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Preface

Globalisation of economic processes in the present-day world requires not only new
principles of economic relations and their development using modern global technologies, but
also brand new systems of global monitoring of natural and technological changes, which today
are supranational and can become a source of irreversible processes for all the Humanity. The
Second International Specialized Symposium ”Space and Global Security of Humanity” is
another step to understanding the importance of solving the problem of creation the united area
of the environment security with the help of modern scientific achievements and aerospace
technologies. The forum will highlight the issues of global security of mankind in the frame of
the project to create the International Global Monitoring Aerospace System (IGMASS), a
system for forecasting natural or man-made disasters, the conservation of natural resources and
ecology, and protecting the environment.

The Symposium will consider basic issues tackled within IGMASS in line with the
structure of the created system. The focus of attention is the reasons for building up the orbital
systems group. Among topics planned for the sessions will be describing new technological
solutions that can be used in the construction of space vehicles, onboard special equipment and
support systems. Theoretical issues and applied case-studies, presented at the Symposium, will
range from academic conceptions to industrial applications. There will be plenary sessions,
invited talks, parallel sessions and workshops organized at the Symposium.

The Symposium objective is to assemble researchers and practitioners from universities,
research institutions and industry from around the world, involved in these fields, and to
encourage the mutual exchange of ideas. Common methods and models will be considered from
a general point of view; theoretical modelling, computational and case studies will range from
association of ideas to industrial approaches, as well as emphasizing topics on cooperation
between industry and research institutions. Cooperation of this kind, which will contribute to the
advancement of research and solutions to engineering issues, is of utmost importance.

We warmly invite you to share and enjoy with us a stimulating programme of the
Symposium and sample the historical atmosphere of Riga and its captivating heritage.

We hope that the Symposium will contribute to stimulating cross-fertilization of fresh
ideas and establishing fruitful contacts between researchers. We hope that the Symposium, held
in Riga, will advance the development of international integration processes in science and
culture and help to create a common space for scientific and educational systems, drawing
attention of leading scientific and industrial representatives, and the attention of the world
community.

We would like to thank the members of Programme Committee, which have done a big
work reviewing papers presented to the Symposium. The papers have been selected by the
Programme Committee and will be included in the Symposium Proceedings.

We thank all the authors for interesting and informative papers presented for publishing
and the employees of the Publishing Department of Transport and Telecommunication Institute
for preparing all printed materials of the Symposium.

Professor Igor Kabashkin
President of Transport and Telecommunication Institute
Editor-in-Chief
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One of possible ways to ensure the planetary safety can be the creation of the
International Planetary Defense System (PDS) “Citadel” [1]. A basis of this system must be
presented by an Echelon short-term (operative) reaction (STR) “Citadel-1".

This work deals with some results of researches on determination of configuration of
rocket-space means of the STR echelon fulfilled by the organizations of Russia and Ukraine [1-4].

The STR echelon has to incorporate the international ground- and space-based
surveillance service, two regional segments of the reconnaissance and interception service — the
European-Asian “East” and the American “West”, and, accordingly, two regional of Planetary
Defense Centers (PDC).

The STR echelon will operate as follows:

After a disclosure of a dangerous celestial body (DCB) all ground-and space-based
means, available in the world, are starting to observe it. The PDC with using information
acquired from the ground-and space-based means will evaluate the degree of hazard, and
measures for its prevention will be developed. Upon coordination of a plan of the measures at
the interstate level, an instruction to the launch of the reconnaissance spacecraft, then to the
intercepting spacecraft will be issued.

Nuclear and kinetic means are most efficient by the action on DCB at the operative
interception. They make it possible, with using modern insertion launching systems, to destroy
asteroids the size of about 500 m, and deflect larger celestial bodies.
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If necessary, it will be possible on the basis of the STR echelon to quickly form the
Echelon of long-term reaction for the opposite action on larger dangerous celestial bodies which
allows completely solving the problem of the Earth defense against asteroids and, in part, comet
hazard (against cometary nucleuses at 0.5 to 1 km of size).

Tackling the issue of defense against asteroid and comet impact hazards requires
developing international legal instruments, which could take the form of an international Treaty
“On the Principles Ensuring the Earth’s Defense Against Asteroid and Comet Impact Hazards”
[5]

Results of researches allow to draw a conclusion, that the Russian and foreign
technologies allow it to set out to practical stages of development of the International Planetary
Defense System against the asteroid-comet hazard.
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Our team of students and their tutors has taken up a challenge which ordinarily is
commensurate with the abilities of experienced spacecraft engineers. To wit, we are part of a
mission that will eventually launch a space vehicle to the Moon by 2014 to carry out various
experiments in its orbit.

Isn’t it incredible? The clue is not far to find. The European Space Agency, with which
Latvia concluded an agreement in 23 July, 2009 opens various education possibilities to
students in its Member States and Co-operating States. The entry requirements of these projects
are reduced compared to the ordinary industry scale.

Soon after the conclusion of the co-operation agreement between Latvia and ESA the
Education Office of the European Space Agency put forward a proposal of Latvian participation
in the European Student Moon Orbiter, which was enunciated in a seminar in Riga on
November 5, 2009.

ESMO, the European Student Moon Orbiter is a hands-on experience for students in
designing and planning a Moon mission. With a budget around 4 min Euro and about 20
European universities involved it aspires to create and launch a spacecraft in the lunar orbit that
will do these important tasks:

- take images of the surface of our home planet’s unrelenting companion

- test communications for a would-be lunar base in the future

- measure the radiation background in the Moon’s environs

- make radar measurements of the invisible side of the Moon

- test the dielectric properties of the Moon’s regolith

Our team in Latvia is entrusted to make the narrow angle camera, one of the most
important orbiter’s instruments. We are confident to accept this particular offer because the
Institute of Astronomy of the University of Latvia has long-standing experience in designing
and making various sorts of optical systems. The breakdown of our work includes the following
work-packages:

- designing the optical system, i.e. the system of lenses and mirrors the will bend light

rays to achieve the desired focusing and magnification

- designing the thermal compensation that will offset the deforming effects of rapid and

intense variations in temperature
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- designing the camera electronics that will read data from the optical sensor and
transmit them to ESMO’s data recorder

- designing the camera’s hardware

- prototyping, manufacture and testing of the camera.

At this particular moment we have made good progress in various analytical work
components, namely:
- the optical system (see attached picture) has been modelled and its performance has
been analysed
- the thermal compensation system and the camera hardware have now been designed.

Our team members are also ready to start the design of the camera electronics as soon as
we receive the required details on ESMO’s on-board data recorder.

We are also interested to include other students in our team and to co-operate with
companies, which might be interested in our experience in designing the camera, as well as with
Sponsors.

A lot of interesting experiences and challenges are awaiting us down the road as we
prepare the ESMO spacecraft for its eventual journey to the Moon.

Illustrative figure. The proposed Cassegrain optical system for the narrow angle camera for
ESMO spacecraft

1) the optical axis

2) objective lens

3) concave spherical back silvered primary reflector
4) planar front silvered secondary reflector

5) focusing lens

6) optical sensor at the focal plane.

The diffraction limit of this system varies from 1.8 to 3.8 arc seconds depending on the
wavelength. The aberration of the optical system will be less than the diffraction limit.
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The presented material proves scientific and technical bases of working out and prospect
of realisation of association of existing and perspective systems of monitoring, in the course of
creation of the International space system of global monitoring (MAKCM), as global and
operative space monitoring of atmosphere and ionosphere of the Earth for revealing of signs of
coming nearer acts of nature and technogenic accidents and entering in it, in our opinion, local
problems of search and rescue separate sea and the aircrafts suffering disaster, rescue of human
lives. Thus it is offered to use the basic already developed and existing space systems:

~ The global multi-purpose satellite system "JJAHKO", providing the constant and
continuous automatic control of the state of environment, ecologically dangerous objects, all
kinds of vehicles, definition of exact (100) places rapid (5 seconds) aviation, sea and other
incidents in real time;

: The international system KOCITAC-SARSAT;

_ The international system CCII/I-IDCS providing gathering of the meteo-data;

Developed system "Hanmexna-M", creation of the incorporated centre of a subsystem

"Kypc";

" Developed Russian system "ITranera-C".

For real performance of tasks in view it is necessary to organise a uniform management
on contract design creation on creation of the International space system of global monitoring
(MAKCM) together with association of elements of existing and developed systems.

On system "JIAHKO" the considerable amount of works under the project is by this time
executed, the scientific and technical reserve is created, cooperation of executors, therefore
working out the end is generated; it is represented real in immediate prospects.
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The geostationary orbit (GEO) possesses unique properties that make it value for whole
humanity. Now there are about 240 satellites of different destinations working at GEO, and
besides that there are at least 900 dead satellites and a large number of satellite’s fragments and
boosters, which belong to space debris. All of them are really dangerous for operating satellites.

Geostationary satellites are very expensive, as well as their launching to GEO. These
satellites fulfil very important socio—economic and defensive missions. Potential of modern
surveys of the objects at GEO are restricted by large distance from the Earth-based
observational instruments to the GEO (height of orbit is about 36 000 km). In this connection
low-sized space debris particles cannot be detected. So the permanent control of the GEO is an
actual task.

The Federal State Unitary Enterprise (FSUE) “M.V.Frunze Arsenal Design Bureau” in
collaboration with the Institute of Astronomy of Russian Academy of Science (INASAN) due to
the Technical Regulation by FSUE “TSNIIMASH” has worked out a conception of special
space complex for near-Earth Space Survey near to GEO. The project is designed as a small
satellite (SS) with an optical-electronic device (OED) for observations.

Small satellite is planned to be launched to the circle equatorial orbit with altitude ~
34 000 km (sub-geostationary orbit — Sub GEO).

Going along the Sub GEO, the SS will observe whole GEO every 15 days (or more often,
if a constellation of SS will be launched), as the orbital period of Sub-GEO is slightly less than
of the real GEO.

Field of view of the satellite will be 120 degrees wide perpendicular GEO. It uses low-
size TV-cameras, and they will allow observing objects larger than 5 cm on GEO orbits with
inclinations from 0 to +15 degrees.

The small satellite “Star Patrol” will have mass about 300 kg. It will be constructed on the
base of unified small space platform “NEVA” designed by FSUE “M.V Frunze Arsenal Design
Bureau”. Provided investigations confirm reality of proposed parameters of the space survey
system “Star Patrol”.

The space system will provide effective control of objects at GEO and nearby space. It
will allow pre-calculation of close encounters of space debris particles with operating satellites
on GEO for their manoeuvring to avoid collisions. These manoeuvrings will rescue expensive
satellites of damage or even killing by space debris. In case of non-controlled collision of
objects on the GEO observational data from satellites “Star Patrol” will point to culprit.

At the same time the dangerous space bodies larger than 25 m will be registered at
distances up to 900 000 km. Besides that the SS “Star Patrol” will provide monitoring of optical
transients in outer space for basic science propositions.
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The use of remote sensing and GIS has become an integrated and successful tool used in
many applications in different business sectors and public administration. Actual development
of space technologies and software processing gives us powerful instruments for solving
sophisticated and comprehensive tasks from various business applications and public activities.
Latest developments towards interchange of vector and raster technologies, using previous
achievements made in GIS and remote sensing applications, will give new opportunities for
further use of geospatial information for decision-making processes in various applications.

Internet services providing geospatial information based on GIS and satellite images
extend number of users from small group of professionals in developed countries to all Internet
users around the world without boundaries. Geoportals become organic part of services
provided by public administrations and are actively used by business environment. Now
business plays an important role in launching the commercial satellites and providing geospatial
information and services based on information from different sources of data (governmental,
independent commercial providers and others). Services have become to be a real time and
information flows require new capacities and technologies for data processing and distribution
giving possibility to process and evaluate data from different sources in business processes and
governmental structures.

In the nearest time several programs developed by aerospace agencies from USA, EU,
Japan, India and China will give considerable reinforcement of remote sensing technologies for
GIS applications in sectors, which already are using spatial technologies and applications in
large extent and are attracting new users from the sectors, in which spatial technologies are not
applied at all. The planned development of GLONASS and GALILEO satellites and ground
stations will give additional opportunities for further development of applications for
navigation. Space technologies have became an incredible part of day-to-day activities for
modern population. The factors influencing this development are price reductions due to
increase of competition among imagery, GPS and GIS software providers, open source
technologies and wide appearance of commercial players in this business and cooperation
between public authorities and private organizations.

International cooperation plays an important role in development of space technologies,
despite increasing local activities of new players like China, India, Malaysia, Brazil, Israel,
South Korea, Turkey and others. While the achievements of space programs run by China, such
countries as India and Japan are undeservedly modest in comparison to the achievements of the
United States and the former Russia, some experts believe that it may only be a matter of time
before Asia catches a leading role in the researching field.
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According to the forecasts of UNO Intergovernmental Panel on Climate Change (IPCC),
by the year 2050 aviation will be responsible for 3% of world’s carbon dioxide (CO,) emissions
to the atmosphere, while the influence of aviation on climate change will be at the level of 5-
6%. Implementing one of the strategic goals, i.e. to minimize the negative effect of aviation on
the environment by reducing the noise and engine emissions, ICAO continuously toughens
regulations in relation to nitrogen oxide emissions discharged by an aircraft engine. However,
unforeseen pollution of aircraft external surface and, as a result, its untimely cleaning prevents
engines from operating in the design conditions, which, in its turn, leads to the increase of
emissions and noise. In addition, if the pollution contains elements that are dangerous to human
health, the aircraft becomes the transporter of them.

In order to reduce the negative effect of aviation on the environment, the authors offer to
carry out a preventive cleaning of aircraft external surface using special means of engineering
processes mechanization and automation.
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The geopolitical features of the Krasnoyarsk Region (a vast stretching territory with a
various relief and climate, a large amount of economically underdeveloped and remote areas,
large amounts of natural resources, and other similar factors) make us pay serious attention to
the Results of Space Activity (RSA) for transmitting and controlling data for different types of
provision: navigational, hydro-meteorological, cartographical, etc.

A Regional Scientific-technological Center for Space Services (RSTC SS) has been
established on the base of the following organizations: the Siberian State Aerospace University
named after academician M. F. Reshetnev (SibSAU), OJSC “Informative Space Systems”
Reshetnev Company, and the Krasnoyarsk Regional Siberian Department of the Russian
Academy of Sciences Center (SD RAS). The center was established to concentrate all attempts
in using RSA for improving life quality and to make the work of state and executive institutions
(including local institutions and organizations) more efficient, as well as for the development
and organization of science and research activities. These services can be provided to all
customers who are in need of them.

The main fields in which the RSTC SS is working are the following:

- An informative-analytical and scientific-methodical accompaniment to the
cooperation in the field of development and exploitation of space systems, devices,
and technologies is the agreement between the Federal Space Agency and the
Krasnoyarsk Region Board of Administration, signed on the 17 of July 2008; the
realization of the long-term target program ‘Applying Results Of Space Activity In
The Social-Economical Development Of The Krasnoyarsk Region For 2009 —
2011

- The education of specialists, engaged in exploiting the RSA;

- A science-technological accompaniment of research bent on establishing a basic
navigational and geoinformational infrastructure for using the RSA, such as:

e developing a system of collecting, processing, distributing, and saving remote
sensing data;

e developing a monitoring for the realization of priority investment projects as
well as monitoring emergency situations in hard-to-reach northern and polar
areas of the Krasnoyarsk Region;

e presenting data necessary for solving problems of hydro-meteorological,
ecological, geological, geophysical, and geochemical nature for the
development of energy and resource production in the northern and arctic areas;

e providing reliable communication means for improving aspects of safety in
northern, arctic, and other hard-to-reach areas;

e providing water traffic with means of navigation: for the Yenisei River supply
route and to improve and extend the navigation period on the Arctic Sea Route;

e applying space and IT to optimize the regional and federal budget expenses for
the development of the ‘Arctica’ ground infrastructure for the ISS and ‘Meteor-
M’, ‘Resource-DK’, and other satellites located in the Region, which provide
data to engaged consumers;

- The scientific-technological part of the project tested at base enterprises and
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technologies of RSA consists out of the following;

multifunctional modules and special software, integrated navigation receivers,
systems for communication and the transmittance of data, electronic cards,
sensors, and other functional devices;

targeted monitoring and operating systems for different types of social and
economical activity — transportation, agriculture, timbering, fishing industry,
communal infrastructure, oil and natural gas mining, construction, and
monitoring emergency situations;

algorithmic, special program and methodical support for geoinformational
systems and target systems of satellite monitoring and controlling;
apparatus-program complexes of the regional Scientific-Technological Center
of Space Services, automotive work places for operators, in addition working
with mass RSA customers.
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Operating monitoring of geophysical fields (MGF) in near-Earth space is the important
problem, which influences on the space activity and the Earth economy. Under MGF in near-
Earth space is understood the monitoring of the upper Earth's atmosphere density in the altitude
range from 400-500 km to 100 km, ionospheric parameters (electron concentration), intensity of
the Earth magnetic field.

The knowledge of upper atmosphere density as the position-time field, obtaining of the
information on its short-period variations, will increase the accuracy of navigating-ballistic
tracking for space objects (including space debris), help to realize the complex future space
missions like formation flight, etc. The knowledge of an electron concentration in an ionosphere
is important for an estimate of delays and contortions in distribution of radio signals, which are
important for the solution of navigating problems for ground customers. Monitoring of the Earth
magnetic field will allow revealing local fluctuations of its intensity that probably will form a
basis for making system of prediction of seismic activity and catastrophes. It is possible to offer
also other areas of the applications of the information of geophysical fields.

The modern space information technologies create good background for reaching these
goals. In the report is proposed making complete space system, which basic elements would be
the reference satellites of the spherical shape. Such satellites of the small sizes and a mass
would be launched as piggy back payload and made a passive unguided motion. The basic
onboard measuring systems of such satellite may include the satellite radio navigation receiver
and a magnetometer. For operating access to satellite and obtaining of the information it is
necessary to arrange also the satellite modem on board, which will provide operating and
practically the continuous data transfer through one of existing low-altitude satellite
communication networks, for example, GlobalStar, and an all-world INTERNET network to all
interested organizations.

In the report the basic aspects of the offered project are discussed. This project is very
useful for educational activity as such system of monitoring could be viewed as the remote
educational laboratory, which data would be used directly in educational process of universities.
The opportunity of access to the information on geophysical fields almost in real time can
strongly increase motivation and interest for students to natural sciences and will create
favourable backgrounds for its engaging to operation in the field of rocket-space activities.
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Application of techno-ecological means in a zone of the airports for reduction of number
of birds leading to collision demand certain expenses [1].

Our conclusions, on the basis of pre-production operation of techno-ecological means for
removal of birds from territory of an airfield, zones of rest and nesting of birds has shown the
following results:

1. The bioacoustics method is an effective remedy of management of behaviour of birds.

2. For increase of efficiency of bioacoustics installations the subsequent reinforcement
repellent effect optical-mechanical means is required.

3. Application of specific acoustic signals should be strictly dosed out with the
subsequent translation of the discomfort able synthesized signals of high level.

4. For protection of local objects (substations, hangars, radars, etc.) it is expedient to
apply automatic stationary installations based on recognition of signs of occurrence of birds:
Doppler (on flight), acoustic (the analysis of voices of birds), and thermal.

To the additional means, supporting frightening off effect it is possible to carry
mechanical scarecrows, especially dynamical, laser scanners, and traps. The good effect for
dispersion of birds in flight is reached by application of pyrotechnic means of "Halzan" of a shot
giving a strong sound, an orange smoky trace and bright flash.

Let's consider the bioacoustics means of new generation developed for scaring away of
birds from airdromes.

1. Compact portable bioacoustics equipment consisting of three blocks: narrow-necked
horn loudspeaker; the amplifier of capacity with a control panel and a synthesizer repellent
signals and the independent power supply (accumulator). Blocks incorporate to the help bayonet
sockets. Installation is calculated on a restock by one operator and intended for elimination of
birds from remote boggy places, crones of trees, architectural constructions.

2. Mobile bioacoustics equipment, established on the car, eats from an onboard network
of the car (12.6V). Horn loudspeakers are established on a car roof. The amplifier of capacity
with a pulse power unit has no adjustments and incorporates to loudspeakers, an onboard
network and a source of signals by means of sockets. In the amplifier special dynamic
processing of signals is carried out and the specific frequency characteristic raising efficiency of
action bioacoustics equipment in the conditions of high aviation noise is formed. He can be
established in any place of a body where there is no heating from the engine or other sources of
heat. The digital source of signals represents the compact block which is fixed on torpedo the
car or in other place convenient for management.

Source of the synthesized and specific signals in the present time can be the digital carrier
of modern audio systems with rationally picked up blocks of signals and regulations of their
application.

The complex ecological-technical approach of qualified personnel of having knowledge is
necessary for the decision of problems of ornithological safety of flights in a zone of airdromes
in the field of biology (ornithology), acoustics and engineering ethologic.

References

1. Il'ichev, V.D., Biryukov, V.Y., Nechval, N.A. Technical and environmental protection strategy of
biodegradation. M.: Nauka, 1995. 248 p. (in Russian)

12



The 2nd International Symposium "Space & Global Security of Humanity"

PROBLEMS ON NEAR-EARTH SPACE NUCLEAR POLLUTION

K A. Boyarchukl, S.V. Kuzinl, M.A. Anikeeval, S. E. Ulinz, N. S. Bahtigaraev3

"YNIIEM
POB 496, Glavpochtamt, Moscow 101000, Russia
Ph.:8-917-528-77-35. E-mail: ved.vniiem@mail.ru
? MIFI
3 INASAN

The world community is worried with nuclear pollution of near-Earth space and it was
remarked many times on the 64™ UN General Assembly in the Scientific and Technical
Subcommittee of UN Committee on peaceful use of the space.

A special problem is a presence of radioactive elements in space debris. This is
conditioned, first of all, by a rapid development of space-system engineering, which requires
increasing capacities of power sources and endurance of their operation. For instance,
development of power plants for Martian projects. The space nuclear power systems ensure
enormous energetic possibilities and at present time there are no any alternative to them.

To reduce risks regarding pollution of the near-Earth space, it is advisably to create a SC
system for space nuclear monitoring in order to resolve the following problems:

e detection of radioactive or fissionable matters on a SC board

e identification of SC nuclear matters and their quantitative evaluation

e before-the-fact prevention of the world community about results of the space nuclear
monitoring

e development of activities based on the received information for prevention of drop-out
of nuclear matters into atmosphere of the Earth at SC emergency.

Usually the monitoring of space debris elements is performed by ground optical and radar
methods. The identification of space debris elements on radioactive signs is possible only from
SC board with the help of, for example, gamma spectrometers.

The radioactive space debris consists of different components, which according to their
characteristics can be divided by three main groups:

1) fragments of nuclear power plants

2) individual SC with nuclear power plants which operational cycle has been finished

3) operating SC equipped with one or another nuclear installation. Since there is always
a possibility of their collision with elements of usual space debris, these objects are potentially
dangerous as well.

Radioactive elements of each of three groups possess specific features. These are, first of
all, a total flux and energy spectrum of gamma-neutron radiation. Researching these
characteristics enables to determine types of radioactive fragments of space debris, to analyse
dynamics of their further status, and to evaluate their contribution to common situation.

The following methods are proposed to detect and identify space debris radioactive
objects:

1. Gamma-ray spectrometry methods. For their application it is proposed to use a
xenon gamma-detector possessing good sensibility and high energetic resolution enabling to
measure spectrum of radiating object and determine its isotope and quantitative composition in
details.

2. Neutron methods. The neutron methods deal with registration of neutrons emitted by
space debris radioactive objects. These methods are advisable for operating nuclear plants
monitoring.

3. Electromagnetic pulse registration methods. Among these methods we should
remark possibilities for research of radioactive objects in IR radiation with the help of sensitive
infrared imagers.

13
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However, to exclude errors at analysis of registered events of flash character in the
gamma-neutron irradiation area, it is advisably to accompany these measurements by
photographing the analysed fragments of space debris, since photos enable to determine real
sizes of explored objects and their functional purposes.

In this respect it is necessary to develop dedicated measurement systems containing
different detecting devices, which can be integrated into SC scheduled for launch or into
special-purpose small SC.

At present, within the bounds of fulfilment of scientific and research projects of Federal
Target Program “Scientific and Scientific Pedagogical Staff of Innovative Russia” for 2009-
2013 years, VNIIEM, together with MIFI and INASAN, has been working on creation of
multiple-purpose measurement systems enabling to monitor and study elements of space debris
including radioactive one directly in the near space.
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The problem of information support control for such a vast state as the Russian Federation
is to be solved with the view of geospatial factor, as well as a range of specific up-to-date
requirements to geospatial information and its context. This can be done within the ideology and
practice of neo-geography, and ensuring the Situational Awareness and NetCentric principles.

For this purpose the Earth remote sensing systems are to be originally combined into
integral services intended for solving actual and often specific tasks, which Russia is facing at
present — power, society and business. Authentic and accurate on-line space data and products
based on this data are the key element needed to secure interconnected control and unity of
information context for all echelons of power.

Neo-geography allows the application of bit mapping and represents an aggregate of
mapping and geographic information systems techniques ensuring drastic enhancement of data
processing efficiency. It provides the possibility of data acquisition in various coordinate
systems and implies the application of hypertext formats for data presentation and storage.
Therefore standard software tools can be used for data handling, and no specific skills are
required from the users. Creation of national GEOportals in future, for instance, those based on
Neoglobe software environment, will facilitate access to space data and other information and
ensure the possibility of their use.

Through studying all the aspects of this issue within the GeoVlast activities the space
industry focusing on the goals and objectives set by authorities and society will provide
consistent, complete, accurate and authentic geospatial and other contiguous data (economic and
social information) for the country.

A system approach to this issue is originally reflected in the nature of the GeoVlast
activities, that is why we are sure that the conference on “space monitoring systems and
technologies of space activities results application” will be extremely efficient.
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Problem solving in astronomy, using computer methods is a very topical issue nowadays.
The topicality of object classification problem has been increasing during the last couple of years,
especially because of the radio signal received from cosmos, the growth of the unclassified images
from the telescope Hubble and the activity of such projects as Sloan Digital Sky Survey. Such
projects as Sloan Digital Sky Survey provide enormous amounts of digital images from all the
sides of the Universe. Today, the problem of galaxies classification is being solved using manual
data classification, but it can be solved much more efficiently with the help of computer methods.

Nowadays, there is a range of theories in astronomy, which could be proved or
disapproved, provided that particular information, concerning the evolution of galaxies, is
available. In order to obtain this information, astronomers investigate large groups of objects,
belonging to the same class and existing at the different stages of development. Galaxies get
born and die, but not in one day. These processes are very slow, and the current number of the
starry sky images is enormous. Today, even quite large groups of volunteers cannot classify all
the images of galaxies on the existing photographs.

Therefore, astronomy needs the help of information technologies and computer methods,
which are already applied successfully in other_scientific fields, such as biology and
engineering. Taking into account the capacity of computer’s memory and performance of
modern computers, the problem of the analysis of huge amount of imagery data can be solved.

THE OBJECT OF THE RESEARCH: computer methods of statistical astronomy.

THE SUBJECT OF THE RESEARCH: Object recognition algorithms, aimed at galaxy
classification.

THE HYPOTHESIS OF THE RESEARCH: Computer system parameters can be adapted to
enable automatic galaxy classification with the average accuracy, corresponding to the same or
higher level of accuracy in comparison with the manual data processing.

THE AIM OF THE RESEARCH: To broaden the application of computer systems, aimed at
image recognition in bio-informatics, adapting them to the scientific tasks of astronomy.

RESEARCH RESULTS: The ET-BOF method was selected for the experiment and adapted for
the tasks of the research (method has been designed at The University of Liége in Belgium).
The software configuration, training and testing was performed from November 2009 to April
2010. The best results of automatic recognition were achieved when using image segmentation
with colour threshold and convolution matrix method and applying these methods for the etalon
set of galactic images. The results were compared with the data from the international Galaxy
Zoo open project. The experiment has proved that automatic classification of galaxies ensures
the same or higher accuracy results in comparison with the manual classification. The
experiment with the great set of data has proved that the automatic galaxy_classification was
performed with the accuracy of at least 90%. The existence of the 10% error in the automatic
classification is not significant in the frame of the research. Fundamental astronomy is
interested in information concerning types of galaxies in large clusters. The achieved level of
accuracy is considered to be acceptable for creation of the Universe evolution models on a large
scale. Thus, it is possible to say that the aim of the research has been achieved and the
hypothesis has been proved.
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The actual task which must be solved for successful achievement of basic purposes of
realization of International Global Monitoring Aerospace System (IGMAS) is creation of
metrological basis for high precision measurements of the Earth system changes, which are
small in size and go on slowly.

International Scientific Community under the guidance of International Association of
Geodesy (IAG) develops the project of Global Geodesic Observation System (GGOS), aimed at
solving the fundamental scientific problems of geodynamics, space geodesy, geophysics,
seismology, hydrology and the other sciences about the Earth system. The global system GGOS
would provide the opportunity to describe the model of the Earth system and predicate its
changes in space and time.

OAO “OKB MEI” in cooperation with other leading science and industrial organizations
of Russian Federation develops the project of realization of Spatiotemporal On-line System,
which allows making a great contribution to solving of IGMAS and system GGOS tasks.

Spatiotemporal On-line System is a synthesized coherent measuring system for objects
full state vector measurements in each physical field, including gravity, wave and magnetic in
real time mode in global, regional, local and user layers of measurements. It composes of radio
measurement system and geophysics subsystem.

Radio measurement system is a global radio telescope with unfilled aperture, equivalent
to synthesized phase antenna array, with central synchronizer (correlator) of Spatiotemporal On-
line System.

Geophysics subsystem intended for determination of gravitation and wave fields’
parameters on the Earth surface in aerospace, sea, boreholes, at mounting in fixed and moving
objects.

In all Spatiotemporal On-line System’s functional levels elements of radio system and
geophysics subsystem are bounded in level of mechanical and electric interfaces.

Spatiotemporal On-line System’s functional purpose is a creation of metrological basis
for IGMASS, supporting and extending of:

- reference global network for physical and wave fields parameters measurements in real
time mode and detection of their sources, including gravitation, magnetic and electric fields;

- reference ground-space network of high-precision time-frequency synchronization on
the basis of bound scales of Universal time scale (UT1), Universal Coordinated Time (UTC)
and high precision global atomic time scale of Spatiotemporal On-line System.

Spatiotemporal On-line System’s contribution: global time and frequency scale data
(global time-frequency synchronization and time and frequency scales transmission); single
ground-space scale of time and frequency; geodesic stations coordinates and velocity; global
scale of distances: stable and absolute; reference geometry frame for geophysics subsystem;
International Celestial Reference Frame (ICRF), coordinates of extragalactic sources; full set of
the Earth orientation parameters (EOP): pole coordinates, UT1/LOD (international notation:
Universal time/Length of the day), nutation; atmospheric data (troposphere and ionosphere).

Geophysics subsystem contribution: geographic researches; seismic survey (terrestrial,
naval); gravimetry (terrestrial, naval, avia); seismology (earthquake, landslide, avalanche
registration); meteorology; navigation, transport, aviation and rocket techniques; devices for
determination of aircraft orientation in the Earth gravitation field, devices for pointing for
moving terrestrial, underground, underwater and flying objects at buildings, airports and
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boarder safeguard; civil defense: devices for earthquakes warning (including individual type),
safeguard alarm.

Reception, processing and analyses of the measured data are executed with the help of
info-communication system on the basis of fiber-optic and departmental satellite
communication of the Federal Space Agency, developed by OAO “OKB MEI” and Centre of
control, correlation processing and analysis of data in real time mode, equipped by
Spatiotemporal On-line System’s synchronizer and super computer for high-performance
calculations and data storage.

Collective of “OKB MEI” scientists and constructors have made a science-technical
backlog, which will help to realize the tasks of IGMAS creation as well as its metrological basis
— Spatiotemporal On-line System.
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Today Africa and the global community are experiencing drastic climate change. The
adverse effects of climate change are expected to intensify the level of vulnerability of
pastoralists in the Horn of Africa. Space technology involving low cost, accurate and affordable
small satellites could offer huge potential benefits. It could allow one of the major climate
change management problems in the Horn of Africa to be tackled, while at the same time
offering the ordinary people improvements in security and in the supply of food and water. This
paper seeks to explain how the impact of climate change in vulnerable outreach communities
and societies can be addressed. It also shows how a new, integrated application programme
using small satellite missions controlled by African nations could enhance resistance to natural
disasters. One special advantage of low cost small satellites is that they offer the possibility to
measure simultaneously particular physical parameters at a variety of spatial locations within
the Horn of Africa. EO involving RS would allow direct down-linking of data to various small
ground stations, which would provide the advantage of real-time access to the observation
concerned. There is an urgent need to improve the quality of climate observing systems data and
products. Small satellites could serve as an early warning system (EWS) to farmers,
environmentalists, meteorologists, Governments, NGOs, and communities. They would also
help to monitor climate change, and provide data which could be used to form the basis for
proposals concerning the location of agricultural industries. It would also be very important for
drought or wetland management and for weather observation. Space technology is necessary to
predict and inform the people about the environment. This paper supports the provision of
effective search and rescue-SAR, whose signal, transported by satellite, is able to provide all-
weather, high accuracy and real time distress user location information. Satellite technology is
the most effective means of predicting and mitigating disasters, and also monitoring, evaluating
and enhancing development. It has the capacity to make a potentially enormous contribution
through adding value in areas such as the positioning of location-based services, surveying and
mapping disaster management, water, marine and coastal management, food security, EWS and
emergency response. Satellite technology could thereby enhance the implementation of any
sustainable development strategy, which would include the distribution of spatial data
information and Infrastructure, SDI. There would be an emphasis on documenting and
strengthening best practice and developing innovative approaches which would facilitate
regional cooperation. In addition, the long term benefits of natural resource management could
be examined, within the context of the urgent requirement to scale up and expand coordinated
humanitarian development interventions based on a sound understanding of local livelihood
systems.
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This paper deals with the capacity for emerging nations to design, manufacture, and
launch satellites for their own usage and also provide satellites that could form part of a
constellation. These could be used to improve international understanding and facilitate the
assessment of the risks, effects and adaptations resulting from climate change. The satellites will
also help to make informal decisions concerning human security. They will improve access to
information concerning risk sharing mechanisms such as insurance. They will allow an
exploration and extension of risk management measures such as early warning systems (EWS)
to other countries, thereby integrating traditional knowledge through international cooperation.
Increased web-based links and sources of information available on space and human security
websites will help to identify, describe, apply and make accessible terrestrial, atmospheric,
oceanic, climatic, seismographic and other relevant data and observations.

This paper describes a pilot initiative for non space faring countries that would foster the
initiation of a joint venture. This initiative will take advantage of the current state-of-the-art
technologies used in small modern satellites involving a multi-spectral earth imaging system
(red, green, blue and near infrared bands) with a resolution of 50m and panchromatic earth
imaging system with 20m resolution installed on the satellite. The overall goal is to enable and
empower the emerging nations to gain expertise in satellite design, satellite integration and
testing, and satellite operations. Additionally, a satellite design office with all the necessary
hardware and software (i.e. design and analysis tools) will be established which will lead to the
creation of a ground segment for receiving and transmitting data/ information and monitoring
and tracking the satellite. A 210 man — month on-the-job training is required in various study
areas such as satellite systems engineering, satellite control, satellite structural and thermal
design, satellite communication systems, computers and digital electronics and satellite mover
systems. Research is needed at various stages in the development of state—of—the—art payloads
for future small satellites for EO, DDR RS and SD in order to trigger interest in research and in
the development of small satellite-related technologies. The aim is to develop and provide a
global, cross-border geo-information system for disaster management, sustainable resource re-
allocation and sustainable growth which will benefit all economies and regions. It would
provide early warning systems for road, air and sea transport safety. The tracking of events
would be made easier and the management of global disasters would be facilitated by the
implementation of IGMAAS. Governments, academicians, the military, commerce, industry,
transport, cartographers, geologists, meteorologists, institutions, universities, schools and
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colleges, the business community, farmers, NGOs, CIGs ,including young researchers,
professors, navigators, pilots, farmers, vulnerable and outreach groups, and astronautic and
space scientists will be at the forefront of this change, and will all benefit from the provision of
low-cost access to in-house developed technology which is affordable and modern. Small
satellites are appropriate for capacity building because they are cheap, and easy to use. Frequent
launch opportunities enable a variety of independent missions. Miniaturization enhances the
capacity of the satellites. Small satellites can have a direct influence and impact on society by
enabling more to be done with less in addressing local, national, regional and international
issues. They could also help promote peaceful co-existence in addressing global problems.

Intermediate goals:

To create a resource base and knowledge portal for today's, present and future scientists
and researchers with the endurance, capabilities and methods that will empower and enable
them to perform and utilize data and satellite information successfully.

To understand the current status of satellite technology.

To review the aerospace and electronics industry capabilities that can provide cheap and
affordable satellite technology (both hardware and software).

To promote research and development on RS, EO, small satellite design dynamics and
control, space physics, space weather and the exploration of deeper space.

To assist governments and policy makers with the design, launch and use of small
satellites.

To implement best practice and identify unproductive practice. This will encourage joint
venture development in the construction and operation of a variety of small satellites, which will
offer opportunities to develop indigenous space industries in developing countries.

Finally, space research technological demonstrations and related applications in
communications and EO will be enabled. In this way, sustained development can be supported
through local monitoring and control of the exploitation of natural and man-made resources.
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Natural hazards, such as seismic activities, droughts, floods and tropical cyclones are a
major challenge to the sustainable development of African Communities. These have resulted in
significant environmental, social, and economic damage. However, prediction and early
warning tools remain limited. The objective of managing these events can be achieved by
strengthening regional collaboration and coordination through providing meteorological and
hydrological information, products and services, through improving weather and climate
monitoring and prediction, through improving basin-wide flood forecasting and modelling
capabilities and through developing the capacity of the National Meteorological and
Hydrological Services and the Drought Monitoring Centre. These measures would facilitate the
generation, interpretation, and application of early warning information for use in disaster
management and mitigation. Furthermore, the IGASS can be used to generate an adequate and
affordable means of forecasting emergency situations caused by natural disasters through
partnerships and regional collaboration within the framework of the application of space
technology. This could also be of benefit in solving other global humanitarian problems, and
could facilitate an integration of global aerospace monitoring of natural and man-made disasters
and emergencies. Another goal would be to provide the necessary tools for managing the risks
posed by volcanic eruption, extreme weather and climate events. For instance, as a result of
drought, locust invasions and other climate-linked events, including floods, malnutrition is an
ongoing threat in the Sahel countries (Burkina Faso, Cameroon, Chad, Central African
Republic, Mali, Mauritania, Niger, Nigeria and Senegal). Seismic activities are also a serious
threat in this region. In Cameroon, seismic mega-events accelerated by limnic eruption caused
an ecological disaster. Carbon dioxide released from Lake Nyos killed some 1700 people and
many more animals. The region remains vulnerable to this permanent threat, as the lake still
contains ever-increasing amounts of dangerous toxic gases. Emergency assistance was provided
to the survivors, but adequate EO and longer-term aid for rehabilitation and sustainable
development did not materialize. This paper seeks to explore ways to reduce the effects of
disasters through using space applications, and calls for the strengthening of early warning
systems and the implementation of a community-focused development programme at a time
when Lake Nyos and another lake are now being successfully “degassed”. It anticipates local
capacity building through the training of community groups and experts in the monitoring of
poisonous gas evaporation. The paper analyse best practices that could help develop an early
warning platform for AU countries with standards, methodologies and dedicated management
support tools. This will facilitate the establishment of more effective links between early
warning activities and the decision making processes in the AU countries. It is clear that early
response can prevent morbidity and mortality. While early warning systems do exist in the
Sahel countries they are focused on climate-related issues (e.g. rainfall, locust invasion), and
issues relating to food access (availability, prices) which do not adequately fit in with with the
current EO Space application methods. This paper will propose methodologies for sustainable
community-based data collection and the experimental implementation of these data collection
methodologies, as well as the ongoing monitoring of results. It will also propose harmonized
protocol agreements and the adoption of global early warning systems and IGASS.
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With a point of view of safety control of space activity in the conditions of man-made
debris population increasing within the near-Earth space (NES) and the control over the
hazardous events connected with these conditions both in space and on the Earth the solution on
creation under the aegis of Roscosmos the special Automated System on near-Earth Space
Hazard Warning (ASSHW) was accepted. This System on the basis of data processing from
different domestic and foreign sources, realizations of the corresponding calculations and the
analysis of the obtained results would perform a function of regular monitoring of NES status
and in an operative regime would form and transmit to Roscosmos and to other structures
interested in the information on the facts of origin and the prediction of the hazardous events
evolution in a volume, sufficient for acceptance of well-timed decisions and the measures
adequate to the degree of arising threats and damages from the effects of these events.

The structure of the tasks entrusted to System, requirements made to it and principles of
its organizational construction are given. Information about sources of the original data for the
System and the scheme of the informational exchange between participants of activities are
given. By now the formation of the prototype of this System has been finished and the
experimental exploitation of its 1st version in which frameworks the priority tasks are being
implemented. The problem questions are considered and the ways of the System improvement
and its future development are determined.
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The way a problem is posed (possibility of the earthquake forecasting). Natural and
industrial disasters still cause numerous victims and huge destructions, doing psychological
damage to the mankind. The earthquakes are on the top among natural disasters on the scale of
damage and quantity of human lives.

Annually there are some hundreds thousand earthquakes on the Earth with low
magnitudes and 100-120 of them (M>4) cause damage and human victims. About 20 of them
are the strongest (with magnitudes M>7), bearing death to hundreds, thousands of people and
destructions to entire cities. Over the years body count and damage in the course of disastrous
earthquakes have no tendency to decrease. It is connected, generally, with heavy increase of the
population in seismically dangerous regions. About 20 million people inhabit in the areas of
possible destructive earthquakes in Russia.

Methods existed up to present day and based on the theory of stress accumulation in the
area of crust breaks and on the theory of “underground rustle” prior to earthquakes allow
making only long-term forecasts and determine only a possibility of the earthquake, but do not
show exactly where and when a jeopardy will occur.

Methods of studying geophysical earthquake precursors. Development of space
observation means. The modern notions about the earthquake origin are based on the
statements of fracture mechanics in the nonuniform material, namely, avalanche crack extension
in the nonuniform material as the Earth crust. In the process, because of stress rising of a large
crack in the area of material rapture there are certainly various phenomena presaging this
process appear once. About 20 of these phenomena are most often used. Changes of the
intensity of these premonitory symptoms in the course of time are used for the earthquake
forecasting.

Based on the long experience of observation, it has been ascertained that in seismically
active areas immediately before the earthquake various geophysical manifestations of its
preparation process are registered: earthlight, dithering of atmospheric current potential,
variations of intensity of electromagnetic pulse distantly to thousand kilometres from epicentre,
changes of critical frequency and density of the atmospheric layers, etc.

All these phenomena recorded by ground and space observation means are analysed with
a view to using them as possible earthquake precursors.

However, this task is enough complicated, it requires all-time satellite monitoring of the
area, where the earthquake is expected and more or less constant determination of the
background state, the change of which can give the information about the earthquakes
preparation processes and the moment of the earthquake beginning. At that the matter concerns
strong earthquakes with the magnitude more than 5. The connection between earthquakes
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preparation processes and ionospheric manifestations is under research now in different
countries of the world, including Russia.

Developments of OAO “GRTs Makeyev” in designing and launches of space vehicles
for monitoring of the Earth. As a part of its space activities GRTs develops small space
platforms. Thus, in the time of 2004 — 2006 the space platform for the "KOMPAS-2" project
was designed and equipped with all support systems that maintain the operation of the scientific
hardware aboard. A complex of the scientific equipment for the first launch was designed for
registration of anomalous phenomena in the ionosphere for the purpose to research their
possible connection with the earthquakes preparation processes. This complex was designed by
the Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation named after
N.V. Pushkov of the Russian Academy of Sciences in collaboration with the Institute of Nuclear
Physics of MSU (Moscow State University) and scientific institutes of Poland, Hungary.

In May 2006 with the help of the “SHTIL” launcher blasted off from the
“EKATERINBURG” submarine space vehicle was placed into an orbit with perigee altitude
450 km, apogee altitude 500 km.

The KOMPAS-2" Small Space Vehicle operated on the orbit about for a year. During this
time about 37000 MB of information were passed from the vehicle and the data about number
of anomalous phenomena in the ionosphere, including the Kamchatka seismically active region,
allowing to connect them with seismic activity. In period of satellite operation measurements of
ionosphere background state were performed, events of the powerful thunderstorm activity in
the upper atmosphere, studied wave propagation effects were found out and registered, in near-
Earth space environment the streams of accelerated protons and electrons connected with solar
activity were registered.

Experimental operation of the complex of scientific equipment of the "KOMPAS-2"
satellite proved that it can be used as the basis for development of scientific complexes of
ionospheric observation in following projects and systems, serving to find out and register
anomalous phenomena in the near-Earth space environment connected with earthquakes and
other different natural and industrial disasters. During flight tests of the complex a program-
mathematical support for data measurement and analysis of scientific equipment was worked
out. Analysis of technical problems and fails of the micro-satellite support systems allows
specifying its origins and avoiding reduplication of design defects of next modifications of
“KOMPAS”-2 platform.
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International cooperation and advanced control technology could play critical roles in
many areas of aerospace technology, where the advanced nations all share a clear common
interest, which is ultimately crucial to the long-term interests of the entire human species.
Among the areas, which I find most interesting, are hypersonic flight, space-based solar power,
reconfigurable flight control, and problems of missile interception in an age when the sheer
statistics of weapons proliferation pose radically new threats to the sustainability of high
civilization.

This paper will describe an approach to using advanced control techniques (linked with
other disciplines) in order to make possible a long-term dream of the aerospace community: the
development of airplanes fast enough to reach escape velocity, as airplanes, at airplane-like cost.
The realization of this dream would have enormous benefits to humanity; for example, by
reducing the cost of travel to earth orbit by an order of magnitude, relative to the best projected
reusable rocket systems, it would expand dramatically the range of economically affordable and
justifiable activities both in earth orbit and nearby space. That in turn would economically
justify supplying a larger fraction of the inputs to those activities from other new activities in
space; a large enough multiplier effect of this sort could allow a kind of economic takeoff effect
in space, similar to the economic takeoff effects in developing nations discussed by the
economist Rostow decades ago. As a practical matter, the route to this objective will not be
direct. No long-term technological vision, however realistic at the time, works out exactly as
anticipated. That is particularly true in a case like this, where there are many alternative
pathways to the ultimate goal, and where many approaches will have to be combined together,
in the end. However, the effort to pursue this vision involves the development of many key
technologies, which are likely to be crucial in any event, in some configuration.

This paper will begin by presenting one possible vision of how to achieve this goal, in
order to introduce the basic concept; then it will describe some of the outstanding scientific
issues and alternatives, which require further research, before we can bridge the gap between
vision and reality in an efficient, realistic way.
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Today’s technological development has enabled the production of an abundance of data
and information. Airborne and satellite data generation systems contribute greatly to the
overall production of geographic data and information. This has lead to knowledge production
being recognised as the most crucial aspect of data use that leads to a value increase. This use
of data inevitably involves activities such as exchange, sharing and processing of data that
enable data merger from different sources and of various types, as well as their analysis within
different fields of expertise. This all contributes to the expansion of the potential sphere of use
of information and knowledge products.

A concept like the International Global Aerospace Monitoring System (IGMAS) will
be difficult to realise if the issue of data sharing and exchange is not properly addressed. A
framework for data sharing and exchange has to be adopted, since the very mechanism of the
future system’s operation is based on participants’ consent to cooperate and assist each other
in addressing the issues posed by problems of a humanitarian character. This paper seeks to
assess whether the free and unrestricted principle for data sharing within IGMAS will best
serve as a basis for such a framework.

The analysis undertaken takes into account the nature and the goals of the proposed
system, as well as the mechanisms of data sharing and their underlying principles of the
existing comparable systems like GMES or GEOSS. The GEOSS Data Sharing Principles
that are currently debated upon serve as the principal example for the assessment of whether
the principle of free and unrestricted sharing of data is viable for systems that utilise
geographic data and information from various sources. As a result of the study the authors
outline the main aspects of the enforcement of the principle of free and unrestricted data
sharing, in particular the extent of the data exchange, the necessity to access raw data and other
information from different systems for the production of best information products
supporting decision- making in relevant fields of action, and the issue of protection of data
generated by different systems operated under the laws of various jurisdictions. Possible legal
solutions to these issues will take into account the European context of IGMAS set-up and
functioning, and for this purpose, when appropriate, parallels will be drawn to the treatment of
data within the GMES initiative.
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The present work discusses the development of a remote sensing component (involving a
space and a ground segment) of an early warning system related to the control of oil and
industrial pollution of the Black Sea coast at regional level.

The volume of cargo traffic and the number of energy suppliers are increasing within the
navigable waters of the Black Sea. The industrial growth of the Black Sea zone and
globalization processes are likely to accelerate these trends in the future. The South Stream and
Burgas-Alexandroupoli pipelines confirm this. Tanker traffic across the Bosporus is
approaching its maximum capacity. Both observations and early warnings of oil spills as well as
possible averages have become important elements of coastal strip environmental protection and
are considered a part of national security.

Remote sensing methods provide possibilities for setting up operating systems for the
observation and early warning of spillages of pollutants and other emergencies.

The technology of small satellites, video spectrometers, and synthetic aperture radar
allow effective systems for regional observation by several platforms to be established.

The additional combination of coast samples analysis and inspections done by UAVs
would allow accurate estimation of environmental conditions.

Satellite data could be utilized at different levels, such as early detection, the provision of
evidence and security assessment.

The operational approach towards the development of a remote sensing component
(involving a space and a ground segment) of a system for early warning includes both
observational and informational subsystems. The absence of a system for rapid informational
distribution and supply at national (regional) level represents a significant problem. Both data
interchange and data set collection regarding events (averages) are further problems. In addition,
the lack of end users’ direct access to data provided by means of the remote sensing methods
decreases both progress and efficiency .

Effective satellite observations allow the source and scale of a pollution event to be
analyzed and its effects on the environment and compensation payments to be calculated.
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Satellite tracking and monitoring technologies, including optical systems, are widely used
to solve very different kinds of tasks from cartography and monitoring of traffic flows to
intelligence and observation of dangerous loads transportation. Identification of images patterns
is a task and by solving it special features and numerical characteristics of object pictures are
determined. It provides possibility to classify patterns [1].

During research for the estimation of the numerical characteristics of objects images
patterns self-similarity (fractality) properties of photographic images patterns elements were
used, similar to radiolocation images of the Earth's surface [1]. For the calculation of fractal
dimension the classical algorithm based on the covering method [2] and algorithm, which
provides a transformation of each original two-dimensional image element into a one-
dimensional array using the Hilbert-Peano scan [3], and then evaluation of its self-similarity
with the traditional calculation of correlation dimension [4] have been implemented. Such an
algorithm has its advantages and disadvantages and is being discussed in the work provided.

Usually, estimation of fractal dimension for graphic images is produced for the luminance
pictures, or the so-called "grey-scale" images [1, 2]. In this research there was an attempt to
extend the proposed algorithms in case of colour images in RGB or other digital images
formats, i.e. to use the colour information for objects identification, besides luminance.

The results of fractal dimension estimation for individual elements of different objects
and surfaces in digital image testify that, in a number of cases, fractal dimension of object is a
numerical characteristic that is sufficient for its detection and classification.
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It’s stated that the known models of formation of the strongest seismic centres (above
Mokhorovichich surface) don’t reduce to solution of problem of the strongest earthquakes
forecast.

The authors justify the new seismic model of real processes in lithosphere: that is medium
with mobile blocks, which may form an alliance among themselves and then the large-scale
destroying structures are forming on the boundaries. The two competing processes are
examined. The first is the process, which obstructs to alliance among blocks. The second one is
the process, which promotes to above alliance, namely, an interaction impulse ascending
streams of easy gases with rigid fractions — as a result change of structure and increase of
volume of medium components. It’s forming a coupled block alliance on the boundaries of
which resilient energy is being accumulated that is ending by large-scale destruction (the
strongest earthquake) of one from block boundary structures. Above model is explained in the
authors’ publications [1-3].

The main problem is monitoring of variations of volume-strained state (VSS) of geologic
medium near its marginal energy-saturated level.

For the experimental data analyses it has been developed the new mathematical
technology of data processing [4], which ensures to control the medium state and its variability
at the real conditions. The necessary software is created. The new mathematical technology is
approved in conformity to seismic-active region (Kamchatka). For the first time it’s discovered
various-scale VSS variations, which develop in stable and non-stable medium states and control
of seismic process [3].

The seismic process meaning ensures to justify the approach to forecast the strongest
earthquakes and the complex monitoring of seismic danger. Monitoring must include
measurements of parameters of ionosphere, atmosphere and geological medium by region and
planet space-time scale. This assignment can be offered as one of being created system
IGMASS.
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The 21st century was marked by penetration of humans into secluded areas on Earth, and
the near-Earth space as a result of intensive interaction of biosphere laws with the human mind.
Exploration and utilization of water depths and outer space require immediate involvement of
humans who, in these environments, have to face growing more and more heavy emotional and
physical stresses.

Besides, occupations associated with overly neuro-emotional strain tend to increase in
number, too. These can be exemplified by introduction and operation of new vintages,
developmental testing of different items, etc.

Progressive urbanization and unfavourable environment are felt more keenly by the
human organism, which responds by changing the homeostatic parameters; in their turn, these
changes cause strain of adaptation controlling systems that steadily modify metabolic and
physiological processes. Changes in metabolism due to extended exposure to extreme factors
occur in the adaptation controlling systems specifically sensitive to a given external agent.

Space tourism opens new era in investigation of space. From one side, the importance of
appearance of ordinary people, pre-trained in a simple, short way seems to be a stage of
cosmonautics development, similar to such well-known events, as first EVA, or interplanetary
missions. From the other hand, this contingency could be easier subjected to disbacteriotic
changes, described below, which circumstance may lead to infections.

At present, when space missions grow in duration, the problem of protection of crews
aboard long-operating stations from infections becomes of paramount importance. Implications
of the problems were pinpointed by investigators already at the time when travels to space have
not been so long as they are now. The concept of periodic build-up of the pathogenic potential
within the human-microbe system in long-term space flight was suggested. One of the
postulates of the concept is emergence of pest-holes with large pools of opportunistic pathogens
representing various human biotopes. This process is characterized as a possible starter of
opportunistic infections in space crew members. Another point was that in the course of time
space stations turn into the residence area for strains that appear and persist out there and
resemble nosocomial ones. We can anticipate a high intensity of development of this type of
strains on the International space station where full or partial rotation of crews coming from
different spots of the world will be a frequent event. On the other hand, there are facts indicative
of definite inhibition of colonization resistance in space crews on mission. This circumstance
dictates the necessity to search after effective ways to strengthen the colonization resistance in
space crews. Analysis of the data on probiotic correction of human microflora in artificial
climate constitutes a part of this work.

The most adequate, from the ecological standpoint, way of controlling the
microbiological status of humans in closed environment is thought to be utilization of the
principle of microbial interference. This approach showed its merits in bringing back to the
norm of intestinal microbiocenosis in cosmonauts by administration of probiotics during pre-
flight training and later in rehabilitation, and bifidumbacterin in space flight. They are fabricated
with the use of active strains of bifidobacteria and lactobacilli. They are consumed following
personal course recommended based on the data of investigation of intestinal microflora.

Consumption of probiotics based on lactobacilli and bifidobacteria is favourable to
stabilization of intestinal microbiocenosis, consumption of lactobacterin stimulates recovery of
human microflora sensitivity to antibiotics. There must be special individual measures
elaborated for tourists, which undertakes probiotics consumption.

Perspective means for protection of space tourists against infections could be probiotics
based on autostrains of protective microflora, based on lactobacilli, bifidobacteria and enterococci.
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The task of the re-entry time and impact area prediction of uncontrollable space objects
(SO) is one of the key in the complex control of deorbiting SO. Thus, rather actual there is a
problem of this task solution with the highest possible accuracy.

The developed and realized in the Russian Mission control center (MCC) of the Central
scientific research institute of machine building (TsNIIMash) methodology of a SO’ orbit
determination at the final phase of its flight and the prediction of the re-entry parameters are
given.

The given methodology envisions the usage for a SO’ motion describing the most
adequate model of the perturbing forces considering influence of a non-central gravitational
field of the Earth and an aerodynamic drag of the Earth atmosphere, and also, on occasion, the
luni-solar attraction and solar radiation pressure.

Thus there is a feasibility application of various models of a geo-potential, an
atmospheric density and ephemerides of the Moon and the Sun, including the latest domestic
and foreign developments in these fields of knowledge. Prediction of parameters of space
objects’ centres of masses motion is implemented by numerical integration of the differential
equations representing indicated model in a rectangular inertial system of co-ordinates. The
high-effective method of the high order, developed in MCC, is used for this purpose. The
methodology envisions also the usage of the different kinds of measurements received from
various systems for SO tracking, including the Russian and the USA Space surveillance
systems, the Russian regular control command tracking system and a network of the optical
tools managed by the Russian Academy of Sciences.

The results of implementation of the given methodology for particular space objects,
verifying its high effectiveness, are given.
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The character feature of the modern state of near-earth space environment is its
contamination with the technogenic substance (space debris). The space debris appears as a
result of spacecrafts’ launches and their following destruction after end of life.

This constitutes a serious collision hazard of the debris fragments with the manned and
automated spacecrafts.

Taking into consideration the urgency and importance of an accident prevention issue of
the operation of the manned and automated spacecrafts, and within the bounds of the Federal
Space program for 2006-2015, works are underway to create a special automated hazard alarm
system in the near-earth space environment on the basis of hardware and software facilities of
Federal unitary state enterprise “Central scientific research institute of machine building”

The main tasks of automated hazard alarm system in the near-earth space environment are
as follows:

- detection and constant control over the flights of space objects which pose hazard to the
manned and automated spacecrafts;

- - forecast of hazards in the near-earth space environment (approach of space objects to
space vehicles, de-orbit of hazardous space objects and so on) with the use of information from
different domestic and foreign sources;

- accuracy and reliability of measures aimed at deorbit of waste launch vehicle stage,
accelerating engines and space vehicles to the alienation zones.

Methods, algorithms and software are elaborated for assigned tasks solution. They allow
modelling with high accuracy space vehicle and space objects trajectories and adapting them to
the existing complex of flight support of space crafts. On the basis of these methods and
facilities the following activities are accomplished:

- accuracy evaluation of orbit characterization and forecasting;

- calculations and estimated probability of hazardous approach of space objects with
space vehicles.

Works are conducted regularly to control and conduct hazard space objects approaching
manned and automated space vehicles, which are operated from the Mission Control Centre of
TSNIIMASH: International Space Station (ISS), spacecrafts of scientific and social-economic
purpose — “Resurs-DK 17, “Koronas-Foton”, “Sterh”.

The dangerous approaches of International Space Station with space debris fragments
were often stated as a result. Thus, beginning from 16.10.2009, 41 approaches of space objects
to International Space Station were predicted during 38 days within less than 6 kilometres. The
avoidance manoeuvres of ISS were conducted several times to avoid fragments of space debris.
The last manoeuvers were accomplished 27.08.2008 and 18.07.2009.

In the result of analysis of approach forecast of space objects with space vehicles of
scientific and social-economic purpose in November-December 2009, 54 approaches were
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revealed between space objects and spacecraft “Koronas-Foton”, 20 approaches to “Resurs-
DK1” and 103 to “Sterh” within less than 6 kilometres.

Later on it is proposed to conduct analysis and approach prediction of space debris
fragments to the space vehicles of the Roscosmos orbit group, including spacecrafts operating
on geostationary, high-elliptical and medium earth orbits.

The performance of tasks aimed at well-timed detection of the forthcoming hazards and
prevention measures with the use of hardware and software means of automated hazard alarm
system in the near-earth space environment will allow to significantly increasing effectiveness
and reliability of manned and automated space crafts operation.

34



The 2nd International Symposium "Space & Global Security of Humanity"

VIRTUAL EDUCATIONAL NETWORK FOR INTERNATIONAL
AEROSPACE AND TRANSPORT SYSTEMS

Prof. Igor Kabashkin', Prof. Wolfgang Kallus’, Hans-Jorg Lotter’

!President of Transport and Telecommunication Institute
Lomonosova 1, Riga, LV-1019, Latvia
Tel.: +371 67100594. Fax: +371 67100535. E-mail: kiv@tsi.lv

’Professor of University of Graz
Universitdtsplatz 2, A - 8010 Graz, Austria
Tel.: +43(0)316380 5129/5122. Fax: +43(0) 316380 9807. E-mail: wolfgang.kallus@uni-graz.at

3 President of Infowerk Multimedia
Martinsbiihel 6, A-6170 Zirl, Austria
Tel.: +43(0)5238/52099-0. Fax: +43(0)5238/52099-4. E-mail: hansjoerg.lotter@infowerk.at

The globalization of economic processes in the modern world requires not only new
principles of economic relations and their development using modern global technology, but
also qualitatively new systems to allow the global monitoring of natural and technological
change. Today, these systems are supranational, and can be based on using the International
Global Monitoring Aerospace System (IGMAS).

Global challenges require global partnerships to address them. In the same way as
prevention of natural and man-made disasters operates in an increasingly international
framework, education and training courses in this area need to change in order to take
international aspects and globalization into consideration, and move from conventional to
networked environments. Even initial aerospace and transport education courses at vocational
and higher education levels must be a part of these dynamic changes, in order to enable
graduates to meet employers’ needs and perform in the market.

The establishment of Innovative Virtual European Transport Training Agency
(IVETTA) is one of the steps that has been taken in this direction. The IVETTA is an
educational network of persons and institutions involved in transport education and training
who are interested in supporting it through the use of multimedia and information technologies.
It focuses on enabling transport educators and trainers to introduce all kinds of educational
multimedia, new technologies and common standards to their educational processes as
knowledgeable consumers or well-informed supervisors, or even to become enthusiastic
multimedia developers. For this, it is necessary to have not only an appropriate technological
infrastructure but also an organizational basis and culture which will encourage collaboration
and exchange to the benefit of all of the network’s members.

The mission of IVETTA is the creation of standards for the development and adoption of
technologies that enable high-quality, accessible, and affordable aerospace and transport
education and training experiences. IVETTA will assist in enabling the next generation of
Digital Learning Services through combining new forms of digital content, assessment,
applications, and administrative services. The strategic goal of ETTE is to increase the quality
and safety of all modes of aerospace and transport based on establishing high quality standards
in life-long education and training, and common networks of training, industry and maintenance
organizations.

This paper describes the main objectives, the innovation strategy focuses, the main
activities of future network co-operation and the results which are expected to be worked out by
the IVETTA.
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Satellite technologies are widely used in various fields of science. It is difficult to imagine
the modern transport and logistics level without satellite technologies. Satellite tracking and
monitoring systems have become massively popular and available at any point of the globe
thanks to the global Internet network, but their safety is doubtful.

Speaking about the global safety of satellite technologies, we forget about the adjacent
technologies, which make up the gap in the global information safety, as the satellites are only
signals retranslating.

Satellite monitoring and tracking systems are constructed on three basic technologies:
GPS/GLONASS, GSM/GPRS and data transmission technologies via the telecommunication
networks.

Obviously, data transmission from the ground-based facilities is carried out through the
encrypted wireless communication channels into the GSM/GPRS base station network [1]. Due
to the weak cryptographic strength of encrypting algorithms of AS/GEA families [2, 3] in
GSM/GPRS network there appears an opportunity to intercept and decode the signal being in
the same area of the GSM/GPRS base station, as the object, using the Man-in-the-Middle attack
[1]. The data from GSM/GPRS base station are transmitted to the monitoring and tracking
centre via telecommunication networks, where they also have a weak cryptographic strength
and can be hacked [1].

The method of improving data safety using the additional cryptographic algorithm based
on the matrix encryption is proposed in the article, and it allows encrypting /decrypting data
using two independent on each other keys. The first key encrypts the useful information on the
transmitting side, and the second one, respectively, decrypts the information in the monitoring
and tracking centre. The encryption/decryption keys are not transmitted through the network,
but are "software sewn” on both sides, that prevents their illegal interception and increases the
safety of the system.
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Creation of IIS GMC will allow in all territory of the Earth on uniform the system
technical to a basis building various systems of monitoring, with possibility of installation of
gauges on objects of any types and creating land communication systems of various scale.

Into the structure of the system are included as follows:

- 8 Companions in a geostationary orbit;

- 96 companions in low circular orbits on which repeaters in a range of 7/8 GHz and 60
GHz for construction of ring inter-satellite communication lines will be established.

For them should be developed the following:

- User's Terrestrial stations in a decimetre range of frequencies a range with capacity of
the transmitter of 1 watt also it is powerful 300 gramme which total is estimated in 11 million
pieces at the price 100 euro for a piece.

- Central terrestrial stations monitoring and central terrestrial stations communications of
arange of 7/8 GHz.

- One central coordinating terrestrial station and 8 regional coordinating stations the
automated control system of communication.

- The automated control system of communication (ACSC).

Expenses for manufacturing of all elements of IIS GMC will make about 362 million
euro.

The size of the income of sale to consumers of techniques about 484 million euro, size of
operational profit on sale will make about 122 million euro. The size of the operational profit
received for 4 year will make about 1374 million euro.

The represented technical offer, besides, actually today when among scientists of the
world modern problems are discussed:

- Global warming of a climate of the Earth;

- An exhaustion of natural energy sources;

- Reduction of stocks of fresh water;

- Terrorism level.
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The insistence for efficiency and quality of acquired data about the Earth surface has
resulted in a need for development and implementation of monitoring systems capable to
provide users with information in time-scale close to the real one. The issue takes on the special
significance due to objectives setting for continuous and operational tracking the dynamics of
natural disasters and emergencies, as well as various ground and sea dynamic processes, which
require reliable receipt of real-time highly detailed data, regardless of seasonal, daily and
meteorological observation conditions.

Currently a comprehensive fulfilment of users’ requirements for real-time high resolution
data acquisition using space aids only is not sufficient. That requires deployment of space
constellation consisting of several tens of spacecraft carrying large-size and expensive
equipment.

Development and implementation of multipurpose integrated monitoring systems,
consisting of orbital SC constellation and systems of multi-type unmanned aerial vehicles,
including balloons, equipped with video and radio observation instruments is of both scientific
and practical interests.

At present our enterprise jointly with its partners has started development of a space
system for hydro-meteorological and radar monitoring of the Arctic region.

Development of the Northern sea way and the entire Arctic region requires
implementation of continuous space observations for the purpose of:

- enhancement of weather forecast and climate observation assessment;

- safe navigation along the Northern sea way;

- control of natural and anthropogenic emergencies;

- development of oil-gas fields in the Barents sea, at the Yamal peninsula on river-basins
of the Ob, the Yenisei, the Lena, etc.

The Arctic region is not available for observations by international meteorological GEO
constellations, and low orbit meteorological satellites do not provide the required revisit time.

The above mentioned “Arctica” system is intended for:

- almost continuous acquisition of multi-spectral data on atmospheric properties and
heliogeophysics characteristics of polar regions of the near-Earth space;

- receipt with 4 — 6 hours periodicity of data on radar observations of oceans water and the
Earth surface in the Arctic region, accumulation and retransmission of hydro-meteorological
data and signals of emergency radio buoys of COSPAS-SARSAT system;

- communications and data transmission for various users;

- rendering of internet and digital television services.

Spacecraft of “Arctica” system will be designed based on the existing “Navigator” space
platform taking the advantage of “Electro” SC and “Spektr-R” SC heritage.

The “Arctica” system will provide functional supplement and territorial expansion of
international meteorological system and will be important for strategic interests of the Russian
Federation, its social and economic development, first of all at the Krasnoyarsk territory,
Arkhangelsk region, Khanty-Mansiysk, Yamal-Nenets and Chukchi Autonomous Areas.

The three-level global observation system consisting of orbital SC constellation,
unmanned aerial vehicles and balloon-born information subsystem will enable to improve
considerably the monitoring efficiency.
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The balloon-born information subsystem is designed for local observations. It consists of
balloon structure equipped with wide spectral range observation complex, docking devices and
data acquisition and processing unit with a remote control complex.

The unmanned aerial vehicles are intended for observation of small areas and point
objects.

Currently Lavochkin’s Association together with its partners is carrying out tests of some
unmanned aerial vehicles for various applications, and balloons.
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Ensuring security and reliability of power engines in the process of exploiting the
aviation-cosmic techniques is one of the important tasks solved by the means and methods of
control and diagnostics. Timely spotting of the engine failures, continuous control of the engine
condition and behaviour can be guaranteed, as a rule, under the condition of the sufficient
diagnostic information and the required methods of control and diagnostics. At the present
moment there have been developed quite a big number of control and diagnostics methods for
power engines and accumulated big experience of building and implementing of the diagnostics
systems for different types of engines. Though some tasks and methods of diagnostics require
verification and working out new decisions and approaches [1-3].

The method of diagnostic matrixes allows determining the defective part of the engine by
the deviations of measurements of the engine thermo-gas-dynamic parameters. The value of the
method lies in the fact that, having a set of deviations of the measured parameters not directly
indicating the defective part, you can carry out an analysis and make a decision about the
engine’s condition. Thus, the engine’s behaviour in the process of exploitation and the changes
of its state are well controlled with the help of diagnostic matrixes.

But in the employment of the diagnostic matrixes there have been found out some
disadvantages limiting that employment.

One of the problems is the inadequacy of the mathematical model on the basis of which a
diagnostic matrix is formed. In the formation of a diagnostic matrix we use a linear
mathematical model, which equations are represented in minor deviations. These equations do
not take into account the compressor’s characteristics shifts at the compressor’s getting dirty

and worn; introduction of the additional values 577: and 0G, into the equations lets accounting

the above shifts which, in turn, eliminates the mathematical model inadequacy.
Another problem is purely a mathematical one, which occurs in the formation of the
diagnostic matrix itself. The diagnostic matrix proper C is the result of multiplying the inverse

matrix 4~ built according to the coefficients of the estimated parameters by the matrix B, built
according to the coefficients of the measured parameters.

C=A4"'B.

But in some cases it is impossible to get the inverse matrix A4 since it is greatly rarefied,
that is badly conditioned, and the determinant equals zero. The given problem has been solved
by means of working out a regularization algorithm, which is based on the idea of the
regularization method by Tikhonov [4, 5]. The suggested regularizing method is a unique one
and can be applied for getting stable diagnostic matrixes for power engines of any schemes and
for any modes of the engine performance. The given algorithm can be also applied for the
power engines’ diagnostics under the condition of insufficiency or lack of information about
certain parameters of the engine in case we consider an identification task with uncertainty.
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The suggested approach to the formation of diagnostic matrixes allows eliminating the
disadvantages, which limit their employment. The given approach may be used in automated
complexes of control and diagnostics of power engines.
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Cosmonautics as the field of human activity, for half a century of its formation and
development became one of the basic sources of the scientific and technical and social progress,
appreciably defining the further development of civilization and an opportunity of solution of
global problems of XXI century. Manned cosmonautics is possible to consider as top of space
activity.

Modern cosmonautics solves, mainly, problems of informational supply (communication,
navigation, monitoring of environment, etc.). Cosmonautics of future should become a direct
productive force on the basis of development of space manufacturing technologies, which will
allow space vacuum and an extraterrestrial source of raw materials for manufacture of
propellants, materials and products from them to be used. The necessity of global problems
solution with the purpose of prevention of crisis phenomena, which can affect not only on
quality of life, but also represent the threat of life on the Earth, is inevitably appears in XXI
century. Among these problems are as follows: resources depletion (first of all, non-renewed
power resources), asteroidal-cometary hazard, "hothouse effect” and global warming connected
with it, accumulation of wastes of harmful manufactures. Space-rocket technology, including
manned cosmonautics, can bring the defining contribution to the solution of specified problems.

Semi-centennial experience of cosmonautics development shows that the qualitatively
new level is achieved at realization of large-scale projects, such as the program of manned
missions to the Moon, creation of long-term orbital stations (like "MIR", ISS), new launch
systems (like "Energiya-Buran", Shuttle) partially or completely reusable.

The present stage of space activity is characterized by promotion of new initiatives on
research of Solar system and use of resources of space, in particular, projects of Moon
exploration and manned missions to Mars. In the first decades of XXI century, the program
focused on creation of essentially new power-propulsion modules and planet bases, demanding
the development of all components of space technologies, including the power and life support
systems, launch vehicles, propulsion systems and other components can become as the
mobilizing program which will give a new impulse to cosmonautics development. Main
stimulus of realization of Moon and Martian programs can be not even the solution of concrete
applied and scientific problems, but development of high technologies and demonstration of
opportunities of separate states and terrestrial civilization as a whole. It is appropriate to
remember words of M.V. Keldysh here: ”Basing on historical experience, it is possible to
approve, that, similarly to others the largest performances, consequences of man space-walk
will repeatedly surpass, in distant perspective, today's direct effect and render the deepest
influence on all subsequent course of evolution of our civilization”.

Creation of infrastructure of "terrestrial" civilization, which essential part can become
manned bases-stations and industrial complexes, represents a complex and broad-spectrum
problem. Only extensive special researches and studies of system character will allow shape and
opportunities of space infrastructure of the Earth to be presented in full measure.

Power and propulsion systems are the basis of space activity maintenance in interests of
solution of extensive sweep problems in low-Earth space, studying of celestial bodies, and
development of space resources. As for planet missions it is possible to tell confidently, that
power supply and life support is a key problem of their realization.
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The minimum level of power maintenance of man life support in space makes
kW -e

man
days on American lunar ship under the program "Apollo", average daily power consumption
made ~ 0,8-1,0 kW and was provided with accumulator batteries by total power capacity of 50-
60 kW-hour.

At power consumption to 2 kW on man (more comfortable conditions) and number of
crew on lunar base of 4-6 persons necessary power consumption for life support maintenance
will make ~ 10 kW; power supply of devices and equipment for scientific researches —
consumption power to 10 kW. Greenhouse with power consumption to 10 kW is required at
long staying on lunar base-station in its structure at any stage of its development. Thus, power
module of continuous power supply by capacity of 20-30 kW is required for life support
maintenance of crew with number of 4-6 persons on lunar outpost. If we speak about the
development of Moon raw materials then consumption powers of power supply are sharply
increasing even in conditions of experimental production. For example, consumption power of
power module will make ~ 300 kW for production of oxygen from ilmanite at a level of 100
tons in a year. Power module, providing ~ 150 kW of thermal power, 1,8 kW of electric power
and ~ 1,2 kW of a cold for transfer of hydrogen in a phase beyond the range of stability at high
pressure is required for experimental production of hydrogen at a level of 300 kg a year. If a
demand for helium-3, then the power module, providing ~ 10 MW of thermal power and ~ 200
kW of electric power is required at productivity at a level of 30-40 kg of helium-3 a year (for
work within a year of the ground thermonuclear Nuclear Power Plant by capacity of 1 GW).

At long staying of crew on a surface of the Moon (Mars) during several weeks-months to
provide power supply of base-station only due to the solar energy (and chemical or thermal
store of energy at night) is practically impossible. Especially demonstrably it is shown on the
Moon, for which duration of night period is ~ 13,5 days. On Mars illumination cycles (day-
night) are close to terrestrial, however the general illumination level there in 2-2,5 times below,
than on the Moon —500-700 W/m? (in conditions of the Moon is 1300-1400 W/m?).

Essential increase of space activity efficiency is possible due to introduction (returning) in
space-rocket technology of nuclear energetics, which is practically non-alternative at the
solution of a number of important defensive, scientific and social and economic problems. Only
nuclear power systems can provide continuous, uniform on any of necessary power levels of
power supply of lunar bases.

NPS on the basis of nuclear reactors with realization of Brayton cycle and with built-in in
an active zone thermionic emission converters have received most development among possible
types of space NPS of new generation in design developments in Russia. NPS by electric power
from 25 kW to 1000 kW are found at different stage of design study and element-by-element
workout. These power systems are developed as onboard power propulsion systems of
spacecrafts providing in a nominal operating mode the power supply of special-purpose
equipment and onboard service systems, and in the forced mode — for maintenance of
interorbital flights by means of electric propulsions.

New field of application of nuclear energetics in cosmonautics of XXI century (and first
of all, in manned programs of Moon explorations and Mars research) will become planet power
systems. Design shape and characteristics of such systems are essentially differing from shape
and characteristics of onboard NPS of spacecrafts. In this case it is required not shadow, but
circular radiation protection of reactor that, naturally, noticeably (in 2-3 times) increases the
weight of power system. The weight of radiation protection becomes prevailing in a total weight
of planet NPS at electric power more than 20 kW. Nevertheless, even at electric power of 100
kW the weight of planet nuclear power plant (NPP) does not exceed 10 tons that is represented
quite comprehensible.

The wide and coordinated international cooperation including, the creation of nuclear
planet power systems is necessary for effective realization of manned programs of Moon
exploration and missions to Mars in the field of space nuclear energetics.

approximately 1 - 1,5 . For example, at long staying of two men on the Moon during 1-3
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At the current time, the space near Earth (SNE) filled by objects of, the so-called, “space
debris”, which has such velocities, that even an object of the smallest observed by Space
Surveillance Systems (SSS) dimensions (about 10 ¢m), when collision with a space craft (SC),
can shut it down. Meanwhile, entire amount of observed objects in SNE is over 15 thousands.

For a controlled SC, only one way to escape collision with closing space object (SO) are
evasive manoeuvres. However such manoeuvres cause of the big expenses. Need of escaping of
evasive manoeuvres if it is not necessary makes obviously actuality of task of preliminary
estimation of degree of risk of the collision, which this work is purposed to.

At the current time, ISS is the only one controlled SC, for which estimation of risk of
collision with a closed SO is made. Feature of organization of these works is that Mission
Control Center (MCC) of TSNIImash calculates evasive manoeuvres, and SSS of RF and/or the
USA makes estimation of the risk. However, SSS is not always possible to give out the
estimations in time. Besides, trajectory of ISS defines in MCC more exact. This make necessary
development in MCC its own methods and algorithms, which would allow making independent
estimation of the risk.

Complexity of carrying out of independent estimations in MCC is that SSS transfer only
data about parameters of trajectory, without giving data about errors of its definition (this
information is closed, because it characterizes accuracy of surveillance means). Therefore it was
required to develop technique of estimation of risk of the collision without additional data about
errors of definition of parameters of trajectory of SO.

Technique, presented in this work, based on two methods of indirect extraction of
information about errors of definition of parameters of trajectory from available initial data [1].
The first method is applied if parameters of trajectory of SO and of ISS are given at the moment
of definition and if for SO is a posteriori data, allowing to receive the matrix of the second
moment of errors of definition of parameters of its trajectory (further a matrix of errors). Thus
parameters of trajectory of SO and of ISS and received matrixes of errors forecasted with equal
steps to time interval, which include moment of passage of PDR. Moment of passage of PDR, in
the first approximation, is moment of maximal rapprochement of SO with ISS. It is specified by
interpolation on the nearest points, then for this moment are interpolated parameters of
trajectory of SO and of ISS and its matrixes of errors.

The second method is applied if there is few forecasts of parameters of trajectory of SO
and of ISS, given at moment of passage of point of dangerous rapprochement (PDR) and made
with different time intervals. Errors of definition of parameters of trajectory of SO calculated as
average arithmetic of differences of its forecasts. Coefficients of correlation between the
parameters of trajectory received from known geometry of measurements and specified by the
Method of Monte-Carlo. By these results matrixes of errors are received.

Based on this technique, the program-mathematical complex (PMC) was developed,
which has been tested on a big amount of data about dangerous rapprochements of objects of
“space debris” with ISS. Calculated estimations of the risk has shown close enough coincidence
with the estimations, arriving from SSS, which are calculated based on the true data about errors
of definition of parameters of trajectory of SO. PMC is placed in operation in MCC.
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Lightning is a significant cause of interference or damage to almost every earth-based
structure, especially electrical or electronic systems that are exposed to the influence of
thunderstorms. Damage and interference to the ground structures are caused by cloud-to-ground
lightning strikes. The problem is particularly severe for electric power lines and fuel or gas
pipelines; utilities that have exposed assets covering large areas. The primary hazard is the
danger of outbreaks of forest fires.

The goal is to detect and locate the lightning discharges. Appropriate technical systems
would be based on passive location principles, namely the receiving and processing of transient
pulses created by eigen electromagnetic radiation of the individual lightning channel, widely
known as atmospherics. There are two ways to decide this problem. The first is to create a
network consisting of many receivers, transmission lines and a common processing center. Such
Lightning Detection Networks (LDN) have been developed in some economically powerful
countries, for example, The USA, Austria, and The UK.

The alternative way is the system for lightning location from single station observations.
Indication of the bearing of the lightning discharge by atmospherics processing is determined by
direction finding methods. A significantly more difficult problem is the evaluation of the
distance of the discharge based on the certain inherent features extracted from atmospherics.
Atmospherics propagates in the Earth-ionosphere waveguide and these features are reflected in
the properties of that trace. If the distance is not larger than 1500 km, a hop model of
propagation could be used. It supposes that the received atmospherics consist of a ground wave
and some waves reflected from the ionosphere. The inherent features in this case should appear
as delays or times of arrivals (TOA) of those reflected waves.

In this paper the hop model for spherical waveguide is considered. Some new methods
have been developed in order to estimate TOA. These include the representation of the intrinsic
structure of atmospherics based on calculating its adiabatic invariant, and pseudocepstral
analysis using Huang—Hilbert decomposition. After estimating the delays one can obtain some
system of equations, where the unknown quantities are the distance and effective reflecting
heights of ionospheric waves. The system is underdefinited since the number of equations is
lesser on 1 than the number of unknown quantities. To remove these difficulties some methods
based on approximation of difference of effective reflecting heights are considered. Program
codes have been developed to process atmosperics using Matlab. In addition, proper examples
concerning really registrated signals are carried out.
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Both the flight safety and space crew efficiency depend for the most part upon the
crewmembers’ psycho-physiological performance achieved with the aid of different training
systems. The inconvenience of such systems consists in their failure to provide an overall
simulation of some psycho-physiological sensations to be experienced by the trainees in certain
space flight conditions or during certain space flight procedures (e.g. air sickness, blur of vision,
distortion of equilibrium sense, fatigue feeling, apprehension, anxious feeling, pain sense
modality, etc.) [1].

With regard to the significance of the above component of space crew training a
simulator model with improved training efficiency is designed by the authors. The simulator
model suggested is based on the process of modelling the psycho-physiological effects used in
vehicle simulators [2].

According to the process, the parameters of the object behaviour are calculated on the
real-time basis, the N of the physical effects is synthesized. Then, the physical effects are
converted into the sensations of spatial movements, “in-cockpit” and ‘“out-of-cockpit” visual
over-reliance, auditory information, tactile and kinaesthetic information, mental and physical
discomfort associated with the operation of the system controlled by the device simulating the
parameters of the object behaviour.

The students participating in the R&D in question were granted the awards and incentives
listed below:

1 The Advanced Scientific and Technical Inventive Activity Award (Medal) for “The
R&D of Automated Control System for Airspace Simulator” project in category “The Best
Research Project in Engineering Sciences” in the All-Russian Youth Projects and Programs
Competition (“Scientific and Technical Creativity of Youth — NTTM Exhibition”, Moscow,
July 2009);

2 The Best Research Project Award (Diploma), “Chelovek i Kosmos” (“Man and Space”)
International Youth Research and Practice Conference (Dnepropetrovsk, Ukraine, 2010);

3 The Russian Federation Patent of Invention [3];

4 Integration of the above development project into the curriculum as a study aid to be
used at the lectures, laboratory classes, in term papers and graduation projects within the basic
training schemes offered by the Academy.

The modelling process suggested will provide a means to improve the efficiency of
training the space pilots who, during the flight, experience mental stresses and, thus, require
emotional maturity, good memory and perceptual ability, endurance and stamina. The
multidimensional effects of the simulating device provide the possibility for optimisation of the
psycho-physiological state of the trainees and for development of the appropriate decision-
making, managerial and other skills essential to the crew in both standard and emergency
situations.
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The FORMOSA SATellite mission-3 (Formosat-3) was successfully launched on April
14, 2006, by Taiwan. It is a constellation of six satellites. Each satellite carries a primary
payload, a GPS Occultation Receiver (GOX), with two other secondary payloads, a Tri-band
beacon, and a Tiny Ionospheric Photometer. The measurements of the GOX are achieved by
utilizing radio occultation (RO) techniques to obtain the profiles of the neutral atmosphere and
ionosphere of the earth. The profiles are subsequently utilized in the fields of meteorology
(weather forecasting), ionosphere (space weather), climate (global warming), and geodesy
(gravity). Consequently, the Formosat-3 mission is also named the Constellation Observing
Systems for Meteorology, lonosphere, and Climate (Formosat-3/COSMIC) mission.

Following the great success in fulfilling the objectives of the first mission, a Formosat-3
follow-on mission with improved capacity in a variety of key aspects has been planned for
implementation in 2014. Therefore a new RO data processing system for the follow-on mission,
which is of higher accuracy, stability, and degree of operational freedom is needed. It is the
objective of this paper to present our national plan for developing the new RO data processing
system. This will include tasks to examine the data quality from the existing retrieved data and
check out the sources of errors, to eliminate the errors associated with spherical symmetry
assumption in Abel transform and in ionospheric observations, to improve our retrieval
(NCURO) methods and develop superior retrieval algorithms, and to attempt to acquire water
vapor distribution accurately.
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This report shows how Russian Federation implements guidelines of the UN for space
debris mitigation in the context of working national legislation in the sphere of space activity.

The main thing of Russian Federation activity in the sphere of space debris mitigation is
giving a more precise characteristic of Human-Produced near-Earth Space Pollution, especially
in GSO region. For this reason they realize the project of the net creation of optical tools for
astrometry and photometric observations. It has provided the registration of the objects in all
GSO area, and increased a total amount of registered GSO objects by 35%.

They carried out an update of space debris model metrics (GOST R 25645.167-2005
“Space environment (natural and artificial). Model of spatial and time distribution of human-
produced substance fluxes density in space”) on base of their specification in 2009.

Since 2009 in Russian Federation was being enacted National Standard GOST R 52925-
2008 “Space Technology Items. General Requirements on Space Systems for the Mitigation of
Human-Produced Near-Earth Space Pollution”. Requirements of this standard harmonized with
UN guidelines for prevention of space debris creation.
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Near-Earth asteroids and comets seriously endanger life on our planet. This problem has
the international value and now it is included into the list of the most important global factors
menacing to development of mankind.

So, the asteroid 2009FH, with size like Tunguska meteorite, recently (18.03.2009) has
missed by the Earth at the distance of 85 thousand kilometres, what is approximately of two
geostationary space vehicle orbit heights. The second asteroid 2009DD45 has flown on the 2nd
of March, 2009 very close by the Earth, at the distance of 72 thousand kilometres.

Astronomers know four more celestial bodies, which may regularly approach the Earth,
even to become the artificial moons, or unhappily to fail onto the Earth. These are asteroids
2004GU9, 2001G02B and 2002AA29.

Among dangerous celestial bodies the greatest attention now involves to itself an asteroid
99942 Apophis discovered in 2004. Its close approach to the Earth at the level of the
geostationary orbits is expected in 2029, but the collision probability with our planet by various
estimations will considerably increase in 2036.

The modern state of asteroid-comet hazard problem is considered in the present work,
including asteroids and comets discovery dynamics, their supervision and methods of decrease
of the hazard.

The great attention is devoted to the development of Earth’s protection methods. Their
realization in many respects depends on physical and chemical properties of dangerous bodies.
Space missions to the asteroid Apophis are needed to determine properties of this body.
Possibilities of organization of such missions are investigated in the work.

In the case of comets, for their deviation from the Earth the sublimation method based on
the use of not gravitational (sublimation) effect, arising under the solar radiation influence, is
suggested. Methods of initiation of this effect leading to occurrence of natural jet draught are
considered. The authors also give some calculation examples of such the action for cases of
circular and elliptic orbit models. The research contains a numerical analysis of possibility of
destruction and deflection of hazardous bodies in cases of the late and early forecast of
dangerous situation. The developed technique has allowed for the first time to account a
number of important physical factors, such as body mass losses at pulse influence, precise
(final) sizes of a dangerous body and other factors.

Unlike other similar works, the presented technique allows defining deflections from the
Earth at any (demanded) initial conditions of action onto a dangerous body that opens ample
opportunities of optimisation of the action. There exists also an opposite task, consisting in the
delivery of celestial body to the Earth vicinity with aim of supplement of decreasing natural
resources.
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The high international importance of the events related to the uncontrolled re-entry of the
risk space objects (SO), capable to pose hazards or even extreme situations at break-up in
atmosphere and fall to the Earth, demands from the world community to search for the new
opportunities for joint efforts of different countries to control the critical situations and
minimization of their effects. Thereupon Inter-Agency Space Debris Coordination Committee
adopted a decision on regularly, 1-2 times a year, conduction of the international re-entry test
campaigns for decaying of risky SO.

The purposes of such campaigns are explained; the principles of organization of activities
and informational data exchange during carrying out the test campaign exercises are stated.

The history of the test campaigns is given and characteristic features of some of them are
pointed out.

Information about the participation in the indicated space experiments of Russian side is
given: the scheme and character of the activities executed by a Russian side in preparation and
carrying out the re-entry test campaigns are stated; the results of a contribution to these
campaigns of Russian side are introduced.
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Currently asteroid threat (AT) is treated as factual. Its particular fact requiring reactions is
discovered asteroid Apophis, flying near the Earth is projected a bit below GSO in April 2029.
Close flyby of Apophis in 2029, is a gravitational manoeuvre that modifies the trajectory of
asteroid. Due to failed prediction height sorties a posteriori estimation trajectory of the asteroid
becoming one of the many possible new trajectories. Among them is the trajectory of the re-
convergence with the land, as well as direct path through the Earth. In particular, has the most
dangerous path direct Land already in 2036, This requires specifying height sorties Apophis in
2029, two to three comment above that today (and in future decades) can give a purely
astronomical observations.

Therefore, the proposal appeared to equip the asteroid by the specified means of
trajectory radio measurements. Only they can over the next decade to solve the task of
accurately forecast the real danger to Earth. This will reveal the real danger. Further, it will, in
the case of threatening developments to the timely implementation of countermeasures. For
example, you can walk the Apophis with the trajectory of destruction, if enough slack available.

On Lavochkin Assotiation is preliminary study space mission "Apophis", the main aim of
which is to clarify the orbit of Apophis with radio-tracking. In addition, secondary objectives
put study asteroid as object counter possible danger as well as the object of basic science,
comparable meaningfully with Phobos and complementing the "Phobos-grunt". Finally, the
mission could serve as a further strengthening of international relations of Russia, and its return
to a number of countries, leading promising scientific space research.

The base of design of mission "Apophis" is supposed to take full advantage of the existing
reserve program Phobos-grunt, namely, part of the transfer module (TM). Further, adopted the
principle of separation of SC on arrival to the goal in two separate parts separately decisive
tasks determine orbit and research asteroid. The first (beacon) should provide trajectory
measurements acting as an independent small undirected satellite asteroid. In turn, the
second (TM) can solve research of Apophis itself by classical ways, that is, as from orbit and on
asteroid. This solution improves the reliability of the main tasks of the mission, and gives
freedom of manoeuvring in studies using variants of the flight program and allowing
some risk.

Finally, ground support mission should be run in cooperation with foreign means of
distant space communication, supplementing the domestic ones. This also improves the
reliability of the mission as a whole.
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Solar Power from a Historic Perspective

Whether terrestrially based or space based, solar energy has not yet emerged as a
significant solution in public discussions of global warming. Yet, among scientists and
engineers and other visionaries, it is starting to be viewed as one of the most promising and
viable ways to eventually remove human dependence on fossil fuels.

Nearly three years ago at the Foundation For the Future (FFF) International Energy
Conference, my presentation was one of the few that took a look back at energy use in human
history[1]. In this paper, I would like to offer a brief summary of the various stages mankind has
passed through in our quest for energy, and how long they lasted. To understand and fully
appreciate the profound idea that humankind has harnessed and can continue to harness the
sun's energy, it is imperative for us to learn from the history of our civilization and from the
perspective of human evolution, and especially from those societies which face a crisis over energy.

Reviewing the history of human energy consumption and energy technologies, we can see
that there have been many such eras. In the early years of human presence on this planet, we
relied on wood-generated energy, based on the burning of firewood, tree branches and the
remains of agricultural harvests. Starting in the 1600s, our forefathers discovered the energy
properties of coal, which taught us how to tap stored supplies of fossil fuels. Less than two
hundred years later, around the middle of the 1800s, we found petroleum and learned to
commercialize the use of oil and gas, which brought about our current industrial civilization. In
the 20th century, society witnessed the dawn of electricity generation via hydro-power and
atomic energy.

Today, demand for energy continues to soar, but we are rapidly exhausting our supplies
of easily accessible fossil fuels. What is more, a profound environmental crisis has emerged as
the result of our total reliance on energy sources based on those fuels.

In the 21st century, there is great uncertainty about world energy supplies. If you plot
energy demand by year of human civilization on a terawatt scale, you will see the huge bump
that occurred barely a hundred years ago (Figure 1). Before that, in the Stone Age, the
cultivation of fire led to the emergence of agriculture, cooking, tool making, and all the early
stages of human civilization. Now, after about 150 years of burning fossil fuels, the earth's 3
billion years' store of such energy has been plundered.

The Fossil Fuel Age
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Figure 1. An approximation of fossil fuel age on the scale of human history
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In my view, mankind must now embark on the next era of sustainable energy
consumption and re-supply. The most obvious source of this is the mighty energy resource of
our sun. Given adequate leadership and using human creativity and innovation; the 21st century
will become the next great leap forward in human civilization by taming solar energy,
transforming our combustion-based world economy into an enduring solar-electric world
economy.

In solving humanity's energy problems we must learn from our ancestors. Taming the
natural forces of the sun will be much like our ancestors' early efforts to harness the power of
wild fire. We must use common sense, as they did, developing the tools and technologies that
address the needs of our time. The Romans used flaming oil containers to destroy the Saracen
fleet in 670. In the same century, the Japanese were digging wells to a depth approaching 900
feet with picks and shovels in search of oil. By 1100, the Chinese had reached depths of more
than 3,000 feet in search of energy. This happened centuries before the West had sunk its first
commercial well in 1859 in Titusville, Pennsylvania. The search for energy has been driven by
our combustion-based world economy, which focuses primarily on what lies beneath the surface
of our planet - the secondary energy resources which originated from the power of our sun. Now
it is time for us all to lift our heads and start focusing our profound creativity on harnessing the
sun and making our way across the energy technology frontiers in the sky.
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The modern European transport policy provides for both the development of the trans-
European transport networks (TEN-T) and the development of transport axes connecting the
European Union with third countries. It applies to all modes of transport in order to create a
single efficient market of transport services for the EU and neighbouring countries.

The presence of large volumes of transit of dangerous goods in the absence of continuous
monitoring of their movements in real time creates a serious risk of man-made disasters for the
country where it occurs, and for the entire region. Under these conditions, the Satellite
Monitoring System (SMS), as a part of Intelligent Transport Systems (ITS), can be an effective
tool for solving problems of monitoring in order to reduce social risks, while maintaining
economic efficiency [1].

The ultimate goal of research is to create a prototype model of the system of international
satellite monitoring of transnational transport corridors that can be achieved by the performance
of the architecture of SMS ITS domain at the macro and micro levels for optimal control of
traffic flows (increase traffic capacity, improve security and service level).

As an example, the cooperation between the two neighbouring states, Latvia and Belarus,
is described here. The prevailing long-standing economic ties bind the two countries, and
transport systems in these countries are strongly integrated as neighbour links in a single
transport network.

The main areas of research may be:

e Analysis of existing geographic information systems, methods of space-based
surveillance and integrated information systems for real-time monitoring of
movement of cargo and emergency situations.

e Methods of satellite data processing in order to define the parameters of vehicles.

e Development of algorithms for operation control centre SMS ITS for all modes of
transport, regardless of geographic area, lets to provide the information about the
traffic and the state of the environment.
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The capabilities of astronautics in the permanent global monitoring of all layers of the
geo-sphere, geo-information technologies and space means of rescue in emergencies are well
known. These achievements, now in use across the globe, are hard to overestimate. Those
include satellite geodesy, navigation, meteorology, communication and television, satellite
relaying information, Internet, distance learning and universal education. Without them it is
hard to imagine today the daily life of “the planet of people”. The combination of achievements
in space and information technologies integrates the world community into “a global village”
and promotes the steady development. However, in order to avoid unpleasant surprises in this
area in the form of unpredictable consequences, it is necessary to look into the future, for which
purpose the services of sociologists and political analysts are unavoidable.

The space exploration today starts socialization of space. With the growth of applied use
of space, new questions arise spontaneously and new aspects become obvious in the system of
social and political priorities. The classical political and economic problems come to be
regarded in a new light and the economy comes to grips with new tasks. Thus we have not yet
learned how to adequately measure and plan the funding of space exploration, how to assess the
ecological damage sustained from this and how to handle such issues in terms of economy and
engineering. Also, we need to learn how to forecast the pricing of space products and services
and how to calculate the economic effect of each space launch.

Contemporary multi-faceted space exploration rests on a single foundation whereas its
components supplement one another. The ultimate goal of space exploration is to serve mankind
in general and each individual in particular, primarily in the sphere of security. The better
understanding of Nature by man helps to enhance both environmental and social security. That
is why space exploration issues have become vital today. Addressing them adequately and
quickly is a top priority task for understanding the social genesis of progress of science,
technology and civilization in general. Without this it is impossible to map out the strategy and
tactics of advance of science and technology, to improve forecasting, programming, planning,
decision-making in any sphere of material and spiritual production, including applied
astronautics, which from the theoretical point of view is today a humanistic value that ensures
global security and means much more than the conventional interpretations. Thus, one of the
urgently important tasks may become the formation of “the secure information space” as part of
the above-mentioned “information sphere” that thwarts global threats and reduces the risk of
their emergence.

It is a common knowledge that mankind has always lived in zones of internal and external
risks, which have become part of people’s everyday life. As a source of tension and
apprehension, such risks stimulate the progress of civilization. With the change of epochs and
technologies some of them disappeared (softened), whereas others were handed down as
“legacy” to the next generations. Such risks often turned into new, more formidable ones, and
again materialized in the form of outer and inner threats to civilization.

Outer threats are those coming from outer space. So, the cycles of anomalous solar
activity were followed by cycles of global climatic changes with glaciations, floods, and Earth’s
collisions with asteroids and comets, which led to global cataclysms. The inner threats are
natural calamities and man-made disasters (accidents resulting from human activities).
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Dangerous natural phenomena are often triggered by man’s actions whereas natural calamities,
in their turn, often cause man-made catastrophes. In any case, such dangerous natural
phenomena as the sinking and under-flooding of terrain, landslides, dolines, tropical hurricanes
and even increased seismic activity may result from mankind’s intensified attempts “to
transform nature”. At the turn of the century the risks from man’s impacts came close to a crisis
that may become a threat capable of irreversible processes with the most deleterious
consequences for mankind.

In the current conditions, the elaboration and realization of balanced decisions by
authoritative international institutions (the UN being the main one), it is necessary to possess
relevant information whose amount, the rate of delivery and update correspond to the dynamics
of the global on-going processes. Such information could be obtained using the resources of
space facilities belonging to national and transnational institutions. The latter, being territorially
separated, could be united under the IGMAS project, which is being implemented under the
auspices and supervision of the United Nations.

The current globalisation gives any user of communication facilities a convenient
opportunity, on the one hand, to access an aggregate information resource (which in some cases
may be anonymous), and, on the other, to distribute information freely among a vast number of
users. In this case, the transnational information traffic in science, technology, economics,
education, culture, business, advertising, etc, eliminates the historically established value
system, and levels the mentality, thus turning political borders into artificial obstacles. If
brought to the extreme, this process may lead to an information war. The trend can be prevented
by further development of purely humanitarian aspects of IGMAS by uniting
telecommunication resources for addressing mankind’s issues of spreading education and
preserving cultural and moral values.

Thus, “the information space of global security” may be converted from a philosophic
and futuristic notion to a practical one. For this purpose, the rightly organized power, which
ordinarily supports direct and indirect information links, must draw up a compromise that would
ensure a steady advance. This can only be achieved if all the operators have an adequate access
to information that can be placed in the global security space created with the help of modern
and future space systems of all countries.
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Structure, estimation of the expected load, main hardware/software solutions, and
teaching and methodical resource requirements in the international system for distance-learning
of the specialists in the field of the monitoring and forecast of the local and global natural and
man-caused disasters are presented in the paper.

The following subjects for discussion are determined: directions of the development of
the international space law, intergovernmental agreements and international cooperation to
provide deployment of the distance-learning system, quality of its functioning, procedure for
organization of the mutual international virtual trainings of the IGMASS’ users.

Contemporary state of the teaching and methodical resource, issues of its computer
modernization and replication are reviewed as well.
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Since 2009 in the frame of the Union State of Russia and Byelorussia the realization of
the scientific and technical programme “Development of the Nanotechnologies to Create
Materials, Devices and Systems of the Space Industry and Their Adaptation to Other Branches
of Engineering and Mass Production” has been going on.

The programme focused on design and creation of nanotechnologies and nanomaterials to
perfect mass-and-dimension characteristics of rocket-and-space facilities and their adaptation
for use in other branches of high technology.

In paper main joint works to develop and use nanotechnologies for the purpose of the
socio-economic development of the Union State of Russia and Byelorussia are reviewed.

Realization of the programme will allow the following:

— Increasing payload due to decrease the mass of devices,

— Decreasing inertial and vibration load and consequently to increase reliability and

safety of the space facilities utilization,

— Improving many technical characteristics.

Implementation of the developed advanced nanotechnologies will provide in future
creation of the different elements for rocket-and-space facilities, which will enhance operational
characteristics. Among them there are gyroscope details, precise bearings and details of
measuring device with high precision, details of engines, optical elements with complex
functional surface, advanced small size satellites including micro- and nano- satellites.
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At present more and more attention is paid to development and practical use of the Earth

observation

informational systems on the base of small size satellites (small, micro- and

nanosatellites) for the purposes to solve different kinds of socio-economic and scientific tasks.
Realization of this direction has become possible due to achievements in the field of high
technologies, first of all in the field of microminiaturization and nanotechnology.

Much need for such space facilities is caused by:

— Firstly, considerable reduction of the cost of development, test and utilization of the
Earth observation informational systems on the base of small size satellites,

— Secondly, principal ability to deploy orbital segment with large quantity of satellites to
provide solving of the different Earth observation tasks with high level efficiency and
quality,

— Thirdly, principal ability to solve with use of the Earth observation informational
systems on the base of small size satellites the wide spectrum of the socio-economic
and scientific tasks such as:

Monitoring of the natural and man-caused emergencies, evaluation of their
consequences,

On-line detection of the fires on the Earth surface,

Ecological monitoring,

Monitoring of the state of forests, crops, forecast of the crop capacity,

Making of the land resources cadastres,

Geological and thematic mapping of the territories and exploration activity,

Tests of key elements and advanced technologies to create new generation space
facilities with use of small size satellites,

Scientific experiments in space,

Use of small size satellites, first of all, micro and nanosatellites in the interests of
education, and others.

Main attention is paid to use of microsatellites and small satellites with mass up to 200 kg
as orbital facilities of the advanced Earth observation informational systems in the research. At
that, the state of creation and utilization of such satellites in the world, fields of their use, main
directions and prospects of their use in Earth observation informational systems including
International Aerospace Global Monitoring System (IGMASS) project of which is now initiated
for the purpose to decrease the danger and negative consequences of the natural and man-caused
disasters for population and economic potential of countries.
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Now scientists are concerned with the solar activity changes. The models, used before,
cannot be applied now as the changes inside of a solar activity cycle are performed. The
American scientists created a new model, which took into account these changes. As per
simulation results, a series of super-power solar flashes will be at the end of 2011 — beginning
of 2012. The Russian specialists proved it also. The next solar activity cycle, which peak will
fall to 2011-2012, will be marked by the raised solar radiation emissions, informed Yuri
Zaitsev, Full Academic Adviser of Academy of Engineering Sciences, Russian Federation.

A comet and asteroid danger belongs also to the random space factors (RSF). The
Russian and American space systems of a rocket attack warning record annually about tens
large objects, which explode at altitude of tens kilometres above Earth surface. The asteroid
with size of more than 1 kilometre in cross-section is capable to destroy a terrestrial civilization.
The probability of such event with account of the Shoemaker-Levi comet collision with the
Jupiter and passing-by of the unnoticed asteroids is not tens of zeros after a point but is only
0.0002 %. The passing-by of asteroid with size of one hundred meters in cross-section is
estimated already in 2 % for the period of till 2100.

The collision consequences may be global in case of damage of the atomic power
stations, failures on nuclear objects, etc.

Proceeding from the analysis of the existed conditions on the random space factors, the
reaction system of the near action radius, based on the arrangement of influence on a threatened
asteroid and super-power solar flashes with the help of synchronous explosion of a series of
nuclear charges series, is offered. This system is called "IKAR" by the authors — the Earth
global protection system (EGPS) from random space factors of near action radius. “IKAR”
EGPS is based on formation of a space nuclear safety zone (SNSZ), located between external
and internal radiation zones of the Earth and service means for its serviceability maintenance.
For equipment service and monitoring in SNSZ, it is necessary to create inter orbital piloted
spaceship (IOPSS) like a shelter from radiation. Now the set of projects for parrying an asteroid
danger is developed but none of them may be applied as a protection against the super-power
solar flashes. In comparison with similar projects, "IKAR" EGPS is more effective one as it
allows expanding a zone of active influence on the dangerous object up to 3000 km due to its
infrastructure and may be realized in the nearest years. Besides that, an asteroid division into
fragments allows to lower a risk of the asteroid fragment falling on the Earth, creating an
extending zone from the synchronous explosion of SNSZ elements on their way. The Earth
remote sounding (ERS) space constellation of the Earth global monitoring system (“MAKSM”)
is used for a duly reaction on the dangerous RSF.

The next anniversary Summit of the Earth in 2012 (Rio+20) will present the first real
practical results which will show not only a direct productivity of influence on small space
objects of solar system to a doubting part of the world community but also a proved hope on
opportunity of preservation of civilization and sort human on the Earth.
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The creation of IGMASS is a grandiose international project requiring solution of a
complex of complete scientific-technical, organizational and applied problems.

The first International Symposium (Cyprus, 2009) regarding with this theme has
approved political, humanitarian, ecological, and economic values of the project shown by its
developers. The scientific researches conducted by Russia’s Space Academy after Tsiolkovsky
together with NII KS after Maksimov determined the basic notions on possible technique image
of IGMASS and organization of its work.

At the same time, the continuing instability of international political situation, finance
economic crisis and extraordinary natural and industrial situations complicate essentially the
process of fulfilling stages of the work on IGMASS creation. Ultimately, the authenticity of
previous economic justifications obtained mainly as results of previous history events is
reduced. Scepticism of potential participants and investors of the project is a consequence of
this situation.

As possible argument able to support necessity of IGMASS can be results of hazard
analysis of the process of creation of the system performed with allowance for main provisions
of the system approach. Practical absence of methodological apparatus enabling to analyse risks
of creation and operation of space systems, in general, and aerospace systems, in particular,
stipulates actuality of respective researches.

In this connection, the report deals with principal provisions of organization of researches
of risk component of IGMASS projection including the following stages:

- justification of peculiarities of hierarchic decomposition of IGMASS as a meta-

system

- justification of requirements to external addition between hierarchic system levels

- analysis and rank correlation of risks factors

- structuring models of risks levels

- complex of risks models

- evaluation of global and level risks.
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The automated monitoring system (AMS) is intended to operate by space means for
solution of the following main tasks:

- on-line detection of emergency situations (ES) on stationary and mobile high-risk

objects,

- control on stationary objects and in their information support zones,

- control of high-risk objects movement within the specified region,

- to inform of administration and government about ES,

- reconnaissance in ES areas,

- information support of wrecking.

The ground-based complex of this system consists of sensor stationary, portable and/or
transported equipment, data reception-transmission system, and database and situation display
system.

The sensor equipment of AMS can include the object and combined signalling indicators
of ES place origin, and also indicators of the vehicles location.

All these means can be placed on car, aviation (helicopter), aeronautic, floating crafts or
unmanned aerial vehicles.

The sensor equipment of the first and second type consists of blocks for detecting,
satellite navigation and information transfer equipment, and also of independent source of
power supply. Detecting blocks are absent in indicators of the vehicles location.

Space positioning system for ACM uses the data of GLONAS systems, GPS, etc.,
provides identification, coordinate-time referencing of objects where ES occurred, and control
of high-risk objects movement.

Remote sensing space system on the basis of Spot-4 (5), RADARSAT-1 (2), IRS-P5 (6),
EROS-A (B) and some others is intended for the periodic control of a roads, house tracks,
bridges, constructions, water and other objects condition in ES zone.

The carried out investigations show that the predicted effects of AMS application are
probability of ES detection on stationary high-risk objects within 1-3 seconds — 0,99;
probability of the same situation on mobile objects — 0,95; periodicity of the situation control on
stationary objects and in their zones of information support— 1 time in 1-2 days, on-line
information reporting to authority about ES— 1-3 seconds.
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1. The Need for a System of Aerospace Monitoring

Aerospace monitoring of facilities and areas is used in many countries around the world.
The purpose of monitoring depends on the application. Aerospace monitoring includes two
components: space and aviation. Space-based monitoring in the visible range allows obtaining
panchromatic and multi-channel images with a spatial resolution of 2m and 8m respectively.
This image covers the area 20x20 km. The disadvantages of space monitoring in the Republic of
Belarus in the visible range include:

- limited number of cloudless days (60) in the year;
- satellite can be over a given area once every four days;
- characteristics of spectral channels cannot be changed during operation.

Reduce the period between sessions of space-based surveillance for monitoring objects is
expected due to the orbiting spacecraft BKA Belarus and the Russian spacecraft ”Konopus™.

Disadvantages of satellite monitoring have compensated air monitoring on the basis of
manned and unmanned aerial vehicles. The advantages of air monitoring can be attributed:

- efficiency;

- high spatial resolution image (10-15 cm) required for special tasks of monitoring;

- simultaneous observation of the terrain in visible and infrared ranges;

- possibility to change the filters in the multi-channel imaging equipment depending on
the problem;

Disadvantages of the Republic of Belarus Air monitoring are to be classified:

- narrow band observations (an average of 250 m from a height of 500 m);

- for routine shooting must have on board an air vehicle gyro-stabilized platform;

- inability to transfer the operational review of high resolution images from the aircraft
to the ground control, if images are received at the point of control after landing.

In Belarus a project to a system is developed. This project involves the creation of a
unified system of multilevel (space and air) monitoring areas, including the collection of
information from aircraft registration monochrome, multispectral and thermal images of high
spatial resolution, as well as the reflection spectra of the underlying surfaces to solve problems
for users of Belarus.

2. Main Technical Characteristics of the System

The tasks of the system of aerospace monitoring and land remote sensing data processing
should be followed to its applicable specifications. ”Monitoring-AK” system will provide the
following functions:

1) survey area in the range of heights — 500-3000 m. Digital images of the area will meet
the following requirements:

- spatial resolution in the visible range (0,35-0,9 mm) — from 5 cm with altitude of 500 m

and up to 30 cm from the altitude of 3000 m;
- number of elements in the panchromatic band of the planned location — not less than
18000;

- size of multispectral images — at least 6500x4500 pixels;

- number of multispectral channels in the visible range — not less than 12;

- multispectral image consists of three channels;

- the size of the infrared images (8-13 microns) — not less than 640x480 pixels.
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2) processing space and air surveillance for:

- detection of emergency situations of natural and man-made and forecasting their impact;

- detection of abnormal (forbidden) situations at the sites of man-made and natural
character, which may cause emergencies;

- thematic processing of digital aerial and satellite images for consumers of the Republic
of Belarus;

3) obtaining images of terrain and mapping it to the pilot to visually monitor the
positioning of flight survey works;

4) precise positioning of aircraft in space and coordinate binding in the performance of
aircraft shooting;

5) precise definition of the height of aircraft above the ground during the shooting;

6) to ensure correct exposure of each camera module multispectral observations during
the flights over any type of terrain in the light transmittance of different filters;

7) operational flight planning and surveying and monitoring facilities.

3. The Composition and Tasks of Aerospace Monitoring

The system includes air space monitoring of the spectral system software and hardware
thematic data of air and space surveillance, the complex transmission from an aircraft remote
sensing data and data telemetry, software package of flight planning.

For remote monitoring sources of potential emergencies, as well as monitoring of forests,
information on land, etc. at the Research Institute of Applied Physical Problems, Belarusian
State University an aerial system has been developed. At the United Institute of Informatics
Problems of National Academy of Sciences of Belarus the software and hardware data
processing of air and space surveillance have been developed. Program-technical complex
(PTC) processing remote sensing data is intended to address in the on-line the following tasks:

1) Detection of emergency situations of natural character and control over their
development:

- effects of hurricanes for the forestry and agriculture, electric power facilities, roads and
settlements;

- floods;

- fires in the forest and peat;

- effects of drought, heavy rains and frosts for agriculture and environmental.

2) Detection of man-made emergencies and monitoring their development:

- oil leak from pipelines, railways, refineries objects;

- accident dams;

- accidents on railways and highways;

- other emergencies that may be identified in the visible and infrared ranges.

3) Monitoring of abnormal (forbidden) situations at the sites of natural and technogenic
nature, which may be the cause of emergencies:
- objects of main oil pipelines and gas pipelines;
- petrochemical facilities;
- road network (bridges, dams, etc.);
- objects of railway transport;
- other emergency situations, which may be identified in the visible and infrared ranges.

While off-line "Monitoring-AK” system is intended to address the following tasks:
- update digital maps on aerospace images;
- create digital photo plans and photomaps;
- solution of problems of geodesy and land-using;
- creating 3D models of objects of remote monitoring, including the towns and airports;
- environmental monitoring (ecology monitoring);
- other problems.
Software and hardware will improve the quality of decisions made in liquidation of
emergency situations of natural and man-made disasters by improving the quality of remote
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monitoring and thematic processing of panchromatic and multispectral aerial and satellite
imagery and mapping data telemetry of operational aircraft in the specified form (form),
including digital maps.

Program-Technical Complex (PTC) processing remote sensing data include high-
performance computer, general and special software, information security (digital maps, digital
imagery (satellite and aerial) in the area of observation and detection techniques emergencies
according to the land remote sensing.

Program-information complex of flight planning and filming of objects of observation
includes flight planning module (operating on a personal computer) and an automatic control
shooting objects of observation, depending on altitude and flight speed of the aircraft (operating
on the basis of on-board computer).
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A discovery of unknown asteroids increased quantity of data about small bodies in Solar
System. A huge volume of information about small bodies, accumulated during the
observations, needs storages and operative processing. This information gives capability to
investigate the properties and evolution of small bodies. Development of information systems,
contained large volume of information about small bodies is actual trend in investigation of
Asteroid-Comet Hazard Problem. Such information systems will help to estimate potential
hazard and risks for human society.

In present time, few such information systems have developed in Russia. For example,
information system of Pulkovo observatory, catalogue of near Earth asteroids of IAA (Institute
of Applied Astronomy RAS), catalogue of small bodies of Samara State University and
information system of Institute of Astronomy RAS. All these systems contain only astrometric
data.

During last decade, in Europe was created an Europe Asteroid Research Node (E.A.R.N),
which consolidated few observatories and institutes. E.A.R.N collects astrometric and
photometric data about near Earth asteroids.

But, the quantity of known near Earth asteroids increased rapidly. Therefore, it is
necessary to create information centres of gathering and processing data about near Earth
asteroids. INASAN and other institutes of Russia are creating such system. This system,
distributed into few science centres, will collect astrometric and photometric data of asteroids.
Creating of information system in Russia is substantial contribution in solving of problem
asteroid-comet hazard.
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In recent years the world pays much attention to the development of space systems of
monitoring emergency situations. During more than five decades since the launch of the first
ESV several generations of spacecrafts as well as target and communication equipment, new
multispectral and hyper-spectral devices, multispectral radiometers and radars, lasers,
heliogeophysical equipment, computing, communication facilities and many other things have
been developed. New technical and technological solutions have been passed flying training on
the small and microsatellites. As a result, modern observation satellites (ERS), which have mass
from 300 up to 800 kg, solve effectively the issues of the atmosphere and the Earth’s surface
monitoring. Due to reducing mass and cost of spacecraft it has become possible to create
multisatellite systems, providing high efficiency, reliability and integrity of monitoring of the
various objects and processes.

Today the relevant projects and initiatives in various stages of realization are carried by
the United States of America, Canada, EU countries, the states of South and South-East Asia.
Both national and corporate space systems of monitoring and security are developing rapidly.
They include multipurpose multisatellite space remote sensing, communication and data
broadcast, navigation, hydrometeorological and topogeodesic support and technological
purposes as well. We can surely say that in recent years the world space industry and
information infrastructure of observation has been formed with the participation of almost all
the leading nations of the world (the USA, Canada, France, Italy, Germany, UK, Israel, India,
China, Russia and Japan), the international consortia and about 20 countries from all the
continents of the Earth.

Space monitoring facilities are accepted relatively to divide into hydrometeorological and
ERS systems, although during the solution of the applied monitoring issues the information
from both systems is used jointly. Hydrometeorological systems are usually deployed in low
polar geosynchronous and geostationary orbits; providing a meteorological monitoring and
forecast of dangerous meteo-phenomena, can be only partially used to solve the monitoring
issues of the geophysical processes, taking place in the lithosphere. Set on newly launched low-
orbit meteorological satellites geophysical facilities can catalogue in the atmosphere and
ionosphere only some of precursors of large earthquakes and heliophysical anomalies.

Today space remote-sensing facilities are represented by very extensive nomenclature of
satellites: American (Landsat-7, EO-1, Ikonos-2, Quick Bird-2, OrbView-3, Geo Eye-1, World
View-2, World View-3, USA-200); Indian (IRS, Cartosat-2A, Risat, IMS-1); Israel (EROS-B,
EROS-C, TECSAR); French (Spot-5 and Jason-2); Japanese (Adeos-1, Adeos-2, Alos);
Canadian (Radarsat-1 and Radarsat-2), Chinese (HJ-1A,-1B, Yaogan-5), Italian (Cosmo-
Skymed, Cosmo-3); European (ERS-2, Envisat-1); German small and micro satellites
(TerraSar-X, Sar-Lupe, Rapid Eye); Russian (Resurs DK). Algeria, Brazil, Nigeria, Taiwan,
Thailand, Turkey, South Korea and the other countries also have their own space observation
satellites, created in cooperation of leading space powers.

The IGMASS as a supranational system is proposed to create according to the principles
of using the whole potential of modern space, including the international space projects of
disaster monitoring, realization of which substantially contributes to the development of a
global process of providing information on emergency situations in various regions of the Earth.
Analysis of these projects shows that they all are mainly focused on the issues solving for
identifying the harmful effects of natural disasters and emergencies. Thus, the final result of the
international project Global Earth Observation System of Systems (GEOSS), based on a 10-

68



The 2nd International Symposium "Space & Global Security of Humanity"

years’ Plan (2005-2015), on the United States “Group on Earth Observations” (GEO) initiative,
will become publicly available global infrastructure, which should provide a wide range of users
a comprehensive, processed information of space monitoring in scale of near-real time. Though
due to the investment of recent years it has become possible to unite disparate monitoring tools
and software to measure the physical, chemical and biological parameters that characterize the
integrated occurring on the Earth potentially dangerous processes within GEOSS, this project is
not intended to create its own orbital constellation that significantly limits the ability of solving
the declared tasks of prediction of dangerous natural and man-caused phenomena by GEOSS.

The International system of space monitoring of natural disasters (Disaster Monitoring
Constellation — DMC), for realization of which the International Consortium was created in
2002 (Algeria, GB, Nigeria, China, Thailand and Turkey), has low-orbit constellation in polar
orbits of seven national British-developed 80-130 kg microsatellites, equipped with
multispectral optoelectronic complex of medium resolution of 20-30 m. Microsatellites in the
DMC are owned and operated by the United Kingdom, Algeria, Nigeria, Turkey, China,
Thailand and other countries, exchanging, if necessary, space data. The possibilities of such
system are very limited — it can catalogue only by past major seismic or man-caused
phenomena, it focuses on obtaining information only in the visible spectral range and is
designed to provide operation information to the competent organizations and professionals
only of those countries on whose territory an emergency situation arises.

The European initiative “Global Monitoring for Environment and Security” (GMES),
aimed at creating its own European monitoring potential (the project includes France, Italy,
Germany, Canada, Israel and a number of specialized aerospace companies in other countries),
represents the EU contribution to GEOSS. This system should include space ERS, navigation
and communication systems. In its framework it is applied to create a global environmental
monitoring system of the planet, which will consist of analytical centres, ground stations and
space constellation. Although some parts of the system are already in operation, it is still under
development and completion of the orbital constellation formation is planned for 2012.

Although the GMES project has its own orbital constellation, development and acquisition
of satellites for which, as well as the coordination of space-based assets of European national
satellite operators is realized by ESA, but it does not include issues to identify precursors and
forecasting of natural and man-caused disasters. In addition, a number of satellites in the GMES
are designed to meet the challenges for defense departments and its resources are unlikely to be
used on the regularly basis for the purposes of international global monitoring.

Initiated in 2000 by ESA and the French Space Agency the International Charter “Space
and Major Disasters”, to the realization of which have joined space agencies and organizations
of Argentina, India, Canada, the USA and Japan, wants to create a unified space data system,
designed to provide the necessary information to victims of natural or man-caused disasters.
Although the orbital segment of the project includes national ERS satellites of member-states —
ERS, ENVISAT (ESA), SPOT (France), RADARSAT (Canada), IRS (India), GOES (USA),
SAC-C (Argentina), ALOS (Japan), due to its specific objective focus (coordinated use of space
facilities in case of natural or man-caused disasters and providing free space monitoring data to
the affected countries); the Charter does not solve a wide range of forecasting issues of
occurring natural disasters on the Planet.

The project “Sentinel Asia”, proposed in 2004, includes 51 organizations, as well as 44
agencies from 18 countries, provides for the creation in the Asia-Pacific region (APR) control
and liquidation system of natural disasters consequences with the use of opportunities of space
ERS technologies in a quasi-real time, in conjunction with GIS-mapping technologies and
modern global network INTERNET. However, considering the limited size of the on-board
equipment using in the SV-project and the specifics of the orbital constellations construction,
the solving issues to forecast natural and man-caused phenomena on a global scale within the
project is unlikely to be possible.

Concluding the analysis of the status and prospects of development of space facilities and
monitoring systems of emergency situations and their objective focus, it will be observed the
complete absence such issues as prevention of global planetary threats (related to the meteoroid
and asteroid danger, solar activity, etc.), solved with their use.
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The Krasnoyarsk Region is one of the most economically developed industrial territories
of Eastern Siberia. Most of the Region’s territory is covered by forest biogeocenosis, which is
various and unique by species; because of this forestry in the Regional economy it plays an
essential role. The forests of Siberia also are of great importance role in the ecosystem by
regulating the carbon balance. There are multiple natural and anthropogenic factors that serve as
a source for pollution and destruction of forest vegetation: forest fires, illegal timbering, mass
migration of bombyx mori, etc. This way, in order to preserve woodland masses and to evaluate
the level of destruction and recovery dynamics it is necessary to conduct everyday monitoring.

A Center for Space Monitoring (CSM) has been established at SibSAU in partnership
with the Siberian Department of the Russian Academy of Sciences Forestry Institute named
after V. N. Sukachiev and the Ministry of Emergency Situations Russian Science and Research
Institute for Civil Defense and the Liquidation of Emergency Situations. In accordance to the
agreement there is an education base for high-qualified professionals majoring in ‘physics’ and
‘monitoring natural resources by aerospace means’. SibSAU graduate and post-graduate
students and staff participate in the following science and research areas: modelling the process
of forest fire growth in order to make an accurate on time forecast in possible emergencies; the
development of evaluation technologies for forest fire energy parameters and their influence on
the ecology; modelling and developing methods of evaluating fire emission parameters; the
development of technical requirements for new and perspective Russian satellite systems for
monitoring; the evaluation of forest harm through data from complex land and space sensing;
after-fire monitoring of recovery processes, etc.

It is known that northern regions are more often subject to mass forest fires. Depending
on the data source and satellite sensing, the figure of destruction varies from 20,000 to 30,000
[1], the average area of one forest fire is about 8,000 hectares; the total annual area is 430,000 —
450,000 hectares [2]. There are numerous problems connected with the conservation of forests;
like air patrol, which is extremely expensive. One of the most important reasons for often forest
fires is the poor organized and ill-supplied institution of forest fire-fighting [3]. There are often
delays in immediate reacting to fires and by the time the fire-fighters arrive at the place of the
fire, a large territory is already covered by fire. During the high-possibility of fire season it is
essential to monitor woodland throughout the day. The best way to do this is by means of
remote space sensing

Today it is also necessary to keep territories, which have suffered from fire, under
control. It is necessary to give a quality and quantity evaluation of harmed territories, especially
if they are remote and hard-to-reach northern territories, where there are large clusters of
coniferous forests. It is inconvenient to use air surveillance means in these conditions for it does
not give a detailed image of the situation, unlike remote sensing which are provided by
everyday data incoming, an operative analyses, and processing data on large-scale territories.

In 2008 the ‘Jubileiniy’ students’ minor spacecraft had been launched. The students, post-
graduates, professors, and staff of SibSAU together with OJSC ‘ISS’ have participated in the
development of the satellite [4, 5]. For the satellite there has been a success in terms of the
launch and carrying a payload, SibSAU is now developing another SMSC, which will have a
camera to fulfil remote sensing tasks of Siberian woodlands. The camera has been tested and
can be used on other satellites such as the ‘Jubileiniy’ and patrol forest fires, etc. This will give
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a chance to evaluate the situation with great accuracy and speed, which will be a help in putting
out the forest fires on time.

Today, the Center for Space Monitoring at SibSAU solves a number of research and

practical problems, using images from foreign satellites, which transmit the data to us at a
specific time. If our minor spacecraft project will be realized, it will permit us to evaluate
aforementioned emergencies with greater speed and make it less expensive.
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The technique of a complex efficiency estimation of onboard computer systems for space
vehicles is observed. The tooling for estimation is offered: efficiency criteria and the standard
frequency vectors of operations considering specificity of onboard computer systems operation
and structure.

One of actual problems of development of space vehicles (SV) and stations still is the task
of effective choice and development of onboard computer systems (OCS), considering rigid
resource restrictions [1,2].
OCS features we will set two vectors:
e the vector of technical indexes TP = {C, M, W, P, R;, R4, Eam, Erom}»
where C — complexity, M — mass, W — weight, P — required power, R; —
instruction length, Ry — operand length, E.,, — random-access memory capacity,
E.om — ROM capacity.

e the vector of algorithmic indexes AP = {V,, V;Vly , U, PV Sr, Ok},

where V;, — nominal speed OCS, Vasy and P" — average speed and productivity OCS

at flight control tasks of space vehicle, p — effectiveness ratio of instruction set, Jg
and g — indexes of the OCS operand length and memory capacity extension.

Formulas for calculation Vagy and P"™ are presented in terms of vector of OCS instruction

set times, and also frequency vectors of operations for flight control tasks.
For a complex estimation of efficiency criteria of OCS are offered the following:
effectiveness of OCS instructions on flight control tasks {1 ji }, the price of informational speed

at flight control K, the productivity price at flight control K.
These criteria allow estimating OCS integral efficiency and taking into account the basic
features of computing process and OCS structure:
e real-time operation,
machine time sharing between partial control tasks,
modular nature of partial control tasks;
recurrence of control task solving,
dynamically changing word length,
presence of rigid resource limitations.

The set of standard frequency vectors of operations mirroring specificity of SV flight
control tasks is synthesised for support of new criteria practical usage.
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Geostationary satellites allow a continuous surveillance of wide regions of the Earth's
surface and are suitable for those remote sensing applications that, besides requiring the
monitoring of large spatial scale events, do not require highly detailed observation.
Furthermore, the capability of surveying in a continuous way avoids the need to employ a
satellite constellation, which would be necessary for the monitoring of short temporal scale
events by satellites in Low Earth Orbit.

In this paper, images from the geostationary satellite MSG (Meteosat Second Generation)
have been used in the analysis of the huge ash cloud generated in the recent eruption of the
volcano Eyjafjallajokull, in Southern Iceland, that caused a near-total block of air traffic in
Europe.

MSG images are sent directly to the Centro di Ricerca Progetto S. Marco (CRPSM) of the
Sapienza University of Rome. New data are available every 15 minutes.

In standard conditions, the concentration of solid and liquid particles suspended in the
atmosphere (aerosols) above an altitude of 10 kilometres is considerably lower than the typical
concentration in the troposphere (below 10 kilometres). In the case of significant volcanic
eruptions, the amount of stratospheric ash may drastically increase (up to a factor of 100) and
the particles (mainly sulphur dioxide SO,, transformed into sulphuric acid) can remain in the
atmosphere for several months. In addition, atmospheric convective motions may distribute
them over very wide areas.

Satellite image processing has allowed the study of the temporal evolution of the
phenomenon and its environmental impact. This includes the area of the involved region, the
quantity of aerosols and the determination of particle sizes. The Aerosol Optical Thickness
(AOT) measurements and their trends have been analysed as a function of the wavelength of
solar electromagnetic radiation interacting with the particles. In fact, the analysis of the solar
radiation scattered, absorbed and emitted by the aerosols, allows an estimate of both the amount
of ash and the particles' size.

Owing to the typical reflected solar spectrum (spectral signature) of the sea surface, the
results of satellite observations are highly favourable for detecting and assessing this natural
event. The radiation reflected by the sea in the reflective band is very low, and for wavelengths
greater than 0.8 microns is practically equal to zero. Thus, once the basic atmospheric effects (in
absence of volcanic ash) have been evaluated, the electromagnetic energy reaching the sensor
SEVIRI, installed on MSG can be directly related to the radiation-ash interactions and analysed
to provide a direct evaluation of the phenomenon under consideration. In particular, in the
thermal infrared region, the variation of the electromagnetic energy due to the presence of
aerosols results in a significantly lower value of the measured Earth brightness temperature.
Therefore, the analysis of this parameter makes it possible to evaluate the phenomenon under
consideration, and to follow the evolution of the erupted ash cloud.
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Analysis of the state of the problem of constructing a convenient means of lifting loads
into space shows that there is no single idea which is commonly accepted and which would
promote also the removal of moral responsibility freight from the out-of-time projects- authors.

Bearing this in mind, when reviewing the design from the perspective of local power
positions, some of the suggested solutions appear to be non-optimal. It is suggested that the use
of fuel is one way to compensate for an apparent deficit in power.

An aerospace system comprises a spacecraft with two manned stages, the first is the
accelerating stage, the second is the space one stage. There is also a special ground launching
complex. The service, loading and docking of the stages to each other and to the launching
device are horizontal. The loading of the propellant and the rocket launch of the spacecraft are
performed in the vertical position. The landing of the stages is horizontal — typically onto an air
station of ?7B| type (the range is 2500 m).

The stages of the aerospace system spacecraft have their own similar aerodynamic
shapes. They are constructed from the unified rocket units: the first stage has three such blocks,
while the second has two and a cargo compartment. The accelerating stage and the space stage
have one unified liquid-fuel rocket engine. Using a single engine makes possible a considerable
expansion of possible activities at the front of the spacecratft.

The selection of the fuel for the acrospace system is determined by factors such as ease of
use and minimizing cost. The fuels oxygen-propane and oxygen-liquefied natural gas (LNG)
satisfy these conditions.

The cost of fuel comprises only 0.15% of the total cost of launching one kilogram of
payload. It is suggested that a simplification of the service could reduce operating costs, which
comprise more that 90% of the total cost of a launch. This design imperative is the basis of the
suggested aerospace system conception.

The suggested aerospace system design meets all the main requirements of a modern
international project, including ecological, economical and military-political aspects.

The availability of an international system of space services may also lead to a reduction
in international disputes caused by the spread of rocket technology and certain countries
developing dual-purpose rocket systems.

In this case the danger posed by rocket technology in the world will be reduced.
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Natural and man-made disasters continue to be among the main threats to sustainable
development of mankind, inflicting huge losses on the States and the world at large. This again
confirmed the recent disastrous earthquake in Haiti, Chile, Turkey and other countries, killing
hundreds of thousands of people. The April (2010) eruption of the Icelandic Eyjafjallajokull
volcano for ten days, paralysed air communications throughout Europe and caused economic
damage counting by hundreds of millions US dollars. Around the same time in the Gulf of
Mexico, there was the largest in recent years man-made catastrophe, which rightly called the
"oil Chernobyl", damage which amounts to many billions of dollars, not to mention the
irreparable environmental loss. May's tragedies in the coal mines in Russia and China claimed
the lives of hundreds of people joined the “sad list” of man-made disasters. Natural and
technogenic calamities in the period from 1970 to 2000 cost humanity 1.5 trillion U.S. dollars.

Yet in 2007 the Maximov Space Systems Research Institute, which is an affiliate of the
biggest Russian space holding — the Khrunichev State Research and Production Space Center —
advanced the Russia-patented idea of the creation of the International Global Monitoring
Aerospace System (IGMAS), which is the result of over a decade-long design of efficient and
systemic technologies of space monitoring. Priority IGMAS tasks include space monitoring of
the lithosphere, atmosphere and ionosphere of the Earth and the near-Earth space to detect early
signs of dangerous natural and technogenic processes, collect, review, process, interpret, store,
and provide monitoring data and real-time information about exposed natural and technogenic
threats to affected states and specialized UN agencies. With time it is planned to use IGMAS
technical and organizational potential for navigation and telecom services provision to
customers in the world to promote emergency operations, disaster medicine, humanitarian relief,
remote training of specialists in various spheres, and in a more distant future — for efficient
warning against asteroid and meteorite threats and abnormal phenomena with the aim of a
staged creation of a common and planetary “global security information space.”

IGMAS project is no alternative to the current efforts of the international community to
monitor natural calamities and disasters. It is planned to engage in its framework the capabilities
and potential of all available international, regional and national projects in the sphere of remote
Earth observation and disaster prevention, such as UN-SPIDER program, Global Earth
Observation System of Systems (GEOSS), the European Global Monitoring for Environment
and Security (GMES), the Sentinel Asia natural disaster monitoring system for Asia and the
Pacific Region, the International Charter “Space and Major Disasters” (Disaster Charter), the
Ukrainian IONOSAT project to monitor natural and technogenic calamities, etc. In the final end
it will provide for timely collection, processing and compiling of reliable warning information
against potentially dangerous developments to promote timely steps by concrete countries and
the world community to prevent them or ease the aftermath.

For more than three years since its appearance, IGMAS’s idea has evolved from a
conceptual productions, which reports on a number of international scientific meetings on space
exploration that took place in Dnepropetrovsk (Ukraine) in 2007 and 2009; Moscow and
Korolev (Russia), as well as Tunis (Tunisia) and Shanghai (China) in 2008, Versailles (France),
2009 and finally in Rome (Italy) and Haifa (Israel) in 2010 to full-scale international project,
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supported by the International Academy of Astronautics (IAA ), which will celebrate in the
autumn of this year its 50th anniversary. The IGMAS concept was firstly officially approved by
the participants of the First International Specialized symposium “Space and Global Security of
Humanity” held in Limassol, Cyprus, on November 2-4, 2009. The representative scientific
forum was a major stage in practical promotion of the initiative, which enjoyed active support
of the International Academy of Astronautics. It passed a preliminary multi-stage scientific
approbation at a series of international forums mentioned above, including under the UN
auspices, and was approved by distinguished scientists and experts from leading space powers,
including the heads of four national space agencies. Information and organization assistance in
advocating the IGMAS project is provided by the Russian Federal Space Agency, which has
recently applied to join the International Charter for Space and Natural Disasters, and the
Znanie International Association, which enjoys a general consultative status in ECOSOC,
UNIDO and the UN department of public information. The Ministry of Foreign Affairs of the
Russian Federation provides political support to the project according to Russian foreign policy
guideline to promote the development of international cooperation in peaceful space exploration
for global security and sustainable development.

On the UN level the IGMAS was officially presented at the 47™ session of the Scientific
and Technical subcommittee of the United Nations on the Peaceful Uses of Outer Space held in
Vienna on February 8-19, 2010 (UN document A/AC.105/958 of 11.03.2010). The session drew
the attention of the world community to the IGMAS project, as well as cooperation prospects
for its implementation under the aegis of the United Nations and its involved institutions. The
documents provided, in particular, for drafting and signing of five memorandums of
understanding, holding of numerous meetings and consultations with the leadership of UN-
OOSA, GEOSS, ISPRS, as well as experts from 40 countries of all continents. Many of them
expressed readiness to join the “International Committee for IGMAS Project Implementation”.

Thus, the concept of international global monitoring as an instrument to counter natural
calamities and emergencies is gradually developing from general theory into a real project with
clear implementation prospects in the foreseeable future. Every month it wins new supporters
both in Russia and abroad. As the IGMAS is supposed to be in charge of complex solution of
the tasks to provide early and short-term forecasts of devastating natural phenomena and man-
made disasters, it can be stated with a great deal of confidence that it is capable of developing
into the backbone idea, which, if implemented, would signal the beginning of a new and
common strategy of space exploration aimed at promoting environmentally safe and socially
sustainable development of the whole world community on the basis of the eternal value of life
preservation on the planet.
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Among the knowledge received by the future experts in High Schools at reception of a
speciality the special place occupies the block of disciplines — ,,The Industrial/Environmental
Safety”. These knowledges are applicable to various kinds of human activity and they function at
any organizational-industrial structure. The base discipline is ,Safety Management in
Emergencies (SME)”. It engages knowledge on Occupational Safety, Environmental Protection,
and Civil Defence. SME is always joined in the block of obligatory disciplines for any speciality.
At the same time with transition to multilevel preparation of education with division to academic
and professional training and the private educational institutes’ occurrence, the situation with
teaching of these disciplines has been left from under the control of the state institutions.

Seeing curricula on training of similar experts in the various countries, we can establish
that to a large extent the attention to these questions is turned remarkably in high schools of the
Scandinavian countries where both the state and society express understanding to questions of
technogenic and ecological safety. A similar situation in German and English professional
programs of High Schools, and the Russian universities, such as, for example, MGTU (MADI)
or MSTUCA (The Moscow State Technical University of Civil Aviation). Here the SME are
included into the block as obligatory disciplines, and are "untouchable".

Unfortunately, at present in the Latvian high schools (here universities, academies and
institutes) the situation with teaching of this discipline is worsening. In the curriculum,
including professional programs, "Health and Safety" is often included in blocks B and C (by
choice), and not everywhere "pieces" of the discipline are at the level of mastering the basics.
This "tradition" has been fixed. Program's directors frequently manipulate also these "pieces"
specifying annually working curricula (the blocks B and C). They frequently replace subjects
for solving tactical problems.

Latvia is the transit country and this circumstance imposes special importance of teaching
of technogenic-ecological safety for preparation of transport workers, experts in logistics, and
managers as industry branch with high degree of danger. Such experts are prepared at the state
universities (Yelgava, Daugavpils, RTU - Riga) and in the private schools (TSI, BSA, ISMA,
etc.). The authors understand it in the way that the Ministry of Education, and other institutions
(the Ministry of Environment, Labour inspection) have entrusted these questions to educational
institutions; and in the meantime, with introduction of international quality standards ISO-
9000:2000, ISO-14000 (1997, ecology), ONSAS-18000 (1999, a control system of labour safety
and health on workplaces), containing management models these risk factors are being a
component if not a body of the general control system of the enterprise, — the requirement of
studying of the mentioned disciplines is obvious. The programs accreditation commissions, as a
rule, supervise a professional part of educational programs. Care for the workers health, material
assets, protection of society and environment against activity, possibly good, but illiterate
experts in questions of technogenic and ecological safety usually is the problem of the STATE.
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Military confrontation, NATO expansion conduct the growth of typhoons, flooding,
droughts, avalanches and strengthening of earthquakes [1-4]. In conclusions of the 4™ and 5"
International Scientific Conferences “Vulkanizm, Biosphere and Environmental Problems”
(Tuapse 2006 and 2009 ) has been noted: ”To agree with V.V. Ponomar’ about an ozone layer
exhaustion is the main reason of global warming of a climate, strengthening of abnormal
displays of weather and increase of volcanic and seismic accidents. To address to the
governments of all countries with expression of concern by a problem of an exhaustion of an
ozone layer as consequences of local military conflicts, flights of "shuttles" and stratospheric
supersonic aircraft (SSA)”. The projects of a monitoring and restoration of an ozone layer has
been offered as well.

In scientific articles [1] prior to the beginning of war in Iraq forecasts about destruction of
mechanisms of stabilizations of a climate because of flights of SSA and "shuttles", starts of
combat missiles on firm fuel have been published. A global exhaustion of an ozone layer at
average widths of northern hemisphere has increased to 10 % that became the reason of sharp
growth of anomalies of a climate. On the basis of the phenomenon of nonlinear absorption of
light (a cycle of works of V.V. Ponomar’ in the magazine Quantum Electronics” from 1981 till
1993) it has been proved that the hypothesis of "a hotbed effect of carbonic gas” physically is
not well founded [1-4]. The direct experimental measurements for the first time spent by
specially developed technique in 2003, it has been confirmed that carbonic gas is anti-hotbed
gas: increase of its concentration in air leads to decrease in temperature of air. Reduction of
temperature of troposphere on confirms that the bottom layers of atmosphere to heights of 12-15
km possess anti-hotbed properties, radiating IR radiation in space: — a hothouse the temperature
with height growth grows in a usual hotbed.
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Figure 1. The change in temperature (T) of the atmosphere on the altitude. The greenhouse effect makes
the thermosphere (with increasing T up to 700-1800K at altitudes above 80 km) and the ozone layer
at altitudes of 20 to 50 km, the anti-greenhouse effect makes the troposphere (temperature reduction

from 290 to 210 K at altitudes of up to 15 km) and the Ozone Layer at altitudes from 50 to 80 km
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The hotbed effect forms an ozone layer at heights 12-15 to 20 km at the expense of
absorption by ozone IR of radiation on length of a wave 9,67 microns and thermosphere, in
which rockets because of starts conduct formation of holes to destruction of mechanisms of
stabilizations of a climate [1-4]. Only for 1982-1990 because of 34 starts "Space-Shuttle" it has
been thrown out 34170 t chemical substances, after start of 126 "Shuttles" the quantity of
chemical substances in geo space has made already more than 125 thousand tons! Much faster
rates of warming in Antarctica where the ozone layer exhaustion makes in September-October
of 70-90 %, is the direct proof of destruction of mechanisms of stabilizations of a climate
because of an exhaustion of an ozone layer and an inconsistency of a hypothesis of a hotbed
effect of carbonic gas.

In [1-4] it has been shown that the catastrophic icing in Ukraine, Moldova, Dnestr region
has occurred on the 29" of November, 2000 because of an exhaustion of an ozone layer more
than on 30 % because of war in Yugoslavia. Earthquake in Chile on the 27" of February, 2010,
an event after a separation of a huge iceberg from Antarctica, confirms that a principal cause of
strengthening of catastrophic earthquakes is fast thawing of ices of Antarctica and Greenland
because of ozone layer exhaustion is abnormal. The projects of a monitoring and restoration of
an ozone layer has been proposed.
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One of the priority areas in development of science and technology is the flight simulator
engineering, and this top target is determined by the pressing necessity to improve the quality of
air staff training, to assure flight safety and reliability technologies against the background of
cuts in expenditures for aircrew training, instruction and drill. The flight training systems, or
flight and equipment simulators, are provided with computing and modelling systems enabling
the crew the facilities to acquire and reinforce the skills of aircraft handling, flight control, air
navigation, and aircraft equipment service. The military aircraft pilots are given the opportunity
to use the simulators for operational flight training.

A dynamic test stand is a basic element of the flight simulator intended to develop the
acceleration effects similar to those experienced by a person operating, in live environment, a
moving vehicle (an aircraft or a tank), and simultaneously appearing himself as a system of
interrelated components.

The performance of the dynamic test stands currently in use is substantially limited as a
result of the weight loads of both the moving platform itself and the equipment mounted
thereupon acting on the servo drive.

In the downward motion of the moving parts their weight force is combined with the
force set by the hydraulic drive, while in the upward motion the above forces counteract, which
results in the skewness of the drive speed/load curve and finally distorts the electric input
signals traced. To remedy the deficiency a hydro dynamical static load compensator HDSC [1]
is added to the hydraulic servo drive of the two-degree-of-freedom vertical-cylinder dynamical
test stand.

A triple-chamber hydraulic-cylinder (HC) is the working element of a servo drive. Its two
chambers are used as the working cavities while the third one serves as a compensation
chamber. In the HC compensation chamber a constant pressure is maintained which is to
balance the static load weight acing on the longitudinal axis of the HC rod. Due to this design of
the hydraulic cylinder the functional capabilities of a hydraulic drive are expanded and its curve
symmetry is achieved. The hydraulic cylinder is operated by the control unit (CU) via the
operating valve (OV) and the electrical hydraulic amplifier (EHA). The servo driver SD also
comprises a differential-pressure pickup DPP.

The travel of the hydraulic cylinder rod is made possible due to the pressure difference in
the working chambers P,,,; and P, » resulting from the control by the EHA of the operating
liquid flow: a signal is applied through the CU1 to the EHA input which is proportional to the
difference between a drive signal from the control action conditioner CAC and a feedback
control signal from the position sensor PS.

The dynamic state of the hydraulic drive with static load compensation can be set in the

I T .
space of the state vector V' :[v1 Vy V3 Yy Vs Vg Vs Vg Vo Vg Vg vn] by a model of a combined

block and matrix form
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Where K — coefficient based on the liquid compressibility with adjusted value of
modulus of volume elasticity £, 4j — piston active area, Cy — positioning (hinge) load factor.
The matrixes[ 4] and[4,] have similar structures and the same 5x5sizes [2], they

represent the models of electro dynamical amplifiers and liquid flows of the dynamic servo
drive, and the model of the hydrodynamic compensator of static load.
Based on the mathematical model developed in MathCAD a study was conducted of the
hydraulic drive response to the displacement (motion) control actions.

In practice, the above methods, processes, systems and models suggested for manufacture
of the dynamic test stands to be used in aircrew flight training systems (simulators) proved to be
highly efficient, in particular, they facilitate a more accurate reproduction of the control actions,
and improve controllability and reliability of a simulator.
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Nowadays, the flight simulating technology is among the most rapidly growing branches
of the aircraft industry. Development of the flight simulating technology has a distinct positive
effect on the flight safety, economic and ecological efficiency of civil and military aviation, as
well as on the peacetime fighting capacity of the latter.

Dynamic test systems, or stands, are the basic and the most important elements of the
flight simulators designed for reproduction of angular and linear acceleration data according to
the simulated conditions of the actual (real) object.

The similarity of the acceleration information reproduced by the flight simulator depends
on the dynamic test stand characteristics (qualitative adjectives and dimensional features), as
well on the law selected to control the platform motion, and is to be determined by the drive
performance capability and specifications.

An improved accuracy and cost efficiency method is suggested for axis control of the
dynamic test stand. The differential characteristic of the method is the unified closed cycle
control of the displacement, velocity, acceleration, and G-load [1].

According to the method suggested for reproduction of the acceleration data, e.g. for
reproduction of acceleration parameter, a wave-shaped signal proportional to the acceleration-
time displacement is applied to the servo drive input. In case of an error-free operation of the
servo drive, the travel of its working element (i.e. the hydraulic-cylinder rod) shall be
quadratically time-dependent in relation to the control signal behaviour, thus reproducing the
actual accelerations of the rod. It is assumed that the servo drive shall meet the input signal
playback accuracy, speed performance and smooth running requirements.

The system suggested for the control of the dynamic test stand is inertial due to the
presence of energy storage units, moments of inertia, masses, that cannot be displaced by using
the sources of infinitely high power.

To study the basic characteristics of the dynamic test stands and set the requirements to
their drives in specifying the laws of axis control (displacement, velocity, acceleration, G-load),
a mathematic model of a dynamic n— order system has been simulated, which describes the
process of specification of control laws in a closed cycle system for displacement of controllable
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The stimulated model of the system with set-up of the control laws by the method
suggested is synthesized in terms of the standard coefficients and dynamic compensation
methods.

The system characteristics are specified by selection of the system order n, damping
factor &, transient acceleration time 7 .

The research effort resulted in development of the mathematical model of an n-order
system that simulates the suggested algorithms of control of the flight simulator dynamic test
stand according to the dynamic performance specifications to the system. In addition, a study
was conducted of the effects of the system order, over-correction, and control time on the
control law playback accuracy.
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India has been traditionally vulnerable to natural disasters on account of its unique geo-
climatic conditions and is frequently affected by disasters such as tropical cyclones, floods,
drought, earthquakes, landslides, forest fires and occasionally tsunami. Realizing the role of
space technology in various components of a disaster management cycle, Department of Space,
Indian Space Research Organisation (ISRO) has launched Disaster Management Support
(DMS) Programme as one of its key programs sine the Tenth Five Year Plan (2002-2007) of the
country. The program focuses on integrating the space technology inputs and services, on a
reliable and timely basis through various units of ISRO. Space based inputs are operationally
provided to various state and central user agencies by Decision Support Centre of National
Remote Sensing Centre (NRSC), Hyderabad for various natural disasters in particular for
floods, drought and forest fire. Space Applications Centre, Ahmedabad provides R&D support
to DMS Programme by identifying and carrying out pilot studies related to use of space
technology for early warning of various natural disasters, development of Airborne DM-SAR
and satellite based emergency communication systems. Indian Institute of Remote Sensing,
Dehradun supports capacity building besides R&D for various natural geo-hazards.

The major objectives for research as part of R&D support to DMS is to develop and
demonstrate methodology for carrying out accurate tropical cyclone track, intensity and landfall
prediction, develop models for early warning of landslides, identify precursors to earthquakes
and study surface deformation, carry out vulnerability mapping of the coast due to storm
surges/tsunami as well predicted sea level rise and develop models for early warning of
desertification.

Real-time cyclone track prediction algorithms using INSAT data have been developed.
All the cyclones in the Indian Ocean during 2005-2009 were tracked and predicted in real-time
with a lead time of 48 hours. Real-time track prediction for tropical cyclones GONU, SIDR,
AKASH and NARGIS are some of the examples. 24 hour track prediction error ranges from 36-
136 km for different algorithms and 5-day track prediction error is < 250 km. In addition, an
Automated Intensity Estimation Algorithm was developed using Multichannel Microwave data,
JTWC Intensity analysis (maximum sustained wind) and all global cyclones for the period
1998-2004. The accuracy of developed algorithm is ~11 kt, which is at par with the accuracy of
existing methods globally. Methodology for Landslide hazard zonation has been developed by
integrating information on lithology, structure, geomorphology, slope, aspect, land use/land
cover, and drainage for some of the most landslide prone regions of the Himalayan Ranges.
Efforts are in progress towards developing rainfall threshold based early warning models of
landslides in Garhwal and Sikkim Himalayas. Early warning research through identification of
precursors to earthquakes such as sudden rise in land surface temperature (NOAA AVHRR
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data), have been carried out in hind-cast mode for seismically active region of Kachchh,
Gujarat. In addition, geophysical (gravity/magnetic) studies have been done in seismically
active regions of Kachchh and Andaman & Nicobar island regions. Differential SAR
interferometry techniques are being explored for early detection of surface deformation of the
crust (ALOS/ENVISAT/ERS-1/2 data) for seismically active zones such as parts of Kachchh,
Gujarat and Himalayan regions. An approach has been developed to understand coastal
processes using Indian Remote Sensing Satellite data for carrying out Coastal Vulnerability
Index (CVI) based assessment of the coastal zone of Andhra Pradesh, Tamilnadu and Gujarat
states. Remote sensing data was utilized in mapping desertification processes/indicators and
their severity. Method for early warning of desertification was developed based on
Desertification Vulnerability Index (DVI). The paper discusses the methods developed and
salient results of some of these studies.
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From the user’s point of view, the modern networks have gone a long way in fulfilling
their purpose of enabling people and their machines to communicate at a distance. However, the
key critical success factor is focused on the telecommunications industry attention to the Next
Generation Global Services (NGGS) concepts and principles and how these principles can be
realized in the space environment [1].

IP networking extends the terrestrial network to space to deliver NGGS being the new
ways of delivering current and emerging terrestrial and space-based services to avionics, high
altitude airships, and commercial, civil, and military space-based platforms [2].

Open standards and interoperability will provide the [P-based devices with a variety of
embedded solutions, rather than a device for every solution. The IP-enabled, open, interoperable
satellite network can make possible a variety of solutions in the palm of your hand: Voice
telephony, data (connectivity) services, multimedia services, Virtual Private Networks (VPNs),
Public Network Computing (PNC), E-commerce, Home Manager and other services.

The challenges to the support of IP traffic over satellite links for NGGS providing have
been overviewed in this paper. The detailed survey of modern industry activities aimed at
advancing the understanding of how to support IP traffic transition effectively over satellite
systems has been given [3]. The Cisco IRIS system has been considered as an example of
innovative technology for the routing in space.
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The experiment of the earthquake precursors monitoring from space have fulfilled in the
period of the preparation and strong earthquake (M6.3) on Sakhalin Island on the 2™ of August,
2007.

The meteorological data (relative humidity and temperature near surface, anomaly clouds
relying on TERRA/AQUA information, thermal anomalies of OLR from NOAA, total electron
content variations based on GLONASS/GPS and ionosphere vertical structure tomography
reconstructions on COSMOS satellites data were analysed.

The synchronism and localization of the anomalies, a spatially in F,-layer of ionosphere,
registered by the different methods allow supposing the existence of their common source,
possibly, the earthquake preparation process explained in the framework of developed complex
model for «lithosphere-atmosphere-ionosphere» coupling. Thus, ionosphere state monitoring is
very important research way of the phenomenon of the seismic event precursors.

If the permanent decreasing of the amount of the low-orbit navigation satellites will be
taken into account the special satellite development with 150/400 coherent signals transmitter
on-board is extremely necessary for further ionosphere researches. The transmitter could be
made using micro miniature technique, so its dimensions and energy consumption would be
rather small. If those equipment characteristics have been taken into account the TNS-0
platform could be used as a basis for special small satellite for ionosphere earthquake precursors
monitoring. It allows decreasing the costs of creation, launch and time for the development.

The further development of the satellite ionosphere tomography technique necessary for
ionosphere earthquake precursors monitoring is possible in two perspective but connected ways.
From one hand it is really important to solve the problem of phase ambiguity for the
measurements. It allows significantly simplifying the data processing procedure. From the other
hand if we remove the receiving segment to the satellite we make possible the global ionosphere
reconstruction in the satellite orbit plane.

The first problem might be solved with the aid of the proposed method of the
multifrequency ionosphere sounding which theoretically allows calculating the absolute TEC on
the ray-path between “source and receiver” upon phase signal characteristics.

The second problem might be solved with the aid of the new generation satellite
equipment creation which allows developing satellite segment of the perspective system using
small satellites. And the ionosphere state could be reconstructed for 15-100 min time period
depends on the satellites amount (5-36).

The modelling results of the different ways of the perspective tomography system space
segment realization are showing that the errors of the vertical distributions of the ionosphere
electron concentration will be less than 30%.
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International logistics requires continuous identification, localization and condition
monitoring to control logistics processes. In the future, localization, communication and
navigation technologies will drive innovation.

Logistics of the future will only be controllable by innovative and intelligent concepts,
technologies and infrastructures. Satellite applications for the transportation and logistics
industry and telematics and wireless communication systems can be tested and refined at the
most advanced Galileo test bed in Germany. The long-range goal of research is to link different
technologies and develop intelligent green transportation systems for Central Germany. Another
focus is the creation of intermodal traffic conditions.

With its regional fields of application, the test bed is becoming the state of Saxony-
Anhalt’s new centre of expertise for innovative transport and logistics systems. The culmination
of the state’s Galileo transport and applied transport research initiative, the Saxony-Anhalt
Galileo Test Bed is available to universities for research and, above all, to globally operating
businesses.

Only in the Saxony-Anhalt Galileo Test Bed is it possible to link localization,
communication and navigation technologies with intermodal means of transport and transport
chains and transported goods.

Precision will be the hallmark of Europe’s Galileo satellite system and will facilitate
tracking logistics processes more precisely, whether in ports or on roads. The logistics process,
e.g. the transition from outdoor to indoor localization of goods and continuous identification and
condition monitoring, provide diverse opportunities for research. In addition to state-of-the-art
handling technologies and systems, the test bed provides an RFID tunnel and radio networks for
tests. Electric vehicles are one of the test bed’s technology platforms. The latest global
positioning technologies for container logistics will be used at the new test bed to track logistics
processes precisely.

Desired and reliable position data on vehicles intended for the widest variety of
conditions and purposes is the most important prerequisite for innovative logistics processes.
This data is the basis for efficient control of transport chains in the traffic environment.

City logistics based on a swap body concept is one of the Galileo test bed’s urban
scenarios. Existing infrastructures and technologies that utilize swap bodies with large trucks
and trailers can continue being used to better utilize and bundle long-distance transports. 3.5 ton
vehicles are employed for significantly less well utilized local transports and especially for local
distribution to cities and metropolitan areas (last mile) without rendering the strategy as
inefficient as costly and time-consuming handling processes have made it. Customizing low-
volume commercial transports facilitates more flexible organization of transport and delivery
routes that extend to customers even in dense downtown areas and, with the aid of intelligent
fleet management, significantly improved availability and distribution of transport capacities as
needed. In addition to conceptual and economic benefits, the swap body concept and the
increased use of 3.5 ton vehicles in particular have positive ecological impacts on local
distribution supported by automatic route planning. The effects can be enhanced by employing
hybrid or electric vehicles for short local transport distances.
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Need currently exists for research and development of manual handling of swap bodies in
downtown areas (since forklifts are generally unusable and additional handling equipment at
vehicles would reduce the maximum payload and thus likely prevent the use of 3.5 ton
vehicles), automatic handling of goods in transit (loading and unloading in logistics centres) and
linking logistics processes with positioning and identification technologies. The development
lab and test bed facilities in Magdeburg provide a unique opportunity to develop and test
scenarios that link logistics processes with advanced identification and communication
technologies and automated technologies.

Logistics will only be reliable and intelligent when load carriers and logistics processes
become more innovative and intelligent, i.e. more communicative and localizable, to meet the
demands of future logistics.

The new logistics platform in Magdeburg’s Hansa Port extends the Saxony-Anhalt
Galileo Test Bed. This operative platform at the Hansa Terminal supports the testing and
development of telematics-based logistics applications, which may be tested during the
container terminal’s regular operation. The new platform is intended to further link port
handling processes through efficient information flows and thus increase efficiency, to improve
resource utilization and to reduce transit times through hubs. Furthermore, emphases of
innovation can be more systematically geared toward the current requirements of international
supply chains.

The mounting volume of international flows of goods at inland ports is intensifying the
need to identify, localize and control logistics assets perfectly, i.e. uniquely.

A logistics hub’s freight management requires great flexibility, which is also based on the
use and availability of the handling systems. Although they establish ideal conditions for
logistics process monitoring, automated systems are rarely implemented since they limit the
flexibility of modifications to handling operations. This makes mobile and interlinkable
telematics technologies extremely important for near real-time monitoring of logistics and
transport operations.

Since GPS data delivers inadequate information, such monitoring will no longer solely
utilize it in analyses of logistical transport, handling and storage operations on complex
company premises.

New hybrid positioning systems blend the positioning data of several localization
technologies with GPS for instance or also by image processing and generate positioning data
accurately enough to draw precise conclusions from a container’s position or motional sequence
about the logistics operation. Motion profiles of such goods define a new form of transparency
for logistics providers, shippers and customers and thus also certainty that their goods are being
handled correctly as ordered.

This highly precise positioning system for container logistics can be tested on the
logistics platform at the container terminal in Magdeburg’s Hansa Port.
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The comprehensive monitoring technology for complex objects inducing high risk of
technogenic accidents in the case of malfunction is considered. Atomic power stations,
hydroelectric power stations, chemical manufactures, etc. afford examples of such objects.

Information sources for monitoring of such objects include space-navigation data
characterizing technical state of constructions, technical parameters of units and systems,
aerospace data about objects and adjoining territories. Only a comprehensive use of the
information from all possible sources lets carry out the emergencies risk analysis with high
reliability, forecast possible ecological consequences of technogenic accidents, and prevent and
localize failures.

However existing systems of monitoring, as a rule, are highly specialized, they use only
one type of the initial information, and do not let process great volumes of data.

Unlike it, the considered new intellectual monitoring technology (IMT) provides
integrated use of the accessible information on the states of complex objects and about a crisis
situation and its possible consequences.

IMT makes it possible:

e to process a considerable quantity of diverse parameters in real time;

e to process simultaneously the data and knowledge;

e to carry out to the intellectual analysis of the measuring information of any physical

nature on the distributed computer complexes;

e to visualize results of processing in a 2D and 3D format, to be interfaced with geo-

information systems;

e to inspire non-professional users (non-programmers) with ability for creation of

concrete monitoring systems.

Developed IMT is based on interdisciplinary methodology of creation and application of
an information technology. Besides, it lets consider functioning dynamics and possible structure
degradation of complex objects in critical situations, and operate structural dynamics of
complex objects. Unlike existing systems, IMT is universal, it includes the combined methods
and algorithms of decision-making in various classes of monitoring problems, forecasting and
safety control of complex objects regardless to their appointment.

Now IMT is successfully implemented in monitoring systems serving space branch,
atomic engineering, and the chemical industry.

IMT also can find applications in the situational centres, decision-support systems for
management of emergency situations, monitoring of the difficult natural processes requiring
processing and visualization of a considerable quantity of the diverse data.
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Space is one of the main development directions of modern science and technology.
Currently, there are many areas of space technology development: industry, environmental and
natural technology, communication systems, military space, etc. To maximize the effectiveness of
any project scientists can not ignore its role in relation to the others, it is necessary to determine
the importance and relevance of its development in given period of time. This is necessary to
identify, first of all, the main trends of development of space industry, then evolve a long-term
development strategy, and then plan the investment of assets in the most promising projects. The
article is devoted to the first of these problems — development trends of world space [1].

Before the team of scientists, leading specialists in various fields of space industry,
experts in the field of international relations, economics, international space law raised the
question: "What will happen with the space technologies in the 21st century?" Such an approach
has allowed gathering a unique data covering most of the problems of modern astronautics.
Then these data were statistically processed and the conclusions about long-term prospects of
the space industry based on the analysis were drawn.

Statistical analysis consisted in the choice of several statements of experts for each event,
the most plausible, taking into account its relationship with other events. This choice was made
by the methods of modern applied statistics [2], [3].

Many of the conclusions can be useful for the implementation of current projects. The
analysis shows that in the first half of the 21* century the main lines of development will be the
earth remote sensing for global control of environmental conditions and the development of new
spacecrafts. The progress of the first of the two directions can be a reasonably wish of people to
protect themselves from natural disasters; desire to learn to predict all natural phenomena. The
second, in turn, will enable humanity to previously impossible projects. Furthermore, parallel to
this in the 30-ies at the stage of rapid growth of hardware capabilities, the country's strategy
focuses on the exploration of the Moon, which, hence, will require new advances in the
development of heavy engines and launch vehicles, finding new sources of energy for them.
Such a desire for exploration of the Moon will occur due to the fact that the leading space
powers will try to establish dominance in space, and the key point is to create a lunar base.
However, this may lead to a space war, the probability of origin of which is maximal in the
middle of the century. It is likely that outer space will become a sphere of interest not only to
the scientists but also the military after the first quarter of the 21* century.

The resulting chronology of events to determine how much in accordance with the
current status of the project topic is relevant to society, how much it is realistic and effective.
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The paper presents the scientific and technical potential of Vavilov State Optical Institute
in the field of remote sensing of Earth from space satellites.

The experience of development and exploiting of large-size light-weight infrared
telescopes is considered.

The peculiarities of development and potential possibilities of hyperspectral and
ultraspectral devices are analysed. These devices are capable of acquiring the Earth images of
high spatial resolution, and they are based on the unique Fourier-spectrometers, developed at the
Vavilov State Optical Institute.

The ways of further evolution of devices of this type are shown. In particular, they could
be based on the Fourier-spectrovisors-lidars forming the 3D hyperspectral signatures and
capable of registration and analysis of initial phases of detrimental emission, leaks, and injuries.

The original methods and tools for digital processing of aerospace images of diversified
types developed at the Vavilov State Optical Institute are also presented.
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In this paper the results of the estimation of composite material’s (the anisotropic
reinforced plastics type) mechanical properties are represented.

The test loadings are applied on specimens with the longitudinal in one case and cross-
section in another case of the reinforced fibres orientation in relation to the load direction. The
specimens for static tension tests are showed as squared shape band with the moulding fixed
plates on the both ends for mounting into the test rig’s gapping jaws. The static test program
consists of three- or six time specimen’s loading to the level making 20 % of the ultimate load.
After that the loading goes non-stop to the collapse of specimen.

In the paper there is shown the possibility of the character and level of fibres and a matrix
of composite specimen’s damages estimation by acoustic emission signals analyses.

The executed test has shown that the acoustic emission method can be used in practice to
carry out the probes of responsible avia/space devices designed of anisotropic reinforced
plastics.
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The advantages of unmanned aerial vehicles (UAV), such as small size, absence of a
pilot, multifunctionality and comparatively low cost for air reconnaissance problem solving and
aerial inspection are evident. These factors have defined the rapid development of the specific
branch of aircraft construction over the past decades.

The authors designed a multipurpose 'micro’ class UAV. This UAV has been designed
particularly to implement video surveillance and to determine the position of mobile and non-
moving objects, desired track patrolling, supervision of the ecological state of the environment,
and other functions.

This UAV is hand launched (like a model glider). It carries a telecamera, equipment for
digital communication and a GPS receiver as a useful load. The information it receives through
these means is transmitted on-line as well as being recorded onto electronic media.

The design of this UAV is exceptional due to its high construction manufacturability,
reliability, high aircraft performance and operational parameters. At present an experimental
model of the UAV is passing flight tests.
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Machine-built products for general or transport use are in many cases expected to work
under conditions of high temperatures and in aggressive environments. Common examples of
such products are parts of the hot section of modern gas turbine engines (GTE). Thus, for
instance, GTE turbine blades operate under high temperatures (up to 950-1050°C) and are
therefore exposed to the effect of high temperature corrosion and erosion.

The paper deals with the creation of fundamentally new functional multicomponent
coatings which apply the technologies of ion-plasmous sputtering.

Functional intermetal-ceramic coating (IMCER) is intended to protect and restore
machine-built products working in high temperature conditions.

The coatings are formed in plasma from fusions which are based on aluminium and
titanium. The turbine blades of a GTE compressor were used as the object of the research. These
were made of a fusion which had the following content (in %): 0,1 C; <0,3 Mn; 0,6 Li; < 1,5 Fe;
(5,4 -6,2) Al; (6 - 7,5) W; (6,5 - 8) Mo; (8,5 -10,5) Cr; (11 - 13) Co; 56 Ni (base).

The development of new enabling restoration techniques for worn-out precision pairs
(PP) part surfaces is a current problem

The wear of internal PP elements (valves, plungers, pistons, etc.) can be compensated by
creating restoring coatings which are deposited by means of ion-plasma sputtering.

The authors advocate a restoration technology for precision pair parts; valves, plungers
and injectors of vehicle fuel pumps. This technology stipulates the creation of a special restoring
wear-resistant coating based on Ti—Al-N (titanium-aluminum-nitrogen) deposited by ion-
plasma sputtering.
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Open “Aerodium” type wind tunnels with free vertical jet with diameter exceeding 3 m
and air velocity in initial section of the jet 60-70 m/s, is being used as a devices for free flight of
human and training of sky divers.

In a developed and investigated computer model air jet has been created by five propellers
with five blades (diameter of 1.8 m). Their horizontal axes are symmetrically located on the
circle along its radii.

Each propeller is mounted on the profiled ring, which behind the propeller transforms into
3D shaped channel of complex L-type form for smooth and no shedding rotation of the flow at
90 © along the vertical axis of the device. After turning all five channels are combined into one
axis-symmetrical free jet forming nozzle with diameter ~ 3.6 m.

The purpose of this work is to develop methods of computer simulation and optimisation
of geometric and aerodynamic parameters of the “Aerodium” type devices with low noise level
fans for the formation of large diameter free jet.

Computer simulation and engineering analysis performed using CAD/CAE software
SolidWorks/CFdesign. Geometric modelling enabled solution of complex joining problems of
sections of air channels and pairing of multiple channels, taking into account the restrictions for
corners narrowing and widening, smooth transitions and turns of channels. Aerodynamic part is
described by the unsteady Navies-Stokes equations and numerically solved using adaptive
mobile mesh taking into account rotation of the propeller, geometry of air channels, and weak
compressibility of the ambient, turbulences of the flow, shedding zones and return flows.

On the basis of optimised geometric and aerodynamic results was developed design of the
aerodynamic device ”Aerodium* with five propellers with five blades. Device (“Aerodium”)
was manufactured, assembled and experimentally examined in town Jelgava (Latvia). Results of
field experiments satisfactorily confirmed data of numerical calculations.

96



The 2nd International Symposium "Space & Global Security of Humanity"

THE COOPERATION IN THE FIELD OF SPACE SECURITY
BETWEEN RUSSIA AND NORTHERN EUROPEAN COUNTRIES

Denis A. Usikov

The Institute of Europe of the Russian Academy of Sciences (IE RAS),
M.V. Lomonosov MSU Faculty of World Politics Alumni Association
Leninskiy av., 128/1, 24, 119415, Russia, Moscow
Tel.: +7 (910) 4307121. Email: usikov.denis@gmail.com

Keywords: international space cooperation, space security, space policy, Russia-EU

At this stage, the most important part of space cooperation is countries' joint efforts to
ensure security and prevent threats for the mankind both at the global and regional level. The
development of integrated space systems is an integral part of solving international issues
involving various levels of security. The different types of security that can be ensured with
space systems include strategic and military, planet-wide, social and economic, information,
environmental, food, nuclear/radiation, energy, transport, trans-border security, protection
against human-induced disasters and terrorist/criminal activities.

Modern security threat forecasting and prevention capabilities enhance the role of space
systems in ensuring international and regional stability. Tasks that are, or will potentially be,
performed with the help of space systems vary. The use of space technologies provides a way to
simultaneously make emergency prevention decisions; organize relief effort, control and follow
up on emergencies; and constantly monitor areas and/or facilities that are particularly dangerous
for a certain region or the whole world and the mankind.

Russia has been closely cooperating with Northern European countries for more than 15
years, handling political and economic issues via various international and sub-regional
organizations, through heads of state and government, and interdepartmental and non-
governmental institutions. Russia is very interested in the development of constructive and
fruitful political cooperation across a wide range of issues relevant to Northern Europe, since
almost all of them have to do with Russia's national interests. Northern Europe is one of the
most important strategic regions for Russia's foreign policy.

Northern European countries, too, acknowledge the big role Russia plays in ensuring
security in the region and the need to enhance mutually beneficial cooperation and partnership,
which has been pointed out many times during the meetings between Ministers of Defense and
Foreign Ministers of Northern European countries and Russia as a part of multilateral
consultations on security in Northern Europe. Shared interests, challenges and threats in the
region also promote the development of cooperation between Russia and Northern European
countries, aimed at ensuring security and stability. In addition to yielding positive results at the
sub-regional level, this can also amplify cooperation between Russia and the EU in solving
general European security issues.

The most important security issues in Northern Europe and north-western parts of Russia
include energy supply, roads (transport) and nuclear/radiation security, protection against
human-induced disasters, environmental, trans-border and information security, and protection
against terrorist/criminal activities.

Leveraging their experience and space research and technologies' potential, Russia and
Northern European countries can join efforts to use space systems to ensure regional security
the following ways:

- satellite monitoring of energy delivery routes in order to prevent disruptions of energy
supply and illegal use of the pipelines and promptly respond in case of emergencies involving
the pipelines;
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- navigation support and satellite monitoring of movement of surface vehicles for
passenger and freight transportation, aimed at controlling the security of international transport
corridors and prevention of emergencies on railroads and motor roads;

- navigation support and satellite monitoring of ports and movement of water vehicles for
passenger and freight transportation in order to ensure transport safety in the Barents Sea, Baltic
Sea and Arctic basin, which includes prevention of ship capture by pirates;

- satellite monitoring of potentially dangerous nuclear energy facilities in the region and
other facilities using or storing dangerous chemical, radioactive or explosive substances,
including nuclear and chemical waste burial sites, and control over oil wells and tankers in the
northern seas and the Arctic basin aimed at ensuring prompt response in case of emergencies
involving environment contamination with nuclear/radioactive or chemical waste or oil products
in order to prevent large-scale human-induced disasters;

- satellite monitoring of conservation areas and nature reserves (including the so-called
"Green Belt of Fennoscandia") aimed at ensuring preservation of biodiversity of the northern
ecosystem and prevention of illegal trade in natural resources (poaching);

- remote probing of the water, off-shore and coastal territories of the Barents Sea, Baltic
Sea, land and the Arctic region aimed at environmental monitoring of natural resources (forests,
water bodies, ice, soil, etc.) for prevention of environmental disasters (earthquakes, floods,
volcano eruptions, landslides, droughts, etc.) and prompt response to natural disasters (detection
of potential or actual affected areas, evacuation, humanitarian aid provision, etc.);

- introduction of a satellite border area monitoring system to detect illegal border crossing
by vehicles or people and provision of customs facilities with information systems necessary for
quick information exchange aimed at preventing terrorist groups and armed gangs from entering
the country;

- development of commercial satellite services for civil purposes (communications,
telecommunications), able to smoothly operate in the north, in particular, supplying precise
geopositioning data by leveraging the combined potential of the Galileo and GLONASS global
positioning systems able to provide a higher-quality signal than the American GPS in polar
regions of Northern Europe and in the North and South Poles;

- development of an information satellite system for emergency alerts and prompt
delivery of the necessary information to citizens, governmental bodies and international
organizations.

The use of complex space systems as described above is crucial for ensuring security of
Northern European countries and north-western regions of Russia. Modern space technologies
can provide substantial assistance in forecasting, prevention and detection of potential threats,
finding ways and methods of fighting against them and potential ways of localization and
prevention of larger-scale threats, and ensure a proper level of security across the region.
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The reality of the hazards due to asteroids and comets impacts with the Earth has been
recognized rather recently. The known data on terrestrial craters and the evidence for large
extinctions leave no doubt that large asteroids have impacted the Earth in the past.

Last decades the reliable data for mass extinctions over last 600 million years of the life-
time of the Earth are obtained. In the left figure on summary evidence the solid line indicates
percent extinction of marine genera, impact terrestrial craters (solid dots) and the five worst
extinctions in Earth’s history (stars) are shown. The causes of these five catastrophes are widely
discussed and up to the end are not clear.

The first, Cretaceous-Tertiary extinction about 65 million years ago, probably caused or
aggravated by impact of several-mile-wide asteroid that created the Chicxulub crater.

The second, End Triassic extinction, roughly 199 million to 214 million years ago, most
likely caused by massive floods of lava erupting from the central Atlantic magmatic province —
an event that triggered the opening of the Atlantic Ocean.

The third case is Permian-Triassic extinction, about 251 million years ago. Many
scientists suspect a comet or asteroid impact, although direct evidence has not been found.
Others believe the cause was flood volcanism from the Siberian Traps. Still others believe the
impact triggered the volcanism. This catastrophe was Earth’s worst mass extinction.

The fourth, Late Devonian extinction, about 364 million years ago, cause unknown.

The fifth, Ordovician-Silurian extinction, about 439 million years ago, caused by a drop in
sea levels as glaciers formed, then by rising sea levels as glaciers melted.

The combined effect of the hazards due to both asteroids and remotely triggered
seismicity (seismic storms) after rather large (» > 200 m, E ~ 10*° erg) body falls is discussed
[1, 2]. The probability of such a seismic storm in the next 100 yrs for any region of the Earth
with R ~ 10’ km from site of fall is ~< 10 taking into account the probability (~ 10?) of impact.
A Tunguska sized object (or slightly smaller) should hit the Earth about every 100 years. It is
impossible to exclude the possibility of impacts of asteroids with diameters of tens meters,
which are equivalent to earthquakes with M = 7-8, in the next decades.

60 200 80,0

- *1 %2 %3 %4 %5 F i

g [

o 7 -

; ] L ‘

S 45 150 = 2 60,0

o I = g

N Pl -]

£ S =

g ] fh 2 5

Ea M wg 5w

=] q = =5

= | [ =5

g i £

E= E )

é 15_ L] rl k i [ 50 < E 20,0
o{.w‘u ' L

0 100 200 300 400 500 600 100 200 300 400 500 600
Age (fyr) Age (Myr)

*The figure was reproduced from data reported by J.A. Balashov. ”Time Concept in a Geological History
of the Earth”, [Geology and minerals of the Kola Peninsula, V. 3. "New Ideas and Approaches to
Studying of Geological Formations”. Apatity: Polygraph, 2002, pp. 51-75.]
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In the present work we search for interrelation of events in biosphere and geospheres of
the Earth from comparison of the data on mass extinctions and impacts (the left figure) and the
data on geological activity (the right figure*) for the same period (last 570 million years).
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As it is known, the main goal of the International Aerospace Monitoring System is
fulfilment the “all seeing eye” role, which, being located on space vehicle, makes it possible to
reveal and trace the condition of ground objects, and natural-anthropogenic situations, first of
all, including generated emergency regardless of origin. These key and final work functions of
the International Aerospace Monitoring System are implemented according to the received data
from target board systems equipment; flying at rather high altitude by orbits and are able
quickly implement the survey of big earth surface. It should be emphasized, in elaboration of
the International Aerospace Monitoring System creation problem, to these days these key issues
have not been given much attention, at that time, the main attention was concentrated mainly on
creation space vehicle issues, which by definition is only a platform for on-board means
location of goal equipment, provides to take measurements near space environment descriptions
or to get picture of earth surface. Just this data is sourcing information for performance the main
duties of International Aerospace Monitoring System: detection, recognition and information
maintenance different surface object and emergencies, which, on the strengths of cause-effect
relationship occurrences on the Earth and in the outer space, are found its reflections in the
meaning of near space operation factors and in super standard layer.

As far as, the continuous survey of the big earth surface territory is included in the global
monitoring task, in connection with it, the enormous size of the information may be
accumulated on the space vehicle board, only small part of it, figuratively speaking, may be
interested for revelation emergency on the Earth. To avoid the necessity of solving technically
hard executable task of handing over information on the Earth for further processing and
analysing, in connection with it, the need of preliminary information processing is arisen on the
board of space vehicle.

The analysis shows, nowadays there’re facilities of principle to implement preliminary
information processing by revealing dangerous objects and emergencies on basis of use up-to-
date computing facilities and new information technologies, which is based on possibilities of
methodology and decisive rules of element artificial intelligence theory. For the purpose of
making appropriate mathematical support may be used all arsenals of means of the pattern
recognition methods and situations, neural computation, theory of fuzzy sets, decision-making
theory, expert systems and teaching methods. With the help of mentioned program-
algorithmically and toolbox, tasks for revealing and recognizing interesting objects and
situations may be solved effectively on the board of space vehicle, which may cause
emergencies on the Earth. The examination of object and situation condition, which represents
the interest for solving global monitoring task, may be efficiently carried out on basis of
delivered topical information on the Earth.

Aforementioned computer technology of computer aided solving monitoring problems
support may be successfully used for solving such topical tasks, as eliciting the fires, floods,
typhoons, tsunami, predicting earthquakes, etc. in global monitoring field, according to the
theoretical analysis and experience. Moreover the monitoring estimate result reliability may be
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considerably raised at the expense of compensation by various physical media data processing,
for example, photograph of different ranges, aperiodicity’s magnetic field measuring, status
variable measuring of Earth’ atmosphere top ply, etc.

Thereby, using the discovery and recognition process computer-aided support
technology, with the viewpoint of object and situation global monitoring, the sharp loading
reduction deal of the space vehicle data ways — the Earth and raise results reliability of the
global monitoring earth surface can be obtained by International Aerospace Monitoring System
means. These circumstances are stipulated extremely high urgency of the work to our search
effective methods data processing, which are received from target equipment space vehicle-
borne systems of the International Aerospace Monitoring System, and demanded in connection
with it to accept effective measures by forced practical elaboration and computer technology
development of the global monitoring solution search support computer-aided intellectual
processes, in fact, by plot of the offered directed International Aerospace Monitoring System in
elaboration.
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The multi-user global system of monitoring represents set of space and land objects
(space vehicles, land complexes: central and regional terrestrial stations, user's terminals) and
the communication channels providing possibility of conducting of the continuous automatic
control of a condition of objects of Users on which user's terminals, in real time are established.

System basic element is the system centre of routing (RSC), providing the organization of
access of user's terminals (UT) to space vehicles (SV). In system the various types of UT
intended for installation on stationary, mobile (mobile) and personal objects are used. The
general for all types of UT is information transfer possibility about a condition and co-ordinates
(mobile and personal UT) object of the User through any SV, having send-receive trunks in a
range of 400 MHz-1 800 MHz.

Information interchange between UT and the centres of Users is carried out through
central (Russia) or regional (other countries) the terrestrial stations connected to the centres of
Users on allocated land channels or through the Internet.

Possibility of the continuous control over a condition of flying machines, sea and river
crafts, the land vehicles transporting passengers, valuable and dangerous cargoes, behind a
condition of ecologically dangerous stationary technogenic objects and environment, will allow
the countries, participants of the project, in due time to solve problems in spheres of safety,
defence and economy of the country.
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The presentation is dedicated to ballistic and navigation support of ISS mission safety
under the conditions of technogenic contamination of outer space.

The research concerns the basic Flight Rules, which define the criteria of space debris
avoidance. It contains statistic data about ISS safety zone violations, implemented debris
avoidance manoeuvres (DAM) and the existing technological process of preparation for such
manoeuvres.

The presentation describes the certified means of ISS DAM implementation.
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KuarwueBble cjioBa: ACTCPOUIHO-KOMETHAA OIMMaCHOCTh, CUCTEMA nnaHeTapHoﬁ 3alUTHI

OmauM U3 BO3MOXHBIX ITyTeH 0OecTeueHUs IIaHEeTapHON OE30IMacHOCTH MOXKET CTaTh
co3nanne MexayHapogHoi Cuctemsl tutanetapHoi 3amutel (CII3) "Lurtamens" [1]. OcHoBy
STOW CHUCTEMBI JIOJDKEH COCTaBUTHh OIIENIOH KPATKOCPOYHOTO (OMEPaTHBHOTO) pearnpOBaHUS
(OKP) "Uuranens-1".

B nanHO# paboTe MPUBOAATCS HEKOTOPBIE PE3yJIbTaThl UCCIACIOBAHUM MO0 ONPEICIICHUIO
o0nmnKka paxkeTHO-KocMuueckux cpeacts OKP, BeimonHeHHBIX opranuzanusmMu Poccun u
Ykpaunns! [1-4].

B cocra DKP nomkHBI BXOMUTH MEXAYHApOJHAs Ha3eMHO-KOCMHYECKas Ciyx0a
HaOIIOJICHHS, JIBA PETHOHAJBLHBIX CETMEHTA CIY>KOBI Pa3BEAKH U TepexBaTa — €BPOa3HaTCKUN
«Bocrok» u amepukaHckwii «3amaa» M, COOTBETCTBCHHO, JiBa peruoHaibHbIX LleHTpa
MJIAHETAPHOM 3allIUTHI.

Oyukuuonupoate DKP Oyner cnemyrommm oOpaszom. [locine oOnapyxkenus OHT k
HaONMIOZCHUIO 32 HUM [IOJAKIIOYATCS BCE HMMEIOIIHMECS B MHPE CpPEACTBAa HAa3eMHOTO U
KOCMHYecKoro OasupoBanHusi. Ha ocHoBe momywyaemoit or Hux wuH(popmamuu B lLleHTpax
TUTAHETAPHOM 3alUTHl OyIyT MPOBEACHBI OIIEHKH CTEIIEHH OMAcHOCTH U pa3paboTaH KOMILIEKC
Mep 1O ee¢ mnpeAoTBpamieHur0. [locie  coriacoBaHMs —IUIaHA ~ MEPONPUSTHA  Ha
MEXKITPaBUTELCTBEHHOM YpOBHE OyJeT JaHa KoMaHJa Ha 3amyck KA-pa3BequnkoB, a 3aTeM —
KA-nepexBaTunkoB.

HawnbGomee >h(heKTUBHBIMU CpeCTBAMH BO3MIEHCTBHS Ha ONacHbIe HEOSCHBIC Teja MpHU
OTIepaTHBHOM IIlepexBaTe SBISIOTCS SAepHBIE M KMHETHYecKue cpenctBa. OHU MO3BOJISIOT NPU
WCTIOJIb30BAaHHH COBPEMEHHBIX CPEJIICTB BBIBEACHHUS pa3pyllaTh acTEPOUABI Pa3MepOM OKOJIO
500 M 1 OTKJIOHATH O0JIee KPyITHbIC HEOSCHBIC Tela.
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Ha 06a3e DmienoHa omnepaTUBHOIO peardpoBaHUsi, B CiIy4ae HEOOXOIUMOCTH, MOXHO
Oyzer J0CTaTOYHO OBICTPO C(HOPMHUPOBATH DIIENOH OJTOCPOYHOTO pEarupoBaHUsS IS
MIPOTUBOJICHCTBUS Oo0Jice KPYIMHBIM OINACHBIM HEOECHBIM TejaM, YTO IT03BOJHUT IOJIHOCTHIO
pelIUTh MPOoOJIeMy 3aIlUThl 3eMJIM OT aCTEPOUIHOW M YaCTUYHO — KOMETHOHM OMacHOCTU (OT
KOMETHBIX sijiep pazmMepom rpumepHo 0,5-1 km).

Pemenne mpoOiemMbl 3aIUTHl OT ACTEPOMTHO-KOMETHON OMACHOCTH Takke Tpedyer
pa3paboTKH MEXITyHApOJIHO-IIPABOBOIO O0ECIICYCHHS, KOTOPOE MOXKET OBITh IIPEICTABJICHO B
(dopMaTe MeXIyHApOJAHOTO joroBopa «O mpHHIOUIAX OOCECIeUeHHs 3allMThl 3eMJIH OT
aCTEpOUIHO-KOMETHOM onacHocTuy [5].

Pe3ynbTaThl 3THUX HCCIENOBaHUN MO3BOJSIOT CJHI€aTh BBIBOJ, UYTO POCCHUHCKHE U
3apyOeKHBIE TEXHOJOTMH IO3BOJIIOT IMPHUCTYNHUTh K MPAKTUYECKUM IIaraM 10 pa3padoTkKe
MexIyHapotHOW CHCTEMBI TUTAHETAPHOM 3aIUTHl OT aCTEPOUTHO-KOMETHOM OMaCHOCTH.
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I'JIOBAJIBHASI MHOT OLIEJIEBASI CHYTHUKOBASI
CHUCTEMA «IAHKO» KAK COCTABHASI YACThH
MEXJIYHAPOJHONU ADPOKOCMHNYECKON CUCTEMBI
I'JIOBAJTBHOI'O MOHUTOPHUHT A (MAKCM)

M M. AﬁuﬁuHOepL B. I'. bapanos, A. B. Hecmepoes

Ten.: +7-916-807-13-27. E-mail: nesterov@mniirs.org

[IpencraBnenHblil MaTepraid 000CHOBBIBAET HAYYHO-TEXHUYECKUE OCHOBBI Pa3paboTKu U
MEPCIEeKTUBLl  pealu3alud  OOBbEIUHEHUS! CYHICCTBYIOIIMX M TEPCIEKTHBHBIX CHCTEM
MOHMTOpUHIa B TIpolecce co3gaHuss MeXIyHapoJHOH a3pOKOCMHYECKOH  CHCTEMBI
rnobanpaoro Morutopuara (MAKCM) kak 1i106ajgbHOTO M OIEPATHBHOTO a3pOKOCMHUYECKOTO
MOHUTOPHHTA aTMOC(epbl 1 HOHOCHEPH 3EMITH JJTS BRISIBIICHHSI TIPH3HAKOB MTPUOIIKATOTITHXCS
CTHXUHHBIX OCICTBHH M TEXHOTEHHBIX KaTtacTpod M BXOJSIIMX B Hee, MO HAlleMy MHEHHIO,
JIOKaJIBbHBIX 3a]a4 [OMCKA M CIIACCHHUS OTIEJIbHBIX MOPCKHX M BO3AYIIHBIX CYJOB, TEPISAILUX
OencrBue, criaceHusl 4elIoBeUecKuX ku3Her. [Ipu 3ToM mpearaercst HCIOJIb30BaTh OCHOBHBIE
yKe pa3pabOTaHHbIE U CYIIECTBYIOIINE KOCMHYECKHE CHCTEMBI:

— TI00aTbHYI0 MHOTOIENIEBYI0 CITyTHUKOBYIO cucteMy «JAHKO», obecneunBaromryro
MOCTOSIHHBI M HENpPephIBHBIN aBTOMATHYECKHH KOHTPOJb COCTOSIHUSI OKPY)Kalolleld Cpelbl,
9KOJIOTHYECKH OINACHBIX O0BEKTOB, BCEX BHIOB TPAHCIIOPTHBIX CPEACTB, ONpPENCIIEHHE TOYHBIX
(100 M) MecT OBICTPOTEUHBIX (5 CEK.) aBHAIIMOHHBIX, MOPCKHUX W NIPYTUX IPOUCIICCTBUN B
peanbHOM MaciTabe BpeMEHH;

— mexnayHaponnyto cuctemy KOCITAC-CAPCAT;

— MmexayHapoanyto cuctemy CCIIJI-IDCS, oGecrieunBaroniyto cO0p METEOJaHHBIX;

— pa3pabatbiBaemyto cucremy «Hanmexxna-M», cozganne 0OBEOIMHEHHOTO —LEHTpa
noncucteMsl «Kypey;

— pa3pabaTbIBaeMyl0 poccuiickyto cuctemy «llmanera-Cy.

Ji1s peanbHOTO BBINOJIHEHUS MOCTAaBJICHHBIX 3aJad HEOOXOAMMO OPraHH30BaTh €IHHOE
PYKOBOACTBO IO CO3/JaHUIO TEXHMYECKOTO TMPOEKTa Ha co3JaHue MexayHapOoaHOM
aIPOKOCMHYECKOH  cucTeMbl rinobanpHoro wmoHutopuara (MAKCM) coBmecTHO ¢
00BbEIMHEHNEM JIEMEHTOB CYLIECTBYIOLINX U Pa3padaThIBAEMbIX CUCTEM.

[o cucreme «JAHKO» k HacTosilieMy BpEMEHH BBIIIOIHEH 3HAYUTENLHBINA 00beM paboT
MO MPOEKTY, CO3AaH HAYYHO-TEXHUUYECKHUH 3aell, CPOpMUpOBaHa KOOMEpAUs UCIOIHUTENEH,
MO3TOMY 3aBEpLICHUE Pa3pabOTKH MPEACTABIAETCS peaabHOM B ONKaiel nepcueKTrBe.
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NYTU UHTETPAIIUU CUCTEMBI MOHUTOPHUHT A
BO3JIENCTBUSI HOHU3UPYIOMUX N3JTYUYEHUN
KOCMMYECKOI'O TIPOCTPAHCTBA
HA PAJJMODJIEKTPOHHYIO ATITAPATYPY KOCMHUYECKHUX
AIIIIAPATOB YEPE3 MEKIYHAPOJHYIO
ADPOKOCMHUYECKYIO CUCTEMY MOHUTOPUHT A

B. C. Anawun

OAO Hayuno-uccnedosamenbCKuti UHCMUMYm KOCMULECKO20 RpUubopocmpoetus
ya. Asuamomopnas, 53, 111250, 2. Mockea, Poccusa
Ten.: (495)6739926. E-mail: npkl-niikp@mail.ru

Honusupytomee nsnyuenue (M) spisiercs riaBeHCTBYIOIUM €CTECTBEHHBIM (HaKTOpOM
kocmuuaeckoro npocrpanctsa (KII), orpannumBatomumM cpok akTuBHOTO cymectBoBanus (CAC)
panuosnekTpoHHoi ammapatypbl (POA) xocmuueckux anmapatoB (KA) u3-3a Bo3gelcTBHS Ha
DJIEKTPOHHYIO KOMITOHEHTHYIO 0a3zy (OKb) W TIposBIAOMMMCS B OAWHOYHBIX M JTO30BBIX
a¢dekrax.

B mnacrosimee Bpems He Bca OKbB umeer noikHBIH TrapaHTHPOBAHHBIN ypOBEHb
croiikoct k MMM KII. D10 mpuBoAUT K HEOOXOIUMOCTH OLIEHUBATH OCTAaTOYHBIN pecypc POA
kaxzaoro KA u npuMeHsTh HEOOXOAUMBIE CTPYKTYPHO-aJITOPUTMUYECKUE METO/bI IIOBBIIIIEHUS
CAC, 4TO BO3MOYXHO JIMIIbL C MPOBEJEHUEM ITOCTOSSTHHOIO MOHHUTOpUHTa Bo3aewcTeus MU KII
Ha Kputuueckue y3insl POA KA.

OT10 peanmsyercs npu co3manum cuctemMbl MoumtopmHTra MM KII (B wacTtu KOHTpoOIIs
BoznelictBust Ha POA KA), saBisiomieiicss He aabTEpPHATUBOW, a JOMOJTHEHHEM K HayYHBIM
cucreMaM koHTpoist MW KII u npenqHazHaueHHONW B OCHOBHOM JUIsl U3MEPEHUS XapaKTEPUCTHK
Bozzericteus U KII Ha POA KA, pacuera u koHTponst octatrouHoro pecypcea KA, ynpapnenus
CTPYKTypHO-anroputMudeckumu metogamu it moseiernss CAC POA KA, nporao3zupoBaHust
n3MeHeHus (B T.4. onacHoro) Bo3aeictBus MU KII Ha POA KA, yrouHeHHss HOPM U METOAOB
HazeMHbIX ucnbiTaanii POA (OKb) KA; yrounenus mexannzmoB Biustaus MU KIT va POA KA,
YTOYHEHHS MOJIeNIeHl KOCMOCa U MPOrHO3a «KOCMUYECKOM MOrObI».

CucreMa COCTOUT U3 OOPTOBOI'O CETMEHTA, BKIIIOYAIOIIETO HA0OP MUKPOMUHHATIOPHBIX
(Mareiii Bec, rabaputhl u roTpednenue) 6oproBeix m3mepureneit MU KI1, ycranaBnmBaromuxcs
Ha Bcex KA (B Buze HaOopa CEHCOPOB I MHTErpanuu B POA MM caMOCTOSTEIBHON CUCTEMBI)
U CONPATAIOIIMXCS C TEJIEMETPUYECKUMH TMOJCHCTEMaMH i oOecledeHus HeNpepbIBHOTO
cOpoca m3MepeHHid Ha 3eMIIIO, U Ha3eMHOTO CErMEHTa, Oa3UpYIOIIErocs B OCHOBHOM Ha
CYLIECTBYIOLIEM 000PYAOBaHHUH U JIMHUSIX CBSI3H.

JlaHHBI TOX0J, B OTJIIMYHE OT MPOrHO3UPOBaHUsA Tobko coctosnus noiei MU KII mo
WU3MEpEeHHsIM Ha HecKONbKUX KA, HaxoAsmuxcsl Ha TUIIOBBIX OpOUTax, MO3BOJISIET ¢ TpedyeMoi
TOYHOCTBIO M3MEPSTH Kak HemocpenactBeHHoe Boszaeiictue MM KII ma POA KA, Tak u
CBOEBPEMEHHO pearupoBaTh Ha ero omnacHsle ypoBHU. IIpu 3TOM 0becneunBaeTcsi BO3SMOXKHOCTh
3aMbIkaHusi oOpatHoi cesi3u uaMepenuin MM KII xak na Gopty KA, Tak u uepe3 Ha3eMHBIN
cerMeHT. Mcnonb3yemblit crioco6 koHTposst Bo3aeictBus MM KII MmakcumanbHO mpUOTMKEH K
cnieruduke dpdexTon, mpoTekarmux B peansHo DKb.

BoprtoBoii cermeHT mMmeeT ceHcopsl HakorwieHHOM 1036l (CH/I) m ceHcophl TsDKETBIX
3apspkeHHbIX dacTul (CT3Y), uuHpopmamuss OT KOTOPBIX dYepe3 HHTepQeicHble MOAYIH
KOHJIGHCHpYETCs B IojacucTeMe cOopa u o0pabotku, oOpabaTtsiBaeTcsi B Oj0ke 00pabOTKH H
gyepe3 OJIOK CONPSDKEHUs] B3aUMOAEHCTBYET C OOpPTOBBIM KOMIUIGKCOM YINpPAaBICHUS U
TEJIEMETPHUUECKON CUCTEMOM MO CTaHAAPTHHIM UHTEpdercam.

Jns MOHMTOPHMHIA HMOHHM3aLMOHHOW KOMIIOHEHTHI J030BBIX Harpy3ok Ha Oopty KA
HCITOJIB3YETCSl METaUI-TUAICKTPHUK-TTONYTIpoBOoaHUKOBEIH (MJII1) mo3mMmerp Ha OCHOBE p-
kaHaiabHBIX M/IIT TpaH3uCTOPOB, OCHOBHBIMU MPEUMYILECTBAMH KOTOPOTO SBIISIOTCS HATU4HE
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AIIEKTPUYECKOr0 WHGOPMALMOHHOTO CHUTHAjJa MPONOpLUOHAIBHOTO ao3e M, BO3MOXHOCTH
perucTpanMu 1036l B peabHOM MaciuTabe BpeMeHHW, Hamudhe pabodyero oObeMa H ero
KOHCTPYKITHOHHBIX OCOOCHHOCTEH aHAJIOTWYHBIX OOJIACTH, UYyBCTBHUTEIBHOW K JJO30BBIM
0TKa3aM B METaJUI-OKHCEN-NOTYIPOBOAHUKOBBIX MPHOOPAX, a TAKIKE Majible TabapuThl 1 MaJloe
SHEpromnorpedIeHue.

OmauM  ®W3 OCHOBHBIX dJeMeHTOB KoHTpois sBisiercss CT3Y, dukcnpyromwmii
BBICOKOOHEPTCTUYHBIC IPOTOHBI MW HMOHBI C€CTCCTBCHHBLIX pPAaAWAIIMOHHBLIX I105COB 3eMJ'II/I,
COJIHEYHBIX M TaJaKTHYECKUX KOCMHUYECKHX Jyded. B KadecTBe UyBCTBHTEIBHBIX 3JIEMEHTOB
WCTIOJTIB3YIOTCSI TBEPAOTENbHBIE ONCTAOMITFHBIE 3JIEMEHTHI (Ha 0a3e CTaTUYECKUX OIEePaTHBHBIX
3alIOMHUHAIOIIAX YCTPOWCTB), THe HambOojee TMPOCTO peaTnu3yeTcs NPHHIWI (QHKcaIrun
BbI3bIBaeMOro SEU sddexra (a HE M3MeEpeHHe MEPBHYHBIX MOTOKOB TSDKENIBIX 3apsDKEHHBIX
YacTWI]) W  HUMeeTca  psAl  NPEeUMYIIECTB:  BO3MOXXKHOCTb  HCKIIOUEHHS]  JPYTUX
(katactpodruecknx) >(DPexToB, Mamble TabapuUTH, Majoe IMOTpeOJeHHEe, HHU3Kas YTioBas
YYBCTBUTCJIBHOCTD.

3apyOexkHbIil ombIT 60pTOBOH no3uMeTpun M Qukcanuu T3Y moaTBep naeT mpaBUIIb-
HOCTh BBIOPAaHHBIX TEXHUYECKHX PEIICHHH W JOCTIKUMOCTH 3asBICHHBIX TEXHUYECKUX
XapaKTEePHUCTHK.

BoproBbie m3MepeHusi B 00JacTH J030BBIX M OJMHOYHBIX 3(dekToB oToOpaxkatoTcs Ha
caiite oTpaciieBoii HH(pOpMaIMOHHO-CIIPAaBOYHON cUCTeMBI 110 crovikocty k MU KI1.
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KOCMUWYECKHW KOMILIEKC KOHTPO.ISI OKOJIO3EMHOI'O
KOCMHUYECKOI'O NPOCTPAHCTBA BbJIU3H
I'EOCTAIIUOHAPHOU OPBUTHI

A. B. Bazpoel, B. A. EMeJlb}lHOBZ, M. HU. R'uwmukuﬁj, A. I R'oeazle33,
B. B. Macnoé’, IO. K. Mepxymeez, M. K. Canezo’

' MHACAH
Mocksa, Poccus, ya. [lamuuykas, 0.48
Ten.: (495) 9531624. E-mail: abagrov@inasan.ru

2 @I'VII « [ JHUAMawy»
2. Kopones, Mockosckas o6x., Poccus, ya. Iluonepckas, 0.4,
Ten.: (495) 513-5404. E-mail: vaem45@mail.ru

3 @I'VIT «KB «Apcenany
Canxm-Ilemep6ype, Poccus, yn. Komcomona 1-3
Ten.: (812) 292-4845. E-mail: kbarsenal@peterlink.ru

KnioueBble c10Ba: KOCMUYECKHI anmapaT, reocTallioHapHast OpOMTa, KOCMUYECKHI Mycop

I'eocranmonapuas opoura (I'CO) obmamaeT yHUKaIbHBIMH CBOWCTBAMH M SIBJISCTCS
JOCTOSTHHEM BCEro MHUpPOBOro coobmiectBa. B nactosmee Bpemst Ha 'CO QyHKIMOHHPYIOT
npubmmurensHo 240 KA pasnuunoro nHazHaueHws. Hapsangy ¢ mmvmum Ha ['CO m B ee
OKPEeCTHOCTSAX Haxomarcs npuommsurensHo 900 KA, mpekparuBmmx ¢GyHKIIMOHHUPOBAaHWE, a
takke (parMeHTsl KA W pasroHHBIX OJOKOB, T.e. KOCMHUYECKHH Mycop. OHHM MpPEICTaBISIOT
peanbHyI0 yrposy uia geictByromux KA.

I'eocranmonapusie KA sBistores moporocrosmumu, BeiBox ux Ha ['CO Taxke Tpedyer
Oonpx 3atpat. Takwme KA pemarorT BaxkHEHIINE COMUATbHO-DKOHOMHUYECKHE U 00OpOHHBIE
3agaui. BO3MOXXHOCTH COBpPEMEHHBIX CpEICTB CJEkKeHHs 3a oObekTamu B paifone ['CO
OTpaHWYCHBI BBUAY OOINBINON NanbHOCTH HaOmoeHus (BbicoTa ~ 36 000 kM). B cBs3u ¢ aTuMm
HaOIOCHUE MaJIBIX O0BEKTOB KOCMHYECKOTO Mycopa He oOecmeumBaeTcs. TakuMm oOpazom,
3a7aui KOHTpoJst 06ctanoBKH BOMM3K I'CO akTyasbHBIL.

OI'VII «Kb «Apcenam» coBmectHo ¢ MucTtuTyToM actpoHomuun PAH (MHACAH) mo
texauueckomy 3ajannio OI'YIT «[THNNMamun» BeimonHwn HUP, B xone koTopo#t onpeneneH
o0k  kocmuueckoro kommiekca (KK) pemaromiero 3amady KOHTPOJIS OKOJIO3EMHOIO
kocMudeckoro npoctpanctBa BOam3u ['CO. IlpoekT mpemycMaTpuBaeT cCO3AaHHE Majoro
kocmudeckoro armmapara (MKA) ¢ ontuko-3nexTporHbM KoMiniekcoM (OOK) HabmroneHust.

MKA mnaHupyeTcsi BHIBECTH Ha KBATOPHAIBHYIO KPYTOBYIO opOHTY BbicOTOH ~ 34 000KM
(cybreocranmonapsast opouta — CI'CO).

Heurasce mo CI'CO, MKA 3a cder pa3HOCTH NEpHUOIOB OOpaIIeHUs] Ha ITHX OpOUTax
Oymer obecrieunBath HaOmoneHue Bced ['CO ¢ mepuogwdHOCTRIO 15 CyTOK WM dHarmie, B
3aBHCUMOCTH OT KonuectBa MKA B opOuTanbHOMN TpynIupoBKe.

[Tome 3perns ODK Oynmer obecrieunBaTh CKaHUPOBAaHUE B HAIPABICHUH, MEPIICHINKY-
JIIPHOM BEKTOpPY OpOUTAIBHOM ckopocTHd B mpeaenax 120 rpaxa. 3a cuer aToro Oyaer odecrnedeH
KOHTPOJIb MaJbIX KOCMHYECKHX OOBEKTOB pazMepoM >5 CM, HaXOISAIIUXCS Ha opOuUTax ¢
Haks1oHeHneM ot 0 10 15°,

Macca MKA ~300 xr. O Oyzer co3maH Ha OCHOBE YHH(HIIMPOBAHHOW Majon
kocmudeckoi miatdopmel «HeBay, paspabareiBaemoit ®I'VII «Kb «Apceramy. OOK MKA
HCIIOJIB3YET MaJIOrabapuTHYIO ONTHKO-3JEKTPOHHYIO KaMepy.

[IpoBeneHHple WCCIEOBaHUS TOATBEPXKIAIOT PEATM3YEMOCTh yKa3aHHBIX — BEIIIIE
TaKTUKO-TEXHIUYECKHUX XapaKTEPHUCTHUK.

KK «3Be3anblii matpyib» obecnieunt 3¢ ¢ekTuBHbI KoHTpoias ['CO u mpuieraromiero
K Hell OKOJIO3eMHOTO KOCMUYECKOT'0 MPOCTPaHCTBa. B pesynbraTe cTaHeT BO3MOYKHBIM MPOTHO3H-
pOBaTh CONMKEHHUE YaCTUIT KOCMHYIECKOT0 Mycopa ¢ nerctByronmmu KA ra I'CO u npoBoauTh
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MaHEBpHl YKJIOHEHHMs, Crlacas TeM CaMbIM OT TMOBPEXKAEHMS WM THOENIU 3THU AOPOTOCTOSIINE
m3nenua. B cimyuae HekoHTponupyemoro ctoikHoBeHusa aerctByrommx KA KK «3Be3gnbiit
MaTpyJb» 1aCT BO3MOXKHOCTh YCTAHOBUTh BUHOBHUKA CTOJIKHOBEHHS.

[MomyTHO OyIyT pEerMCTpUpPOBATHCS ONACHBIE KOCMHUYECKHE Tella pazMepom Ooiiee 25 M
Ha paccrosHud 10 900 teic. kM oT 3emnu. KK «3Be3nHblil marpyne» OyIeT Takke perath
3a7jayy MOHHUTOPHMHIA ONTHYECKUX TPAH3UEHTOB B AaJbHEM KOCMOCE B MHTepecax (pyHIaMeH-
TaJIbHOW HAYKH.
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O KOMIIBIOTEPHOM TEXHOJIOTUU UHTEJLJIEKTYAJBHOM
HOJJIEPKKH ABTOMATHU3UPOBAHHOI'O OBHAPY ) KEHUSI
U PACITO3HABAHUS HASEMHBIX OBBEKTOB
N YPE3BBIYAMHBIX CUTYAIIU B UHTEPECAX
I'’IOBAJIBHOI'O MOHUTOPUHTI A 3EMJUIN 11O JTAHHBIM
NEJEBBIX CPEJICTB KOCMHUYECKHUX AIIITAPATOB MAKCM

npo. I'. I'. Bokun

Hauanvrux omoenenus HUU kxocmuueckux cucmem um. A. A. Maxcumosa —
Gunuana FKHIIL] um. M. B. Xpynuuesa
2. FObuneninviit Mockosckoiu obnacmu, Poccus

I'mapaoM 3amaueit MAKCM sBnsercs, Kak W3BECTHO, BBIITOJIHECHUE POJIA «BCEBHIIAIIETO
OKa», KOTOpoe, OyIy4dHd pacloJIOKEHHBIM Ha KocMmuueckux ammapatax (KA), mosBossieT
BBISIBIISITH W OTCIIC)KUBAaTh COCTOSIHUE HA3€MHBIX OOBEKTOB M €CTECTBEHHO-TEXHOTEHHBIX
CUTyaluii, BKJIOYas B IIEPBYIO OuY€peAb BBI3BAHHBIE HMMHU YPE3BBIYAMHBIC IPOHCLIECTBUS
HE3aBUCHMO OT NPUYMH MX BO3HUKHOBEHMs. OTH KIIOYeBble U (QUHAIbHBIE (QYHKIHUH PabOTHI
MAKCM ocymiecTBISIOTCS TIO JaHHBIM, IMOJyYaeMbIM OT IIEJIEBOW armaparypbl OOpPTOBBIX
cucteM KA, mersammx 1o opOWTaM Ha JOCTaTOYHO OOJBIMX BBICOTAX M CIOCOOHBIX
OIEPaTHBHO OCYLIECTBIATH 0030p OOJBIIMX YYacTKOB 3eMHOW moBepxHocTH. Crenyer
MOJYEPKHYTh, YTO JO HACTOALIETO BpEeMEHH B IpopaboTkax mpobiemsl co3manus MAKCM
3TUM KIJIIOYEBBIM BOIPOCaM JOJDKHOTO BHHMAHHS HE YJIENseTcs, B TO BpeMs KaK OCHOBHOE
BHUMAaHHE COCPEIOTauyMBAIIOCH TJIABHBIM 00pa3oM Ha Bompocax cozfganus KA, KoTopble 1o
OIIPEIENICHHIO SIBIISIIOTCS. TOJIBKO JIMIIb IIaTGopMaMu JUIS PacloyIOKEHHs OOPTOBBIX CPEACTB
LEJIEBOH ammaparypsl, 0OECHEUMBAIOIIMX IPOBEJCHUE HM3MEPEHUH XapaKTEePUCTUK CpPEIbl
OKOJIO3€MHOTO IPOCTPAaHCTBAa MJM IIOJIyY€HHE CHHUMKOB 3€MHOM MOBepxHOCTU. MIMeHHO 3TH
JaHHBIC U SBJISIOTCS MCXOAHOW MHQOpMAaIMen UIsl BHIMOMHEHUs raBHBIX pyHKimid MAKCM:
oOHapyXeHue, pacro3HaBaHWEe X HH(GOPMALMOHHOE CONPOBOXKICHUE PAa3JIMYHOTO poJa
Ha3€MHbBIX OOBEKTOB M UpE3BBIYANHBIX CUTYaIUi, KOTOPbIE B CHUIYy NPUYMHHO-CIIEACTBEHHBIX
CBsi3ell siBeHMI Ha 3emiie U B OnmkalieM KOCMOCE HaxOIST CBOE OTPaKEHHE B 3HAUCHHAX
MapaMeTpPOB OKOJIO3EMHOT'O MIPOCTPAHCTBA U BEPXHUX CIIOEB aTMOCQEPHI.

ITockonbky B 3amady ri00aJbHOr0O MOHUTOPUHIA BXOAUT HEMPEPHIBHBIA 0030p O0IbIINX
TEPPUTOPHUIl MOBEPXHOCTH 3€MJIM, TO B CBSI3U C 3TUM Ha Ooprty KA MoxkeT ckamamBaThbCs
OTPOMHBIA 00BbeM WHPOPMALIUH, TOJIBKO Maslasi 4acThb KOTOPOH MOXKET MPEACTaBIATh UHTEPEC
JUISl BBISIBIICHHS Ha 3emiie, 00pa3HO TOBOPS, HEIITATHBIX CUTyalMid. B cBS3u ¢ 3TUM BO3HHKAeT
ocTpas TOTPeOHOCTh B TIPEABAPUTEILHON 00paboTke wmHpopManuu Ha Oopty KA, d9T0O0BI
n30exkaTh HEOOXOAMMOCTH peliaTh TPYIHO TEXHUYECKH BBHITIOJIHUMYIO 33ady Iepegadd BCEero
obwvema nH(opMaIuu Ha 3eMITIO TSl TIOCIIe Iy FoIIel 00pabOTKH 1 aHaIH3a.

Kak noka3piBaeT aHaiu3, B HACTOSIILEE BPEMS UMEIOTCS IPUHIUIINAAIBHBIE BO3MOKHOCTH
OCYIIECTBIISITh MPEeABAPUTEIbHYI0 00pad0TKy HH(QOpPMAIIUH TIO BBISIBICHHIO OMACHBIX OOBEKTOB
M 4Ype3BbIUYAHHBIX CHUTyalluii Ha OCHOBE HCIIONB30BAHUS COBPEMEHHBIX BBIUMCIUTENBHBIX
CpPEACTB U HOBBIX HMH()OPMALMOHHBIX TEXHOJOTUH, Oa3upylomUXcs HA BO3MOMXHOCTAX
METOAOJIOTUH M PELIAIONINX IPAaBHI TEOPUU 3JIEMEHTOB MCKYCCTBEHHOro mHTeIeKTa. C 3ToM
LENBI0 Ul CO3JaHHMS COOTBETCTBYIOLETO MAaTEMaTHUYECKOTOo OOeCeyeHns: MOXKET OBITh
UCIIOJIb30BaH BECh apCcEHaJl CPEICTB METOJOB PpACIO3HaBaHMsS OOpa30B W  CHUTYaLUi,
HEHPOKOMIIBIOTEPHBIX TE€XHOJOIMH, TEOPUHY HEUETKUX MHOKECTB, TEOPUH IPUHSTHS PEIICHUH,
IKCHEPTHBIX CHCTEM W MeToN0B o00ydeHns. C TOMOIIBIO YIOMSHYTHIX TNPOTPaMMHO-
ITOPUTMHYECKUX U MHCTPYMEHTAIBHBIX CPEJCTB MOTYT OBITH 3(h(hpeKTUBHO pelmieHsl Ha OopTy
KA 3amauum 1o BBISIBICHHIO M PAaCIIO3HABAHUIO HHTEPECYIOIIUX OOBEKTOB U CUTyalMi, KOTOpPhIE
MOTYT Ha 3eMJie BbI3bIBaTh Ype3BbIUaiiHble MpouciiecTBus. Ha ocHOBe mepenaHHON Ha 3eMiTio
aKTyalnbHOW MHGOpMalIMU YK€ MOXKET OBITh ONEpPaTHBHO HPOBEACHO YIIyOJEeHHOE M3y4YeHHE
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COCTOSIHUSI OOBEKTOB U CUTYAIMiA, IPEACTABISIONINX UHTEPEC IS PELICHU 3a/1a4 II100aTbHOTO
MOHUTOPHHTA.

VYrnomsiHyTass BbIlI€ KOMIIBIOTEPHAs! TEXHOJOTHS IMOJAEPKKH aBTOMAaTH3UPOBAHHOTO
peleHus 3a/1a4 MOHUTOPHUHTa MOXKET OBITh YCIIEIIHO, KaK TIOKA3bIBAET TEOPETUUCCKUI aHAIIN3
W TPaKTUYECKUH OIBIT, HCIONb30BaHA Il PEUICHUS TaKuX aKTyaJbHbIX B 00JacTu
1100aJIBHOIO MOHUTOPHHIA 3a/1a4, KaK BBIIBICHUE I10)KapOB, HABOAHEHHH, Tall(QpyHOB, IyHaMH,
MpeJIcKa3aHue 3eMyeTpsceHui u T.1. IIpu 3ToM HOCTOBEPHOCTH PE3yIbTATOB MOHUTOPHUHTOBBIX
OLICHOK MOXKET OBITh CYIIECTBEHHO IOBBIIIEHA 33 CYET KOMIUIEKCHPOBAaHUS NpuU 00paboTke
JAHHBIX PAa3IUYHON (U3MYECKOH MPUPOABI, HAIIPUMED, (POTOCHUMKOB PAa3INUHBIX AUATIA30HOB,
W3MEpPEHUN aHOMaJIMi MArHUTHOIO TOJISl, U3MEPEHUN MapaMeTPOB COCTOSHUSI BEPXHUX CIJIOEB
aTMocQepsl 3eMIU H T.1I.

Takum 06pa3oM, HCIIONB3YsI TEXHOJOTHIO aBTOMATU3UPOBAHHOW MOJAEPKKU MPOLIECCOB
0o0Hapy>KeHUsI U PACIO3HABAHUS MHTEPECYIOIUX C TOYKU 3PEHHs II100aJbHOT0 MOHUTOPUHIA
00BEKTOB W CHUTYyalud, MOXXHO JOOWUTbCS PE3KOr0 CHUKEHUS 3arpy3Kd WH()OPMAIMOHHBIX
kaHaioB KA-3emiis M IOBBICHTH JIOCTOBEPHOCTH PE3YJIbTaTOB TJI00ANBHOTO MOHUTOPWHTA
3eMHON moBepxHOCTH cpeactBamu MAKCM. Dtm  oOcrositenscTBa  00yCIAaBIMBAIOT
YpE3BBIYAIHO BBICOKYIO aKTyalbHOCTh pabOT MO MOUCKY d(P(PEKTHUBHBIX METOJIOB 00pabOTKH
JAHHBIX, TIOJIy4aeMbIX OT LeNieBoi anmaparypsl 0opToBeix cucteM KA MAKCM, u tpeOyrot
NPUHSATHS B CBSI3HM C 3TUM 3P PEKTUBHBIX Mep MO (OPCUPOBAHHON NMPAKTUIECKOH pa3paboTKe U
PasBUTHIO KOMIIBIOTEPHOH TEXHOJIOIMH aBTOMAaTH3MPOBAHHON MHTEJUICKTYaJIBHON NOLIECPIKKU
MPOIIECCOB IMOWCKAa peIeHHs 3agad Io0abHOTO MOHHTOPHHIA, HAa YTO, COOCTBEHHO, W
HaIlelIeHa 110 3aMBICITy Tpejuiaraemas k paspadorke MAKCM.
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MHOI'OITOJIB30BATEJIBCKAS I'V'IOBAJIBHASL CUCTEMA
MOHHUTOPHUHI'A CTAIIMOHAPHBIX
N ITOABUKHBIX OB BEKTOB

JI. H. Bonkoé', JI. /1. lemuenxo’, /1. H. Hempoel, A.B. Hecmepoez

L«HIIO» Kpocnay, «OHIIL]»
*«MHUHPC»
Ten/paxc: +7-495-234-96-00, +7 906 094 8811, +7-916-807-13-27
E-mail: dip@crosna.net

MHorormonb30Batenbekas Tiio0aibHas CHCTEMa MOHWUTOPHHTA TPEACTaBIsIET COOOH
COBOKYITHOCTh KOCMHYECKHX W HA3eMHBIX OOBEKTOB (KOCMHUYECKHE ammapaTsl, Ha3eMHBIE
KOMIUJICKCBL: LCHTpalibHass W PETUOHAJIbLHBIEC 3€MHBIC CTaHIUU, a6OHeHTCKI/Ie TepMI/IHaJ'II)I)
W KaHAJIOB CBSA3M, OOECIICUMBAIOMINX BO3MOKHOCTH BEICHHS HENPEPHIBHOTO aBTOMATHYECKOTO
KOHTPOJII COCTOSIHHSI OOBEKTOB TIOJNB30BATEICH, HAa KOTOPHIX YCTAHOBIIEHBI aOOHEHTCKHE
TEPMHHAJIBI, B pEATEHOM MacIITabe BpeMeHH.

OCHOBHBIM 3JIEMEHTOM CHCTEMBI SIBIISIETCS CUCTEMHBIN meHTp Mapupytuzauuu (CLM),
00eCTIeunBaIONINi OpraHu3alfi0 J0CTyNna aboHEHTCKHX TepMUHAIOB (AT) K KOCMHYECKHM
armmaparam (KA). B cucreme wmcmonb3yroTcss pasnuanble THIBI AT, mpemHa3HadeHHBIC IS
YCTaHOBKH Ha CTallMOHAPHEIE, MMOJBHKHbIE (MOOWIBHBIE) M TEPCOHATbHBIE 00BEKThI. OOIIM
st Becex TunoB AT sBiseTcss BO3MOXHOCTB Tepeladyd HMH(QOpMAlMd O COCTOSHHU
" KoopanHatax (MoOWIbHBIC M mepcoHabHBIE AT) 00BekTa momp3oBaTes depes oosie KA,
MMEIOIIUe TIpueMornepeaaroniie cTpoisl B quanazone 400 MI'r — 1 800 MI.

Obmen nHpopmanuein Mmexxay AT M IeHTpaMH MOJb30BaTeNEH OCYILECTBISETCS Yepes
neHTpanbHble (Poccust) nin pernoHanbHbIE (IPYTHE CTPaHbl) 3eMHbBIE CTAHIINH, TIOIKITF0YaeMbIe
K [IEHTpaM T0JIh30BaTeNeH 10 BBIACIEHHBIM Ha3eMHBIM KaHallaM K gyepe3 MHTepHeT.

Bo03M0OHOCTH HENPEPHIBHOTO KOHTPOJISI COCTOSIHUS JIETAaTEIbHBIX alllapaToB, MOPCKUX U
PEYHBIX CYZOB, HAa3eMHBIX TPAHCIIOPTHBIX CPEICTB, MEPEBO3AIIMX IACCAKUPOB, IEHHBIC U
OTIACHBIE TPY3bI, COCTOSHUS IKOJIOTHYECKH OIACHBIX CTAIMOHAPHBIX TEXHOTEHHBIX OOBEKTOB H
OKpY’Karoleil cpeibl TO3BOJNUT CTpaHaM — YYacTHHKAaM IPOEKTa CBOEBPEMEHHO pelIaTh
npobiemMsl B cepax 6€30macHOCTH, 0OOPOHBI K SKOHOMUKH CBOEH CTPaHbI.
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O KIACCU®OUKALINU HAHO-, BUO-, UH®O- U KOI'HO (NBIC)
OBBEKTOB, IIPOIIECCOB U SIBJEHUI

C A T aepunoel, A. IT. Manun?

TEKOM Hnnosayuonnvie mexnonouu
Kpusokonennwiii nep., 0. 12, 101000, Mocksa, Poccus
Ten. (495) 663-32-34. E-mail: gavr.decom@mail.ru

’PAKI], HITHL] « Apmunm»
Boneoepaockuii npocnexm, 47, 109316, Mockea, Poccus
Ten. (495) 798-36-65. E-mail: a.manin@armint.ru

Wntencusnoe pazsutue NBIC 00BEKTOB, MPOLECCOB U SBICHUHA TNpEAIoJaraet
IIPUMEHEHHE HOBBIX NPHUHLUIOB K UX Kiaccu(UKAIM{, OCHOBAHHBIX Ha (yHIAMEHTAJIbLHOM
3aKO0HE 0 KJIacCM(PMKALMHU, KOTOPBIH, B CBOIO 0YEPE]Ib, TOKE NIPETEPIIEBAECT U3MEHEHHUS.

B nacrosmee Bpemsi NPUHIMIIBI KIacCU(PUKALUN U TPeOOBaHHUS K HEH, HE TOJBKO LI
NBIC, ocHOBaHBbI Ha CIAEAYIOIUX 0a30BbIX IPUHIUIIAX, KOTOPHIE NPEANOJIAratoT:

e  OnpejeeHHbIE LENX IPU CUCTEMATH3alNHU KIIAaCCH()UKAIMOHHBIX O0ObEKTOB;

e MHBapUAHTHOCTH KJIACCH(HKALIUH;

e KOMIAKTHOCTb NPEACTaBICHNUS HHPOPMAIIMOHHBIX CYIIHOCTEMH;

e ncuxo(U3NYECKUe OrPaHUYEHHS BOCIIPUATHA MH(POPMAINK, BKIIOYas 00paboTaHHYIO

YEII0OBEKOM,;

e uddepeHINAINIO U HHTETPALIUIO.

TpeboBanus Kk KilacCU(HKALWU, OCHOBAHHBIE Ha 0a30BBIX MPHUHLIMIAX, BKIIOYAIOT, B
YaCTHOCTH:

— LeJIeNoIaraHue;
— LEJOCTHOCTB;
— a/IeKBaTHOCTb.

Hnst NBIC-ob6mact 0c000 BBIICTAM:

1. Tlcuxodusudeckue OrpaHUYEHHs] BOCIPHATUS HHPOPMALWHU IPH CHCTEMATHU3AIMH
KJIacCU(HUKAIMOHHBIX OOBEKTOB, MPOLIECCOB U SBJICHHH.

TBopueckas AeATeNbHOCTh (KOTHO) HAa HAHOYPOBHE, BKJIIOYAOIIAsl HCIIOJIb30BaHUE HAHO-
MaTEepHAJIOB, HAHOIIPOLIECCOB M HAHOSIBICHHUH, OCYINECTBISETCS HA OCHOBE HETPAaTUIMOHHBIX,
HETPUBBIYHBIX YEIOBEKY 3aKoHax HaHoMHpa. COOTBETCTBEHHO, M KiaccH(UKAIMI HA JaHHOM
YPOBHE TaKKe JOJKHA ObITh pealn30BaHa C YUETOM JACHCTBYIOIIMX Ha HAHOYPOBHE 3aKOHOB M
BBIIIIEYKA3aHHBIX IPUHLIUIIOB ¥ TPeOOBaHU.

2. Tpebyercsi pa3BUTh HOBBIM TOAXOJ K CHCTEMAaTH3allMM NPUHIWIOB M 3aKOHOB
MO3HAHHUA.

KoruutuBHas, MBICINTENBHO-IO3HABATENBHAS JEATENBHOCTh YEIIOBEKA PpPEaTn3yeTCs
Ha HAHOYPOBHE MO3TOM OTJIENBHBIX MHIUBUAYYMOB C KOJHMYECTBOM HEMPOHOB y Ka)JOTO 0
50 MupA. enuHUI], CO MHOTMMH TPWJIMOHAMHU CHHAIICHMYECKHX CBSI3€H MEXIy HeHpOoHaMH.
WHauBuAyyMBl BKJIIOYEHBl B COLMAIBHYIO CHUCTEMY, YTO OOYCIIOBIMBAET CHHEPrU3M
MBICIIUTENIBHON JesTeNbHOCTH 001ecTBa. COOTBETCTBEHHO, IIPEATIOAKEHO BBIJEIUTH IPHHLIUIIBI
W 3aKOHBI TO3HAHMS ISl KIacCU(PHUKAIMU OOBEKTOB, MPOIECCOB W SIBICHHH MPOWU3BOJILHON
MIPUPOJIBL, B TOM YHCJIE IPUPOJIbI HAHOMHUPA.

[TocnemoBaTenpHO-TOTHYECKAss cHCTeMa Kkimaccudukamuu, 1o  B. B. OBuapeHko,
BKJIIOYAET:

¢ IepBHYHBbIC IPHHIHUILI TO3HAHUA:

— pednexcun,

— CUMMETpUH,

— TPaH3HTa,

— aHTUpeQIICKCUH,
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— QaHTHCUMMETPUH,
— QHTUTPAH3UTA;
e (0a3oBbIe 3aKOHBI MMO3HAHMS:
— pedutekcuu U aHTHPEDICKCHH,
— CI/IMMeTpI/II/I n aHTI/ICI/IMMeTpI/II/I;
® CHCTEMHbIE IPUHIUIBI TO3HAHMSA:
— TOXECTBA,
— pa3nIu4ms,
— IIPOTUBOPEYHS,
— HETIPOTUBOPEYHS,
— MCKITIOYEHHOTO TPEThETO,
— HEMCKIIFOUEHHOT'O TPETHETO;
e CHCTEMHbIE 3aKOHbI MO3HAHMA:
— TOXJIECTBA U pa3Inyus,
— MPOTUBOPEUHSI U HEITPOTHBOPEYNS,
— UCKJTFOYEHHOTO TPEThEro U HEUCKIIOYCHHOTO TPETHETO.

CucreMHOE PAacCMOTPEHHME YKa3aHHBIX KIACCU(MKAIMOHHBIX MPHUHIUIIOB M 3aKOHOB
onpenesseT (PyHAAMEHTAJbHbIH 3aKOH MO3HAHMS PeaIbHOM /1eliCTBUTEJIbHOCTH — 3aKOH
KJIACCU(PMKALMH.

B NBIC-o6nacTu nenenonaratue, eJI0CTHOCTh U aJICKBATHOCTh HEOOXOIUMO COYETATh C
THOKOCTBIO, TIOCKOJIbKY AaHHAas 00JacTh AWHAMHUYHO Pa3BUBAETCS W MOXKET NPUBHECTH HE
TOJIBKO TIPEMMYIIECTBAa, HO M HOBBIE YIPO3BI UENIOBEYECTBY. B 3TOM IuTaHe WCIMOIB30BaHHE
HaHOCTPYKTYP Ha KOCMHYECKHX KOpaOJIAX, MPOCTPAHCTBEHHO OTICICHHBIX OT IOBEPXHOCTHU
3emisn, TpeAcTaBisAeTCS HaumOoiee TEPCHEeKTUBHBIM Ui Pa3BUTHS  Pa3HOOOpPa3HBIX
KOCMHUYECKHUX TEXHOIOTHA.
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UJIEHTUOUKAIIUS HA OCHOBE ®PAKTAJIBHBIX CBOMCTB
N30BPAKEHU OFBLEKTOB JJIs1I ONTUYECKHUX
CITYTHHUKOBBIX CUCTEM HABJIOJAEHUSA

Anekcanop I'pakosckuii, I'ennaouit Honoe, Anexcanop Komawiko

Hnemumym mpancnopma u ceéasu
ya. Jlomonocosa, 1, Puea, LV-1019, Jlameus
Ten.: +371 67100654. E-mail: avg@tsi.lv

KiroueBble cj10Ba: CIOYyTHHUKOBBIC CHCTEMBbl HAOJIOJCHUS, pacrlo3HaBaHHE 0Opa3oB, camoromodue,
(dhpakTanbHas pa3MEpPHOCTh, TEKCTypa

CnyTHUKOBBIE TEXHOJOTUM CJEKEHHS M MOHUTOPHHIA, B TOM YHCIE ONTHYECKUE
CHCTEMBI, IIMPOKO UCTIONB3YIOTCS IS PEIISHUs] CAMOTO Pa3HOTO BHUJIA 33a7a4 — OT KapTorpaduun
¥ MOHUTOPHHTA TPAHCIIOPTHBIX MMOTOKOB JI0 Pa3BEIKH M HAOIIOJEHHS 32 TIEPEBO3KOI OMAacHBIX
rpy3oB. WneHTudukanuss oOpa3oB TpeacTaBiseT coOOH 3amady, B pe3yJbTaTe pEUICHUs
KOTOpPOW YCTaHAaBIMBAIOTCA OCOOble TIPHU3HAKHM, YePThl M YHCJIOBBIE XapaKTEPHCTHUKU
M300paKeHNH 0OBEKTOB, ITO KOTOPBIM CTAHOBUTCSI BO3MOXKHOU WX Kiaccudukanys [1].

B xone wuccriemoBaHus sl OLIEHKH YHCIOBBIX XapaKTEPHCTHK HM300paKeHHH OOBEKTOB
OBLIM UCTIONB30BAHBI CBOMCTBA camorono0us ((ppakTalbHOCTB) 3IeMEHTOB (poTorpaduyeckoro
M300pakeHUsI aHAJIOTHYHO PaTUOJIOKAIMOHHBIM N300pakeHUsIM 3eMHOH moBepxHocTH [1]. s
BBIYMCIICHUST (PaKTAILHOW pa3MEepHOCTH OBUIM pEeaM30BaHbl KIACCHUECKHA AJTOPUTM Ha
OCHOBE METOJa TOKPBHITUH [2] M alropuT™, NpeaycMaTpuBaromuii mpeoOpa3oBaHue KaKIOTro
JJIEMEHTa W3HAYaJIbHOTO JBYMEPHOTO HW300pakeHHs B OJHOMEPHBIH MACCHB IPH TIOMOIIX
pasBeptkn ['minnOepra—Ileano [3], a 3areM OIEHKH €ro camMomogoOWs ¢ TIOMOIIBIO
TPaJUIIMOHHOTO BBIYHMCIICHHUS KOPPEISAIMOHHON pa3MepHOCTH [4]. Takoil aaroputm mMmeer Kak
P HEZOCTATKOB, TaK M Psf MPEUMYIIIECTB, 00CYKIaeMbIX B padoTe.

OOBIYHO OTeHKAa (hpaKTaTHLHOW Pa3MEepPHOCTH TpadUIeCKuX M300paKEeHUH MPON3BOIUTCS
JUTSL IPKOCTHBIX 00pa30B WM TaK Ha3bIBAEMBIX ,,grey-scale” m3o0paxkenwii [1, 2]. B HacTosmem
UCCIIeIOBaHUU OblIa C/elaHa TOMbITKa PACHIMPHUTH NPEIOKEHHbIE aIrOPUTMBI Ha CiIydaid
LBETHBIX M300pakeHHid B RGB um npyrux ¢opmarax LOupPOBBIX H300paKeHUH, T.e. IS
UIAECHTUGUKAMHA 00BEKTOB, KpOME SIPKOCTH, UCIIOJIH30BaTh HH(POPMAITHIO O I[BETE.

[Tony4yeHHble pe3ynbTaThl OLUEHKH (PAaKTANbHOW Pa3MEPHOCTH OTHENBHBIX 3JIEMEHTOB
pa3IuYHBIX 0OBEKTOB W IMOBEPXHOCTEH Ha MHU(PPOBBIX N300paKEHUSX CBUAETEIBCTBYIOT O TOM,
YTO B psijie CIydaeB QpakTaibHas pa3MEPHOCTh OOBEKTa ABISETCA YUCIOBON XapaKTEPUCTUKOM,
JIOCTaTOYHOH JIJIst €ro OOHApYKEHHS U KJIACCH(DUKAIH.
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Ilocmanoexa npoodnemot (603M0IHCHOCHb NPEOCKA3AHUA 3emaempacenuit). Ilpupoausie
M TEXHOTCHHBIE KaTacTpo(bl TMPONOIKAIT IMPUHOCUTH MHOTOYUCICHHBIC JKEPTBHI H
pa3pyIlIeHns, HAHOCS OTPOMHBEIM MOpaNBHBIH ymepd Bcemy deloBedecTBy. Ha omHoM wu3
MEPBBIX MECT CPEIN CTUXHMHHBIX OeJICTBHU MO MacmTaly ymiepda U KOJIMYECTBY YHOCHMBIX
YeJIOBEUECKUX KHU3HEH HaXOASTCS 3eMIIETPSICCHUSI.

ExeromHo Ha 3eMHOM IIape MPOUCXOISAT HECKOJBKO COTEH THICSY 3EMIIETPSCEHHU C
Maneivu MarHuTygamu, 100-120 u3 koTopbix (C MarHuTymoil M>4) compoBOXIAOTCS
pa3pyuIeHUAMHU U YeJI0BEYECKUMHU >kepTBaMu. M3 Hux okono 20 — cuiabHEWHINX (C MarHUTYA0H
M>7), Hecymmx THOENb COTHSM, THICSYaM JIFOJIEH W pa3pylIeHHs ENbIM ropojaM. 3a MHOTHE
TOJBI YUCIIO KXEPTB W YOBITKH INPH KaTaCTPOPHUECKUX 3EMIIETPSICEHHUAX OTHIOIb HE HMMEIOT
TEHJICHIIMIO K CHWXCHUIO, M CBSI3aHO 3TO B OCHOBHOM C PE3KMM YBEIHYCHHUEM HACEIIEHHOCTH
CeiCMOOTIacHBIX paiiloHOB. B 30HaX BO3MOXHBIX Pa3pyIIUTENBHBIX 3eMieTpsicenuil B Poccun B
OOIIIel CIOKHOCTH MPOKHUBAIOT OKOJIO 2() MAJITMOHOB YEJIOBEK.

CymecTByrolye 10 HaCTOSAIIETO0 BPEMEHN METO/Ibl, OCHOBAaHHbIC Ha TEOPHU HAKOTIJICHUS
HanpsDKEHUsT B 00JIACTH Pa3jIOMOB 3€MHOUM KOPBI M Ha TEOPHU IIOJI3EMHOTO IIOPOXa» IMepe]
3eMJIETPSICEHUSIMY, TIO3BOJISIFOT JIeaTh JIMIIb JIOJTOCPOYHBIE IMPOTHO3EI, OIPENEIUTh JHUIIb
BO3MOJKHOCTh BO3HHUKHOBEHHS 3E€MJICTPSICEHHWSI B JAHHOM paiioHe, HO HE YKa3bIBaIOT, T/
WMEHHO W KOT'JIa )KAaTh ONACHOCTH.

Memoowt uccnedosanus zeoghuzuueckux npedgecmnuxos zemaempsacenuil. Paspabomka
Kocmuueckux cpeocme naoaiooenus. OCHOBY COBPEMEHHBIX IIPEICTaBICHUH O BO3HHKHO-
BEHHUH Ouara 3eMIICTPSICCHUS] COCTABIISIFOT MOJIOKEHUSI MEXaHUKU Pa3pyIIeHU B HEOJHOPOIHOM
MaTepuaje, a HMMEHHO: JIaBUHOOOpa3HOE paclpoCTpaHEHHWE TPEIIMHBI B HEOJHOPOIHOM
Martepuane — 3eMHON kope. [Ipm STOM BeiencTBHE yBenW4YeHHWs] HANpPSKEHUH B obiactu
pasppiBa Marepuaiia Tepen OO0pa3oBaHWEM KpPYMHOW TPEIIWHBI OO0A3aTENbHO IOSBISIOTCS
pa3iuyHbIC TMPEABAPSIONINE 3TOT TMPOIECC SIBJICHUS — MPEIBECTHHKH 3EMIICTPSCCHHN, W3
KOTOpBIX OKoJ0 20 mposBisioTcs Hauboiee dwacto. V3MeHEHWEe WHTEHCHBHOCTH OSTHX
MIPEIBECTHIKOB C TEUEHUEM BPEMEHH HCITOIB3YETCS IIPH MPOTHO3UPOBAHNH 3EMIIETPSICEHHS.

Ha ocHoBe MHOroJjeTHEro OmbiTa HAONIOJCHUN YCTAaHOBJIEHO, YTO HEMOCPEICTBEHHO
nepes 3eMJIETPSICEHUSIMA PETUCTPUPYIOTCS Pa3IMyHble Te0O(PHU3HYECKHE MTPOSBICHHS IPOLIECCOB
WX TIOATOTOBKH: CBEeUEHHE aTrMoc(eprl, BO3IMYyIIEHHE aTMOC(HEPHOTO BIEKTPUIECKOTO
MOTEHIIMANa, BapUallid WHTEHCHBHOCTH 3JICKTPOMArHUTHOTO M3IYYCHHUS Ha PACCTOSHUSX IO
THICSIYM KUJIOMETPOB OT OSMHUIEHTPA, U3MEHEHHsS] KPUTUYCCKHMX YacTOT M IUIOTHOCTH CIIOCB
aTMoc(epsl U T.1.
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Bce atu siBiieHusi, pukcupyeMbie Ha3eMHBIMH U KOCMHUYECKHMH CpPEICTBaMU HaOrO/Ie-
HUH, aHATM3UPYIOTCS HA TIPEIMET HCIOJB30BAaHUS MX B Ka4eCTBE BO3MOXKHBIX IPEABECTHUKOB
3eMJIETPSICEHUM.

3amaua 3Ta, ONHAKO, JOCTATOYHO CIOXKHAs, TpeOyeT MOCTOSHHOTO CIIyTHHKOBOTO
MOHHTOpPUHTA PaliOHa, TJE OXUIACTCS 3EMIICTPACCHHE, W 0OJiee WIM MEHEe HENPEPhIBHOTO
ompezaeneHust (POHOBOTO COCTOAHWSA, H3MEHEHHE KOTOPOTO MOXET JaTh WH(OPMAIUIo O
MpoIieccax MOArOTOBKY 3€MIJICTPSCEHUS M MOMEHTE Hadaia OCHOBHOTO Toiuka. [Ipu aTom peus
B OCHOBHOM HJIET O CHJIBHBIX 3EMIICTPSCCHUSX C MarHutymoil Ooznee 5. CBsi3p MEKIy
MPOIECCAMH MTOATOTOBKH 3€MIIETPSICEHUN W MOHOC(EPHBIMU MPOSBICHUSIMA N3Y9aeTCsl CETOTHS
B Pa3HBIX CTPaHaX MHpa, B TOM drcie u B Poccnn.

Pazpabomxu OAO "I'PL] Maxeesa' no cozdanuto u 3anycky KA onsa monumopunea
3emnu. B pamkax cBoeir kocmudeckoil nestenbHOocTH ['PLl mpoBoauT paboTHI MO CO3MaHUIO
MajoradapuTHEIX KocMuueckux tuiatdopm. Tak, B mepuon ¢ 2004 r. mo 2006 r. 6pu1a co3mana
KocMuueckas rtuiargopma s npoekta «Kommac-2», kotopas Oblla OCHAIleHa BCEMHU
CIIyeOHBIMU CHUCTEMaMH, O0ECIEUMBAIONUMH (YHKIIMOHUPOBAHUE pa3MEIaeMoil Ha Hel
Hay4JHOU ammapatypbl. KoMIuiekc Hay4HO# ammapaTypsl IEpBOTO 3aIlycka ObLUT MpelIHa3HAYeH
JUTSL PETUCTPALIMY aHOMAJIbHBIX SIBIICHUH B MOHOC(EPE C ICNIBI0 U3YUCHUS UX BO3MOXKHOU CBS3H
C TpOIeCCaMU TMOATOTOBKU 3EMJICTPSCCHMI. DTOT KOMIUIEKC Obul paspabotan WHcTHUTyTOM
36MHOTO MarHeTtusma, HOHOC(hepbl W pacrnpocTpaHeHus paanoBonH wum. H. B. Ilymkosa
Poccuiickoit akanemuun Hayk coBMectHO ¢ HUMA® MI'Y u HayunbiMu uHcTUTyTamu [lomnbim
u BeHrpuu.

B mae 2006 rogma pakeroii-Hocutenem «llltune», craproBaBmield ¢ Oopra MOABOAHOMN
monkn «ExarepuuOypr», xkocmudeckuii ammapat «Kowmmac-2» ObIT BBIBEACH Ha OpOUTY C
BbIcOTOM B mepuree — 450 xwm, B aroree — 500 kM.

MKA «Kommnac-2» ¢yHKIMOHUpOBalI Ha OpOMTE OKOJIO roja. 3a 3To BpeMs ¢ OopTa
anmapata 0bu10 mepemano okono 37000 MI'G HaydyHOW MHQOpPMANUK W TOMY4YEHBI ITaHHBIE O
psiZie aHOMaNTbHBIX SIBJICHUN B HOHOC(EpE, B TOM YHCIIE B CEICMOAKTHBHOM perrnone Kamuarkw,
MO3BOJIUBIINE CBSI3aTh HMX C CEHCMUYECKOH aKTUBHOCTBIO. B mepuon paboThl CITyTHHKA
BEITIOJTHEHBI U3MEpeHHs (POHOBOTO COCTOSTHUS NMOHOC(EPHI, 0OHAPYKEHBI U 3aPETUCTPUPOBAHBI
SIBIIEHUST MOIITHOH TPO30BOI aKTUBHOCTH B BEpPXHEH arMocdepe, N3ydeHbl BOIHOBBIC SIBIICHIS, B
OKOJIO3EMHOM KOCMHUYECKOM MPOCTPAHCTBE 3aPETUCTPUPOBAHEI MIOTOKH YCKOPEHHBIX MPOTOHOB
Y DJIEKTPOHOB, CBSI3aHHBIC C COJTHEUHON aKTUBHOCTHIO.

OnpiTHas HKCIUTyaTalys KOMITIEKCAa HAyYHOW ammaparypbl chyTHuKa «Kowmmac-2y»
MoKasajia, YT0 OHA MOXXET OBITh HCIOJH30BaHA B KAa4ECTBE OCHOBBI JUIS CO3JaHUS HAYUHBIX
KOMIUIEKCOB HMOHOC()EPHOTO MOHUTOPWUHTAa B MOCICAYIOIIUX MPOCKTaX U CHCTEMax,
MpeHa3HAYEeHHBIX ISl OOHAPYEHHUS W PETHCTPAlH aHOMAIIbHBIX SBJICHUH B OKOJIO3€MHOM
KOCMHYECKOM IPOCTPAHCTBE, CBSA3aHHBIX C 3EMIICTPSICEHUSMH W OPYTUMH TPUPOIHBIMH U
TEXHOT'CHHbIMH KaTacTpoamu. B mporiecce JIeTHBIX HCIBITAHUN KOMIUIEKCa OTPabOTaHO
MpOrpaMMHO-MaTeMaTHYeCKoe OOecliedeHne W3MEepeHH W aHanW3a JaHHBIX HayYHBIX
MpUOOPOB. AHAN3 TEXHUYECKUX IMPOOJEM M OTKA30B CIYKEOHBIX CHCTEM MHKPOCITYTHHKA
MO3BOJIAET YCTAHOBUTHh UX HMPUYMHBI U M30€XKaTh MOBTOPEHUS OIIMOOK MPHU MPOCKTHUPOBAHUU
MOCIEAYIONMX MOaU(UKaImii miargopmer «Kommacy.
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NPUHLIANBI UTH®OPMALIMOHHOMN MOAJAEP)KKU
MMPUPOJJOOXPAHHOM JESATEJIBHOCTH
C MCHOJb30BAHUEM JAHHBIX JUCTAHIIMUOHHOT' O
30HAVUPOBAHMSI 3EMJIM 3 KOCMOCA

B. M. Ez0poé’, B. C. Kyxkow’

"0AO «Huemumym pazeumus MockewLy
Mocksa, 'nunuwesckuii nep., 3, 692-91-44,
Ten.: 8-916-112-53-56. E-mail: kosmos77@bk.ru

ZManpupodbz Poccuu

B noknane mokazaHbl poib M MECTO JAHHBIX JAMCTAHIIMOHHOTO 30HIUPOBaHUS 3eMIIH
(/133) B mpupomooXpaHHOW XO3SHCTBEHHON W HAy4YHON NEATEITLHOCTH, B YACTHOCTH, IPH
PEeUICHNH 3a1a4 MOHUTOPUHIa COCTOAHUA HpHpOI[HOﬁ Cp€abl, BKJITO4YasaA BOIIPOCHI OII€PATUBHOI'O
pearupoBaHus Ha YPE3BbIYAMHEIC CUTYAlUU B 00JIACTH OXPaHbl OKPYIKAIOIIECH CPEJIbI.

Bo Bropoli wacTH JOKIama MPEIIoNaraeTcsi W3JI0XKHTh TepeueHb AKTYalbHBIX B
HacTosIIee BpeMs 3aj71ad KOCMHYECKOTO MOHHTOPHHIA JUIsi OIEHKH COCTOSIHUSI OKpY’Karomien
Cpeasbl.

OnHOBpEMEHHO OYAyT MPUBEJCHBI OCHOBHBIC TPEOOBAHHS K TEXHHMUYECKHM MOKA3aTeNIsIM
anmapaTHbIX CPeJCTB KocMHYecKHx cucteM /133, HEeOOXOMUMBIX JUIsi PENICHUS] TTOCTABICHHBIX
3aja4. B 4aCTHOCTH, K TAKMM IOKA3aTeJIIM MPEKIC BCETO CICIyEeT OTHECTH: BPeMsl IIOBTOPHOIO
HAOJIOJICHHUSI OJHUX U TeX JKE€ pPaloOHOB 3EMJIM, ONEPaTHBHOCTh JIOCTABKH ITOJyYCHHOU
HHOPOPMAIUK TIOTPEOUTENSAM, MApaMETPUUECKOE M MPOCTPAHCTBEHHOE Pa3pEIICHUH CHUMKOB,
0JIOCA 0XBaTa KOHTPOJIUPYEMOH TEPPUTOPUH H JIP.

B Tpetheit wacTu mpencTaBiICHbl HMPUHIUIBI OpraHW3alMd BEJAOMCTBeHHOH cet JI33,
HCTOPUS €€ CO3JaHMs W Pa3BUTHSI, MPOOJIEMHbIC BOMPOCH OpraHu3aui QyHKIIMOHUPOBAHMUS, a
TaKXe BO3MOXKHBIC ITYTH €€ HHTETPaIlUy ¢ IPYTUMU HHPOPMAIMOHHBIMH CUCTEMaMH.

3akiounTeNibHAs  YacTh  JIOKJIaJa TIOCBAIIACTCS TEXHOJOTHSIM HH(DOPMAIMOHHON
MOJICP)KKU MPUHSATHUS PEIICHUN B 00JACTH OXPAaHbI OKPYKAIOIICH cpelibl Ha MPUMEPE KOHTPOIIS
COCTOSTHHSI BOJIHBIX OOBEKTOB C HCIIOJBE30BAaHHEM  AlapaTHO-IPOTPAMMHBIX — CPEJICTB
CUTYallMOHHBIX LIEHTPOB M T€OMH()OPMAIIMOHHBIX TEXHOJIOTHH.
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CUCTEMA HA3ZEMHO-KOCMHUYECKOI'O
TEOJUHAMUYECKOI'O MOHUTOPUHI' A
KACIIUMCKOI'O PETHOHA

K. III. ’Kanmaes, b. K. Kypmanoe

AO «Hayuonanvhuiil yenmp Kocmudeckux ucciedosanuti u mexunonoeuiy HKA PK
ya. Hleguenxo, 15, 050010, 2. Anmamul, Kazaxcman
E-mail: nckit@spaceres.kz

Ceromnst Kacnuiickuii permoH, B KOTOPOM COCPEIOTOUYEHBI KpYyIHEHIINE 3amachl
YIJIEBOAOPOIHOTO CHIPBs, SIBIISIETCA KpailHE NpPHUBIIEKATEIbHBIM HHBECTULIMOHHBIM OOBEKTOM
9KOHOMHK BCEX CTpaH 3TOI'0 PEruoHa, a TaKkxke APYrux rocyaapcrs. OpHako pa3paboTka
MECTOPOXKICHUI HEPTH W Tra3a COMPOBOXKAAETCS MOIIHBIM M 4YacTO OECKOHTPOJLHBIM
TEXHOTEHHBIM BO3JICHCTBHEM Ha OKPY’KAIOIIYIO CpPEAy M SKOCUCTEMY PErvoHa B LeloM. BakHo
OTMETHTH IIPOBOKALIMOHHBIN XapakTep Ipolecca pa3paboTKU MECTOPOXKICHUH yIIEBOAOPOIOB,
KOTOprfI BBI3BIBACT HAPYHICHUE CJIOKHBIIETOCA TI'COAMHAMHNYCCKOIO pPABHOBECHA U MOXKET
CHOCOOCTBOBAaTh BO3HUKHOBEHUIO TEXHOT€HHBIX KaTacTpog.

UroObl mpenoTBpaTUTh WIM yMEHBIINTH ONACHOCTh BO3MOMKHBIX  ITOCIIEACTBHUIM
reoKaracTpod, KpaiiHe Ba>XHBIM IPEACTaBIISIETCSA HEO00X0IUMOCTh IPOBEACHUSA
MOHUTOPHUHTOBBIX HAOJIIOEHMI, HAIIPABJICHHBIX HA IOJyYeHHE CBOEBPEMEHHOH, 00BEKTUBHON
U JOCTOBEpHOH HHGOpPMALUK O XapakTepe HAaBEJCHHOW CEHCMHUYHOCTH U COCTOSHUS
OKpy’Kalollell cpefpl B IeJIOM. OTO TpeOyeT NPHUMEHEHHS HHHOBALMOHHBIX METONOB U
TeXHOJ’IOFHﬁ, O6CCHC‘II/IBaIOH_[I/IX CHMIKCHUC BO3MOXHBIX PHCKOB H 6e3OHaCHOCTI) Z[O6LI'—II/I
YIJIEBOJIOPOIHOTO CHIPBSI.

st ATOTO COBEPIICHHO HEOOXOMWMBIM TpEACTaBiseTCs co3manne B llpukacmuiickom
pernone Pecrnybnmukum KaszaxcTaH eauHOrOo LEHTpa W CHUCTEMbBI Ha3eMHO-KOCMHYECKOTO
MOHHUTOPHHTA, BKJIIOYAIOMITX B ce0sl KOMIUIEKC METOAOB, OOECHEeUMBAIOIIMX IOTyYeHUE
JAHHBIX, OTPAKAIOIINX COCTOSIHUE JIMTOC(EPhI, B TOM YUCIIE M Yepe3 MPOLECChl, HEIPEPHIBHO
HPOSIBISIIOIIMECS] Ha IIOBEPXHOCTU. TEeXHMYECKMMH CpPEACTBaMHM 3IE€Ch MOTYT OBITh
BBICOKOTOYHBIE PETHOHAJIBHBIE M JIOKAIbHBIE CETH 0a30BBIX ABYXYACTOTHBIX cTaHUUU GNSS,
meroabl /133 M CHyTHHKOBBIE paarOMHTEp(QEpEeHIMOHHBIE HAOMIONCHHS B KOMILIEKCE C
UCIIOJIb30BaHUEM Ha3€MHBIX METOI0B MOHUTOPHHIA.

Co3manne Takoro IIEHTpa TO3BOJIMT BBIPAOOTaTh EIMHBIM IOIXOA K OCBOCHHUIO
NPUPOAHBIX pecypcoB Kacmuiickoro permoHa ¥ MHUHHMHU3UPOBATH WM HCKIIOYUTH PHCKH,
CBSI3aHHBIE C PEKMMOM 3KCIUTyaTalul HEe(TSIHBIX MECTOPOXKICHUH M BCEH MHPPACTPYKTypHI B
LIEJIOM, M J1acT BO3MOXKHOCTh OCYIIECTBIISITh HENPEPHIBHBIA KOHTPOJIb I'€0IKOJIOTHYECKOTO U
TE€OJMHAMHYECKOTO COCTOSTHUS OKPYKaroIlel Cpeibl B perHOHE.

JaHHbBle O HampsHKEHHO-Ie(OPMHUPOBAHHOM COCTOSIHMM 3eMHOM kopbl Kacmmiickoro
pEruoHa IMO3BOJIST BBINOJHUTH PAMOHUPOBAHUE €0 TEPPUTOPHUM IO CTETEHH CEeUCMUYECKOn
OITACHOCTH. HOJIy‘-IeHHBIe JaHHBIC JIATYT B OCHOBY CHUCTEMblI MOHHUTOPHMHIA W CO3JaHUSA 3D-
reonHpopmarmionHor Moxaenu Kacnwiickoro mops u Ilpukacnmiickodd BmaguHbl W OyIyT
HCIIOJIb30BaHbl NIPU CTPOUTENBCTBE MOPCKUX NOOBIBAOIIUX ILUIaT(OpM, HEDTEra3onpoBOJAOB U
Ipyrux 00beKTOB HedTeraszoo0bIBatolleii orpaciu B Kacnniickom peruoxe.
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MEXIAYHAPOAHAA UHTEIT'PUPOBAHHASA CUCTEMA
I''TOBAJIBHOT'O MOHHUTOPHUHI'A U CBA3U (MUC I'MC)

E. ®. Kamnes, B. 0. bookoe, A. B. Hecmepoeg

0OAO «Mockosckuti HUH paouoceaszuy
Ten.: +7-916-807-13-27. E-mail: nesterov@mniirs.org)

Cozganne MHMC TI'MC mno3BoauT Ha Bcell TeppuTopud 3eMiIM Ha eIUHON
CHUCTEMOTEXHUYECKON OCHOBE CTPOUTH PA3IUYHbIE CHCTEMBl MOHUTOPHHIA C BO3MOYKHOCTBIO
YCTaHOBKH JIJaATYNKOB Ha OOBEKTaxX IOOBIX THIIOB W CO3/1aBaTh HA3EMHBIE CHCTEMBI CBS3H
pa3InMyHOro Maciirada.

B coctaB cuctemsl BXOAAT:

- 8 CIlyTHHKOB Ha T€0CTallMOHAPHON OpOUTe;

- 96 CHOyTHHKOB Ha HHM3KHX KPYTOBBIX OpOWTaX, Ha KOTOPBIX OyAyT YCTaHOBJICHBI
petpanciaropsl B quana3one 7/8 I'Ti u 60 I'T'i yist MOCTPOCHUS KOJIBIIEBBIX MEKCITY THUKOBBIX
JINHUM CBA3U.

JLst HUX TOJDKHBI OBITH pa3paboTaHBI:

- abonenrckue 3C B JIIIB auamazone ¢ MomHocThiO niepenarynka 1 Bt u Becom 300 rp.,
o0l11ee KOIMYeCTBO KOTOPHIX olleHnBaercs B 11 muH. mTyk npu ueHe 100 eBpo 3a mTyKy;

- nenTpanbHble 3C MoHUTOpUHTA U IIeHTpanbHbIe 3C cBsi3u nuana3ona 7/8 ['T;

- onmHa MeHTpaibHass KoopauHupytomas 3C u 8 pEerHOHATBHBIX KOOPIHHHPYIOITHX
crannuiit ACYC;

- aBTOMaTH3MPOBaHHAs CUCTeMa yrpaBieHus cBs3pio (ACYC).

3aTpatel Ha n3roToBiieHne Beex dneMeHToB MUC I'MC coctaBsat okosio 362 MiTH. €Bpo,
BEIMYMHA JOXO0Ja OT MPOJaXH MOTPEOUTENIIM TEXHHKU — OKOJIO 484 MITH. €BpO, BEIMYMHA
OIIEPalMOHHON MPUOBUTM OT MPOJAXKK COCTABUT OKOJIO 122 MuH. eBpo. BenmuunHa nomydeHHOH
3a 4 roJia onepanuoHHON MPUOBLT COCTAaBUT OKOJIO 1374 MIiTH. eBpo.

[IpencraBngemMoe TeXHUYECKOE TPEAIOKEHNE, KPOME TOTO, aKTyallbHO UMEHHO CETO/HA,
KOTJ]a Cpeil yUEHBIX BCET0 MUpa 00CYKAAI0TCSI COBPEMEHHBIE TIPOOJIEMBI:

- I00ATFHOE TIOTEIUICHNE KITMMaTa 3eMITH;

- ICTOIIIEHHE MTPUPOIHBIX ICTOYHUKOB YHEPTHU;

- COKpAaIEHUE 3aI1aCOB IIPECHON BOJBI;

- YPOBEHB TeppoOpU3Ma.
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OCMBICJIEHUE ITAPAJOKCA CYIIEPIIO3UIIUU HOBOI'O
WH®OPMAIIMOHHOI'O MPOCTPAHCTBA HA YCTOMYHUBYIO
AEATEJBHOCTDb MEHE/[’KMEHTA

Pocmucnae Konvimos

Hnemumym mpancnopma u ceéasu
ya. Jlomonocosa, 1, Puea, LV-1019, Jlameus
Ten.: +371 7100585. E-mail: rkopitov@tsi.lv

KaioueBble c10Ba: pecypc, IPOTHBOPEUNE, HAJIOXKEHHE, YIIPABICHNE, IPUHIIUITBI, CAMOOPTaHU3ALINS

OO0nagaHve akTyalbHOW M Ka4eCTBEHHOW HAaBUTAIIMOHHOW WHQOpMalueld CHUMAeT P
HEOTPEIETICHHOCTEH, CYIIECTBYIONMX B IMOJIUTHYCCKUX, YKOHOMHYECKHX, OW3HEC- M TEXHO-
JorHYecKux mporeccax. [lepexon Ha HOBBI ypOBEHb WH(POPMUPOBAHHOCTH, MO3BOJISIOLIMHA
aHAJIM3UPOBATh CTAHOBJICHUE MPOILECCOB MPHU 0000IIeHNN (HyHIaMEHTAIBHBIX 3aKOHOMEp-
HOCTEHW B HOOcdepe, pacKphIBacT WHAWBHAYAIHHBIC BO3MOXHOCTH OTAEIBHBIX TMPEANPHUSTHH.
[Toy4yenune NOMOMHUTENHHBIX MPEUMYIIECTB, U3BICKAEMBIX MPHU MONAJAHIH B HOBOE CETEBOE
COOOIIECTBO, TPEOYET OCMBICIEHHUS BaXKHOTO OOCTOSATENBCTBA. Jlemo B TOM, YTO HOBBIU
WH(GOPMAITMOHHBIA TOTEHITHAI BCETa BCTYIIAET B IPOTHBOPEUHE CO CIOKHUBITUMHUCS TTPHEMaMU
MEHEDKMEHTa. DTO MPHBOIUT K HECTAOMIIBHOMY Pa3BUTHIO TPEIIIPHUATHS, BBHI3BAB HECBOEB-
PEMEHHOE U HECAHKIIMOHUPOBAHHOE M3MEHEHHME €ro CTpaTeruu. B pesyibrare mpuoOpeTeHue
[IEHHOTO MH()OPMAIMOHHOTO pecypca CBS3aHO C JIOTOJHUTEIBHBIME TPYJAHOCTSIMH M HENpe-
BHJIEHHBIMH ToTepsamu [1, 2, 3].

OO0ecrieyeHrEe TOTOBHOCTH MEHEIDKEPOB K JIOTIOJHHUTEIBHBIM JIEHCTBHUSIM, WHHUIIMHPO-
BaHHBIX YCJIOXHECHUEM JCATEIBHOCTH Ha (DOHE YIPOIICHUS NPOIEayp WHPOPMUPOBAHHOCTH,
OpUEHTHPOBAHO HAa CO3/IaHUE MHOTOYPOBHEBOW CHCTEMBl MEHEIKMEHTa C OTKIHKAMH.
B kauecTBe OTKJIMKOB BBICTYMAIOT TPEOOBAHUs, MPEAbSIBIAEMbIC K COOJIIOICHUIO MPUHIIUIIOB
MEHEe/DKMEHTa. B cooTBeTCTBUM C pa3pabOTaHHON UepapXueil NPUHIUIIOB CO37aeTCs
CaMOOPTaHMU3YIOIIEEeCs oI YIPABISEMOCTH, C IMOMOIIbI0 KOTOPOTO OMPEAETSIOTCS TPaHUIIbI
YCTOWYMBOTO (PYHKITMOHHPOBAHUS TipeAanpustus [4]. JJjia mpoBeaeHUs yIydIIeHUs Ha JFOOOM
YPOBHE OpPraHM3alM{ OIICHUBAIOTCS MACHITA0BI MPEANOJIaracMbIX H3MEHECHUH, B 3aBUCHMOCTH
OT KOTOPBIX MPOUCXOJUT TpaHC(HopMaIus 00bEKTa yIPaBICHNS B TPUHIIUIIBI MEHEKMEHTA.

IIpu pa3paboTke CTpaTErHYECKUX Mep OCYIIECTBISIETCS MpeoOpa3oBaHUE CTHISI YIIpaB-
JIEeHUSI B MPUHITUIIEI MEHEKMEHTA, B paMKax KOTOPOTO BBISBISIOTCS TPU IOCIEAOBATEIBHBIX
COOTBETCTBHUSI, YCTAHOBIICHHBIE Ha YPOBHE IIEMOYEK «BUICHUE-TIPOTPAMMAay, KIIEIb-PE3YIbTAT)
U «IIEHHOCTh-CTOMMOCTE». B COBOKYIHOCTH 00pa3yeTrcs KOHEYHOE MHOXKECTBO OXHJIAHUM,
COIIaCOBaHHBIX C pacrpeneicHueM chep OTBETCTBEHHOCTH W BBICTPaMBAaHHUEM BOCTPEOOBaH-
HBIX OTHOIIEHHUH. TeM caMbIM HOBBEIE pecypchl (POPMUPYIOTCS M HCIIOJIB3YIOTCS TOJIBKO MOCIE
MIpeIbsIBICHNsT 000OCHOBAaHHBIX TpeOOBaHUII MEHEKMEHTa, a He Hao0opoT. BenencrBue sToro
IUIaHUpyeMassk WHHOBAIlMS B TEPMHHAX OBEMISCTBICHHOTO TIPEIJIOKEHUS 0e300JIe3HCHHO
HAaKJIAJBIBACTCS HA CTPATETHIECKYIO ACSITSIILHOCT MIPEAPUSATHS, TOATBEPKAasi 3aKOHOMEPHBIN
XOJl Pa3BUTHUS OT MPUUYUHBI K CIEACTBHIO.

JlanpHelee pacpocTpaHeHHEe IPUHITUIIOB MEHEPKMEHTA HAIIPaBJICHO Ha CITIOUYEHHOCTD
B3aMMOJICUCTBYIOIIUX CTOPOH paad pelIeHus OOlMX 3aaad Ha 0a3e eAMHON TPaKTOBKU
UHTErpupoBaHHON nHMopMaruu. [IpuHATHE MO3UIUU MPUHIMIIOB PErJIAMEHTUPYET MOBEACHUE
YYaCTHUKOB U BBHIpabaThIBaeT 0co00€, B KOHTEKCTE €IMHOTO IIeNoro, Melirenue. [lapamox-
CaJbHOCTh TIO3HAHUS W Ka3yallbHAas JIOTHMKA TOIX0Ja, COYETAIoIMNe B ce0e WIeH YHHBEP-
caJpbHOTO 3BONIOIMOHM3MA [5, 6, 7, 8] u Teopuu camoopranuzamuu [9, 10], oTKpsIBaroT
a¢(heKkTUBHBIE CITOCOOBI B3aUMO/ISHCTBHSI B HOBOM MPOCTpaHCTBe. VX oTpaboTka mpoBepsieTcs
B XOJ€ W3MEPCHHS MEphl YIPABIIEMOCTH TIPH HMHTETPAIlMM MEXaHW3MOB ITOJIC3HOCTH,
PE3YIBTATUBHOCTH U YHUBEPCATHLHOCTH B 3a7a9ax PacIIUPEHIS TPaHUI] TOMEOoCTasa.
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KiroueBble ci10Ba: IIaHETHBIC OKCIICIUIINH, HAIIAHCTHBIC 63351, AOCPHBIC DHEPTOYCTaHOBKH

KocmonaBTHKa Kak 007acTb YeNOBEUECKOW JESTETPHOCTH 32 TIIOJIBEKa CBOETO
CTaHOBJICHUSA W pa3BUTUA CTaJla OAHHMM K3 OCHOBHBIX HMCTOYHUKOB HAYYHO-TEXHUUYCCKOI'O0 H
COLIMAJIBHOIO MpOrpecca, B 3HAYUTENBHOW Mepe OINpelesaoluM AajdbHelee pa3BUTHE
IIUBWJIN3AIIMA W BO3MOXKHOCTH perieHus Tio0anpHeix mpobmem XXI Beka. BepmmHoit
KOCMHYECKOH ACATCIIBHOCTHU MOKHO CUUTATh NUJIOTUPYEMYIO KOCMOHABTUKY.

CoBpemMeHHass KOCMOHAaBTHMKa peIIaeT TIJaBHBIM 00pa3oM 3ajaud WHGPOPMALUOHHOTO
obOecniedeHust (CBs3b, HABHTAIIWs, MOHUTOPHHI OKpYy»Xaromield cpenbl u T.1.). KocmMoHaBTHKa
Oyayiero JObKHA CTAaTh HEMOCPEACTBEHHOW MPOM3BOAMTENBHON CHIION HAa OCHOBE Pa3BHUTHS
KOCMHYECKHX  IPOU3BOACTBEHHBIX  TEXHOJIOTMH, KOTOpBIE  IO3BOJST  HCIIOJIB30BaTh
KOCMHYECKHAN BaKyyM M BHE3EMHBIE CHIPHEBBIE PECYPCHI JIJISl IPOU3BOCTBA PAKETHBIX TOILIHB,
MaTtepualioB U m3aennid u3 Hux. B XXI Beke HeM30€KHO BO3HUKHET HEOOXOIUMOCTE PEIICHUS
rI00aBHBIX MPOOJIEM C LEJbI0 MPENOTBPALICHUSI KPU3UCHBIX SBICHUH, KOTOPHIE HE TOJBKO
MOTYT TOBJMATh Ha KA4e€CTBO KM3HW, HO U INPEACTABISATh Yrpo3y >kKM3HM Ha 3emue. K unciy
TaKWUX MPo0JIeM MOKHO OTHECTH: UCTOIICHHE PEeCypCcoB (B MIEPBYIO OUepe/Ib HEBO30OHOBIISEMBIX
SHEPropecypcoB), acCTEPOUIHO-KOMETHYIO OIMACHOCTh, «IIAPHUKOBBIA d((EeKT» U CBSI3aHHOE C
HUM T[JI00QJIbHOE TOTEIUICHHWE, HAaKOIUIGHHE OTXOJOB BpEOHBIX MPOM3BOACTB. PakeTHO-
KOCMHYECKass TEXHHWKa, B TOM 4YHCIIE MWIOTHpyeMas KOCMOHABTHKAa, MOXET BHECTHU
OTIPEAETISIONINA BKIIAJ B PEIIeHNe YKa3aHHBIX MPoOIeM.

HOHYBCKOBOﬁ OIIBIT PAa3BUTHUA KOCMOHABTHUKU CBUACTEIILCTBYET O TOM, YTO KAQYE€CTBCHHO
HOBBI YPOBEHBb JOCTUTAETCS IPH peaau3alii KPYIMHOMACIITAOHBIX IMPOEKTOB, TaKUX Kak
MporpaMma MWIOTHPYEMBIX dKcrenuiuii Ha JIyHy, co3maHne IOJTOBPEMEHHBIX OpOHUTANBHBIX
cranmui (tuna «Mupy», MKC), HOBBIX cucteM BhIBeleHHs (Tuma «DHeprusa-bypany, llarTm)
YaCTUYHO WJIM IOJTHOCTBIO MHOTOPa30BbIX.

CoBpeMeHHBIII STal KOCMHYECKOW JEATENbHOCTH XapaKTePU3yeTCS BBIABIKEHUEM
HOBBIX WHHUIIMATHB MO HccienaoBaHuio COIHEYHON CHCTEMBI W WCIOJIB30BAHHUIO PECYPCOB
KOCMOCa, B YaCTHOCTH, IIPOEKTOB OCBOEHMsI JIyHBI M MUIOTHpPYEMBIX dKcneaunuii Ha Mapc. B
nepBble Aecartmwietds XX Beka MOOWIM3YIOIIEH NpOrpaMMoOl, KOTOpas NPUAACT HOBBIUA
UMITYJIEC PA3BUTHIO KOCMOHABTHKH, MOXET CTaTh MPOTpaMMa, OPHEHTHPOBAaHHAS Ha CO3JaHHE
MMPUHOUIIAAIBHO HOBBIX TPAaHCIHOPTHO-OHEPTECTUYCCKUX KOMIUICKCOB W HAIIAHECTHBIX 633,
TpeOyromass pa3BUTUS BCEX KOMIIOHEHT KOCMHYECKOW TEXHHKH, BKIIOYas CHCTEMBI
SHEPreTUYEeCKOTO0 W >KM3HEOOECIeUeHNs, CPeACTBa BBIBEICHUS, BUTATEIbHBIE YCTAHOBKH W
JIpyrue KOMIIOHEHTHI. I JTaBHBIM CTUMYJIOM OCYILECTBJICHUS JIYHHOM U MApCUAHCKON MpOorpaMm
MOXeT OBITh Jake He pellleHHe KOHKPETHBIX NPHKJIAJAHBIX M HAYYHBIX 3a/a4, a pa3BUTHE
BBICOKMX TEXHOJOTHA W JEMOHCTpAIMsi BO3MOXXHOCTEW OTIENBHBIX TOCYJapCTB M B IIEJIOM
3eMHOU MUBWIM3AIINN. 31€Ch YMECTHO BCIOMHHTH ciioBa M. B. Kemmpima: «OcHOBBIBasCh Ha
HCTOPUYECKOM OIIBITE, MOXKHO yTBEPKAATh, YTO, MTOAOOHO APYTHM KpPYIHEHIIUM CBEPIICHUSM,
MOCTIEICTBUSL  BBIXO/Ia 4YelIOBeKa B KOCMOC MHOTOKPAaTHO TIPEB3OMAYT B OTIHAIIEHHOU
MIePCIIEKTUBE CETOTHANITHUI HEIOCPEACTBEHHBIN 2P(EKT U OKaXYT TITyOodaiiiiee Bo3aeHcTBIE
Ha BECh MOCIIEAYIONINI X0/ 3BOIIOINH HAIIEH TUBUIIN3ALIUN.

Co3pannie MHPPaACTPYKTYPhl «3€MHOI» LHUBMIM3ALNH, CYIIECTBEHHONW YacThIO KOTOpPOU
MOTYT CTaTh OOWTaeMble Oa3bl-CTAHIIUM M TPOW3BOJCTBEHHBIE KOMILUIEKCHI, IPEACTaBISIECT
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cOOOH CIIO)KHYI0O M MHOTIOIUIZHOBYIO 3amady. B momHoM oObeMe NpeacTaBUTb OOIMK U
BO3MOXXHOCTH  KOCMHUYECKOM HMHQPACTPYKTypbl 3eMiM T[O3BOJSAT JIMIIL  OOIIMpHBIC
CIeLHaJIbHBIE UCCIIEOBAHUS U IIPOPAOOTKH CUCTEMHOI'O XapakTepa.

OcHoBo#l obecrieueHns] KOCMUYECKONW NEesTeTbHOCTH B MHTEpEecax peleHHs IHPOKOTro
Kpyra 3azad B OKOJIO3€MHOM IPOCTPAHCTBE, M3y4YEHHS HEOECHBIX Tell, OCBOCHHS PECYpPCOB
KOCMOCA SIBJISIIOTCSI SHEPreTUYECKUE M JBUIATENIbHBIE YCTAHOBKU. UTO KacaeTcs IUIaHETHBIX
SKCIETUINH, MOXHO YBEPEHHO CKa3aTh, YTO SHEPTOKU3HEOOecneueHne — KIrroueBas mpoodiema
UX peau3aluy.

MuHHMaNBHBIA YPOBEHb YHEPIETHYECKOTO 00ECICUEHHsI KU3HEAEATSIbHOCTH YelOBEKa

KBT-31
B KocMmoce cocraBisger nmpumepHo 1-1,5 ——— . Hanpumep, Ha aMepHKaHCKOM JIyHHOM

()
Kopalie 1Mo mporpamMme «ATOJUIOH» MPH MPOIOIKUTEIHHOCTH MPEObIBAaHMUS JBYX YEIOBEK Ha
Jlyne B Teuenne 1-3 cyTok cpemHecyTodHas moTpedisieMas MOIMIHOCTH coctaBisuia ~ 0,8—1,0
kBT m obecreunBanachk aKKyMyJSITOPHBIMH OaTrapesMH CyMMapHOH 3HeproeMkocThio 50—60
kBrt-gac.

[Ipu snepronorpednennn mo 2 kBt Ha denoBeka (Oomee KOoM(pOpPTHBIE YCIOBHUS) U
YUCJICHHOCTH JKHITaka Ha JYHHOH 0a3ze 4—6 dUelnoBeK MOTpeOHOE SHEPTronmoTpeOJICHHE IS
o0ecrieueHus] JKHU3HENesATeNbHOCTH cocTaBUT ~ 10 kBt. DHeproobecrieuenne mpuOOpoB U
obopymoBaHUS MJI HAyYHBIX HCCIENOBaHWUA — moTpeOHas MomHocTh a0 10 xBt. Ilpum
JUTMTETIbHOM TNpeObIBaHUM Ha JYHHOM Oa3ze-CTaHIIMM B €€ COCTaBe Ha KaKOM-TO JTare ee
pasBuTus moTpedyercs opaHxkepes ¢ dHepronorpednenneM no 10 kBr. Takum oOpazom, s
o0ecrieueHus )KU3HEAETENFHOCTH DKUITaXKa YACICHHOCTHIO 4—6 4eTIOBEeK Ha TYHHOM aBaHIIOCTE
oTpeOyeTcsl PHEPTrOMOIyJIb HEMPEPBHIBHOTO 3HEprocHadxkeHuss MomHocThi0 20-30 kBT. Ecin
TOBOPUTH 00 OCBOGHHH CBIPbEBBIX pecypcoB JIyHBI Jaxe B  YCIOBHAX OIBITHO-
AKCIEPUMEHTAILHOTO TIPOM3BOJICTBA TOTPEOHBIE MOIIMHOCTH DJHEProoOecleYeHrus pPe3Ko
Bo3pacTaroT. Hampumep, aist Mpou3BOACTBA KUCIOPOAa U3 WibMeHuTa Ha ypoBHe 100 TOHH B
ToJl TOTpeOHasT MOITHOCTh dHEPTroMomyist cocTaBUT ~ 300 kBT. )1 OMBITHOTO MPOW3BOICTBA
Bozopoaa Ha ypoBHe 300 kr B roj TpedyeTcs sHeproMomayib, obecreunBarommii ~ 150 kBt
TEII0BoM MowHocTH, 1,8 KBT anekTpruueckoit Momuocty U ~ 1,2 kBT xonona nis nepeBoaa
BOZOpOAa B 3aKpUTHUECKyIO (ha3y TpH BBICOKOM JHaBieHWMH. Ecimu morpelyercs M0OBIBATH
Teluii-3, TO MpHU MPOU3BOAUTENBHOCTH Ha ypoBHe 30—40 kr remus-3 B rox (anst paboTel B
TedeHHe roja HazeMHol TepmosiaepHoit ADC momHocThi0 1 I'BT) moTpeOyercs sHeproMoayib,
obecneuunBatoniuii ~ 10 MBT TemnoBoit MmomuocTr U ~ 200 KBT 351ekTprueckoil MOIHOCTH.

[Ipu mmrtensHOM TpeObIBaHWM JKHUMaka Ha moBepxHoctH JlyHbl (Mapca) B TedeHue
HECKOIJIbKHX HEeJeNIb-MeCsIeB 00eCnednTs dHEeprocHadkeHne O0asbl-CTAaHIMH TOJIBKO 3a CYET
COJTHEYHOW 3HEpPruu (M XMMHUYECKOTO WM TEIJIOBOTO HAKOMHUTENS SHEPTHMH B HOYHOE BPEMs)
MPAaKTHYECKH HEBO3MOXXKHO. OCOOEHHO JTO spKO TmposiBisieTcss Ha JlyHe, ans KoTOpow
MPOAOJLKUTENILHOCTh HOYHOTO Tieproaa ~ 13,5 cytok. Ha Mapce uukisl 0cBeUIEHHOCTH (JIeHb-
HOYb) OJIM3KHM K 3€MHBIM, OJIHAKO OOIIUI1 ypOBEHb OCBEUICHHOCTH TaM B 2—2,5 pa3a HHXKe, 4eM
ua JIyne — 500—700 Bt/m* (B ycrnosusix JIyusr 13001400 Br/v?).

CymecTBeHHOE MOBBIIIeHHE 3()(HEKTUBHOCTH KOCMUYECKOH JEesTeTbHOCTH BO3ZMOXKHO 32
cdeT BHeApeHHUS (BO3BpAIICHHWS) B PAKETHO-KOCMHUYECKYI0 TEXHUKY SJIEPHOW DSHEPTeTHKH,
KOTOpasi ABISETCS MpaKTHUeCKH Oe3aJbTepHATHBHON IPH PEIIEHHH IEJOTO psSAa BaXKHBIX
00OPOHHBIX, HAYYHBIX U COIIMATBHO-YKOHOMHYECKHX 3a/1a4. TOJIBKO SepHbIE SHEPTOYCTAHOBKH
MOTYT OOECIeYHTh HEMpephIBHOE, paBHOMEpHOE Ha JII0OOM M3 HEOOXOAWMBIX YpPOBHEH
MOIIHOCTH YHEPTOCHA0XKEeHHE JTYHHBIX 0a3.

Cpenr BO3MOXKHBIX THIIOB KOCMHUYeCKHX DY HOBOro MOKOJEHHA B IPOEKTHBIX
paspaboTkax B Poccun HanbGosnbliee pazBuTre nonydmwin 0V Ha 0CHOBE SIEPHBIX PEAKTOPOB C
peanmzanueil nukina bpaliToHa W cO BCTPOCHHBIMH B aKTUBHYHO 30HY TE€PMO3MHCCHOHHBIMU
npeoOpazoBaTeisiMU. Ha pa3Hol cTamuu MPOEKTHON MPOPaObOTKH ¥ TMOAJIEMEHTHOW OTpaOOTKH
HaxonsaTcsa S1DY anexTpuueckoi MOMHOCTHIO OT 25 kBT g0 1000 ¥xBT. DTH 3HEproycTaHOBKU
paspabaThiBalOTCs Kak OOPTOBBIC SHEPrOJBUTATEIbHBIE YCTAHOBKHM KOCMHYECKHX allllapaTos,
o0ecrieuynBaronIyie B HOMUHAIBHOM PEXUME pabOTHI JIEKTPONHUTAHUE IEIEBOI anmapaTypsl U
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OOpTOBBIX CIIy)KEOHBIX cCHCTEM, a B ()OPCHPOBaHHOM peXHME — i1 oOecredeHus
MEKOPOUTATEHBIX TIEPEIETOB C MMOMOIMIBIO 3JIEKTPOPAKETHBIX IBUTATEIIEH.

HoBoit 06macThio MpuMEHEHUs SIEPHOW DHEPIeTHKH B KOCMOHaBTHKE XXI Beka (M B
MEPBYIO OYepeqhb B MWIOTHPYEMBIX Iporpammax ocBoeHus JIyHBI U uccienoBaHus Mapca)
CTaHyT HAIUIAHETHBIE JHEPrOyCTAHOBKU. [IpOEKTHBIM OOJUK H XapaKTEPUCTHKH TaKUX
YCTAHOBOK CYIIECTBEHHO OTJIMYAIOTCS OT OOJMKa W XapaKTepHUCTUK OopToBEIX DY
KOCMHYECKHX ammaparoB. B 3ToMm ciydae TpebyeTcst HEe TeHeBas, a Kpyromasl pajHalliOHHAs
3alliTa peakTopa, 4YTO, €CTECTBEHHO, 3aMeTHO (B 2-3 pa3a) yBeJIWYMBaeT Maccy
sHeproyctaHoBku. Ilpm amexrpuueckoit momrHocTH Ooiee 20 kBT macca paguanmoHHOU
3aIATHI CTAHOBHUTCS MIPEBAHPYIONIEH B 00mIeH Macce HatutaneTHOH S10Y. Tem He MeHee make
npu 3nekTpudeckor MomHoctr 100 kBT Macca HamaneTHOUM atoMHOM anektpoctanimu (ADC)
He npeBbimaeT 10 TOHH, 9TO MPENICTABISAETCS BIIOJIHE IPHUEMIIEMBIM.

st »addexTuBHON peanm3anud  THWIOTHPYEMBIX IporpaMM  ocBoeHHs JIyHBI w
JKCeOUIMA Ha Mapc HeoOXonuMma IIUPOKas H CKOOPAWHHPOBAaHHAs MEXIyHapOIHAs
Koomnepanus B OOJIACTH KOCMUYECKOW SIICpHOH OSHEPreTMKH, B TOM YHUCIE IO CO3AaHUI0
SJIEPHBIX HAIUIAHETHBIX YHEPTOyCTaHOBOK.
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AcTepousbl 1 KOMETHI, CONMKAIOIKecs ¢ 3eMIIeH, MPEACTABISIOT CEPhe3HYI0 YIpo3y A
Halllel TaHeThl. JTa MpobiieMa MMeeT MEXAyHapoJHoe 3HaueHHe. B Hacrosiiee Bpems oHa
BOIIUIA B CIMCOK HauOoiee BaKHBIX TIJOOANBHBIX (PAKTOPOB, YIPOXKAIOMIUX PAa3BHTHIO
yenoBedecTBa. Ciemyer orMeTHTh, uTo HenmaBHO (18.03.2009) actepounn 2009FH, mo pa3zmepam
HarmoMuHarommi TyHTYyCCKHIT METEOpHT, pa3MUHYJICS ¢ 3eMileld Bcero B 85 ThIC. KM, T.€. Ha
paccTossHUM B JIBa pa3a BbIlIe OPOUT TeOCTAl[MOHAPHBIX CITyTHUKOB. BTOpoil actepoua
2009DD45 mposeren 02.03.2009 eme Ommxe Kk 3emie, Ha paccTOSHUU 72 THIC. KM.
ACTpOHOMaM H3BECTHBI €IlE€ 4YEThIPe TaKUX HEOECHBIX Tela, KOTOPblE MOTYT DEryJIIpHO
cOmmKkarbesi ¢ 3emiieil, cTaTb HCKYCCTBEHHBIMU <JIYHAMH» MM YHAacTh Ha 3eMilio. OTO
actepoussl 2003 YN107, 2004GU9, 2001G02B u 2002AA29. Cpenu onacHbIX HEOECHBIX TEIl B
HacTosiIliee BpeMs HanOoJblllee BHHUMaHWE TPUKOBBIBaeT K cebe actepous 99942 Amoduc,
oTKpBITEI B 2004 Tomy. Ero TecHOe cOmmkeHue ¢ 3emiiei Ha ypoBHE Te0CTaIIMOHAPHBIX OPOUT
oxunaercs B 2029 rogy, HO BEpPOSTHOCTH CTOJIKHOBEHHMSI C HAlllel MJIAaHETOH IO MPOrHO3aM
3HAYUTEIBHO Bo3pacTeT B 2036 roay.

B npexncraBieHHoil pabore paccMaTpuBaeTCsl COBPEMEHHOE COCTOSIHUE IIPOOJIEMbI
aCTEpPOMIHO-KOMETHOH OIMAacHOCTH, BKJIIOYas JWHAMHKY OTKDBITHH acTepoOMIIOB U KOMET,
crocoObl HaOMIOJEHUH 32 HUMH M METOJbl YMEHBIIEHHWsS ONacHOCTH. bojblioe BHUMaHWE
yaemsiercs pa3paboTKe METOIOB IPOTHBOACHCTBUS acTEPOHMIHO-KOMETHOW oOmacHoCcTH. KX
peanu3anys BO MHOTOM ONpenenseTcst GU3NKO-XUMUIECKUMH CBOMCTBAMH OTIACHBIX TeJl.

PaccmoTpena BO3MOXKHOCTh OpraHU3alMd KOCMHYECKUX MHUCCHH K acTepouny Amoduc c
LEJIBI0 ONpeNeNIeHHsT ero CBOWCTB. [ OTKJIOHEHUs OT 3eMJIM OMACHBIX KOMET INPeIIoKeH
CyOJIMMaLIMOHHBIN CII0CO0 BO3/€CTBUSA, OCHOBAaHHBIM Ha MCIIOJI30BAaHUU HEIPAaBUTALMOHHOIO
(cyonumarionHoro) 3¢@dekra, BO3HUKAIOUIETO II0J JCHCTBUEM COJIHEYHOH pajUallvH.
PaccmoTpensl crocoObl MHULMHMPOBAHUA 3TOro 3(QeKra, NPUBOIIIMIETO K IOSBICHUIO
NpUpOAHON  peakTuBHOM  TAru.  IlpuBeneHbl  mpuMmepbl  pacyeToB.  [IpuMeHeHue
CyOJIIMMallMOHHOTO croco0a BO3ACHCTBHS pacUETHBIM ITyTeM OTpabaThIBAIOCH HA MPHUMEPax
MOJIENIFHON KPYTOBOW W SJUIMITHYECKOH opOUT. UHMCIEHHO MpoaHaIu3HpOBaHbl BO3MOXHOCTU
paspyLIEHNs ONACHBIX TNl M UX OTKJIOHEHUS B CIydasx IMO3AHEr0 M PaHHEro MPOrHO3a ONAacHOU
cutyauuu. Pa3paboTraHHas METOAMKA IMMO3BOJMJIA BIEPBBIE YUYECTh DSl BAKHBIX (QH3MUYECKHX
(aKTOpOB, TAKHX KaK MOTEPH MacChl Tejla IIPU UMITYJIbCHOM BO3AECHCTBHH, KOHEUHBIE Pa3MEphl
ONACHOTO Tejla M PsAl APYIMX BaXHBIX (u3nueckux QaxkropoB. B ormnmmume ot apyrux
aHAJOTMYHBIX PadOT MPEICTaBICHHAs! METOANKA IT03BOJIIET OIPEAEIIITh OTKIOHEHUS OT 3eMJIN
MPU TPOU3BOJIBHBIX (TpeOyeMbIX) Ha4YaJbHBIX YCIOBHIX BO3JECHCTBUS HA OMAcHOE TENO, YTO
OTKPBIBAaET IIMPOKHE BO3MOXXKHOCTH ONTHUMH3AaLWU Bo3leicTBus. CylIecTBYeT TaKkxke
MIPOTUBOIIONIOXKHAS 33/1a4a — JOCTaBKa B OKPECTHOCTH 3€MIIH KaKOTO-THO0 HEOECHOTO Tena i
MIOIIOJTHEHUS YOBIBAIOIIUX PUPOIHBIX PECYPCOB.
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YBOJ KPYITHOIT'ABAPUTHOI'O KOCMHUYECKOI'O MYCOPA
C OKOJIO3EMHBIX OPBUT HA OPBUTHI YTUJIN3AIINHN HA
OCHOBE UCIIOJIb30BAHUS SHEPTETUYECKHUX PECYPCOB
OTJEJSIIOIUXCSA YACTEMN NOCJEJIHUX CTYIIEHEA
KOCMMYECKHUX PH 1 PB C XKPJI

IO. H. Makapoé', A. T. Hlampoé’, B. H. Tpywnakos’, B. FO. Kyoenyos®

! Ceoonoe ynpaesnenue opeanuzayuu kocmuueckoii dessmensrocmi
Dedepanbro2o0 KOCMUUECKO20 A2eHMCmed
ya. Hlenkuna, 42, 107996, Mocksa, Poccus
Ten.: +7(495) 631-9315. @axc: +7(495) 631-8700. E-mail: arm415@roscosmos.ru
‘@ryiI1 HHAmaw
ya. Iluonepckas, 4, 141070, Koponés Mockosckoui 06x., Poccus
Ten.: +7(495) 513-5325. @axc: +7(495) 513-46-20. E-mail: aivecon@rambler.ru
} Omeruii 2ocyoapemeennoiii mexnuueckuii ynusepcumem
np. Mupa, 11, 644050, Omck, Poccus
Ten.: + 7(3812) 27-5212. ®@axc: +7(3812) 65-2698. E-mail: trushlyakov@omgtu.ru
*Omeruii 20cydapemeennvlii mexuuueckuii ynusepcumen
np. Mupa, 11, 644050, Omck, Poccua
Ten.: + 7(3812) 65-9677. @axc: +7(3812) 65-2698. E-mail: kvu_om@mail.ru

B nacrosiiee BpeMs paspaboTurkaMu pakeTHO-kocMuueckoi texuuku CIIIA, PO, EKA,
Anonun wucnone3dyloTca ABa Haubonee 3(p¢eKTHBHBIX MeToga OoprObl ¢ 00pazoBaHHEM
KpyIHOradapuTHOro kocmuieckoro mycopa (KM) Ha opOuTax BeIBEEHUS ITOJIE3HBIX HATPY30K:

- maccuBupoBanne KA wu ormemstomuxcs yacted (OY) mocneqHux —cTyneHed
kocmuueckux PH u Pb nocne ux ucnons3oBanus, ocTaBisis X Ha OpOUTE;

- yBox KA ¢ pabounx opOUT Ha OpOUTHI YTHIIM3AINHY JTHOO HA OPOUTHI 3aXOPOHEHUS.

Cnoxnee ooctout ¢ OY mocnenuux crynened PH u Pb ¢ XBAKOCTHBIMH pakeTHBIMH
neurarernsimu (JKPII) ¢ TypGonacocHo#l mogaueit komrnoHeHTOB pakeTHoro tomiusa (KPT)
U, COOTBETCTBEHHO, C UX HEBHIPAOOTAHHBIMHM OCTATKAMH, BEIMYMHBI KOTOPBIX COCTAaBIISIOT JO
3-5% HauganpHOU 3ampaBKu. JTOT KpynHOTradaputHelii KM mpeactapnseT coO0W MOBBIIIEHHYIO
OIaCHOCTh HE TOJIbKO HM3-3a rabapuTOB, HO M BOBMOXXHOCTH MX B3pbIBa. TpaguIIMOHHBIA TOJXO
k yBogy OY cryneneit PH u Pb npeBpamiaercs B XOpoI1o U3BeCTHYIO pa3paboTYHKaM pakeTHOH
TEXHUKH, B yacTHOCTH, JKP]I, CII0’KHYIO0 TEXHHUYECKYIO IIPOOIIEMYy.

B Hacrosmiee Bpemsi BeAyTCs HMHTCHCHBHBIE pa3pabOTK cpenacTB yBoga KM u3
3alIMIIaeMBIX 00JNacTeld OKOJI03eMHOI'O0 KOCMHUYECKOro mpocTpaHcTBa. Hampumep, JAXA
pa3pabaTbiBaeT KOCMHYECKHH OyKCHp M DJIEKTPOIMHAMUYECKUE TPOCHI IS yBOAA C OPOMT
KOCMHUYECKOTO MYCOpa, YXE IIPOBEIEHO HECKOJIbKO JEMOHCTPAlMOHHBIX YyBO#OB. CNES
pa3pabaThiBaeT CUCTeMy yBojaa mocienHei cryneHu PH «Apuan-5» ¢ opOUT BbIBemeHUSI.
B Llentpe Kengpima pazpabarbiBaeTcsi KOCMHYECKHIA OYKCHP C SACPHOH CHUIIOBON YCTaHOBKON
U T.[.

Taxum 00pa3oM, BOZHUK M MHTEHCHUBHO Pa3BHBAETCS] HOBBIN KJIacC MPOEKTHBIX 3a1a4 JJIs
TPAHCIIOPTHBIX KOCMHUYECKUX CPEJNICTB, B OTIMYKME OT TPAAHLHUOHHOTO — BhIBEJCHNE HA OPOUTHI
(YHKIIMOHUPOBaHUs, — yBOJ KocMuueckux o0bekToB (OU mocnemnux crymeneit PH, Pb, KA,
BBIPA0OTABIIINX CBOH pecypc) Ha OpOUTHI yTHIIH3AIIHH.

Huxe mnpennaraercss oquH M3 BO3MOXHBIX BapUaHTOB pelleHHs 3agaud ysoga OU
cryneneit PH, Pb ¢ X)KP/] u npyroro KM Ha opOHTEI yTHIM3aLUH (3aXOPOHEHHU).

CyTh nmpeasnaraeMbIX pelleHMH OCHOBaHa HAa  KOHLENLHUHM  HCIOJIb30BaHUS
sHeprerudeckux pecypcoB OU cryneneit PH u Pb:

- 3aKJIIOYEHHBIX B HEBBIpaOOTaHHBIX ocTaTkax uAkux KPT (mo 3-5% ot HauanbHoOMH
BEJIMYMHBI 3aIIPABKN);
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- HaKOIUIGHHOW KHHETHMYECKOH W TOTEHIMAIbHOW JHEPIui, 3aKkiIIovaroluxcsi B
BeiBeieHnn OY cryneneit PH u Pb Ha Onm3kne opOWTHI, Ha KOTOPBIX HAXOISATCS BHIBEICHHBIC
panee KA, oTpaboTaBmmme cBoi pecypc, a Takxe OY cryneneit PH, Pb, koTopbie BRIBOIMIH 3TH
KA, npespartusmuecs 8 KM.

Peanuzanus npennaraeMoil KOHLIENIIMA OCHOBAaHA Ha STAITHOCTH pa3padoToK.

9rtan 1. Pa3zpaboTka akTuBHBIX O60pTOBBIX cpencTB yBoaa (ABCY) mins OY cryneneit PH,
Pb na ocHoBe razudukaniu HeBbIpaboTaHHBIX ocTaTKOB XuAKKX KPT W ncnonb3oBanue 3TOr0
SHEPreTUYECKOTro pecypca A peanuzauuu MaHeBpa nepeBoga OU crymeneit PH, Pb Ha
OpOUTHI yTHIU3AINH (3aXOPOHEHHMSI) C TIOMOIIBIO0 TA30BOW PAaKETHOW JBUTATEILHOW YCTAaHOBKH.
[IpoBeneHHBIC OIEHKH IMOKA3aJIM, YTO OCTABIIUXCS HEBBHIPAOOTaHHBIX 3amacoB kuakux KPT B
OY nocnennux cryneneir PH (tuna «Kocmoc-3M», «llukion», «PokoT») mocraToyHO st
yBoma ¢ opbur 800-1000 kM Ha OpOWUTYy YTHIM3AIUH C PEKOMEHIOBAHHBIM CPOKOM
CylIecTBOBaHUA 10 25 meT. Macca mopabOTOK KOHCTPYKIIMH, KOTOpas BKIFOYaeT B ceOs
YCTaHOBKY CHCTEMBI razu(uKamnuy, KaMepbl ra30BOil IBUTaTebHON YCTaHOBKH COCTABIISIET IO
0,5% ot mMacchl cyXxoil CTyleHH.

Jrtamn 2. Vcnonb3oBaHWE HAKOIUICHHONM KMHETUYECKOM M MOTEHUUAIbHOU sHepruid OU
npeaycMaTpuBaeT pa3paboTKy JJOMONHUTEIBHBIX CpPEACTB, oOecreunBaromux yBox KM ¢
ONMM3KUX OPOUT B 3TOM Ke Iycke ¢ ucnoibp3oBanrneM ABCY.

JlomonmHuTeNEHBEIMUA  CpeicTBaMu, obecneunBatomMu yBog KM ¢ Onm3Kkoil OpOWTHI,
npemnararorcs TpocoBas cuctema (TC), kocmudeckuit Mukpooykcup (KMB) co cTEIKOBOYHBIM
y3noMm. llpenBaputenpHble mpopaboTku mokazanu, uro Mmacca (TC + KMb c 3ampaBkoit
TOTUIMBOM) COCTaBIseT A0 3—4% Macchl CyX0oil KOHCTPYKIIUU CTYIIEHH, a HEOOXOIUMBIE 3aI1achl
toruBa OY Ha MaHEBp IaIbHETO HAaBEIACHUS ONpeAesIeTcs mapameTpamMu opoutsr KM.

B pesynbraTe HMCnosibp30BaHUs pa3pa0OTaHHOW CHUCTEMBI C OpPOUTHI YBOIUTCS CBSI3Ka
«OY-TC-KMB-KM».

Ucnons3zoBanue sneprernueckux pecypcoB OU cryneneit PH, Pb ¢ XKPJ/l mo3Boiser
paspaboTarh mpueMIIeMble TI0 YKOHOMHUYECKAM TOKa3aTelsiM CPeJCTBa OYHCTKHA opOouT oT KM
(mo 5% croumoctu ot croumocTH nopabdaTteiBaemMoit OU Oe3 yuera 3aTpar Ha pa3paboTKy). ITH
3aTpaThl HE MpeBbILAIOT pekoMeHpanmuil [ADC 1o peanu3alud  COOTBETCTBYIOIIMX
TEXHUYECKUX PEIICHUN, HAIPaBJICHHBIX HAa COBEPIICHCTBOBAHHE KOHCTPYKLUMHU U AITOPUTMOB
ynpasnerus (10 10— 15% ot Texymeit croumoct PH).
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NHBAPUAHTHO-PEI'YJIAPU30OBAHHASA MHOT'OOTAITHASA
OBPABOTKA HABUTAIITMOHHBIX U3BMEPEHUH B 3AJIAUE
OIITUMM3AIIUN EAUHOTI'O THOOPMAIIMOHHOT O
ITPOCTPAHCTBA MAKCM

A. I1. MaHuHI’z, HU. T. Cemenod’

1 o
Poccuiickas axademus kocmonaemuru umenu K.O.[{uonkosckozo
ya.Oneoncckas, 8, 125438, Mocksa

’040 «Hayuno-npouseodcmeennuiii ucnvimamenshuiii yenmp «Apmumnmy
Boneoepaockuii npocnexm, 47, 109316, Mockea
Ten. (495) 798-36-65. E-mail: a.manin@armint.ru

Opranu3zanys (GyHKIHOHHUPOBAHUS a9POKOCMHUYECKONH CUCTEMBbl MOHHUTOPUHTA TPEOYeT, C
OJIHOH CTOPOHBI, KaueCTBEHHOI'O HABHIALIMOHHOI'O OOECIIEYEHHUsS JIETAaTEIbHBIX allapaTros,
OCYIIECTBIISIOIIMX MOHHUTOPUHT, C APYroil — BBICOKOTOYHOTO, HAAEKHOTO, OMNEepaTHBHOIO
oTpeJieNIeHHs U POTHO3UPOBAHUS TaPaMETPOB ABIKEHHS KOHTPOJIUPYEMBIX OOBEKTOB.

B noknane mpemnaraercsi MaTeMaTHUECKHM ammapar WHBapHaHTHO-PETyJISIPH30BaHHOM
MHOTOATaHONH 00paOOTKM HAaBUTALMOHHBIX (TPACKTOPHBIX) HM3MEPEHWH, OCHOBAaHHBIM Ha
rpynmnoBoM aHanuze quddepeHunanbHbpIX YpaBHEHHH ABMKeHUs. Takol Moaxos cyIiecTBEeHHO
CHIKaeT OOBEMbl BBIYHMCIUTENBHBIX 3aTPaT, aJeKBaTeH K CTPYKTYpHO-NIapaMeTpHYeCcKOn
HEONPEAETICHHOCTH KOMIUIEKCAa JIeTAaTeNIbHBIX — alllapaToB, II03BOJSIET ONTUMHU3UPOBATH
BBIYMCIIUTENBHBIC TIPOLIEAYPHI B pactpe/ie]IeHHON cucTeMe 00pabOTKH.

B ompeneneHHBIX YCHOBHAX 1Ie7ecOO0pa3HO KOMILIEKCHPOBAaHHE IpeAaracMoro
MaTEeMaTHYECKOI'0 alllapara ¢ KJIaCCHYECKHMH aJrOPUTMaMH PEILEeHUs 3a/1a4 OLIEHUBAHU.
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O KOMILJIEKCHOM MUCCHM PA3BEJKH YT'POXKAIOIIETO
ACTEPOUIA AITIO®UC

M. b. Mapmuwinos, B. I. Ilonb, A. B. Cumonos, H. B. /lomaxkun

OI'VII «HIIO um. C. A. Jlasouxunay
2. Xumxu, Mockoeckas obnacme

B mHacrosimee Bpems actepoumHasi omacHocTh (AQ) paccMaTpuBaeTcsi Kak peallbHO
cymectBytomas. Ee KOHKpeTHBbIM (hakToMm, TpeOYIONMM peaKIHd, CIYXHT OOHapy>KEHHBIN
actepousl Anoduc, MpoJieT KOTOPOro BOIM3M 3eMJIH POTrHO3UpyeTcs: Heckonbko Himke ['CO B
anpene 2029 r. bnuskuit nponer Anoduca B 2029 r. npeacraBiseT coOol rpaBUTALMOHHBINA
MaHEBp, W3MEHSIONINI TPAeKTOPHIO acTepouaa. BcenemcTBue oOmMMOOK MPOrHO3a BHICOTHI
MpoJieTa anocTepHOpHasl TPaeKTOpUs acTepouaa IpeBpaliaeTcs B OAHY W3 MHOXECTBA
BO3MOXKHBIX HOBBIX TpaeKTopuil. Cpenn HUX MMEIOTCSl TPAaeKTOPUH MOBTOPHOTO COJIKEHHS C
3emiieii, a TaKke W TPACKTOPUHU TMPSMBIX yIapoB 1mo 3emie. B dacTHocTH, OOHapyxeHa
HapOoJiee omacHas TPAeKTOPHs MPsSMOro TomamaHus B 3eminro yxke B 2036 r. Oto Tpebdyer
HEOOXOMMOTO yYTOYHEHHsI BBICOTHI mposieta Amnoduca B 2029 1. Ha IBa-TpH MOPSIKA BEIIIE
TOTO, YTO cerofmHs (M B OyIyImMX MECATHIETHSIX) MOTYT JaTh YHUCTO aCTPOHOMHYECKUE
HaOIIOICHYISL.

[loaToMy mMOSBMIOCH TPEUIOKEHHWE OCHACTUTHh YKa3aHHBI acTepou] CpeacTBaMHU
TPACKTOPHBIX PATUOTEXHUUYECKUX U3MepeHHH. TOJNBKO OHM M MOTYT B IpPEACTOSIIEe
JECSITUIIETHE PEIUTh 3a/lady TOYHOT'O MPOTHO3a pealbHON OMacHOCTH, yrpoxaromeld 3emIe.
Pewienne 3Tol 3amauu MO3BOJUT BBIABUTH PEAJBHYIO OMNACHOCTh. Jlanee, OHO MO3BOJUT
NPUCTYNHUTD, B CIydae yrpOKaloIIero pa3BUTHA COOBITHH, K CBOEBPEMEHHOH peann3alund Mep
MIPOTUBOIEHCTBYS onacHOCTH. HanmpruMep, Bo3MoskeH yBoa Amoduica ¢ TpaeKTOPUH MTOPAKEHIS,
€CIIM JIOCTaTOYHBIN pe3epB BPEMEHH UMEETCS.

B HIIO um. C. A. JlaBoukrHa BeIETCS MPEAICKU3HAS IPOPA0OTKA KOCMUUECKOH MUCCHU
«Anoduc», OCHOBHOH LENbIO KOTOpOW sIBISieTCS  YTOYHEHHE opOuThl  Amoduca
pPaAMOTEeXHUYECKUMHU cpelncTBaMu. Hapsiay ¢ 3THM, TOTMONHWTENBHBIMH HETSMH TOCTaBJICHBI
WCCJIEIOBAHUS acTepouaa Kak 00beKTa MPOTUBOACHCTBHS BO3MOXKHON OMAacHOCTH, a TaKKe Kak
o0bekTa (PyHIAaMEHTAIFHOM HayKH, CPaBHUMOTO Mo 3HaueHHio ¢ ©obocoM, U JOMONHSIOMINE
nporpammy «®Doboc-rpyHT». Hakonel, ykazaHHass MHCCUSI MOXET CIYXKHUTh AalbHEHIIEMY
YKpETIEeHHI0 MEXIYHAapOAHBIX CBs3zed Poccnn M ee BO3BpalIeHWIO B P CTPaH, BEAYIINX
MePCIIEKTUBHbIE HAyYHbIe KOCMUUECKHE UCCIIETOBAaHUS.

KoncTpykropckoit 6a3oii muccuu «Amnoducy MpeArnonaraeTcs MOJHOE HCMOJIb30BaHHUE
HMMEIoIIerocs 3aj1ema 1o nporpamme «Podoc-I'pyHT», a IMEHHO: B YaCTH MEPEIETHOTO MOJIYJIS
(IIM). Tpusar npunnun pasgenendss KA wMuccur 1o NpHOBITHIO K [EIH Ha (B
CaMOCTOSITEIIbHBIC YaCTH, Pa3JelbHO pellalolIne 3a/1a4u ONpeaeeHns: OpOUTHI U UCCIEI0BaHUs
actepoupa. llepBas (paanomask) JoKHA 00€CIIeYNBaTh TPASKTOPHBIE H3MEPEHUSs, BEHICTyTas B
KayecTBe CaMOCTOSITEbHOTO MAaJloro HEOPHUEHTHUPOBAHHOIO HCKYCCTBEHHOTO CITyTHHKA
acreponna. B cBoro ouepenp, Bropas (IIM) moxer pemars 3amaun uccienoBaHus Amnoduca
CaMOCTOATEIHHO KIACCHYECKUMH CIIOCO0aMU, TO €CTh KaK ¢ OPOWTHI, TaK U JOIMOIHUTEIHHO C
nocajkol Ha acrtepouia. Takoe pElIeHHE IOBBIIIAET HAAECKHOCTh BBINOJIHEHUS OCHOBHOM
3aJ]auyil MHCCHH U J]aeT CBOOOAY MaHEBpa MPU UCCIIEIOBAHUSX, UCTIONB3Ys BAPHAHTHI IPOTrPaMM
nojieTa M JOMYyCKas HEKOTOpbIi puck. Hakonen, HazemMHOe oOeclieueHHE MHCCHU OOJDKHO
BBITIONHATBECA B KOOMEpAli C 3apyOeXHBIMH CpPEIACTBAMH JAIbHEH KOCMHYECKOW CBSI3H,
JIOTIOJTHSAIOUTUMH OTE€YEeCTBEHHBIE. JTO TaKXKe MOBBICHUT HA/I€KHOCTh BBIMOJIHEHUS MHCCUHU B
LIEJIOM.
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IHPOEKT MAKCM KAK UHCTPYMEHT ®OPMHUPOBAHUA
OBIIEIINTAHETAPHOI'O HH®OPMAIIMOHHOI'O
ITPOCTPAHCTBA BE3OITACHOCTH

npog. B. A. Menvwukos', C. B. qepkacz

! Pyrosooumens Ipoexma MAKCM om Meacoynapoonoii akademuu acmponasmuxi,
Tenepanbhbiii KOHCMPYKMOP MHO20QYHKYUOHATLHOU CUCHEMbl COIO3H020 20cyoapcmaa, oupekmop HUH
KC umenu A.A.Maxcumosa — ¢unuanra @I'VII FKHIIL] um. M.B. Xpynuueea (POCKOCMOC)
’Omeemcmeennwiii ucnonnumens Ipoexkma MAKCM om Meowcoynapoonoti akademuu
acmponasmuxu, HUH KC umenu A.A.Maxcumosa — ¢punuan @I'YII I'KHIIL] um. M.B. Xpynuuesa
(POCKOCMOC)
2. lObuneuinvuii, Mockoeckas 00:a., Poccust
IGMASS@mail.ru

OOnIen3BeCTHBI  BO3MOXXKHOCTH ~ KOCMOHABTHKH B MEPMAHEHTHOM  TJIO0ATBLHOM
MOHHUTOPHHTE BCeX CJI0EB reocdepbl, KOCMUUECKON reonH(pOpMaTHKe, KOCMUYIECKUAX CPEJICTBAX
MOMOIIIM B YPE3BBIYANHBIX CUTYyaIMIX. DTU AOCTHKEHUS, KOTOPBIMU CETOMHS IOJIb3YOTCS BCE
HapObl MUpA, TPYIAHO IIEPEOIICHUTD, CITyTHUKOBAs T€0/IC3Msl, HABUTAIlUs, METEOPOJIOTHUS, CBSI3b H
TENICBU3UOHHOE BEl[aHUE, CITyTHUKOBAs peTpaHcisius nHpopMarmu, HTepHeT, TUCTaHIIMOHHOE
oOyueHue W BceoOlee oOpa3oBaHMe — 0€3 3TOr0 Temepb HEBO3MOXKHO IPEJCTaBUTH ceOe
MOBCEAHEBHYI0 JKU3Hb «IUIAHEThI Jtojei». COeAMHEHHE JIOCTH)KCHHH KOCMUYECKUX H
WH()OPMAITMOHHBIX TEXHOJOTUI WHTEIPUPYET MUPOBOE COOOIIECTBO B MIOOATBHYIO «JIEPEBHION,
CrocoOCTByeT — ycTOWYMBOMY — pasBuTHio.  OmgHako, YTOOBI  W30€KaTh  HENMPHUATHBIX
HEOXXHMJIAHHOCTEH Ha 3TOM IIyTH B BHJE HEIpPEJCKa3yeMoll OOpaTHOW OTAa4M, HeoOXoIuma
yCUJICHHAs pa3Be/iKa OyayIero, a B Heil 0e3 COIMOJIOrOB U MOJIMTONIOrOB He 000NTHCH.

Kocmuueckas 1esTenbHOCTh B HBIHEITHEM BEKE JIa€T HAYaJI0 COLUAIM3AlNN BHE3EMHOIO
npoctpancTBa. C  pacmmpeHreM MaciiTaboB TPUKIATHOTO HCIOJNB30BaHHUS —KOCMOCA
3aKOHOMEPHO BCTAOT HOBBIE BOMPOCHI M OTKPHIBAIOTCS HOBBIC CTOPOHBI B CHCTEME TII00ATBHBIX
COIMANTLHBIX M TMOJUTUYECKUX MPHOPUTETOB. B HOBOM CBeTe MPEACTAIOT M KIACCUYESCKUE
MOJIUTIKOHOMHYECKUE TIPOOJIEMBbI, HOBBIE 3a7[auu — Mepell KOHKPETHONH YKOHOMHUKOM. Tak, MbI
HE HAYYWJIUCh €IIC JIOJKHBIM 00pa3oM HM3MEpSATh U IUIAHUPOBATh B JICHE)KHOM BBIPAKCHHUU
COBOKYITHYI0 KOCMHYECKYIO JIESTEIbHOCTh, OILICHUBATh SKOJIOTMYECKUN yIiepd OT Hee
VYUTHIBATh 3TO B COOTBETCTBYIONIMX TEXHUKO-D)KOHOMHUYECKHX pacyerax; He Hay4HIIHCh
MPOTHO3UPOBATh IICHBI HA KOCMHYECKYIO MPOAYKIMIO M KOCMHUYECKUE YCIYTH, HCUYHUCIATH
SKOHOMUYECKUH 3D (HEKT OT KaXKIOr0 KOCMUIESCKOTO 3aITyCKa.

CeroHsIIHssT MHOTOCTOPOHHSISI 1 MHOTOOOpa3Hasi IeATEIbHOCTh B KOCMOCE €JIMHA, a e¢
COCTaBJISIONIME B3aUMHO OOYCIIOBIMBAIOT JIpyr Apyra. KoHeuHas IIejib OCBOCHHS KOCMOCa
JIOJOKHAa OBITh OPHUCHTHPOBAaHA HA UYEJIOBEKAa M 4YEJOBEUSCTBO, IPEKJIC BCEr0 B AaCIEKTe
obecrieueHns 0€30MacHOCTH. YTIyOJieHHE K€ UeIOBEUECKOro ymMa B IPHPOAY, Oe30MmacHoe B
HIMPOKOM CMBICJIE CJI0Ba (HE TOJMBKO KaK COXPAHEHUS OKPYXKAOIICH Cpe/bl) Kak JJis Hee, Tak U
JUIS CAaMOT0 YellOBeKa, — aKTyallbHelas u3 npodiieM. Ee KOppekTHOe U cKopeiiliee penieHue
HACYIITHO HEOOXOJMMO — HE TOJIBKO C OOIIEH, MUPOBO33PCHUECKON TOYKU 3PCHHUS, HO M JJIS
aJICKBATHOTO TMOHUMAHUS COYUO2eHe3d HAyYHO-TEXHMYECKOro Nporpecca, IHUBHIM3AIMM B
1esioM. be3 3Toro HeBO3MOXKHA HHM BBIPAaOOTKA CTPATETMU W TAKTUKHW HAYYHO-TEXHHUYECKOTO
nporpecca, HH COBEPIICHCTBOBAHHE MPOTHO3MPOBAHUS, MPOTPAMMHUPOBAHUS, TUIAHUPOBAHMUS,
NPUHATHSA YOPaBICHYECKUX PEIICHUH B I000H cdepe MaTepHambHOrO W JYXOBHOI'O
MPOU3BOJICTBA, B TOM YHUCIE M MPHUKIAJTHOW KOCMOHABTHUKH, KOTOpas C OOIIETEOPETHUECKON
TOYKH 3pPEHHUS BBICTYNACT CErOAHS KaK o00WeyusuIu3ayuoOHHds YeHHOCMb 00ecneyeHUs.
2n006anbHOl  6e30nacHoCmU, 3HAYeHUe KOMOPOU 6bIXOOUm 3d pPaMKU ee MpPpAoUYUOHHBIX
moakoganut. OTHOW W3 BaXHEWININX 3a7a4 MPUKIATHON KOCMOHABTHKH, TaKUMU O0pa3oM,
MOXET CTaTh ()OPMHPOBAHUE «HH(POPMAITMOHHOTO MPOCTPAHCTBA OE30TIACHOCTI» — KaK 9acTh
y)ke YMOMHHaBIIEHcS Bblle «HHPOChEpbl», 00CCIeUNBAIONICH MapUPOBaHKUE TI00ATBHBIX
YIPO3 ¥ CHIDKEHHUE PUCKOB UX BO3HUKHOBCHUSI.
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UenmoBeuecTBO CYyIIECTBOBAJNIO, CYMIECTBYET M eIlle JOJITo OyJeT CYIIeCTBOBaTh B 30HE
MTOCTOSTHHBIX PHCKOB BHEIIHETO M BHYTPEHHETO XapakTepa, KOTOPhIC SBJISIFOTCS HEOThEMIIEMOM
YacThI0 BCEX oOOJlacTeli TIOBCETHEBHOW KHU3HU M JIEATEIPHOCTH. byAydu HCTOYHHKAMU
HaMpsHKEHHOCTH M OECIOKOWCTBA, TAaKUE PHUCKA OJHOBPEMEHHO WIPAIOT POJb MOITHBIX
CTHUMYJISITOPOB TIOCTYTATEIbHOTO Pa3BUTHA HWBHAM3anuu. CO CMEHOW AMOX M TEXHOJIOTHH
HEKOTOphIE M3 HUX HCYe3aH (CMATYAJINCH), HEKOTOpBIE — «IIEPEllaBAIMCh IO HACIEACTBY
CIIEYIOIUM TOKOJICHHSIM, 3a4acTyr0 TpeoOpakasch B HOBBIE, BCe Oojee TpO3HBIE, 4YeM
MPENbIYIIUE, TOCTOSHHO PEAM30BBIBAsCh BO BHEIIHMX MW BHYTPEHHUX  yrpo3ax
CYIIIECTBOBAHUIO ITUBUIIN3ALINH.

BremrHue yrpo3sl — 3T0 yrpo3sl KOCMHYECKOTO Xapakrepa. Tak, 3a IIUKIaMi aHOMaJIbHON
COJTHEYHOW AaKTHUBHOCTH CJENOBAIM IHKJIbI TIOOATBHBIX KIMMAaTHYECKHX H3MEHEHHH C HX
OJIEZICHEHUSIMU U TIOTOTIAMH, CTOJIKHOBEHHUS 3€MJIM C acCTEPOMAaMU W KOMETaMH MPHUBOIIIN K
rII00adbHBIM KaTaKIM3MaM. BHYTpeHHHE yrpo3bl HOCAT Kak NPUPOJHBIA (CTUXUHHBIC
OeNCTBUS), TaK W «PYKOTBOPHBIN» (QHTPOIOTeHHAsl JAEATENBHOCTh M OOYCIOBICHHBIE €IO
Ype3BbIYAMHbIC CUTYalMK) XapakTep. [IpuueM BO3HUKHOBEHHUE OIMACHBIX HPUPOHBIX SBICHUH
MIPOIIECCOB 3a4acTyI0 MPOBOLIMPYETCS NEATENBHOCTHIO YEIOBEKa, a MPUPOAHBIE OEICTBUS, B
CBOIO OYE€pPE[b, YACTO BHI3BIBAIOT TEXHOTCHHBIE KaTacTpodsl. B mobom ciydae, Takue ormacHbIe
MIPUPOJIHBIC SIBJICHWS, KaK OITyCKaHWE W TOATOIUIEHUE TEPPUTOPHNA, OMNOJ3HU, KapCTOBO-
cydo3roHHBIE TPOBANBI, TPONMUYECKUE yparaHbl U Ja)Ke MOBBIIICHHAsS CEHCMHUYecKas aKTHB-
HOCTh, MOTYT SIBJISITBCS TIPSIMBIM PE3YJIBTATOM WHTCHCU(DUKALUU «IIPUPOIOTPEOOPA3YIOMICH
JIeITebHOCTH YenoBedyecTBa. Ha pyOeske BEKOB IPOM30IILIA dCKAAIMs PUCKOB aHTPOTIOTEHHBIX
BO3JICUCTBUMA JI0 KPUTHYECKOTO VYPOBHSA, 3a KOTOPBHIM OHH TIEPEpacTalOT B YTPO3BI,
00yCIIOBIIEHHBIE HA4YaJIOM HEOOPAaTUMBIX IPOILIECCOB C CaMBIMH TSDKEIBIMH U YeJIOBeKa W
YeIIOBEYeCTBA ITOCIECTBUSIMI.

B ckimaapIBarONMXCsl YCIOBUSAX JUIS BBIPAa0OTKM W TPOBEIACHHUS B JKU3Hb cOaiaH-
CUPOBAHHBIX PEIICHUN aBTOPUTETHBIMU MEXKIyHAPOIHBIMA WMHCTUTYTaMH (OCHOBHBIM U3
KOTOpBIX siBIsieTcss pedopmupyemass OOH) TtpeOyercss Hamuume peieBaHTHONW HHGOPMAIIHH,
00BEMBI M TEMIT TOCTYIUICHHS M OOHOBJIGHUS KOTOPOW COOTBETCTBOBAIM Obl JMHAMHUKE
MPOUCXOASIIUX B MHUpPE TIOOANBHBIX TpoleccoB. Takyro WHpOpMAIMIO MOXHO OBLTO OBI
MOJIyYUTh C HCIIOJIB30BAHUEM PECYpPCOB KOCMHUYECKHX CPEJCTB HALMOHAIHHOW M MeEXIyHa-
POIIHOM TPUHAIC)KHOCTH, KOTOPBIE H3-32 TPUCYIIUX MM CBOMCTB JIKCTEPPUTOPUATHHOCTH
MOTYT OBITh 00BemuHeHb B Tpoekre MAKCM, HaxomsmeMmcs TOJ STHAOW M KOHTPOJEM
OOBbeIMHEHHBIX HALWMN.

['mobGanm3anms mpemocTaBiseT JHOOBIM ITOH30BATEISIM WH()OKOMMYHUKAIUN TPUHIIHA-
MMAATBHYI0 BO3MOXHOCTB, C OJIHOW CTOPOHBI, JOCTyNa K COBOKYITHOMY HH()OPMAIMOHHOMY
pecypcy (KOTOpBIM B psijie CIIy4aeB MOXET ObITh MU AHOHUMHBIM), a C JIPYTOW CTOPOHBI —
OECKOHTPOJIBHOE paclpocTpaHeHHe WH(GOpPMAIMK MO OrPOMHBIM ayautopusm. [lpm sTom
TPaHCTPAHWYHBIH WH(POPMAIIMOHHBIH OOMEH B TaKMX O0O0JIaCTSX, KaK Hayka, TEXHHKa,
SKOHOMHKa, 00pa3oBaHUe, KyJIbTypa, KOMMepUYecKas IeITeNbHOCTh, pEKIaMa | T.II., PAa3MbIBAeT
WMCTOPUYECKH CIIOKMBIIMECS DPaMKH HAIMOHANBHBIX IIEHHOCTEW H O0aphepoB, HUBEIHPYET
MEHTAJIUTETHI, TIOCJIE€ YEero W TMOJUTHYSCKUE TPAHUIIBI CTAHOBATCS HUCKYCCTBEHHBIMH. B
TUIEPTPOPUPOBAHHOM BHJIE OTOT TMPOILECC IIOCTEIIEHHO MOXeT IepepactaTh B HH()OP-
MAaI[MOHHBIC BOWHBL. [IpejoTBpaTUTh ATY TEHACHIIUIO MOYKHO OBLIO OBl JaJIbHEHIIIUM Pa3BUTHEM
cyrybo rymanutapHeix 3amad MAKCM B 4Yacth OObEeOUHEHHS TEIEKOMMYHHUKAIIMOHHBIX
pPECypcoB IO pEIICHHE OOIIEUEIOBEUSCKHX IPOOJIeM paclpocTpaHeHusT 00pa3oBaHUA H
COXpaHEHUS KYJLTYPHO-HPABCTBEHHBIX IICHHOCTEH.

Takum o00pa3oM, «HH(POPMAIMOHHOE IPOCTPAHCTBO TIOOANBHON 0E30MacHOCTHY U3
¢unocopcko-hyTypUCTUUECKOH  KAaTeropuy MOXET OBITh IEPEBECHO B  KATETOPHIO
MPaKTHYECKyt0. [l 3TOro mpaBHIBLHO OpPraHU30BaHHAS BIACTh, HA KOTOPYIO, KakK IPaBHIIO,
3aMBIKAIOTCS TpAMble © 0oOpaTHble HWH()OPMANMOHHBIE CBS3W, JOIDKHA CTPEMHTHCA
BBIpa0aThIBaTh KOMIIPOMHUCC B PYyClIe BEKTOpAa YCTOMYMBOTO Pa3BUTHSA. DTO MOXKET OBITh
OCYIIECTBJICHO TOJIBKO TPW YCJIOBHW JOCTYITHOCTH BCEM HWIPOKaM, ICHCTBYIOIIMM Ha II0JIe
«Benukoil maxmMaTHOH JOCKM», aJeKBATHONH HMH(OpPMAIUH, HOCUTEIEM KOTOPOH MOXET CTaTh
riobanbHOe HMH(OPMAIMOHHOE NPOCTPAHCTBO OE30MaCHOCTH, CO3[aBaeMO€ C IIUPOKUM
WCTIOJIb30BAHUEM COBPEMEHHBIX U EPCIEKTUBHBIX KOCMUYECKIX CHCTEM BCEX CTpPaH.
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AKTYAJILHBIE BOITPOCKI CO3JJAHMS 1 OPTAHU3ALINA
MEXIYHAPOJHOW CUCTEMBI JUCTAHIIMOHHOT O
OBYUEHMS COEIAAJINACTOB IO MOHUTOPUHTY
1 MTPOTHO3UPOBAHUIO ITPUPOIHBIX
A TEXHOTEHHBIX KATACTPO®

B. A. Menvwmuxos, E. M. Manumukos, C. P. JIvicblil,
B. A. HIknauxo, E. U. Ilaouxoeckuii

«HUU KC um. A.A.-Makcumosa» - ¢punuan @I'VII « ' KHIIL] um. M.B. Xpynuuesay
Poccus, e. FObuneinvui, Mockogckas obracmeo

B noxname mpencraBieHbl CTPYKTypa M OIEHKAa OXXHUJAEMOM Harpy3Kd, OCHOBHBIC
anmapaTHO-IPOTPaMMHBIE PEIIeHUus] W TPeOOBaHUSA K Y4eOHO-METOIUYECKOMY 00eCredeHHUIo
MEXIYHAPOIHON CHUCTEMBI IUCTAHIIMOHHOTO OOYYEHHs CIICIMAIMCTOB IO MOHUTOPHUHTY U
MPOTHO3UPOBAHUIO JIOKAIBHBIX M TJIOOATbHBIX MHPHUPOJHBIX U TEXHOI'CHHBIX KaTacTpod.
Omnpe/enieHbl HAITPABIICHUST Pa3BUTHA MEXTOCYJapPCTBEHHBIX COTJIANICHUH U MEXyHapOIHOTO
COTPYAHUYECTBA, OOCCIICUNBAIOIINE Pa3BEPTHIBAHUE MEXKITyHAPOIHOW CHCTEMBI TUCTAHITHOH-
HOro OOydYeHHS W KauyeCTBO €€ (YHKIIMOHHPOBaHHS. PacCMOTPEHO COBPEMEHHOE COCTOSIHHE
y4e0HO-METOAMYECKON CHCTEMBI IUCTAHIIHOHHOTO 00yYeHUSI.
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KOHIIENTYAJIbHBIE OCHOBBI PUCK-AHAJIU3A
MPOIIECCA CO3JIAHMSI MAKCM

HU. B. Munaes

HIIII BHUUOM
Mockea, Poccus
Ten.: 8-916-649-70-77. E-mail: ivminaev@mail.ru

Coznanne MAKCM — rpaHIMO3HBIN MEXIyHAPOIHBIA MPOEKT, TPEOYIOMIHA peleHHs
KOMIUIEKCA CIIOKHEUITNX HAYIHO-TEXHIYECKUX U OPTaHN3alMOHHO-TIPUKIIAIHBIX TPOOIeM.

Ha 1-m Mexnynapognom cumnosuyme (Kump, 2009) mo maHHOW TeMaTHke ObLIH
0JI0OpPEeHBI TIOKa3aHHBIE Pa3pa0OTYMKAMH TOJUTHYECKUE, T'yMaHHUTAPHBIC, 3KOJIOTHYECKUE W
sKoHOMHUYeckue aocroumHcTBa npoekrta. [Iposegennsie PAKIL coBmectHo ¢ HUM KC um.
A. A. MakcuMoBa HaydHBIC HCCIICAOBAHMS TaKKE OIPEHCTIIN 0a30BbIE TPEIACTABICHHUSI O
BO3MOXXHOM TexHndeckoM 00arke MAKCM u opranuzanuu ee pyHKIMOHUPOBAHUS.

B To e Bpems coxpaHSIOMASACS HECTAOMIBLHOCTh MEXIYHAPOIHOW MOIUTHYECKOM
00CTaHOBKH, TPOJIOJDKAIONMININCS (UHAHCOBO-DKOHOMUYECKHNA KPU3WC W UPE3BHIYAMHEBIC
MIPUPOJIHBIE ¥ TEXHOTEHHBIE CUTYalluH CYIIIECTBEHHO OCIIOXKHSIOT MPOLIECC PeaTU3allii ITaroB
pabotsl mo co3ganuto MAKCM. B KOHEYHOM WTOT€ CHHXKAeTCS JIOCTOBEPHOCTH
MIPEIBAPUTEIHHBIX JIKOHOMHYECKHX OOOCHOBAHHMU, MONyYE€HHBIX, B OCHOBHOM, IO HTOTaM
MpenbicTOpun  coObiTHi. CleACTBUE NaHHOW CUTYalldd — ©CTECTBEHHBIM CKENTHUIIU3M
MOTEHIUAIbHBIX YYACTHUKOB U HHBECTOPOB MPOEKTA.

Bo3MOXHBIM apryMeHTOM B OAAEPKKY Heooxoaumoctu co3nanuss MAKCM moryT ObITh
pe3ynbTaThl PHCK-aHalIM3a Tpollecca CO3JaHWS CHCTEMBI, OCYIIECTBISIEMOTO C YYEeTOM
OCHOBHBIX TIOJIO)KEHHWH CHCTEMHOro moaxoxa. lIlpakThdyeckoe OTCYTCTBHE METOIUYECKOTO
amnmapaTa aHaiHu3a PUCKOB CO3MaHUA W (PYHKIMOHHPOBAHHA KOCMHYECKHX CHCTEM BOOOIIE U
AIPOKOCMUYECKMX CHCTEM B YaCTHOCTH OOYCIIOBIHMBAET AaKTyaJdbHOCTh COOTBETCTBYIOIIMX
HCCIIEI0BAaHUH.

B aT1o0it cBs3u B Jokiane OOCYKAAIOTCS MPUHIMITAATIBHBIC TOJOXKCHHS OpPraHU3aIluu
KCCIIE0OBAHUM PUCKOBOrO KOMIIOHEHTa npoektupoBanuss MAKCM, Briatoyarouiye ciaeayromue
3Tarbl:

- obocHOBaHue ocoOeHHOCcTell  umepapxuueckod  aekommosuimun  MAKCM  kak

METaCHCTEMBI,
- o0ocHOBaHME TpeOOBaHWH K BHEIIHEMY JOIMONHEHHIO MEXIy HWepapXuIeCKIMH
YPOBHSIMH CUCTEMBI;

- aHaIM3 ¥ paHXHpoBaHKE (DaKTOPOB PUCKA;

- CTPYKTypHUpOBaHHE MOJIeJIe yPOBHEBBIX PHUCKOB;

- KOMIUIEKCHPOBAaHNE MO/JIENIEN PUCKOB;

- OIICHMBaHUE TI00ATLHBIX U YPOBHEBBIX PUCKOB.
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ABTOMATU3UPOBAHHASA CUCTEMA KOHTPOJIA
OBCTAHOBKX KOCMHWYECKHUMU CPEACTBAMUA
HA OBBLEKTAX MMOBBIIIEHHOW OITACHOCTH

E. II. Munakoe, A. C. Konopamues, E. @. Yuukoea

Tocyoapcmeennvlii Hayynwiii yenmp Poccuu
Llenmpanvhwlii HayuHO-UCCIE006aMENbCKUL U ONLIMHO-KOHCMPYKIMOPCKUL UHCIUIYM
POOOMOMexXHUKYU U MeXHUUEeCKol KubepHemuku
Tuxopeykuii np. 21, 194064, Canxm-Ilemepbype, Poccus
Ten.: +7(812) 552-46-89. E-mail: minakov@rtc.ru, kondr@rtc.ru, chichkova@rtc.ru

Pemenne 3amad omepaTHBHOTO OOHapykeHHs upe3BbrdaiHpix curyanuid (YC) Ha
CTaIlOHAPHBIX M TMOJBHXHBIX OOBEKTaX MOBBIIIEHHON OMACHOCTH, KOHTPOJS OOCTaHOBKH Ha
CTallMOHAPHBIX OOBEKTaX M B HX 30HAaX HMH(POPMAIIMOHHOrO OO0ecleueHHs, KOHTPOJIS
nepeMenieHnss O0bEKTOB TIOBHIIIIEHHON OMACHOCTH B TpeJeNiaX 3aJaHHOTO PETHOHa, TOBEACHUS
uHpopmamn o UYC 1m0 opraHoB ympapleHus, BeleHUs paszBeakun B obOmactax YC,
WHPOPMAIIIOHHOTO 00ECTIeYeHHUs aBapUHHO-CIIacaTENbHBIX PA0OT U HEKOTOPBIX APYTHX MOXKET
OBITh OOEcCIed4eHO NPUMEHEHHEM AaBTOMATH3UPOBAHHOW CHCTEMBI KOHTPOJSI OOCTaHOBKU
(ACKO) xocmmueckumu cpeactamu (KC).

HazemHblii KOMIUIEKC 3TOM CHUCTEMBI COCTOMT M3 JIaTYMKOBOM CTallMOHAPHOM,
TIEPEHOCHON W/WIM TPAHCIIOPTUPYEMOW amnmapaTypbl, CHCTEMBI IpHeMa-Tiepefaydl aHHBIX,
0a3bl TaHHBIX W CHCTEMBI OTOOpaXKeHHUS 0OCTAHOBKH.

HaruukoBas ammaparypa ACKO KC woxer Bkiao4ath B ce0s OOBEKTOBBIE W
KOMOMHHMPOBaHHBIE CUTHAIN3ATOPHI-yKa3aTean Mecta BosHUKHOBeHUsT UC, a Taxke ykazaTeln
MeCTa TPAHCIOPTHBIX cpencTB. Bce oHM MOTyT OBITH pa3MelleHbl Ha aBTOTPAHCIOPTHHIX,
AaBUAIIMOHHBIX (BEPTOJIETHBIX), BO3AYXOIUIABATENbHBIX, IUIAByYMX CPEACTBAX WM Ha
OECIUIIOTHBIX JIeTaTeNbHBIX almnapaTax.

JatuukoBas ammaparypa mepBOro ¥ BTOPOTO THITA COCTOHUT U3 OJIOKOB JIETEKTUPOBAHMUS,
anmapaTypsl CITyTHHKOBOM HaBHTaluu W Tepefadn WHGOpPMAINH, a TakKe aBTOHOMHOTO
WUCTOYHUKA OSHEprocHaOkeHWs. B ykazarensx Mecra TpaHCHOPTHBIX CPEICTB OJOKK
JIETEKTUPOBAHMSI OTCYTCTBYIOT.

KC mosunmonupoBanust B pamkax ACKO, mcnonssyromeii ganasie cucteM ['JIOHAC,
GPS u 1.11., 00ecrieunBaOT UASHTH(OUKAIMIO U KOOPIUHATHO-BPEMEHHYO TIPUBSI3KY 00BEKTOB,
Ha KOTOpbIX Bo3HHKIa YC, a Takke KOHTPOJIb NepeMEUICHUs OOBEKTOB IOBBIIIEHHON
omacHoctu. KC JI33 Ha 0Oaze anmapatoB Spot-4(5), RADARSAT-1(2), IRS-P5(6), EROS-A(B) u
HEKOTOPBIX JPYTHX TpeAHa3HadeHa Ui TEePHOJUYECKOTO KOHTPOJS COCTOSHHS JIOpOT,
NMOObE3OHBIX IyTEH, MOCTOB, COOPYKEHHH, BOAHBIX M JPYIHX OOBEKTOB B 30HE
nH(POPMAIIMOHHOTO obecrieueHns: OO0BEeKTa TIOBBIMIEHHONW OIACHOCTH, a TakKe BEICHUS
pasBenku B obnactsax YC.

[IpoBeneHHbIE HCCIIEAOBAaHUS TOKA3BIBAIOT, YTO MMPOTHO3HBIMH d(PPEKTaMU TPUMEHEHHUSI
ACKO KC sBugrorcsi BeposTHOCTE oOHapyxkenuss UYC Ha CTauMOHApHBIX OOBEKTaxX
MOBBIILICHHON omacHocTh B TedeHwe 1-3 cek. — 0,99; BepoOATHOCTH TOH XKe CUTyallMd Ha
MOJBMXKHBIX 00bekTax — 0,95; mepHogMYHOCTH KOHTPOJII OOCTAHOBKM Ha CTAI[MOHAPHBIX
00BbeKTaX M B HUX 30HaX HHQPOPMAIMOHHOTO obecneueHus — OAMH pa3 B 1-2 CYTOK,
OTIepaTHBHOCTH NToBeneHus: nHpopMmanmu o YC 1o opraHoB ynpasieHus — 1-3 cexk.
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XPAHEHUE U OBPABOTKA ACTPOMETPUYECKHAX
A ®OTOMETPUYECKHX JTAHHBIX OB AC3:
HACTOSIIIEE ¥ BYAYIIEE B POCCUM

C. A. Hapoenkos

Hncmumym acmponomuu PAH
ya. Ilamnuyxas, 48, 19017, Mockea, Poccus
Ten. +7 495 9515461. E-mail: snaroenkov@inasan.ru

MaccoBble OTKPBITHS HEM3BECTHBIX paHee acTepOWIOB TPHUBEIH K MHOTOKPATHOMY
YBEIMUEHHUIO KojnyecTBa HMHpopMauuu o Majibix Tenax ComHeuHOH cucteMbl. OrpoMHBIE
0o0bemMbl MH(OpPMAIIMU, HAKOIUICHHBIE W IOJy4YaeMble TpU HAONIOIEHUSX OOBEKTOB, COIH-
KaOMMXCS ¢ OpOUTOI 3emiu, TpeOYIOT XpaHEeHHUs] ¥ OlepaTuBHONW 00paOOTKH, MPeIoCTaBIIss
Bce Oobpllle BO3MOXKHOCTEH Il HCCIIEAOBaHMS pacmpeneseHnid Manbix Ten CoiHeuHoH
cUCTeMBbl W TyTeld ux sBomtonuu. l[losTomy passutne uHPOpMmamnoHHbIX cucteM (HC), B
KOTOPBIX OyIyT comep aThCsl O0NbIe 00BEMBI TAaHHBIX O MaibIX TeldaxX COTHEYHON CHCTEMBI
W MHCTPYMEHTapHi Al 00pabOTKU 3TUX JaHHBIX, SIBISETCS aKTYalbHBIM M MEPCHEKTUBHBIM
HampaBJieHHEeM padoT.

B pamkax mpo6ieMbl acTepoHIHO-KOMETHOW OITACHOCTH I 3eMiIM Takue WHbopMa-
IIMOHHBIC CHUCTEMbI, OOBCIUHUBIINE B ceOe BCe JMaHHbIE 00 acTepoujax, IMOMOTYT OICHHTH
MOTEHIHANbHBIE PUCKH U YTPO3bl AJs uenoBeuecTBa. Ha ganubiii MomeHT B Poccun coznarorest
b0 pa3BUBAIOTCS HECKOJIBKO Takux cucteM. Hampumep, ato UC, pa3paborannas B ' maBHOI
actpoHommuaeckoir obcepBaropun (DI1OC), katamor Manslx Ten CamMapcKoro rocymaapCTBEH-
HOT'O YyHHUBepcUTeTa (PyKOBOAMTENb MpoekTa — 3aycaeB A.d.), Karajor actepouiaoB, cOIH-
xarormuxcs ¢ 3emuedt, UITIA PAH, undopmanmonnas cucrema, paspaborannas 8 UHACAH
(Hapoenkos C.A.). Bce 3T cucTeMbl Ha JTaHHBI MOMEHT XPaHAT JaHHBIC TOJIHKO 00 acTpoMeT-
PHUECKUX XapaKTEPUCTHKAX aCTEPOUIOB.

B EBporne cozgan ueHTp moiay4deHusi 1 00padOTKM JaHHBIX Ha OCHOBE (POTOMETPUUECKUX
Habmoneanit (Europe Asteroid Research Node). B memom pabora BeAeTcs, HO KOJIHMYIECTBO
BHOBb OTKDBITBIX AacTEPOMJOB, COMIDKAIOIMXCs ¢ 3emiled, pacTeT HaMHOTrO ObIcTpee.
Heo6xonumo yBennunBaTh KOIMYECTBO LEHTPOB cOopa n 00paboTku gaHHbIX 00 AC3.

MHACAH coBMecTHO ¢ JApYyrMMH HWHCTHTyTaMH B paMKax paboT 1o mpobieme
acCTepOUTHO-KOMETHON ONMacHOCTH pa3padaTsiBaeT pacupeneneHHyro MC, koTopas cMOXeT
O00BEIMHUTH B €IMHOE 1IeJI0e JJaHHBIe 000 BCEX XapaKTEPUCTUKAX aCTEPOUIIOB, COTMIKAFOIIIUXCS
¢ 3emueii. K BeImoHEHNIO padOT 10 CO3/IaHHUIO TaKOH WH(POPMAIIMOHHON CUCTEMBI IPUBJICUEHBI
Takue MHCTUTYTHI, Kak 'AO, UITA. Pa3paboTKkoii CHCTEMBI OIIEHKH PUCKOB M YTPO3 OT IaICHUS
actepouna Ha 3emito 3anumaercs UJAI. Cosnanue MC u ueHTpoB aisi 00pabOTKHM JaHHBIX 00
acTepouax SBISIETCS BYKHOW 3afadeid B 00JacTh pelieHus npoOieMbl acTepOrIHO-KOMETHON
OITaCHOCTH.
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AHAJIN3 PAZBUTHUA MEKAYHAPOJHBIX KOCMHUYECKHUX
CPEACTB MOHUTOPHUHI'A YPE3BBIYAUHbBIX CUTYALIUU

B. E. Hecmepoel, B. A. Menvuwukoé’, C. B. Iywkapckuii’

'TKHIIL] um. M.B. Xpynuuesa
ya. Hogozaeoockas, 18, 121087, Mockea, Poccus

’HUH KC umenu A.A. Maxcumosa — punuan TKHIIL] um. M.B. Xpynuuesa
va. Tuxonpasosa, 141091, 2. FObuneiinwiii, Mockosckas o6xa., Poccus

B mocnennuwe romel BO BceM MUpE YAENSeTCS Bce OOJbIIee BHUMAaHUE CO3JIAHUIO
KOCMHYECKHX CHCTeM MOHHUTOPHHTa YpE3BBYaWHBIX CHUTyanuil. 3a Oojee dYeM IATh
JecATWIETHH ¢ MoMeHTa 3amycka meporo MC3 pa3paboTaHO HECKONBKO TOKOJICHHH
KOCMHYCECKUX allapaToB W IEJICBOW ammaparypbl HAOJIOJCHUS U CBSI3U, MOSIBIJIUCH HOBBIC
MYJIbTUCTIEKTPAIbHBIE W THIEPCIEKTPAIbHBIE YCTPOWCTBAa, MHOTOYACTOTHBIE PAJAMOMETPHI U
paanoIIOKaTOPHI, JIa3ephl, rennoreodu3myueckas amnmaparypa, BBYHCIWTENBHBIE CPEICTBA,
CpencTBa CBA3U U MHOTOE Jipyroe. HoBble TEXHUYECKHE U TEXHOJOTUYECKUE PELICHUS MPOIILIH
JETHYI0 OTpabOTKy Ha Maimeix W Mukpo-KA. B pesynbraTe COBpeMEHHBIE CITyTHHKH
nabmoxenws (/133), umes maccy ot 300 go 800 kr, 3pPeKTHBHO pemaroT 3a1a9 MOHUTOPHHTA
aTMocdepsl U MOBEPXHOCTH IUIAHETHI. biaromaps cHW)XeHWIo Macchl M cTomMmocTH KA crano
BO3MOXHBIM CO3/1aBaTh MHOTOCITYTHUKOBBIC CHCTEMbI, 00SCIICUYMBAs BHICOKYIO OIEPATHBHOCTD,
HAJIEKHOCTH M IOCTOBEPHOCTh MOHUTOPHHTA PA3INIHBIX OOBEKTOB H MIPOIECCOB.

COOTBETCTBYIONIME MPOCKTHI W WHUIIMATHBEI, HAXOJAIIUECS HAa Pa3IUYHBIX CTaTUIX
ocyuecTBieHus, peanusyiorcs cerogus CoemuHeHHbiMu Illtatamu Awmepuxu, Kanamoi,
ctpanamu  EBpocoroza, rocymapctBamu HOxxnoit u  IOro-BocrouHodt Asuu. AKTHBHO
pa3BUBAIOTCS KaK HAlMOHAJBHBIE, TAK U KOPIIOPATHBHBIE KOCMUYECKHE CHCTEMBI MOHUTOPHHTA
u obecriedeHUs: 0E30MACHOCTH, KOTOpbIE BKIIIOYAIOT B CBOW COCTaB MHOTOIENICBBIE
MHOTOCITyTHHKOBBIE KOCMHYECKHE CHCTEMBI JIUCTAHIIMOHHOTO 30HAWPOBAHUSA, CBS3H H
pPETPaHCIALIMN JaHHBIX, HABUTAI[MOHHOTO, THAPOMETEOPOIIOTUIECKOTO M TOIIOTE0Ie3NIECKOTO
o0ecriedeHus], a TakKe TEeXHOJOTHYECKOrO HazHadeHHs. MOXKHO C yBEpEHHOCTHIO TOBOPHUTH O
TOM, YTO B TIOCJICTHUE TO/BI CIIOKUIIACh MUPOBasi KOCMUYECKast MHAYCTPUS U MHPOPMAIIMOHHAS
MHPPACTPYKTypa HAOMIOACHHUSA, B CO3/IaHUU KOTOPOH NMPUHUMAIOT YYacTHE MPAKTUYECKH BCE
Benymmme rocynapctsa mupa (CIIA, Kanana, ®panmus, Utamus, ['epmanns, BenukoOpuranus,
EKA, Uszpauns, Uamus, Kuraii, Poccus u SnoHwust), MexXIyHapOHbIE KOHCOPIIMYMBI U €Il
oko110 20 CTpaH cO BCEX KOHTUHEHTOB 3€MJIU.

MAKCM kak HaarocyaapCTBEHHYIO CHCTEMY ITPEIITOIaraeTcsl MOCTPOUTh Ha TIPHHITAITAX
WCIIOJB30BAaHMUSI  BCETO  MOTEHLMAla COBPEMEHHOW KOCMOHAaBTHKM, B TOM  YHCIE
MEXIyHAPOHBIX MPOEKTOB KOCMHUYECKOTO0 MOHHTOPWHTA CTUXHUHBIX OEICTBUH, peann3anus
KOTOPBIX BHOCHT CYIIECTBEHHBIM BKIJI[] B Pa3BUTHE Mpollecca TI00AIBHOTO ObOecredeHus
nHpOpMAIME O YPe3BhIUANHBIX CUTYAIUSIX B Pa3jIMYHBIX PErHOHaX 3eMiid. AHaJIM3 TaKuX
MIPOEKTOB MOKA3bIBAET, YTO BCE OHU OPHUEHTUPOBAHBI MPEUMYIIECTBEHHO HA pPEIICHUE 3aJau
BEISBJICHHUS Pa3pyLIUTEIbHBIX TOCIECTBIUI CTUXUNHBIX OCICTBUI 1 YPE3BBIYAHHBIX CUTYAIHI.
Tak, KOHEUHBIM pe3yibTaToM peanusyemoro mo wHHnmatuee CIIA «['pymmoit mo
HaomoaeHusM 3emim» (GEQO) Ha ocHoBe 10-netHero tiana (2005-2015 rr.) MexIyHapOIHOTO
npoekta «Global Earth Observation System of Systems» (GEOSS) nomxHa craTh rinodanbHas
obmenoctynmHas HWHPpPACTPYKTypa, KOTOpas MAODKHA B Macmrade BpeMeHH, ONHM3KOM K
peaibHOMYy, OOECHEeUnTh ILIUPOKUN KPYyr IOJIb30BaTelie BceoObeMITIONIEH, 00paboTaHHOM
nH(pOpMAIHEeH KOCMUYECKOIO0 MOHUTOPHHIA. XOTS OJlarofapss WHBECTHIUSAM IOCICAHHUX JIET
CTaJ0 BO3MOXHBIM B paMmkax GEOSS o0bequHUTL Pa3HOPOJHBIE CPENCTBA HAOTIOACHHUS U
nporpaMMHOe olOecrieueHne s M3MEPEeHUS (QU3MUYECKHX, XUMHUYECKHX W OHMOIOTHUECKHX
MapaMeTpoOB, XapaKTEPU3YIOMIMX MHTETPUPOBAHHYIO KapTUHY MPOUCXOIAIIMX Ha 3emiie
MOTEHIIUAIEHO  OMACHBIX TPOIECCOB, OAHHbIL HNpOeKm He npednojazaem  CO30aHUs
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COOCMBEHHOU OPOUMATLHOU 2PYNAUPOSKU, UMO CYUWECMBEHHVIM 00pa30oM 0Spanudueaem
603MOJICHOCIU N0  peutenuto npooexiapuposannvlx GEOSS 3adau  npocnosa onacuwix
NPUPOOHBIX U MEXHOSEHHbIX ABLEHUI.

MexayHapoHasi CHCTeMa KOCMUYECKOTO MOHUTOPUHra CTUXUIHBIX OexctBuii (Disaster
Monitoring Constellation — DMC), nox peanuzanmto xotopod B 2002 romy Obu1 cozfan
MEXIYHApOMHBIN KoHcOpIuyM (Asmkup, BemmkxoOpuranms, Hwurepms, Kwuraii, Tawmanm u
Typuust), pacnojaraeT HU3KOOPOWTANBHOW TPYIIMPOBKOH Ha MOJSPHBIX OpOHUTaxX M3 CEMH
UMEIOIINX TOCYIapCTBEHHYIO MPUHAIEKHOCTh MHUKPOCIIYTHHKOB OpHTAaHCKOH pa3paboTKu
maccoll 80—130 Kr, OCHAILIEHHBIX MHOTOCIEKTPAJIBHBIM ONTHKO-3JIEKTPOHHBIM KOMILJIEKCOM
cpenuero pazpemenus 20—30 M. MukpocryTHUKaMA B cocTaBe DMC BIaneOT W YIPaBIISIOT
BenukoOpuranus, Amxup, Hurepums, Typuwms, Kuraii, Taumang wu apyrue rocynapcTsa,
00MEHHUBAsCh MPU HEOOXOTUMOCTH KOCMHUYECKHMMH JAaHHBIMH. BO3MOXXHOCTH TaKOW CHCTEMBI
BEeChMa OTPaHMYEHBI — OHA CIIOCOOHA PETUCTPUPOBATH JIUIITH COCTOSIBIIEECS] CEHCMUYECKOe WITH
KpYITHOE TEXHOT'CHHOE COOBITHE, OPHEHTHpPOBaHA Ha TNONy4YeHHEe HH(OpMAlMK TOIBKO B
BUAMMOM JHana3oHe CHEeKTpa M [peJHa3HayeHa JJs ONepaTHBHOrO  OOecredYeHus
nH(pOpMaIel KOMIIETEHTHBIX OpTaHW3alliii W CIHEIHAUCTOB TOJBKO TEX CTpaH, Ha 4Ybel
TEpPUTOPHUH Ype3BbIYAiiHAS CUTYAIMs] BOSHUKAET.

EBponetickas nannuatuBa «I 7100a1bHBI MOHUTOPHUHT B HHTEPECAX OKPYIKAIOIIEH cpeibl
u 6e3zomacHoct» (Global Monitoring for Environment and Security — GMES), HanpaBineHHas
Ha (GopMHpOBaHHE COOCTBEHHOTO E€BPOIIEHCKOT0 MOHHTOPHHTOBOTO TIOTEHITMANA (B IPOEKTE
yuactBytoT @pannus, Wramus, [epmanus, Kanaga, W3pamnsr u psg  npodHiIbHBIX
AIPOKOCMUYECKIX KOMITAHWH JIPYTHX CTpaH), npexacraisier cobor Bkiaax EC B GEOSS. B sty
cucreMy (YHKIIMOHAIFHO MOJDKHBI BXOAWTH KOCMEYEcKHe cucTeMbl /|33, HaBHTau U CBS3H.
B ee pamkax moapasymeBaercsi co3faHue ri00aqbHON CHCTEMBI KOJIOTHUYECKOTO MOHUTOPUHTA
IUTAHEThl, B COCTaB KOTOPOM BOMIYT aHAaJUTUYECKHE IIEHTPHI, HA3e€MHbIE CTaHIMHU H
KOCMHUYECKasi TPYNIHUPOBKA. XOTS HEKOTOPhIE KOMIIOHEHTBI CHUCTEMBI YK€ (YHKIIHOHUPYIOT,
OHA BCE €Ille HaXOIUTCS B CTaaAWH pa3pabOTKH, a 3aBepleHHEe (GOPMHPOBAHUS OPOMTAITBHOMN
IpyHIHMPOBKY 3aruiaHupoBaHo Ha 2012 rog.

Opb6uranbhas rpynnupoBka GMES Bkmouaer 13 KA nabmonenus, B Tom uncie KA:
Gelios-2, Pleiades, Cosmo-Skymed, SAR-Lupe, Spot-5, Rapid Eye, DMC2 (Topsat 2) u
TerraSAR-X. B 0ynymem EKA mnanupyer co3mpaHue 11eJ10ro ceMeiCcTBa CIy THUKOB (Cpeay HUX
— KA Sentinel, ERS, ENVISAT, GOCE, SMOS, CryoSat-2, Swarm, ADM-Aeolus, Earth CARE,
MSG, MetOp, JASON-2, PLEIADES), koTOopble Mpeamnojaraercs OCHACTHTH pamapamu C-
nuamazoHa (s UHTEp(EpPOMETPUYECKOM CHEMKH), OINTHYECKOW KaMepoll  CpeaHero
MPOCTPAHCTBEHHOTO pa3pelieHus (11 KapTorpagupoBaHUsl M THIEPCIEKTPAJIbHON CHEMKH),
ONTHYECKOW  amnmapaTypodl ¥  paJHOJOKAallMOHHBIM  BBICOTOMEpPOM (s JeTaabHOTro
MOHUTOPHHTA OKEAHCKUX aKBaTOpWH, arMocdephl 3eMIM ¢ HHU3KOWM W TeOCTallnOHApHOMH
opbutamu). Xotst npoekt GMES u pacrionaraer coOCTBEHHOH OpOUTaIbHOM TpyNITUPOBKOH,
paspabotky u npuobpeterne KA, a Takke KOOpIUHAIIMIO KOCMHUYECKAX aKTHBOB €BPOIIEHCKUAX
HallMOHAIBHBIX OIEPAaTOPOB CIYTHUKOBOM CBs3M ocymecTBiasieT EKA, ommako oH He
MpelyCMaTpUBaeT PeleHNs 3a4a4 BhISIBICHUS MPEABECTHUKOB U IPOTHO3UPOBAHUS IPUPOIHBIX
W TeXHOTeHHBIX OenctBuii. Kpome Toro, paa cnyTHHKOB B coctaBe GMES npenHazHaueHbl IS
pelIeHus 3a/1a4 B MHTEpecax 00OPOHHBIX BEAOMCTB, U X PECYpc BPSI I OyJIeT BOZMOXKHO Ha
pEryJIspHON OCHOBE NMPHUBJIEKATh B MHTEpECaxX MEXTyHapOTHOTO T7100aTbHOTO MOHUTOPHHTA.

Wnnnunposannas B 2000 rogy EKA u ®paHIy3cKUM KOCMHMYECKHMM areHTCTBOM
MexnynaponHas xaptus «Kocmoc m kpynHbeie katactpodsdy (International Charter «Space
and Major Disasters»), K peaqu3aniiii KOTOPOH NPHCOEANHUINCh KOCMHUYECKHE areHTCTBAa H
opranmzanun Aprentunsl, Wugmn, Kamane, CHIA, Anommm m Poccum, HampapiieHa Ha
CO3/IaHUE €IWHOW CHUCTeMBl KOCMHYECKMX JaHHBIX, MpeJHa3HAYeHHOW [UIs oOecredeHus
HeoOXoauMoH MH(pOpManHeld MOCTPalaBIINX B pe3ysibTaTe CTUXHWHBIX WIH aHTPONOTEHHBIX
OencTBuil. XOTS OpOWTAIbHBIA CErMEHT NpPOEKTa M BKIOYAeT B ce0s HalMOHAJIbHBIC
kocmudeckue ammapaTtel  JI33 rocymapcre-yuactHukoB: ERS, ENVISAT (EKA), SPOT
(Opanums), RADARSAT (Kanana), IRS (Manus), GOES (CIIA), SAC-C (Aprentuna), ALOS
(Slronms), BBUIOY CBOEH CHENMU(PUIHON IIeJICBOW HANPaBICHHOCTH (CKOOPAMHHPOBAHHOTO
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WCIIOJBb30BAHUS KOCMHYECKOM TEXHUKM B ClIy4ac BO3HUKHOBCHHS TNPUPOIHBIX WA
TEXHOT€HHBIX KaTacTpod W TPeOCTaBICHHE TOCTPAJaBIIMM CTpaHaM OECIUIaTHBIX JTAHHBIX
KOCMHYECKOTO MOHUTOPHHTA) Xapmus He peuiaem WupoKo2o CHeKmpa 3a0ai npocHo3upo8aHus
NPOUCXO0AWUX HA NIAHeme CIMUXULHbIX 6e0cmaull.

[pemnoxennsrii B 2004 romy mnpoekt «Crpax Asum» (Sentinel Asia), ydacTHUKaMu
KOTOpOTO SBJSIOTCA S1  opramm3amuss, B ToM umcie 44 areHrctBa w3 18 cTpaH,
MpeaycMaTpuBaeT co3fanne B Azuarcko-TuxookeanckoM pernone (ATP) cuctembl KOHTpOIS U
JIMKBUJIAIIMK TIOCJICJCTBUI MPUPOTHBIX KATACTPO( Ha OCHOBE HCIIOJIB30BaHUS BO3MOXKHOCTEH
KocMHU4Yecknx TexHojorui /[33 B pexxume BpeMeHH, OIHM3KOM K pealbHOMY, B COUETAHHH C
I'MC-texaonoruamMu KapTorpauii ¥ COBPEMEHHBIMH WH(GOPMAIMOHHBIMU TEXHOJIOTHAMU
riobanpHON cetn MHTepHeT. OmHAKO 66UV 02panUteHH020 cocmaga OOpmosol annapamypsl
ucnoavsyemuvix 6 npoekme KA u cneyugurxu opoumansnoco nocmpoenus epynnuposox peuietue
3a0ay NPOSHO3UPOBAHUS NPUPOOHLIX U MEXHOSEHHbIX AGIeHUU 6 2100albHOM Mmacuimade 6
PAMKAX RPOeKma 8psa0 A CMAHem 803MONCHBIM.

3aBepiasi aHAJIU3 COCTOSHUS U MEPCNEKTUB Pa3BUTHSA KOCMUYECKHX CPEICTB U CHCTEM
MOHHTOPWHTA YPE3BBIYAMHBIX CHUTyallMd W WX IEJICBOW HANPaBICHHOCTH, CIEIyEeT OTMETHTH
MOJTHOE OTCYTCTBHE CpeAM 3aJay, pellaeMblX C HX UCIOJb30BAaHMEM, TaKuUX Kak
MpeIynpexaeHrue O TJI00aIbHBIX IUIAHETAPHBIX Yrpo3ax (CBSI3aHHBIX C METCOPOH]IHO-
aCTepOHTHOW OTIACHOCTHIO, COTHEUHOW aKTUBHOCTBIO H JIP.).
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MMPUMEHEHUE MAJIBIX KOCMAYECKHX ATIIIAPATOB (MKA)
JUISI 3AJTAY TUCTAHIIMOHHOT O 30HIUPOBAHMS
JIECOB CUBUPH

E. A. Oxomkuna, A. H. Cyxunun

Cubupckuii 20cy0apcmeenHblil aspoKocMuyeckull yHugepcumem um. akaoemuxa M. @. Pewemnesa
Poccus, 660014, o. Kpacnosapck, np.eaz.Kpacrospckuii paboyuti, 31
Ten.: (391) 2640014. E-mail: info@sibsau.ru

KpacHosipckuii  kpaif  sBIeTCSI OOHUM U3 IPOMBIIUICHHBIX  BBICOKOPA3BUTHIX
SKOHOMHUYECKHX paiioHOoB Boctounoit Cubupu. bonblire TeppuTopru Kpasi HOKPHITH JIECHBIMH
OuoreoleHo3aMM, BHIIOBOM COCTaB KOTOPBIX pa3HOOOpa3eH M YHHUKAJIEH, TO3TOMY JIECHas
COCTaBJISIFOIIAsT OTPACIICBOM SKOHOMUKH sIBIIsieTCst uaupyromieit. [pu sTom neca Cubupu Takxke
WTPAIOT BAXHYIO POJbh B JKOJOTHH OKPYXKAIOMIEH Cpelbl, Perylupys YyrIepoIHBIA OaslaHC.
HcTounnkamu 3arpsi3HEHHs, YTHETEHUS W UCTPEOJIEHUs JIECHON PACTHTENhHOCTH CIIY)KaT Kak
MPUPOJIHbIC, TaK M  AHTPONOIreHHbIC  (DAKTOPhI, TaKWe KaK: JIECHbIC  IIOXKaphl,
HECaHKIIMOHUPOBAaHHBIE BBIPYOKH, MAacCOBBIC Pa3MHOXKEHHS IWICTKONpsSAa W T.0. TakuM
o0pa3oM, Ui COXPAaHHOCTH JIECHOTO MAacCHBa, a TAaK)K€ OIEHKH CTETEeHW MOBPEXKACHUS W
JUHAMUKH BOCCTAHOBJICHHS HEOOXOIMMO IMPOBOJAUTH SKEIHEBHBIA M TIIATEIbHBIA KOHTPOJIb
TEPPUTOPUIL.

CoBmectHo ¢ Hnctutyrom neca um. B. H. Cykauésa CO PAH wu Bcepoccuiickum
HAyYHO-MCCIIEZIOBATENIbCKIM HHCTUTYTOM IO JAeJiaM TPaKJaHCKOW O0OOPOHBI, YpE3BBIYafHBIM
CUTyalUsiM ¥ JIMKBHJAIIMKM TOCIEACTBHI cTuxuiiHbix aeiictBuii MUYC P® B Cubupckom
FOCYJAapCTBEHHOM a’pOKOCMHYECKOM yHHUBepcuTreTe uM. akagemuka M. ®. PemerHesa
(CubI'AY) cosman llentp kocmmueckoro mounutopunra (IIKM). B pamkax cormamieHus B
LIEHTPE TMPOXOJUT MOATOTOBKA BbICOKOKBATH(DHUIIMPOBAHHBIX KAAPOB IO CHEIHAIBHOCTSIM
«Duszukay u «HccaemoBanue NPUPOIHBIX PECYpPCOB adPOKOCMHUECKUMH cpeacTBamu». B
0071aCTH HAYYHBIX HUCCIIEIOBAHUN CTYACHTHI, aCIUPAaHTHl B coTpyauuku Cubl’AY mpuHHMaroT
y4acTue B CIAEAYIOUINX HANpPaBICHHUIX: MOACTUPOBAHIE MPOIEcca Pa3BUTHUS JIECHOTO IMOXKapa C
LEJIbI0 ONEPAaTUBHOIO IMPOTHO3UPOBAHMSI BO3MOXKHBIX JSKCTPEMATbHBIX UYPE3BBIYANTHBIX
CUTYyaIii; pa3paboTKa TEXHOJIOTUH OIEHKH YHEPTreTHYECKUX IapaMEeTPOB JISCHBIX TMOXKapOB U
WX 3KOJIOTHYECKOTO BO3ACHCTBYUS; MOAECTUPOBAHIE U pa3paboTKa METOOB OLEHKH MTapaMeTpoB
MOYXKApHBIX dMHUCCHH; pa3paboTKa TEXHHUUECKHX TPEeOOBaHWH K IMEPCHEKTHBHBIM POCCHICKAM
CIYTHUKOBBIM CHCTEMaM MOHUTOPHHIOBOTO Ha3HAuUEHHS; OIEHKAa MAacIITa0OB ITOBPEXICHUS
JIECOB MO pe3yJbTaTaM KOMIUIEKCHOTO HA3eMHOTO W CIIyTHHKOBOTO 0O0CJeIOBaHMIA;
MOCIIENOXAPHBI MOHUTOPUHT MIPOIECCOB JIECOBOCCTAHOBIEHUS U JP.

Kakx wu3BecTHO, ceBepHBbIE pPaMOHBI dYalle BCETO MOJABEPralOTCS MAaCCOBBIM JIECHBIM
nokapam. [1o pa3HBIM HCTOYHHMKAM C HCITOIE30BAaHUEM KOCMUYECKOW WH(GOPMAIIHH, STH HA(PHI
koneonores ot 20 1o 30 ThIc. [1], cpeaHsis IOIIaas OTHOTO IOXapa COCTABIISIET OKOJIO 8 THIC.
ra, obmias exeronHas — 430-450 Teic. ra [2]. OxpaHa JIECHBIX TEPPUTOPHUI OT MOKAPOB UMEET
MHOJKECTBO MPOOIIEM, IMMOCKOIBKY HEpa3phIBHO CBS3aHA C aBUAIIMOHHOW OXPAaHOM, YTO, B CBOIO
odepens, BeleT K OOIBIINM SKOHOMHUYECKHM 3aTpaTaM. OJHON U3 IPHYNUH BRICOKOW TOPUMOCTH
JECOB  SIBJISAIOTCS  HENOCTAaTKM M ciabas TexHW4Yeckas 0aza MOXKapOTyUICHHS H
MIPOTUBOIIOKAPHOTO YCTPOKCTBa JiecHON Tepputopud [3]. [IpuHsaTHE Mep MO yCTpaHEHUIO OTHS
MOpoil OBIBae€T TO3MHUM, W K TPHIETY CIy)XO CTHXUIHBIN IMOXap OXBAaThHIBAET OOIBIIIHE
TEppUTOpPUH. B mepuoj BBICOKOH IMOKAPHOW OMACHOCTH HEOOXOAMM MOHUTOPHUHI JIECHBIX
TEPPUTOPHIl B TEUCHUE BCETO JIHS, YET0 MOXKHO JOOUTHCS C TIOMOIILI0 KOCMUUECKON ChEMKH.

HemanoBaxHBIM OOCTOSATENBCTBOM Ha CETOHSIIHUN JCHb SBISETCS M TOCIETIOXKaPHBIN
KOHTPOJIb JIECHBIX TEPPUTOPUN, BKIIIOUYAIOIINN KAYECTBEHHYK) M KOJUYECTBEHHYIO OLEHKY
COCTOSIHHSL TIOBPEXKJICHHOW TEPPUTOPHU, OCOOCHHO ATO KacaeTcsl TPYIHOJOCTYIHBIX CEBEPHBIX
JIECOB, TJI€ COCPENOTOUYEHBI LIEHHBIE MOPOABI XBOMHOro Jieca. Mcnonb3oBaHUE B STOM cllydae
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ABUATEXHUKH SKOHOMHUYECKH HelleJecoo0pa3HO M He AaeT BCEH MOJIHOTHI KapTHHBI, HapsAy C
JaHHBIMH JTUCTAHIIMOHHOTO 30HIUPOBAHUS, KOTOpPHIE OOECIEUMBAIOT €XKEIHEBHBIH INpHEM
nHpOpMaITMK,  ONEpaTUBHBI  aHamTu3 W 00pabOTKy  TONYyYEeHHBIX  JIaHHBIX  Ha
KPYITHOMACINTa0HBIX TEPPUTOPHUSIX.

B 2008 romy 3amyieH CTyJIeHUECKUH Mablii kocMudeckuil ammapar «HOOwinelHsbiii», B
pa3paboTKe KOTOPOTo MPUHUMAIH y9acTHE CTYACHTHI, aclUpaHTBl U coTpymHuku Cubl'AY
coBMecTHO ¢ 6a3oBbM npennpusitueM OAO «MCCy [4,5]. B pesynbTare ycnemHoro 3anycka u
0TpabOTKHU MOJIE3HOI HAarpy3KH cryTHUKa, B Cubl’AY Bemercs paszpabotka Broporo CMKA, Ha
KOTOpOM OyzeT yCcTaHOBJIEHa Kamepa Uil 3a1ad IUCTAaHIMOHHOro 30HAupoBaHus ([3) mecos
Cubupu. OTpaboTka JaHHOW KaMephl MO3BOJIHT OICHHUTH BO3MOXKHOCTH €€ MPUMEHECHHS IS
MOHUTOPHUHTA JIECHBIX TEPPUTOpPUH, H co3AaTh Ha 0aze CTYICHYECKOTO CIyTHHKA
«tOOuneiHpIi» TPYNIUPOBKY TaKWX K€ CIYTHUKOB C Kamepamu it 3amad [I3 necHbIx
TEPPUTOPHH, KOTOPBIE O3BOJIAT ONIEPATUBHO OLEHUBATH CJIOXKUBIIYIOCS OOCTAHOBKY B TCUCHHE
BCETO JIHSA M B CIy4ae BO3HUKHOBEHMS CTUXUHHBIX M10’KapOB CBOEBPEMEHHO MPUHATH MEPHI IO
UX YCTPAHEHHUIO.

Ha cerognsmauit nens LlenTp kocMudeckoro monutopunra B Cubl'AY pemaet psn kak
HAy4YHBIX, TaK M MPHUKIATHBIX 3a]a4, HCIONb3ysd A 00pabOTKM CHHUMKH C 3apyOeKHBIX
CIIyTHHKOB, HH()OpMAIIHIO ¢ KOTOPBIX MBI IIOJIy4aeM B Ha3HAYCHHOE pPacliCaHue, a peann3aus
NPOEKTa CO3JaHHUA CEpUH CTYyIEHYECKMX KOCMUYECKUX allapaToB II03BOJIUT YBEJIUYHUTh
CKOpPOCTb NPHUHATHS Mep U 3(P(HEeKTUBHOCTH PabOTHI, a TAKKE€ YMEHBIIUTH IKOHOMUYECKHE
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MEXIYHAPOJAHAA ADPOKOCMHMNYECKAA CUCTEMA
I'VIOBAJIBHOTI'O MOHHUTOPHUHI'A (MAKCM):
HOBBIN MTOAXO0/1 K TPOBJIEME BOPbBBI
CO CTUXUMHBIMU BEJICTBUSMUA

npogp. A. H. Illepmunos’, npo. B. A. Menvwiuxos’

! pyrosooumens @edepanvrozo kocmuuecrkozo azenmemea (POCKOCMOC)

? pykosodumens npoexma MAKCM om Mexcoynapoonoii akademuu acmponasmuxi,
2EHEPANbHBII KOHCIMPYKIMOP MHO2OQYHKYUOHATLHOU CUCHEMbL COIO3HO20 20CY0apcmea,
oupexmop HUU KC um. A. A. Maxcumosa — gpunuanra @I'VII IKHIIL] um. M. B. Xpynuuesa
(POCKOCMOC)

[IpupoaHble U TeXHOTeHHbIE OEACTBUS HMPOJIODKAIOT OCTABAThCS OJHHUMHU U3 OCHOBHBIX
YIpO3 YCTOMYMBOMY pa3BUTHIO UEJIOBEYECTBA, HAHOCS OrPOMHBIH YpPOH TOCYIapcTBaM H
IUIaHeTe B LeJOM. JTO B OUYEpEeAHON pa3 MOATBEPAMJIM HeIaBHHE KaTacTpoduyeckue
3emierpsiceHust Ha ['antu, B Ywmnm, Typrunm u Apyrux cTpaHax, >K€PTBaMU KOTOPBIX CTald
COTHH ThIcaY mroel. Anpenbckoe (2010 r.) uzBepkeHue Bynkana B Hopeeruu Ha necsitb nHEH
MapaJM30BaI0 aBUAITMOHHOE COOOIeHne 1mo Bcel EBporie, HaHecs SKOHOMHYCCKHH yIiepO B
JeCATKM MWIIHapaoB eBpo. llpumepHo B TO ke camoe BpeMss B MEKCHKaHCKOM 3aJIMBE
MpoM30LIIa KPyIHEHIIas 3a MOCIEAHNE TOAbl TEXHOTeHHasl KaTacTpoda, KOTOPYIO C IOJIHBIM
OCHOBaHHEM Ha3bIBAIOT «HEPTAHBIM UepHOOBUIEMY, YIIEPO OT KOTOPOH HCUHCIISIETCS MHOTUMHU
MWJUTHApaMH JTOJUTApOB, HE TOBOPS YXKE O HEBOCIOJHUMBIX SKOJIOTHUYECKUX MoTepsix. Malickue
Tpareuu Ha yroJibHBIX Iaxtax Poccum m Kutas, yHecumne >KM3HM COTEH JIFOJEH, MOTONIHUIH
«TeYaIbHBIA CHHCOK PYKOTBOPHBIX OexctBmit». [lo cratuctuke OOH, B 2008 romy B Mumpe
nMemn Mecto 137 mpupomHpix W 174 TEXHOTEHHBIX KaTacTpod, YHECHIMX OKOJO YETBEPTH
MUJUTHOHA YenoBedeckux ku3Hel. B 2009 romy B ogqHOM TonbKo KuTae skoHOMUYeckwii yiiepo
OT CTUXUHHBIX OEICTBUH MPEBBICKI 27 MIIPJA. TOJUIapOB.

B 2007 rony HUN KC um. A. A. MakcumoBa — Quiran KpyIMHEHIIEro KOCMUYECKOTO
xonaunra Poccun — I'ocynapcTBEHHOTO KOCMHYECKOTO HAYyYHO-TIPOM3BOJCTBEHHOTO ILIEHTpa
uM. M. B. XpyHuueBa BbIJIBUHYJI 3alIUIIEHHYI0O POCCHUMCKMM TMATEHTOM WA CO3JaHus
«MexmyHapoIHOW a’pPOKOCMHUYECKOW CUCTEMBI riiobambHOro MoHutopuHra (MAKCM)», ato
CTaJo pe3yJbTaToM OoJjiee YeM [JEeCATWIETHHX pPa3paboToK 3()(EKTUBHBIX CHCTEMHBIX
TEXHOJIOTHH KOCMHYECKOro MoHHTOpHHra. CoriiacHo 3ambliciny paspabotunkoB, MAKCM
IIPU3BAHA CTaThb KPYIHOM OpraHU3allMOHHO-TEXHUYECKOW CTPYKTYypOH, HWHTEIpUpYIOLIEH B
CBOEM COCTaBE€ HapsJy C COOCTBEHHBIM CIEIMATU3UPOBAHHBIM KOCMHUYECKHM CErMEHTOM —
TPYIITAPOBKON MaJIbIX 1 MHKPO-CITyTHHKOB C CaMOH COBPEMEHHOW ammapaTypoi oOHapyKEHUS
PaHHUX NPU3HAKOB CTUXUHHBIX OEACTBUIl, HA3eMHBIC U aBUALMOHHBIE CPEACTBA MOHUTOPHHIA,
KOCMHUYECKHE CUCTEMBI AUCTAHLIMOHHOIO 30HANpoBaHus 3emnu ([33), cBsI3M U peTpaHCIIALIH,
METEOPOJIOTMYECKOT0 M HABUTAIMOHHOTO obecredyeHus: (au00 WX WHPOPMAIMOHHBIE U
OpTaHU3alMOHHO-TEXHHYECKHE PEeCcypChl), BMECTE C COOTBETCTBYIOIICH WH(PACTPYKTYpOU.
Cucrema OyzieT co3/1aBaThCs € IETbI0 CBOEBPEMEHHOTO MPEAYNPEXIASHUS MUPOBOTO COOOIIECT-
Ba O I'PO3SILUX CTUXUHHBIX OCACTBUSIX M YPE3BBIYANHBIX CUTYalUsIX TEXHOTEHHOI'O XapakTepa,
obecrieueHus 3PEKTUBHON JUKBUIALMU UX TOCIEACTBUH, NAIbHEHIEr0 pa3BUTH U UHTETpa-
LMY HaBUTALMOHHO-TEJICKOMMYHHUKAIIMOHHBIX U HH(QOPMAIIMOHHBIX PECYpPCOB IIJIAHETHI B UHTE-
pecax mapupoBaHHUs TI00aTBHBIX YTPO3 U pelIeHHsI T'yMaHHTapHBIX MIPOOJIeM 4eI0BEUECTBa.

[Ipoekr MAKCM He sBnsieTcsl aqbTEepHATUBOW TEM YCHUJIHSIM, KOTOPBIE MPEANpPHHU-
MAFOTCsI CETOAHS MHUPOBBIM COOOIIECTBOM B 00JACTH MOHUTOPUHTA CTHUXWUHHBIX OEIACTBUN U
karactpod. B ero paMkax mpezmnonaraercs UCIOIb30BaTh LIE€JIEBbIE BOSMOXKHOCTH U OpraHu3a-
LUOHHBII NOTEHLMAJl BCEX H3BECTHBIX MEXAYHAPOAHBIX, PETMOHAJIBHBIX W HAIMOHAJIBHBIX
TIpoekToB B obactn JI33 M mpenoTBpaleHus KaracTpod, Takux Kak nporpamma CITAMJIEP-
OOH, «I'nobanbHas cuctema cuctem Habmronenus 3emum» (GEOSS), «EBporneiickas cucrema
rI00aIbHOTO MOHUTOpPWHTA OKpyKaromeil cpensl n Oe3onmacHoctn» (GMES), «Cucrema
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MOHHTOpPUHTA CTUXWHHBIX OefcTBuil B Azmartcko-TuxookeaHckoM perunoHe» (Sentinel Asia),
«MexayHaponHasi XapTHsl 10 KOCMOCY W KpynHbIM Katactpodam» (Disaster Charter),
«CucreMa MOHUTOPHHTA TIPUPOJIHBIX U TEXHOTEHHBIX KaTactpod «oHocar» (YkpauHa) U Jp.
B koHeuHOM wuTOre OyJeT OOECIieYeH CBOSBPEMEHHBIM cOOp, 00paboTka ¥ (GopMHpOBAHHE
JIOCTOBEPHOW MH(OPMALMK IPEAYNPEKICHUS O MOTEHIMAJIbHO OIACHBIX COOBITHSX, B LEJSIX
CBOEBPEMEHHOI'O TNPHUHATUS OTACIbHBIMU CTPaHaMH M MHUPOBBIM COOOIIECTBOM Mep IO
NPEIOTBPAILIECHHUIO WIN OCIAa0JIEHUIO UX MOCIEICTBUH.

3a Tpu ¢ muimHuM roaa uaess MAKCM mnponuta myTs OT KOHLUENTYyalnbHOH MOCTaHOBKH,
KOTOpasi JOKJIaIpIBAIACH HA LIEJIOM Psi/Ie MEKIYHAPOTHBIX HAYYHBIX (DOPYMOB 1O KOCMHUYECKON
TeMaTHKe, KOTophle Tpoxoawin B JlHenpomnerpoBcke (Ykpauna) B 2007 u 2009 rr.; Mockse u
Koponese (Poccus), a takxke B Tyrmmce (Tynumc) m Illamxae (Kwurait) B 2008 T.; Bepcame
(Opanmms), 2009 r. u, Hakoweu, B Pume (Urtamms) u Xaiide (M3pamnp) B 2010 1. 10
MOJHOMACIITA0OHOTO MEXIYHApOJHOIO IMPOEKTa, KypHpyeMoro MexIyHaponHOU akaaemMuen
actpoHaBTHKH (MAA), oTMedaromieil OCeHbIO HBIHEIHEro roga cBoe S50-nerme. IIpoekt
MAKCM Obin BHepBble OQHIMAIBLHO 0A00peH ydacTHHUKamMu [lepBoro MexayHapoJHOTO
CHeaTu3upoBaHHOro cummnosuyma «KocMoc M 0€30MacHOCTh YEIOBEYECTBa», KOTOPBIN
mpomen 2-4 wHosOps 2009 roma B ropome Jlmmaccon, PecmybOmmka Kwmp. Otot
NpeACTaBUTEIbHBIA HAYYHBIH (HOPYM CTajl BasKHBIM 3TAllOM IPAKTHYECKOTO MPOIBIKEHHS STON
WHHULIMATHBBI, KOTOPAs MMOJIyYria OH0OpEHNE U3BECTHBIX YUCHBIX U IPOGMIBHBIX CIELUAINCTOB
BEIYLIMX KOCMHMUYECKHUX JIep’KaB, BKJIIOYas YETHIPEX pPYKOBOAMUTEIEH HAIMOHAIBHBIX
KOCMUYECKHX areHTCTB. MHQopMalnoHHOE U OpraHNu3alliOHHOE COACHCTBHE B TOMYJIAPH3ANT
mpoekta MAKCM  oxaseiBaroT DepepanpbHOe KOCMHYECKOE areHTcTBO Poccum  u
MesxayHapoaHas acconuanys «3HaHUE», UMEIOIasi TeHepallbHbI KOHCYJIbTaTUBHBINA CTAaTyC B
OKOCOC, IOHUJIO u [enapramente obmectBeHHOH wHpopMmanun OOH. C nonurnyeckon
noAnepkkoit npoekra Beictynaer 1 MUJI Poccun B paMkax pocCUMCKONM BHEIIHETIOIUTUYECKON
JIMHUM, HAIIPABJIEHHON Ha COJIEHCTBHUE PA3BUTHIO MEXAYHAPOJHOIO COTPYAHUUYECTBA B MUPHOM
OCBOEHHH KOCMOca [T o0ecreueHus r1o0anbHoN 6€301acHOCTH U YCTOHYHNBOTO Pa3BHTHSL.

Ha ypoBae O6benuHenHbix Hanwii ipoekT MAKCM 0b11 odunmanbsHO MpeacTaBieH Ha
47-# ceccnu Hay9IHO-TeXHUYIECKOTo ogkomMuTera Komurera OOH 10 BCTIonp30BaHNI0 KOCMOCa
B MHUpPHBIX Wemsx, mnpoxonuBineir 8—19 despans 2010 roma B Bene (moxymentr OOH
A/AC.105/958 ot 11.03.2010). B xone ceccun u Tpex MOCIIEAOBABIINX 32 HEH MEXTyHAPOTHBIX
¢opyMOB OBIT JOCTUTHYT pSAA KOHKPETHBIX MO3UTHBHBIX PE3YJIbTATOB IO IPUBJICYEHUIO
BHUMaHU K npoekty MAKCM co cTOpoHBI MHPOBOI'O COOOIIECTBA, UCXOAS M3 MEPCIEKTUB
HaaXUBaHUs COTPYJHHYECTBA B paMKax ero peammsammu non srugon OOH u ee
3aUHTEPECOBAHHBIX MHCTUTYTOB. DTH NE€PCHEKTUBbI BBIPA3UIINChH, B YACTHOCTH, B IIOJTOTOBKE U
NOANHMCAHUK IIITH MEMOPAHAYMOB O B3aWMOIIOHMMAHUM, NPOBEACHUH MHOTOUYUCICHHBIX
BCTped U KoHcydpTauui ¢ pykoBoiacTBoM «IOH-OOCAy», «(I'EOCCy», «UCIIPCy», a Takxke
NPUCYTCTBOBABIIMMH Ha CECCHUM NPOQHIBHBIMH crenuaiuctamu u3 40 crpaH Bcex
KOHTUHEHTOB. MHOrve W3 HUX BbIPa3uWid TOTOBHOCTb BOUTH B COCTaB MeXIyHapOIHOIO
0O0IIIeCTBEHHOT0 KOMUTETA Mo peanu3anuu npoekra MAKCM.

Takum o00pa3oM, KOHIENIUS MEXIYHapOIHOIO IJIOOAIBHOIO a3pOKOCMUYECKOTO
MOHHUTOPHUHIAa KaK HWHCTPYMEHTa OOpbOBI CO CTUXMHHBIMH O€ACTBUSIMM U YpE3BBIYaWHBIMU
CUTyalMsIMHU U3 KaTeropuu oOIIeTeopeTHUecKol Bce OoJiee MpeBpaIlacTcs B pealbHbIA MPOEKT
C BIIOJIHE SCHBIMHU NEPCIEKTUBAMH pean3aluy B 0003pUMOM OyAylieM, KOTOPBIH C KaKIbIM
MecsIieM 00peTaeT Bce HOBBIX M HOBBIX CTOPOHHHKOB Kak B Poccuu, Tak U 3a ee mpeaenami.
YunreiBas ToT akt, uro Ha MAKCM npeznaraercs BO3JI0KHUTh KOMITIEKCHOE pellieHHe 3a/1a4d
ONEPAaTUBHOIO M KPAaTKOCPOYHOI'O IIPOTHO3a Pa3pyLIMTENBHBIX IPUPOAHBIX SBICHUH U
TEXHOTEHHBIX KatacTpod, c OONbLION [10Jiel yBEPEeHHOCTH MOXKHO YTBEPXkKAaTbh, YTO OHA
criocoOHa CTaTh TOW CHCTEMOOOpasylollei Huieeil, KOTopas B CiIy4ae CBOEHW NpPaKTHYECKOH
peanu3anuy cnocoOHa OOO3HAYMTH HAYaJI0 HOBOW €IMHOM CTpaTeTMH OCBOEHHUS KOCMOCaA,
HampaBJIeHHON Ha o0ecreueHne JKOJOrMYecKH O€30IacHOr0 W COIHMAIbHO YCTOMYMBOTO
pasBUTHSL BCETO MHPOBOTO COOOIECTBA, C OMOpPOW Ha OOIIUEe HEeNMpeXOoAdlre LEHHOCTH
COXPAHEHUS JKU3HU Ha IIJIaHETe.
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O COCTOSIHUH MMOJATIOTOBKHU B BY3AX JIATBUH
TEXHOI'EHHOM U DKOJIOT'MYECKOM BE3OIMACHOCTH

1 2 .3
U. Ilemyxoeé', B. Illlecmaxoé”, B. ’Kununckuii

Hucmumym mpancnopma u césasu
yn. Jlomonocosa, 1, Puea, LV-1019, Jlameus
Ten.: +371 26430503. E-mail: piv@tsi.lv

? Asuayuonnviii uncmumym
yn. Jlomonocosa, 1, Puea, LV-1019, Jlameus
Ten.: +371 29818526. E-mail: shestakov@inbox.lv

3 s14 ,, Dream Stream Airlines”

ya. Jlomonocosa, 1/2, Puea, LV-1019, Jlameus
Ten.: +37129211672. E-mail: v.zhilinsky@gmail. com

B mporpamMmax By30B, OCBaMBaeMbIX OyIyIIMMH CIEUaCTaMH, 0co0oe MecTo
3aHUMaeT OJIOK JWUCIMIUIMH MPOU3BOJICTBEHHO-IKOJIOrHYeCcKoi Oe3onacHocTH. [laHHbIe 3HaHUS
MIPUMEHUMBI K Pa3INYHBIM BHAAM YeJIOBEUECKOW AEATENHbHOCTH M (DYHKIIMOHHPOBAHUIO JTFO0O0M
OpraHU3allMOHHO-TIPOM3BOICTBEHHOM CTPYKTYpbl. bazoBoii qucturinHon seisiercst «be3onacHocTh
KHU3HEACATETHbHOCTI», KOTOpas BKIIOYAeT 3HAHUS MO OE30MacHOCTH TpyJlla, OXpaHe Cpelpbl,
rpakaaHcKkoit obopone. OHa Bcerma BXOmuiaa B OJOK OOS3aTENBbHBIX TUCITUIUIMH IS JIF000H
CHenHnaIbHOCTH. BMecTe ¢ TeM ¢ mepexoJoM Ha MHOTOYPOBHEBYIO MOJTOTOBKY, pa3/ieleHHeM
aKaJeMHYeCKOro ¥ Mpo(eCCHOHANBHOTO 00pa3oBaHUsA, IIOSBICHWEM YaCTHBIX Y4YeOHBIX
3aBelIEHUI CHUTyalusl C TMpernofaBaHWeM »J3TUX MAHCHUIUIMH BBIIUIA W3 TOJ KOHTPOJIA
rOCy/IapCTBEHHBIX UHCTUTYIIHHA.

Nzydenne y4eOHBIX MPOrpaMM MOATOTOBKH MOJOO0HBIX CIEIMATUCTOB B Pa3HBIX CTPaHAX
MO3BOJIIET KOHCTATUPOBATh, YTO B HAMOOJIBIIIEH CTEIICHU 3TUM BOIPOCAM YICISCTCS BHUMAaHUE
B By3ax CKaHIMHABCKUX CTpaH, I[JI€ M TOCYAapCTBO, M OOIIECTBO MPOCTO OOJIE3HEHHO
OTHOCSITCA K BONPOCaM TEXHOTEHHOM U OKOJOTMYECKOH 0e30MacHOCTH. AHaJOrHYHOE
OTHOIIEHUE K 0E30MaCHOCTH MPOCIIEKUBACTCS B HEMEIKHUX U aHTIIMHCKUX MPOPECCHOHATBHBIX
nporpaMMax BY30B, a TakKe B POCCHHCKHX yHHBepcuTeTax, nogooueix MI'TY(MAJN) win
MI'TYTA. 31ech NaHHbIC TUCIHMILIMHBI BXOAAT B OJIOK A (00s3aTeNbHbIC TUCIMILIMHBI) U
SIBIISTIOTCS «HETIPUKACAEMBIMID.

K coxanenuro, B JaTBUHCKUX BY3aX IOJIO)KEHHUE C IPENOJABAHUEM ITHUX 3HAHHUM TOJIBKO
yxyamaeTrcs. B ydeOHple TUIaHB, B TOM 4HCIE W TPO(PECCHOHATBHBIX IMPOrpamwm,
«be3omacHOCTh KU3HEACATEIHLHOCTIY YacTo BKIO4YeHa B Onoku B u C (1o BEIOOpY), U TO HE
BE3Jle «KYCKM» JaHHON AHMCUMWIUIMHBI OCBAaWBAIOTCS HAa YpPOBHE OCHOB. U 3Ta «Tpamurus»
3akpenmiack. ExxerogHo ytounss paboune ydeOHble mnaHbl (6nokum B u (), mupexropa
MPOrpaMM 3a4acTyH0 MAaHHUITYJIUPYIOT M STUMH «KYCKaMH»: MOTYT yOpaTh, 3aMEHUTbH; pelias B
TOM YUCJIC U KOHBIOHKTYPHBIC 33JIa4H.

JlatBust — TpaH3WTHAS CTPaHA, U 3TO OOCTOATENHCTBO MPEIONPENLSISIET 0COOYI0 BaXKHOCTh
BOIIPOCOB  NPEMNOAaBaHUsI TEXHOT€HHO-DKOJIOTHYECKOM 0€30MacHOCTH TpH  MOJATOTOBKE
TPaHCIOPTHUKOB, JIOTUCTOB, yIpaBlieHNEB. TakuxX CHEIHUANINCTOB TOTOBIT B TOCYIAapCTBEHHBIX
yHuBepcutetax (Enrasa, Jlayrasmunc, R7TU) u vactHbIX By3ax (7SI, BSA, ISMA w np.). Ham
npeacraBisercs, 4ro MuHHCTEpCTBO oOpa3oBaHust JlaTBUM 1a W JApyrHe HHCTHTYIHU
(MuHnucTepcTBO cpenbl, TpyaoBas HHCIEKIMS) 3TH BOIIPOCHI OTIAIHM HA OTKYI CAMHM Y4€OHBIM
3aBeACHMAM. A MEXIy TeM C BBEIACHHEM MEXKIYHAPOIHBIX CTaHAApTOB KaudectBa [SO-
9000:2000, I1SO-14000 (1997 ron, sxomnorus), ONSAS-18000 (1999 ron, cuctema ynpaBiaeHUS
OXpaHO# Tpyda W 3A0POBbEM Ha pabouMX MECTax), COAEepIKaIluX MOJENN YIPaBICHHUS dTHMHU
(hakTOpamMu pHICKa W SBJISIOIIMMICS COCTaBHOM, €CITM HE TJIABHOW, YacCThIO OOIIEH CHCTEMBI
YIOpaBIeHHs] TPEANPUITHEM, HEOOXOAUMOCTh WX W3Y4YeHHS CTAaHOBHUTCS OYEBUIHOMN.
AKKpeIuTaloHHble KOMHCCHH, KaK MPaBHJIO, KOHTPOJHPYIOT MPO(ECCHOHANBHYIO YacTh
BY30BCKMX IIpOrpamMM. 3amiuTa >Xe 3J0pPOBbS pPabOTAaIONINX, MAaTepHajbHBIX IEHHOCTEH,
00ILIeCTBAa U OKpY)KaloLIel cpelbl OT NEeSITEIbHOCTH BO3MOXKHO XOPOIIMX, HO HETPaMOTHBIX B
BOINPOCaX TEXHOI€HHOH M AKOJOTMYECKOI 0€30MaCHOCTH CIIEIUAIICTOB — 33]a4a rocyAapcTBa.
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MATEMATHYECKOE MOJAEJIUPOBAHUE 3AKOHOB
YIIPABJEHUA JTUHAMHNYECKHUM CTEHJIOM
ABUAIIMOHHOT'O TPEHA’KEPA

U. A. Illpowsun, B. M. Tumaxkoe, C. A. Hukumawun, A. B. Cagenves

TOY BIIO Ilensenckas 2ocyoapcmeeHHas mexHoN02u4ecKas akaoemusl
Poccus, . Ilensa, ya. Ilymesas 7, k8.1., 440022
Ten.: 8(412)581546; 8(412)496159
E-mail: proshin@pgta.ru; Serg040189@mail.ru

KnroueBsle ciioBa: TpeHaXKep, TPaAUCHT, TMHAMUYECKUI CTEHI, eperpy3Ka, akceJiepaldoHHast
nHpOpPMALIUST

TpeHakepHbIE TEXHOJOTHH B Hallle BpeMs SBISIFOTCS OAHOM W3 HanOoJiee MHTEHCHBHO
pa3BuBarOIUXCcs o0nacTeil B aBuanuu. Pa3BuTHe TPEHAKEPHBIX TEXHOJOTHH OMPEACISIONIIM
o0Opa3oMm BiHseT Ha 0€30MacHOCTh MOJETOB, SKOHOMHUYECKYI0 M DKOJIOTHYECKYI0 3PPEeKTHB-
HOCTh TPaKIAaHCKOW W BOSHHOM aBHAITMH, a TAKKe MOIepKaHNue 00ECIIOCOOHOCTH TOCIeIHEH
B YCJIOBUAX MHUPHOI'O BPEMEHHU.

OmHuM #3 BaXHEHIIMX 53JIEMEHTOB TPEHAXKEPOB TPAHCHOPTHBIX CPEICTB SIBISIOTCS
TUHAMHYECKHE CTEH/IbI, 00ECTIeunBaloIie BOCIIPON3BEIEHNE YTIIOBBIX M IMHEHHBIX YCKOPEHUI
B COOTBETCTBUU C MOACITIUPYCMBIMU PEIKUMaMHU PEAJIbHBIX OGBGKTOB.

[Tomobue akcenepannoOHHON WMHGOPMAIUKM, BOCIPOU3BOJUMON Ha TPEHAXKEPE, 3aBUCHUT
KaK OT Ka4eCTBEHHBIX XapPaKTEPUCTHK M Pa3MEpPOB JTWHAMHYECKOTO CTEHNa, TaK M OT BBHIOOpA
3aKOHA YTIPaBJIEHUS IBIKEHHEM IUIATGOPMBI W OMPEAENSeTCS BO3MOXKHOCTSIMH M Xapak-
TEPUCTUKAMH IIPUBOJA.

C 1uenpl0 TOBBIIIEHUS TOYHOCTH W TIOBBIIIEHUS 3KOHOMHYECKOW A(P(PEKTUBHOCTH
MPEUIOKEH CcHoco0 yIpaBlIeHHS KOOpAMHATAMH JWHAMHYECKOTO CTEHAd, OTIHYUTEIHLHOU
0COOCHHOCTBIO KOTOPOT'O SIBJISICTCS €IMHOE YIIPABICHUE B 3aMKHYTOW CUCTEME TIEpEMEILCHUEM,
CKOPOCTBIO, YCKOPEHHEM U meperpy3kon [1].

[Ipu npemmaraemom crioco0e BOCIIPOU3BEACHHS aKCellePalMOHHON WHGOPMAIH Ha BXOJ
CIEIAIIer0 MPHBOJA, HAPUMEP IMPH BOCIPOU3BEICHUHM YCKOPEHHS, ITOAAETCS CHOPMHPO-
BAaHHBIN CHUTHAJ, MPOMOPLHUOHATBHBIM MEPEMEIICHUIO OT NEHUCTBUS YCKOPEHUS IO BPEMEHHU.
[Ipu mpeanbHON paboTe MPHUBOJA €ro HCIOJHUTEIEHOE 3BEHO (IITOK TUAPOIMINHApa) Oyaer
JIBUTATbCS 10 KBAJAPATHYHOW 3aBHCHMOCTH OT BpPEMEHH B COOTBETCTBHH C HW3MEHEHHEM
VIIPABJISIIOIIETO CHUTHAJA, BOCIIPOU3BOMAS TEM CaMBbIM PEaIbHBIE YCKOPEHHS HCIIOTHUTEILHOTO
3BeHa. [Ipu 3TOM Crensmuii MPUBOA JOIHKEH YIIOBIETBOPATH BBICOKOW TOYHOCTH OTPAOOTKH
BXOJHOTO CHUTHaJa, OBICTPOAECHCTBHUIO M TJIABHOCTH IBIKEHIISL.

Cucrema ypaBJICHUA JUHAMHWYCCKHUM CTCHIOM 06na;[aeT WHCPUHNOHHBIMU CBOfICTBaMH,
00YCIIOBJICHHBIMUA HAJIMYMEM HAKOMUTEJICH JHEPTHH, MOMEHTAMH WHEPIIUU, Maccamu, s
MEepPEeMEIIeHUsT KOTOPBIX HE MOTYT OBITh WCIOJB30BAHBI WCTOYHHUKHA DHEPTHH OECKOHEYHO
0OJBIIION MOIITHOCTH.

C 1enpi0 HUCCIEAOBAHUSI OCHOBHBIX XAPAaKTEPUCTUK TUHAMUYECKUX CTEHIIOB U OIpeie-
neHuss TpeOOBaHWH K WX NPUBOJAM, NMpH (OPMHUPOBAHHWH 33JaHHBIX 3aKOHOB YIIPaBICHHS
KOOpAMHATAMH: TEPEMEIICHNEM, CKOPOCThIO, YCKOpPEHHEM, Teperpy3koi, Obura pazpaboTana
UMHUTAIlMOHHAsA MaTeMaTHU4deCKas MOJCIIb )Z[HH&MI/I‘-IGCKOEI CUCTEMbI n-NOpsJaKa, OIMUChIBAIOIIAsA
(hopMUpPOBAaHUE 3aKOHOB YIPABICHHS B 3aMKHYTOW CHCTEME IO IEPEMEIICHUI0 BEKTOPOM

v T
YIpaBISIEMBIX KOOpAMHAT X :[xn_l Xy Xpil Xy +2] , BKJIIIOYAOUIMM KOOPIHMHATHI YIIPABJICHUS

NEPEMEILEHNEM X,,, 7 , CKOPOCTBIO X,,,|, YCKODEHUEM X, , IEPErPY3KOH X,_| [2]
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CHHTE3 UMHUTAIIMOHHON MOJICIN CHUCTEMbI ¢ (hOPMHPOBAHUEM 3aKOHOB YIIPABIICHHUS I10
MpeIaraeMoMy CIOCOOYy BBITIOJHEH HAa OCHOBE METOJIOB CTAHIAPTHBIX KOA((UIIMEHTOB U
JTUHAMUYECKOW KOMIICHCAIINH. 3a/IaHHe CBOWCTB CUCTEMBI 00eCTIeunBaeTCsl BLIOOPOM MOpsIKa
cucteMbl n, kod(hduumenrta pemndupoBanus &, BPEMEHU HApacTaHUS IIEPEXOJHOTO
mporecca 7 .

Pesysnbrarom mcciemoBarenbckoi paboThl cTaja pa3paboTka MaTeMaTHYeCKOH MOICIH
CUCTEMBI #1-20 TIOPANKA, UMUTHUPYIOIIECH MPEIOKEHHBIE AITOPUTMBI YIPAaBICHUS TUHAMU-
YeCKHUM CTEHJIOM TPEeHaxepa C 3aJaHHBIMH TPeOOBaHUSAMHU K JTUHAMHYECKUM XapaKTEPHCTUKAM
CHCTEMBI ¥ TIPOBE/ICHNE MCCIIEIOBAHNS BIUSHUS HA TOYHOCTh OTPAOOTKM 3aKOHOB YTIPABICHUS:
MOpsIKAa CUCTEMBI; IIEpEPEryIUPOBAHNUSA; BPEMEHU YIIPABICHHUS.

Jluteparypa

1. TIpommwun, U. A., Tlpomkun, B. H., Tumaxos, B. M. CoBepiiieHCTBOBaHHE ITWHAMUYECKHUX CTEHJIOB
aBUAIIMOHHBIX TPEHAXKEPOB Ha 0aze TUAPONPHUBOAOB. Mexamponuka, agmomamusayus, ynpasiexue.
Ne 11,2008, c. 21-26.

2. Tlpommn, U. A., Tumakos, B. M., Mapun, C. C., Hukuramus, C. A. Hvumayuonuas mooensb 3aKoHO8

VIpasieHuss OUHAMUYECKUMU CMeHOaMu mpeHaxcépog mpancnopmuvix cpeocms. Ilensza: TII'TA,
2006, c. 73-78.
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OTPABOTKA KJIOUEBBIX ITPUHIIUIIOB PEAJIA3 AN
MMPOEKTA CO3JAHMS MEXKIYHAPOJIHOM
ADPOKOCMHUYECKON CUCTEMBI ITOBAJIBHOTO
MOHHUTOPHUHT A (MAKCM) HA TEOTOJIMTUYECKOM
MPOCTPAHCTBE

C. B. Ilywkapckuii, A. B. Paovkog

HUU KC um. A.A.Maxcumosa — punuan @I'VII FKHIIL] um. M.B. Xpynuuesa
Poccus, 2. IObunennwviti, Mockosckas obaacme

[Ipy nporHO3MpPOBaHMM YIpO3, BO3HHUKAIOIIMX HAa IUIAHETE WM MPHUBHOCHUMBIX W3
KOCMOCa, 0COOYI0 3HAUMMOCTh IPHOOpETAaET NPUKIIaJHOE UCIIOJIB30BaHNE YKE CYLIECTBYOLINX
HAYYHO-TEXHHUYECKUX M TEXHOJOIMYECKHUX Pa3pabOTOK, KOTOpbIE HANpaBJIEHbl HA BBIABICHUE
IPU3HAKOB HaJBHUraroieics onacHoctu. OHM NMPOBOISATCA Ha OCHOBE KOMIUIEKCHOI'O aHAJIN3a
napamMeTpoB pa3HOOOPa3HBIX AaHOMAIBHBIX (U3UUECKUX SIBICHHH, KOTOpPbHIE NPENINIeCTBYIOT
BO3HUKHOBEHHIO NPUPOIHBIX CTUXMHHBIX OEACTBUII M BBI3BIBAEMBIX HMMH UpE3BbIYAMHBIX
CUTyalluli TEXHOTE€HHOTO xapakrtepa. Ha ceromHsiHuil €Hb yCTAHOBJEHO, YTO AHOMAJIbHBIE
siBJIeHUs (TIPEJBECTHUKM KaTacTpod) mMeroT mecto B moHOcepe, atMocdepe u jutochepe
3emim. OHU MOTYT OBITH 3a()MKCUPOBAHBI, U3MEPEHBI U MCIIOIB30BAHBI AJISI IPOrHO3UPOBAHUS
MECTa, BPEMEHM M MOIIHOCTH CTHUXMHMHOro coObitus. Takue paboThl BemyTcs BO MHOI'MX
cTpaHax, B TOM uucie u B Poccun.

OpHaKko HECMOTPS Ha 3HAYUTENBHBIN NPOrpecc, JOCTUTHYTHI MUPOBBIM COOOILIECTBOM B
00acT TEXHOJOTMH KOCMHMYECKOIO MOHHUTOPMHra CTUXMHHBIX O€ACTBHH, TIIOKa He
oOecrieunBaeTcsi HU €ro Io0anbHOCTh, HM JOJDKHAS KOOPAMHALUSA HA OPraHU3allMOHHOM,
TEXHUYECKOM U HH(OPMAIMOHHOM ypOBHsX. OHON U3 CaMBIX aKTyalbHBIX Ha JAHHBIA MOMEHT
sBisieTcs nmpobiema (GopMUpoBaHUs PabOTOCTIOCOOHOTO MEXTYHAPOIHOTO MexaHm3Ma d(ddex-
TUBHOTO TIPOIHO3MPOBAHUSI ONACHBIX IPUPOJHBIX M TEXHOTEHHBIX SABJICHUH, CO3JAIOIIUX
YIpo3bl IUTAHETAPHOTO XapaKTepa, U paHHETo MpeynpexIeHUs O HUX.

PeanbHBIM WHCTPYMEHTOM peLICHHs] AaHHOW MPOOJeMBI MOXKET CTaTh NpPEeAJIOKEHHBIN
poccuiickumu yaeHbiMHu etle B 2007 oy u moyiep KaHHbIA 3apyOeKHBIMU KOJUIETaMH TIPOEKT
co3manug «MeXIyHapOTHOH adpPOKOCMHUYECKOW CHCTEMBI TJIOOAIFHOTO MOHHTOPHHTAY
(MAKCM). MAKCM - 5T0 KpyInHasi OpraHM3allOHHO-TEXHUYECKas CUCTEMa, HHTETPUPYIOIast
HapsAy CO CIELUaJbHO CO34aBa€MbIM COOCTBEHHBIM CHELUAIN3UPOBAHHBIM KOCMHUYECKHUM
CEerMEHTOM, TPYNmIHpPOBKOH Mabix KA ¢ 0OopToBO#l ammapaTypoil 0oOHapyKeHUS pPaHHHX
MPU3HAKOB CTUXHUHHBIX O€JCTBUI pa3pyLIMTENBHOTO XapaKTepa, HAIMOHAIBHbIE W MEXKIY-
HapOoJHbIE aBUALIMOHHO-KOCMHUYECKHE cpeacTBa [[33, KOHTaKTHBIE M AUCTAHLIMOHHBIE HA3EMHbBIE
CpeACcTBa MOHUTOPUHIA CTUXMHMHBIX O€INCTBUH (IaTUMKH), KOCMHUYECKHE CHCTEMBbl CBSI3U U
PETPaHCIALNN, METEOPOJIOTHIECKOTO M HABUTAIMIOHHOTO oOecriedueHus (100 BBIAETSIEMbIe
WHQOPMAaIOHHBIE W OPraHW3AllMOHHO-TEXHUYECKHUE PECypChl) U COOTBETCTBYIOILYIO HH(pa-
CTPYKTYPY BBbIBEIICHHS, YIIPABJICHHUS U TeXHHUUECKOro oocmyxuBanus KA, npuema, o0pabotku u
pacIpocTpaHeH!sI MOHUTOPUHIOBOH MH(opMauu.

MAKCM kak cnokHasi OpraHU3allMOHHO-TEXHIUUECKask CUCTEMa CO3/4AeTCs MPEXKIE BCETo
C LIEJIBI0 CBOEBPEMEHHOI'O MPERyNPEKACHUSI MUPOBOIO COOOIIECTBA O TPO3SIIMX CTUXUHHBIX
OenCTBUAX M YPE3BBIYAMHBIX CUTyalMsX TEXHOI€HHOro xapakrtepa. OHa HeoOxomuma s
JAIBHEHIIET0 pa3BUTHSI U WHTETPAllMM HABUTALMOHHO-TEJICKOMMYHHUKAIIMOHHBIX U HH(OpMa-
OUOHHBIX PECypCOB IUIAHETHl B HWHTEpecax MNapUpOBaHUs TI00aJbHBIX YIPO3 M PELICHUS
TyMaHUTApHEIX TpoOiieM UYenoBedecTBa. Peammzamus IIaHOB CO3JMaHUS TaKOW CHCTEMBI
BO3MOKHA MCKIIIOYUTEIFHO B paMKax IIHPOKOMACHITA0HOTO MEXIyHAPOJHOTO IIPOEKTa,
MIPENOIArarmIero KOMIIJIEKCHOE, CKOOPAMHUPOBAHHOE M pPAallMOHAIBHOE HCIOJIb30BAHUE
HaYYHO-TEXHHUYECKOI'0 MOTEHIHaNa BceX cTpaH mMupa. Ha HavaiabHOM 3Tame nenecooOpasHo
Oyzner oTpa®oTaTh KJIHOUEBbIE NPHUHLUIBI CO3JaHHUS CHUCTEMbl HA PErMOHAJIBHOM YPOBHE U Ha
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reononuTrueckoM npocrpanctse CHI' B koomepaiuu co cTpaHaMu, paciojararoiuMu HayYHO-
TEXHHYECKUM TIOTEHIMAIOM B OO0JIACTH TPUKIAJTHOTO WCIIONB30BAHUS KOCMOCA, Pa3BUTHS
TEXHOJIOTUA MOHHUTOPUHIA, & TAKXE MMCIOIIMMH IPAKTUYECKUH ONBIT IPOrHO3UPOBAHUSA
CTUXMUHBIX OencTBuit. Takumu cTtpanamu sBissroTcs Poccusi, Ykpanna, benapycek u Kazaxcramn.

KiroueBsiMu ipobnemamu mipu co3gannu MAKCM, tpeOyronpmu npopadoTKu ¢
MpHUBIICYCHNEM BhIIIeTIepedncieHHbix ctpad CHI, sBisroTes:

MTOJINTHYECKUE W MEXKIYHAPOIHO-TIPaBOBBIE acmekThl co3manmss MAKCM u peann-
3alMM JAHHOTO MPOEKTa B paMKax IMUPOKON MEKTyHAPOIHON KOOTIEpaIlnu;
TMEPCIICKTUBLI CO3JaHUA 3(1)(1)6KTI/IBHBIX Ha3€MHBIX W ad3pPOKOCMHYCCKUX CpCIACTB
MOHHMTOPHWHTA, PAIMOHAILHOTO COCTaBa Teo(M3MUECKON ammaparypbl B MHTEpecax
r100aTbHOTO IPOTHO3UPOBAHUS IPUPOJIHBIX U TEXHOTCHHBIX O€IICTBUI;

OpUHOMITEL cOopa, 00pabOTKH, XpaHEHUS M PaCIpPOCTPAHEHUS MOIYy4aeMbIX MOHHUTO-

PUHTOBBIX JaHHBIX, a TaKke NPHUHIMIBI JOBEACHUS 10 ajapecata WHOpMAaIuH,
OpeAynpeXJaomed o CTHXUWHBIX OCNCTBHUAX MNPUPOAHOTO U TEXHOT'CHHOIO
XapakrTepa;

MpUEeMJIEMO JIOCTOBEPHOE MOJIEIMPOBaHUE TeO(U3NIECKUX IPOIECCOB M OIIEHKA
3(h(heKTUBHOCTH WX HCIOIB30BAHMS B MHTEPEcax KPaTKOCPOYHOTO MPOTHO3WPOBAHUS
MPUPOJIHBIX M TEXHOTCHHBIX SIBJICHUH;

OopraHu3anus B3auMOAeUCTBUs yIacTHUKOB mpoekTa MAKCM Ha pa3nuyuHbIX dTamax
€ro peajM3aliy, BKIYast dTall UCIIBITAHUN U UCTIOJIh30BAHHS CUCTEMBI;
SKCIIEPUMEHTAIIbHAS  OTPa0OTKa a’pOKOCMUYECKON  ammaparypbl  PEeTUCTpAIUH
aHOMAJIBHBIX SIBJICHHH B TUTOC(epe, aTMocdepe n nonochepe 3emiu;

obocHOBaHWE OO0JMKA, OAUTUCTHYECKON CTPYKTYpHI, aNmapaTypHOTO OCHAIICHHS,
MOpSAZKA pPa3BepTHIBAHUS U BOCIIOJHEHHS COOCTBEHHOTO OPOUTAJBHOTO CErMeHTa
MAKCM;

NPUHIMIIE U MOPSIOK OCYIIECTBIICHHS MH(QOPMAIIMOHHOTO B3aWMOJEHCTBHS COOCT-
BEHHBIX M TpuBiekaeMmbix cpenctB MAKCM, koomepanuu ¢ 3apyOeKHBIMH ydacT-
HUKaMH TPOEKTa, TEXHUKO-YKOHOMUYECKOTO0 00OCHOBAHUS JTAIlOB €r0 pealn3alni U
opranuzanuv (UHAHCHPOBAHUSI.
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PE3YJIBTATBI U IEPCIIEKTUBBI PA3BUTHUSA CUCTEM
KOCMHUYECKOI'O MOHUTOPUHI'A IPEABECTHHKOB
SEMUIETPACEHNUU B MOHOC®EPE 3EMJIN

A. A. Pomanos, 0. M. Ypauuuu, A. A. Pomanos

OAO «Poccuiickue kocmuyeckue cucmembly
ya. Asuamomopnas, 53, e. Mockea, 111250, Poccus
Ten.: +(495) 6739535, romanov@rniikp.ru

OKCIIEpUMEHT 110 MOHHUTOPUHTY TPEIBECTHUKOB 3€MIIETPSICEHHH KOCMHUYECKHMHU
METOIaMH TPOBOAMJICA B IIEPHOA MOATOTOBKH M BO BpeMs cuibHOro (M6.3) 3emueTpsicenns: Ha
Caxanune 2 aBrycra 2007 r.

boun mpoaHanu3upoOBaHBl METEOPOJIOTHYECKHE JaHHBIE (OTHOCHTENbHas BIAKHOCTb U
TeMIeparypa), aHOMajJud OO0JA4HOrO TOKpPOBa IO JaHHBIM CIyTHUKOB TERRA n AQUA,
TEIUIOBBIE AHOMAJINHU YOEraroouero HHPpPaKpacHOro M3JIyueHHs IO AaHHBIM CITyTHUKOB NOAA,
BapHalMy IOJHOI'O COAEP)KaHWs 3JIEKTPOHOB II0 JAaHHBIM HABUTALMOHHOHN cuctembl GPS, u
ToMOrpauyeckue PEKOHCTPYKIUH BEPTUKAIBHOW CTPYKTYphl HOHOC(EpPHl IO JaHHBIM
ciiytHuKoB COSMOS.

CUHXPOHHOCTb M JIOKQJIN3ALMsI aHOMAaJUM, PeruCTPUPYEMBIX Pa3IMYHBIMH METOIAMU B
pa3IMYHBIX TeoQU3NIECKUX MOJIsiX, 0coOeHHO B cioe F, noHocdepsl, mo3BoisieT rOBOPUTH 00
ux oOIIeM HCTOYHHUKE, KOTOPHIM MPEINOI0KUTENFHO MOXET OBITh MpOLecC MOArOTOBKU
3eMJICTPSCEHUs] U KOTOPBIA OOBACHIETCS B PAaMKax KOMIUIEKCHOH MOJENH <«JIMTOChHEpHO-
atMochepHo-HoHOC(hEepHOTO» B3aMMOIEHCTBUA. TakuM 00pa3oM, MOHHTOPHHT COCTOSHHS
noHoc(epsl SBISETCS HCKIIOYUTEIHHO BaKHBIM HANpaBJIEHMEM HWCCIEIOBAaHUN SBICHUM,
NPEABOCXUINAIOMINX CeiicMUYecKnue COOBITHSL.

C yueToM HEeyKJIOHHOT'O YMEHbBIICHHUS I'PYIIIMPOBKH HU3KOOPOUTAIBHBIX HABUT'ALIMOHHBIX
CIYTHHKOB HEOOXOOUMO pa3pabaThiBaTh CHEIHATM3UPOBAHHBIA KOCMHUYECKHH —armapar,
OCHAIIICHHBIH MepPelaTINKOM KOTEPEHTHBIX CUTHAIOB ¢ yactotamu 150/400 MTI'n. [lepenatunk
KOTE€PEHTHOTO H3JIy4EHHUs MOXET ObITh M3rOTOBJIEH B MHUKPOMUHHATIOPDHOM HCIIOJIHEHHH, a
HEOOXOMMOe dHepromnoTpediacHne He npeBbicUT 2-3 BT. JlaHHBIE XapaKTepUCTHKH Npudopa
MO3BOJIAT U3TOTOBUTH CHEUATU3NPOBAHHBIA MalIOpa3sMEepHBIA CIIYTHUK, IPEeJHA3HAUYEHHBIN 115
MOHHTOPHWHTA TPEIBECTHUKOB 3eMIeTpsiceHni B noHocdepe Ha 6aze THC-0, uyTo mo3Bomut ¢
CYILIECTBEHHO COKPATHUTh 3aTPaThl HA CO3[aHUE U 3aILYCK, a TAKOKE BpeMsl pa3paboTKu.

JanbHeliniee pa3BUTHE TEXHOJIOTHM MOHHTOPUHTa MOHOC(EpHI, B TOM YHUCIE B LEISX
MOHHUTOPHHIA NPEIBECTHUKOB 3€MJICTPSICEHHH, BO3MOXKHO B IBYX HamnpamieHHsx. C oxHOH
CTOPOHBI, HEOOXOIMMO PEIUTh MPoOIeMy HEOMHO3HAYHOCTH (ha30BBIX H3MEpPEHHH, 4TO
MO3BOJIUT CYIIECTBEHHO YHPOCTUTH Mpoueaypy o0paboTku naHHeix. C ApPYroil CTOpOHBI, C
Y4ETOM TPAaHCTPAHUYHOCTH M3YYaeMbIX IPOLIECCOB, HEOOXOIUMO TIEPEHECTH NPUEMHBIN
CerMEHT HEIMOCPEICTBEHHO Ha KOCMHYECKHE allaparbl, YTO IIO3BOJHUT OCYLIECTBIISAThH
rJ100aIbHBIT MOHUTOPHHT COCTOSIHUS HOHOC(EPHI.

PemiennemM mepBoil mpoOieMbl MOXKET CTaTh MNPENJIOKEHHBIH B paboTe MeTox
MHOT'OYaCTOTHOTO 30HIUPOBAaHUS HOHOC(EPHI, KOTOPBIH MO3BOJSIET PAcCUUTaTh aOCOJIIOTHOE
IIOJIHOE IEKTPOHHOE COJEp)KaHHWE Ha IyTH PACIPOCTPAHEHUS «UCTOUHHK—IIPUEMHHK» II0
(ha30BBIM XapaKTEPUCTUKAM.

Bropas mpoGiema MokeT OBITH pemieHa IyTeM pa3pabdOTKH OOpTOBOH ammaparyphl,
paloraromieil 10 HOBBIM IPHHLUIAM, YTO IO3BOJIMT CO34aTh KOCMUYECKYIO IPYNIIHUPOBKY
MEPCIIEKTUBHOW CHCTEMbl Ha 0a3e MaJlopa3MepHBIX KOCMHYECKHX ammaparoB. Cucrema
MO3BOJIUT BOCCTAHABIMBAaTh BEPTUKAJIBHOE PpACIpPEENIEHHE JJIEKTPOHHOM KOHIIEHTpaluu
noHocdeps! 3a nepuox ot 15 1o 100 MUH. BO BCell TUIOCKOCTH TPYNITHUPOBKU B 3aBUCUMOCTH OT
grcia CIyTHUKOB (0T 4 10 36).

Heo6xoanmo noa4epKkHyTh, YTO 1O pe3yJibTaTaM MOACIUPOBAHUSI OIIMOKH PEKOHCTPYKINU
pacnpeneneHnii AeKTPOHHOW KOHLIEHTpalul HOHOC(epbl HOA00HOH crucTeMoi He npeBhICT 30%.
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MHOI'OLHEJIEBAA UHTEI'PUPOBAHHASA
AIPOKOCMHUYECKAA CUCTEMA MOHUTOPHHTI' A
JJI I THHOBAIIMOHHOI'O COITNAJIBHO-
IKOHOMMHNYECKOI'O PABBUTHUA POCCUHN

B. B. Xapmoe, M. b. Mapmuinos, B. B. E¢panos, K. A.3anun

OI'VII «HIIO um C.A.Jlasouxunay
141400, 2. Xumxu, Mockosckas obaacme, yi Jlenunepaockas, 0. 24
Ten.: 8-916 6190343. E-mail: cosmoflot@mail.ru

C Bo3pacTaHueM TpeOOBaHWI K ONEPAaTUBHOCTU TMOJYYEHHUS M KauecTBY MH(opManmu o
3eMHOH TOBEPXHOCTH BO3HUKAeT HEOOXOAMMOCTH B pa3paboTKe W NPUMEHEHWH CUCTEM
MOHHTOPHWHTA, CIIOCOOHBIX O0ecIieunBaTh NOIb30BaTeNel HHPopManrel B Maciitabe BpeMeHH,
OmmkoM K peanbHOMy. OcoOyio 3HAYMMOCTH dTa Mpobjema NpuoOpeTaeT B CBI3U C
MOSIBTICHWEM 33j1a4 HEMPEePBHIBHOTO U ONEPAaTUBHOTO CIICKEHUS 3a JUHAMUKOW CTHUXUIHBIX
OCNCTBUII W 4YpPE3BBIYAWHBIX CHUTYaIlMi{, a TaKKe pPa3IMYHBIX HA3eMHBIX M MOPCKHX
TUHAMAYECKUX TIPOIECCOB, UII KOTOPBIX HEOOXOIWMO HAJEKHOE IIONyYeHHE JeTabHOU
WHpOpPMaIMK B pealbHOM Maciutabe BpEeMEHH, HE3aBUCHMO OT CE30HHBIX, CYTOYHBIX H
METEOPOJIOTMYECKHUX YCIOBUH HAOIOICHUSI.

[TomrOMacmTabHOE OOecTeueHre TPeOOBAHMI ITONB30BATENEeH K TONYYSHHUIO BBICOKOM
paspemiatorield  crmocoOHOCTH B peajJbHOM MaclmTabe BpPEMEHH TOJNBKO KOCMUYECKUMH
CpeACTBaMH B CJIOXHBILIHMXCS YCIIOBUSAX CYLIECTBEHHO 3aTpyaHeHo. s storo tpelyercs
pa3BepThIBAaHUE KOCMHUYECKOW TPYIMIIMPOBKH, COCTOSIIEH W3 HECKOJBKUX  JIECSATKOB
KocMuuecknx anmaparoB (KA) ¢ kpymHorabapuTHOM TOPOTOCTOSIIEH anmapaTypo.

HayuHblli M INpakTHYECKHAd MHTEpPEC NPEICTABISAET CO3JAHUE U  HCIOJb30BAHME
MHOTOLIEJICBO HMHTETPUPOBAHHON CHUCTEMBl MOHHUTOPWHIA, BKIIOYAlOUIed OpOUTAIbHYIO
rpymmapoBky KA U crCTeMBl pa3sHOTHUIIHBIX OCCIMIIOTHBIX JieTaTelbHBIX amnmapatoB (BITJIA),
BKIIIOYasi a’poCTaThl M JUPHKAOIHM, OCHAIICHHBIC ammapaTypodl HaOJIOJeHUs BUACO- W
panmoarana3oHoB.

B Hacrosimmee Bpemsi Hallle NPEANPHUATHE COBMECTHO C KOOMEpaIeid MPUCTYIHIO K
CO3/IaHUI0 KOCMHYECKOH CHCTEMBI ISl THAPOMETEOPOIOTHIECKOTO0 W PaIUOIOKAIIOHHOTO
MOHHUTOPHHTa APKTHYECKOTO PErHOHA.

[TotpebrOCTH pazBuThs CEBEPHOTO MOPCKOTO MYTH U APKTUYECKOTO PETHOHA B IEJIIOM
TpeOyIOT OpraHU3aIiyi HEMPEPHIBHBIX KOCMUYECKUX HAOIIOIEHUH JTST:

- YIIy4lICHUs! TPOTHO3a MOTOIbI M OLIEHKH KIIMMATHYEeCKUX HAOIFOICHHIA;

- obecrnieuenus 6ezomacHON HaBUTaUK 10 CEeBMOPIYTH;

- KOHTPOJISI YpE3BBIYAHHBIX CUTYAIMI IPUPOTHOTO W TEXHOTEHHOTO TPOUCXOKICHHIS;

- OCBOEHHsI He()TETa30HOCHBIX MECTOPOXKICHHH B bapeHIIeBOM Mope, Ha MOJIYyOCTpOBE
SAwman, B Oacceitne pek O0Ob, Enuceii, Jlena u np.

ApPKTHYECKHH PErrmoH HEJOCTYNeH Ui HaONIOJeHWH CHYTHUKAMHU MEXTyHapOIHOM
METEOPOJIOTHYECKON TPYNIUPOBKA HA TEOCTAIMOHAPHBIX OpOWTAaX, a HHU3KOOPOUTAIBHBIC
METEOPOJIOTHYECKHE CITyTHUKH He 00€CTIeYHBalOT TPeOyeMyr0 MEPUOUIHOCTb.

Cucrema « ApKTHKa» CO3/1a€TCs C IENbBIO:

- PAKTUYECKH HEMPEPHIBHOTO IONyYEHUS! MHOTOCHEKTPAIbHBIX ITAHHBIX O COCTOSHHH
arMocepsl W Trenuo-reopu3nYecKux MAaHHBIX B MOJSPHBIX OONACTSIX OKOJIO3EMHOTO
KOCMHYECKOTO MTPOCTPAHCTBA;

- OJIy4eHUsIT C TEPUOAMYHOCTBI0O 4-6 4YacoB pe3yJbTaTOB PaOIOKAIIMOHHOTO
HaOro1eHNst 0OBEKTOB B aKBATOPHUSIX OKEAHOB U TIOBEPXHOCTH 3eMJIM B APKTHYECKOM PETHOHE,
coopa M peTpaHCISIIMM TUAPOMETEOPOJIOTHUECKMX MAaHHBIX W CHUTHAJIOB OT AaBapHMHBIX
panuo0yes cuctembl KOCIIAC-CAPCAT;

- obecrieyeHns CBS3M 1 Tiepefady NaHHBIX IS pa3IHYHBIX TTOTPEOUTENeH;
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- mpenocTasneHus yeuyr MarepHeTa u unpoBoro TeneBUICHHS.

Kocmudeckue ammapatbl cucTeMbl «ApKTHKa» OyayT paspaOaTbiBaTbcsi Ha 0Oase
CO3JaHHOW KOCMUYECKO# miaTdopMbl «HaBuraTop» ¢ nucmonb3oBanueM 3aaena KA «2mextpoy»
u «Crextp-Py.

Cucrema «ApKTHKa» HE TONBKO (DYHKIMOHAIBHO JAOMOJHUT M TEPPUTOPHUAIBHO
pacLIMpUT MEXIYHApPOAHYI0 METEOPOJIOTHYECKYI0 CHUCTEMY, HO Talke OyIeT MMeThb OOJbIIoe
CaMOCTOSITETIbHOE 3HAYCHUE JJIsl OOECIHeUeHHs CTpaTerHyecKux HHTepecoB Poccuiickoi
®enepany ¥ pelIEHUs COLUAIBHO-3KOHOMUYECKHX 3aad, MPEXJE BCEr0 Ha TEPPUTOPHIX
Kpacnosipckoro kpasi, ApxaHrenbckoli obnactu, XaHtel-MaHcwuiickoro, SImano-HeHenkoro u
YyKOTCKOro aBTOHOMHBIX OKPYTOB.

CymecTBeHHO TOBBICUTh 3(P(EKTUBHOCTh peIleHHs 3aad MOHHUTOPHHIA TO3BOJIHUT
TPEXypoBHEBas CHUCTeMa IJIOOANBHOrO HAOMIOAEHUs, BKIIOYAIOIIAs B ce0s OpOUTANbHYIO
rpymapoBKy KA, BITJIA u aspocTatHyo HHPOPMAITHOHHYIO TTOACUCTEMY.

AdpocratHass WH(QOpMAIMOHHAsT TMOJCHCTEMa MpeAHa3Ha4YeHa Ui  JIOKAJbHOTO
HaOmroneHnsa. OHa COCTOUT M3 a3POCTATHOM SIYEHKH, OCHAIIEHHONW KOMILIEKCOM HaOJII0eHHs B
IIMPOKOM CIEKTPaJbHOM [HAalla30HE, CPEACTBaMH MPUYATIMBAHUS W IIYHKTOM IIpHeMa H
00paboTKu MH(POPMALINK C KOMIUIEKCOM JAMCTAHI[MOHHOTO yIIPABJICHUS.

BecniunoTHble JieTaTenbHBIE aNmaparhl MpeJHa3HAa4YeHbl Uil HaOJIroneHHs HEOONBIINX
IUIOIIA/ICH U TOYEYHBIX OOBEKTOB.

K mnacrosmemy Bpemenu HIIO wum. C. A. JIaBOYkHHA COBMECTHO C KOOIIEpAIHEH
npoBoauT ucnbITanus psina bITJIA paznuyHOro Ha3HA4YeHHs, a TAKXKE a3pPOCTATOB.
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HPOCTPAHCTBEHHO-BPEMEHHASA CUCTEMA
PEAJIBHOI'O BPEMEHMH

A. C. Yebomapes, B. I'. I'paues, E. H. Huxonaes

0OAO «Ocoboe koncmpykmopckoe 61opo MocKko8cKkoeo dHepeemuieck020 UHCMUmMYmay
Kpacnoxazapmennas 14, Mockea, Poccus
Ten. + 7495 362 56 52. E-mail: Grachev@okbmei.ru

AKTyaJbHOM 3ajaueil, KOTOpYI0 HEOOXOIMMO pEIIUTh I YCIEIIHOTO JOCTHKEHUS
OCHOBHBIX LieJiel peanu3auud MeXIyHapoJHOM a’pOKOCMUYECKOHM CHCTEMbl MOHHUTOPHHIA
MAKCM, sBisercd cO3AaHHE METPOJOTHYECKONH OCHOBBI JJISi BBICOKOTOYHBIX H3MEpPEHHUH
OUYEHb MANBIX IO BEJMYMHE M MEAJICHHO M3MEHSIOIUXCS BO BPEMEHU M3MEHEHUN B CHUCTEME
3emus.

MeXayHapOIHBIM HAy9IHBIM COOOIIECTBOM IO ATHI0N MekTyHapOIHOW Te0Ae3NIeCKOM
accoruaiu /4G pa3padarbiBacTCs MPOEKT [ 1100aIbHOM re0/1e3nYeCKOl CUCTEMbI HAOJII0ICHHIM
GGOS, HanpaBieHHBII Ha pemieHHe (pyHIAMEHTAIBHBIX HAayYHBIX MPOOJIEM TEOJUHAMHUKH,
KOCMHUYECKOH Teoe3nH, TeOPU3NKH, CEHCMOJIOTHH, THAPOJIOTHN W IPYTHX HAyK O CUCTEME
3emitst. [mobanbHas cucrema GGOS obecriednT BO3MOKHOCTh OITUCATh MOJIENTb CUCTEMBI 3eMJIst
U TpeICKa3bIBaTh €€ U3MEHEHH B IPOCTPAHCTBE U BPEMEHU.

OI'VII «OKb M3BW» Pockocmoca B Koomepauuu ¢ APYTMMH BEAYLIMMH HAYyYHBIMH U
MIPOMBITIUICHHBIMI ~ opraHm3anusMu  Poccuiickort  ®Demeparuun  pa3pabaTbiBaeT  MPOEKT
peanmzanuu [IpocTpaHCTBEeHHO-BpeMeHHOH crcTeMbl peanbHoro Bpemenu ([IBC PB), kotopas
MI03BOJUT BHECTH 3HAUUTENbHBIN BKIa B pemieHue 3agadu MAKCM u cuctemsr GGOS.

IIpocTpaHCTBEHHO-BPEMEHHAsI CHCTEMA PEalbHOIO BPEMEHUM — 3TO CHHTE3UPOBAHHAS
KOTepeHTHasl U3MEpHUTENbHAs cHcTeMa Ui U3MEPEHMSI TapaMeTPOB BEKTOPa COCTOSHUS BO BCEX
(U3NUECKUX MONSAX, B TOM YHMCIE TPaBUTALMOHHBIX, BOJTHOBHIX M B MAarHUTHOM, B DPEXHME
peaIbHOTO BpeMEHH Ha TII00aIhbHOM, PpErHOHAIEHOM, JIOKAJIFHOM U TIOJIb30BaTEIIECKOM YPOBHSX
n3Mepennid. OHa COCTOUT U3 PaMOU3MEPHUTENEHON CHCTEMBI U Te0(PHU3HYECKOH MOJICHCTEMBI.

PagnonsmepurenbHas cucTeMa NPEACTaBIsET COOOH TIIO0aNbHBIA PagMOTENECKON C
HE3alloJIHEHHOW amnepTypoi, SKBUBAJIECHTHBIH CHUHTE3MPOBAHHON (ha3MpPOBAHHOW aHTEHHOW
perieTKe, ¢ MEeHTPATBLHEIM CHHXpOoHU3aTopoM (KoppenstopoMm) IIBC PB. Pagmocucrema — 310
TeOMETPUYECKH KapKac M CHUHXPOHHM3MPOBaHHAs aTOMHAs IIKajda BPEMEHH M YaCTOTHI JJis
reo()U3UYECKON MOICUCTEMBI.

l'eopmsnueckas moacucTemMa MpegHa3HA4YeHA UIsl ONpEAeNieHHs IapaMeTpoB TpaBH-
TAllMOHHOTO ¥ BOJIHOBOTO TIOJE€H HAa 3€MHOW TOBEPXHOCTH, B BO3AYIIHO-KOCMHYECKOM
MIPOCTPAHCTBE, HA MOpE, B CKBAXXMHAX, NPH YCTAHOBKE Ha HEIMOJBMKHBIX, JETAIOLIUX HWIH
JBIOKYIIAXCS 0O0BEKTax.

Ha Bcex ¢ynxnumonansupix ypoBHsx [IBC PB asnemeHTHl pagmocucreMbl H reodusu-
YeCKOil MOJCHCTEMBI CBA3aHbI HA YPOBHE MEXaHUYECKOTO U 3JIEKTPUUECKOT0 HHTEP(HEHCOB.

OynkuuonanbHoe HasHaueHue I[IBC PB — co3zmaHue MeTposiorMuecKod OCHOBBI AJIS
MAKCM, mnoanmepkaHue W pacrpocTpaHEHHUE: OMOPHOW TI00aTbHOW CEeTH ISl M3MEpPEHUH B
peambHOM BpeMEHH TapaMmeTpoB (M3MYECKMX K BOJHOBBIX TOJEH M ONpeAeieHUs HuX
HMCTOYHUKOB, BKJIIOYas TIpaBUTAllMOHHBIE, MArHUTHBIE M DJIEKTPUUECKUE II0JI; OIOPHOU
Ha3¢eMHO-KOCMHUYECKON CETH BBICOKOTOYHOM YacTOTHO-BPEMEHHON CHHXPOHW3AIMKM Ha Oasze
CBA3aHHBIX mIKan Bcemupnoro Bpemenu (UT/), mKambl aTOMHOTO KOOPAWHUPOBAHHOIO
Bpement (UTC) u rnobanpHOM mkaisl aromHoro Bpemenu [IBC PB Bricmieit TounocTH.

Bxnao paouocucmemvr IIBC PB: nanHbie 0 TIOOANBHOHN IIKane BPEMEHH W YacTOTHI
(rmobanmpHAs YaCTOTHO-BpEMEHHas] CHHXPOHHU3AIUS W Tepefava IIKajdl BPEeMEHH W YacTOTHI);
eAMHas Ha3eMHO-KOCMMYECKas IIKaja BPEMEHM W YacTOThl; T'€OAE3UMYECKHE KOOPIMHATHI
CTaHIIMH W CKOPOCTH; TI00allbHAs IIKala PacCTOSHUN: cTaOmibHAas W aOCONOTHAsS; OMOPHBIN
TeOMETPUYECKH KapKac Ui Teo(U3WYecKOW TOJCHCTEMBI, MEXIyHapoaHas HebecHas
ornopHasi cuctema koopauHat International Celestial Reference Frame (ICRF), KOOpAUHATHI
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BHETAJIAKTUYECKUX MCTOYHUKOB; MOJHBIA Ha0op mapameTpoB opueHTanuu 3emin (EOP): koop-
muHaThl nomoca, UT1/LOD (mexayHaponHsle 00o3HaueHus:: BecemupHoe Bpemst/[urensHoOCTD
CYTOK), HyTaIus; atMocepHbIe JaHHbIe (Tporocdepa u norochepa).

Brnao eeouzuueckoii noocucmemvi: reoU3NIECKUE HCCIICIOBAHUS; CEHCMOpa3BeaKa
(HazeMHas, MOpCKasi); rpaBUpa3Beika (Ha3eMHasi, MOPCKas, aBha); CEeHCMOIOoTus (perucTpauus
3eMJIETPSICEHUM, OIION3HEW, JIaBHH); METEOpOJIOTHS; HaBUTAIMOHHAS AaBTOTPAHCIIOPTHAS,
aBUAIIMOHHAS M PaKeTHas TEXHHUKA; YCTPOICTBA AJIS OIpEeNeNeHUs] OPHEHTAIlMN JIeTaTelbHbBIX
anmapaToB B TPaBUTALIMOHHOM Iojie 3eMJM, YCTpOWCTBAa HaBEAECHHA Ha JBUXKYyIIHECH
Ha3eMHBIe, TI0J[3EMHBIC, TIOJIBOJIHBIE U JIETATEbHBIE OOBEKTHI PH OXpaHe 3JaHHN, a3POIPOMOB,
TPaHUIIBL;, TPKIAHCKasi 000pOHA: YCTPOHCTBA IS MPeXyHpekIeHUs O 3eMIETPSICEHUIX (B TOM
YHCiIe MHIUBULYaJbHOTO TUIIA), OXPAHHON CUTHATH3aLUH.

Co6op, oOpaboTka W aHAIW3 JaHHBIX H3MEPEHUH OYyIEeT OCYIIECTBISATHCS C ITOMOIIBIO
WH(POKOMMYHHKAIIMOHHOW CHCTEMBl Ha OCHOBE BOJIOKOHHO-ONTHYECKOW W BEJOMCTBEHHOU
CIIyTHUKOBOM cBsi3u Pockocmoca, paspadorannoit ®I'YI1 «OKb MBW», u llentpa ynpasieHus,
KOPPEJALHMOHHON 00paboTKK 1 aHAJIM3a JaHHBIX B PEKUME PeabHOTO BPeMEHH, OCHAIIEHHOTO
ueHTpasbHbIM cuHxpoHuzatopom I[IBC PB u cynepkoMnbroTepoM Al BBICOKOIIPOU3BOAM-
TEJTbHBIX BBIUMCICHUN U XpaHEHUS TaHHBIX.

KonnextuBom yueHbix u kKoHcTpykTopoB PI'VII «OKB MOW» co3man HaydHO-
TEXHUYECKUH 3a]1e]1, KOTOPbIA OMOKET YCIELIHO peaan3oBaTh 3a1auu co3nganust MAKCM u ee
MeTpoJiorndeckoit ocHoBel — [IBC PB.
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3BOJIIOIIMOHHASI HEOBXOJIUMOCTb OJIYXOTBOPEHUSI
HAYYHbIX 3HAHUI B CBETE UJIEA
MBICJIMTEJEN-KOCMHUCTOB

M. H. Hupsamovees

Canxm-Ilemepbypackoe omoenenue Meawcoynapoorou Jlueu 3auiumuol Kyiemypbsl
Ten.: +7-9112302793. E-mail: chirm@yandex.ru

CrpeMuTeIbHOE pPa3BUTHE U SIPKUE JOCTIDKEHHUS HAYKH, IPOHUCIICANINE 3a IOJIBEKa,
HayaJlu KaueCTBEHHO M3MEHATh HAy4YHYIO KapTUHY Mupa. McciaenoBanrus MUKpOMUpPA BBISBIIU
MapajioKChl, CBSI3aHHBIE C M3MEPEHHEM KBAaHTOBBIX OOBEKTOB, HO W NPUBEIH K HaXOXICHUIO
MPAKTHYECKA  BaXHBIX  CBOWCTB  HAaHOCTPYKTYyp.  Cropmpu3bl, E€peBOPAYUBAIOIINE
npecTaBieHusl o Hamied BceneHHOH, mpemogHecid U acTpO(U3UKU OTKPBITHEM «TEMHOU
MaTepun» M «TEMHOW SHEPTHH», KOTOPHIE COCTABIAIOT 95 TpOIEHTOB Macchl BceneHHOi.
HoBBIX MHpOBO33pEHUYECKMX W HAYYHBIX TPEACTaBICHHHA TPEOyIOT W HCCIENOBAaHHUSA pPsaa
OMOJIOrMYECKUX M NICUXUYECKHX CBOMCTB YeJiOBeKa. B TOM 4uclie M3y4yeHHE Pa3HOCTOPOHHEH
JEITEILHOCTH 4YEJIOBeKa B KOCMHYECKOM IPOCTPAHCTBE MOOYKIAeT HAC MEPECMOTPETh H
PaCIIMPHUTh CIOXHBIIHAECS B HAyKe MPEICTABICHHS O PE3EPBHBIX BO3MOXKHOCTSIX U CBOMCTBAX
CO3HAHUS 4ejoBeka. HaydHO-TeXHMUECKHE HOCTHKEHUS HAIlCH IHUBUIM3AINHN MOPOXKIAIOT HE
TOJILKO HOBBIE BO3MOXXHOCTH MAaTEpUaJIbHOIO TMporpecca Y BHEIIHEro KoMdopra, HO
OJTHOBPEMEHHO BBI3BIBAIOT III00ATBHBIC TTPOOIEMBI — CO3/IAI0T HOBOE PAa3pyIIUTEIEHOE OPYKHE,
HAHOCAT ymepd OKpY’KaloIIel cpeie, YrpoKaloT (DH3MYECKOMY U TICHXHYECKOMY 3I0POBBIO
TMONIel, TPOBOIMPYIOT CTUXUWHBIE W TEXHOTCHHBIE YIPO3bl, TO €CTh HapyIIaAIoT
CKJIQJBIBABIIMICS MUJUTHOHBI JIET ONTUMAIBHBIA ISl KUZHENEATCIBHOCTA U BOJIOLIMOHHOTO
pa3BUTHS GalaHC MPOIECCOB B3aUMOJEHCTBHS M YHEPTOOOMEHa KOCHOTO U JKHBOTO BEIIECTBA B
pasHbIX 000sI0uKax Ouocdepsl M HOOCHEpPhl U JaKe B KOCMHUECKOM MPOCTPAHCTBE. DTO U
MHOTO€ JpYyroe CBHIETEIbCTBYET O TOM, UYTO HAyYHOE 3HAHUE IMOAONUIO K TMpeiesaM,
TpeOyIOMMM Il COXpaHeHUs KU3HU Ha 3emile KOPEHHOTO MePecMOTpa CMBICTIOB U CTPaTETHH
pazButus. OKOJO J[JOCTHTHYTHIX HAyKOH TpaHWI] OTKPBIBAIOTCS HE TOJIBKO CTpaHHBIE
MIPOSIBICHUSI TPUPOABI MATEPUU, HO U COBEPLICHHO HOBBIE COCTOSIHUS BBITHS, A1 MOCTHXKEHUS
KOTOPBIX HYKHO U3MEHSTHCS HaM caMuM. OpHEHTHUPHI U 3TUX WU3MEHEHUH JaeT cama KHU3Hb,
TpeOyIomas CO3HATEeNIFHOTO BO3BpAIIeHWS HAYYHOTO TO3HAHWSA B enuHOe mose KymibTypsl,
sIBIIsTIOITeiics, mo BeipaxkeHuio H. K. Pepuxa, mountanmem CBeta, ocHOBOI BbuITHS, CHHTE30M
BO3BBIILIEHHBIX W YTOHYEHHBIX NOCTIXKCHHM, craceHueM, asurarenem u Cepauem. B name
Bpems KymeTypa BCTymwia B OCTPHI  KOH(IMKT C MAIIMHHOM  IMBIJIM3AIUEH.
I'ocnoacreoBaBmuii okos10 300 JieT B HayKe PallMOHAIBHBIN CIIOCOO MO3HAHUS, OCHOBAHHBIN Ha
KpUTEPHUSIX MaATEPUATUCTUUECKOTO MEXaHHUCTHUYECKOI0 MHUPOBO33PEHHUS, CTal MPUBOAUTH K
CaMOpa3pyIICHNIO PAIlMOHAIBHOCTH 110 MEpE BBIHYXKJIEHHOTO BBIXOJA 32 TPAHUIIBI CHCTEMBI
«aIPHOPHBIX» KPUTEPHEB, TaK KaK Pa3BUTHE BHYTPH STOW CHCTEMBI YTPadUBAJIO CIIOCOOHOCTH
3pPEeKTHBHO OIEHMWBAaTh €€ JUHAMUKY H KaueCTBEHHbIE W3MEHEHHs. TakuMm oOpa3oM
MPOSIBIISIETCS JEWCTBUE TEOpEeMBI l'eienis O HEeIoJIHOTe, W00 MPHUPOJAa MBIIUICHUS YeloBeKa
ropa3fo TOJHee M HACBIIIEHHEE ero aKCHOMAaTH4YeCKH-IeAYKTUBHOW (opmbl. UpesmepHbIe
JIOTU3UPOBAHHOCTh, MPU3EMIICHHOCTh W MparMaTu3M HAyKH, KaKk W JOTMaTH3allds PEeTurui
MEIIAIOT KOCMU3AINU MBILUICHUS, PACHIUPEHUIO CO3HAHUS. J[JI1 BOCCTAaHOBJICHUS YTPAuCHHON
LEJIOCTHOCTH TIO3HAHUS PAIlMOHAIBHOCTH JOKHA BOWTH B TBOPUECKUH CHHTE3 C MHTYHIIHEH, C
OYHIIEHHBIMH BO3BBIIIEHHBEIMU YYBCTBAMH U PYKOBOJICTBOBATHCS JYXOBHBIMH KPUTECPHUSIMHU.

B CcOBpeMEHHBIX HMCCIIEIOBAHHUAX MPUPOJIBI, YEIIOBEKA U KOCMOCA BCE OOJIBIIEC HAXOIUM
aHanoruil ¢ mpexacraBineHusAMH MbicauTenei JpeBHero Erunta, I'peuun, Kuras u Wugum.
[TosiBeHME TEOpPHH OTHOCHUTEIHHOCTH, PsZia MCCIEAOBAHWM B KBAaHTOBOH (pu3nKe (KBAaHTOBOMH
HEJIOKAJbHOCTH) CTaJId BBIHYXJIATh K IIEPECMOTPY MOHITHA (U3MUYSCKOW pPealbHOCTH —
OTJIMYAIONIETOCS OT €ro KJIACCHYECKOro ompenenenus. HoBbIM moaxo npu3biBall yUUTHIBATh
CO3HaHWE HaOIIoAaTesNsl MpU aHAJTM3e KBAHTOBOTO HM3MepeHHs. PojcTBEHHBIE TMPEICTaBICHUS
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BO3HHMKJIM M C TOSBIEHWEM aHTPOIHOIO MpHUHIMIA B KocMoyioruu. B makpommupe crano
MIPOSIBIATHCST HEYTO eauHOe M BceoOwmemumomiee. Clemyrommid Imiar cjenanga CHHEpreThka B
Pa3BUTHHN TIOCTHEKJIACCHYECKOW HAay9YHON MapaauTMbl JUIs COJFDKEHUS CBOWCTB OOBEKTa C
KauecTBaMM CO3HAHUS HCCIEAYIONEro WX CyOBheKkTa. Tak Kak pa3BUTHE OT KJIACCHUYECKOH JI0
MOCTHEKJIACCHYECKOM HAYKU OBLIO CBSI3aHO C COBEPIIICHCTBOBAHUEM MHCTPYMEHTOB, IPUOOPOB,
TEXHOJIOTHH, /1a U CAMUX HAyUYHBIX METOJOB, TO CJIE€AYET IPU3HATh, YTO [IaBEHCTBYIOLIAs POJIb
B TIO3HAHWU JIOJDKHA OBITh OTBEICHA COBEPUICHCTBOBAHUIO CaMOT0 ©CTECTBEHHOTO U
MOTEHIIMAILHO BCEMOTYIIET0 MHCTPYMEHTA, JAHHOTO YEJIOBEKY DBOJIOLMEH, — MbIcau. Hayke
MPEJICTOUT OOpPaTUThCSI K CaMOMY 4YeNIOBeKY, K €ro BHYTPEHHHM TBOPYECKHUM JIyXOBHBIM
BO3MOXHOCTSIM, K MOHUCKY IIyT€H COTPYIHUYECTBA C OCHOBHBIMHM CO3MJATEIbHBIMHU CHJIAMU
Kocmoca, k mMO3HAHMIO Ka4eCTBEHHO HHBIX MHPOB, HEHU3BECTHBIX Hayke (GOpM MaTepuH,
SHEPruu, Co3HaHus U >ku3HepestenpHocTH. E. WM. Pepux mwucana: «bema B ToM, uTo paszym
YJeJIoBeKa pa3oOIuics co CBOMM HcTouHHKOM, Pazymom Kocmoca. Bymyun gacteio Kocmoca,
4eNI0BEK HE BHIHMT CBOGH CONMIAPHOCTH, CBOEro exuHCTBa ¢ KocMocoM...».!

B nepsoii nonoBuHe XX Beka B Poccuu clnokWiMch BCE MPEANOCBUIKH JJIA TyXOBHO-
PEBOIIOIMOHHOTO PeoOpa3oBaHMsl HAyYHOW KapTUHBI Mupa. OCHOBHBIM TBOPYECKHM
HMITYJIBCOM JIJISI Pa3BUTHS STOTO MPOIECcca SBIIUCH TPYABI PYCCKUX MBICIHTENCH-KOCMUCTOB:
B. U. Bepnanckoro, K. 3. Huonkosckoro, I1. A. ®nopenckoro, A. JI. Umkesckoro, H. A.
Bepnsesa, cempu PepuxoB u npyrux. Kak ormeuanu II. I'ypesuu u JI. bom: «He nmoanexut
COMHEHHIO, 9TO MHP HAaXOJUTCS Ha MOPOTe HOBOW MapagurMbl. JTa CMEHa, CyHas MO BCEMY,
OyJeT UMETh HEBHJAHHBIC MACIITA0bl, TIOCKOJbKY B KOPHE W3MEHHUT BCE HAIM BO33PCHHUS Ha
MHUp, HPUPOLY, YETOBEKa. BIOIHE BO3MOXKHO, YTO OHA YCTPAHHUT NMPONACTh MEXKIY APEBHEU
MYJpOCTbIO M COBPEMEHHOM HAyKOW, MEXJIy BOCTOYHOW MHUCTUKOM W  3alaJHbIM
IparMaTH3MoM».> MBICITHTETH-KOCMHUCTBI TIPO3PEBAIN, YTO KAYECTBEHHO HOBAs CTYIICHb
MO3HAHUS, CBSI3aHHAA C KOCMUYECKHUM MBILIUICHUEM, OTKPOET Mepel UCCIe0oBaTeIeM TyXOBHOE
0orarcTBo KyJIbTYpHOTO CHHTE32, TApMOHH3HPYET €ro BHYTPEHHHWN MUp, JacT WHTYUTHUBHBIC
BO3MOXHOCTH HENOCPEACTBEHHOIO IOCTH)KEHHS, BEPHET IOIJIMHHBIE CMBICIBl PA3BUTHUSA,
MPUBEIET K OBJAJICHUI0O HOBHIMH TOHKHUMHU DHEPTUSIMHU, MOJHHUMET 3aBECYy MEXKIY MHPaMU,
COEIMHUT €ro CO3HaHWe ¢ Ooyiee COBEpIICHHBIMH (DOpMaMH >KH3HH CIEIYIONIMX CTyHeHen
3BOJIIOIINM, TOMOXET CO3/aTh LEJbIA PsiJl METaHAYK, 03apUT €r0 MOILbIO KUBOM U pa3yMHOM
kpacotel Kocmoca. TIporiecc mOCTHKEHUSI KOCMHUYECKOT'O MPOCTPAHCTBA M3MEHSET MACIITA0bI
HAIIeT0 CO3HaHWs, W00, KOTJa Jylla U MBICIh MO3HAIOT MUPO3JIaHUE, OHH OOHApPYKUBAIOT B
cebe ero cBoiicTBa. HoBbIe METOBI HAYIHOTO TIO3HAHWS, HAIIPABIIEHHBIE K TIOUCKY €IWHCTBA, K
MOCTUKCHUIO MHOTOOOPAa3HBIX COOTBETCTBUH MEXKIY 4YEJIOBEKOM M KOCMOCOM, K OJjaromy
MPEOOPaKEHUIO JKU3HU, 3aJI0KEHBI B TPYJIaX KOCMUCTOB, OCOOEHHO B YHUKAJIHbHOM TBOPYECKOM
Haciequu ceMbl PepuxoB. OcTpee BO3HHKAeT BOMPOC 00 ITHKE YUYEHBIX U OTBETCTBEHHOCTH
BCEX JIIOZIEH Mepe] MPUPOAOH, COOOIIECTBOM, TIEpe]] NX JINIHBIM 3BOIIOIMOHHBIM PHU3BAHAEM.

Pasmprnsis o BeIpabOTKE HOBOW MHPHOM CTpaTerMd OCBOGHHS KocMoca B €€
TYMAHUTAPHBIX M KYJBTYPHBIX AacHEKTax, CJeAyeT BCIOMHHUTb O IEPBOMl B HUCTOpUU
KOCMHUUECKOil KymbTypHO# mporpamme «Kocmoc—UYenoBek—Kyaprypay»’, koTopas 6bira Hamu
MOATOTOBIICHA U MpoBeaeHa kocMonaBTamu A. H. bamanmunaeim u A. S1. ConoBbeBbsiM B 1990
rojly B TeueHHEe 6 MecsleB Ha Oopry opOuTanmpHOU craHimu «Mupy». Ilporpamma Oblia
MPU3BaHA JaTh HOBBIK OAYXOTBOPSIOIIMNA HMIYJIBC KOCMHYECKHM HCCIEIOBAaHUSAM, KOTOPbHIE
KPOME€ HAy4YHO-TEXHHUYECKOI'O 3HAYCHHUS JOJDKHBI ObLUTM MPUOOPECTH M KpaliHe HE0O0XO0IUMOe
KyJIBTYPHO-TYMaHUCTHUYECKOE  cojiepxkanue. [IporpamMma  crocoOCTBOBaJia  PEIICHUIO
rio0aIbHON 3a/1a4M — CO3AHUIO IIEHHOCTHBIX KPUTEPUEB OOIIEIUIAHETAPHOW POJOBON HOPMBEI.
CHMBOJIOM MPOTPaMMEBI CTAJIO BIIEPBBIE MOTHATOE HAJl TUIAHETON 3Hamsi Mupa — 3HaK 3amluThI

! Pepux E. W. IMucoma. Mocksa: MLIP, 1999. T. 1. 1919-1933 rr. (MLIP), // Ne58. am. cotpyamukam. 3.03.1930, c. 91.

2 T'ypesuu I1. C., Bom JI. dunocodus u Muctuka. B ku.: Hosvie udeu ¢ purocoduu. Mocksa: Hayka, 1991. 230 c.

3 Bananmua A. H., YupsareeB M. H., bemsk H. B., Jle6eneB I'. C. 3nams Mupa B Kocmoce. B ¢6.: «3awumum
Kynomypy». Mamepuaner MeoscoyHapoOHoti 06wecmeeHHO-HAYYHOU KOHepeHyuu, noceaujentol 60-1emuro
Ilaxma Pepuxa, 1995. Mocksa: MILIP, 1996, c. 185-191.
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00ILIEUETOBEUYECKUX KYJBTYPHBIX LEHHOCTEH W BIOXHOBEHHBIH NPU3BIB K CO3HATEIBHOMY
0OpETEeHHIO JII0bMU AYXOBHOTO eMHeHHs 1 Mupa uepe3 KyneTypy.

B Hacrosmee Bpems NOMyJSIpU3alMI0, Pa3BUTHE M IMPAKTHUYECKYIO pEaM3aLUI0
MHPOBO33PEHUECKUX OCHOB HOBOI OJyXOTBOPEHHOMN HAayKH, 3aJI0’)KEHHBIX B TPYAaX KOCMHUCTOB
U B TBOPUECKOM Hacleanu ceMbU PepuxoB, OCyIIECTBIIAET HENMPABUTENbCTBEHHAS! OpTaHN3aLINs
mpu OOH — Mexnynapoaasiii 1ieHTp Pepuxos. Ilo pemenuio MexmyHapoaHOW KOHMDEPEHITHH
«Kocmuueckoe mupoBo33penne — HoBoe MbinuieHne XXI Beka» MIIP coBmectHo ¢ PAH,
PAEH, PAKL] co3nan «O0beIMHEHHBIH HAYYHBIH LEHTP Mpo0ieM KOCMUYECKOTO MBILIJICHUS.
I[Ipu MIIP cdopmupoBaHn VYueHBIH COBET, B KOTOPBHIH BOIUIM AaBTOPHUTETHBIE YUCHBIE,
MIPEACTABIIIONINE pa3HbIE OONACTH 3HAHWM, OOBEIWHEHHBIC IETLI0 HAYYHOW pPa3paboTKd U
BOIUIOIIEHUIO B KM3Hb Haell VYuenus JKuBoil OTMKM M KOCMHYECKOTO MBIIUICHUS,
(¢opMHpOBaHHMsST HOBOW CHCTEMbl MO3HAHMS M METOAOJIOTHM HAayKH, HCTOKHM KOTOPBIX
IIPOCIIEKUBAIOTCA B TPYAaX KOCMHCTOB U B BEIMKUX Y4eHusx Bocroka. OgHuM U3 BasKHEHIINX
HaIpaBJIeHUH HAy4YHOH JEATENbHOCTH SIBIIETCS BO3pOXKAECHUE paboThI cozmaHHoro Pepuxamu B
1928 r. B unauiickoil BeicokoropHoil nonune Kymy WucturyTta I'mManaiickux uccieroBaHMH
«Ypycatm».”

* IlanowrsnkoBa JI. B. Ceem Vmpenueii 36e30bi. OObCIHHEHHBIH HAYYHBII LEHTP MPOOIEM KOCMHYECKOTO
memuierns. Mocksa: MLIP, 2005, c. 79-115.
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MexnyHapoHas JIOTUCTHKA TpeOyeT IpOBEJACHHUS HENPEePhIBHON HICHTH()HUKAIINH,
JIOKQJIU3alMd M KOHTPOJIA (U3MYECKOTO COCTOSHHS OOBEKTOB JJIS IEJCH yIpaBicHHS
JIOTUCTUYECKUMHU TIpolieccamMu. Takue TEXHOJOTHM, KaK OIpPEICICHHE MECTOMOJIOKEHNS,
KOMMYHUKAIIUSI ¥ HaBUrallMsl, CTAHOBSITCS OMOPHBIMU MYHKTaMM JIJIs Pa3BUTHSI MHHOBAIMI B
Oymymem.

Jloructuka OyayIiero MOXeT yInpaBJsThCS TOJIbKO IyTEM BHEIAPEHUS WHHOBAIMOHHBIX H
WHTEIUICKTYIBHBIX KOHIICTIIUH, TeXHONIOTUl U uHdpacTpykryp. Ha 6a3ze camoii coBpeMeHHo
B [epMaHWM UCOBITATETHFHON TUIOMIAAKK IS CHCTeMBl [alniaeo MOXKHO BBHITIONHATH
TECTHPOBAHWE W NaJbHEHIIYI0 pa3pabOTKy OCHOBAaHHBIX Ha CIYyTHHKOBOW HAaBHTAIlUU
MIPIIOKEHNH B OOJaCTH TPAHCIIOPTA, JIOTUCTHKH, TEIEMATHKH M PaTHOYaCTOTHBIX CPEICTB
CBsI3U. J{ONroBpeMEHHON LENbI0 MCCIECAOBAHUM SIBISIETCS COBMELIEHUE CAMBIX Pa3IMYHBIX
TEXHOJIOTUA M CO3[aHUE MHTEIUIEKTYaJbHBIX, OPUEHTHUPOBAHHBIX HAa OXpaHy OKpYKaromen
cpenbl CUCTEM TpaHcnopTa s Tepputopuu Lentpanshoit ['epmanuu. B neHTpe BHUMaHuUA pu
3TOM OCTAE€TCS CO3/IaHUE YCIOBUM JIJI1 UHTEPMOIaJIbHON MTEPEBO3KU IPY30B.

WcnprTatenbHas momanaka st cucteMbl [ammreo B CakCOHUH-AHTIBT, OKPYKEHHAS
pPETHOHAJIBLHBIMUA TOYKAMU MPUMEHEHHUS COOTBETCTBYIOIIMX TEXHOJIOTHM, CTAHOBUTCS HOBBIM
[EHTPOM KOMITIETEHIIUM B 00JIACTH WHHOBAIMOHHBIX TPAHCIIOPTHBIX M JIOTUCTHYECKUX CHUCTEM.
DTy IIOIAKY, HAPSAY C YHUBEPCUTETCKUMHU HCCIIEOBAHUSIMU, MIPEAJIAraeTcsl UCIOJIb30BaTh B
MEPBYI0 OYEpe]b MPEANPUITUIM, OCYIIECTBIISIONUM CBOIO JICATEIBHOCTh B TJIOOAIBHBIX
Maciradax.

Hcnpitath cocoOBl COCMWHEHWS TEXHOJOTHW JUISI OINpPENeNICHUS MECTOTIOI0KEHHS,
KOMMYHUKAIIUM W HaBUTALUM C HWCIIOJHUTENSMH HHTEPMOJAJIbHBIX TPAHCHOPTHBIX YCIYT, a
TaK)X€ C CAaMUMU TPAHCHOPTHBIMHU LEIMSMU U NEPEBO3UMBIMU B HHUX I'py3aMH MpPEACTaBISCTCS
BO3MOKHBIM TOJILKO C IIOMOIIBIO ILIOMAAKHU I cucTeMbl [ anuineo B CakCcOHUU- AHTaNbT.

OTimunuTeIbHONH 0COOEHHOCTBIO €BPOMCHCKON HABHTAIIMOHHOW cHUCTeMbI [ ammieo OyneT
€€ TOYHOCTh. DTO CO3JaeT YCJIOBHUsS I elie 0oJjiee TOYHOTO KOHTPOJS 3a JIOTMCTUYCCKHMU
mporeccaMu, OyIOb TO TEPPUTOPHS TOpTa WM aBToMoOWibHas jgopora. [losBuiuch
BO3MOXKHOCTH [IJISI TIPOBENIEHUS HCCIEAOBATENBCKUX PadOT: HAMpUMEp, UIS JIOTHCTHYECKHX
MPOLIECCOB, B KOTOPBIX TOBAp MEPEXOJUT M3 30HBI ONPEICICHHUS MECTOIOJOXKEHUS TUIa
«outdoor» B 30HY «indoor», mpUYeM Jaliee MPOJOJIKACTCA TNPOIECC HENPEPHIBHOM
UACHTU(UKAMK TOBapa M KOHTPOJIb €ro (u3M4eckoro cocrosHus. Ha wucneiTatensHOU
IJIOIIA/IKE, HApAly C CaMOW COBPEMEHHOW MOJIbEMHO-TPAHCIIOPTHON TEXHUKOU M TEXHOJIOTHEH,
MOTYT TE€CTUPOBATHCSI RFID-TyHHENIN W paadovacTOTHBIC ceTH. Takke M 3JIEKTPOMOOMIN KaK
HOBas TEXHOJOTHYECKas TulaTopMa OTHOCATCA K «IOPTQENIo 3amad» HCIBITaTeIbHON
wiomwaaku. Hopeiline Ha3zeMHbIE TEXHOJOTUU ONPEACNICHUS MECTOMOJOXKEHUS s
KOHTEHHEPHOU JIOTUCTUKU NMPUMEHSIOTCS Ha HCHBITATEIBHOM IUIOMIAAKE C IEIbI0 OCBOCHUS
METO/IOB TOUHOT'O KOHTPOJIS JIOTHCTUYECKHUX TIPOIIECCOB.

Hanmume COOTBETCTBYIOIIMX IENsIM TPUMEHEHWS W HAACKHBIX  JaHHBIX O
MECTOTIOJIO)KCHUH TPAHCIOPTHBIX CPEACTB, pabOTAlOmUX B PasIUYHBIX yCIOBUAX U
BBIMOJHAIONIMX pa3IMUHbIe 3aJaud, SIBISETCS BaKHEWIIEW MPEeaNnOChUIKON Mg CO3AaHus
MHHOBAIlMOHHBIX IPOLECCOB B JIOTHUCTHUKE.

OnHuM U3 CrieHapHueB, KOTOPBIM UCCIETyeTCs Ha MJIOMAaKe cucTeMbl [ anumeo, sBisieTcs
«City-JIOTUCTHUKA», OCHOBAHHAS HA KOHIICTILINYA IPUMEHEHUSI CMEHHBIX Ky30BOB-KOHTEHHEPOB.
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Jiist Xopowio 3arpyKeHHBIX U CIPYNITMPOBAHHBIX 110 IPy3Y AaJbHUX MEPEBO30K TAKKE U B
OynymeM MOTYT TPHUMEHSTBCS — CYIIECTBYIOIIME HWH(PACTPYKTYpHl M TEXHOJOTHH
UCTIONIb30BaHUS CMEHHBIX KY30BOB B COCTaBe OOJBIIMX aBTOMOE3I0B. [IJIsi 3HAUYMTEIFHO MEHEe
3arpy>KeHHBIX OJIIKHUX TIEPEBO30K U B OCOOEHHOCTH JJIsl paclpeieieHUs] TOBapOB B TOpoJiax U
paiioHax ¢ BBICOKOW IUIOTHOCTBIO HaceleHHs (IepeBO3KH Ha «IociegHeld muie») OynyT
NPUMEHATECS  aBTOMOOWMJIM  TIPY30MOABEMHOCTBIO  3,5T, TIpH 3TOM OKOHOMHYECKas
3G PEKTHBHOCTh NaHHOH CTpaTeTHH CTaHET IMOJIOKHUTEIBHOW, B TO BpeMs KaK CETOIHS Takas
LeNb SBJSIETCSl CNAabO0JOCTMXKUMOW HW3-32 CBSI3aHHBIX C OOJNBLIMMHU 3aTpaTaMH JEHEXHBIX
CPEICTB ¥ BPEMEHH TEePEBATOYHBIX MporeccoB. MHIMBHIyanu3ayst Maio00bEeMHBIX MIEPEBO30K
JaCT BO3MOKHOCTB 00Jiee THOKO COCTABIATH MapIIPyThI IEPEBO30K U ITOCTABOK, KOTOPBIE OyayT
3aKaHYMBAThCS y KIMEHTOB, PACIIOJIOKEHHBIX Ha CAMBIX Y3KHX yJOYKaxX B LIEHTPAJBHOM 4acTh
TOpOJOB, TIPH 3TOM HHTEUICKTyalbHOE YIPABJICHHE IIepeBO3KaMu Oyner olecreunBarh
OpPHEHTHUPOBAaHHOE HA TNOTPEOHOCTH KIMEHTOB pAacHpeNeNieHne TPAHCIOPTHBIX pPECypcoB.
[IpuMeHeHne KOHLEMIMM CMEHHBIX Ky30BOB-KOHTCHHEPOB, B OCOOEHHOCTH B pe3ylibTare
WCITIOJIb30BaHUs 3,5-TOHHBIX aBTOMOOHJIEH PY aBTOMAaTU3UPOBAHHOM COCTABJICHUH MapIIPYTOB
JUISL TIOJIBO32 TOBApOB «HA MOCIIEAHEH MUIIE», AaCT OJHOBPEMEHHO C NMPUHIWIHAIGHBIMH U
SKOHOMHYECKHMHU MPEUMYIIECTBAMUA TAKXKE M IIOJOKUTEIbHBI JKOJIOTHYEeCKUH dPPeKT,
KOTOPBI MOXKET OBITh YCHJICH 3a CUET MPUMEHEHHS Ha KOPOTKHX ydacTKax IyTH aBTOMOOWIen
C THOPHTHBIM WITH DJICKTPHYECKUM MTPUBOJIOM.

IToTpeOHOCTE B IPOBEICHNN HOBBIX MCCIICIOBAHUN 1 pa3pabOTOK HAOIIOMAETCS B CBSI3U C
HEOOXOJUMOCTBIO  BBIMIOJHSTH pPydYHBIE ONEpaldd 1Mo 00padOTKE CMEHHBIX KYy30BOB-
KOHTEHHEPOB B IIEHTPAJIHHOW YacTH rOPOOB (B TaKOW CHTYAaIlMH OKa3bIBACTCSl HEBO3MOXKHBIM
NPUMEHEHHE BHWJIOYHBIX IIOTPY3YMKOB; OMOJHUTENFHOE OOOpYIOBaHHME [UIS IEepeMEIlCHUS
Ipy30B, YCTaHOBJICHHOE Ha OOpTy aBTOMOOWIS, TPpPUBEAECT K YMEHBIICHHIO €ro
Ipy30MOJBbEMHOCTH, YTO, B CBOIO OYepellb, MPHUBEAET K OrPaHUYEHHIO 00JAaCTH NMPUMEHEHUS
3,5-TOHHBIX aBTOMOOMJIEH), a TAKXKE B CBSA3U C HEOOXOIMMOCTBIO CONPSIKEHUS JTOTUCTUUECKUX
MPOLIECCOB C TEXHOJOTUSAMHU OIPENETICHUS] MECTOIOJIOKEHUS M HIeHTH(HKanuu o0bekToB. B
pe3yJbTaTe CO3JaHusl U OCHaIleHust B MarneOypre NpoeKTHON 1a00paTOpuy U HCIIBITATEIbHOM
IUIOLIAZIKK TIOSIBWIACh B CBOEM pOJE YHHKaJIbHAas BO3MOXHOCTh MU pa3paboTKu U
TECTUPOBAHMS CIICHAPHEB COMNPSDKEHHS JIOTHCTHYECKHX IIPOIECCOB KaK C COBPEMEHHBIMH
TEXHOJIOTHSIMUA WACHTH()UKAIMK U TIepeaadyn JaHHBIX, TaK U C TEXHOJOTHSIMHU aBTOMATU3AIMH
MOrPy30YHO-Pa3TPy30UHBIX ONEepaLnii.

HanexxHass W MHTEIUIEKTyaslbHas MOOWIBHOCTD SIBISIETCS  BAXHEHIIMM  BBI30BOM
JIOTHCTHKH OYJylIero, a ”THHOBAlIMOHHBIE HOCHTEIIN TPY30B COCTABIIIIOT €€ 0azy.
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WORKSHOP
“Innovative Virtual European Transport Training Agency”

General Introduction

In the last decades, we have witnessed social and technological changes that require new
and continuously renewed competencies for individuals. Some of these changes are as follows:
the rapid evolution of knowledge, new forms of job organization, globalisation and the rapid
increase of the information society.

These transformations are also reflected in the areas of training and further education.
One of the arising challenges is how to develop strategies to guarantee knowledge availability
anytime, anywhere. E-learning offers this ability, and is a media ideally suited to ensure
flexibility and consistent knowledge transmission for persons of all age groups, nationalities,
backgrounds and educational levels.

The transportation industry has been challenged, during the last years, by the opening of
the European market, the adjustments required to deal with the new competitive environment
and the worldwide economical downturn that forces the transport industry into one cost cutting
program after the other.

Especially the space and aviation industry has developed innovative strategies in order to
adapt themselves to market growth and competition challenges and have at the same time
achieved considerable productivity improvements.

Forecasted growth and stringent quality standards set by authorities will lead to a higher
training demand in all transport modes and for all categories of qualified personnel. It is not
only necessary to effectively establish training priorities but also to supply the most efficient
recourses to create a training program, which will produce high quality at an affordable price.

The creation of a united European transport market without restrictions or barriers to
access, based on harmonised conditions of competition, is becoming one of the principal
objectives of common transport policy in Europe.

In the same way as transport systems, processes and services operate in growing
European framework, transport education and training need to change their contents taking
international aspects and globalisation into consideration and move from conventional to
networked environments. Even initial transport education processes at vocational and higher
education levels must be a part of these dynamic changes to enable their graduates to meet
employers’ needs and perform at the market.

The upcoming workshop shall discuss

= The need to develop new specialised training systems based on knowledge and good
practices in the management of high tech transport business and to disseminate across
the Europe, into space and across different branches of transportation mode through a
multinational training platform.

» The need of establishing a logical, flexible framework for responsive training
infrastructure to quickly translate field training and education requirements into easily
accessible, usable and effective training materials.

» The development of competency and evidence based training systems in regards to
distance learning and micro-learning strategies.

= The creation of a process to facilitate rapid response to new or changing training
priorities. Identify requirements that cannot be met due to resource limitations or
additions to training priorities, mental limitations and instructor qualifications.

This shall lead to the incorporation of IVETTA. Strategic goal of IVETTA is increasing
quality and safety of all mode of transport on the base of high quality standards in the life-long
education and training and common network of training, industry and maintenance
organizations.
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