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THE ADAPTIVE PRINCIPLE OF NATURE MANAGEMENT 
(the report to the plenary session of the 19th conference in commemoration of 

academician E.M. Sergeev, April 4, 2017) 

V. I. Osipov 

Sergeev Institute of Environmental Geoscience, Russian Academy of Sciences, 

Ulanskii per., 13, str. 2, Moscow, 101000 Russia. E-mail: osipov@geoenv.ru 

The strategy of human-environment interaction is discussed, which is based on two kinds of activity, i.e., (a) 

consumption of natural resources, which is vital for civilization and (b) the use of natural resources or the 

environment management in the course of economic activity aimed at building infrastructure and arrangement of 

comfortable and safe living conditions on the Earth in social, intellectual and emotional aspects. The rational 

application of the first principle depends on the level of technological development of our civilization, whereas the 

second principle is based on the requirement of economic activity adaptation to the natural conditions. The paper 

lists the principles of adaptive technique of nature management and cites the examples of its use in construction and 

waste management. Nature-like technologies based on the adaptive principle permit us to choose the construction 

site location with the least possible impact on the environment and ensuring safety of engineering structures. 

Key words: environment, technogenesis, nature management, adaptive technologies, zoning of territories. 

 

ABOUT THE INTENSITY OF CARBONATE KARST DEVELOPMENT 

V. P. Zverev, I. A. Kostikova 

Sergeev Institute of Environmental Geoscience, Russian Academy of Sciences, 

Ulanskii per., 13, bld. 2, Moscow, 101000 Russia. E-mail: zverev@geoenv.ru 

 

A comparative assessment of calcium carbonate leaching intensity is made for environmental areas of different 

levels. It is found to vary from ~ 0.3 g/s∙km
2
 in platforms to about 2.4 g/s∙km

2
 in mountains, and up to ~ 3.3 g/s∙km

2
 

in megacities, i.e., approximately within one order of magnitude. The obtained data suggest that undеr the current 

conditions controlled bу the anthropogenic activity, precipitation infiltration into rосk massifs, upon intense snow 

melting, in particular, is ассоmраnied bу grаduаl leaching of саrbоnаtе rock varieties. Kаrst funnels forming оn the 

surface testify to the kаrst рrосеss developing in the upper strata of carbonate rock massifs undеr the effect оf 

anthropogenic activity.The mеаn rаtе of саrbоnаtе leaching within the zone of karst-suffosion development in 

Moscow is an оrdеr of magnitude higher than the same parameter fоr саrbоnаte karst on platforms, which develops 

below the local drainage bases and coincides with the rаtеs оf gypsum leaching. The average value of the calcium 

carbonate weathering intensity in the sedimentary layer of continental crust is estimated at 0.42 g/s∙km
2
. 

Key words: karst processes, groundwater, dissolution, thermodynamic analysis, the index of non-equilibrium; karst 

in limestone. 

 

PALEOGEOECOLOGY OF THE UPPER REACHES OF THE VOLGA 

RIVER, EASTERN PART, IN THE PALEOLITHIC EPOCH 

I.N. Zaikanova 

Sergeev Institute of Environmental Geoscience, Russian Academy of Sciences, 

Ulanskii per. 13, bld. 2, Moscow, 101000 Russia; E-mail: izaikanova@yandex.ru 

 

Paleogeoecology is a historical retrospective of the territory, which allows us to find answers to difficult questions 

from the modern point of view. The article discusses the problem posed by Ples archaeologists:why the ancient 

human sites are absent within the territory of Ples historical and architectural reserve. The task implied 

paleogeoecological approach to its solution, according to the classification proposed by S.A. Nesmeyanov. The 

geodynamic, geomorphologic and paleoclimatic conditions were reconstructed for a local territory of Upper Volga 

basin. Paleogeoecological analysis of the published data and the field studies attested to the different ages of the 

formation of latitudinal and longitudinal parts of Volga River. 

Ancient riverbeds are not studied currently, and this part of the Upper Volga River is very poorly investigated in this 

respect. The literature analysis proved the absence of paleolithic sites in the Volga River valley in the segment 

between the confluence of the Oka and Unzha rivers. Field studies and the analysis of a large amount of publications 

revealed, also that the Volga River did not flow through the reserve during this period.Its valley has been formed 

there only after the last stage of Moscow glaciation stage had terminated. The Volga channel in Paleolithic epoch 

mailto:izaikanova@yandex.ru


most probably coincided with the valley of the modern Unzha River. The studies have shown that the tectonic 

evolution of the modern Volga River valley is still active in the vicinity of Ples town. 

Key words: paleogeoecology, paleolith, ancient sites, tectonic activity, continental glaciation, valley complexes, 

ancient river valleys. 

 

PROGNOSTIC EVALUATION FOR DEVELOPMENT 

OF EXOGENOUS GEOLOGICAL PROCESSES 

BASED ON PROBABALISTIC MODELS 

A. S. Viktorov, S. A. Sadkov, O. N. Trapeznikova 

Sergeev Institute of Environmental Geoscience, Russian Academy of Sciences, 

Ulanskii per., 13, str. 2, Moscow, 101000 Russia. E-mail: vic_as@mail.ru 

The aim of the work is to show possibilities of probabilistic models of the mathematical morphology of landscape 

for solving different problems concerning exogenous geological processes. The prognosis tasks for geological 

hazard impact and changing size of the affected area under thermokarst, soil subsidence, and suffusion processes are 

discussed. The task is solved on the basis of two results of the mathematical morphology of landscape. In case of 

free growing size, the change of both termokarst sites (lakes) and subsidence/suffusion sites (depressions) can be 

described with Wiener stochastic process towards the logarithms of site diameters; whereas the change in their 

number can be regarded as Poisson random process. The results include expressions for radius distribution density 

of growing thermokarst lakes and impact factor for plains under soil subsidence and suffusion processes. 

According to the model of the morphological pattern of lacustrine thermokarst plains in case of free growing size, 

the change of termokarst sites (lakes) can be described with Wiener stochastic process towards the logarithms of site 

diameters, whereas the change in their number can be regarded as Poisson random process. The mathematical 

analysis resulted in the equation for the radius density distribution of the thermokarst site (a growing thermokarst 

lake), which allows us to get the probability of a certain size change for the given time. Using the model of the 

morphological pattern of thermokarst plains with fluvial erosion, it is possible to find similar decision for the 

complicated case when fluvial erosion can stop lake growth and transform it into khasyrei (drained thermokarst 

depression). 

The decision for prognostic evaluation of impact probability under subsidence/suffusion process is also suggested. 

The decision is based on the relationship obtained between an affected area the average size of depressions. The 

conclusion deals with the possibility of stochastic model application for prognostic evaluation of development of 

exogenous geological hazards. The mathematical morphology of landscape can be used for this purpose. 

Key words: hazardous geological processes, thermokarst process, erosional thermokarst plain, subsidence, 

suffusion, mathematical morphology of landscapes, probabilistic model. 

 

ABNORMAL RADON EXHALATION RATE IN MOSCOW 

P. S. Miklyaev*, T. B. Petrova**, V. M. Makeev *, A.V. Klimshin*** 

*Sergeev Institute of Environmental Geoscience, Russian Academy of Sciences (IEG RAS), 

Ulanskii per. 13, bld. 2, Moscow, 101000 Russia. E-mail: peterm7@inbox.ru, vmakeev@mail.ru 

**Lomonosov Moscow State University, Radiochemical Department (MSU), 

Leninskie Gory, 1, bld. 10, Moscow, 119991 Russia. E-mail: alpinzayac@mail.ru 

***Institute of Geophysics, Ural branch of Russian Academy of Sciences, 

ul. Amundsena 100, Yekaterinburg, 620016 Russia. E-mail: aklimshin@yandex.ru 

The temporal distribution of the abnormal radon exhalation rate on the territory of Moscow was analyzed. The radon 

exhalation rate was measured on the construction sites during the engineering geological surveys. The data obtained 

from 900 construction sites (about 20000 measurements of radon exhalation rate) in the period since 2002 till 2007 

were analyzed. During this period 52 sites with abnormal values of radon exhalation rate (more than 1000 

mBq/m
2
sec) were identified. The analysis allows us to allocate periods of frequent anomalies of radon exhalation 

rate, which are followed by the intervals showing almost no anomalies. Periods of frequent anomalies repeat every 

14–16 months. We have drawn a correlation between the periods of abnormal radon exhalation and the nutation of 

the earth's axis. We also have revealed a relationship between the radon anomalies and the seismic activity of the 

Earth, namely, the number of earthquakes with a magnitude of more than 7. This suggests that the observed radon 

anomalies are not random events, but they are related to the geodynamic regime of the Earth. The established 

anomalies of radon exhalation rate should be taken into account in the assessment and mapping 

of potential radon hazard. 

Key words: radon, radon exhalation rate, abnormal radon flux density, geodinamyc zones, active tectonic fault. 
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SPECIFICS IN THE FORMATION OF SNOW COVER CHEMICAL 

COMPOSITION IN THE PECHORA-ILYCH BIOSPHERE RESERVE AREA 

M. I. Vasilevich, L. V. Simakin 

Institute of Biology, Komi Science Centre, Ural Branch, Russian Academy of Sciences 

ul. Kommunisticheskaya 28, Syktyvkar, Komi Republic, 167982 Russia. E-mail: mvasilevich@ib.komusc.ru 

The article presents the results of a study of the snow cover chemical composition in the territory of Pechora-Ilych 

biosphere reserve and the adjacent areas in the Komi Republic. Studies have identified an increased (by more than 

40%) intake of substances to the reserve territory with precipitation per unit area in winter as compared to the plains 

in the southeastern districts of the Komi Republic. The analytical results testify to a significantly greater inflow of 

both macro-and micro-components to the protected territory. Snowmelt water from the territory of the Pechora-Ilych 

nature reserve is characterized by slightly acidic reaction. However, the calculation of the average values of the 

content of major ions of meltwater showed that neutralization of acid-generating components is more effective in the 

reserve in comparison with the plain territory of the taiga zone. The average acidity of precipitation rises due to the 

increasing content of calcium and magnesium ions. In general, there is a change in the ratio of the major ions in 

comparison with the plain territories. A long-range transport of substances plays an important role in the formation 

of chemical composition of atmospheric precipitation, as indicated by the predominance of soluble forms of 

elements in the snow. The calculation of the distribution of elements between solid and soluble fractions of 

meltwater showed that the proportion of soluble forms of both for macroand microelements significantly increases 

in the reserve in comparison with the plain taiga area. The article shows the results of applying the method of 

statistics of the reverse transport trajectories of air masses to the studied territory. The air mass passing through the 

Perm Krai, Arkhangelsk and Kirov region, Khanty-Mansi Autonomous Okrug has the greatest influence on the 

chemical composition of winter precipitation. It is noted that the transport of air masses from the Urals and other 

industrial regions along the landscape factor creates the risk of changing geochemical conditions in the reserve. 

Key words: snow cover, the Pechora-Ilych reserve, long-range transport, backward trajectories of air mass 

transport. 

 

TEMPORAL VARIABILITY OF PHYSICO-MECHANICAL PROPERTIES 

OF ELUVIAL CLAY SOILS IN THE CITY OF CHELYABINSK 

A.G. Baranovskii 

YuzhUralTISIZ Survey Co., ul. Kosareva 71, Chelyabinsk, 454106 Russia.E-mail: geologia85@mail.ru 

The article deals with the temporal variability of physico-mechanical properties of eluvial clay soils developed on 

the rocks of intrusive complex (by the example of Chelyabinsk city). Eluvial clay soils were formed by chemical 

weathering of rocks, and they are spatially widespread in the city of Chelyabinsk. The study of their temporal 

variability was aimed at identifying the patterns of changes in physico-mechanical properties of soils in time. The 

fluctuation of groundwater level appears to be the main technogenic factor changing the engineering properties of 

the studied soils. Taking this fact into account, the test sites were selected for the study of temporal variability in soil 

properties. The temporal variability in the eluvial clayey soil properties was estimated by comparing the data on soil 

properties obtained in laboratory at different time. Somewhere in Chelyabinsk, the construction works were 

performed not immediately at once after the engineering survey accomplishment, but were interrupted in stages. In 

these areas, the technogenic load did not affect the engineering geological conditions in the areas for a long time. 

This permitted us, on one hand, to study the temporal variability of the soil properties as affected by anthropogenic 

factors, and on the other hand, to analyze the changing properties of soil excluding the impact of technogenic 

factors. The laboratory analysis of soil properties has revealed some regularities of their changes in time. Knowledge 

of the specific features in the changes of physico-mechanical properties of the eluvial clay soils, as a result of the 

impact of natural (climatic) and technogenic factors, permitted us to predict their behavior. 

Key words: temporal variability of soil properties, eluvial clay soils, physico-mechanical properties of soils, 

technogenic factor, fluctuation of groundwater level, the relative deformation of subsidence. 

 

SCALE DEPENDENT PHENOMENA IN FLOW TEST AND MONITORING 

DATA ANALYSIS (WITH APPLICATION TO HYDROGEOLOGICAL 

INVESTIGATIONS AT THE M.V. LOMONOSOV DIMOND DEPOSIT, 

ARCHANGELSK PROVINCE, RF) 



A. A. Dunyshin*, L. N. Sindalovskiy**, A. M. Nikulenkov**, V. G. Rumynin*,** 

* Institute of Earth Sciences, St. Petersburg State University, 7/9 Universitetskaya emb., St. Petersburg, 199034, 

E-mail: dunay‑23@hotmail.com 

** St. Petersburg Department, Sergeev Institute of Environmental Geoscience, Russian Academy of Sciences,  

Sredniy av., V.O., 41, off. 519, St. Petersburg, 199004 Russia, E-mail: office@hgepro.ru 

The article is devoted to the analysis of data of groundwater field tests (single-well and multi-well tests) and 

groundwater level monitoring performed at various stages of exploration and development of M.V. Lomonosov 

diamond deposit in Arkhangelsk region, Russia. Field data interpretation was made using ANSDIMAT software. 

Considered types of aquifer tests differ from each other by both technical conditions and the duration of 

hydrodynamic action on the aquifer system. The results obtained show that aquifer parameter values are sensitive to 

the test type, that is most likely due to the role of scale phenomena.Conductivity values basing on the single-well 

tests (160–190 m
2
/d) proved to be clearly underestimated, while both multi-well test and monitoring observations of 

longer duration gave similar results (270–350 m
2
/d). At the same time, the prolonged water withdrawal during the 

open pit development initiate the groundwater drawdown due to the specific yield in the upper aquifer, that produces 

the water inflow summing with that due to elastic compression of the main aquifer. Therefore, the single-well tests 

data owing to short test period and its limited effect on the aquifer, prove to be sensitive to the hydraulic resistance 

of the near-screen zone of the pumped well. The resulting conductivity values of the main aquifer turn to be strongly 

deviated in this case. In contrast, multi-well test allows to exclude the influence of technical drawbacks of wellbore 

construction and design on test results, and provide reliable appreciation of aquifer conductivity values. However, 

estimation of additional water withdrawal due to groundwater inflow from the adjacent aquifers is possible only by 

involving the longterm monitoring observation data. Consequently, groundwater drawdown calculations based on 

underestimated specific storage values obtained in short aquifer pumping tests can result in overestimation of the 

radius of influence of open pit water drainage system. 

Key words: Aquifer field test, scale effects/phenomena, M.V. Lomonosov diamond deposit, open pit drainage, 

groundwater monitoring, ANSDIMAT software. 

 

MODELING OF SPATIAL DISTRIBUTION OF DUST IN THE SNOW 

COVER IN REZHEVSKOI ORE DISTRICT BY ARTIFICIAL NEURAL 

NETWORKS AND GEOSTATISTICS 

A.G. Buevich, A.N. Medvedev, A.P. Sergeev, D.A. Tarasov, K.L. Antonov 

1Institute of Industrial Ecology, Ural Branch, Russian Academy of Sciences, Russia, 

ul. S. Kovalevskoi 20, Yekaterinburg, 620219 Russia. E-mail: iie@ecko.uran.ru 

The limited set of data for predicting the distribution of pollutants poses a serious problem in environmental studies. 

In the work, two neural (multilayer perceptron (MLP) and generalized regression neural network (GRNN) as well as 

two geostatistical techniques (kriging and cokriging) were compared to predict the distribution of dust concentration 

in the snow cover in the area of the working copper quarry near Rezh town, Russia. The snow survey was carried 

out in the period with the maximum moisture content in snow in March 2015. Totally, 47 samples were collected. 

The sampling points in the study area are located around the operating copper quarry Safianovskii and on the line 

connecting the conditional Rezhevskoi nickel plant, the center of the copper quarry and Zabolote village oriented 

according to the wind rose prevailing in winter. The actual location of points was determined during the test on the 

spot proceeding from the need of sampling in areas with the intact snow cover.  

At the first stage, the network models with the best structure for constructing the distribution of dust concentration 

were chosen. Next, the dust concentration distribution using ordinary kriging and ordinary cokriging based on data 

of the chemical analysis was built. At the second stage, in order to compare the predictability of methods, the sample 

was subdivided into two subsets, i.e., the test and the training subsamples in the ratio of 50/50. In the division, the 

odd sub-sample points become training, and the even numbers become test. The training subsample (23 points) was 

used as a training set. Then, the dust concentrations values were predicted by kriging, cokriging, MLP and GRNN to 

test subsample (24 points). The coordinates of sampling points and the distance to the likely emission source (for 

neural networks and cokriging) were used as input parameters.  

To evaluate the adequacy of different interpolation methods, three validation indices were used, i.e., the mean 

absolute error (MAE), root mean square error (RMSE), and relative root mean square error (RRMSE). Taking all 

indicators into account, the most accurate model was based on generalized regression neural network, which 

includes the coordinates of the sampling point and the distance to the probable source of the emissions as the input 

parameters (GRNN (x, y, dist)). RMSE and MAE indices for the model based on multilayer perceptron, which were 

fed to the input of coordinates only MLP (x, y), were significantly lower than for other models. However, RRMSE 

index was significantly higher. This is likely due to the fact that the model MLP (x, y) accurately predicted values at 

the points, where the dust concentration in the samples is relatively large. In the case of relatively low levels of dust 

concentration in the samples, the model accuracy was low. Models based on kriging and cokriging showed the 



comparable with neural networks forecast accuracy by RRMSE and MAE index, but the RMSE index for the 

geostatistical methods was significantly higher.  

The models based on artificial neural networks were useful to predict the distribution of dust concentration on a 

limited number of sampling points. According to the prediction accuracy, they exceeded the geostatistical methods. 

Adding information about the distance to the probable source of emission has raised the accuracy of ANN-based 

models, but the prediction accuracy of geostatistical methods was not affected. Probably it is due to the small 

number of sampling points. 

Key words: artificial neural networks, kriging, cokriging, snow cover, modeling. 


