WORLD METEOROLOGICAL ORGANIZATION

LECTURES PRESENTED AT THE
FORTY-SIXTH SESSION
OF THE
WMO EXECUTIVE COUNCIL

WMO-No. 822

Secretariat of the World Meteorological Organization - Geneva - Switzerland
1995



© 1995, World Meteorological Organization

ISBN 92-63-00822-1
NOTE

The designations employed and the presentation of material in this publication do not imply the
expression of any opinion whatsoever on the part of the Secretariat of the World Meteorologicat
Organization concerning the legal statns of any country, territory, city ot area, or of its anthorities,
or concerning the delimitation of its frontiers or boundaries.



CONTENTS

K2 2.

Page
Foreword v
Global Energy and Water Cycle Experiment (GEWEX) 1
P. Morel
Very short-termn weather forecasting 7
M. D. Eilts .

RiaponorHueckufi IMKN: RAIHARME eCTECTHEHHHX W AHTPOROICHNME $aKTopon
(Hydrological cycle)
I. Shiklomanov

13







FOREWORD
The themes selected for the scientific lectures presented during the f;arty-sixth session of the Exe;:uﬁve Council related to
thres different but very related areas. The lectures were presented by the following three distinguished scientists:
Professor I, Shiklomanov (Russian Federation) — Hydrologi@ cycle
Professor P. Morel (WMO Secretariat) — Global Energy and Water Cycle E:.;peﬁment (GEWEX)
Mr M. D. Eilts (United States) ~— Very short-term weather forocasting

The three presentations raised a great deal .of interest in the Executive Council and were followed by lively
discussions. Sincere thanks were expressed to the lecturers for their valuable contributions.

/

Secretary-General -






GLOBAL ENERGY AND WATER CYCLE EXPERIMENT (GEWEX)

P. Morel

World Meteorological Organization
Geneva, Switzerland

FAST AND SLOW CLIMATE PROCESSES

It is convenient to distinguish, in the working of the
coupled atmosphere-ocean-ice and land surface system,
“fast” and “stow” climate processes, The fast processes,
taking place mainly in the atmosphere and at the Earth
surface, regulate the flow and transformation of energy,
radiation and heat as well as the global hydrological cycle.
The study of these fast processes, i.e. the transfer of
radiation through the atmosphere, the role of clouds, and
near-surface hydrological processes, is the task of the
Global Energy and Water Cycle Experiment (GEWEX).

The slow climate processes, on the other hand, are
those which involve changes in the ocean or ice. These
slower processes are responsible for considerable transport
of heat and salinity from one région to another and largely
determine natoral climate variability. Ocean and ice
dynamics are also essential in fixing the rate of change of
global climate and regional differences in the climate
response to an otherwise homogeneous increase in
greenhouse gases. These phenomena, involving in an
essential way the role of the ocean in climate, are the object
of the' CLIVAR programme within the World Climate
Research Programme (WCRP) (Figure 1).

CLIMATE SCIENCE VERSUS WEATHER
PREDICTION

The atmospheric and surface processes investigated
by GEWEX are generally associated with weather
phenomena and meteorological time-scales. Nevertheless,
GEWEX research is very relevant to the study of “global
change” and an essential component of any climate
science programme. The reason is that the fast climate
processes, the adjustments of atmospheric water vapour
and clouds, atmospheric radiation and rain, soil moisture
and evaporation, control the planet's radiation balance,
surface conditions and climate regime. These processes
determine:

() The sensitivity of the Earth (equilibrium) climate to
changes in external parameters, ¢.g. the global
warming that would result from 2 persistent doubhng
of the concentration of carbon dioxide;

() The respouse of the atmospheric circulation to
changes in surface boundary conditions and
corresponding changes in surface fluxes of radiation,
water, and heat, i.c, the strength of the atmospheric
feedback on the slower components of the physical
climate system.

On the other hand, the GEWEX programme is
certainly germane to the development of numerical weather
prediction (NWP), because extending the range of forecasts
beyond a few days requires increasingly accurate
formulations or “parameterizations” of physical processes

in the atmosphere and the Earth surface; GEWEX delivers
the required micro-meteorological insight (from special
field or microscale model studies) and research-quality
global climatological datasets for the validation of model
resulis, Conversely, GEWEX and WCRP in general are
heavily dependent on the support and further progress of
operational NWP and four-dimensional data assimilation.
Modern data assimilation systems provide by far the best
approach for inferring the value of essential global climate
quantities, such as wind stress or surface fluxes of sensible
and latent heat, that cannot be determined directly from
sparse observations.

COOPERATION WITH SPACE RESEARCH
AGENCIES

A scientific research programme obviously does not
command the level of resources that are necessary to
undertake new space system development. Thus, GEWEX
cooperatos with national and multinational space research
and development agencies in order to gain recognition for
the objectives and methods of climate science and
meteorology in general In particular, GEWEX has
campaigned to convince space agencies that understanding
the Earth system can only result from the synergistic
combination of a multiplicity of data sources, including a
mix of surface-based observations and satellite remote
sensing. In particular, no single satellite instrument delivers
precisely the information needed for climate diagnostics,
and the best determination of geophysical fields must come
from a complex analysis and merging process, known as
four-dimensional data assimilation, making full use of past
observations and of the laws of physics embedded in the
meteorologists’ models of the atmosphere and climate. The
current polar platform projects under development by the
National Aeronautics and Space Administration (NASA) of
the United States, the European Space Agency (ESA) and
the National Space Development Agency (NASDA) of
Japan feature muitiple instruments that do aim to acquire
synergistic simultaneous data on atmospheric properties.
Furthermore, these plans include substantial rescurces to
develop considerably more advanced instruments
(especially, atmospheric temperature and moeisture
sounders) that will eventually replace the existing sensors
on todays’ operational meteorological satellites,

Despite the bewildering array of “innovative”
satellite instruments planned or actually being built by the
world space agencies, there is as yet no definite plan to
observe from space the three-dimensional distribution of
clouds and its changes in the course of climatic fluctua-
tions; such observations can only be made by a space-borne
millimeter-wave cloud radar that is still missing from the
list of planned instruments and satellite missions. GEWEX
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is now concentrating its efforts on the definition of this
future cloud radar mission {(Figure 2) and the constitution of
a supportive community of scientific nsers.

GEWEX CLIMATOLOGICAL DATASETS

An essential task of GEWEX is to develop adequate
diagnostic datasets to serve as a basis for the study of
global energy budgets and the hydrological cycle in the
current climate, and to assist in the further improvement of
atmospheric circulation and climate models. As noted
above, many of the potentially-observable atmospheric and

surface properties will only come under systematic global

observation at the end of the century, with the deployment
of the new generation of research Earth observation
satellites being developed by NASA, ESA and NASDA.
Thus, the GEWEX climatological data projects undertaken
so far have an experimental character and are active
research projects that leave considerable scope for further
improvements, as our understanding of natural phenomena
and retrieval algorithms progresses. Through its various
climatological data projects, GEWEX organized the
systematic production, archival and distribution of the
datasets listed below, provided a cooperative framework for
the validation and multidisciplinary applications of these
products, encouraged continuing improvemenis in retrieval
algorithms, and organized re-analyses of archived data, as
appropriate. This work of GEWEX also constitutes a pilot
programme for the eventual analysis and assimilation of the
much larger data outputs one expects from the forthcoming
generation of “Earth observing platforms” in space.

The GEWEX climatological data projects are the
following:

Radiation at the top of the atmosphere (TOA)

The NASA Langley Research Center (Hampton, Virginia,
USA) has taken responsibility for delivering the radiation
fluxes at the top of the atmosphere obtained from the Earth
Radiation Budget Experiment (ERBE). International
coordination is needed to organize a consistent central
archive for similar data from the forthcoming Scanner for
Earth’s Radiative Bduget (ScaRaB) instruments (Russian—
. French Meteor-3, Euaropean ENVISAT and METOP
satellites) and CERES radiometers (Japan-USA TRMM,
NASA EOS AM and PM platforms),

Surface radiation budget

The Langley Research Center also accepted responsibility
for assembling a systematic climatology of short-wave and
long-wave radiation fluxes at the surface of the Earth, based
on input information from the GEWEX International
Satellite Cloud Climatology Projects (ISCCP) (see below)
for cloud and surface optical properties, as well as
meteorological satellite retrievals and operational analyses
for atmospheric properties. The Langley Research Center
has issued the first WCRP Surface Radiation Budget Global
Dataset on CD-ROM for the period March 1985-December
1988 (short wave only).

Cloud amomt and radiation properties

The GEWEX ISCCP completed its tenth year of operation
on 1 July 1993. The ISCCP acquires and calibrates imaging

radiometer data from (normally) four operational
geostationary and one (or two) polar orbiting operational
meteorological satellites, with a sampling peried of three
hours. ISCCP thereby constitutes an essential source of
quality-controlled radiance data for the retrieval of cloud
amount and optical properties (inasmuch as these can be
determined from observations at the top of the atmosphere
only) and the estimation of other radiation quantities (see
above). The ISCCP has undertaken to recalibrate its basic
radjance data archive and will reprocess the full 10-year
period with an improved cloud-reirieval scheme, notably
for polar clouds.

Water vapour

The GEWEX Water Vapour (GVaP) project has undertaken
combining data from several satellite sensors with available
wpper-air soundings in order to deduce a more exact
climatological description of global atmospheric water
vapour, an essential input for radiation balance com-
putations, and a sensitive test for climate models,

Global rainfall

The GEWEX Global Precipitation Climatology Project
(GPCP) is aiming to provide the best possible global
estimate of monthly-mean, area-averaged (2.5° x 2.5%)
precipitation that can be inferred from indirect satellite
observations and raingange data, over the oceans as well as
over land. The project is under way since 1986, but only
incomplete products have been distributed so far;

(@) A tropical precipitation product, based on the
statistics of cold cloud tops associated with strong
convective cells, deduced from geostationary satellite
infrared image data collected every three hours
worldwide (GOES-East and West, Meteosat, GMS);

(b A continental rainfall products based on raingange
data only, collected and analysed by the Global
Precipitation Climatology Centre created and
maintained by the Deutscher Wetterdienst, Germany
at the request of WCRP!.

The project, led by a new manager (Dr A. Gruber
of NOAA/NESDIS), is now striving to develop an interim
“optimal” estimation procedure based on combining
passive-microwave and infrared radiometry data from
satellites, raingauge measurements and numerical weather
prediction products. Since atl remote-sensing methods are
indirect, it appears likely that satellite data provide a
reliable indication of global precipitation pattems, but that
precipitation amounts could best be inferred using state—of
the-art weather prediction systems.

Global land surface cimatology dataset

The International Satellite Land Surface Climatology
Project (ISLSCP) has undertaken to distribute its first
multidisciplinary global dataset on CD-ROM, including a
characterjzation of land surface optical and physical
properties, land use, precipitation, cloud and surface

1 The csgentially operational activity of the {lobal Precipitation
ClimamhgyConua(GPOC)wllIbecomeacontibuﬁmof(}ermanyw
the Global Climate Observing System (GCOS).



radiation on a 1° x 1° grid covering all continents (inter-
polated from the 2.5° x 2.5° grid of the basic WCRP
products above).

Global Soil Wetness Data Project

“Soil moisture” is not a miquely defined physical quantity
but rather a parameter introduced in the formulation of
individual models representing soil water storage, evapo-
ration and surface hydrological processes. Nevertheless,
GEWEX will undertake to produce a standard soil wetness
index that could serve for simple scientific studies and
large-scale climatological applications. This product will be
based on a particular one-dimensional soil-vegetation-
atmosphere transfer scheme and input data from the GPCP
raingauge climatology, the WCRP surface radiation budget
climatology and operational near-surface meteorological
fieids.

PREDICTION OF HYDROMETEORS AND
HYDROLOGICAL PROCESSES

GEWEX was originally given the task to develop the
ability to predict the variations of global and regional
hydrological processes and water resources, and their
response to environmental change,

It has been known for some time, from observa-
tional evidence and also from model results, that soil
moisture anomalies tend to perpetuate themselves and,
therefore, have a “memory” that can be exploited for
predicting rain/drought anomalies over a period of one to
several months, especially during summer. The s,
variations in the hydrological regime of the Central Plain of
the United States that occurred during the recent summers
are typical manifestations of such persistent anomalies.

Recent results in dynamical extended-range
forecasts over North America indicate definite skill in
predicting rainfall one month in advance. Since sach events
involve considerable recycling of water within the region (re-
evaporation and subsequent rainfall downstream), it was not
unexpected that predictive skill could be achieved only with
an improved formulation of hydrological processes. This was
achieved with-a new interactive scheme, developed by
Mr A. Betts, that links soil moisture storage, evaporation and
runoff o atmospheric properties and radiation fluxes.

The central objective of the GEWEX Continental-
scale International Project (GCIP) is specifically to address
this problem and to provide the validation data needed for
making progress in quantitative predictions of coupled
atmospheric and hydrological phenomena, GCIP covers the
Mississippi river basin, an area large enough to be directly
comparable to global model products over an ensemble of
grid points, and yet small enough to allow intensive
observations of soil properties, precipitation, water storage
and runoff (Figure 3). Although the ultimate objective of
GEWEX is to refine the parameterization of land surface
processes in global climate models, this task will be greatly
facilitated in the case of GCIP by the possibility to test
these schemes in fine mesh limited area models, that can
reproduce the day-to-day variations of hydrometeors and
surface hydrological processes with considerable detail and
lend themseives to the four-dimensional assimilation of
observed meteorological and, eventually, hydrological data.
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GCIP is also the main WCRP project for promoting the
collaboration between atmospheric and hydrological
scientists interested in developing interactive models of
atmospheric and “macroscale” hydrological processes, to
predict intraseasonal rainfall variations, and to assess the
impact of climate change on regional water resources.

GEWEX PROCESS STUDIES
It was originally stated that GEWEX would model the

. global hydrological cycle and its impact on the atmosphere

and ocean. This term of reference is rather broad and

GEWEX has concentrated instead on improving the

knowledge and parametric formulations of the physical

processes that directly influence energy fluxes and the

hydrological cycle, e.g.:

{a) Atmospheric radiation transfer (in cooperation with
the atmospheric radiation measurement programme
of the United States Department of Energy);

() Cloud dynamics and optical properties (GEWEX
Cloud-System Study; ISCCP field experiments);

(¢) Atmospheric boundary layer and land surface
processes (HAPEX and similar combined atmos-
pheric and hydrological field studies) (Figure 4).

A large and scientifically challenging component
of GEWEX is a broad and diverse programme of regional
field studies to investigate these processes under various
terrain and climatic condition, The most comprehensive
regional GEWEX projects are described below.

MacKenzie GEWEX Study (MAGS)

MAGS is the central piece of the Canadian GEWEX
programme. The focus of the programme is to model the
water and energy balances of the Canadian -Arctic basin on
spatial scales of 100 kilometres and temporal scales of one
month, and to assess the changes in Canadian water
resources arising from climatic variability and climate
change. MAGS will organize coordinated hydrological
modelling and process studies in the MacKenzie river
basin, building uponCanadmnexpernsemoold regions and
high latitude climate.

Baltic Sea Experiment (BALTEX) . -

BALTEX is an inifiative of Germany and nordic countries
to determine the energy and water budgets of the entire
region covered by the Baltic Sea and surrounding river
basins, and to investigate the response of the Baltic Sea to
changes in freshwater budgets. The BALTEX domain
covers an area of about 2 million square kilometres and
discharges about 350 km3 of water into the. world ocean,
i.e. about half as much as the Mississippi river. The key
scientific issues in BALTEX is coupling the atmospheric
circulation to hydrological processes over relatively
complicated terrain, sea and ice. It is envisaged that the
BALTEX intensive study period will extend over a five-
year period (1997-2001).

GEWEX Aszian Monsoon Experiment (GAME)

GAME is a broad multidisciplinary programme being

developed by Japan, China and other Asian countries for:

{a) Long-term monitoring of surface energy and water
fluxes at a large number of sites over a variety of



terraing, by means of a network of Automated
Weather Stations (AWSs) being deployed for a period
of at least 10 years. The network will cover tropical
rain forests in Borneo and Malaysia, the monsoon
region of China, several arid or semi-arid regions
(China, Mongolia, Central Asia and Slbena) and the
Tibetan platean;

(&) Intensive field studies of atmospheric and hydrological
processes, over various sites including the Chao Praya
river and the Huai He river basins in China, and an
experimental area on the Tibetan plateau;

(¢) Estimation of energy and water budgets over the
eastern half of the Burasian continent, based on four-
dimensional data assimilation and initialization of a
limited area model by the Japan Meteorological
Agency.

Large-scale Study of the Atmospheric Moisture Balance

of Amazonia using Data Assimilation (LAMBADA)

LAMBADA is intended to angment the upper-air sounding

and surface meteorological/hydrological measurement

networks within the Amazon basin for a period of one-to-
two years, in order to provide the basic data for the analysis

. of the atmospheric circulation, water transport and water

recirculation in the region. LAMBADA will be

o AADIATION

o CLOUD

e o RAIN and EVAPORATION
E o LAND SURFACE PROCESSES
&)

o NUMERICAL WEATHER and
HYDROLOGY PREDICTION

FAST CLIMATE PROCESSES

o OCEAN BASIN DYNAMICS
o WORLD OCEAN CIRCULATION
o SEA and LAND ICE

o COUPLED ATMOSPHERE-OCEAN-ICE
MODELLING

SLOW CLIMATE PROCESSES

complemented by an intensive programme of micro-
meteorological, bio-geochemical and ecological studies
over six experimental areas located in different ecoclimatic
regions of the Amazon basin.

GEWEX AND GLOBAL CHANGE RESEARCH

Altogether, GEWEX is a central component of WCRP that
interacts with many disciplines in Earth system sciences.
Determining surface fluxes of radiation, heat and water over
the ocean and ice, and their responses to changes in surface or
bulk forcing of the atmosphere, is indispensable to the study
of the Arctic climate system (ACSYS) or the variabitity and
predictability of the coupled ocean-atmosphere system
(CLIVAR). GEWEX also provides the foundation for the
study .of biogeochemical cycles, as soil moisture, rainfall and
radiation are important factors that influence bi

processes a8 well as biological-ecological developments, This
strategic role is the reason for the multiplicity of
interdiseiplinary linkages established between GEWEX and
related programmes in hydrological sciences, atmospheric
and soil chemistry, and temestrial ecosystems. GEWEX is
also a scientific programme of considerable practical
importance for application to the assessment of climate
impacts on water resources and the prediction of variations in
the hydrological regime of large continental regions.

(Including ENSO)

ACSYS, WOCE

— CLIVAR——

Figure 1 — Structure of WCRP thematic programmes for studying ‘Tast” and “slow™ climate processes,
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VERY SHORT-TERM WEATHER FORECASTING

M. D. Eilts

National Severe Siorms Laboratory
Norman, Oklahoma, United States of America

INTRODUCTION

Recent advances in our knowledge of storm processes and
in our capability to observe the atmosphere, to extract
information antomatically from obseryational data, and to
model the evolution of atmospheric phenomena, should
lead to increases in meteorologists’ capability to forecast
significant weather in the shot term. Accurate short-term
warnings (zero to 30 minutes) and forecasts (zero to two
hours) of severe weather, heavy precipitation, and lightning
can provide many benefits to society. The recent
deployment of networks of Doppler radars is one example
of a new found opportunity to attempt to provide very
specific spatial and temporal forecasts and warnings of
weather that impact society. This paper discusses how to
enhance the waming decision process including: (g) how
new observational sensors will allow better detection and
analysis of storms; (b) how expert systems and artificial
intelligence techniques can extract information from these
data to help with warning decisions; (¢) the need to
integrate data from numerous observational systems; and
{d) the need for interactive display capabilities that are
designed specifically for meteorologists who are making
warning decisions. In addition, we will examine the
processes associated with, and information needed, to make
short-term forecasts (0—2 hours}, which include mesoscale
and storm-scale models integrated with observational data
streams, along with the capability to visualize and interact
with this forecast guidance information. Impficit in this
discussion is the continuing need to perform research to
betier our understanding of weather processes and the need
to educate and train operational meteorologists’ so they
have a thorough understanding of weather processes, the
ability to use data from new observational sources, and the
ability to manipulate data and information using new

display capabilities.
SEVERE WEATHER WARNINGS

Warnings to the general public, aviation concerns and
private industry provide great benefits to society. Warnings
of tomadoes, damaging winds, large hail, flash floods, and
lightning allow citizens to seek safe shelter, allow aircraft to
avoid kazardous shears, and sometimes allow action to be
taken that mitigates the loss or damage of property. In order
to provide very accurate and timely warnings of these
phenomena, a number of capabilities have to be developed.
These include: (@) the capability to observe the phenomena
or preferably their precursors; (b) the capability to “detect”
the signatures in the observational data streams reliably
(either by human or computer); (¢) the capability to provide
warning decision aids to meteorologists who have to make
the warning decisions; and (d) the capability to visualize
and interact with the data and information.

New observational tools

" A Doppler radar is an important tool for meteorologists to

use to detect severe weather and to forecast the
development, movement and evolution of convective
storms, Other important observational data soarces are
lightning detection neiworks, surface networks of
instruments that measure meteorological variables and
precipitation amount, satellites, vertical profilers, and
meteorological data collected by sensors on operational
aircraft. To be able to predict accurately the evolution and
movement of weather systems on shori-time scales, it is
important that data from all of these sources are integrated
to provide a holistic view of weather phenomena.

Using a highly sensitive Doppler radar, we are able
to measure the reflectivity and radial velocity in storms and
precipitating systems out to ranges of >300 km, In this way,
we-can detect severe weather phenomena and observe
precursors to severe weather phenomena which are both
important for providing timely severe weather wamings. We
can also measure the winds in the clear-air boundary layer,
sometimes to ranges of >100 km, This is important for
tracking gust fronts and synoptic fronts, for detecting “dry”
downbursts, and for measuring the wind profile in the
near-storm environment. The United States Federal Govern-
ment is in the process of deploying a national network of
Doppler radars called Weather Surveillance Radar-1988
Doppler (WSR-88D) (Crum and Alberty, 1993). These radars
are helping to enhance the warning skill of National Weather
Service (NWS) offices (Polger, et al., 1994),

Lightning detection networks are important for
determining the initiation of thunderstorms, the location of
thunderstorms (especially in mountainous terrain where
radar beams can be blocked), and the time trend of
lightning rate and polarity which often provide clues to the
potential severity or stage of life cycle of a storm (Holle
and Lopez, 1993; MacGorman, 1993).

Satellite data are important to observe the
formation of thunderstorms, to ascertain the near-storm
environment, and to understand certain characteristics about
storms (Menzel and Purdom, 1994). Surface networks of
meteorological instruments provide both an understanding
of the near-swrface environment and whether the network is
dense enough, and of the capability to track surface features,
such a3 synoptic fronts and gust fronts (Brock, ef al., 1995).
Profilers, rawinsondes, and sensors on operational aircraft
provide crucial pieces of information on the thennodynamic
and wind structure of the atmosphere in the vestical.
Decision support systems
The poteatial utility of the data from Doppler radars and

other observational sensors is immense. However, at times
it will be impossible for a meteorologist to assimilate all of



these data, especially in the short time available to make
warning decisions. In order for meteorologists to make the
best decisions possible, they must have easy interactive
access to the data, but even more importantly, decision
support systems need to be developed that provide
information, in addition to data, to the forecaster.

One example of a prototype decision support
system is the Severe Weather Warning Decision Support
System (SWWDSS) developed at the National Severe
Storms Laboratory. This SWWDSS is the combination of:
(a) expert systems that analyse Doppler radar data and
other meteorological data to diagnose storm structure and to
detect severe weather signatures automatically; (b)
innovative display capabilities that allow a metecrologist to
access information and data rapidly; and (c) techniques to
digseminate wamings rapidly (which will not be discussed
in this paper). An example of the type of waming guidance
information provided is “this storm has an 80 per ceat
chance of producing large hail in the next 30 minutes,” or
the “height of the storm core.is falling rapidly”.

Automated severe weather detection and storm diagnosis

To provide timely and highly location-specific warnings of
severe weather, meteorologists have to integrate and
agsimilate large amounts of data from a number of sources.

This. warning decision process is an important area where.

artificial intelligence and expert system techniques can be
used to help decision makers. We will discuss recent
advances in the development of automated algorithms that
ingest data from Doppler radars and other meteorological
sensors, automatically detect signatures of storms in the
data, and then provide both diagnostic and prognostic
guidance information to meieorologists. These algorithms
use image processing, artificial intelligence, expert system
and other techniques to turn the data into meaningful
information, Recently developed algorithms can take
advantage of tremendous increases in computing
technology, artificial intelligence and image processing
techniques, and in our knowledge of severe stonns and their
signatures in observational data streams to provide this type
* of decision aid to meteorologists,

In this paper, five severe weather detection
algorithms will be discussed: Storm Cell Identification and
Tracking 'Algorithm, Hail Detection Algorithm,
Mesocyclone Detection Algorithm, Tornade Detection
Algorithm, and Downburst Prediction and Detection
Algorithm, All of these algorithms were designed to detect
severe weather phenomena automatically using mainly
Doppler radar data as the input source, These algorithms
also detect known precursors to the phenomena, and track
the evolution of features associated with the phenomena.
“These five algorithms are not the only algorithms that have
been developed in the meteorological community; they are
discussed as examples of what can be done to help
forecasters make decisions.

The Storm Cell Identification and Tracking (SCIT)
Algorithm

Knowing the present location of convective storms,
characteristics about the storme, and their movement is
important information for a meteorologist whose job is to

provide the public severe weather warnings. The main
purpose of the SCIT algorithm is to identify the location of
storms, to track them over time, to forecast their movement,
and to provide diagnostic information about the storms
(Witt and Johnson, 1993). Figure 1 is an example of
algorithm output during the time of a severe storm near
Phoenix, Arizona (United States). The radar data come
from the local WSR-88D. The algorithm ountput shows the
present location of the centroid of the storm. The white,
dots the past track and the pink, cross-hairs the forecasted
movement of the storm. In addition, the SCIT algorithm
provides diagnostic information about a storm and the time
trend of each of these parameters can be displayed. For
example, it calculates the maximum reflectivity (related to
the intensity of rain or hail) in the storm, the top and base of
the storm, and other attributes of the storm that are
important for meteorologists to analyse in real time to
determine the likelihood that it will produce severe weather.
These storm attributes can be seen in the table near the top
of Figure 1. In addition, the SCIT algorithm saves the .
attributes so that the time trend of each of them can be
displayed as in the example on the right side of Figure 1.

The SCIT algorithm also ingests data from the
National Lightaning Detection Network. Lightning
detections are correlated with individual storm cells which
allow the algorithm to analyse the lightning characteristics
of individual storms and display them to users. Also,
surface instrument data (surface measured winds and
temperatures) and profiler (measures winds up to several
kilometers above the ground) data are ingested, which
allow the algorithm to determine the near-storm
environment which is important for understanding a storm’s
potential to grow and/or decay.

Hail Detection Algorithm _

In rare cases, hail stones exceed 10 centimetres in diameter.
One recent example of the devastation that hail storms can
produce was the storm that hit the Orlando, Florida (United
States) areaon 25 March 1992, .

This storm produced hail with a diameter greater
than & cm that caused extensive damage to homes,
businesses, antomobiles, and agriculture and which totalled
over US$ 600 million,

The NSSL-developed Hail Detection Algorithm
(HDA) examines Doppler radar data in real time to
determine the probability that a storm produces any size
hail. It also determines the probability that the storm
produces hail greater than 3/4 of an inch (~2 cm) in
diameter (deemed severe by the U.S, National Weather
Service). And finally, it estimates the maximum size of haijl
stones associated with a storm (Witt, 1990; Witt, 1993),
Data from the Melbourne, Florida WSR-88D during the
time of the Orlando hail storm illustrates the HDA ocutput
(Figure 2). In the table near the top of the display you can
see that the HDA determined that there was 100 per cent
probability that the storm was producing hail and severe
hail and estimaied the maximum size of the hail stones to
be greater than 3 inches (8 cm). In fact, hail stones the size
of baseballs (7 cm) were reported falling at this time. In
addition, the trend windows on the left side of the figure
show the trend of probability of hail, the probability of



severe hail, and the estimated maximum hail size over the
previous hour. When this type of decision support system is
made available to operational meteorologists, it will
provide them with important information to use to warn the
public of impending damaging hail storms,

Mesocyclone Detection Algorithm

A mesocyclone is a very strong circulation in a storm.
Storms that have deep, persistent mesocyclones produce
severe weather at the surface approximately 95 per cent of
the time, and they are associated with tornadoes
approximately 258 of the time. The NSSL-developed
Mesocyclone Detection Algorithm (MDA) detects these
strong circulations in thunderstorms and forecasts their
movement out to 30 minutes. The algorithm also analyses
the mesocycione to display its strength of rotation, its
depth, its diameter, and the time trend of each of these
important parameters that meteorologists examine to try to
determine whether severe thunderstorm or tornado
warnings should be issued. Mesocyclone Detection
Algorithm outpnt overtayed on Doppler weather radar data
from the Twin Lakes, Oklahoma (near Oklahoma City)
WSR-88D during the time that two tornadoes occurred
simultaneously shows the features of the MDA (Figure 3),
In this case, the MDA has detected the parent circulations
of these tornadoes which are indicated by the yellow
circles. Meteorologists making warning decisions need a
reliable algorithm that detects mesocyclones because it is
an important tool to determine the severity of storms and to
examine their potential to produce tornadoes.

Tornado Detection Algorithm

Tornadoes range from being only a few yards wide with

relatively weak winds to nearly a mile wide with winds
over 100 m s-!. Tormadic winds are the strongest winds

produced by nature. Some tornadoes only stay on the

ground for seconds, while others stay on the ground for
over an hour and track tens of kilometers. Since winds from
tornadoes do extensive damage, and can caunse deaths, they
are one of the most important weather phenomena that
meteorologists can warn the public about,

The Tornado Detection Algorithm examines
Doppler velocity data to detect signatures that indicate a
tornado is present. The algorithm detects circulations in the
Doppler velocity field and requires that the circulation
signature has a certain depth and strength of rotation, which
is a good discriminator between circunlations that do
produce tornadees versus those that do not produce
tornadoes (Vasiloff, 1993). A display of the Doppler radar
reflectivity and velocity fields during the time that a large
tornado was on the ground shows the Doppler velocity
signature of this tornado (Figure 4). The triangle-shaped
icon represents the detection of the signature by the
Tornado Detection Algorithm. Being able to detect
signatures of tornadoes and precursors to tornadoes
automatlcally is a very important function that will improve
future warnings.

Downburst Prediction and Detection Algorithm

Pownbursts, often called microbursts when their diameter
is <4 kilometers, produce deadly wind shears for aircraft
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that penetrate them at low altitudes. In addition, some
downbursis are strong enough to produce damaging winds
at the surface (sometimes >50 m s-1). Because of the short
life-time of the phenomenon (often < 10 minutes), it is very
difficult to warn the public and aviation concerned before it
oceurs unless precursors can be detected. Thus, it is an
important opportunity for the application of artificial
intelligence techniques, Algorithms have been developed to
both detect and predict downbursts (e.g., Wolfson, ef al.,

. 1995; Merritt, 1991; Eilts, et al., 1994). An exampie of

ouiput of one of these algorithms, developed at NSSL,
which is called the Damaging Downburst Prediction and
Detection Algorithm (DDPDA), is shown in Figure 1.
These data are from the Phoenix, Arizona WSR-88D
approximately five minutes before this downburst produced
damaging winds at the surface. The DDPDA examines the
Doppler radar data looking for precursors to downbursts,
such as a rapidly descending reflectivity core and
convergence at mid-altitudes. Predictions of downbursts are
made up to seven to 10 minutes in advance with some skill,
The microburst prediction algorithm, developed at
MIT/Lincoln Laboratory for the Federal Aviation
Administration, uses integration of radar data with other
data sources (to estimate the environment near the storm) to
make predictions of microbursts for use in airport terminal
operations (Figure 5; Wolfson, et al., 1995).

Interactive display system

Because these new enhanced severe weather detection
algorithms have the potential to provile an overwhelming
amount of information to warning meteorologists, it is
important to have a display capability that allows the
meteorologists to call up any information they.deem
important very quickly. In addition, the display must
always show the most important information, to give
meteorologists a quick look at the most severe storms so
that they can stay aware of the whole waming area, yet.
focus on one stonn when they are making decisions about
warnings for it.

One display capability that has been developed at
NSSL to meet their meteorological research. and
development needs, meets both of these needs (Sanger,
1994), First of all, at the top of the display, a table of zsome

very important severe storm parameters are shown for the
ﬁvemostsevemstormsmthmmdarmnge(uptotlwtop
100 can be observed by scrolling the table) (see Figure 1).
In this table, all storms are weighted by their estimated
severity, with the strongest at the top of the list. Parameters
are colour coded by their potential to produce severe
weather, thus, values that are colour coded red suggest
severe weather may be occurring, yellow suggests the
potential exists for severe weather, and green is a lesser
threat. This gives a “heads up”™ to a busy meteorologist as to
which storm should be examined inore closely and what the
main threat from the storm might be (e.g., tomadoes versus
hail).

When the meteorologist selects a storm to
examine, the display can be zoomed so that the storm of
interest is the only one in the window, just by clicking on
the storm ID number in the table, It can be overlaid with the
local geopolitical boundaries, roads, etc. With an interactive
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display such as this, a meteorologist can examine the
Doppler velocity and reflectivity data in great detail and
can-use the mouse to click on the storm to bring up “trend
windows” such as are shown in Figure 1. These trend
windows allow the meteorologist to examine the
growth/decay of this storm over the past hour. He/she can
Iook at the trend of strength of circulation in the storm, the
trend of the maximum hail size, the trend of lightning rates,
etc. Potential users from the NWS who have seen this
capability are excited about its potential utility in an
operational warning situation, because it provides them
with easy access to information they need in a concise and
easily interpreted format.

Display capabilities that allow easy access to
information, direct the meteorologist toward important
information, and allow easy interactive visualization of the

data are an important component of the waming decision

Process.

SHORT-TERM PREDICTION OF SIGNIFICANT
WEATHER

In order to be able to predict the initiation, movement and
evolution of significant weather for the zero to two-hour
time-frame, the enhancement of our present capability to
observe the atmosphere, t0 model its evolution, and to
integrate observations and models in a synergistic way
needs to continue. At the present time, our skill at
predicting significant weather often does not have enough
accuracy so that the predictions are useful to the general
public, aviation concerns, and public and private industry.
Further research and development of mumerical models,
observational sensors, and techniques to combine models
and observations are very important if we are to succeed in
producing good short-term predictions. Three important
areas where short-term prediction of significant weather
can provide benefit to society are flash flood prediction;
thunderstorm initiation, evolution and movement; and
winter weather prediction (e.g., snow and icing conditions),

Numerical models

In order for numerical models to be used for very-
short-term forecasting, it is imperative that we increase
model spatial resolution which will allow us to predict on
scales that are important for <2-hour predictions. It is also
very unlikely that in the next decade we will be able to
predict individual weather phenomena explicitly using
numerical models. Instead, it i8 more likely that we will use
both mesoscale (models with scale of a few hundreds of
kilometers) and cloud-scale models as guidance tools for
meteorologists. One method proposed is to use mesoscale
models to produce six to 12-hour forecasts. Then, using
output from this mesoscale model, cloud-scale modsls can
be initiated in locations of developing or evolving
interesting weather phenomena. The cloud-scale model
would be run several times with a range of initial conditions
that the forecaster would consider possible scenarios. In
this way, the forecaster can determine how sensitive the
development or evolution of the weather phenomena is to
the initial conditions. This is particularly useful, if for
example all runs of the model produce similar forecasts
then the forecaster can be more confident in the forecast. If

the cloud-scale model output varies considerably based on
the changing of one initial condition, for example, the shear
in the environment, then the forecaster can focus on the
evolution of shear in the environment as & critical forecast
parameter (Brooks, ef al., 1991).

To be able to run models with very high resolution
(<1 ki grid spacing) in real time so that the forecast arrives
before the verification time, it will take further increases in
the speed of even the latest massively parallel computers,
especially if a number of model runs are necessary to
determine the sensitivity to initial conditions, as suggested
above. In addition, these models will have to be able to
ingest very high resolution data {e.g., Doppler radar data),
to depict accurately the present weather scenaric. The
Center for Analysis and Prediction of Storms has developed
such a model called the Advanced Regional Prediction
System (Xue, et al,, 1995) and is able to run a 64 x 64 x 32
grid (1 km x 1 km x 0.5 km grid spacing) on a single
processor of a Cray YMP-50 and sustain a rate of 180
megaflops. This equates to a one hour forecast taking
approximately six minutes to run. The relationship between

‘speed of computers and time to run models is depicted in

Figure 6 (Droegemeier, et al., 1995). The rapid increase in
speed of computers in the past few years, and the projected
increases in the future, lead us to believe that in the near
future it will be possible to run these models in sufficient
time. An example of the output of this model shows the
high resolution output that results along with the changes in
detail caused by changing the resolution of the model
(Figure 7). With further advances in computing capabilities
these type of models may become important tools for very
short-term forecasting of thunderstorms, as well as many
other atmospheric phenomena (Cotton, ef al., 1994).

The importance of integrating data and models to
predict hazardous weather phenomena on the short
term

It is very important to be able to integrate all possible
observational data sources and numerical model output to
predict the evolution and movement of weather phenomena
for short time periods. Meteorologists need the capability to
integrate data and visualize them, and also need a method
to integrate the model output with observational data if they
are going to have any success at these short-term
predictions, As examples, we will discuss potential
methods to produce flash flood predictions and
thunderstorm initiation predictions, to show how important
it is to integrate model and observational data,

Flash flood prediction

Flash floods cause mitlions of dollars of damage every year
and many deaths and injuries. To be able to predict flash
flocds in a timely manner, a meteorologist needs to know
how much rain either will fall (mmnerical models), or has
already fallen (raingauge, radar estimates, andfor satellite
estimates [Grody, 1991]) and at what rate. In addition, it is
important to know how much of that rain will runoff
(surface moisture data, hydrological runoff models) and
how much runoff a given stream basin (or similar water
reservoir) can handle before flooding occurs. To be able to
predict flash floods reliably, not only do we need to



integrate meteorological and soil observational data, but
also meteorological numerical models and hydrological
models (Doswell, 1993a; Doswell, 19935).

To show the utility of radar and raingauge
networks in estimating rainfall and the need for integrating
the two data sources, an example of a case is shown in
Figure 8 from Phoenix, Arizona. On that particular day
radar-based estimates of precipitation were between 0.2 and
0.9 inches and were fairly widespread. Most of the surface-
measured rainfall also fell within that range of values,

except for the raingauge located just to the southeast of the

radar (radar is “KIWA” on Figure 8) which measured 2.66
inches of rain. It is likely that the radar algorithms under-
. estimated the rainfall at thig location due to the “cone of
silence” near the radar. This case shows the extreme impor-
tance of integrating data to best represent and understand
weather phenomena and their attendant precipitation.

Thunderstorm initiation

Predicting the location and timing of the development of
thunderstorms is a very difficult and complex task. Studies
have shown that if the goal is to predict the location of the
development of thunderstorms in the time-frame of five to
10 minutes there are clues in Doppler radar data that
provide some skill, although the timing prediction is less
accurate than the location prediction (Hondl and Eilts,
1994). One example of this is colliding boundaries that
produce thunderstorms, These boundaries can be observed
by Doppler radar and satellite, their movement can be
discerned and the time of their collision can be predicted,
However, to determine where along colliding boundaries
storms may form and to gain valuable lead time, it is
important to use satellite data, becanse satellites are the
only operational data source with which we can observe
visible clouds, which are indicative of developing
thunderstorms (Wilson and Mueller, 1993). It is also very
important to know the vertical thermal and moisture
structure of the environment to ascertain whether storms are
possible. These types of data are not presently available on
the temporal and spatial scales necessary, except during
special research projects (Mueller, er al., 1993).

In addition, at ranges beyond 60-100 km from a
radar, the radar beam is typically above the boundary layer,
so convergence boundaries cannot be observed and
thunderstorm initiation prediction will be much more
difficult. Other difficulties in trying to predict thunderstorm
initiation include: all storms do not form on boundary layer
convergent boundaries, and once storms have developed
their interaction and outflow can cause other storms to
initiate on short-time scales, often with few radar
observable signatres.

Research efforts at the National Center for
Atmospheric Research have led to a nearly automated
method of estimating the location of thundesstorm inittation
for the next 30-minute period (Wilson and Mueller, 1993).
Figure 9 shows an example of the antomatic 30-minute
prediction of where thunderstorms will be, along with the
actual verification of the location. To be able to predict
accurately thunderstorm development, evelution and
movement requires further research, but our present skill
does show some promise. -
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In order to predict reliably where, and possibly
when, thunderstorm development may occur beyond
30 minutes in advance, cloud-scale or mesoscale models
will have to be used. But as stated in the above section, it
is likely that in the next decade or so models will not be
able to predict thunderstorm initiation explicitly. Rather,
they will only be valid as guidance tools for meteorologists
to use,

Data and model visualization for short-term prediction

For meteorologists to make very good and timely
short-term predictions of significant weather, & display
capability needs to be available to them that allows them
to overlay model data on top of various observational
data streams (e.g., satellite and radar data). It is also
important to be able to foop through images so that the
evolution and movement of weather phenomena are
eagily observed. The importance of easy interactive
access to these data streams cannot be overstated. In the
United States, display capabilities that meet these
requirements are being developed and further enhanced.
Two examples of thiz capability is the National Advanced
Weather Information Processing System (N-AWIPS)
(Figure 10; Olson, e al., 1994), and the FX-ALPHA
workstation (Bullock, et al., 1994). These display
capabilities have an easy, interactive human interface for
letting an individual display satellite data, model output,
radar data, surface data, and other data sources and
overlay any of these tields on top of each other. This type
of software/hardware display capability is a must for

- meteorologists who are trying to analyse all of the model

and data sources available to make short-term

predictions. -

CONCLUSIONS

To be able to provide timely and location specific
very-short-term warnings and forecasts to the general
public, aviation concerns, and private industry, it is
important that we continue to provide meteorologists
with improved obsgervational tools, better decision
support systems, better numerical models, and effective
interactive display systems. Investment in all four
areas—along with continued investment in research to
enhance our understanding of weather processes and
education and training of operational meteorologists both in
basic meteorological knowledge and on the observational
tools and displays at their disposal—will allow much
improved forecasts and warmnings which will vitimately
save lives and reduce damage to public and private

property.
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Figure 1 — Doppler radar reflectivity (left) and velocity (right) display from the WSR-88D near Pheonix, Arizona (KIWA) on 6 August 1994, 02:53 UTC
Data are colour-coded by the scale on the bottom. Negative velocities are towards the radar, positive away. The colour coded table at the top
of the figure is a combination of algorithm output with storms weighted by their potential severity. The Storm Cell Identification and Tracking
Algorithm output has identified this storm (storm #11) and tracked it for 40 minutes, the connected white dots indicate the past track of the
storm with each pink cross hair a forecast of future movement of the storm in five-minute intervals. Overlayed on the velocity field is a small
blue ellipse with an “S" in it, indicating a severe downburst has been detected. The trend windows on the right side of the figure are trends
over the past 40 minutes of certain storm parameters.
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Figure 2 — Same as Figure 1 except for data from Melbourne, Florida WSR-88D (KMLB), 26 March 1992, 00:11 UTC. The “HAIL" column in the table
represents Hail Detection Algorithm output probability of hail of any size (100 per cent for storm number 8 in the center of the display), the
“SVRH" column represents the probability of severe hail (>3/4 inch diameter, 100 per cent for storm 8), and the “SIZE” column represents the
maximum estimated hail stone in inches (> 3 inches for storm 8). This storm did US$ 600 million of damage from near the time of this display
to an hour later.
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Figure 3 — Same as Figure 1 except for data from Sterling, Virginia WSR-88D (KLWX) on 1 May 1994, 01:11 UTC. Yellow circles represent detections
of circulations by the Mesocyclone Detection Algorithm. This storm produced an F2 tornado that did damage in the town of Pond Bank. The
table and trend windows in this figure show characteristics of circulations detected by the MDA.
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Figure 4 — Same as Figure 1 except for data from the WSR-88D near Houston, Texas on 16 November 1993, 15:45 UTC. The “white triangle” icon
indicates the location of a detection by the Tornado Detection Algorithm. This circulation was associated with an F2 tornado. The table and
trend windows in this figure show characteristics of the circulation detected by the TDA,






OVERVIEW OF MICROBURST PREDICTION ALGORITHM
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Figure 5 — Schematic showing how the microburst prediction algorithm detects and predicts the location and timing of microbursts (from
Wolfson, et al., 1995).
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Figure 6 — Nomograph of the ratio of dedicated wallclock time to simulated time plotted against domain size for the Advanced Regional Prediction
System numerical model version 3.0. The diagonal lines represent sustained model performance in megaflops, gigaflops, and teraflops. As an
example using a grid size of 1024 x 1024 x 32 it will take a 100 gigaflop computer to run the model 10 times faster than wallclock time (from
Droegemeier, et al., 1995).
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Figure 7 — Potential temperature at ground level from simulations using a cloud-scale numerical model and varying the grid resolution. Qutput is valid
two hours from the beginning of the model run.
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Figure 8 — Data from the Phoenix, Arizona WSR-88D on 29 July 1994 02:12 UTC. Reflectivity image is on the left, storm total precipitation image is on the
right. Overlayed on the images are the parameters measured by the local surface mesonetwork. The flags indicate the direction from which the wind
is blowing with the speed represented by a full wind barb for every 5 m 5. The two numbers to the left of the wind flag indicate the temperature
(on top) and dewpoint in degrees Fahrenheit. The two numbers to the right of the wind flag indicate altimeter setting in inches (on top) with the
amount of precipitation in hundredths of an inch (on the bottom). Notice the surface site near the radar (KIWA) which has 2.66 inches of rainfall in
a location where radar estimates are less than 0.5 inches. And also notice that the radar estimates fill in the gaps where the surface mesonetwork
does not measure the precipitation. This figure shows the complementary nature of the two data sources for measuring rainfall.
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Figure 9 — Example of output of an automatic 30-minute Thunderstorm orecast Algorithm. The area outlined by the white line is the automated forecast,
while the verification of the forecast is the red area (Courlesy Jim Wilson, NCAR).
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Figure 10 — Example of display from the N-AWIPS, showing how colours and other techniques allow overlaying of different fields which are important
for a meteorologist to try to understand model output and observations.



FAIPOJOTHIECKHA DMK  BJIMAHME ECTECTBEHHBIX M AHTPOTIOTEHHEIX
_ @AKTOPOB

Hpogeocop U. A. Hinknomanos
Boyrapecmeesmuts augposozivecxutl uncmusneym, C.-Tlemepbype.

OBIIHE NOJOXKEARSA: NONATHE l"ll,IlPOJIO-

OCHORHHX TeOdHINYOCKHX RpOICCCOB HA Bamiedl IUiasere,
ofecneynBaDMMUX OTHOCHTENBRYX YCTOHYHBOCTE
TIPHPOSHHX YCTORMH M XSPAKTEPHIYIONINX PacpeACTenne
BOI MeXAy CYed, oxeanoM M arMocdepod. Smnsacy
BRHOONGE APKHM NOKA3ATE/IGM GAMHCTES HPHPGIHLX BOA KA
Jemne, ruaponoruYecKkHi mMXn 06BeKTHEEO
ofycnapnueaer HeoGXOAHMOCT, TECHOR B3AMMOCENIH
MEKAY mayxamMn (MeTeoponoruA, OKEaHONOTHA,
IHADONIOrHA M TFMADOrEONOrHA), HIYYAMMMH €ro
OTAGNLHEE KOMNCHERTH,

Osuesnano, Y10 npofnema ¥3y9eHHA KpPYTOBOPOTA
BOAN PEIRHNANNG 0BmMpEL B, KAK YYeHHA, pafoTanmmi
B obnacrs rMApOAOTMM CymM, B CBoeH nexipn a Gyxy
KACATMCR IMABHHM OOPA3IOM TEX ACHEKTOR FHAPONO-
THIECKOTC IMKA, KOTODHe HEMOCPEACTBCHHO CBEJANH C
©OPMMPOBARHEM PETHOTO CTOKA M €10 HIMGHGIMAMH NGA
BIMEHHMEM ECTECTBCHHHX $AKTOPOR M X03AACYBEHHOH
peatenppoctd. Ha MO B3maA, MMEBHO 9TH acmexTH B
HpeXje BCEro BIAMMOJEACTEHE ROBEPXHOCTHHX M
MQI3EMHEX BOA B PasnuiENX yohosmax TpeSywor ocobenno
TINATENRHOTO MH3YYCHHA C NPHEMEHSHHEM BCEro
COBPEMEHHOTO apCeHala METOAMTOCKHX NOAXOAOB H
TEXHUYECKHX CPEACTS.

[lran Nexiir NpeAYCMATPRBACT NPEACTABNCHHE H
ofcyxaenMe MaTepuanoB Ho MOGANLHOMY M KOHTMHEH-
TANMIOMY THAPONOTHUECKOMY WLHKNY, N0 H3MEHEHHAM
THAPOAOTHMYECEOFO THKNA B MPEAENAX DOTHHYX BoaocTopos;
0cof0 & NpeAnONara OCTAHOBHTECA HA HEKOTOPHX
ApOGEMaX, CBASAHAHX ¢ SKCHCPHMEHTAIMHEM WIyYeHHEM
THAPOROTHYECKOND KA.

Takoli mnan o6ycnoBiIeR TeM, UTO FHAPONOrH
00HYHO PACCMATPHBAIOT THAPOJNOTHYECKMH WHKR ANA
PaIHYHLX MPOCTPAHCTBEHANX M BPEMEHHHX Macmrabos:
ANA 3eMiH B LENOM, OKGANOB, KOHTHHEHTOB, KPYNHHX
NPHPQUEO—-3KOHOMMYECKHX pafoHOB: A8 Oonbmnx u
MAUBX pevanx GacCeAHOB; 33 MHOMOJETHHIE REpHOI ¥ 3
KOBKPETHHE I'QSH WM Ce3OHH.

DbBops 06 YCTORYHMBOCTH I'HAPOAOrHYECKOI'G
UHKNA, MH BCE[SA JMEEM BRMAY, 910 PARHOBECHE MEXAY
OTAGTBHEMM €0 KOMIOHEHTAMH HMMEET MeCTo TOIKO B
npesenax ONPEAEAECHHOIO, XOCTATOWHO OTPAHHYECHHOTO B
HCTOpHYECKOM MacmTale NpoOMEXYTKa BpeMeHH. 3a
- Gonee ANMMTENEHEE NEPHOIH — B TewCHME COTEH H AaXe
AECATKOB NET OTAGNBHHE KOMIOHEHTH MAPONOTHISCKOro
LHKIIA MOI'YT HCNWTHEATH JHATMTENbHE M3Menesns, oGyc-
JORNGHHNE KAK €CTECTREHEEMM, TAK M AHTPOROTOHHHMH

§aKTOpAMA, YTO NPMBOZMT K COOTBETCTBYIOIIEMY

I3MEHSHHIO KUTIMATHYCOKHX M THAPOIOTHISCKHX YCHOBHA.
[pu asrom macmTabu ¥ XxapakTep H3MEHEHMHA

. THAPOTOI'HISCKOTO LKA B SHATHTOIRHOA MEPe 3ABHCAT OT

pasMepa TEPPUTOPHH, Vi KOTOPOR OH ONPEAGNACTCA: 9eM
Gompie TeppHTOpUA, Tem GoNee YCTORTMBH €CTECTPEHHHO
COOTHOMERHA MEXJAY OTAGHLHHMH KOMIIOHEHTAMH
THAPONOTHYECKOTO UMKIA H TEM MGHEe OHM IQIBEpAEAH
BRHAHMIO XO3AHCYBEHHOH ACATSIMIOCTH SE/I0PEKA.

Ha pucynke 1 noxasama cxema rnoGanassoro
THAPONOTHIECKOIO HMKNA C OCHOBHHMH YHCNGHHHMH
NOKAa3aTEAAMH €r0 KOMNOHEHTOB, KOTOpDHEe Gunu
ONpescseN POCCHACKEMHE MMAPOMETeopoRoTaMd B 70-x
roaax (Mmpopoit poaumit Gananc, 1974). Orpesapmue
aTOR CXEMe 3NeMEHTADHLE YDABROHHA MHOTONETHEro
poanoro GanaHca ANA DAsAMIHHX RO MacmrabamM
TEPPHTOPHA OGLTHO NPEACTARNMOYCA THADONOTAMH B
CIEAYIONICH RHXE:

— AN JeMnu B IRETOM:
P=P,+Py+Pr=E,+Eoa+E.=E o
= JJIfl OKCAHOB:
By=Py+R=P,+Rg+Ry, Q@
~ AnA ofnacTefi BHEINLETO CTOKA H PEMHNX GacCeiHOR
PB'= Ee‘ +Rs+Rtm ®
~ A JaMKEYTHX (BEYTpeHRMX) IUIOmA e
Per= Eqgr @)
" B ypasuemmn (1-4);

P, Py, Pe, Pon — OCHAKH COOTBETCTBRHHO JNIA JeMIH B
IeNoM, Ani oxeanos, obnacredl BgenTHero M BHYTDEHREIO
CTOKa;
E, By, Eg, Eg+ — Hcnapenne ui 3eMau B LENOM, And
OKEAHOR, BHEILHErO M BEYTPOHHEIO CTOKA;
R, Rg, Ryq — CTOK CyMMapHRi, ROBEPXHOCTHHA M
NQE3CMHBIA,

lIpusesennne ypasHeHMA CNpABEAJHBH AJA
CTaHOBADHEIX YCTIORHHA NPH AONYINEHHH, IT0 MPMXQL BOAK
H3 KOCMOCA YPABHOBOIIMBASTCH MOCTYIUIERHEM BOIABOTO
napa 8 KOUMOG, 4 MPHTOK INyGOKHX OBMHMNLUHX BOA
KOMIECRCADYETCA JATPATAMM BOTH HA THAPOTAINA.

Anx aBanusa M3IMEHENMA KOMNOHEHTOR
TFHAPOAOTHIECKOr0 UHKNA BECHMA BAXHO NOHATHE

KoopPHImERTa BIAr0060poTAa, NPEACTABNEHHOTO B EHAC:

P Py+P
L ad

me: Ko — kosfduument. moo&mﬁ; P ~ ofmmne
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ocask; Pgq — 3ADEKTHBHHE OCAXKH, 00pasosaHmHe 34
(YT BOIAHOTO NMapa, NPUHECEHNONO H3pne; Pp — MbcTnne
ocaxki, oOGpasopamnHe 3a CYeT MCRApeHMsa Ha
PACCMATPHBASMOMA TEPPHTOPHIL

Osepnano, 910 x03GfunMent pnaroobopora
JONKCA HMeTh AOCTATOUHO XOPOUIYID SABMCHMOCTS OT
MACHAIN PACCMATPHBAGMON TEPPHTOPHM: = MDH TIOMIAARX
menee 500-1000 muc. kM2 Ko = 1, A nnomaseit Gonee
1w, kw2 Ko > 1, gocruras, sanpumep, s Adpisn Ko
= 1,42, ana Eppasmn Ko = 1,65 (Kamumn T'. 11, 1968,
Muposoi pomiEsi Gamuc ... 1974),

AHANHIMPYH Rpupcacnme ypasnemmud (1-5) m
NPpHGINXCHHKE IHCIOHAN® XAPAKTEPUCTHKH HMX
KOMIOREHTOB, NOKASaHAME B cxeme (pucysox 1), MOXHO
cAenaTh HOKOTOpHe oOmme (xavecTmenuue) BHBOIH B
OTHOWIGHHM BOSMOXKAOCTEH BOSACACTBMA YQ/IOBEKA HA Te
AAY HHHE KOMIORSHTS MHAPOJIOrHYecKOe HKIR:

— MOCKOIEY OCAAKH HA CYIIE B OCHORHOM ODYCNIOBNEHH
MepeHoCOM BMArH, MUCNAPHBIIEACA € oOKeaHa,
HENOCPEACTBEHAC BO3AGHCTBYS HA PEUHOA CTOK H
HCHapeHe C CYIIH, YeN0BeK MOXET BIMAT HA OCAAKH
MHILH B OI6He OTPAHMICHHNX MACIITalax;

— AHTPONOreHHHe M3MEHEHWH MCNApeHMs C OKeaHa
(nanpumep B pesyniTaTe 6r¢ 3ArPAIHCHMA, NOKPHTHA
MACIHON TIEHKOS H T.L) MOTYT BECEMA CHLHO CKASATLCA
HA OCAAKAX M CTOKE ¢ CYMIN;

— HHTEHCHEROE XO03fACTBEHROS HCNOAR30OEANME BOA B
Gecoroanbx OCNACTAX HE MOXET JAMETHO WMOBHATH B MX
oOmuii BoYEMA (anaBc H XapaKTEPHCTHKH DIOOLLHOTO
AnarooBopoTa;

— BO3AGACTBHE EN0DBCEA B3 MOGIMLHEE KIHMATHYECKHE
XapaKTEePHCTHKY (CyMMapHHe OCAajKM, TeMnepaTypa
BOBAYXA, W MOrYT 0co0CHEO CHUIBHO CKA3ATHCA
HA BOTHHIX PECYPCAX KOHTHHEHTOB, PETHOHOB M PETHHX
GanceRHoB.

TIpuMennTebaO K AHTPONONEHANM HIMEHCHHAM
PETHOrO CTOKA B PAINHIHHX WPOCTPAHCTBEHHBX MACHI-
Tafax, BKHC OTMETMTL CheAyYIonmE 00CTORTELCTRA:

. = ANA 3EMHOIO NApa B GEMOM HHKakHe BO3XGHCTBHA
EOBEKA HAL CTOK Be MOTYT H3MEHHTh 0Oinee ypassesne
molaNLHOrO BOIHOIC Gananc;

— AN OKEAHOB, B BGIAOM Gasance KOTOPHX PEMHON CTOK
HCpaeT POCAMA MANYI Pols (3a ucK/mouenMeM, ROXKANYi,
Cepepaoro Jlea0BATOrC OKEaHA), MIMEHEHMA €0 WOA
BIMAEYEM XO3AHCTBEHHOR JeATEAHOCTH, JakKe CamHe
SHAMHTENbANE, HE MOTYT CYMISCTBEHHO CKAJATHCA HA
BOAHOM Ganapoe;

— JANA KONTHHEHTOB M KPYTIHHX NPHPOIHO-3KOBOMHTECKHX
PETHOHOB, AN KOTOpLX koadduument anaronbopora K¢ >
1, npH oUeHKE AATPONOTERBHX M3IMEHEHHH CTOKA
HeOGXOUHMO YIHTHEATS BOIMOXKEHE AOMONHHTENbHHE
OocadKH, OOYCNORNCHENE YPETHICHHEM MCIRDENHA 3 C9eT
XO3AACTBEHAOA JACATENBHOCTH H HOPMHpYRMIHE
JONONAHNTENbANE BOJHHE PECYPCH, B KAKOH-TO CTENCHH
KOMICHCMPYIOIIAE BoaonoTpelienne;

— ANA OTAGNBHHX PAROHOB H pevanx (acCeREHOB ¢
naowasavn 500-1000 mhe, kM2 (Ko = 1) H 3aMKHYTHM
BOAHHM GalancoM YBENHSEHHE HCRAPEAMA 34 CUeT
XOIMHCTBEHROR ACATENHHOCTH HEMOCPEACTEEHRO MPHBOIMT
K YMEHSIICHHIO CYMMAPHOIO DESHOrO CTOKS; B T0 X6

BpeMa  $axTOpH XOSAACTBEGHHOM AEATENMHOCTH,
cnocolCreyoine  REpEpacTpeASICHH OBEPXHOCTHON 1
NOA3EMHON COCTABJIRIOIMX PEMHOIO CTOKA, HE MOTYT
NPHBECTH K YMEHMIEHHIO CYMMAPHHX BOSHHX Pecypcon;

— ANA MANEX paHOHOB M pestnX Gaccefinos, me penas
CeTh He ApeHHpyeT NOA3EMHHE BOAH, HE TONBKO
AHTPONOI'CHAHE H3MEHOHME McHapenMs v faccefine u
HIBATHE BOAH HY PeYyHOfl CeTH, HO H Nepeso
NOBEPXHOCTHONO CTOKA B NOASCMHHA NPHUBOAAT K
H3MEHEHHX) CYMMAPHOTO CTOKA H T'HAPONOrHIECKOro
PEXHMA B AMHKAWMMX CTBOpaXx. B Taknx Gaccefimax
p000ImE ROZMOXKNO MONHOE NpPEeKpaHICHHE CTOKAa ROX
BAMAHKEM XOBAACTBEHHON ACATELHOCTH,

Ocranopamca Gonee ACTANMEO HA HEKOTOPHX
npoGaeMax H3Y1eHHA H OLEHKH KOMMIESCTBEHHHX
XaPAKTEPHCTHK MMADONOIHUE(KOT0 IHEAL M HX AMHAMHKH
P MobAaNbHOM M KOHTHHEHTANLHOM Macmmabax, a Takxe
A PedHHX BOAOCOOPOB, HMEA B BMAY B NEPBYIO 0Yepeib
KOMJIOHEHTH, CBAJAHHNE CO CTOKOM PeK H pecypcaMH
TNpECHHX BOA.

DIOBAJTbHBIA THIPOJOTHYECKHH MK

KonnuecTpeHHHe XapakTepucTHEH rmolanbHoro
THAPONOTHISCKOTO HMKNA ONEHMBANHChH MHOTHMM
HOCNIGAOBATENAMN, HAYMHAS C KOHIE TPOMJIOrO CTONETHA,
Cpean HocleA0BAHNA, BHNONAGHHHX B MoCNeARHE
ACCATAIIETHA, CNGAYET orMeTHTs pabora Byauxo (1963),
Heiica {1967), Kannmnna (1968), Jlbsossua (1974), TTH,
Muposoii potank. Gasanc (1974), Baymrapruepa u Pefizena
(1975) Hammomamsaoro ComeTa 10 HayYHEM
noonesopamnam CIEIA (1986), Bepnepa u Bepnepa (1987).
HanGonee eranpime oUeHKd BCEX OCHOBHHX KOMROSEHTOB
FHAPONOrHIECKOTO UMKNA MPHBOAATCA B paloTax
POCCHACKHX YYeHHX, Bunonuensux 3 I''H nox
pyxosoacreom B, H. Kopayma u A, A. Coxonosa (Muponoit
BOAHLE Ganasc M BOMHME pecypcH 3emmm, 1974), a Takxe
B MOHOrpaguu Hemetknx yemnx A. baymrapruepa u E.
Peiizens. Cpapsende 3THX A4HHHX C BENHYHHAMM,
onybauxopanunMd B mnocneapne roxu B CIHA
(Haumomanpaefi coBeT BAYWHHX HCClexcBanMd, 1986),
AOKAIHBAET BOCHMA JHATHTENMINE PAINMIMA B OUEHKAX
(rabmama 1). Ovo cBMAeT@CTBYET, K COXAJEHHMID, 06
OrPAHHYCHEOCTH MAIIMX 3HAHAA XaXke B OTHOMEHHH
IMoGAAMHHX XAPAKTEPMCTHK THAPOJIOIMYECKOr0 UMKNA M
rpefyer NpOBGACHHA AOTIONBHTENBHHX MCCACAOBAHMI.
OcolBerH0 PENMKM PAZIMIMA B 3ANACAX NPECHHX ¥OX HA
Jemne, 9T0 CBA3ANO ¢ GOABIMIMMH TPYAHOCTAMH MX
ONpeAeNcHA ¢ MCNONK30BAHNKEM BEHAY HEAOCTATOMHOCTH
HCXQIHSIX SAHHHX KOCBEHEHX METOIOB.

Ponb OTAGMBHEIX KOMIIOHENTOB TMAPOJIOTHYECKOTO
OHKJIA B KPYTOBOPOTE BORH Ha 3eMne 3aBUCHT HE TONLKO
OT BEMMYMHH 3aNacOB, HO M B HOMEHBIIGH CTENeHH OT
nepuoaa WX monmoro BosobGmomnenua (rabnnua 2),
KOTOpHH KoneGlercs B O5CHL IMPOKHX NMpejienax — or
BECKOMMKUMX %icoB (BHOROrHYecKas BOZA) A0 HECKOJBKHX
TRCAIENCTHA (NeIHVEN) M faxe AECATKOB THCAYenerni
{norsemume maw). B coorsercTBMM ¢ npubeseHEuMH
JAHHHMH AaTMOCHEpHAN BNara B CpesHeM BOo3oOHORAmETCH
xaxAue 8 anedl, 3anaci BOAH B PeKax MHDA — B TEWEHHE
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TaGmmua 1 — Dianmsie KoMuoRenTS 1060000 MAPOIGIEOCKOTG NERCHR B KMS 10 MIANMELM BCTOYARKAM

Hasonanrt Covem - ITH. Muposoi sanses. | Fepwanus. Bay.
0 HEYNHNM UCCACIOO- Gaxasc, 1974 2. . u Pebcan, 1% 2
Bugu o " stuan CITA, 1986 2 e
|Corepaamee poga B aTMOOPEDE 15500 12900 13000
Ba% cymeit 4500 3100
BRA MOPAMH 11000 9800
Ocazxn (romsee) max cymedt 107000 | 119000 111000 ]
AN MODRMH 398000 } 305000 458000 385000 496000
Horapense 1 TpaEoHMpamas = 508000 577000
B € CYmH 71000 TA00 71400
« MOpa 434000 505000 424700
3anacu pOUH EA CYIOe 59000000 47565210 36020000
awer B sy 43400000 24064100 27820000
NOBOPEEOCTING BOA 360000 189950 225000
TORICAIRIIG BOSH 15300000 23400000 8062200
BuonormTeckan a%a 2000 1120 —
Permoit Crox B Okean, roaoand 36000 47000=44T00+2200 39700
SAIACH PO B OKXeany 1400000000 1338000000 1348000000

16 zuedi, B o3epax — B Tevemme 17 ner, monmoe
B0300HOBNEHHEe OKEaHCKHX BOA  MPOHCXOAMT
npuGimsHTenso 3a 2500 ser (Muposoi poxai# Gamanc,
1974).

Oniix H3 TRBEMX KOMTIOHCHTOB THAPOIOTHICCKON)
[MKNA, OKASHBAICITAX OTPOMHOE RIMAHEE HA COCTORHMO
AXHGAH BA 3eMne H SKOHOMHIECKOE PASRUTHE E/IOBCICKOND
obMeCTBa, ARNAETCHE PSUHOM CTOK, HMeiomMA HaHGonee
MHPOKOe PACTPOCTPANEHHE H AOCTATOMRG BECOKYI0 GKOPOCTS
noasoro posobuopneiny, OneHKH CyMMapHONO rQIOEOTO
CTOKa pex Mppa, omyCimacomumme 32 mocneause 30 ner U
npupescauEe B rabanne 3, xonebmoTca 8 npexenax or
36000 xo 44700 xm3. HamGonee Aerampube ouenxh,
nonysenrne B I'TH 8 1993-94 rr. ¢ Mcnonb3opaunem

Jananx mafmoaeanA no Gonee wem 2000 MAAPOTIOCHISCKHM
CTBOPAM HA BOEX KOHTHHEHTAX, (Pacriosioaxesme OCHOBHEIX
CTARM TOKAZARO HA Kapre, PHCYROK 6) RT BEITMHY
nopaxxa 42500 kM3 B roa,

Peunofi crox nocTymaer B OkeaH kpadme

HEPABHOMEPHO, Y10 MOXH(O NPOAEMOHCTPHPOBATD AAHAHMM,

NpeACTABICEHEHMH H3 PHMCYHKe 2, NOJAYYEHHHMH N0
mochenmiM omesxaM ['TH. B pafiope akBatopa B 3ome or
10° cepeppofi A0 10° J0XNOH IHPOTH MOCTYIRET B OKeAH
» cpetpeM okono 40% pcero peworo croxa. Ha mam
RN, 3TH A3HHHE 338 OTAENbHHE MOAH HNH CE30HH,
noNydYeHHLE WO MATEpHajaM Habnmojaenui, MOTYT
npeiCTARNATE GONLIIOR MHTEpEC AN CHELHAJIHCTOB,
PRIPAGATHBAKHITNX MOACTHE MPKYNALHY BOTH B OKeaHe,
KoumosieaTH mo6anbBore IHAPOIOrHIECKOIo
UHKAR AOCTATOYHO YCTOHMHBH, OAHAKO BCe X€ He
NOCTOSHIH RO BPEMEHH, eCE PACCMATPHEATH nepuoaa S0-
100 u Gonee ner. OO 9TOM, B WACTHOCTM, CEAAETENL-
CTBYET NMPOIONAAWIMHACA BOT yxe Oonee 100 ner

'MOCIENCANNA NOXLEM YPOBHEA MHDOBOIO OKeama (puCysOK

36). CymmapHam BenMUYMHA NOXLEMA 3R STOT JIEPHOA -
cocrasuna 12-14 ¢m, npuweM manGonee HMHTEHCHPRHA
npupocr gabmozaerce B nocnexume 30 ner. Beaymwecs
PO MHOrMX CTPAHAX MCCAEAOBAHMA NOKA He AAIOT
OXBO3BATHONO OTROTA HA BOTIPOC O NMPHTHHAX NOBHINEHHA
yPOBUA OKeaHA, XO0TA GONMLMBCTBO MCCNeAOBaTeNeil

TaGmna 2 -— Depaors noanoro swoSzosacoma poymsix pocypoos Ba Jemae (Muposoit soxmal Gananc ... 1974)

Brgw oo Hepuax sosofnoeserus
Misponoft oxean 2500 ner
Nomenmtie posu 1400 ner
omesmas xnara 1 ron
Tionapie JeAHEL H NOCYOARRRG CHEENLE NOKPOS 9700 ner
Ppene nemuxu 1600 ner
Tlomesnmili MEX 30HM BEWOT MEPUIOTH 10000 ner
Sayacu Mgy B 03epax 17 ner
Bosu Bonor 5 ner
Bosa B pycnax pex 16 maefi
Baorordueckan boga Heaxonsko sacos
Arsoofepmag nrara 8 meii
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TaGoma 3 — Cymmapsuat pessoR CTOK B MIpOBOE OKCAR [0 SARHEDY pazmrmex astropos (xvd/rax)

Asmop B Ruosott cmox, k08 /204

Hetic 1967 39600
Jhporess 1974 38900
ITH. Maporosi saxawit Gananc 1974 44500
Baymrapmicp 1 Pofixens 1975 37700
Bepeep n Bepnep 1987 37400
Muposue pecypes 1992 40790

ITH 1994 42700

CBABHBAIOT 9TO ARAEHME C NOBHmEHHEM moGansaoi
TeMiiepaTypR Bodayxa (ppcymox 3a), Hanpawep, eme »
1974 r. I, I Kamymnnsu 1 P, K, Kmiré Gunma nonysesa
JocraTouno Baxexnas ( r = 0,94) npaMas 3aBMCHMOCTD
MEXAY YPOBHEM MHPOBOTO OKCAHA M M3MEHEHHOM CPeAHER
moBa/BEOH TeMIISPATYPH BO3AYXA ¢ JanaszuBanHcM B 19
ner (pucymok 36), koropan B obmem HeNNOXO
ROITPEPAIACTCE M ZAHHHMH 33 NOCHGAHWEe JECATHIICHHA,
Omaxo §usnyeckys ofMCENTS ST BEé TaK NMPOCTO, H PO
OTACMMENX (AKTOPOB, BIMAKMIMX HA YPOBCHS MHPOBOTO
okeapa NpH MoGANEHOM NOTEICHEH, JANeKo He OYeREIHA
H Tpedyer JANbHCHIMX THRTSLHHX Hooresopamad. Tax,
B ofo6mennax MIOUK (Climat Change. The IPCC
Scientific Acc. 1990) npumMmaercs, 10 npuMepuo 40%
BCEro NMOBHIIEHMA YpPOBAA 3a mocaesame 100 net
MPOKCXOAMIO 33 CUET TEPMHTECKOTO DACIIMPEHns, elme
40% -- sa cuer Gonee MHTEHCHRHOIO TANHHA TOPHHX
MATEPHKORHX Jleauuxos B 20% — 3a CYeT yMeHbleaMa
neasuoro mokposa [pennansun. [lo moemy mmemno,
Bropasi NpHIMHA BECHMA COMHMTCNLHA, TOCKONbLKY YHKAK
HE NOITBEPAKAACTCA JAUHEMH HabluojAeHMA Haj CTOKOM
pex mupa: sa mowicxane 50 neT CyMMapHHA CTOK pex
MHpa HE HMEeT 3aMETHOH TEHAGHOHH K YBENHICHHK
(prcymox 3r), kak 310 Somkmo Gano G HMETh MECTO NPl
foriee MHTERCHEROM TAREHH NIGNHHEKOB B Gacceimax pex,
Mano Toro, ckopee cieayer OXHAaTh B
NOCAEABHE ACCATHIIETHS YMEHMISHHA PEYHOrO CTOKA B
MMpE 33 CHeT HETCHCHEHKINUH XOINHCTBEHROH ACATEL-
HOCTH 4EA0BCKA H, B JaCTHOCTH, POCTa BoaonoTpednennn.
Bunoymennne 8 'TH uccnesosannx Ansamaxy
rosonoTpelneman B mupe (Shikiomanov, 1991) g pasmseme
XO3AACTBCHHENE HYXAH 33 1900-2000 rr. noxazanx
(iTwcnossanod v Mapkosa, 1987), aro mubonee HETCRCARERI
pocr potonoYPEONCHEHA MMe MECTO, Mmawimas ¢ 50-x roos
TeKYIIEr0 cronervn (pucysox 4, Tafn 4) Fom ¢ 1900 mo
1950 . TGIOBONG BOSONOTPEEUIHAA B MHPE OOCTARAN
Bcero 780 108, 10 32 10 ner (c 1951 mo 1960) — 630 1, Te.

YBEMHTHBAACH H COCTARULI B DENOM RO SCMHOMY MIapy
700-1000 k> % xaxaue 10 ner. B 1990 r. cymmapwoe
aguoRoTpeGneniie B Mupe cocramino 4100 kv® B rox (mpemepao
10% ot ropoeoro croxa pex).  Tlpn srom 65% nomsoro m 87%
GesposppaTioro BOCNOTPeONEHMA B MHpE 3a0UPaeT CETROKOE
xoaaicrso (mamian ofpasoM opomedme); npumepao 60%
obmero Mupomoro soxonorpebnenmvn n oxoao 70%
Ge3pOIRPATHHX MOTEPh BOLH TPHXQIMTCH HA A3HIO, Ife

PACRORATAION OCHOBELG OPOURMeMH: Jem. T ofpaion
yxe B FCTOMDGe Bpess NOTpe(/eiie NpecmiX B0y BATEACT
CIGETEATH SAMETHOO BOSACTICTHNG HA KOMIOWCHTH DoGannsono
FHAPONOTHYIECKOr0 HHKNA, B NEpCexTHRe GnHxafmqx
JecATHneTl 970 BMmHe eme Gonee YOUWMTCR, H H3yweHne
ITHX NpOBECOOB MPEACTARMAET C00OH Cepeestyir HAYTHYIO
nipoGinexy.

Topopa 0 BOIMOXHHX B NEPCIICKTHRE HIMEHSHHAX
™mobansaoroe raApPONOTHIECKOro WHKNA, HEAM3A He
KOCHYTMCA npobiieM, CBASAANHX C AHTPONOTEHHNM
HOTENNGHHEeM KIAHMATA, O0YCIOBAGHHHM POCTOM
xonneuTpaumM B armoopepe COp M APYrHX <RAPHHAKOBHX»
raso. IO npoGnemi oooGenno GecmoxkosT MHAPOAOroB,
MOCKONLKY BOAHHE CHCTEMH CYIIM OYEHs IYBCTBHTETbLHN
Jaxe K HE3HAMHTENBHEM H3MEHEHMAM KIMMATHIECKHX
XapaKTepMcTHE M HemepinenHo, Oes Jajep KM Ha HAX
pearnpyor. Ecrectpento, 910 jun onesKM KOMIOHEHTOB
M00ANHORO MAAPONIOIHISCKOND MMKNA HA NEPCNEKTHBY,
TaK X6 Kak M A4 NIAHUPOBAHMA WCNO/LIOBAHHA BOARKX
pecypcos, Kpadue HeOOXOIMMO YUHTHBATH BOIMOXHHE
AATPONOreHHNE H3IMERCHHA TNO0ANMHOr0 KIHMATA.
Oanaxo 32eC> MH HENOCPEACTBEHHO CTARKKBAEMCE C
nipo0ieMaMH PAZEXHOCTH H AO0CTOBEPHOCTH MPOrHOIMPO-
RAHMA KITHMATHICCKHX W3MEHOHHA, WM C TAK HA3HEBA-
€MHME KIHMATHYECKMMY ClieHapHAMM Gyaymero, oT
KOTOPWX TNaBHHM OGPa3scM M 3aBMCAT NOJYyYaeMue
sunoau. [locnesnee MeTpyAHO NMOKA3aTh, CPABHMBAK
PE3VILTATH ONCBOK M3MEHOHMA OYIYIIMX KIHMATHIECKMX
XAPAaKTEPHCTHE M CYMMAPHOrO PeqHOro CToKa AnA
XapaKTepHHX PErHOHOB MMpA, MCNIbIYS CUEHADPMM,
MOAYYEHHHE N0 JNYImHM MosenaM OOWER UMpPKYALEH
ATMOCHEPH B N0 TANCOKNHMATHYCCKMM aBanoraM, Ha
PHCYHOKE 5 ROoKasauu B3firde w3 orsera MI'OHK
{Climat Change. The IPCC Scientific Acc. 1990) kpynaue
PErHONH MHp4, ¥ ANA KAXKAOO M3 HHX ONDEAGNCHH
HIMEHEHMS KJIHMATHYCCKHX XapaKTepPHCTHK 10 TpeM
Mozenam obmed DUMPKYNAUHH aTMoCdepw (aammLe
MI'3UK} u no mocneamus mpormosam npog. M. K.
Byauko (TTH), ocHopaknmM Ba NANEOKNMMATMISCKMX
apanorax (rabnumua 5). Ha ocrosammu arTux
KIMMATHICCKMX AAHHHX AA KAXKAONO PETHOHA NO QINOi
i roA xe meroaonorud I'TH paccuMTans BOIMOKEHE
WIMEHEHNA CyMMAPHOIO PeTHoro croka (nocnemmie rpadu
Tabnuu 5).

Herpyamo samerurs, 9ro Ans GonpmMucTRa
PETHOROB BHBONH PATHYAIOTCA HE TONLKO NO BEAMTHHE,
HO M N0 HaNpaBleHHOCTH NPOIECCOB BOSMOKHBHX
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H3MEeHEeHMA, T.¢. ONeHKH Ha Gyiymee MMeOT (ueHs
Gonrmylo HeONpeACNeHBOCTH M BO MHOTOM 3ABHCAT OT
NPHBRTOTO CHGHAPHS,

Chezxyer OTMETHTS, IO CUEBAPHE, OCHOBANNWI
HA MANEOKIHEMATHIECKHX JAHHMX, ARET BechbMa
ONTHMHCTHYECKYI0 KAPTHHY PE3KOTO YBENHICHAHN NpH
mo6anuoM HOTENNGHAA MOIOBHX OCZAKOB B PafoHAX
HEAOCTATOMHOI0 YRMLKHEHHS, 10 HE KOPPECTIORAMPYSTCE
€O CHeHADMEMH, OCHOBAHHHMH HA Mmosensx ofmeit

- WHPEYNAIHK ATMOCHEPH NIPH YABOCHHH KOMIEGATPALMK

C0y. B aasn ¢ npupexesmiv B ralimme 5 xanmuMi, NO
MOGMY MICHHIO, IMaBuas cospesepman mpoliiesa oneBky
BO3MOXHHX MIMEHCHHH IMOGLIMIOrO T'MAPONOIHIECKOro
WK, KOTOPAN CTOMT NEpel MMAPOMETCOPONOraMM MMpa
— paspaboTKA ANN PAZNHIHHX PECHOMOR MM BAXCKHHX
NPOrHO30R xapaxrepucTik Gyxymiero knuMara, npexie
BCEr0 OCAJKOB H TEMIIEPATYPH BO3AYXA.

HIMEPEHHA 'AAPOJIOTHIECKOTO IHKJIA B
KOHTHHEHTAJBLHOM MACINITABGE

Bennunau - kOMROHEHTOB FHAPONOIHISCKOr0 UHMKIA ARA
TePPHTOPKN KOHTHHEHATOB NMPMEOAATCE B palorax
PamIHYEHX asTOpoB 3a mocneanne 30 ner. HawuGones
IOHHE W ACTEMHKE OHCHKH NPEACTARACHH B ABYX X6
YHOMSHYTHX BRINE KAMHTANLHHX MOHOUPaduax, -
npuMepno 20 ner Hasax
(Muposonn poammi Gamauc ...1974) H HeMeuKHMM
{Baywrapruep u Pefixems, 1975} ysemtvan, Jo BacTommero
BpEMEHH 9TH JANAME HIHPOKO MCIUASYIOICE B  MHPS Kak
BanGonee maxexnne, Onmako cpamienne ux (rabmam 6)
MOKAIHBAET BECIMA NECCHMHCTHICCKYID KapTiny —
PA3WIIME N0 OTACIMINM KOHTHHEHTAM AocrHrawT 17-20%
ANg oCankoB H 32-40% And pEUHOrs CTOKa. OJTH
pasnuaHA OODACHANTCA TMaBHEM ofpasom cnocofaMu
YIeTa NMOMPABOK K H3IMEPCHHHM OCAAKAM M METONAMH
OHEHKM BeNHIHH PETHOr0 CTOKA — B POCCHACKMX
HOCNea0BaEMAaX CyMMApPEWH PEeIBROA CTOK ONPEAEINETCH
HEROCPEACTBEHHO NO JaBHNM wmaGmogenuit Ha -
THAPONOTHISCKHX CTAHMUMUAX, B HEMEUKHX — KOCBEHHHM
NyTeM IO Pa3HOCTH BENHYMH OCAAKOB K HCNAPEHHA.
[ocnexnnd moAxoA, €CTECTBEEBO, AeT GONMMIME
NOTPENIEOCTH B PARORAX HEIOCTATONROIO YRIAKHCHMA
Cneayer orMerurs, 110 Hambonee HajeXHHE
SAHHHE N0 PEIMOMY CTOKY C KOHTHHEHTOB (Cpeamme m no
roxam ¢ 1920 no 1985 1v.) nonysesn B I'TH B 1994 1. ¢
HCTIONB3ORAHMEM MaTephuios abmosemmi ana Gommoro
xonxyectea cramumii (or 200 A0 600 ANX OTAGNLHHX

.,  Onu ormsapTes or JAmHX
1974 ma penmanart or 1 g0 10 (raGmama 7).
Ang  OueHER BAHNHME  XO3KACTEGHMON

JCATEMHOCTH HA THADONOTHYECKMA IHESI KOHTHHEHTOB C
HCRONEIOBAHHEM GONMUOG KOMMYECTBA BCXOMHEIX AAREHX
N0 MHOTEM CTADHAM MMPA H KOCBEHHHX METOOB pacqera
BHNONHEHO HOCHGAOBAHWE AMEAMMKH 33 TEKYIee CroJIeTHe
BOROTIOTPEONICANE Ha OPOIMCHHE, CETLCKOXO3HACTHAHNRE H
APOMRILICAHO-KOMMYHATIBHRE HYAAH, 4 TaKXe JATPAT
BOTH MR JONOJTEMTEMMIOS HCRApetHe C BoIOXpamnnun. B
PE3VALTATE MCCACAOBAHMS ANA K3XAOr0 KOHTHHEHTA
MONy9qeHN BOIHIHEN MONHOr0 H Ge3BosspaTHOro
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TaGama 5 -— AnTponorepaue EiMeHCHMA 00AMEOr0 KANMATE M CYMMAPHOND PEINOIO CTOKA AAA XAPAKTCPIRX
pormonos wminpa (paxuswue cacanapan Ba 2020—2030 mw.)

' ™c AP, AR au
Pearuom Ne Cuenapus NG Aemo % WA N T %
Ilenrp Cenepaoit Amepisu ITH 3 2 50 Mm 26 10
1 18,5 1 4 2 -25% 43 -17
GFDL 2 2 10% . 28 11
-HKMO 4 3 0 - 40 .16
I0ro-Bocroupas Amus 2 Imh 05 0 200 MM 140 16
| . cCce 1 1 i : 12 1,5
: GFDL 2 1 5,0% © 31 4.
co HKMO 2 2 15% 113 14
Caxens 3 ITH 0 0 250 »om 20 62
CCC 2 2 «5,0% =10 31
GFDL 1 1 0 10 3
o - , HKMO 2 1 0 50 -6
¥Oxman Espona 4 ITH . 2 1 170 ma . - 60 23
s - OCC 2 2 ~10% -80 -3
GFDL 2 2 50% 297 -1l
S HKMO 2 3 -1,5% 75 29
Ascrpaims - 5 IR 0 1 210 Nm 26 5 -
: CCC 1 2 T1.5%. . 20 4 .
“GFDL 2 2 25% - 20 -4
- HKMO' 2 2 50% W

mmpeﬁuemn. [hcrmnenpqmmmmmmm
MHTEDEC. A HATHIA MEMCHCHIS KOMIIOHEHTOB THAPONOH-
96CKOr0 BHKNA. JInf kONTHREHTOB, TZ¢ KOoshPuUMEHT
pmaroolopora K¢ > 1, seniwinn Ge3sso3spaTnoro Bgao-
norpeleana B XOSMACTRCHHHE HYAAH MOCYT NPHBECTH K
M3MEHCHHIO BOEX OCHOBHX KOMIIOHEHTOB PHAPONOTHUECKOND

IHKIA: OCASEOB, UCTIADEHMSA, PEMHOND CTOKA. Jedcrms-

TEMLHO; €GB YUECTh, IO Ge3BUBpaTsoe BOXTKTPEONeEne 1o
CYUIECTEY NPEsCTaANaeT COOOR ATONEHTEHOS HOGpEENe, TO,
comacao -ofimei Teoprs BnarooGopora, mocnesses Gyzer
nocoGCTBoRATE HEKOTOPOMY YPEIMWCHHID OCABKOB, ¥IO AfiA
OTASbEEX KOHTHHEHTOB MOXET B SHATHTE/IEHOH CTENCHH
KOMNCHCHPOBATS 3aTpaYsl PEUHOrD CTOKA HA XOMMACTBOHHEE
uyxmi.  [IppOmrkentne Oueskn 10r0 2pPeKTa AN boex
konrvmeroe, smonsemine 3 [TH ¢ maisosmes MeToss,
paspaBoranroro upod. O. A. JApo3zoBus, npusejenn B
rabneme 8. -Comacho 71N onemkaM, B PeSyYBTATE BOIONOT-

pelineis Ha XO3WICTRCHHES HYXMH VECAMOSHHC CYMMADHHX

ocaaxos B Espone, Az u Cepepiioll AMepyke COCTABMT HA
ypopess 2000 1, o 65 A0 116% oT COOTRETCTEYICIIHX BEHT
GesposppaTore BogonoTpednema.  SONONHUTERIHA CTOK NpH
grom cocTamir or 17 A0 34% CyMMapHOIO - He3pOIBpaTHONO
BojonoYpebNeHnd, T.¢. KOMACHCAIHA JATPAT BOAH HA
XO3ARCTRCHEHE HyZaH Gyier peaas snwmenmod. To xe
KACAGTCA BOIHYHH HIMOHGHHA OCHOBHHX KOMNOHEHTOB
FHAPOJIOTHIECKOTO [MK/IA, TO OHM He CTOMh CYIECTBEHHH:
VEC/MICHHO TONRHX (CAAKOB COCTABAAET THO KOHTHRCHTM OF O
20 4%, YMEHBILCHHE TON0BONO CToka. o1 1 A0 10%.

JAnd OUEHKH BOIMOXKWHX HIMEHCHWH THAPHIO-
rHIeckoro pkna Ha Gonee OTAANGHHYIO MEPCNIEKTHBY B
REpBYI® 09epeab HeOOXOIHMO YIHTHEATE AHTPONOTCHNHE
HIMeBeHnA oDaNbHOrO KIMMATA; CHEHAPHM 3THX

HIMEHEHMH, MOAYYCHHHE PA3NHIHHMHE COBPEMEHAHMH
METOAAMM, KAK YXKeé YKASHBANOCH BHmeE, BEChMA
PA3HOPEYHBH, NOATOMY B HACTOSIIEE BPEMA KAKHME-TO
ZOCTATOMHO AOCTOREPHHE ONCHKH NO KOHTHHEHTAM
TONYIHTE BEBOSMOXHO. 'TbM Be Memce, Trobu CYMT: O
NOPAAKE BETHIHH, O KOTOPHX MOXer warH pews, B ITH

- 6uni sunonnenn ([lluxnomanon, BaGkun, 1992)

NpEOIECHIHE PACYETH BOIMOKHMX HIMEBEHMWH OCAJKOS -
H PeYHOTO CTOKA KOHTHHEHTOR NpH mobanLmom
norennenld A 1 m 2°C no NaReCKIMMATHYSCKOMY
cuenapao 'npod. M. M. Byauxo, pesynprath Koropux
npueciens B Tabmme 9. Kak cnexyer w3 raGnnms npu
NOTEICHHH M 1°C namenenMe CPEAHMX RO KONTHHEHTAM
OCAZKOB COCTABMT OT 5 A0 20%; HIMeHeHHe TOIOBOTD
croka pex ot 75 (Espona) a0 22% (Asus). Bume
YNOMHHAJAOCH, YTO 3TOT CHEHApHi Aaer OYeHD
ONTHMACTAYECKHE MPOrE0S 3HATHTEIMHONO YBEIMYeHHA
0CaAKOB B PAfOHAX HEJOCTATOUHOIO YBAAXHEHMH
RPAKTHYECKH BCEX KOHTHHEHTOB, KOTOPHi He
MOATBCPXAALTCA CHOHAPMAME, GAIMPYOMHAMHCA Ha

- Mopenax o0IeA HHPKYAY ATHMOCHEPH.

[loMMMO KOHTHHEHTOB, AHANHM3 3JIEMEHTOR
THAPONOTHIECKOTO HMKAL Ohut MEMONEEH AnA 26 KpyRHEX
NPHPOIHO-3XOHOMMICCKHX PErHOHOB MMpa (o AByX A0
BOCHMH B MpPEASiaX KakKAOTO KONTHHEHTA), MMENIMX
CxolEHe QHIHKO-reorpafuiIecKkHe VYCnoBuA M
sxoHoMHIeckoe pasphrhe (Shiklomanov, 1990). Cxema
PACIONONKEHAN PETHOHOB TOKAsasa Ba pucynke 6. Jna
K4XAOTO permoHa OHAM ONpeAeneHAN OCHOBHHE
THAPOKJIHMATHISCKHE XAPAKTEPHCTHKM H AMHAMMKA
XO3AACTBEHAOTO MCMOAMOBAHHA MDECHHX BOA, KOTODhE
HIMEHAIOTCA B o%emh GonpmuX npesenax: crox — or 17
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&0 1500 MM, HCROMMIOBARME €70 HA XOIMHACTBCHALIEC HYXKAH
or 1 x0 75%. Ha cxeme (pucysox 6) anmn kaxporo
NpHPSECHA BEIHTHEA CyNMMAPHOTO PENHOT0 Croka
(p <3/r0a), MPOLEHT MCMONLICBIHYEA BOX, KAK OTHOICHHE
ofmero posonorpeliiens K CyMMapHOMY CTOKY. 32€Ch
X€ NOKAIAHH OCHOBHHE T'EAPONOrHMECKHE CTAHNHM,
xoropue ncnonszopamd B I'TH ans ouenkn menmanr
PEHOFO CTOKA. ‘ :
Amann3 nonyseamux rammux {(L{Imxaomanos,

- 1988) MOSBOIMN YCTAHOEMTS NPHPEACHHWE HA pHCYHKe 7

FAReAHNe 3XBHCHMOCTH CTOKR M yEenwioro (ma amsoro
xuTenn) Gessospparroro pogonorTpeGiienus ot

| METErPATREOTO. KAHMATHYECKOIG, HOKASATENS — HEAGKCA
| CYXOCTH, BHPAEHHOTO B Bige Tp (Ro — pasmunonuui

Gamanc, P — ocagxi, L — ysemdas TennoTa HCRapenus),
IIpu atom c ypenuvyeHHEM HEAEKCE CYXOCTH CPOARAS
BEIMYHAR PETHOTC CTOKA YMEHLIIAGTCH, a YICAMAOE
pogonorpeGnenne ypenHIMBAGTCA. HMeHHO aTH
obcroarenscrea OGBLACHAIOT ABA BAKHHX BHBOAL B
OTHOMENHH BOXOODECNENCHBOCTH B BOXONOTPeONEnHA B
MHpe:

— TOCTONHHO PacTYHIHH AGPHIMT BOITHX peCypooB Bo
MHOTMX PErHOHAX MHPA;

— B YCNOBHAX HMHTSHCHBHOH XO3AACTBEHHOR
AGATEABHOCTH BJIMAHHEG EJTHMATHYECKHX $aKTOpOB HA
BoaoofecnevennocTs He ocnaGepaer, & HaoGopor
yBeluBacTcs, ocofeHHO B pafioHAX HEAOCTATOTHOIO
YANAXHCHMA; OHHM ONPEAGNAIOT HE TONLKO BENMYKAY

* GCTECYBGHHOTO POYHOrO CTOKA, HO H B IHATHTANMOH

Mepe CTENCHE €r0 YMEHBIIEHHR 33 CUeT AGATENLHOCTH .
wenosexa, . ‘
Ans oueEKH BAMAHME BOZOROTpEGneHME Ra
KOMTOBCHTH MMAPOIOTHISCKOI0 WHKNA KPYNHEX NPHPQAHO-
SKOHOMHYCCKMX PEMMONOB, HMEIOIMMX INOIaxA oT 2 Ao 9
MR kM2, TOK Xe KIK M Ui KOHTHHCHTOB, neoGXommmo

" YIRTHBATH BOMOXHOCTE HEXOTCDOTO YBENHTCHHA OCANKOR

38 C9eT AGIOJUIMTENHOTO MCEAPEHHA NPH XOMACTBEHNOM
ncnomdosaand ([IIuxnomanos, 1989) pon. HpnGnu-
XeHAHe OUEHKH, BHNONMGHHHE ANA PErHOHOB MHpA C

" PA3BMTHM OpOIIEHHeM H NpHBeAeHHuE b Tabmmune 10,

NOKA3anM, TT0 K KOHUY CTONCTHN 3AECH BEIMTHHH
GesmosppaTnoro sogonorpeGnenns #a 10-40% moryr Gum
KOMMEHCHPOBAHKH CTOKOM, CPOPMHPOBAHHEM JAONMOIDH-
TE/MEMHE ocasxaMi. 'ToM He Melee B HEKOTOPHX MK 3THX
PeruoHos pasputie opomenus Gyzer cnocoGerosaTs
YMEHMIICAHE) CYMMAPHOr0 PEIHOTO CroKa 40 20-30 H Aaxe
75%.

Bce mpuBesenHue AaHHNE NONYISHH ANA
YCIOBHA CTAUMOHApHOrO KnHMarta. Mccnesosanus
noxazupawt ([Iuxromasos, Jiuns, 1991), wro personu ¢
HEAOCTATOYHRM YBIAXKHEHHEM 09eHb SYBCTBHTENMHH
AakKe K BeChbMA HEIHATHTENMHHM H3MEHEHHAM
KANMATHYECKHX XAPaKTEepUCTHK, obycnosnennnm
nporuosupyesuM mobansium norennentes. [losumenne
TeMNepaTypH poaayxa m 1°-2°C B yueHbIlleHHe OCAIKOB
#a 10% MOTYT JIPHBECTH 3A6CH K YMEHBINEHHMI) I'OROBOIO
HAR Ce30HHOr0 Ccroka X0 40-70%. Ana apuanux #
CEeMHAPMAHHX PETHOHOB npolheMa y9eTa BAMAHMA
BOIMOXHOIO MOBAIMIOND NOTEIGHHA BA DETHOR CTOK M
BoxonoTpebnenne CrouT 0coBGEHNO OCTPO. '
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THAPOJOTHYECKMA IHKA B NPEAEBJAX
PEYHHX BOAOCBOPOB: PO AHTPOIIOTED-
HHX ®AKTOPOB : :

Peunie pOAOCGOPH — OCHOBHOH OOHEKT HOLNCAOBAHHA
TWAPONGEMH CYIIH, ECTeCTBEHHO NOCITOMY, IO I'MAPWITH-
9eCKHA IMEN I8 PESHHX BOroCGOpOB MPHMHATO CIHTATH
Fo/eCaHni 10 KOMIOHOHTIOR  OCAXKOB, HOTAPCHHS, CTOKA K
Zp. [lps numrwn gorrensmax pagos Halmmoseani A8 pux
OCUEHEY INHPOKD NPHMEHRIOTCA METOTK TEOPHMH BEPOSTHOCTH H
MATEMATHICCKOH CTATHCTHKH, APH HEXOCTATOMHOCTH WIH
OTCYTCTBHM JAHNHX MCRONL3YIOTCH METOAH QHANOTHH,
PAXTHYHOTO PONL. MOREH " SMIMPHICCKHE GOpMYILL ,
' Bonee cxssa MpofieMa RIMHMA AHYPOTIOTEHHLX
$AKTOPOB EA THAPONOTHYCCKHI K peTatx Boxochopos, B
%M A ¥ XoTel Gl OCTAROBHTICE MoWpoORee 13 OCHOBAHMH
PEIYTATOR KOMILWCKCHHX HOCNSIOBAHMH, NOTY"RHEHX B I‘I‘l‘l
3a nocneamme 20 Jier An reppuropkH Guasmero CCCP,
Hocneaopanos BIMAERE B FHRAPONOTHYCCKHA (MK
CeAYDIIHX $AKTOPOR XOIAHCTREHHOH JEATEAMHOCTH:
OpPOICHHS M OCYIIGHHA, BOAOXPAHMJIMW H MPYLOB,
4rpOTEXHIIECKMX MEPONPHRITUA, BHPYOKW H NOCANKH N1eCa,
NPOMHULIEAH0-KOMMYHANLHOTO M CENBCKOXOBAACTECHHOID
BorocHabxennn; Gun coGpan OrpoMHHFA Marepaan HO
mnamxe XOGATCTBCHRONO OCBOCHHR nqwﬁ:tpon 3 NpomUILE
IOAH H NaHH B ﬁwumee PaspabOTAH KOMIUIKC METOIOB B
MaTEMATHIECKHX umeneﬁ AR OIIGIIK['I BAHAHEA
AHTPONOIGHAHX $AKTOPOB HA TOA0BOH, CCIOHHLET ¥ MOCHIHHS
CIOK peK, PACHONOXKEHHHX B DA3NHYANX (PUIHKO-
recrpadueckux YOIOBAX. Oreerym, 10 NPIEIMTENED K
peTHnM BGROCOOpaM, ' ANd KOTOPHX KOMDUBHEHT
BnarcoBopoTa, BIMAHHE AHTPONOTEHHHX $AKTOPOB
CKASHBAETCA HA M3MEHEHMH MCIApEHMA H CTOKA, €re
TMOBEPXHOCTHOR M NOA3EMHOA COCTABNHIONIEH; BENHIHHK
OCAZKOB TIPH FT0M HE NPETSPIICBAIOT 3AMETHHX HIMEHCHIL

Ha pucynxe 8 noxazaia (MBaMuKa yMesbuesta

TOAOBOIG CIOKA KPYMHHX peK Gusmero CCCP 2a cuer
KOMILIERCS §HKTOPOB XOBAACTECHHON Aesrernsocm ¢ 1936 o
mW(HJmmm,l%% S0 pei, Bomue pecypc
KOTOpHX HanOGoneé WHTEHCHMBHO MCMOARIYIOTCE HA
XCBARCTDGHERS HYAH, YMCHLIICUHO CTOKA MHO B KM B ron,
Comacao NpUBGASEIM SAHHLM, W ypomed 1990 T, raxon0f
CToK pAsa Kpynakx pex Gupmero COCP, PACTIOIOXKERHEX B
pafionaxX MHTEHCHBHOIO XO3SHCTBEHIOTO HCIONRIOBAMHA,
YHEHBIMACE 33 CICT KOMIVIEKCA AHTPOMOTCILK $AKTOPOB A0

20-40% (Bonra -~ ma 8%) ymemumenne croc Cupiaps M
AMyzpal, BRAAOIMX B ApAnkCxos MOpe, A0CTHN0 85-90%.
Ana GonpmMMBCTBA KPYNHHX PEK OCHOBHHM $AKTOPOM,
MOCOOCTEYIUIM  YMEHMIKSIAO CTOKA, ARISETCE OPOIIAEMOE
JEMIICACHHE, BTODAN NO 3BAYMMOCTH POAb MPHHAACKHT
COOPYACEHIO M SKOUTYATANE BOADXPAHMITHIL,
Hcecnezopanua mokazanH, 1T¢ BO3AEHCTBHE
AHTPONOreHyHX $AKTOPOB HA THAPONOIHYSCKMA WHKN B
IMAMHTENLHOA CTERCHH JAEMCHT OT METCOPOROrHICCKHX
ycnopnil B Gacceiine. B xapkwe CyxHe roid, korsa
GCTECTBCHHEC PATWIMHEH CTOKR MHHHMAMbHH, YBENMieuMe
HCTIAPCHHME H YMEEbIICHHE CTOKA NI BAMAHMEM XO3MA-
CToemion esTenuiocTd ocobemmo persnco.  Hanmpwwep, anx
Gacoeiisa kpymsedmest pesi Esponu Bonrm, kax nokasano B
Tabmaie 11, 3aTPATH CTOKA HA XOGAICTREHNNG HYXAH B CyXye
H XapKHe I'OIH MpAMEpHO B ABa paza Gonbme, geM o
RIRAKHEE W XOVIQNHHE, : o ]
Yeasanuoe oGCTOATENMCTO HMEET OrpoMHOS
NpAKTHYIECKO0e 3Ha%ede NPH NEPCHEKTHEAOM TLYAHHPOBAHHM
porpoGecnesenitd coHOMEH.  Onensa BeNTHYHH DOSMOJKHEX
HIMCHCHMA CrOKA ANK DAsHOA KITHMATHIECKOH CHTYAUMH H
XORFCYBERNON JEATE/RHOCTH OCYIECTIIASTCA C WNOMEICBAHHEM
MATEMITYIECKHX MOTENEHT JOPMEPOEIIN 1 MCNCVTLIOBARNA CTOKA
B accefiBax KpyimmIX pex. B wacmocm, Taxas mmGonee
AETAMMEAA MOEEN pazpaGorama ann Gaccemma p. Bonmw, ¢
HCTIONLIORARHEM. KOTOPOR NONMYSRHD BOGMOXKHOS MIMEHEHHS
mmmmmmmm
yposeas 2000 T, B YIORBAX. 0%ER CYX0M0 ERKOI0 H HRKHON
XOMMEONO I'o30R. B Kmuecrse MOIENH MOCHGIIMX WPHEATA
METEOPOSOIHIECKAN CHTYams B Cacoedibe 1972 'u B 1974 1,
PesynbTaTsl pacteToB aETPONOreéHHRX M3MEHEHMH CTOKA
TPEACTARNCHA Bl DUCYEKE 9; OB OUEHD "ETKO NOKAIHBAIT POk
METCOYCHOBHI B MIMEHCHMAX CTOEA 34 CUCT XOMAACTBEHHON
mumu.anﬁmnmmmnmmopommn
HCTRIPERFA ¢ BOIOXPARVTIL
Hmmmmmﬁameﬁmmu
PeK, CTOK KOTODHX $OPMMPYeTCA E I'OPHOR 3016, &
HOKRSYETO! DWEREM 0GpasoM B OPORICHHS M HeIPORYKTHEHOS
HOoppesve H DABHMEAX H HOMEHHOCTAX C 2XAPKHM, CYXHM
KTMMATOM, PAFBHTHG XOMAACTECHHON AEATENBHOCTH MOXET
PECIM. CUIEKHEM OOPRsOM BOGACACTBOBATD HA MAAPOVIONHYSCKITH
UMKA, HE NPHBOAA BECHMA MPOACUIKHTENSHOE BPEMS K
YMEHBIICHAI0 PeYHOID CTOKA B JAMBKAIOWEM CTHOpE.
NPHMED B 9T0M OTHOMICHMN ~- GecteiiHh pex
Avympeit 1 Copmpr, seamioupi 8 Geccrossioe Apansocoe
mope ([Llmcnosason, 1988), Ha pmcyske 10 mpescramnenma
AHEAMIKD, MAPIIONHNECKHX XApaKTCPACTIK M XOSATCTRCHHON

: ﬁﬁm?—@mﬂpmlmcmmmmmw&m@n)

Esponas Azua Agpuxa  Cee. Ox. Ascmparus

Asmop . Amepuka  Amepura  u Oxeanua
Jlesonus, 1969 300 286 139 265 445 218
Jlsposer, 1972 319 293 139 ° 275 583 226
TTH «Mupopoti pogasili Ganancs 283 324 153 339 661 : 280
Baymrapraep H Pefixens, 1975 282 276 114 242 617 269
pecypa, 1992 312 324 126 326 588 263
Mpexpaprrresmse samme TTH, 1994 276 312 138 2 - 664 267
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Konmunexm o ooaxu, P,k mnnpetiosie ooy cmox: - J0% o o0Ne
A -
R Uxoz, K204 4P, R L@__AB J00% f’ J00%

, ! oéa! R P
Ezpom 3210 8290 777) 17 55 U3 -52 21
Am 14410 32040 2020 1320 512 253 -104 41
Ajpeaz 4% 2% 211 us 3% 71 -37 11
Ces. Anepima 8200 18300 k414 338 104 344 -24 13
Oxn. Awepiaca 11760 28400 116 0,0 0,0 00 -1,0 0
Ancrpamis § Oxeanng 239 7080 2 00 0,0 00 -0.9 0
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caesapni M. H. Bymo)
Cpesut 000 anox: Hznerenus oozaxos, ua Hanevexiue mesnepamypu, °C Hanesienizs Qpesmean 2806020 GRONS
K ™ % xvar!
! r 2 r 2 r 2

Espona 3210 40 130 23 32 - 6,6/ -210 91/ 290
A 14400 120 1710 Ll 22 2/ 3170 37/ 5330
Ces. Avepra 8200 50 120 14 35 -3,0/-250 -40/-33%0
J0z8, Anepaa 11800 150 180 06 03 13/ 153 12f 1420
Agpoa 4510 170 170 01 05 2/ 910 19/ 870
Ascrpanss 1 Oxeamsix 2% 125 20 03 06 10/ 240 18/ 430
Boero B ipe 44540 12/ 5400 18/ 8000

1T .



AR
wnr

ThGmama 10 — Ouussesmsse K 2000 r. ARTPONOTCHEWE FEMEHCHAA PERHOTO CTOKA A1A PETHOHOS MEPA C PHISHILM OPUINCHEEN

Dz-AR . jo0%
AR

-94
-185
-175
-260
-0
-675

-1

.21

-85

-41

ROexy3L8"vaae

3885883353

61
66
39
612
172
95
5
&
35
110

-FELFEEREE
ZEEEERESRE
S5E2WESESE

10xmmx Esporm

T0r Esponeficxoli memm Gizsurero COCP
Ces. Knrrasi i Mogromma

J0xaax Asn

Cenepaax Agpinc

Bocroumas Adpaxa

10xmas Agpixa

Hesrpamian Avepics

Jamgnn A

Jearemaocm B Gacoeine Apam 3 nepnor ¢ 1930 no 1988
Owbemo maTepecen 3mce nepaos ¢ 1930 o 1960 . Ja 30
TeT OpOIACMIS TR YRSTHAIS Ha 2 ML 19, 10N80¢
BORNOTpeIeEe: BODOCHO HA 20 KM, 1M B AR paza, HO STO He
TPHBCI0 K YMCHLUCGIERO NDUTOKA BOIH K MOPRO M CHEDSRIRA0
€70 YPORM, HLEA0BIINA IOSBIM . of e
910 BeOGHRROS SETCIBR:  OKA3ANOCH, IO 3 PAOCMATPHIREMEG
NEpHOA MPUMEPHO HA 20 KM3, B ol YMeHbIRJIHCE
HENpPOIYKTHRIEE NOTEPH B B Gacoefne B AC/ATAX,
HO MOAMAX WPH PASNIHEAX H T.A.), KOTOPHE MONHOCTEIO
KOMNGICHPOBUM YBE/IICHHG HCTAPCIN 153 ODOITACME. JEMUINK.
B mocneayionme rosp, KO KOMISHCIISIOHIHE BOSMOZBOCTH
CmnM NCWPRAmi, JAMLHEAINS] POCT BOAp3:GOPOR HpHPEN X
PEIKOMY YMEHBILGHAIO TIPHYTOKA BOSH 8 ApQ/iACKOe MOpPO M
KRTACTPOQHMCCKOMY RANGHHMIO €10 YPORR, NPCRDEAIICMYCE
D ECIOMIETO BPEMEIBL '
B cepepaax necasx paiiomx Hanfonumce posaeicTING
HA MUIPOROTHYECKHA MAUT PSTHHX GacCefiHOB OKABHBAIOT
necoTeXHHYeckMe MeponpHATHA (BHpy6Ka neca M
NECOBOCCTAHOBICHHE — HCKYCCTBEHHOE M ECTECTBEHHoe),
Hocnesosanns srux npoGnem ana necaodi 30 Esponedicioit
qacrd PoccuM NpHBENH K OYEGEL MHTEPECHLM BAYYHHM
pesynbTaTaM, MMeIomMM GoNEmoe NPAKTHIECKOS 3HATCHHE.
BragyOica. 10008 1 1ICHEAYIOIGE NECOBNLTAOEICEME NHBQIAT K
O, SEIHTEMEM IMCOCHBUIM MOTEPERHA B Croxka. B Gacoeisax
PEK, KOTOPHE NPOMCIONT B TEIEMIE MBOTHX. APCHINGB JIET TI0CTe
mapyGeu ({1 limcnosance, 1989). Ha pucyme 11 npeacmaren:
TEUYICHINE ONEPAMEHTUINILM IyTes o0oDnemRe Fmse
AAEDAEE BEMHE HTRpEEH M CIoKa, (TOIoBoro M (EaomIono)
nocne BpYOKH Neca B YOIOBHAX JeCHON 30 Esponeiicxoi
wicrd Pocoms B nepme secrs ner nocie mapyGsan ronosoit
CIK ¢ EapyGnetsndl oM Peako BoapactaeT (puMepo
50-70%); wepes 40-60 ner on GYAET IHWMTSED MERILE, M
20 BHpyOKH, a B cpeapeM 32 100 ner Gyzer membme no
CPABECHMED CO CIAPEM Ie0oM Tpevepo B 15%,
BEECA, HA MOH B, NMOIBMAT HTOMM
MHOTONETHEH JMCKYOCHH CPOAH THADOJOIOB MHOTHX CTPARH:
EgnGica Meca YMEHMIAET W yPermaaer crox?  Chpossavno
HA FIOT SOMPOC OTHETHTS HENOBMOXKHO, BOS 'NIBMCHT OT TOG,
KAKOI REPHOL, BPEMEsS NOCNE: BpyOKH PAaOCHATIHBMTOL

TaGamm 11 — Coppemenmmie SHTPONOICINDIC EIMCICINA
rososoro croxa p. Bows B pazmrassie 00 possocra romd

R AR axmp.,
xWar!  xar!
Cpeauni rox 254 18

Manososmiii roa-{cyxoli n xxapsui) 180 26
Maoronomlt 1o (Rnaccasdi 1 xonowmais}] 310 12

Tipo6aeMH xONMYECTBEHROA ONEHKYM BAMNHEA
ARTPOTIONCHNEX {AKTOPOB B THAPWIOTHICCKHN IHMKJ PETHHX
BOAOCOOPOE TPEOYWT ARNbHEHAMEro M3YYeHHA NyTOM
NpOBeACHMA BCECTOPOHHHX TEOPeTHYECKMX HCCNeAoBAHMA,
RabopaTOPHHX ¥ RONGARX SKCHGPHMEHTOB B PASIMHEX
Sismco-reorpadeecknx yonormax.  Ocofeno saxken poRpoc
YIOTd RIASHAA $aKTOpOB XOMHCTRCHHOMA ACATSNLROCTH HA
KOMHOHEHTH TI'HEPONOTHYECKOT0 UMKIA B YCIOBHAX
AHTPONOTEHHEHX HAMEHCHHA MOGABHONO K/MMITA,



0 HEKO'I‘()P]:iX NNPOBAEMAX 9K CIEPHMER-
TAJLHOTO H3YYEHHA THAPOIOIHYECKOro
INKJIA o

Cpes¥ HEKOTOPHX YYEHHX — TIHAPOMETeOpOJIOroB M
CIICUMASTHCTOR 1O BOIHOMY XO3mRCIsy ONTYEr Mbeimse, 1m0
HASEMIEAE SACTh THAPONONFCCKNO [§A OUSHS XOPOIEO HEY'IHA
B npofilieMa 3aKMOTAETCH NALID B YYeTe PETHOHANLHHX
ocofenroCTeH TOro MAH HBOTO pewnoro nasochopa. f
KATErOPHMECKH Be CODROEH ¢ 9 # Baofopor cmraw, w0
HASCMINE BETBH MAPONOTHIECKOTC [MKTIR: BOTH B NOFIeMENX
rOpH30HTAX, NOBEPXHOCTHHA H MOAISMHNA CTOK, HX
P3AHMQIOACTENE, WCIAPEHHe € DA3NMIHHX NAHAIA$TOB,
SH3HTECKHE Npoliecchl MX $OPMHPOBAMHA H ABWDKEHHA B
APHPOAEC ABNAIOTCA HaMMeHee M3YIeHBHMH H TPYAHO
NOIAIITHMACA FARCKHOH KO/DMECTECRAON OIEDKe, Ay
H o0o0memao.

JIOCYSTOMO OTMETHTS, HANPEMOP, IO OTCYTCTEYIOT
METORH ADAMONG: (KOBTAKTHON JOM HMEPERNA
CTOKA. NOYMARX B0\ H HX ESHMONHACTIHA C TOBCPXHOCTHRMH;
TO 2K€ CAMOS MOJKHD (KA3Th B OTHOILICHHN HIMEDEHIG OTPCtA
¢ paanaaEnx yromsi, [Iprmensesoe A OHEECH YXATAHHLX
KOMICHEHIOB DACIETHNG METOH HEDOAKO MOT PESYIbTATR, He
OTBCIAIONME peansnod  Pusuke npomecaa. Tk,
SECACPHMEHTATRELD FOCNGEORINVE, BLNIONECHIHE B TIOCIGIEHG
TOMI B Pa3HEX CIPAHAX MEPE C MCTHYHA0HAMMEM COBPEMEHHEX
METOR0B HOTONIOND JRANEA NOKASAM, TR HAIIH NPEACTAR/IHHA
© $OPMMPOBAINH PEIOID CYOKA M O PO TIEeMEEIX BOR Kpaiine

NPHMHTHEHW, 3 CYWECTBYIOI(ME DACIETHHE METOIH M .

MATEMATHYECKHE MOIETM MPOCTO HEe OTPAXANT CHOMHEE
npoweccH, MpoHcxonmige. Ka onocbiopax. o mocuy mpeEo,
HMOEO 9THM MOXHO OTLAGMTS, 110 SAKE CIMHE (OBCPINCHIR
MATEMATHIEOKHE MOIETA PEERIX BOIOCOOPOS, NPHMEIMEMIE B
NPAKTHKE TWIPOIOTHIECKNX. PACICTOB M MPONEoB, oGumHo pe
Jaror 6onee EACACHNX M TOWHHX PESYWIATOR, WM EMETTIDHLE
SANMPHIECKHE SABACHMOCTH; OBH THCK® BERNOXO palorator mix
OONYHHX CTAHJAPTHMX CMTYalldA H HMeor Oomimne
TIONPEALHOCTH AT 2RCTPEMAIERHYX. YOIOEHH SOpMupOnaie CIOKA.

Hanpiep, 30 BogM MHpe NDUBHMAETCH, WTO AOJA
ROIEMHHX BOX B ['GHOBOM CTOKE pex OOHMHO HEBETHKA H
cocragnser 25-35%, a po ppeaa manqmos #e Gonee 10-15%,
9I0 AOXKACEHE VABQMKHM H TIOROBOMM @OPMHPYIOTCH DIABHEM
OOpasOM 33 CYET CrexaHMA NOBEPXHOCTHHX M THEeMHEX BOI,
NMyTEM HENOCPEACTBEHHO BHNARIIMX OCAZKOB WIH TANHMA
cuera, Raxossmeroca #a BogocOope. B 10 xe Bpems
JQETANbHLEG M3OTONHHE MOCNGNOBAHHSA ARIOT COBEDHICHE(
ADYTYIO KGpPTHHY: AOIA NQIEMHHX BOL B QOPMAPOBAHMH
NABOAOTHOrO CroKa OBWMHO cocramnser 50-70% W Moxer
Jocrarate 80-90%; Tonmko meSompmas wacts (10-20%)
NABIOTHOTO CTOKA $OPMHPYETCH OT BWITABMIMX OCAAKOB,
OCTA/LH0M CTOK OOPAI0BAN 34 CIeT OCAAKOB, ROCTYNHEIHX Ha
paspcliop rog-Am M Aake 3-5 ner HmAsA; B CPEmIEM IQIOBOi
CTOK. PeXR JOpMHpYEICH 33 CYET OCIAKON, TIOCTYIAMNOHMX HA
BOCG0p B TeRcine 4-6 JeT.

JerancHHe 3KCNEPHMEHTA/ILHHE HCCISXOBAHHA
GOPMHPOBAIDIA CTOKA € WIKVILIOBAHHEM HIOTOMOB HAMMEAA C
1985 r. pegyTCA Ha moneBoft skcneprvemammon Gase I'TH
(Banaaficxmii funman). JrH ACINEAOBARMA HE TOJULKO
NOATBEHIATA NMPHBCJSHULEe BHINe BHBONH, HO H TOIBONM
BHABHTL HEKOTOpHE APYrHe HBACHHH, KOTOpHE HE
YUNTHBRIOTCE HH QXBEOA 3 CYIIECTBYIOIMX AAKEe CAMEX
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CROKHKX M COBSDIIHEEX MOWned crosa. Ha pucymce 12a
MOKCI3AIE. CLENE. MAJIONO SKOICPHMENTANLEOTO Bosocopa. (nor
Ycaavepckmit, mnomaxs — 0,36 xM2) H RpeAcTaBIeHa
NONYYCHHAR WyTeM H3OTONHOI'O IHaNM3A CTPYETYpa
AOEJEBOTO MABAKA TOCNE BHNAJEHAN 45 MM OCAXKOB B
asrycre 1988 r. PexyibraTa MROYOMHOIO AHANMZA TASOIKI
TaxkoBH: npHMepuo 10% ruaporpada croka Ouno
OPOPMMDOBABO BHIABIIMMH OCANGMY; Awrae 30% — Bom
BECEHHEr0 CHOTOTARHHN AREBOTO Mia (34 mecmm masan);

- ocransame 60% obpea CTOKA COCTABMIEA BOFR, TIOCTYNMEIDAN

Ha posochop B Tewenne 810 mpexmecTeywumx ner. B
pesyibTaTé ananuza PopMupoBanMaA Gonnmoro wMcna
HARQAEOR HA PAOCMATPHEAEMOM BOIocSGope GO yCTamosneso
TAKXE, 710 BECIAG WACTO YOHNOAHO NPHTOKA BGEH B PYCIIO
BAMHACTCA 334070 A0 BEEIAACHHS OCAZKOB, & B OTACIMINX
chayvasx HaOMoO2aTCA NABOIKH AaXE NPH NOJHOM
OTCYTCTEIM OCRAK0B B npesenax pggoclopa. [lpumep Taxoro
ABNGHHA NMOKajay Ha pucyhxe 13, tae weTko BHANO
npoxoaxgeane maponca 6o rumasenna Kaxux-mbo ocazKos,
HO NPH SAMETHOM H3MEHEHHM ATMOCOEPHOIO AABRCHMA.
Ilpupesemine NpUMEPH CBHASTENLCTBYOT O WpE3nHMaino
CHOKHHX NPOeccax $OPMMPOBAHNA CTOKA HA PEYHHX
BOAOC0OPAX, SAKe CAMHX HEIHATHTEIMIHX IO BEIHTHE.
BoaocGop, ero MOBEpXHOCTHAH M NOASEMBAA 3aCTh
NpeACTARIAIT 0000 EXNHYI0 AMHAMMYEKYIO CHCTEMY, B
KOTOpOii TIOAIEMEEE BOSH MrpaloT o%elk Dommyo pome M
YYTKO PEArHpYIOT B TOALKO B OCAMIKM, HO H HA HIMERCHMA
ADYTHX METEOPONOTHIECKHX XADAKTEPHCTHK —
aTMOOPEPROTD JARITCHNA, BIAXHOCTH BOIAYXA, TEMIEPATYPH
H Ap. Jeransuoe H3yUCHHe BCEX ITHX MPOUSONOB, MX
AZCKBATHOE MATEMATHYECKO® OmMcanne TpeGylor
OPTaHHIAIMH KOMIUIGKCHRX WOMCEHX 3KCNEPHMEATOR B
PARTHEIHX (HEMKO-TEOTPAGHICCKHX YCIORLAX,

IxCnepHMenTanbERe HOCAEAOBAHMA HeOBXOIMMN
TACKS AR PEIICHHAA APYTOH BAKNOA NpodieME HIySenmMa
I'HAPOOTHYECKOrO WMKAA — CrHKOBKH IHAPONOTHYSCKHX
Mosenesi ¢ Moneni obinedt iprynaga anvoodepr (MOLD.
Cnoxnocrs B oM, w10 MOL] rpeGywor ruaponoriseccre
AaRHbe RO KBaApaTaM KOODAMHATHON CeTEH, a
THAPOROTHMECKHE MOATH paspafaTuBalorcs W KkanuBpyioTcs
A penx poaocGopos Mo OGHMHC HMEIOIIMMCE JOCTATOUNO
HAZEXAO HIMCPEHHHM BEIMYAHAM CTOKA B SAMBIKAMMIMX
croopax. Jinz cruxoskn ¢ MOU manbonee yaoGuo mmems
BAJEXHNE HAPOJIONHIECKHE MQIGNH ANK TPOMZBONLHHX
Iomanei eMiOH NOBEPXHOCTH, KOTOPHE GH NO3BORLI
PElIATE 33/39H ONpEAENCHME HE CTOKA, 3 CYyMMapHOro
wemapeana,  [locneanee TpeDyer NPOBCAGHHA KOMIGKCHHX
ACTIEPHMEHTOR M PaspaloTkyl HaJeaHHX METOIOB MAMEDEHHA
H PacYeTa HCRaPeHHs ¢ PasnMVHHX YTOSMiA 33 KOPOTKHE
HETEPEL/IE BDEMEIIL

[lupooe pasmiTue ACCICPHMEHTANRHLX HOUIBH0-
BAHHF B PA3VMERX PETMOHAX 3eM1 TKOBOAT JHAMIEIND
VIYSHMT, HAIUM 39AHMS O THAPOROTHYECKOM LHKNE B
D06AMEOM H DEMOBATLHOM MaciiTalax, Zacr BOIMOAHOCTH
paspaBoTaTs EAACKHHE METONH OEHKH €10 BAXHEHNIMX
KOMIIOBSHTOB M MX HOMERiGHWH NOY RIWARMEM XO3AFCTDEHMON
JEATCTBHOCTH M AHTPONOTEHHONO NOTEIVIEHHA MODA/EON
cuara, - Jne pememia aTHX npofiiem HeoOXoMAMA TEGEAA
THODSECKAA KOOTIGPANKA YUCHHX PAsHHX CTICHHMARIOCTEA M
NpekAe BCEIO MHAPONOIOE M METEOPONONOs, OPTaHMsaTOpaD
HYKH. :
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