
topsoil could also be explained as consequence of 
anthropogenic impact, because the indicator of 
magnetic susceptibility can also be an indirect indicator 
of technogenic soil pollution [24, 25]. However, due to 
M. Evans, the accumulative type of magnetic 
susceptibility distribution in virgin soil obviously 
implies the pedogenic origin of magnetic components 
[26]. The particles of pedogenic magnets, as a rule, are 
determined by fine-dispersed grains, which cause 
bioinert interactions [26]. According to the obtained 
coercive spectra measurement data, both accumulative 
and eluvio-illuvial profiles are characterized by the 
contribution of the ferrimagnetic component to the 
magnetic susceptibility and the predominance of 
pseudo-single-domain particles. This also means that 
fine-dispersed mineral components were formed as a 
result of structural transformations of iron minerals that 
emerged in the soil from the parent rock. Thus, the low 
humus level can be correlated with possible soil 
erosion, because magnetic profiles demonstrate the 
accumulation of magnetic components mainly in the 
clay fraction, which may be the result of a subsurface 
structure substance transformation of magnetic 
minerals of the soil-forming material. Consequently, 
the elevated values of magnetic susceptibility are not 
the result of an anthropogenic factor, but a 
consequence of pedogenesis.  
 
Conclusion 

By using the complex of modern methods of 
magnetic analysis and humus content analysis we 
studied soil profiles of the coastal area of the Lake 
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Kandrykul. It was found that the studied soil samples 
have an accumulative and eluvio-illuvial type of 
magnetic components and humus distribution. More 
than that, it was established that the ferromagnetic 
component of magnetic susceptibility in the studied 
soil profiles affects its growth. It was also established 
that magnetic components are present mainly in the 
clay fraction of the studied soil profiles. 

The research shown that the control of soil cover 
humus level is one of the important tasks of ecological 
soil monitoring since it can be used to judge the impact 
of erosion processes occurring in the soil. Thus, 
outwash, destruction and re-accumulation of soil 
material due to erosion affects not only the soil 
disturbance and changes in the properties of soil 

profiles, but also enriched with organic matter soil 
material that accumulates in the upper part of the 
sediment beds; this can accelerate reservoir 
obliteration. Therefore, to control this process, 
monitoring studies can be carried out by using 
magnetic methods and by analyzing the soil humus 
level. Also, in order to slow down erosion, it is 
necessary to carry out special reclamation work of 
protecting the soil cover.  

It is intended in the future to study soil samples and 
separate <2.5 μm specimens using the differential 
thermomagnetic analysis to gain more information on 
the magnetic and mineralogical features of the studied 
soils. 

 
REFERENCES 

 
1. Khakberdiev O.E., Shamsiddinov T.S. Soil degradation and the effect of erosion on the agrochemical properties of soils. 

International Independent Scientific Journal, 2020, vol. 13, no. 2, pp. 27–29. (In Russ.) 
2. Lal R. Soil erosion research methods. Boca-Raton, CRC Press, 1994. 352 p.  
3. Zholinskiy N.M., Korableva I.N., Nuzhdin N.N. Monitoring of water erosion of soils in agricultural landscapes of the Saratov 

Right Bank. Agrarian Bulletin of the South-East, 2018, no. 3, pp. 34–36. (In Russ.) 
4. Hudson N.W. Soil conservation. London, Batsford Academic and Educational, 1992. 320 p. 
5. Stroosnijder L. Measurement of erosion: is it possible? Catena, 2005, vol. 64 (2–3), pp. 162–173. 

DOI: 10.1016/j.catena.2005.08.004 
6. Zhidkin A.P., Makarov O.A., Popova A.R. Modification of the methodology for determining the amount of damage from land 

degradation caused by soil erosion. Dokuchaev Soil Bulletin, 2023, no. 117, pp. 177–207. (In Russ.) DOI: 10.19047/0136-1694-
2023-117-177-207. 

7. Golosov V.N., Ivanov M.M., Tsyplenkov A.S., Ivanov M.A., Wakiyama Yo., Konoplev A.V., Konstantinov E.A., Ivanova N.N. 
Erosion as a factor of transformation of soil radioactive contamination in the basin of the Schekino Reservoir (Tula Region). 
Pochvovedenie, 2021, no. 2, pp. 247–260. (In Russ.) DOI: 10.31857/S0032180X21020064. 

8. Nazarok P., Kruglov O., Menshov O., Kutsenko M., Sukhorada A. Mapping soil erosion using magnetic susceptibility. A case 
study in Ukraine. Solid Earth Discussions, 2014, vol. 6, no.1, pp. 831–848. DOI: https://doi.org/10.5194/sed-6-831-2014  

9. Ding Z., Zhang Z., Li Y., Zhanget L., Zhang K. Characteristics of magnetic susceptibility on cropland and pastureland slopes in 
an area influenced by both wind and water erosion and implications for soil redistribution patterns. Soil and Tillage Research, 
2020, vol. 199, 104568. DOI: 10.1016/j.still.2019.104568 

10. Liu L., Zhang K., Fu S., Liu B., Huang M., Zhang Z., Zhang F., Yu Y. Rapid magnetic susceptibility measurement for obtaining 
superficial soil layer thickness and its erosion monitoring implications. Geoderma, 2019, vol. 351, pp. 163–173. 
DOI: 10.1016/j.geoderma.2019.05.030 

11. Gareev A.M. Rivers and lakes of Bashkortostan. Ufa, Kitap Publ., 2001. 260 p. (In Russ.) 
12. SS ISO 11464-2015. Soil quality – pretreatment of samples for physico-chemical analysis. Moscow, Mezhgosudarstvenny stanart 

Publ., 2016. 11 p. (In Russ.) 
13. Burov B.V., Nurgaliev D.K., Jasonov P.G. Paleomagnetic analysis. Kazan, Kazan State University Press, 1986. 167 p. (In Russ.) 
14. Jasonov P.G., Nurgaliev D.K., Burov B.V., Heller F. A modernized coercivity spectrometer. Geol Carpathica, 1998, vol. 49, 

pp. 224–226. 
15. Rastvorova O.T., Andreev D.P. Bulk analysis of the organic component of soils. Theory and practice of chemical analysis of 

soils. Moscow, GEOS Publ., 2006. pp 115–140. (In Russ.) 
16. Grigoryan B.R., Kulagina V.I. Soil sciences.  Kazan, Kazan State University Publ., 2008. 96 p. (In Russ.) 
17. Vodyanitsky Yu.N. Chemistry and mineralogy of soil iron. Moscow, V.V. Dokuchaev Soil Institute Press, 2002. 236 p. 

(In Russ.) 
18. Fattakhova L.A., Reshetnikov M.V., Kuzina D.M. Distribution features of mobile forms of heavy metals and magnetic properties 

of soils in the Dubravniy Forest recreational area of the city of Kazan, Russia. South of Russia: ecology, development, 2023, 
vol. 18, no. 3, pp. 144–152. (In Russ.) DOI: 10.18470/1992 1098  2023 3 144 152  

19. Yusupova A.R., Nurgalieva N.G., Kuzina D.M., Kosareva L.R., Yunusova D.A. Features of the material composition of bottom 
sediments of lake Sabakty (Southern Urals). Advances in current natural sciences, 2023, no. 7, pp. 72–81. (In Russ.) DOI: 
10.17513/use.38074. 

20. Day R., Fuller M., Schmidt V. Hysteresis properties of titanomagnetites: grain-size and compositional dependence. Physics of the 
Earth and Planetary Interiors, 1977, vol. 13, no. 4, pp. 260–267. DOI: 10.1016/0031-9201(77)90108-X  

21. Slezkin P.R. Sketches about humus. Kiev, Type P. Barsky Publ., 1900. 116 p. (In Russ.) 
22. Martynova M., Sultanova R., Khanov D., Talipov E., Sazgutdinova R. Forest management based on the principles of 

multifunctional forest use. Journal of Sustainable Forestry, 2021, vol. 40, no. 1, pp. 32–46. DOI: 
10.1080/10549811.2020.1734025 



Bulletin of the Tomsk Polytechnic University. Geo Аssets Engineering. 2025. V. 336. 2. P. 17–25 
Fattakhova L.A., Kuzina D.M., Antonenko V.V. Identification of erosion processes in the soils of the coastal territory of lake ... 

24 

23. Fattakhova L.A., Shcherbakov V.P., Kuzina D.M. Petromagnetic properties of fallow soils as an indicator of the content of 
organic matter in them. Geophysical Processes and Biosphere, 2020, vol. 19, no. 1, pp. 51–65. (In Russ.) DOI: 
10.21455/GPB2020.1-3 

24. Boguta P., Sokołowska Z. Interactions of Zn (II) ions with humic acids isolated from various type of soils. Effect of pH, Zn 
concentrations and humic acids chemical properties. PLoS One, 2016, vol. 11, no. 4, e0153626. DOI: 
10.1371/journal.pone.0153626 

25. Vadyunina A.F., Babanin V.F. Magnetic susceptibility of some soils of the USSR. Pochvovedenie, 1972, no. 10, pp. 56–66. 
(In Russ.) 

26. Evans M., Heller F. Environmental magnetism: principles and applications of enviromagnetics. San Diego, Acad Press, 2003. 
Vol. 86. 299 p. DOI: 10.1029/2012RG000393 

 
Information about the authors 
Leysan A. Fattakhova, Cand. Sc., Senior Lecturer, Kazan Federal University, 4/5, Kremlyovskaya street, Kazan, 
420008, Russian Federation. l.a.fattakhova@yandex.ru, http://orcid.org/0000-0002-2192-8591 
Dilyara M. Kuzina, Cand. Sc., Senior Researcher, Kazan Federal University, 4/5, Kremlyovskaya street, Kazan, 
420008, Russian Federation. di.kuzina@gmail.com, http://orcid.org/0000-0003-1626-4636 
Vadim V. Antonenko, Research Assistant, Kazan Federal University, 4/5, Kremlyovskaya street, Kazan, 420008, 
Russian Federation. ghost.over.the.sea@gmail.com, https://orcid.org/0000-0002-2311-089X 
 
Received: 12.03.2024  
Revised: 13.06.2024  
Accepted: 28.11.2024  
 
СПИСОК ЛИТЕРАТУРЫ 
1. Хакбердиев О.Э., Шамсиддинов Т.Ш. Деградация почв и влияние эрозии на агрохимические свойства почв // 

International Independent Scientific Journal. – 2020. –T. 13. – № 2. – С. 27–29.  
2. Lal R. Soil erosion research methods. – Boca-Raton: CRC Press, 1994. – 352 p. 
3. Жолинский Н.М., Кораблева И.Н., Нуждин Н.Н. Мониторинг водной эрозии почв в агроландшафтах Саратовского 

Правобережья // Аграрный вестник Юго-Востока. – 2018. – № 3. – С. 34–36.  
4. Hudson N.W. Soil Conservation. – London: Batsford Academic and Educational, 1992. – 320 p.  
5. Stroosnijder L. Measurement of erosion: is it possible? // Catena. – 2005. – Vol. 64 (2–3). – P. 162–173. 

DOI: 10.1016/j.catena.2005.08.004 
6. Жидкин А.П., Макаров О.А., Попова А.Р. Модификация методики определения размеров ущерба от деградации земель 

под воздействием эрозии почв // Бюллетень Почвенного института имени В.В. Докучаева. – 2023. – № 117. – С. 177–207. 
DOI: 10.19047/0136-1694-2023-117-177-207 

7. Эрозия как фактор трансформации радиоактивного загрязнения почв на водосборе Щекинского водохранилища 
(Тульская область) / В.Н. Голосов, М.М. Иванов, А.С. Цыпленков, М.А. Иванов, Ю. Вакияма, А.В. Коноплев, 
Е.А. Константинов, Н.Н. Иванова // Почвоведение. – 2021. – № 2. – С. 247–260. DOI: 10.31857/S0032180X21020064.  

8. Mapping soil erosion using magnetic susceptibility. A case study in Ukraine / P. Nazarok, O. Kruglov, O. Menshov, 
M. Kutsenko, A. Sukhorada // Solid Earth Discussions. – 2014. – Vol. 6 (1). – P. 831–848. DOI: 10.5194/sed-6-831-2014  

9. Characteristics of magnetic susceptibility on cropland and pastureland slopes in an area influenced by both wind and water 
erosion and implications for soil redistribution patterns / Z. Ding, Z. Zhang, Y. Li, L. Zhanget, K. Zhang // Soil and Tillage 
Research. – 2020. – Vol. 199. – 104568. DOI: 10.1016/j.still.2019.104568 

10. Rapid magnetic susceptibility measurement for obtaining superficial soil layer thickness and its erosion monitoring implications / 
L. Liu, K. Zhang, S. Fu, B. Liu, M. Huang, Z. Zhang, F. Zhang, Y. Yu // Geoderma. – 2019. – Vol. 351. – P. 163–173. 
DOI: 10.1016/j.geoderma.2019.05.030 

11. Гареев А.М. Реки и озера Башкортостана / под ред. А.М. Гареева. – Уфа: Изд-во «Китап», 2001. – 260 с. 
12. ГОСТ ISO 11464-2015. Качество почвы. Предварительная подготовка проб для физико-химического анализа. – М.: 

Межгосударственный стандарт, 2016. – 11 с.  
13. Буров Б.В., Нургалиев Д.К., Ясонов П.Г. Палеомагнитный анализ. – Казань: Изд-во Казан. ун-та, 1986. – 167 c.  
14. A modernized coercivity spectrometer / P.G. Jasonov, D.K. Nurgaliev, B.V. Burov, F. Heller // Geol Carpathica. – 1998. – 

Vol. 49. – P. 224–226.  
15. Растворова О.Т., Андреев Д.П. Валовый анализ органической части почв. Теория и практика химического анализа 

почв, – М.: ГЕОС, 2006. – C. 115–140.  
16. Григорьян Б.Р., Кулагина В.И. Почвоведение. – Казань: Изд-во Казан. гос. ун-та, 2008. – 96 с. 
17. Водяницкий Ю.Н. Химия и минералогия почвенного железа. – М.: Почвенный институт им. В.В. Докучаева РАСХН, 

2002. – 236 с. 
18. Фаттахова Л.А., Решетников М.В., Кузина Д.М. Особенности распределения подвижных форм тяжелых металлов и 

магнитных свойств почв рекреационной зоны «Дубравный лес» города Казани // Юг России: экология, развитие. – 
2023. – Т. 18. – № 3. – С. 144–152. DOI: 10.18470/1992 1098  2023 3 144 152.  

19. Особенности вещественного состава донных отложений озера Сабакты (Южный Урал) / А.Р. Юсупова, Н.Г. Нургалиева, 
Д.М. Кузина, Л.Р. Косарева, Д.А. Юнусова // Успехи современного естествознания. – 2023. – № 7. – С. 72–81.  

20. Day R, Fuller M., Schmidt V. Hysteresis properties of titanomagnetites: grain-size and compositional dependence // Physics of 
the Earth and Planetary Interiors. – 1977. – Vol. 13 (4). – P. 260–267. DOI: 10.1016/0031-9201(77)90108-X  



Известия Томского политехнического университета. Инжиниринг георесурсов. 2025. Т. 336. № 2. C. 17–25 
Фаттахова Л.А., Кузина Д.М., Антоненко В.В. Выявление эрозионных процессов в почвах прибрежной территории ...  

25 

21. Слезкин П.Р. Этюды о гумусе. – Киев: тип. П. Барского, 1900. – 116 с. 
22. Forest management based on the principles of multifunctional forest use / M. Martynova, R. Sultanova, D. Khanov, E. Talipov, 

R. Sazgutdinova // Journal of Sustainable Forestry. – 2021. – Vol. 40. – № 1. – P. 32–46. DOI: 10.1080/10549811.2020.1734025  
23. Фаттахова Л.А., Щербаков В.П., Кузина Д.М. Петромагнитные свойства залежных почв как индикатор содержания в них 

органического вещества // Геофизические процессы и биосфера. – 2020. – T. 19. – № 1. – С. 51–65. DOI: 
10.21455/GPB2020.1-3 

24. Boguta P., Sokołowska Z. Interactions of Zn (II) ions with humic acids isolated from various type of soils. Effect of pH, Zn 
concentrations and humic acids chemical properties // PLoS One. – 2016. – Vol. 11 (4). – e0153626. DOI: 
10.1371/journal.pone.0153626 

25. Вадюнина А.Ф., Бабанин В.Ф. Магнитная восприимчивость некоторых почв СССР // Почвоведение. – 1972. – T. 10. – 
C. 56–66.  

26. Evans M., Heller F. Environmental magnetism: principles and applications of enviromagnetics // Acad Press, San Diego, Int. 
Geophys. Ser. – 2003. – Vol. 86. – P. 299. DOI: 10.1029/2012RG000393 

 
Информация об авторах 
Лейсан Айдаровна Фаттахова, кандидат биологических наук, доцент, Институт геологии и нефтегазо-
вых технологий, Казанский федеральный университет, Россия, 420008, г. Казань, ул. Кремлевская, 4/5. 
l.a.fattakhova@yandex.ru, http://orcid.org/0000-0002-2192-8591 
Диляра Мтыгулловна Кузина, кандидат геолого-минералогических наук, старший научный сотрудник, 
Институт геологии и нефтегазовых технологий, Казанский федеральный университет, Россия, 420008, 
г. Казань, ул. Кремлевская, 4/5. di.kuzina@gmail.com, http://orcid.org/0000-0003-1626-4636 
Вадим Вячеславович Антоненко, младший научный сотрудник, Институт геологии и нефтегазовых 
технологий, Казанский федеральный университет, Россия, 420008, г. Казань, ул. Кремлевская, 4/5. 
ghost.over.the.sea@gmail.com, https://orcid.org/0000-0002-2311-089X 
 
Поступила в редакцию: 12.03.2024  
Поступила после рецензирования: 13.06.2024  
Принята к публикации: 28.11.2024 
  


