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5. AHHOTHpOBaHHOC OonmucaHue CoaAcpKanusd pasacjaoB U TEM TUCHUIIJIHHBI

Study of geospheres. Study of atmosphere
Lectures and practices comprises the thermodynamics, and dynamics of the troposphere. The governing
conservation (balance) equations for
trace constituents, dry air, water substances, total mass (equation of continuity), energy (1st law of
thermodynamics), entropy (2nd law of thermodynamics), and
momentum (Newton’’s 2nd axiom) are presented and explained. This presentation includes simplifications like
the hydrostatic and geostrophic approximations and
their application in models. Static and conditional stability criteria are explained too. Phenomena discussed
include, for instance, atmospheric waves and their analytical
solutions, frontal systems, hurricanes, féhn wind systems (Chinook), classical and non-classical mesoscale
circulations, the global circulation and circulation systems
(e.g. E1 Nifo Southern Oscillation). Basic principles of climatology and data analysis are introduced as well.

Air and Atmosphere
It discusses the vertical structure of the atmosphere under different aspects (temperature, pressure, composition,
magnetism, ionization): atmospheric structure, atmospheric composition, inert and reactive gases.

Thermodynamics of Atmosphere
We are given provides the fundamentals of the thermodynamics of irreversible processes as they are used in
meteorology. The discussion includes
the laws of thermodynamics, kinetic gas theory, atmospheric stability, and thermodynamics charts. The idea of
an air parcel and various thermodynamic
systems as they are used in meteorology and climate modeling are introduced as well. Both adiabatic and
diabatic processes are discussed. Thermodynamic
potentials are introduced for explanation of thermodynamical, dynamical and chemical concepts throughout the

book.

Vertical Structure of the Atmosphere
We can describe the vertical structure of the atmosphere by its composition, thermal state, pressure (force per
area), escape velocity, ionization, and the strength of the magnetic field.

Basic Definitions of Thermodynamics
Introducing meteorological concepts requires discussing basics of thermodynamics. Thermodynamics is an
axiomatic science based on fundamental principles that themselves are no longer explainable. We are given
defines the termini of thermodynamics required in meteorology.

Equation of State
The ideal gas; the universal gas constant; the individual gas constant; the air density and the specific volume; the
units of density measurement; the absolute thermodynamic scale; the partial pressure.

Hydrostatic Equation
The hydrostatic equation; normal pressure; the vertical pressure gradient; geopotential height; the dependence of
the vertical pressure gradient on the air temperature.

Barometric Pressure Adjusted to Sea Level
The barometric equation; the barometric equation of isothermal atmosphere; the hypsometric equation; the
barometric equation of homogeneous atmosphere; the barometric equation of polytropic atmosphere;

First Law of Thermodynamics
We are given definition of first law of thermodynamics, equivalence of heat and work done, application of the



first law of thermodynamics
to meteorology, kinetic theory of heat, specific heat, potential temperature and applications of potential
temperature.

Thermodynamic Diagrams. Stratification and Stability
The level of condensation; the moist adiabatic process; the pseudo-adiabatic process; the equivalent potential
temperature; convective instability; convective neutrality; convective stability; convective available potential
energy; the potential temperature; equivalent potential temperature.

Second Law of Thermodynamics
The second law of thermodynamics is an axiom that tells us how heat is transformed into work.30 The second
law of thermodynamics postulates the impossibility to construct a periodically working engine that does nothing
else than cooling a heat reservoir and transferring the heat change into work. During real processes the entropy
of a closed system increases. From a molecular point of view, the second law of thermodynamics is a matter of
high probability, but not of absolute certainty.

Latent Heat
The latent heat; Clausius-Clapeyron Equation; Magnus formula; relative humidity.

Vertical Temperature Gradients and Mixing in a Moist Atmosphere
As phase transition depends on moisture and temperature, we discuss the change of these quantities with height.
Dew-point temperature gradient; saturation adiabatic temperature gradient. Vertical mixing, forced ascends at a
mountainous barrier, frontal lifting and convergence of the horizontal wind field (e.g. low pressure systems,
squall lines, thunderstorms, local convection) are mechanisms to lift air so that condensation/deposition occurs.
Vertical mixing occurs because of turbulent and/or convective processes.

Clouds and Precipitation
This lecture introduces the theoretical basis of the seven microphysical processes and the terms of their
sub-processes. It discusses the concepts of conservation of total water mass, as well as bulk-parameterizations
and spectral cloud models. The various cloud types and cloud morphology as a result of their microphysical
properties and formation processes are presented as well.

Nucleation of Liquid Droplets
Nucleation is the process when water-vapor molecules accumulate to build an initial drop or ice crystal. In the
air, water molecules collide randomly and build embryo droplets. We call this process homogeneous nucleation
in the case of pure water, and heterogeneous nucleation when a droplet or ice crystal form on a cloud
condensation nuclei (CCN) or ice nuclei (IN), respectively. Homogeneous nucleation rarely occurs in the
atmosphere because it requires extremely high super-saturation values non-existent in the atmosphere.
Nevertheless, discussing homogeneous nucleation provides valuable insight on nucleation.

Water-vapor diffusion
Water-vapor diffusion can be directed towards the particle (condensation or deposition) or from a particle into
its environment (evaporation or sublimation). The binding forces of ice are stronger than those of water, the
saturation pressure of water exceeds that of ice, the saturation pressure over a concave surface exceeds that over
a convex surface, and the saturation pressure is higher for pure water than for a solute have consequences for
mixed phase clouds.

Deposition and Sublimation
Diffusion growth of an ice crystal; the water-vapor diffusion onto ice crystals; the Bergeron-Findeisen-Wegner
process.



Accretion and Coalescence
The coalescence; collection kernel; the aerodynamic effects of coalescence; coalescence efficiency.

Aggregation and Riming
The aggregation; the riming; the hail dry growth and wet growth.

Raindrop Breakup
The falling drop; breakup; the maximum stable radius for a drop.

Solar Constant and Insolation
The actual distance between the Sun’s center and the orbit of the Earth. The orbital effect. Elements of the
Earth-Sun geometry. The solar constant. Insolation.

Blackbody Radiation
This covers the nomenclature and basic quantities used in meteorology to describe the atmospheric radiation
processes. The principle of blackbody radiation are applied to the atmosphere. Planck’s law. The Boltzmann
constant. The Planck function. The Rayleigh-Jeans law. The exponential law of Wien and Paschen. The
brightness temperature. Wien’s displacement relationship. The power law of Stefan and Boltzmann. Kirchhoff’s
law. The gray bodies; the relative spectral emittance.

Shortwave Radiation
This covers the nomenclature and basic quantities used in meteorology to describe the atmospheric radiation
processes. The principle of shortwave radiation are applied to the atmosphere. Scattering; single scattering and
multiple scattering; independent scattering. Geometric Optics: halos, the albedo and a secondary rainbow, ideal
diffuse reflector. Mie scattering. Rayleigh scattering. Diffraction. Absorption.

Long-wave Radiation
This covers the nomenclature and basic quantities used in meteorology to describe the atmospheric radiation
processes. The principle of long-wave radiation are applied to the atmosphere. In accord with the
Stefan-Boltzmann’s law, and Wien’s displacement law all components of the climate system emit radiant
energy in the long-wave spectrum. All real bodies emit and absorb less radiant energy than a blackbody at the
same temperature and wavelength, for which their emittance is less than and varies
with the wavelength in accord with Kirchhoff’s law. In solids and liquids, emittance only slightly varies with the
wavelength, while it strongly varies in gases. Atomic
gases absorb (emit) radiant energy in distinct wavelength intervals that are called the spectral absorption lines.
Molecular gases show absorption bands. Various types
of surfaces have slightly different emissivities. Absorption and emission depend on the gases’ atomic or
molecular structure and the wavelength. Thus, each chemical
element or combination of elements has its characteristic absorption and emission spectrum. Emission lines can
result from transitions to the ground state or between
excited states. According to Kirchhoff’s law if radiation penetrating a gas can excite atoms (molecules), its
energy will not be absorbed or emitted.

Atmospheric Radiation
This lecture covers the nomenclature and basic quantities used in meteorology to describe the atmospheric
radiation processes. The basics of the interaction radiation-atmosphere and the radiative transfer are presented.
The radiative transfer equation including the solution for a plane-parallel non-scattering atmosphere are
discussed: the Beer-Bouguer-Lambert law, optically thick and optically thin.



Radiative Transfer
Depletion of the radiant intensity in traversing an the atmosphere. The monochromatic source function. The
Beer-Bouguer-Lambert law,
and the solution of the Schuster-Schwarzschild equation. The optically thick and the optically thin.

Global Radiation Budget
The net radiation. The planetary albedo. Global shortwave radiation budget. The global long-wave or infrared
radiation budget. Planet Earth has a variety of different surface types. They behave differently because of their
various hydrological and radiative properties. The albedo and emittance depend on soil, vegetation type and
coverage and snow/ice age and coverage. The following subsection exemplarily discusses the energy and water
budget equations for an area partly covered by vegetation and a closed
SNOW-COVer.

Natural Coordinates
Natural coordinates are useful for describing and understanding the kinematic and dynamic behavior of flows.
Trajectories versus streamlines.

Kinematics of the Large-scale Flow
The absolute vorticity or Rossby Ertel vorticity in the inertial system and the relative velocity. The Coriolis
parameter. The shear vorticity. The curvature velocity. The potential vorticity.

Navier-Stokes Equation
The local balance equation of momentum. Coriolis acceleration. The Coriolis force or Coriolis effect. Euler’s
equation of motion. Vorticity Equation.

Dynamics and Synoptic
In the lecture Dynamics and Synoptic, the basic laws for describing the kinematic and dynamic behavior of
tropospheric flows are presented and discussed. The conservation equations for momentum (Newton’s 2nd law),
total mass (equation of continuity), dry air, water substances, trace constituents, and energy (1st principle of
thermodynamics) are presented and explained, where inertial frames and moving frames rotating with the Earth
are considered. Simplifications like the
hydrostatic and geostrophic approximations are related to scaling considerations (scale analysis). Balanced
curved flows, streamlines and trajectories are explained as well. Circulation and vorticity principles are
discussed to analyze rotational flows. This part includes, for instance, the balance equation for vorticity and the
distinction between absolute and relative vorticity. Wave analysis is explained by examples like gravity waves
and Rossby waves. Principles of Ekman’s physics of the atmospheric boundary layer are presented to point out
the effects of turbulent motion. The lecture also encompasses how principles of dynamics and kinetic as well as
numerical weather prediction model results are used in weather forecasting.

Geostrophic Wind
The geostrophic approximation and the geostrophic wind. The technic for calculate the geostrophic wind.

Tropical Cyclones
Parameters are relevant for the genesis of tropical cyclones. Dynamics of Tropical Cyclones.

Vertical Velocity
Calculate the vertical scalar velocity in cyclone use pressures other levels.

Turbulent Motion
Properties are associated with turbulent flows. A model concept of turbulence. Reynolds averaging. The



Boussinesq approximation and it is related to Reynolds averaging. Reynolds stress tensor. Anelastic
approximation. The closure problem of turbulence. Parameterize the eddy transport phenomena: the first-order
closure.

Weather Maps
Weather maps are the result of either observations or NWP. In the following, we briefly discuss various
commonly used weather maps. The task to study cyclonic activity: find the cyclone, determine the stage, track
the pressure change in the center, determine the height of the baric formation at all stages, determine the
position of the fronts.

Frontal Motions
Bjerknes’ circulation theorem. Arctic, polar and mediterranean front, and jet stream. The transition zone.
Conveyor belt theory. Migration of surface cyclones relative to Rossby Waves. Other kinds of depressions
originate from thermal heat lows developing over inland continental areas in summer as well as dynamic or
orographic depressions. Cold and warm fronts.

Anticyclones
Anticyclones characteristics is given. The section explains the mechanism of development anticyclones.

Climate and Climatology
This lecture is a brief introduction to climate and climatology in a sense as it is used in meteorology. It
introduces the basic nomenclature used in climate studies and climatology. The lecture provides a brief
introduction into basic climate statistics and climate analysis methods and discusses the general circulation in
terms of examples of applications. Major large scale and mesoscale features are elucidated from a
meteorological point of view as they are part of the regional
climate. Furthermore, a brief glimpse on the biogeophysical cycle is provided. Major challenges of climate and
Earth system modeling as well as regional climate modeling are pointed out. The lecture also presents the K§
ppen-Geiger classification that is recently often applied for climate assessment and assessment of climate model
simulations.

Regional Climate
In many places on Earth, the distance to large water surfaces, the elevation, topography of the landscape, the
land-cover and/or land-use of the landscape strongly affect the regional climate. In various lectures, we already
addressed some regional climate features as examples or applications, for instance, orographic lifting, radiation
fog, radiative inversions or subsidence inversions. Realize that mesoscale phenomena are going hand in hand
with favorable large scale forcing. This means in regional climate dynamics no general overall theory exists.
Nevertheless, everything follows the physical laws discussed in previous lectures. Here we briefly present the
physics behind the regional climate aspects that are overlain to the general circulation features discussed in the
previous sections. For brevity, we restrict the discussion to regional climate aspects not covered in previous
chapters.

Climate change
The lecture explains the mechanism of climate change. Exampels climate change is given. Climate change
characteristics is showen.

The Final Test
The final control task of theoretical knowledge was tested.

Study of geospheres. Study of hydrosphere
Hydrology as a science. History of Hydrology. Physical and chemical properties of water. The global



hydrological cycle. Residence time. Catchments, Watersheds and Drainage Basins. Physical Characteristics of
Watersheds. Runoff mechanisms. Overland flow. Subsurface flow. Baseflow. Channel flow. Measuring
streamflow. Physical or geomorphological estimation techniques. Runoff in the context of water quality.
Streamflow Forecasting. Hydrologic cycle of groundwaters. Groundwater occurrence. Aquifers. Groundwater
flow. Groundwater contamination and protection. Hydrograph separation. The unit hydrograph. Flow duration
curves. Flood frequency analysis. Water resource in a changing world.

1. Introduction
Hydrology as a science. History of Hydrology. Physical and chemical properties of water.

2. The hydrological cycle
The global hydrological cycle. The catchment hydrological cycle. The catchment or river basin. The water
balance equation. Residence time.

3. Watersheds Geomorphology
Catchments, Watersheds and Drainage Basins. Types of Watersheds. Physical Characteristics of Watersheds.
Channel Characteristics of Watersheds. Runoff and the Catchment. Basin Characteristics Affecting Runoff.

4. Surface water hydrology
Runoff mechanisms. Overland flow. Subsurface flow. Groundwater contribution to stormflow. Summary of
storm runoff mechanisms. Baseflow. Channel flow. Measuring streamflow. Instantaneous streamflow
measurement. Continuous streamflow measurement. Measuring hillslope runoff. Estimating streamflow.
Physical or geomorphological estimation techniques. Dilution gauging. Floods. Influences on flood size. Runoft
in the context of water quality. Rudimentary Precipitation-Runoff Relationships. Streamflow Frequency
Analysis. Streamflow Forecasting.

5. Groundwater hydrology
Groundwater: a vital resource. Hydrologic cycle of groundwaters. Groundwater occurrence. Aquifers.
Groundwater flow. Wells. Groundwater use. Groundwater quality. Groundwater contamination. Groundwater
protection. Planning for the future.

6. Streamflow analysis
Hydrograph separation. The unit hydrograph. Flow duration curves. Flood frequency analysis. Limitations of
frequency analysis.

7. Water resource in a changing world
Climate change. Change in land use. Groundwater depletion. Urbanization.

The final test
The final test contain theoretical questions which cover whole course topics.

Study of geospheres. Landscape science

1. Untroduction
Object and subject of research in landscape studies. The question of the relationship between Geography and
Ecology. Social and economic significance of Landscape Science.

2. History and Current Situation of Landscape science
Historical review of landscape ideas and landscape-ecological ideas. Landscape science schools in Russia. The
position of Landscape Science in the system of Earth’s sciences. Landscape science as a scientific direction in
Physical Geography.



3. Concept of the Landscape
Geographic components. Landscape, geosystem, natural-territorial complex. Representation and image of the
landscape. Components and characteristics of the landscape. Conditions for selecting a landscape.
Interpretations of the term landscape.

4. Research Methods
Research methods in Landscape Science. Traditional and modern research methods. GIS technologies.
Landscaping method. Typification and classification of landscapes.

5. Composition and Structure of the Landscape
Landscape components and landscape-forming factors. Geological basement, relief, climate, hydrological
objects and the organic world of the landscape. Parts of the landscape. Vertical and horizontal structure of the
landscape. Patterns. The boundaries of the landscape.

6. Dynamics and Functioning of the Landscape
Landscape moisture rotation. Biogenic turnover of substances. Abiotic migration of lithosphere matter. Energy
of the landscape and the intensity of functioning. Variability, stability and dynamics of the landscape. Landscape
development. Age and longevity of the landscape.

7. Concept of the Cultural Landscape
Stages of evolution of mankind and earthly nature. Reversible and irreversible anthropogenic changes in nature.
Modern natural and anthropogenic landscapes. Socio-economic functions of landscapes. Classification of
anthropogenic landscapes. Geotechnical systems. Ecological frame. Development of ideas about the cultural
landscape. Modern cultural landscapes: structure, functioning, anthropogenic regulation.

8. Landscape Planing
Functional zoning of the territory. Green cities. National parks and natural parks. Landscape design. Landscape
design

The Final Test
The final test is carried out in the last practical class. The test includes 30 questions on landscape science topics.
The solution time is 60 minutes.

Study of geospheres. Study of biosphere
The biosphere is viewed as an integral system evolving and functioning under the influence of the activity of
living matter.

The concept of the biosphere as an area of distribution of life
The section is devoted to the modern biosphere, its boundaries and integral parameters of living matter.

Introduction. The boundaries of the biosphere.
Unity and integrity of the biosphere. Methodological significance of the study of the biosphere for nature
conservation. Significance in solving problems and developing methods of applied ecology. The place of the
study of the biosphere in the system of natural sciences.
The boundaries of the modern biosphere. Physical and chemical parameters that determine the spread of life.
The concept of "past biospheres".
Evolution of ideas about a single picture of the world. Russian cosmism. V.I.Vernadsky and the cosmological
meaning of the study of the biosphere.

Living matter of the biosphere.



Definition of the living matter of the biosphere. Modern parameters of living matter: biomass and productivity
of land and sea organisms, diversity of prokaryotes and eukaryotes, integral indicators of the biological cycle in
the biosphere.

Types of matter in the biosphere: living, biogenic, bioinert, etc. Biogenic migration of chemical elements.
Biogeochemical principles of V.I. Vernadsky. Global functions of living matter in the biosphere. Energy
function: accumulation of solar energy during photosynthesis and chemosynthesis, pyramid of energy,
increasing energy reserves in natural waters, soils, lithosphere. Concentration function of living matter: selective
absorption of chemical elements, bioabsorption coefficients, biogenic minerals. Environment-forming function:
change in mechanical, physical, chemical and parameters of the environment under the influence of living
organisms and waste products. Destructive function: decomposition of organic and mineral substances by
organisms. Transport function: active movement of substances by animals and plants.

Evolution of the biosphere
The section is devoted to the evolution of the biosphere; the evolution of species of living organisms is
transferred to the environment, the evolution of the biosphere as a whole is underway.

The interaction of the evolution of species and the evolution of the biosphere according to V.I.
Vernadsky
The origin of life and the biosphere. General ideas about the evolution of the biosphere. Geochemical treatment
of species and speciation. Interaction between the evolution of living organisms and the evolution of the
biosphere. Biosphere determination of the processes of macroevolution of life.
The main trends in the evolution of the biosphere according to V.I. Vernadsky. Changes in the biomass of living
matter, an increase in the organization of the biosphere, the accumulation of energy in connection with the
evolution of life and the biosphere. The value of living matter in the formation and stabilization of the spheres
of the planet. The emergence and functioning of bioinert bodies. A new form of migration of chemical elements
in the biosphere. The concept of biospheric adaptations.

Evolutionary changes in the integral characteristics of the biosphere
Modern ideas about changes in biomass and biological productivity of living matter in the course of evolution.
Changes in energy reserves in the process of evolution and expansion of life. Energy accumulation in bio-inert
and biogenic systems of the biosphere. The relationship between the energy structure of the biosphere and the
processes of improving bioenergy systems. Changes in the information "fund" of the biosphere: increase in
biological information, accumulation of information in bioinert and biogenic formations. The stages of
development of the biological cycle of elements, the increase in its intensity in the course of the evolution of life
and the biosphere. Conjugate evolution of abiotic and biotic components of the environment. Self-regulation of
the biosphere and biosphere adaptations: cycles of biogenic elements, regulation of ocean chemistry, the system
of trophic connections, soil cover functions, stability and self-regulation of ecosystems, etc.

Evolution of the planet's bioinert systems
The section discusses the main stages of changes in the flora and fauna of the Earth, as well as the influence of
the evolution of life on the geospheres, on the formation of bioinert and biogenic matter.

Geochronology of the evolution of living organisms.
The sequence and duration of the main stages in the history of the biosphere, changes in the nature of fauna and
flora.

Biological cycle as the main factor in the formation and evolution of the planet's geospheres.
Bioinert systems of the planet. The biological circulation of substances is the main factor in the emergence,
complication, differentiation, and self-organization of bioinert bodies.



The influence of the evolution of living matter on the gas composition of the atmosphere. Hypotheses about the
origin of the Earth's atmosphere, degassing of the mantle. The composition of the primary atmosphere, the
participation of microorganisms in its transformation. The emergence of an oxygen-carbon biogeochemical
cycle and the accumulation of free oxygen. The relationship between the dynamics of oxygen content and the
progressive evolution of animals. Historical transformations of vegetation, atmosphere and climate as a single
self-regulating process. The cyclical nature of the mass exchange of gases in the modern system: living matter -
atmosphere. Relationship between the gas composition of the atmosphere and the thermal regime of the planet.
Hypotheses about the origin of the hydrosphere. Historical geochemistry of the ocean. The role of living
organisms in the formation of the chemical composition of the ocean in the Precambrian. Changes in ocean
chemistry in the Phanerozoic. Bioinert nature of the modern ocean: the processes of formation and
decomposition of living matter and their participation in the differentiation of the properties of the water
column, in the formation of silts, in the migration of scattered elements. Zoning in the accumulation of biogenic
sediments of the world ocean.

Evolution of sediment formation in relation to the evolution of life. Abiogenic stage of sedimentation. Stages of
sediment formation in connection with the evolution of living matter. Direct and indirect influence of vital
processes on sedimentation. Morphological, biochemical and geochemical evidence of the participation of
living organisms in the formation of sedimentary rocks of the Precambrian.

The participation of living organisms in the formation of carbonate, siliceous sedimentary rocks, caustobiolites,
phosphates, ferruginous, manganese and alumina rocks, salts, clastic and clayey sedimentary rocks, deposits of
sulfur, uranium, polymetallic ores. Irreversible progressive evolution of the earth's crust and upper mantle,
hypotheses about the interaction of matter and energy of the biosphere with the internal energy of the Earth,
matter of deep origin.

Bioinert and biogenic systems of the biosphere
The emergence of living organisms on land, the accumulation of waste products, the formation of contrast in the
geochemical environment. Surface waters and silts as bioinert systems; the role of plants and microorganisms in
the formation of hydrochemical zoning of waters. Variety of silts; biogeochemical mechanisms of formation of
gley, hydrogen sulfide, diatom and other silts. Relict silts. Bioinert nature of the weathering crust and aquifers of
the lithosphere, the variety of their properties and connection with the processes of life and soil formation.
Bioinert nature of soils: biogenic accumulation of chemical elements, the role of living organisms in the
formation of the soil profile. Formation of primary soils. Relationship between soil formation and the evolution
of higher plants and transformations of the biological cycle of substances. The main stages of soil evolution, the
development of the main types of soil formation. Biogeochemical and energy patterns of ecosystem functioning.
The main components of the biological cycle of chemical elements in terrestrial ecosystems. Biomass and
annual production of vegetation as the most significant features of an ecosystem. Photosynthesis and
chemosynthesis as sources of energy for vital processes. Energy transfer from autotrophs to consumers and
reducers. The influence of vital processes on the inert components of the ecosystem.

The influence of the history of society on the history of nature
Changes in the natural environment and the development of human society.
The impact of ancient man on the ecosystems of the Earth: selective destruction of animals, pyrogenic influence,
deforestation. The scale of the Cro-Magno influence on the nature of America, Australia, Tasmania. The forced
transition of a person from an appropriating economic structure to a reproducing one. The ecological
consequences of ancient agriculture and animal husbandry. Creation of the first artificial biocenoses.
Improvement of the exploitation of natural resources in the conditions of agricultural culture. Gradual
anthropogenic evolution of the planet's natural ecosystems. Man's alienation from nature, man's opposition to
the natural world.
Environmental consequences of technogenesis.



The concept of technogenesis. Technogenic characteristics of the modern biosphere. Geochemical and
geophysical consequences of technogenesis. Geochemical transformation of ecosystems, technogenic
geochemical anomalies. Resistance of ecosystems to pollution. Ecosystems, War and the Military-Industrial
Complex; ecocide - deliberate human impact on ecosystems for military purposes. The threat to the existence of
life from nuclear energy: the consequences of radionuclide pollution, forecast of the destruction of the biosphere
during a nuclear war.

The state of living matter in the modern biosphere. Decrease in biomass and productivity, destruction of
habitats, decrease in biodiversity. Features of the evolution of living matter in the modern biosphere: mutagenic
activity of the products of technogenesis, a directed increase in the diversity of individual groups of organisms,

Composition of the modern biosphere
The section is devoted to the chemical organization of the modern biosphere, the role of living organisms in the
regulation of global cycles of chemical elements in the biosphere. The concepts of biosphere development are
considered.

Biogeochemical cycles of the elements in the biosphere
The main regularities of biogenic, physicochemical, mechanical, technogenic migration of chemical elements.
The global carbon cycle. Content and form of occurrence of carbon in the atmosphere and the world's oceans.
Carbon content in organisms of land, ocean, pedosphere. Reserves and form of occurrence of carbon in the
sedimentary shell and the earth's crust. Fractionation of carbon isotopes with living matter. The importance of
photosynthesis and carbonate formation in the regulation of carbon dioxide concentration. Atmo- and
hydrochemical carbon cycle and the influence of vital processes on it. Carbon cycle and biosphere climate.
Technogenic input of carbon oxides into the atmosphere.
Global cycles of oxygen and hydrogen. Oxygen reserves and form in the atmosphere, hydrosphere and
lithosphere. Photosynthesis and oxygen formation. Oxygen exchange between the atmosphere and the ocean.
Biogenic and abiogenic mechanisms of hydrogen migration: degassing of the mantle, dissipation into space,
binding in living and inert matter.
Global nitrogen cycle. Geological sources of nitrogen input into the atmosphere. Stocks and form of nitrogen in
the earth's crust, atmosphere and oceans. Nitrogen content in living matter of land, ocean, pedosphere. Migration
of nitrogen between the atmosphere, pedosphere, ocean, land waters, living matter. Participation of nitrogen in
sedimentation. The role of microorganisms in the formation and fixation of nitrogen compounds: nitrogen
fixation, ammonification, nitrification. Uptake of nitrogen by plants, animals, soil. Technogenic changes in
global nitrogen cycles, the role of industrial fixation, fertilizers, legumes, wastewater.
Global phosphorus cycle. Content in the earth's crust, hydrosphere, land and ocean organisms, pedosphere
matter. The role of weathering and geological processes in the entry of phosphorus into the biosphere.
Participation in the biological cycle and continental runoff. Anthropogenic influence on the phosphorus cycle,
the role of phosphorus fertilizers, wastewater.

Direction of development of the modern biosphere
The concept of the unity of man and nature according to V.I. Vernadsky, the doctrine of the noosphere. The
problem of biodiversity conservation, disruption of global biogeochemical cycles of substances in the biosphere
and their consequences. The concept of co-evolution of man and the biosphere. Analysis of alternative ways of
possible evolution of the biosphere: stopping technical progress and returning to autotrophic mechanisms of
existence, complete replacement of the biosphere with the technosphere, resettlement to other planets, etc.

The final test
Writing an essay "What is the main essence of the study of the biosphere?"



6. MeToanueckue YKa3aHus /151 00yYaIOUIMXCH 10 OCBOCHHIO JUCIHUIIIHHBI

OcBoeHme JUCIUIUIMHBI TPeOYeT CUCTEMATHYECKOT0 U3YUEHHUs BCEX TEM B TOM IOCIIE0BATEIBHOCTH, B
KaKoW OHM yKa3aHbl B paboueil mporpamme.

OcCHOBHBIMU BUAAMH y4€OHOU pabOTHI ABJISIOTCS ay IUTOpPHBIE 3aHATUA. VX 1ensb - pacmmputh 6a3oBbie
3HaHUA 00yYaIOIIKXCs 10 OCBAMBAEMOM AUCLHUIIIIMHE U CUCTEMY TEOPETHUECKUX OPUEHTHPOB IS
HOCJIEAYIOIEro 6osee riry00Koro OCBOSHHUs IIPOrpaMMHOT0 MaTepualia B X0/1€ CaMOCTOSATEIbHOM PaboOTHI.
OOyuaronieMycst BAXKHO IOMHHUTb, YTO KOHTaKTHas1 paboTa ¢ mpernoaBaTeneM 3(h(HEeKTUBHO TOMOTAET eMy
OBJIa/IETh MMPOTPaMMHBIM MaTepUaioM Ojarogaps pacCTaHOBKE HEOOXOIUMBIX aKLIEHTOB U yAECPIKaHUIO
BHUMAaHMS MHTOHAIIMOHHBIMH MOJTYJISIIIUSIMH TOJIOCA, A TAKXKE MOAKIIIOUYCHUEM ayAHO-BH3YalbHOTO MEXaHU3Ma
BOCIIPUATHS HHPOPMALIUY.

CamocrodTenbHas paboTa MpecienryeT ClIeAyIoHe Heu:

— 3aKpEeIUIEHNE U COBEPIIEHCTBOBAHUE TEOPETUUECKUX 3HAHHUM, TIOTYYEHHBIX Ha JIGKLIMOHHBIX 3aHATHAX;

- (hopMupoBaHKE HaBBIKOB MOATOTOBKU TEKCTOBOW COCTABIIAOLIEH HHpOpMALUK y4eOHOTO U HAy4YHOTO
Ha3HAYEHUs JUIsl pa3sMELCHHs] B PA3JINYHBIX MH(POPMALMOHHBIX CUCTEMAX;

- COBEPIIIEHCTBOBAHUE HABBIKOB [TOMCKA HAYYHBIX MyOIMKaluil 1 00pa30BaTENIbHBIX PECYPCOB,
pa3MeleHHbIX B cetn HTepHeT;

- CAMOKOHTPOJIb OCBOEHUS IIPOrPaMMHOI0 MaTepHaa.

Ooyuatomiemycst HEOOXOAUMO MOMHUTB, YTO PE3YJIbTAaThl CAMOCTOSTENIFHON paOOThl KOHTPOIUPYIOTCS
MIPEeroIaBaTeNIeM BO BPEMSI IIPOBEICHHSI MEPOTIPUSATHIA TEKYIIETO KOHTPOJIS M YUUTHIBAIOTCS TIPH
IIPOMEKYTOYHON aTTECTaLUN.

Ooyuatonmmces ¢ OB3 1 nHBaNMMI0B MPEIOCTaBIAETCS BO3MOXKHOCTh BbIOOpa (popM nmpoBeeHust
MEPONPUATHIA TEKYIIIETO KOHTPOJIS, aTbTEPHATUBHBIX (OpMaM, MPEAyCMOTPEHHBIM pabodel MporpaMMoii
aucuuIuinHel. [IpegycmarpuBaeTcss BO3SMOXKHOCTD YBEJTMUEHUS B Ipejienax | akaJeMHUuecKoro yaca BpeMeHH,
OTBOJIMMOTO Ha BBIIIOJIHEHUE KOHTPOJIBHBIX MEPOIIPUATHI.

ITponetypa onieHMBaHUS Pe3yJIbTATOB 00YUEHHS MHBAJIUAOB U JIUI C OTPaHUYEHHBIMU BO3MOXKHOCTSAMU
3JI0POBbsI [0 JUCLUIUIMHE MPEeIyCMaTPUBAET MPeA0CTaBIeHUE HHPOpMaLH B (popMax, aTanTHPOBAHHBIX K
OIPaHUYEHUSM UX 310pPOBbS U BOCIIPUATHSA HHPOPMALIUY.

ITpu npoBeieHNH TEKYyIEro KOHTPOJI IPUMEHSIOTCS OLIEHOUHBIE CPEACTBA, 00eCIeUnBaroLIe nepeaavy
nH(popMalnu, OT 00yyaroLIerocs K IpernoaaBaTesio, C y4eToM ICUX0(PU3N0IOTHYECKUX 0COOEHHOCTEN
3I0POBBST O0YJAFOIITIXCS.

7. llepedyeHb y4eOHO-MeTOAMYECKOT0 00ecTiedeH s AJIsl CAMOCTOSAITEIbHOM PadoThI
o0y4aromuxcs o JUCIUIINHE

[Ipu camocTosTeNbHON paboTe 00yUaIOMIUMCS CIETYET UCIOIB30BaTh!

— KOHCIIEKTHI JIEKITHIL,

— JINTEPATypy U3 MEePEYHSI OCHOBHOU U JOTOJTHUTEIHHOM Y4eOHOH TUTEpaTyphl, HEOOXOIUMOMN ISt
OCBOCHMS TUCIUIUIUHBI (MOJTYJIST);

— TEKCT JIEKIUN Ha SJIEKTPOHHBIX HOCUTEISX;

— pecypchl HH()OPMAITMOHHO-TEIIEKOMMYHHUKAITMOHHOH ceTn "MHTepHeT", HEOOXOAMMBIE JIIST OCBOCHUS
JTUCIUTUIUHBL,

— JIMIIEH3UOHHOE U CBOOOIHO pacpOCTpaHIEMOE MPOrpaMMHOE 00eCTIeUeHNEe U3 TIEPEUHSs
MH(OPMALIMOHHBIX TEXHOJIOTHH, UCIIOJIb3YEMbIX IIPHU OCYIIECTBICEHUH 00pa30BaTeIbHOrO MpoIecca mno
JUCIUIUINHE;

— METOAMYECKHE yKa3aHUs i1 00y4arOIIUXCs 0 OCBOSHUIO AUCIUILTUHBIL.



8. [lepeyeHb OCHOBHOM M IONOJHUTEIbHON YUeOHOM JIUTEPATYPbI
OcHoBHas:

1. Biosphere Reserves in Action:Case Studies of the American Experience.-Springfield,1995.-86.

2. V.I. Osipov, Biosphere and Environmental Safety / V.I. Osipov // Publisher Name: Springer, Cham, 2019. —
53 p. — ISBN 978-3-319-91259-2. — TekcT : 27IeKTPOHHBIH // DIEKTPOHHO-OUOIMOTEYHAsT CUCTEMA
SpringerLink : [caiiT]. https://link.springer.com/book/10.1007/978-3-319-91259-2

3. Nicole M&#246;lders. Lectures in Meteorology / Nicole M&#246;lders. Gerhard Kramm // Publisher Name:
Springer, Cham. - 2014. - 591 p. - ISBN 978-3-319-02144-7. [ DnexkTpoHHBIIA pecypc].
https://link.springer.com/book/10.1007%2F978-3-319-02144-7

4. Arup K. Sarma, Vijay P. Singh, Rajib K. Bhattacharjya, Suresh A. Kartha. Urban Ecology, Water Quality and
Climate Change. Springer, Cham, 2018. Online ISBN 978-3-319-74494-0. TekcT 31eKTpOHHBIH.
https://link.springer.com/book/10.1007/978-3-319-74494-0

JdomosHuTebHAA:

1. Olivier Barri&#232;re. Coviability of Social and Ecological Systems: Reconnecting Mankind to the
Biosphere in an Era of Global Change / Olivier Barri&#232;re, Mohamed Behnassi, Gilbert David, Vincent
Douzal [u np.] // Publisher Name: Springer, Cham, 2019. — 729 p. — ISBN 978-3-319-78497-7. — Tekcr :
AJIEKTPOHHBIN // DIIeKTpOHHO-O0nbMoTeuHas cucrema SpringerLink : [caiT].
https://link.springer.com/book/10.1007/978-3-319-78497-7

2. Kate Meyer. Planetary Accounting / Kate Meyer, Peter Newman // Publisher Name: Springer, Singapore. -
2020. - 278 p. - ISBN 978-981-15-1443-2. [OnexTpoHHBIN pecypc].
https://link.springer.com/book/10.1007/978-981-15-1443-2

3. Robert C. Brears, "The Green Economy and the Water-Energy-Food Nexus", 2018, ISBN 978-1-137-58365-
9. [OnexTponnsiii pecypce]. https:/link.springer.com/book/10.1057/978-1-137-58365-9



9. Ilepeuenn pecypcoB cetu UHTEpHET, HEOOXOAUMBIX /IJII OCBOCHHUSA TUCIUILINHBI

https://gmvo.skniivh.ru/ The system for state monitoring of water bodies
http://www.rivdis.sr.unh.edu/ The Global River Discharge Database (RivDIS v1.1)
https://whe.unesco.org UNECKO. Cuitural Landscape
https://www.britannica.com/science/biosphere Biosphere. David M. Gates
10. Ilepeyenb UH(POPMAITUOHHBIX TEXHOJIOTHIA, HCIOJIb3yeMbIX IIPH OCYIIECTBJICHUMN
00pa30BaTeJIbHOI0 MpoIecca Mo AMCHUIINHE

O6pazoBatenbHbIi nporiecce mo nuciuiuinae Study of geospheres mpenmnonaraer UCMnoib30BaHKE
CJICAYIOIIETO MPOTPAMMHOTO 00ecTieueH s 1 MHPOPMAIIMOHHBIX CIIPABOYHBIX CUCTEM:
Presentation data (slides on the theoretical and practical classes); on-line access to the Electronic Library System
(ELS); access to the electronic information and the university educational environment.
Internet services and electronic resources (search engines, e-mail, professional thematic chats and forums, audio
and video conferencing systems, online encyclopedias, etc.)
Office "LibreOftfice". Programs for demonstrations of video (VLC player).
Software for laptop: OS "Alt Education" (Contract Ne JIC 003-2020).

IIpu ocBOCHMM MaTepHalla U BBIIOJHEHU 3aJaHUH 110 JUCLHUIUIMHE PEKOMEHAYETCS UCIIOIb30BaHUE
MaTepHaoB, pa3MelleHHbIX B JInunbix kabunetax odyvaromuxcs ETUC [ITHUY (student.psu.ru).

[Ipu opranuzanuu AUCTAaHIIMOHHON paOOTHI U MIPOBEICHUU 3aHATHI B pEeXKUME OHJIAH MOTYT
UCTIOJIB30BAThCS:

cucTeMa BHUeoKOoH(epeHIICBsA3H Ha ocHOBe TuaTdopmbl BigBlueButton (https://bigbluebutton.org/).

cuctema LMS Moodle (http://e-learn.psu.ru/), koTopas moanepKuBaeT BO3MOKHOCTh UCIIOJIb30BaHUS
TEKCTOBBIX MaT€pPHAJIOB U MPE3EHTAIINH, ayINO0- U BHJICOKOHTEHT, a TaK JK€ TECTHI, IPOBEPsEMbIE 3a/1aHus,
3aJJaHus JJ1 COBMECTHOM paboTHI.

cuctema tectupoBanus Indigo (https://indigotech.ru/).

11. Onucanue MaTepHAJILHO-TEXHUYECKOI 0a3bl, HEO0X0AMMOM AJIsl OCYLIeCTBJICHUS
00pa3oBaTeJILHOIO NMpouecca Mo AUCHHUILIMHE

Lectures, seminars, practical exercises, class assessment, group (individual) consultations - a classroom
equipped with presentation equipment (projector, screen, laptop) with software, chalk and/or marker board
and/or computer class with required software.
Independent work — a classroom equipped with computers, connection to the Internet and access to the
electronic information and educational environment of the PSU. Scienific library rooms of the Perm State
University.

[Tomemenust nayanoi 6momuorexku [ITHUY mist oGecniedenust caMoCTOSITEIbHON PaboThl 00yUYarOIIMXCS:

1. HayuHo-Oubnuorpaguueckuii otaen, kopm.l, aya. 142. O0opynoBaH 3 nepcoHalbHbIMU KOMIIBIOTEPA C
JOCTYTIOM K JIOKQJIbHOM U T7100aIbHON KOMIIBIOTEPHBIM CETSIM.

2. YnTanpHBIN 3aJ1 TYMaHUTAPHOM JUTEpATyphl, KoOpI. 2, ayad. 418. O6opymoBaH 7 nepcoHaTbHBIMU
KOMIIBIOTEPAMH C IOCTYTIOM K JIOKaJIbHOHM U I7T00AIBbHOM KOMIIBIOTEPHBIM CETSIM.

3. UuranbHbIH 3a71 €CTECTBEHHOM auTeparypsl, kKopim.6, aya. 107a. O6opynoBaH 5 nepcoHaNbHBIMU
KOMIIBIOTEPAMH C IOCTYIIOM K JIOKaJIbHOM U INT00ANBbHOM KOMIIBIOTEPHBIM CETSM.

4. OTnen nHOCTpaHHOU NUTEpaTyphl, Kopi.2 aya. 207. O6opyaoBaH 1 nepcoHaIbHBIM KOMIBIOTEPOM C
JOCTYTIOM K JIOKaJbHOM U T7100aIbHONM KOMIIBIOTEPHBIM CETSIM.

5. bubnuoTteka opunuyeckoro axynprera, kopmn.9, aya. 4. O6opynoBana 11 nepcoHaIbHBIMU
KOMITBIOTEpPAMH C JOCTYIOM K JIOKaJIbHOU U T7100a1bHONH KOMIBIOTEPHBIM CETSIM.

6. UnuranbHpli 3a1 reorpadudeckoro dakynaprera, kopn.8, aya. 419. O6opynoBan 6 nepcoHaIbHBIMU



KOMITBIOTEPAMH C JOCTYTIOM K JIOKaJbHOU U TT100aTbHONW KOMIBIOTEPHBIM CETSIM.

Bce koMmbloTephl, yCTAaHOBIICHHBIE B IOMEIICHUAX HAYYHONH OMOIMOTEKH, OCHAIICHBI CIIETYIOIIUM
MIPOTrpaMMHBIM 00€CTICUeHUEM:

Omneparmonnas cuctema ALT Linux;

OdoucHerii naker Libreoffice.

CnpaBouno-npaBoBas cuctema «Koncynprantlmrocy»



@oH/IBI OIIEHOYHBIX CPEICTB JIsl ATTECTANMH MO JUCHHUIIJIHHE
Study of geospheres

I[lnannpyembie pe3yabTaThl 00y4eHHsl 0 TUCHUILIHHE IS GOPMUPOBAHUS KOMIIETEHIIUM.
NuaukaTopbl M KPpUTEPUU UX OLleHMBAHUS

OIIK.5
BJIaJleTh COBPEMEHHbIMHM METOAAMH €CTECTBEHHOHAYYHBIX HCCJIEA0BAHNM, AaHAJIN3A JaHHBbIX,
NMPOEKTHPOBAHMSA
Komnerenuus IInanupyemsle pe3yJibTaThl Kpurtepun oneHnBanus pe3yjbTaToB
(MHAUKATOP) o0y4eHust o0y4eHust
OIIK.5 To know the modern methods of HeynosiierBopuren

BJIQJIETh COBPEMECHHBIMH
METOJaMU

C€CTCCTB CHHOHay‘IHBIX
HWCCIICIOBAHM, aHaIN3a
JTAHHBIX,
MIPOCKTUPOBAHUS

hydrological research, data
analysis, design

Student doesn’t know the modern methods of
hydrological research. Unable to do basic data
analysis and results interpretation with several
mistakes.
Y10BJ1€TBOPUTEbH

Student not well knows the modern methods of
hydrological research. Able to do basic data
analysis and results interpretation with several
mistakes.

Xopouro
Student knows the modern methods of
hydrological research. Able to do basic data
analysis and results interpretation with few
mistakes.

OT1iu4HO
Student knows the modern methods of
hydrological research. Able to do basic data
analysis and results interpretation.

OIIK.5

BJIaJIETh COBPEMEHHBIMU
METOJaMH
€CTECTBEHHOHAYYHBIX
HCCIIeAOBaHUM, aHaIU3a
JTaHHEIX,
MIPOEKTUPOBAHUS

Know the processes of
functioning and dynamics of
landscapes

HeynoBiaerBopuren
Do not know the processes of functioning and
dynamics of landscapes
Y10BJ1€TBOPUTEJbH
Knows the processes of functioning and
dynamics of landscapes at a satisfactory level
Xopomuo
Knows the basic processes of functioning and
dynamics of landscapes
OTtiam4yHo
Knows the processes of functioning and
dynamics of landscapes at a level that allows
solving complex professional problems

OIIK.5

BJIQJIETh COBPEMECHHBIMH
METOAaMU
€CTECTBEHHOHAYYHBIX

To know the modern biospheric
processes, be able to analyze the
role of biota in the stabilization of
biospheric processes, to have

HeynosierBopureJ
does not know the modern biospheric processes,
does not know how to analyze the role of biota
in the stabilization of biospheric processes, does




Komnerenuus Inanupyemsie pe3yabTaThl KpuTtepuu oneHuBaHus pe3yabTaToOB
(MHAUKATOP) o0y4eHust o0y4eHust
uccnenoBanuii, ananusza | skills of modern natural scientific HeynosiierBopuren

JAaHHBIX,
MIPOEKTUPOBAHUS

research

not know the methodology of modern natural
scientific research
YaoBaerBopuTeabH

fragmentarily knows modern biosphere
processes, fragmentarily knows how to analyze
the role of biota in stabilizing biospheric
processes, fragmentarily formed skills of
modern natural scientific research

Xopomuo
generally successful, but containing some gaps
in knowledge of modern biosphere processes;
generally successful, but containing some gaps
in the ability to analyze the role of biota in the
stabilization of biospheric processes; generally
successful, but containing some gaps in the
methodology of modern natural scientific
research

OT1iu4HO
knows modern biospheric processes, is able to
analyze the role of biota in stabilizing biospheric
processes, skills of modern natural scientific
research are formed

OIIK.3

3HATb OCHOBHBIC¢ TCOPUH, YYCHUA H KOHICIIIIUH B ITIPO

eCCHOHAJIBLHOM 00J1aCcTH

Komnerenuus I[Inanupyembie pe3yJibTaThI Kpurtepuu ouennBanus pe3yjbTaToB
(uHaHMKaTOP) o0y4eHHUs o0y4eHus
OIIK.3 To know the basic concepts, terms HeynosiieTBopuren

3HATh OCHOBHBIC TCOPHH,
YUEHUS U KOHIICTIIIUH B
npodecCHoHATBHOM
obmactu

and methods of landscape science

Do not know the basic concepts, terms and
methods of landscape science
YnoBaerBopuTeabH

Knows the concepts and terms of landscape
science, do not know landscape research
methods

Xopouo
Knows the concepts and terms of landscape
science, makes mistakes in the application of the
landscape research method

OT1iu4HO
Knows the basic concepts, terms and methods of|
landscape science, solves landscape problems

OIIK.3

3HaTh OCHOBHBIC TEOPHH,
YUCHUA U KOHICTIIUHA B
poQeCCHOHAIBHON

Know the processes and
phenomena occurring in the
spheres of the Earth. Be able to
analyze the role of the living

HeynosierBopure
Does not know the processes and phenomena
occurring in the spheres of the Earth. Doesn't
know how to analyze the role of biota in the




KoMnerennus
(MHAUKATOP)

IInanupyemble pe3y/bTaThl
o0y4eHust

Kpurepun oneHuBanus pe3yibTaToB
o0y4eHust

oOnactu

matter in the formation and
stabilization of the Earth's shells,
biospheric processes.

HeynosierBopureJ
formation and stabilization of the Earth's shells,
biospheric processes.

YaoBaerBopuTeabH
Partly knows the processes and phenomena
occurring in the spheres of the Earth. It is
difficult to analyze the role of biota in the
formation and stabilization of the Earth's shells,
biospheric processes.

Xopomuo
Has a general idea of ??the processes and
phenomena occurring in the spheres of the
Earth. Makes minor mistakes when analyzing
the role of living matter in the formation and
stabilization of the Earth's shells, biospheric
processes.
OTtim4yHoO

Perfectly knows the processes and phenomena
occurring in the spheres of the Earth. Knows
how to analyze the role of living matter in the
formation and stabilization of the Earth's shells,
biospheric processes.

OIIK.8

3HATh OCHOBBI YUeHHs 00 aTMocdepe, o ruapocdepe, o Ouocdepe u JanamadproBegeHUN

Komnerenuus IInanupyemble pe3y/bTaThl Kputepun oneHuBanus pe3yibTaToB
(uHaMKaTOP) o0yueHust o0yueHust
OIIK.8 To know the theory of surface and HeynoBjierBopures

3HaTh OCHOBBI YYEHHUsI 00
atmocdepe, o
ruzpochepe, o duochepe
1 JlaHamadToBeACHUH

groundwater hydrology.

Do not know the hydrological cycle, surface and
groundwater hydrology. Not able to determine
the river catchment border and to calculate the
catchment area and river length. Can’t do
hydrograph separation.
YnoBaerBopurTeabH

Know the hydrological cycle, surface and
groundwater hydrology. Not able to determine
the river catchment border and to calculate the
catchment area and river length. Can’t do
hydrograph separation.

Xopoio
Know the hydrological cycle, surface and
groundwater hydrology. Able to determine the
river catchment border and to calculate the
catchment area and river length. Can’t do
hydrograph separation.

O1an4Ho




KoMnerennus
(MHAUKATOP)

IInanupyemble pe3y/bTaThl
o0y4eHust

Kpurepun oneHuBanus pe3yibTaToB
o0y4eHust

OtiamnuyHo
Know the hydrological cycle, surface and
groundwater hydrology. Able to determine the
river catchment border and to calculate the
catchment area and river length. Can do
hydrograph separation.

OIIK.8

3HATh OCHOBBI YU€HHUs 00
atmocdepe, o
ruapocdepe, o buochepe
1 na"amadToBeIeHUN

To know the systemic properties
of landscapes, be able to apply the
landscape method in professional
activities.

HeynosierBopureJ
Do not know the systemic properties of
landscapes, does not know the landscape
method
YaoBy1eTBOPUTEBH
To know 2-3 systemic properties of landscapes;
be able to apply the landscape method in
professional activities.
Xopomuo
To know basis systemic properties of
landscapes; be able to apply the landscape
method in professional activities.
OTtiam4yHo
To know the systemic properties of landscapes;
be able to apply the landscape method in
professional activities.

OIIK.8

3HATh OCHOBBI yUEHHsI 00
atmocdepe, o
ruapocdepe, o buochepe
1 na"amadToBeIeHUN

To form basic knowledge, skills
and competencies in the
application of landscape science
in the professional activities of an
ecologist

HeynosierBopureJ
Do not know the basic knowledge, skills and
competence of the application of landscape
science in the professional activities of an
ecologist
YoB1€TBOPUTEJIBH

The basic knowledge, skills and competences of
the application of landscape science in the
professional activity of an ecologist have been
formed at a satisfactory level

Xopomuo
The basic knowledge, skills and competences of
the application of landscape science in the
professional activity of an ecologist for solving
simple problems have been formed

OTtim4yHoO
Basic knowledge, skills and competencies of the
application of landscape science in the
professional activity of an ecologist have been
formed at a level that allows solving design
problems

OIIK.8
3HaTh OCHOBBI YYEHHUsI 00

To know the basic concepts and
terms of the study of biosphere

HeynosjeTBopurei
Has a poor understanding of the modern




KoMnerennus
(MHAUKATOP)

IInanupyemble pe3y/bTaThl
o0y4eHust

Kpurepun oneHuBanus pe3yibTaToB
o0y4eHust

atmocdepe, o
ruapocdepe, o buochepe
1 na"amadToBeIeHUN

HeynosierBopureJ
parameters and functions of living matter.
Poorly represents the role of living matter in the
formation and evolution of the planet's
geospheres, bioinert and biogenic systems; does
not know the sequence and duration of the main
stages in the history of the biosphere. Has a poor
understanding of the structure of the modern
biosphere, global cycles of elements

YnoBaerBopuTebH
Has an understanding of the modern parameters
and functions of living matter. Poorly represents
the role of living matter in the formation and
evolution of the planet's geospheres; knows in
general terms the sequence and duration of the
main stages in the history of the biosphere. Has
a poor understanding of the structure of the
modern biosphere, global cycles of elements

Xopoio
Has an understanding of the modern parameters
and functions of living matter. In general terms,
it represents the role of living matter in the
formation and evolution of the planet's
geospheres; knows the sequence and duration of
the main stages in the history of the biosphere.
Has a general understanding of the structure of
the modern biosphere, global cycles of elements
OTtiam4yHo

Knows modern parameters and functions of
living matter. Has an understanding of the role
of living matter in the formation and evolution
of the planet's geospheres; knows the sequence
and duration of the main stages in the history of
the biosphere. Knows the structure of the
modern biosphere, global cycles of elements

OIIK.8

3HaTh OCHOBBI YYEHHUsI 00
atmocdepe, o
ruzpochepe, o duochepe
1 JlaHaad ToBeACHIH

To know the basic knowledge
about the atmosphere, processes
and phenomena occurring in it. Be
able to make the simplest
calculations of meteorological
values. Possess the terms of
meteorology.

HeynoBiaerBopuren
Knows some of the gases the atmospheric air.
Knows what the relative humidity is. Knows
what the air density is. It can convert the Pa to
the hPa.

YnoBaerBopuTebH
Knows the composition of atmospheric air. Can
calculate the relative humidity and the dewpoint
temperature deficit. Knows the equation of state
of moist air. Knows the dependence of




Komnerenuust IInanupyemble pe3y/bTaThl Kpurepun oneHuBanus pe3yibTaToB
(MHAUKATOP) o0y4eHust o0y4eHust
YnoBj1eTBOPUTEbH

atmospheric pressure on altitude. Knows the
Booger equation. Knows the mechanism of
formation of clouds and precipitation.
Xopouo
Knows and is able to calculate the specific gas
constant of moist air. Knows all the
characteristics of humidity. Knows the Booger
equation and the Stefan-Boltzmann equation.
Knows what the baric step and the vertical
pressure gradient are. Can calculate evaporation
from the surface of snow and water bodies.
OTtim4yHoO
Knows and is able to calculate the specific gas
constant of moist air. Can accurately keep
records and present the estimated materials of
the task. Knows the units of measurement of
humidity characteristics. Knows barometric
formulas and knows how to use them. Knows
the structure of the atmosphere and baric
objects. It can build an aerological diagram and
detect temperature inversion. Has the basic
knowledge about of temperature and
atmospheric pressure. Can calculate the
insolation at a known Sun height and
transparency coefficient.




OueHoYHbBIE CPEACTBA TEKYIIEr0 KOHTPOJISI M IPOMEKYTOUYHOM aTTecTanun

Cxema goctaBku ;. ba3zoBas

Buja meponpusiTHs NPOMeKYTOYHOM aTTeCTALMH ¢ DK3aMEH
Cnoco0 npoBeieHHs MEPONPUATHS MPOMEKYTOUHOI aTtTecTannu : OLEHKa M0 JUCIHUIUIMHE B pAMKax
MIPOMEKYTOUHOM aTTeCTaIH ONpPEeNsIeTCs Ha OCHOBE 06ayioB, HAOpaHHBIX 00YYArOIIMMCS Ha KOHTPOJIbHBIX
MEPOTPHUITHSIX, IPOBOIUMBIX B TEUEHHE YUEOHOTO IEPUO/A.
MaxkcuMajbHoe KoJimuecTBo 0ayiioB : 100

KonBepranusi 6a/U10B B 0TMETKH

«oTianyHo» - ot 81 1o 100
«xopowo» - ot 61 1o 80

«yOBJIETBOPUTEJBbHO» - 0T 50 10 60
«HEeYI0BJIETBOPUTEIbHO» / «He3auTeHo» MeHee 50 Oaia

KoMmnerenuus
(uHaAMKATOP)

Meponpusitue
TeKYILero KOHTPoJIs

Kountposmpyemblie 3jieMeHTbI
pe3yJibTAaTOB 00y4eHHs

OIIK.8

3HaTh OCHOBBI YYEHHUsI 00
atMocdepe, o ruapocdepe, o
ouocdepe u maHIMAPTOBEICHUN

Equation of State
ITncbMeHHOE KOHTPOJIbHOE
MeponpusaTHe

Be able to calculate the density values of
dry and wet air under given conditions.

Know the units of measurement of air
density. Know the physically sound

accuracy of the air density calculation.
Ability to record air density calculations.
Ability to accurately record decisions.

Ability to calculate air density values
without errors. Be able to search for

information on the Internet and draw up
charts.

OIIK.8

3HATh OCHOBBI yUEHHUsI 00
atMocdepe, o Tuapocdepe, o
ounocdepe u nanamadToBeICHUN

Hydrostatic Equation
ITucbMeHHOE KOHTPOJIbHOE
MeponpusiTue

The ability to correctly calculate
atmospheric pressure at known values of air
temperature, humidity and elevation
difference in the layer. Be able to accurately|
keep records of the decision. Knowledge of
the units of atmospheric pressure
measurement and the correction for
bringing the pressure to sea level.
Knowledge of the practical accuracy of the
calculation of atmospheric pressure and the
correction for the reduction of pressure to
sea level.




Komnerennus
(MHaUKATOP)

Meponpusitue
TeKylero KOHTPOoJIs

KonTposnpyemble 3jieMeHTbI
pe3yJbTaTOB 00yYeHUs

OIIK.8

3HATh OCHOBBI yUEHHsI 00
atmocdepe, o Tuapocdepe, o
ounocdepe u nanamadToBeIeHUN

Barometric Pressure Adjusted
to Sea Level

ITncbMeHHOE KOHTPOJIbHOE
MeponpusiTHe

The ability to correctly calculate
atmospheric pressure at known values of air
temperature, humidity and elevation
difference in the layer. Be able to accurately|
keep records of the decision. Knowledge of
the units of atmospheric pressure
measurement and the correction for
bringing the pressure to sea level.
Knowledge of the practical accuracy of the
calculation of atmospheric pressure and the
correction for the reduction of pressure to
sea level.

OIIK.8

3HATh OCHOBHI YU€HHUS 00
atmocdepe, o ruapocdepe, o
ounocdepe u nanamadToBeIeHUN

Thermodynamic Diagrams.
Stratification and Stability
ITncbMeHHOe KOHTPOJIbHOE

The temperature stratification curve. The
dewpoint temperature stratification curve.

The level of condensation. Student

MeponpusiTue
determines the position of the inversion.
Student calculates the potential temperature
of the air particle at an altitude of 800 hPa.
Student calculates the pseudopotential
temperature.

OIIK.8 Nucleation of Liquid Calculate the saturation relative humidity.

3HATh OCHOBBI yUeHHsI 00 Droplets

atmMocdepe, 0 ruapocdepe, o ITucbMeHHOe KOHTPOJILHOE

Ouocdepe 1 NaHANIAPTOBEICHUN | MeponpHsTHE

OIIK.8
3HaTh OCHOBBI yueHHsI 00

Deposition and Sublimation
ITncbMeHHOe KOHTPOJIbHOE

Be able to calculate the mass of deposited
moisture per drop, crystal, and flat surface

atMocdepe, o ruapocdepe, o MeponpusiTue of water.

ounocdepe u nanamadToBeICHUH

OIIK.8 Raindrop Breakup Determine the maximum stable radius for a
3HaTh OCHOBBI YU€HHs 00 IMucbMeHHOe KOHTPOIbHOE | drop.

atmocdepe, o ruapocdepe, o MepOnpHsITHE

ounocdepe u nanamadToBereHUN

OIIK.8

3HaTh OCHOBBI YYEHHUsI 00
atmocdepe, o ruapocdepe, o
ounocdepe u nanamadToBeICHUN

Radiative Transfer
ITncbMeHHOE KOHTPOJIbHOE
MeponpusiTie

The ability to correctly calculate the
insolation and the turbidity factor. Be able
to accurately keep records of the decision.
Knowledge of the units of measurement of
insolation. Knowledge of the practical
accuracy of the calculation of insolation
and turbidity factor.




Komnerennus
(MHaUKATOP)

Meponpusitue
TeKylero KOHTPOoJIs

KonTposnpyemble 3jieMeHTbI
pe3yJbTaTOB 00yYeHUs

OIIK.8
3HaTh OCHOBBI yueHHsI 00

Global Radiation Budget
ITncbMeHHOE KOHTPOJIbHOE

Ability to determine the short-wave
radiation balance. Ability to determine the

atmocdepe, o rupocepe, o MeponpusiTae long-wave radiation balance. Ability to
ounocdepe u nanamadToBeICHUN ..

calculate the total radiation balance.
OIIK.8 Geostrophic Wind Ability to calculate geostrophic wind
3HaTh OCHOBBI yUEHHSI 00 IncpMeHHOE KOHTPOJILHOE
atMocdepe, o ruapocdepe, o MepONpHUsTHE
ounocdepe u nanamadToBeIeHUN
OIIK.8 Vertical Velocity Ability to calculate the vertical speed in a
3HATh OCHOBHI y4eHHs 00 IIncrMeHHOE KOHTPOJILHOE | cyclone.
arMocdepe, o runpocdepe, o MepOnpHUsATHE
ounocdepe u nanamadToBeICHUN
OIIK.8 Weather Maps Student could aible to find the cyclone,
3HaTh OCHOBBI yY€HHs 00 IIucbsMenHoe KOHTpOJILHOE | determine the stage, track the pressure
armocdepe, o ruzgpocdepe, o MeponpusiTue change in the center, determine the height

ouocdepe u maHIIAPTOBEICHUN

of the baric formation at all stages,
determine the position of the fronts.

OIIK.8 Regional Climate Determine the climate of a site in the Earth.
3HATh OCHOBBI yUEHHSI 00 IucbMeHHOE KOHTPOJILHOE

atmocdepe, o ruapocdepe, o MepOnpHUsITHE

ounocdepe u nanamadToBeIeHUN

OIIK.8 The Final Test Knowledge of the terms and theory of
3HATh OCHOBBI Y4€HHUS 00 HroroBoe KOHTpPOIBLHOE meteorology. For each correct answer to
armocdepe, o ruapocdepe, o MeponpusiTie one of the 35 test questions — 1 point. In

ouocdepe u maHIMIAPTOBEICHUN

total, a maximum of 35 points for correct
answers to all test questions.

Crneunpuxkanusa MeponpusTHI TEKyLIEro KOHTPOJISA

Equation of State

HpO,Z[OJ'DKI/ITCJIBHOCTL IMPOBCACHUA MCPOIIPUATUA HpOMe)KyTO"IHOI\/’I aTTeCTaluu: 1 vyaca
YcaoBus IIPOBCIACHUA MEPOIIPUATHUA: B YACHI CaMOCTOSITEJIbHOI paﬁDTbl
MaxkcuMalIbLHBIN 63.1'[]'[, BBICTABIISIEMBIH 3a MCPOIIPUATHE HpOMe)KYTO‘lHOﬁ aTTecTaluuu: 5

[TpoxomHoii 6amt: 2.5

IMoka3aTen oneHNBaHUS Bannbl
Graphs of the daily course of temperature, density of dry and moist air, atmospheric pressure and 1
mass fraction of water vapor for the city specified in the task are plotted, the values are calculated
correctly, the coordinate axes are signed correctly, the graphs are signed correctly, the date for
which the graphs are plotted is specified
All values of humidity characteristics are calculated: partial pressure, absolute humidity, specific 1
humidity (mass fraction of water vapor), mixture ratio, dew point deficit, saturation deficit.
The units of measurement for all six obtained humidity characteristics are indicated. 1




The solution and the answer are presented without blemishes and strikethrough.

All six values are specified with the required level of accuracy.

Hydrostatic Equation

[Tpo0mKUTETLHOCTD MTPOBEICHUS MEPOTIPUSATHS IPOMEKYTOUHOM aTtTecTanuu: 1 yaca
Y coBUs TPOBEICHUS MEPOTIPUATHSA: B YACHI CAMOCTOSITEIbHON PadoThI
MaxkcuMaibHBIN 0aJi1, BRICTABIIIEMBIH 32 MEPOTIPUATHE TPOMEKYTOYHOM aTTECTALMU: 5
[TpoxomHoii 6amt: 2.5

IToxa3zarTen oeHUBAHUA

Bajaabl

The pressure gradient values must be calculated correctly

The problem is solved using the baric stage

The solution and the answer are presented without blemishes and strikethrough

The units of measurement specified in the response are correct

The problem with the use of a vertical pressure gradient is solved

bt | [ [ e |

Barometric Pressure Adjusted to Sea Level

[TpoaomKUTEeNsHOCTD TPOBECHUS MEPOTIPUSATHUS IPOMEXKYTOUHOM aTtTecTanuu: 1 yaca
Y cIoBHUs TPOBEICHUS MEPOTIPUATHS: B 4ACHI CAMOCTOSITEIbHOI PadoThI
MaxkcuMaibHBIN 0aJi1, BRICTABIIIEMBIH 32 MEPOTIPUATHE TPOMEKYTOYHOM aTTECTALMU: 5
[TpoxomHoii 6amt: 2.5

IToxa3zarTen oeHUBAHUA

Bajaasl

Correctly find the correction for bringing the pressure to sea level

Correctly calculate with an error not exceeding 1% the pressure at the top of the mountain

The values are calculated with the required level of accuracy.

The units of measurement specified in the response are correct

The solution and the answer are presented without blots and strikethrough

S T [ N U [

Thermodynamic Diagrams. Stratification and Stability

[TpoaomKUTensHOCTD MTPOBECHUS MEPOTIPUATHS IPOMEXKYTOUHOM arTecTanuu: 1 yaca
YcnoBus mpoBeeHUS MEPOTIPUATHUS: B HACHI CAMOCTOSITEILHON PadoThI
MaxkcuMaiIbHBIN 0aJil, BRICTABIIIEMBIH 32 MEPOTIPUATHE TPOMEKYTOYHOM aTTECTAINU: 5
[TpoxomHoii 6amt: 2.5

IToxa3zarenn oeHNBAHUA

Bajaabl

The level of condensation is correctly determined and marked on the aerological diagram.

The inversion position is correctly defined and marked.

The temperature stratification curve is correctly constructed.

The pseudopotential temperature of the air particle at an altitude of 800 hPa is correctly
calculated.

[ T [ '

The potential temperature of the air particle at an altitude of 800 hPa is correctly calculated.




Nucleation of Liquid Droplets

IIpoaomKUTENLHOCTD IPOBEECHUS MEPOIIPUATHUS IPOMEKYTOUHOM arTecTanuu: 1 gaca
VYcnoBus NpoBeaeHUS MEPONIPUATHUS: B YACHI CAMOCTOSITEIbHON PadoThI
MaxkcumanbHbIi 0ais, BEICTABISIEMbIH 32 MEPONPUATHE IPOMEKYTOUHON aTTecTaluu: S
[IpoxoaHoii 6ammn: 2.5

IToxa3zaTesn oneHUBAHUS

Banabl

The saturation relative humidity RH are calculated correctly.

The calculated values in the response are specified with the required level of accuracy.

The solution and the answer are presented without blemishes and strikethrough

The units of measurement are specified correctly in the responses.

—_ = =N

Deposition and Sublimation

IIpoaomKUTENPHOCTD IPOBEAEHUS MEPONIPUATHUS IPOMEKYTOUHOM arTecTanuu: 1 gaca
VYcnoBus NpoBeaeHUS MEPONIPUATHUS: B YACHI CAMOCTOSITEIbHON PadoThI
MaxkcumanbHbIH 0an, BEICTABIsIEMbIH 32 MEPOIPUSATHE TPOMEKYTOUHON aTTecTaluu: 5
[Ipoxoauoii 6ammn: 2.5

IToxa3zaTenn oneHUBaHUA

Bajaasl

Correctly calculate the mass of deposited moisture per drop, crystal, and flat surface of water.

The calculated values in the response are specified with the required level of accuracy.

The solution and the answer are presented without blemishes and strikethrough

The units of measurement are specified correctly in the responses.

—_ = =N

Raindrop Breakup

IIpo0mKUTENBHOCT IPOBENCHMS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTecTanuu: 1 yaca
VYcnoBus NpoBeaEHUS MEPONIPUATHUS: B YACHI CAMOCTOSITEIbHON PadoThl
MaxkcumanbHbIH 0an, BEICTABISIEMbIH 32 MEPOIPUATHE TPOMEKYTOUHON aTTecTaluu: 5
[Tpoxoxanoii 6amt: 2.5

IToxa3zaTenn oneHNBaHUA

Baaasl

Correctly determine the maximum stable radius for a drop

The calculated values in the response are specified with the required level of accuracy.

The solution and the answer are presented without blemishes and strikethrough

The units of measurement are specified correctly in the responses.

—_ = =N

Radiative Transfer

IIpoKOmKUTENTBHOCT IPOBENCHMS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTecTanuu: 1 yaca
VYcnoBus NpoBeeHUS MEPONIPUATHUS: B YACHI CAMOCTOSITEIbHON PadoThI
MaxkcumanbHbIH 0aln, BEICTABISIEMbIH 32 MEPONPUSATHE TPOMEKYTOUHOM aTTecTaluu: 5
[Tpoxoxanoii 6amt: 2.5

IToxa3zaTenan oneHNBaHUA

Bajaasl

The turbidity factor is calculated correctly

1




The direct radiation to the horizontal surface (insolation) is correctly calculated)

The solution and the answer are presented without blemishes.

The calculated values in the response are specified with the required level of accuracy

O [ S p—

The units of measurement are specified correctly in the response

Global Radiation Budget

[Tpo0IKUTETLHOCTD MTPOBEICHUS MEPOTIPUSATHS IPOMEKYTOUHOM aTtTecTanuu: 1 9aca
Y coBUs TPOBEICHUS MEPOTIPUATHSA: B YACHI CAMOCTOSITEIbHOI PadoThI
MaxkcuMaibHBIN 0aJi1, BRICTABIIIEMBIH 32 MEPOTIPUATHE TPOMEKYTOYHOM aTTECTALMU: 5
[TpoxomHoii 6amt: 2.5

IToka3aTenu oneHUBaAHNSA banabl

The values of the short-wave radiation balance are calculated correctly

The long wave radiation balance values are calculated correctly

The solution and the answer are presented without blemishes

The values of the total radiation balance are calculated correctly

The calculated values are specified with the required level of accuracy

The units of measurement are specified correctly in the response

Geostrophic Wind

[TpoaomKUTeN HOCTD TPOBECHUS MEPOTIPUATHUS IPOMEXKYTOUHOM aTtTecTanuu: 1 yaca
Y coBUs TPOBEICHUS MEPOTIPUATHSA: B 4ACHI CAMOCTOSITEIbHON PadoThI
MaxkcuMaibHBIN 0aJi1, BRICTABIIIEMBIH 32 MEPOTIPUATHE TPOMEKYTOYHOM aTTECTALMU: 5
[TpoxomHoii 6amt: 2.5

IToka3aTeny oneHUBaAHNA banabl

The value of the geostrophic wind is correctly determined

The calculated values in the response are specified with the required level of accuracy.

The solution and the answer are presented without blemishes

—_ = =] N

The units of measurement are specified correctly in the responses.

Vertical Velocity

[TpoaomkUTen HOCTD TPOBEICHUS MEPOTIPUATHS IPOMEXKYTOUHOM aTtTecTanuu: 1 yaca
YcnoBus mpoBeeHUS MEPOTIPUATHS: B HACHI CAMOCTOSITEILHON PadoThI
MaxkcuMaibHBIN 0aJi1, BRICTABIIIEMBIH 32 MEPOTIPUATHE IPOMEKYTOYHOM aTTECTAIMU: 5
[TpoxomHoii 6amt: 2.5

IToka3aTenu oneHUBaAHNSA banabl

The vertical velocity is calculated correctly

The calculated values in the response are specified with the required level of accuracy.

The solution and the answer are presented without blemishes.

—_ = =] N

The units of measurement are specified correctly in the responses.




Weather Maps

IIpoaomKUTENLHOCTD IPOBEECHUS MEPOIIPUATHUS IPOMEKYTOUHOM arTecTanuu: 1 gaca
VYcnoBus NpoBeaeHUS MEPONIPUATHUS: B YACHI CAMOCTOSITEIbHON PadoThI
MaxkcumanbHbIi 0ais, BEICTABISIEMbIH 32 MEPONPUATHE IPOMEKYTOUHON aTTecTaluu: S
[IpoxoaHoii 6ammn: 2.5

IToxa3zaTesn oneHUBAHUS Banabl

Find the cyclones

Determine the stages

Determine the position of the fronts

Determine the height of the baric formation at all stages

p— | | | e |

Determine track the pressure change in the center

Regional Climate

IIpoaomKUTENPHOCTD IPOBEAEHUS MEPONIPUATHUS IPOMEKYTOUHOM arTecTanuu: 1 gaca
VYcnoBus NpoBeaeHUS MEPONIPUATHUS: B YACHI CAMOCTOSITEIbHON PadoThI
MaxkcumanbHbIH 0aln, BEICTABIsIEMbIH 32 MEPOIPUSATHE TPOMEKYTOUHON aTTecTaluu: 5
[Ipoxoauoii 6ammn: 2.5

IToxa3zaTenn oneHUBaHUA Bajaasl

Tundra climates is correctly determined

Tropical rainforest climate is correctly determined

Subarctic climate is correctly determined

The humid subtropical climate is correctly determined

p— | | | e |

The tropical monsoon climate is correctly determined

The Final Test

ITpoaomKUTENTEHOCTD IPOBECHUS MEPONIPUATHUS IPOMEKYTOUHOM aTTeCTalluU: 2 yaca
VYcnoBus npoBeAEHUS MEPONIPUATHUS: B YAChI ayANTOPHOH padoThI

MaxkcumanbHbIH 0ai, BEICTABIsIEMbIi 32 MEPOIPUATHE TPOMEKYTOUHOM aTTecTanuu: 35
ITpoxoxanoii 6amt: 17

IToxa3zaTenn oneHUBaHUA Bajaasl
For each correct answer to one of the 35 test questions — 1 point. In total, a maximum of 35 points 35
for correct answers to all test questions.

Bua MmeponpusiTs IPOMEKYTOYHON aTTECTALMH : 3a4eT

Cnoco0 npoBeieHrst MEPONIPUATHS MPOMEKYTOYHOM aTTecTanuu : OLEHKa M0 JUCHUIUIMHE B PaMKax
MIPOMEKYTOYHOH aTTECTAIIUH OMPEEISICTCS Ha OCHOBE 0alIOB, HAOPAHHBIX O0YYAFOIIMMCS Ha KOHTPOJIbHBIX
MEPOTPHUATHSIX, TPOBOJIUMBIX B T€UEHHUE YI€OHOTO TIEPHOIA.

MaxkcumajbHoe KoJIndecTBo 0aioB : 100

KonBeprauusi 60a/uU10B B 0TMETKH

«oTauuHo» - ot 81 1o 100



«xopomo» - ot 61 1o 80

«YAOBJIETBOPHUTEJBHO» - 0T 50 110 60
«HeY/I0BJIeTBOPHUTEIbHO» / «He3auTeHo» MeHee 50 Oaia

Komnerenuus
(MHaUKATOP)

Meponpusitue
TeKyllero KOHTPoJIs

KonTposmnpyembie 3jieMeHTbI
pe3yJbTAaTOB 00yYeHU s

OIIK.8

3HATh OCHOBBI yUEHHsI 00
atmocdepe, o ruapocdepe, o
ounochepe u nanamadToBeICHUH

5. Groundwater hydrology
3ammuiaemMoe KOHTPOJIbHOE
MeponpusiTue

The basic concepts of watersheds
geomorphology and surface water
hydrology.

OIIK.5

BJIQJIETh COBPEMEHHBIMH
METOJaMH €CTECTBEHHOHAYYHBIX
HCCIICAOBAHNM, aHAIN3a JaHHBIX,
MIPOEKTUPOBAHUL

7. Water resource in a
changing world
3amumaeMoe KOHTPOJIbHOE
MeponpusiTue

The concepts of the groundwater hydrology
and streamflow analysis.

OIIK.5

BJIAJIETh COBPEMEHHBIMH
METOAAMHU €CTECTBEHHOHAYYHBIX
UCCIIEIOBAaHM, aHATIN3a TaHHbIX,
MPOEKTHUPOBAHUS

OIIK.8

3HATh OCHOBBI YUSHHS 00
atMocdepe, o ruapocdepe, o
6uocdepe u maHaIAPTOBEICHUN

The final test
HTorosoe KOHTpPOJIBLHOE
MeponpusTHe

To know the hydrological cycle, surface
and groundwater hydrology. Be able to
determine the river catchment border and to
calculate the catchment area and river
length.To do hydrograph separation.

Crnenudukanus MeponpMATHI TeKylero KOHTPOJIA

5. Groundwater hydrology

HpOI[OJ'I)KI/ITeJ'IBHOCTB IMPOBCACHUA MCPOIIPUATHUA HpOMe)KYTOqHOﬁ aTTecTaluu: 2 yaca

YcnoBus mpoBeaeHUS MEPOTIPUATHUS: B YAChl ayIMTOPHOI padoThI

MakcumanbHbIH 0ajul, BRICTABISEMBIN 32 MEPOTIPUATHE MMPOMEKYTOUHOM arTecTanuu: 30

[Tpoxoxnoii 6amt: 15

IMoka3aTenu oneHUBAHUS Bannbl
Student knows well the basic concepts of watersheds geomorphology and surface water 30
hydrology. Able to answer any questions.
Student knows part of the basic concepts of watersheds geomorphology and surface water 20
hydrology. Able to answer several questions.
Student knows few topics of watersheds geomorphology and surface water hydrology. Able to 15
answer on minimum questions.

7. Water resource in a changing world

HpOI[OJ'I)KI/ITeJ'IBHOCTB MMPOBCACHUA MCPOIIPUATHUA HpOMe)KYTOqHOﬁ aTTecTaluu: 2 yaca

YcnoBus mpoBeaeHUS] MEPOTIPUATHUS: B YAChl ayINTOPHOI padoThI

MakcumanbHBIA 0asul, BRICTABISIEMBIN 32 MEPOTIPUITHE MPOMEKYTOUHOM atTectanun: 30

[Tpoxoxnoii 6amt: 15




Iloka3aTey OLEHUBAHUSA

Bajaasl

Student knows well runoff mechanisms, overland flow, subsurface flow, groundwater
contribution to stormflow, summary of storm runoff mechanisms. As well as knows theory of
streamflow measuring, instantaneous streamflow measurement, continuous streamflow
measurement and estimating streamflow. Student can describe precipitation-runoff relationships
and perform streamflow frequency analysis.

30

Student knows well runoff mechanisms, overland flow, subsurface flow, groundwater
contribution to stormflow, summary of storm runoff mechanisms. As well as knows theory of
streamflow measuring, instantaneous streamflow measurement, continuous streamflow
measurement and estimating streamflow. Student can't describe well precipitation-runoff
relationships and perform streamflow frequency analysis.

20

Student knows well runoff mechanisms, overland flow, subsurface flow, groundwater
contribution to stormflow, summary of storm runoff mechanisms. As well as knows not well
theory of streamflow measuring, instantaneous streamflow measurement, continuous streamflow
measurement and estimating streamflow. Student can't describe well precipitation-runoff
relationships and perform streamflow frequency analysis.

15

Student do not know well runoff mechanisms, overland flow, subsurface flow, groundwater
contribution to stormflow, summary of storm runoff mechanisms. As well as knows not well
theory of streamflow measuring, instantaneous streamflow measurement, continuous streamflow
measurement and estimating streamflow. Student can't describe well precipitation-runoff
relationships and perform streamflow frequency analysis.

10

The final test

[IponoKUTENbHOCTE TPOBECHUSI MEPOTIPUATHS MPOMEKYTOUYHOM aTTECTALMU: 2 Yyaca
VYcnoBus TpoBEAEHUS MEPOTIPUSITHUS: B YAChl ayAUTOPHOM padoThI

MaxkcuMainbHbIN 0aJu1, BEICTABIIIEMBIH 32 MEPONIPUSATUE TPOMEKYTOUHON aTTectauuu: 40
[Ipoxoanoii 6a: 20

IToxa3zarTean oneHMBaHUA

Baaasl

Student can describe the hydrological cycle, surface and groundwater hydrology. Able to
determine the river catchment border and to calculate the catchment area and river length. Student
can do hydrograph separation.

40

Student can describe the hydrological cycle, surface and groundwater hydrology. Able to
determine the river catchment border and to calculate the catchment area and river length. Student
can't do hydrograph separation.

30

Student can describe the hydrological cycle, surface and groundwater hydrology. Student not able
to determine the river catchment border and to calculate the catchment area and river length.
Student can't do hydrograph separation.

20

Student can't describe the hydrological cycle, surface and groundwater hydrology. Student not
able to determine the river catchment border and to calculate the catchment area and river length.
Student can't do hydrograph separation.

10

Bujx MeponpusiTusi NpOMeKyTOYHOM aTTecTALMH © 3a4eT

Crnoco0 npoBeieHUsI MEPONIPUATHS MPOMEKYTOUYHOM aTTecTanmuu : OLEHKa MO0 JUCHUIUIMHE B paMKax
MIPOMEXKYTOYHOM aTTeCTAIlH ONPEIeIsIeTCS Ha OCHOBE 0a/IoB, HAOpaHHBIX 00YJAOIIMMCS Ha KOHTPOJIbHBIX

MCPOIIPUATHUAX, IPOBOAUMBIX B TCUCHUC yqe6Hor0 nepuonaa.




MakcuMajbHOe KoJinuecTBo 0aioB : 100
KonBepTanus 60a/1510B B 0TMETKH

«oTian4Ho» - ot 81 mo 100

«xopowo» - ot 61 1o 80

«YyJ0BJIETBOPUTEJBbHO» - 0T 48 10 60
«HEeYy/I0BJIETBOPHUTEIbHO» / «He3aUTeHO» MeHee 48 Oarna

3HaTh OCHOBHBIC TCOPUH, YUCHUS U | 3amuimaeMoe KOHTPOJbHOe landscape science
KOHIIEMIMHU B IPOo(deCcCHOHATLHOH | MeponpusiTue

Komnerenuus Meponpusitue KoHTpoaupyembie 3JieMeHTBI
(MHIUKATOP) TeKYIIero KOHTPOJIs pe3yJabTaToB 00y4eHHsI
OIIK.3 3. Concept of the Landscape | The basic concepts, terms and methods of

MCTOAaMHU €CTCCTBCHHOHAYYHBIX IIuceMeHnHoe KOHTPOJIbHOE
HCCHCHOB&HHﬁ, aHaJln3a JaHHBIX, MeponpusiTue

obnactu
OIIK.5 6. Dynamics and Functioning| The processes of functioning and dynamics
BJIaJICTh COBPEMEHHBIMU of the Landscape of landscapes

ounocdepe u nanamadToBeICHUN

POCKTHUPOBAHUS

OIIK.8 8. Landscape Planing The systemic properties of landscapes and
3HaTh OCHOBBI Y4eHHs 00 3amumaemoe KoHTpoabHOe| the landscape method in professional
atMocdepe, o rugpocdepe, o MeponpusiTue activities

o6uocdepe u maHaIAPTOBEICHUN

OIIK.8 The Final Test Basic knowledge, skills and competencies
3HaTh OCHOBBI YUY€HHs 00 HToroBoe KOHTPOIbHOE in the application of landscape science in
armocdepe, o ruapochepe, o MeponpusiTiue the professional activities of an ecologist

Cneunduxkanusa MeponpusTHH TeKylIero KOHTPOJIS
3. Concept of the Landscape

[IponoKUTENbHOCTE TPOBECHUSI MEPONIPUATHS MPOMEKYTOUHOM aTTecTanuu: 1 yaca
YcnoBus TpoBEAEHUS MEPOTIPUSITHUS: B YAChI ayAUTOPHOM PadoThI

MakcumanbHBIA 0ajl, BRICTABISIEMBIN 32 MEPOTIPUITHE MMPOMEKYTOUHOM atTecTanun: 20
[IpoxoaHoii 6ai: 9

IToxa3aTeu oneHUBaHUS Baaasl
Practical work was done according to the algorithm. The student answered all the questions. 20
Practical work was done according to the algorithm. The student was unable to answer several 9

questions.

6. Dynamics and Functioning of the Landscape

[IponoIKUTENBHOCTH TPOBECHUS] MEPOIPUATHS MPOMEKYTOUYHOM aTTECTALMU: 2 Yyaca
VYcnoBus TpoBEAEHUS MEPOTIPUSITHUS: B YAChI ayAUTOPHOH PpadoThI

MakcumanbHBIA 0ajl, BRICTABISIEMBIN 32 MEPOTIPUITHE MMPOMEKYTOUHOM atTectanuu: 20
[Ipoxoanoii 6ai: 10




IMoka3aTenu oneHUBaHUS Bannsi
Practical work was done according to the algorithm. The student answered all the questions. 20
Practical work was done according to the algorithm. The student was unable to answer several 10
questions.
8. Landscape Planing

[Tpo10IKUTETLHOCTD MTPOBEICHUS MEPOTIPUATHS IPOMEKYTOUHOM aTtTecTanuu: 1 9aca
YcoBUs TPOBEICHUS MEPOTIPUATHSA: B YACHI aAYINTOPHOMH PadoThI

MaxkcuMaibHBIN 0aJl1, BEICTABIIIEMBIH 32 MEPONPHUATHE MPOMEKYTOUHOM aTTecTanuu: 30
[Tpoxoanoii 6amt: 15

IMoka3aTenu oneHUBAHUS Bannbl
Practical work was done according to the algorithm. The student answered all the questions. 30
Practical work was done according to the algorithm. The student was unable to answer several 15
questions.
The Final Test

[Tpo10IKUTETLHOCTD MTPOBEICHUS MEPOTIPUATHS IPOMEKYTOUHOM aTTECTAIMK: 2 Yaca
YcoBUs TPOBEICHUS MEPOTIPUATHSA: B YACHI aAYIMTOPHOMH PadoThI

MaxkcuMaibHBIN 0aJi1, BEICTABIIIEMBIH 32 MEPONPHUATHE MPOMEKYTOUHOM aTTecTanuu: 30
[Tpoxoxnoii 6amt: 14

IMoka3aTe/in onleHNBaAHUS Bamwibl
The final testing. The test contains 30 questions (1 correct answer — 1 points). The right answers 30
to all tasks of the test are given.
The correct answers to 20 test tasks and more. 20
The correct answers to 14 tasks of the test. 14

Bua MeponpusiTUsi IPOMEKYTOUYHOM ATTECTALUM : DK3aMEH

Cnoco0 npoBeeHUs1 MEPONIPUATHS IPOMEKYTOUHOM aTTecTauum : OIeHKa O IUCIUIIMHE B paMKaxX
MIPOMEXKYTOUHOM aTTecTally ONpeesieTcs Ha OCHOBE 0ayuioB, HaOpaHHBIX 00yYaroIMMCs Ha KOHTPOJIbHBIX
MEPOTPUSITHSIX, TPOBOIUMBIX B TEUCHHE YICOHOTO Iepro/a.

MaxkcumajibHOe Ko1u4ecTBo 0asioB : 100

KonBepranusi 6a/1710B B 0TMETKHU

«oTau4Ho» - oT 81 1o 100

«xopomio» - ot 61 1o 80

«YAOBJICTBOPUTEJIBbHO» - OT 47 110 60
«HeY/0BJIETBOPHUTEJIBHOY» / «He3auTeHo» MeHee 47 Oarta

Komnerenmus Meponpusitue KonTpoaupyembie 3jieMeHTbI
(MHaUKATOP) TeKYyIero KOHTPOJIs pe3yJbTAaTOB 00yYeHU s




Komnerennus
(MHaUKATOP)

Meponpusitue
TeKylero KOHTPOoJIs

KonTposnpyemble 3jieMeHTbI
pe3yJbTaTOB 00yYeHUs

OIIK.8

3HATh OCHOBBI yUEHHsI 00
atMocdepe, o ruapocdepe, o
ounocdepe u nanamadToBeICHUN

Living matter of the
biosphere.

ITucbMeHHOE KOHTPOJIbHOE
MeponpusiTHe

Statement and global functions of living
matter in the biosphere

OIIK.8

3HATh OCHOBBI yUEHHUsI 00
atmocdepe, o ruapocdepe, o
ounocdepe u nanamadToBeICHUN

Evolutionary changes in the
integral characteristics of the
biosphere

ITncbMeHHOE KOHTPOJIbHOE
MeponpusiTue

Evolutionary changes in the integral
characteristics of the biosphere

OIIK.3

3HATh OCHOBHBIC TEOPUU, YUCHUS U
KOHIIENIINH B TpodeccruoHalIbHOM
obmactu

OIIK.8

3HATh OCHOBBI yUEHHsI 00
atMocdepe, o ruapocdepe, o
ounocdepe u nanamadToBeICHUN

Bioinert and biogenic
systems of the biosphere
3amuimaeMoe KOHTPOJIbHOE
MeponpusiTue

The functioning of bioinert and the
formation of biogenic systems

OIIK.3

3HATh OCHOBHBIC TCOPHH, YICHUS U
KOHUEMINH B MpodeccroHaIbHON
obnactu

OIIK.5

BJIaJIETh COBPEMEHHBIMHU
METOAAMHU €CTECTBEHHOHAYYHBIX
UCCIICIOBaHMM, aHAIHM3a IaHHBIX,
MIPOEKTUPOBAHUS

OIIK.8

3HaTh OCHOBBI yueHHsI 00
atMocdepe, o ruapocdepe, o
6uocdepe u maHaIaPTOBEICHUN

The final test
HTorosoe KOHTpPOJIbHOE
MeponpusTHe

Biogenic mechanisms of biosphere
functioning

Crnenudukanuss MeponpuATHI TEKylIero KOHTPOJIA

Living matter of the biosphere.

HpOI[OJ'I)KI/ITeJ'IBHOCTB IMPOBCACHUA MCPOIIPUATHUA HpOMe)KYTOqHOﬁ arrectanuu: 1 yaca

YcnoBus mpoBeeHUS] MEPOTIPUATHUS: B YAChl ayINTOPHO padoThI

MakcumanbHBIH 0ajll, BRICTABISEMBIN 32 MEPOTIPUATHE MPOMEKYTOUHOM arTecTanun: 20

[Tpoxoanoii 6amt: 10

IMoka3aTe/n oneHNBaHUS Banabr
is able to systematically assess the state and role of global functions of living matter in the 20
biosphere
describes the state and global functions of living matter in the biosphere, but makes some 15




mistakes in explaining the role of these functions in biospheric phenomena and processes

describes the state and global functions of living matter in the biosphere, but there is no
understanding of the essence of the manifestation of these functions in biospheric phenomena and
processes

10

Evolutionary changes in the integral characteristics of the biosphere

[TpoaomKUTET HOCTD MTPOBECHUS MEPOTIPUATHS IPOMEXKYTOUHOM aTrTecTanuu: 1 yaca
YcnoBus mpoBeaeHUS] MEPOTIPUATHUS: B YAChI ay/INTOPHOI padoThI

MakcumanbHbIH 0ajll, BRICTABISEMBIN 32 MEPOTIPUATHE MPOMEKYTOYHOM aTTeCTalluN: 25
[Tpoxoanoii 6amt: 12

Iloka3aTeqy OLlEeHUBAHUA

Bajaasl

Knows the problem of changing the biomass and productivity of the biosphere, is able to describe
the change in the energy of the biosphere in connection with the evolution of living organisms, is
able to explain the accumulation of information in the course of the evolution of life and the
biosphere, knows the main stages of the evolution of the biological cycle, has knowledge of the
mechanisms and significance of the processes of self-regulation of the

biosphere

25

Knows the problem of changes in biomass and productivity of the biosphere, fragmentarily knows
how to describe the change in the energy of the biosphere in connection with the evolution of
living organisms, fragmentarily knows how to explain the accumulation of information in the
course of the evolution of life and the biosphere, fragmentarily knows the main stages of the
evolution of the biological cycle, fragmentarily owns knowledge about the mechanisms and
significance of processes self-regulation of the biosphere

17

Knows the problem of changing the biomass and productivity of the biosphere, is able to describe
the change in the energy of the biosphere in connection with the evolution of living organisms, is
able to explain the accumulation of information during the evolution of life and the biosphere,
knows the main stages of the evolution of the biological cycle, has knowledge of the mechanisms
and significance of self-regulation processes in the biosphere; however, makes some mistakes and
inaccuracies in the evolutionary changes in the integral characteristics of the biosphere

12

Bioinert and biogenic systems of the biosphere

[TpoaomKUTeTsHOCTD MTPOBECHUS MEPOTIPUSATHS IPOMEXKYTOUHOM arTecTanuu: 1 yaca
YcnoBus mpoBeaeHUS MEPOTIPUATHUS: B HACHI ayINTOPHOI padoThI

MaxkcuManbHbIi 0aJ1, BEICTABIISIEMBIH 32 MEPOTIPUSATUE POMEKYTOYHON aTTecTaluu: 25
[TpoxoaHoii 6amm: 12

IToxa3zaTem oneHUBAHUS

Banabl

Knows about the change of flora and fauna in the evolution of the biosphere, is able to assess the
influence of the evolution of living matter on the gas composition of the atmosphere; is able to
assess the influence of the evolution of living matter on the formation of the chemistry of the
world ocean, is able to assess the influence of the evolution of living matter on the process of
sedimentation; knows how to assess the role of living matter in the formation of bioinert land
systems; knows how to assess the role of living matter in the formation of sedimentary rocks

25




Knows in general terms about the change of flora and fauna in the evolution of the biosphere, is
able to superficially assess the influence of the evolution of living matter on the gas composition
of the atmosphere, on the formation of the chemistry of the world ocean, on the process of
sedimentation; generally represents the role of living matter in the formation of bioinert systems
of land and sedimentary rocks; however, when describing the role of living matter in the
biosphere. Makes some mistakes and inaccuracies

17

Knows fragmentarily about the change of flora and fauna in the evolution of the biosphere, it is
difficult to assess the influence of the evolution of living matter on the gas composition of the
atmosphere, on the formation of the chemistry of the world ocean, on the process of
sedimentation; weakly represents the role of living matter in the formation of bioinert systems of
land and sedimentary rocks

11

The final test

IIpoOmKUTENBHOCTD IPOBENCHMS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTecTanuu: 1 yaca
VYcnoBus NpoBeAEHUS MEPONIPUATHUS: B YAChI ayANTOPHOM padoThI

MaxkcumanbHbIH 0ai, BEICTAaBIsIEMbIi 32 MEPOIPUSATHE TPOMEKYTOUHOM aTTectanuu: 30
ITpoxoxnoii 6amn: 13

IToxa3zaTen oneHUBAHUSA

Banabl

Knows how to characterize the biosphere as an integral shell of the Earth; understands the
relationship between the evolution of life and the biosphere; knows how to substantiate the
leading role of living matter in the formation of geospheres, in the formation of bioinert and
biogenic matter; understands the geological role of humanity; understands the importance of the
doctrine of the biosphere as a general scientific basis for nature protection.

30

Knows how to characterize the biosphere as an integral shell of the Earth; generally successful,
but containing some gaps, the ability to substantiate the leading role of living matter in the
formation of geospheres, in the formation of bioinert and biogenic matter; understands the
geological role of mankind, understands the importance of the study of biosphere as a general
scientific basis for nature protection.

21

Has an understanding in general of the biosphere as a habitat for living organisms, fragmentarily
substantiates the leading role of living matter in the formation of geospheres, in the formation of

bioinert and biogenic matter; fragmentarily understands the geological role of humanity; generally

understands the importance of the study of biosphere as a general scientific basis for nature
protection.

13




