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Articles and Statements
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b Department of Computer Science and Engineering University of Quebec at Rimouski Rimouski
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¢Chouaib Doukkali University, El Jadida, Morocco

Abstract

In this paper, a performance analysis of three grid-connected PV systems in Beni Mellal
weather conditions was carried out using PVsyst software and the monitored data. The PV system
consists of polycrystalline silicon (pc-si), monocrystalline silicon (mc-si) and amorphous (a-si)
solar cell technologies. The predicted annual production is found to be around 3733.1 kWh,
3716.5 kWh and 3543.8 kWh for the mc-si, pc-si and a-si technologies, respectively.
The performance analysis has showed that the predicted annual average value of PR ratio for the
a-si is nearly 83.8 %, 80.5 % for mc-si and 80.1 % for pc-si plant. The analysis of actual operating
data has revealed that the annual average value of PR of pc-si, mc-si and a-si technologies are
quantifiable at 86.80 %, 84.87 % and 83.60 %, respectively.

Keywords: PV systems, mc-si, pc-si, a-si, performance analysis, performance ratio, final
yield, system losses, PVSyst.

1. Introduction

Solar energy is a free and inexhaustible source of energy that can provide alternative energy
without polluting the environment. Therefore, its use reduces the rate of decrease in energy
reserves. Solar energy has a huge energy potential that exceeds fossil fuels and can meet the world's
energy needs many times over.

Recently, research in the field of photovoltaic solar energy has been increasingly active. Most
of the conducted researches are focused on two main areas. The first one is to improve the
conversion of solar radiation into electrical energy, while the second one is associated with DC to
AC conversion at inverter level. As a result, the Photovoltaics become a fast growing market.
The Compound Annual growth rate of PV installations was 24 % between years 2010 to 2017.
Photovoltaic module production is in continuous growth. In 2017, China and Taiwan took a share
of 70 %, followed by the rest of Asia-Pacific and Central Asia with 14.8 %. Europe contributed by
3.1 %. The United States and Canada accounted for 3.7 %. The record lab cell efficiency is 26.7 %
for mono-crystalline and 22.3 % for multi-crystalline silicon wafer-based technology. The highest
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lab efficiency in thin film technology is 21.7 % for CIGS and 21.0 % for CdTe solar cells. PV system
performance has strongly improved. Before 2000, the typical Performance Ratio was about 70 %,
while today it is in the range of 80 % to 90 % (Philipps et al., 2018).

The performance analysis of photovoltaic installations is very important because it ensures
the monitoring of the installations by detecting anomalies that may appear. It reveals the impact of
weather conditions, especially, temperature and dust, as well as losses at the level of inverters and
cables... For example, the works conducted in (Monokroussos et al., 2011; Huld et al., 2011; ZinBer
et al., 2008; Strobel et al., 2009) show that the global irradiance, ambient temperature and the
solar radiation spectrum are parameters that most affect energy production. All of these
parameters affect the operating conditions of PV modules, however the cells temperature is the
major factor affecting electricity production. In fact, the effect of the temperature on operating
solar cells is related to the temperature coeffcient of each PV technology (Makrides et al., 2009).
The work in paper (Radziemska et al., 2003) showed that for the crystalline silicon modules (c-Si),
the performance, decreases when the temperature increases, while the paper (Makrides et al.,
2012) showed that the modules realized with single or multi-junction amorphous silicon cells (a-Si)
are able to improve the electrical performance in high temperature conditions.

The electrical performance analysis of the grid-connected photovoltaic system is based on the
international IEC 61724 (Anon et al.,, 1998) standard published by the International Electro
Technical Commission (IEC). It describes the performance parameters of photovoltaic installations
including the final yield (Yf) and the Performance Ratio (PR). It is noted that final yield is used to
compare the performance of PV systems installed at the same place using the same or differing
mounting structure. Performance Ratio (PR) is widely used to analyze the performance and to
compare PV systems located in different regions. Several studies are carried out to analyze the
performance of photovoltaic installations based on the performance ration. It has been shown in
paper (Leloux et al., 2012) that the average value of the performance ratio of 993 residential PV
systems in Belgium was found to be 78 %. In island, the performance ratio (PR) of a photovoltaic
park, with a peak power of 171.36 kWp, has ranged from 58 to 73 %, giving an annual PR of 67.36 %
(Kymakis et al., 2009). In paper (Sharma et al., 2013), a correction to the efficiency module results
a reducing in the absolute percentage error between measured and predicted annual energy yield
and performance ratio values to 4.89 %, 4.94 %, 1.16 % and 4.34 %, 4.93 %, 1.88 % for p-si, HIT
and a-si arrays respectively. The performance comparison shows that HIT and a-si arrays have
performed better than p-si array at this location. The energy yield of a-si modules is found to be
14% more in summer months and 6 % less in winter months in comparison to p-si modules.
The HIT modules are found to produce 4-12 % more energy consistently than p-si modules.
In Meknes (Morocco), a performance analysis and economical/environmental assessment of two
grid-connected PV systems, including pc-Si and mc-si technologies, were carried out. The results
showed that, for the same rated capacity, pc-si modules have higher monthly total average final
yield than mc-Si modules. The leveled cost of electricity ranges between 0.073-0.082 $/kW h.
The Payback time found to be in the range 11.10-12.69 years for this analysis. Furthermore, it was
shown that the installed PV system has the potential of reducing approximately 5.01 tons of CO2
emission per year (Allouhi et al., 2016). The performance analysis of three PV plants installed in
Marrakech city has shown that in winter, pc-si yields achieve 11 % more than a-si/pc-si but it
generates 7 % less than mc-si. In summer, pc-si yields perform 4 % less than a-Si/uc-Si, but 7 %
more than mc-si. Relative performance of a-si/uc-si increases by nearly 0.6% per 1°C against its
two other bulk-silicon competitors, supporting that a-si/uc-si cells operate with a positive
temperature power coefficient. Analysis of the daily data shows that the a-Si/uc-si cells daily
performance degrades 1.1 % faster that the mc-si one. The a-si/uc-si cells daily performance
degrades 0.2 % faster that pc-si one, while the pc-si cells daily performance degrade 0.9 % faster
that mc-si one. Cumulative yearly PV yields show that the a-si/uc-si solar cells AC yearly yield
performs around 1.5 % more than the mc-si one but degrades yearly nearly 1.5 % faster than the
former, and that a-si/pc-si solar cells AC yearly yield performs around 2.2 % less than the pc-si
ones and degrades yearly nearly 0.8 % faster than the former. In addition, the pc-si solar cells AC
yearly yield performs around 3.8 % more than the mc-Si ones but degrades yearly nearly 0.8 %
faster than the former (Aarich et al., 2018).

The aim of this work is to this program by simulating, using PVsyst software, and comparing
the production of the three photovoltaic plants based on the three silicon technologies, including

4




Russian Journal of Astrophysical Research. Series A, 2019, 5(1)

monocrystalline (mc-si), polycrystalline (pc-si) and amorphous (a-si) silicon technologies.
The associated analysis is made using performance parameters being specified by International
Energy Agency (IEA) (Eltawil et al., 2010). The dealt with parameters are the performance ratio
(PR), the system losses (Ls), the capture losses (Lc), the final yield (Yf) and the capacity factor (FC).
Actual production and weather data are also given and analyzed.

1. PV Plants Description

1.1. PV Plants

The photovoltaic system was installed on the rooftop (Fig.1) of the Faculty of Science and
Technology, Beni Mellal, Morocco. It consisted of three mini-stations of 2kWp photovoltaic for
each one, distinguished by the three silicon technologies: Monocrystalline (mc-si), Polycrystalline
(pc-si) and Amorphous (a-si). Each mini-station of both monocrystalline and polycrystalline types
formed by eight panels of Sunmodule plus SW 255 Wp from Solarworld. The modules, which are
included 60 solar cells connected in series, have a yield of 15 % under standard test conditions.
Every string is connected to the 3-phase Sunny Boy 2500HF inverter. The Amorphous Silicon
mini-station consists of 12 panels of POWER NT_155AF 155 Wp forming two strings joined in
parallel. Each string is formed by connecting 6 modules in series. Both strings are linked to a
3-phase Sunny Boy 2500HF inverter. The unshaded modules were fixed with an tilt angle of 30°,
facing south at an azimuth angle of 0°. More details can be illustrated in Table 1 and Figure 2.

Fig. 1. The three PV plants
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Fig. 2. PV plants illustrative schematics
Table 1. Electrical characteristics

Modules mc-si pe-si a-si
Module nominal power (W) 255 255 155
Module nominal open circuit voltage 37.8 38 85.5
4%)
Module nominal voltage at maximum 31.4 30.9 65.2
power (V)
Module nominal short circuit current 8.66 8.88 2.56
A)
Module nominal current at maximum 8.15 8.32 2.38
power (A)
Temperature coefficient of power (per -0.450 % | -0.410 % -0.280 %
K)
Temperature coefficient open circuit -0.300% | -0.310 % -0.320 %
voltage (per K)
Temperature coefficient short circuit 0.004 % 0.051% 0.070 %
current

1.2. The weather Station

The photovoltaic power generated is directly related to the climatic conditions including solar
radiations and the ambient temperature. To follow the changes of the meteorological parameters
and their influence on the production of the photovoltaic field, we have installed a meteorological
station that measures the horizontal solar irradiations, the irradiation inclined by 30°, the ambient
temperature, the photovoltaic panel temperature, the wind speed and the wind direction.

Concerning the solar irradiation, we have used two polycrystalline silicon modules. This solar

module is belonging to Pheasant "Sun plus 20".

In order to get information about the PV panels’ ventilation, we have used an anemometer
measuring the speed and the direction of the wind. Its characteristics are accuracy: + 0.3 m/s from

1to 60 m/s and + 1.0 m/s from 60 to 100m/s.
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To measure the temperature of three photovoltaic technologies and the room temperature,
we have exploited four temperature sensors PT100 modules.

For the room temperature, the sensor is in direct contact with air, however it is protected
from the sun and the rain. The Data of different measurement sensors and inverters are stored at
five-minute intervals by PCDUINO cards. These cards save the data as CSV files and send them by
mail.

2. Performance parameters

In this section we will introduce the expression and the definition of each performance
parameter.

1.2, The reference yield (Yr)

The reference yield is the ratio of the total solar radiation Ht (kWh/m2) arriving at the
surface of PV solar panels and the reference radiation quantity Go (1kW/m2). This parameter
represents the number of hours during for which the illumination is equal to that of the reference.
It is recalled that Yr defines the solar resource for the PV system.

Yr = Ht/Go (1)

1.3. The array yield (Ya)

The PV field efficiency is defined as the ratio between the total energy EDC (kWh) generated
by the PV system for a defined period (day, month or year) and the rated power Po (kWp) of the
system respect to the standard conditions (STC: irradiation: 1000 W/m2, 25° C, Ambient
temperature and the reference spectrum AM 1.5-G). Algebraically, it is given by

Ya = EDc/PO (2)

1.4. The final yeild( Yf)

The final yield is the total energy produced by the PV system, EAC (kWh) with respect to the
nominal power installed Po (kWp). This quantity, which represents the number of hours during
which the PV field operates at its nominal power, reads as

Yf = EAC/Po (3)

1.5. Losses

e The various losses (LC): The various LC losses are defined as the difference between the
reference efficiency and the PV field efficiency. They represent losses due to Panel temperature,
partial shading, spectral Loss, staining, errors in research maximum power point, conversions
(DC/AC), etc.

Le=Yr-Ya 1)

¢ Avoid system losses by conversion (LS): The losses of the system are due to the converting
losses of the inverters (DC-AC). They are defined by the difference between the PV field yield (Ya)
and the final yield (Yf.) as follows

Ls=Ya-Yf (3)

1.6. The performance ratio (PR)

The performance ratio PR indicates the overall effect of losses on the energy production of
the PV system. The PR values indicate how a PV system approaches the ideal performance under
actual operating conditions. PR, which is a dimensionless quantity, is defined by the ratio between
the final yield and the reference yield.

PR= Yf/Yr (6)

1.7. Solar PV plant energy efficiency

Solar PV plant energy efficiency is the relation between the electrical energy generated by the
solar PV plant and the solar energy falling on the solar modules. Monthly energy efficiency of the
solar PV plant is calculated using the relation

5 (Epi
rl a Szinzi(cnptji- (7)

n is the number of days in a month. ED is a total amount of the electrical energy generated

by the solar PV plant and transmitted to the power grid during the day (Wh), Gop is a total amount
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of global solar energy falling during the day on one square meter of the solar PV plant modules
(Wh/m2). S is a total solar module surface (PV array area) (mz2).

1.8. Solar PV plant capacity factor (CF):

Capacity Factor (CF) is the relation between the real annual electrical energy generated by PV
system and the electrical energy which could be generated if the PV solar plant operated with its

total installed power 24 h a day over a year. Solar PV plant capacity factor is calculated using the
following equation

Ve
_BTEDCh]xloo (8)

2. Simulation results and discussion

We have used PVsyst as a simulation tool to analyze the three grid-connected PV systems.
PVsyst is a good software package, widely used for the study, design and data analysis of different
PV systems including stand-alone, grid-connected, pumping and DC-grid PV systems.

2.1. Meteorological conditions

Fig. 3 shows the monthly ambient temperature and the monthly horizontal solar radiation.
The reported average annual ambient temperature is 19.11°C. The recorded maximum value of
temperature is 29.21 in July and the lowest value was 9.24°c in January. The monthly global
horizontal irradiance ranged from 98.9 kWh/mz2 in January to 240.4 kWh/mz2 in July.

®— Solar Irradiation —m— Ambient temperature|
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Fig. 3. The monthly ambient temperature and horizontal solar radiation

2.2, PV plants production

Figure 4 shows the comparison between the three photovoltaic systems in terms of the
monthly energy fed into the grid. It can be seen that the mc-si plant produce more energy than
pc-si and a-si plants. The annual energy injected into the grid by mc-si, pc-Si and a-Si photovoltaic
plants was found to be 3733.1 KWh, 3716.5 KWh for and 3543.8 KWh, respectively.
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Fig. 4. Power injected into the grid

2.3. Performance comparison

Figure 5 shows that the annual average value of performance ratio for the a-Si is nearly
83.8 %, 80.5 % for mc-Si and 80.1 % for pc-Si plant. The highest values of PR are observed in the
month of December and January. We can explain this feature by the decreasing in temperature
that minimizes the system losses. However, in the hottest months, amorphous silicon (a-Si)
photovoltaic plant seems to be the least infected by the high temperature. As presented in Table 1,
the three types of PV modules have a different temperature coefficients of power (TCP). The TCP
provides a measure of the decrease in produced power due to temperature increase. The TCP for
the mc-Si modules and pc-Si modules are -0.45 %/K and -0.41 %/K, respectively. While for a-Si
modules, it is -0.280 %/K. According to the lower negative value of the TCP of a-Si panels, the a-Si
has shown a higher performance compared to me-Si and pc-Si fed into the grid. It can be seen that
the mc-si plant produce more energy than pc-si and a-si plants. The annual energy injected into the

grid by mc-si, pe-Si and a-Si photovoltaic plants was found to be 3733.1 KWh, 3716.5 KWh for and
3543.8 KWh, respectively.
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Fig. 4. Power injected into the grid

2.4. Performance comparison

Figure 5 shows that the annual average value of performance ratio for the a-Si is nearly
83.8 %, 80.5 % for mc-Si and 80.1 % for pc-Si plant. The highest values of PR are observed in the
month of December and January. We can explain this feature by the decreasing in temperature
that minimizes the system losses. However, in the hottest months, amorphous silicon (a-Si)
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photovoltaic plant seems to be the least infected by the high temperature. As presented in Table 1,
the three types of PV modules have a different temperature coefficients of power (TCP). The TCP
provides a measure of the decrease in produced power due to temperature increase. The TCP for
the mc-Si modules and pc-Si modules are -0.45 %/K and -0.41 %/K, respectively. While for a-Si
modules, it is -0.280 %/K. According to the lower negative value of the TCP of a-Si panels, the a-Si
has shown a higher performance compared to mc-Si and pc-Si.

I (mc-si) PR [ (pe-si) PR [ (a-si) PR

100

Performance Ratio (%)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months
Fig. 5. Annual average value of performance
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Fig. 6. The final yield and the total losses of the a-Si PV system

10




——— Russian Journal of Astrophysical Research. Series A, 2019, 5(1) ———

PVSYST V6.75 ‘ | 1111018 ‘ Page 1/1

Normalized productions {per installed kWp): Nominal power 2040 Wp

I Le: Co\lec{inn Lnlss {P\.-'—ar:‘sy Iosse;) !] 46 kWhJIkapa’day

=] Ls: System Loss (inverter, ...} Q.28 KWhkWpiday -1
. T Produced useful energy (inverier 4.58 kAWhWpiday

] output) 1

Normalized Energy KWh/KWp/day

Fig. 7. The final yield and the total losses of the pc-Si PV system

PVSYST V6.75 | ‘ 111018 | Page 11

Normalized productions (per installed kWp): Nominal power 2040 Wp

Ls : System Loss (inverter, ...} 0.28 KWh/kWpiday -
Y. Produced useful energy (inverter 5.01 kiWhA&Wp/ day
Ll output)

T T T T T T T T
. Le : Collection Loss (PW-array losses) 0.94 kWhiAWVp day

Normalized Energy KWh/KWnp/day

Pyl Evalaaliun s
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Figures 6, 7 and 8 quantify the system losses and the capture losses. It is shown that the
average daily energy losses are more important during the hottest months (summer) that explains
the decreases of PR in this period. Concerning the system losses, the annual average value is about
0.28 KWh/KWp/day for pc-si and me-si, and 0.25 h KWh/KWp/day for a-Si plant. The annual
average value of the capture losses is found to be 0.77 KWh/KWp/day, 0.96 KWh/KWp/day and o,
94 KWh/KWp/day for the a-Si, pc-Si and mc-Si, respectively. It can be seen that the most
important losses of the three systems reside at the capture level caused by the irradiance and the
array temperature.

The average final yield (YF) predicted for the a-si, mc-si and pc-si PV systems, during a
period of one year, was 5.22 KWh/KWp/day, 5.01 KWh/KWp/day and 4.99 KWh/KWp/day,
respectively.

2.5. Monitered data

It seems essential to introduce the meteorological parameters recorded during the year of
2017, to analyse the results of the present work. In particular, Figure 9 represents the variation of
the solar radiation on the module plane and the ambient temperature.

11
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It follows from Figure 9 that the monthly irradiation on the module plan ranges from
154 kWh/m2 to 199 kWh/m2. The highest irradiance is witnessed in the months of July 2017, while
the lowest one is recorded in January 2017. It is observed that the average monthly ambient
temperature ranges from 12.27 ° C in January 2017 to 32.9 ° C in August during the trial period.

In what follows, we will discuss each performance parameter of our system. It is recalled that
our PV system is built from three PV plants according to the silicon technologies. Taking such PV
systems installed in the same location and using the same or different mounting structures, the
Final Yield (Yf) is a sufficient indicator to compare their performance.

Concretely, Figure 10 shows the evolution of the Yf during the year of 2017.
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Fig. 10. Monthly Final Yield variation with solar irradiation

We can remark that the monthly average value of Yf is nearly 153 h/year for pc-si, 150 h/year
for mc-si and 148 h/year for a-si. The highest value of Yf is found to be 175 h/m in the month of

12
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July (the more irradiated month) and the lowest Yf is 126 h/m in the month of November (the less
irradiated month) for pc-si. In the same months for mc-si the highest value of Yf is 173 h/m and the
lowest is 121 h/m making an average value in the order of 150 h/year. concerning the a-si plant, the
highest value of Yf is 185 h/m recorded in July, and the lowest one is 117 h/m in January, the
annual average value is 148 h/year. so, under the same meteorological and geographical
conditions, Polycrystalline silicon Photovoltaic technology showed the highest Final Yield value,
it operates in its rated output power for 1847 hours in 2017 compared to 1809 h/year and
1785 h/year of monocrystalline and amorphous, respectively. It would seem interesting to mention
that the Amorphous silicon technology has recorded, in July, the highest number of hours, it was of
about 185 h of operation in its rated output power, which is unexpected.
To investigate the PV plant efficiency, we illustrate the associated calculations in Figure 11.
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Fig. 11. The modules efficiency evolution with the ambient temperature

Figure 11 shows that mc-si PV array efficiency varies between 11.5 % in November and
13.23 % in May with higher values during more irradiated months. pc-si PV array efficiency took
the values between 12.06 % and 13.33 % recorded in November and May, respectively. While,
the a-si PV array efficiency was found to be confined between 7.38 % and 9.21 %. These values were
recorded in January and July, respectively.

In this analysis, the most efficient of the three PV technologies is the pc-si modules, with
average efficiency value of 12.9 %. The next one was the mec-si modules, with average value of
12.65 %. The lowest efficiency is observed for the a-si technology with average value of 8.2 %.

Next, we discuss the Capacity Factor in terms of the temperature. It is recalled that the
Capacity Factor shows the fraction during one year, when the PV system is operating at it rated
power. The associated calculations, for our systems, are given in Figure 12.
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It can be seen from Figure 12 that the Maximum values are 24.95 %, 23.58 % and 23.33 % for
the a-si, pc-si and mc-si, respectively, which were recorded in July which coincides to the more
irradiated month. While, the minimum values found to be 16, 25 %, 17,55 % and 16,77 % in
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November for the a-si, pc-si and mc-si, respectively.

In what follows, Figure 13 shows the average monthly ambient temperature and Performance
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Ratio of the three PV technologies tested over the monitoring period.
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Fig. 13. The performance ratio evolution with the ambient temperature

The PR of the modules made of pc-si cells undergoes the smallest fluctuations over the
monitoring period. It falls between 89.35 % and 80.81 %. The fluctuations of the monthly
performance of the mc-si technology is slightly higher, where it falls between 88.65 % and 77.41 %.
The PR of the modules made of a-si cells have been fluctuated widely between 93.24 % and 74.8 %.
The average monthly PR of pc-si, mc-si and a-si technologies are quantifiable at 86.80 %, 84.87 %

and 83.60 %, respectively.
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The PR of the pc-si, me-si and a-si modules, generally, decreases when the ambient
temperature increases. In June, July and august when temperature reach high values, the PR of the
mce-si and pc-si technologies reach the minimum values. On the contrary, a-si modules are
characterized by low temperature coefficients on power and that why it is affected only slightly by
the increase of the operating temperature in the warmer months. The a-si module, at high
temperatures, it can recover some of the efficiency initially lost due to light-induced degradation
that what we can see in Figure 13 and Figure 14.

As result it achieves superior performance over other technologies during the warmer
months in December, January and February when temperature reach the lowest values, the
Performance Ratio of the pc-Si and mec-si technologies reach the Maximum values with a large
fluctuation. in March, April and May when temperature ranges from 18°C to 29°C the Performance
Ratio of pc-si and a-si modules records high values with small fluctuations.

The Performance Ratio represents the overall losses on the rated output of the PV plant
which can be resulted from the module temperature effects, the wiring, the inverter inefficiencies,
the component failures etc. The effect of the Capture Losses on the Performance Ratio can be
illustrated in Figure 14.
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Fig. 14. The capture losses effect on the performance ratio

Figure 14 shows the effect of Capture Losses (Lc) on each Photovoltaic plants’ performance.
The low PR values observed for Amorphous technology are due to high Capture Losses. It is easy to
see that Polycrystalline technology records the lowest values of Lc especially during the cold
months. Monocrystalline technology shows the same behavior as Polycrystalline technology but
with more losses. In contrast with the Polycrystalline and the Monocrystalline, the Amorphous
technology records high losses values during the cold and less insolated months, and it gains
energy during the wormer months.

4. Conclusion

In this paper, we have simulated the electrical production behavior of three mini photovoltaic
installations based on silicon technology. This study forecasts an annual production of around
3733.1 kWh, 3716.5 kWh and 3543.8 kWh for the mc-Si, pc-Si and a-Si technologies, respectively.
The performance analysis is carried out showing that the annual average value of PR for the a-Si is
nearly 83.8 %, 80.5 % for mc-Si and 80.1 % for pc-Si plant. The annual average value of the system
losses is about 0.28 KWh/KWp/day for pc-Si and me-Si, and 0.25 KWh/KWp/day for a-si plant.
The annual average.
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Comet Hazard
Vladimir P. Kulagin -~
aRTU MIREA, Russian Federation

Abstract

The article explores the problem of comet hazard. This problem is isolated from the problem
of asteroid-comet hazard due to essential features. Features comets are described in the article.
The classification of comets is given in the work. The article analyzes the origin of comets.
The structure of the comet is investigated in the aspect of the object that poses a threat in collision
with the Earth. As an example, four famous comets are considered. The article reveals the content
of the information approach to the study of the problem of comet hazard. The article identifies the
main objectives of the information approach: informational description of comets, dynamic
modeling of the behavior of comets, forecasting the situation with a comet, cataloging dangerous
space bodies.

Keywords: space research, comets, space threats, space body, comet hazard.

1. BBegenue

BakHocTh mpobJieMbl acTepouaHo-KoMeTHOU omacHocTH (AKO) (Tsvetkov, 2016; Kulagin,
2017), B WHOCTpAHHOU JjuTepatype HasbiBaeMoii NEO problem sBisieTcss o6Ienpu3HaHHOU
(Micheli et al., 2016; Perna et al., 2018). IIpo6iema 0OITaCHOCTH OT BO3MOXKHOTO B3aUMOJEHCTBHUS
HeOecHBIX Tenm ¢ 3emyed Obwtm mpusHanbl OOH HeECKOJIBKO JAecATWIETHH Haszazn. B dwucie
KocMUuUYeckux yrpo3 (www.businessinsider.com) BoifessitoT Tpu ocHoBHBIe mpobiiembl (Kulagin,
2017): aCTEpPOUbI U KOMETHI, SKCTPEMAaIbHBIE COJTHEUHbIE COOBITHUSA M OPOUTATIBHBIN KOCMUYECKHH
Mycop (Barmin et al., 2014). Acrepouipl 1 KOMETHI OOBETMHSAIOT B O/Ty TPYIIITY, KOTOPYIO HA3bIBAIOT
rpymnmnou acrepouiHo-koMeTHO# omacHoctu (AKO) (Katactpoduueckre BO3AeHCTBUS HeOECHBIX
Tesd, 2005). CyllecTByeT pasjiudue MeXAy acTEPOUIHOM W KOMETHOUW OITAaCHOCTSIMHU.
JI71s1 acTepruoI0oB  XapaKTEePHO YIAAapHOE BO3JEHCTBHUE, JIJII KOMET YJAapHOEe U 5KOJIOTHYECKOe.
CToJIKHOBEeHHE ¢ HEOOJIBIIIUM acTEPOUIOM WM KOMETOH IIPH ONpPEAEeIeHHBIX YCJIOBUSIX MOXKET
cOo3/1aTh TJI00aIbHbIE TToCaeACTBUA. [IpOX0KAeHEe XBOCTAa KOMeTa uepe3 aTMocdepy 3eMIu MOKET
BBI3BaTh DKOJIOTUYECKHE TMOCaeACTBUsS. [IpobseMa KOMETHOM OIACHOCTH KOMILIEKCHAas.
CTpPyKTYpHO €e MOJKHO pPa30uUTh Ha CJIEYIOIUE YaCTH: HCCJeOBaHME TeHe3uca; IMpobiiema
uaeHTUGUKANN; TpobseMa JIOTUHYECKOTO MOJETUPOBAHUs IIOCTAEACTBUN U OIEHKU PUCKA;
npo6JsieMa MPOTUBOAENUCTBUS U YMEHbIIIEHUs yIlepba; mpobeMa opraHU3aIiui B3aUMO/IEHCTBUSA
coobmectB. B paboTe MbI KpaTKO OOCYZIUM COCTOSHHME MPOOJIEMBI IO KOMETHOW OIACHOCTU C
BBIJIeJIEHHEM OCHOBHBIX (haKTOPOB.

Iess uccenoBaHus — aHAJIU3 MPOOJIEMbI KOMETHOI OTIACHOCTH.

* Corresponding author
E-mail addresses: vpkulagin@mail.ru (V.P. Kulagin)
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2. MaTepuaJibl i METObI

B xauecTBe MaTepHasia HCIIOJIb30BAIKMCH UCC/IEOBAHUS B 00/IACTH aHAIN3a KOMET, YIPO3 HUX
CTOJIKHOBEHHsA C IIOBEPXHOCTBPIO 3€MJIM, YIPO3 HUX IIPOXOKJIeHHA uepe3 aTmochepy 3eMIIH.
OCHOBOM METOIUKHU HCCJIEIOBAHHUA ABJIAETCS CHCTEMHBIN aHAIN3, HH(GOPMAIMOHHBINA IOAX0 U
METO/Ibl CpaBHUTEIbHOU ITaHeTosoruu (Tsvetkov, 2018).

3. Pe3yabsTarsl

Kinaccudbukamusa

Knaccudukanuio KomeT NTPOBOJAAT II0 ACTPOHOMHUUYECKMM W BPEMEHHBIM KDPUTEPHUIM.
B acTpoHOMUUYECKOM acmeKkTe KOMETHI KJIACCH(PUITUPYIOT 110 Tepuoay obparieHus BOKpyr CostHIa.
ITO JaeT BO3MOXKHOCTH BBIJIEJIUTh KOPOTKOIIEPHUOJIMUECKHE U JIOJITONIEPUOAUYECKUE KOMETBHI.
[TeproAMYHOCTh KOMET JIEKUT B OUEHb IIMPOKUX Ipeesax — OT HeCKOJIbKUX JIET JI0 AECATKOB U
Jlayke COTeH MWUIHOHOB. KopoTkomepuoamyeckas KOMeTa HMeeT IIepHUOoj] OOpalleHus MeHee
200 JieT. Jlosronepuoanyeckasi komera (OpMaJIbHO MMeeT Iepuoj obpamieHus 0ojiee 200 JIeT.
JlosironepuognyecKkrie KOMeThl (paKTUYECKH MOTYT MMETh IEPUOAbl 0OpallleHUsi B COTHU THICAY
JieT. BpeMeHHOU KpUTEPU XapaKkTepusyeT BO3PACT CYIIECTBOBAHUSA KOMETBHI.

IIpoucxoxkaeHue

Kometrbl mpuxogar c¢ nanekux okpauH CostHeuHOU cucteMbl. Ilo oreHkam 6osiee 100
MWLTAAP/IOB KOMETHBIX fJIEP HACeJSI0T OKPauHbI, KOTOPbIE OTCTOAT OT 3eMJIM Ha 4YeThIpe
nopsaka ganpiie, dvem CosHie. CylecTByeT IIPEAIIONIOMKEHHE, YTO KOMETHBIE sijpa
00pa3oBBIBAINCh CHHXPOHHO cO Bcedl CoslHEYHOH cucTeMoWl. B cmyly 3TOrO CylmecTByer
BEPOSAATHOCTh, UTO OHH MOTYT COJlep:KaTh O0OpasIbl MEPBHYHOTO BEIECTBa, M3 KOTOPOTO
oOpa3oBa/INCh IUIAHETHI W WX CIYTHUKHA. OTH IePBO3JaHHBIE CBOUCTBA Si[pa KOMET MOIJIH
COXpaHUTh Oiyaromapsi cBoemy otaaieHuio OT CosyHma u OoJpIINX IUIaHeT. ['MmoTe3bl 3axBara
KOMET U3 MeK3BE3/THOTO IIPOCTPAHCTBA TAKKE CYIIECTBOBAJIN

B 1950 roay fAAn OopT, uccienys psifi JOJTONEPUOAUYECKHX KOMET, OOHAPYKUJI, UTO HX
adeuu KOHIEHTPUPYIOTCsA BOM3u rpaHuilbl CoiHeUHOH cucteMbl. Ha ocHOBe aTOro dhakta OopT
ele pa3 00OCHOBaJ HAED JIHMKA O XPaHWIHINE KOMETHBIX sifep Ha "okpaune" CoJHEUHOM
cucreMbl. V13 ero uccyie[oBaHUN BBHITEKAJIO, UTO 30HA, OKKYITUPOBAHHAsA KOMETaMU, ITPOCTHPAETCS
B Iosice OT 30 /0 100 ThIC. a. €. oT CosiHIla. KoMeTh! sSB/IAIOTCA Hanbosiee cTapbIMu OObEKTAMHU B
ConneuHoit CucreMe, OCTaBIIUMUCS CO BpeMEHHU €€ (pOpMHUPOBAHUSA U3 MPOTOIIAHETHOTO 00JI1aKa.

CyuTaroT, 4To OOJIBIITMHCTBO KOMET IOSBJISIOTCA W3 IepU(EPUH COJTHEYHOU CHUCTEMBI.
ITO 30HA HA PACCTOSIHUM IIPHUMEPHO OT 0,5 JI0 2 WM Ja)ke 3 cBeTOBbIX JieT oT COJIHITa, WHaUe
TOBOPS, 0 TPAHUIIBI €r0 I'PAaBUTAIIMOHHOTO BJIUSHHS, KOTOPYIO HaszbIiBaloT obyiako Oopta. OHa
nmeeT chepruueckyto ¢GopMy U MPEAIIOI0KUATEIBHO COJIEPIKUT HECKOJIBKUX TPUIJTMOHOB KOMETHBIX
A7ep, CyMMapHYIO Maccy KOTOPBIX OI[eHMBAIOT B COPOK Macc 3eMJIN.

EImé HecKOJIbKO MIJLTHAP/A0B KOMET ITPE/IIOJIOKUTEIBHO HAXOIATCsA, 32 opouTon IlimyroHa B
nosice Kotimepa. OpOUTBI KOMET 3aBUCAT OT BO3MyIleHUH uiaHeT-ruranToB (FOmurepa, CatypHa,
VYpana u Hentyna). MiMeHHO 5TH IUIaHEThl Ha PAHHUX CTaAuAX (OPMUPOBAHUS COJTHEYHOU
CHUCTEMBI BBHIBEJIM YacTh KOMETHBIX fJIEp Ha TIpaBUTAMOHHYI0 rpaHuily CoOJIHIIA, a Teleph
STU30/INUECKH BTATUBAIOT UX BO BHYTPEHHIOIO YaCTh CUCTEMBI.

MHorue u3 opOUT MIPOXOAT IO, OOJBIINMHU yTIaMU K SKJIUNTUKE. CTOJIKHOBEHUSA 3EMJIIU C
KOMETHBIMH SIJIDAMH, BUUMO, HE CTOJIb YK PEAKH - II0 OJIHUM JAHHBIM OHU IPOUCXOMAT B
cpe/lHEM pa3 B 55 ThIC. JIeT JJisi KOMET C si/[pOM pa3MepoM CBBIIle 130 M, II0 JPYTMM pa3 B
150-300 JIEeT /U1l KOMET pa3MepoM MopsKa 100 M.

JBOJIIOIUSA

B mporlecce MHOTOKpaTHBIX MNPOXOxkAeHUH BOu3uW CoJHIIA KOMEThl JIMOO CTaHOBSTCS
ITOXOKMMHU Ha acTepPOMIbI, JTUOO pacCerBaIOTCs, IIPEBPAIAsICh B METEOPHbIE MOTOKH. KoJimuecTBO
BHOBb OTKPBIBAEMBIX KOMeET pacreT. YacTHYHO 3TO ITPOMCXOAUT M3-3a IOBBHIIIEHHs pa3pemIaloen
CH0COOHOCTH Ha3eMHBIX 00CEpPBATOPUH U YBEJIMUEHH HAaOTI0IaTe/IbHBIX BO3MOKHOCTeH. [10 orleHKam
HAOJTIOZIEHUH TIOTOK KOMET BO BHyTpeHHHeE oOsiactri COJTHEYHOU chcTeMbl He ociabeBaeT. Iloaromy,
JIOTUYHO T0JIaraTh, YTO B3aMEH MUCUE3AI0IUX KOMET OTKY/Ia-TO TIOCTOSTHHO «ITIPUXO/AT» HOBBIE.

KoMeTbI Kak 00bEKTHI HCCIETOBaAHUI

[TosrararoT, 4TO SA/Ipa KOMET IIPECTABIIAIOT COOO MOKPHIThIE TEMHOW OPTaHUYECKOH KOPKOH
COeTMHEHUST PHIXJIOTO JIbJIa, COCTOAIIHME U3 BOASHOTO U 3aMOPOKEHHBIX I'a30B, C BKIIOUYEHUIMU
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kamMHeld u meuin. IIpu mogxome kK CosiHIy Ha paccTOsSIHHE 70 MUJLIHAap/la KHUJIOMETPOB KOpPKa
mporpesBaeTcs (COTHU I'PajyCcoB) U JIEA HAUMHAET UCIIaPATHCA OTAEIbHBIMU CTPYSIMH.

BenencrBue sTOro mporecca BOKPYT sapa obpasyercss OoJIbllIoe paspeskeHHOe 00JIako —
koma. JlanbHeliliee cOmmkenre ¢ CoJIHIIEM IIPUBOAUT K AaKTHBU3AIMUKU (HOTOXUMUYECKHX
IIPOIIECCOB B SiZ[pe U 00pa30BaHUIO ITbLJIEBOTO, TA30BOT0 ¥ MOHHOTO XBOCTA MJIH XBOCTOB. MIOHHBIHN
XBOCT HarmpaBiyieH ctporo ot CoJiHIla, MBbUIEBOM TSHETCS 3a KOMETOH I0 e€ opOuTe, Cierka
CAYBAaeMbIH COJIHEUHBIM BETPOM, Ta30BbIH, COCTOSIIMI B OCHOBHOM U3 BOJIOPOJia, 3aHUMAET
IIPOMEKYTOYHOE TOJIoKeHHWe. JIJTMHAa KOMETHOTO XBOCTa JIOCTHUTAaeT COTHH MHJUIHOHOB
KUJIOMETPOB, TOJIOBA KOMETHI MOXKET ITPeBOCXOUTh pa3mepbl CosHIla. /[uameTp TBEPIOHA YacTu —
si[pa — COCTaBJISIET BCEr0 HECKOJIBKO KWJIOMETPOB, a Macca — COTHH MWUIAAPAOB TOHH.
BerpeuaroTcst KOMeThI, He IMEIOIIHE XBOCTA VT UMEIOIITEe XBOCT O6€3 TOJIOBBI.

KnaccrnkaMu TeOpuH KOMET SIBJISIIOTCS PyCCKHI yUd€HbIN ®Enop BpeanxuH, KOTOPhId B 60-X
rojax XIX Beka paspaboTas mOAPOOHYI0 MaTEMAaTHYECKYI) MOJE/b, OINUCHIBAIOIIYIO ITOBE/IEHIE
KOMETHBIX XBOCTOB, U TOJUTIAHACKUN acTpoHOM fIH OopT, NMpeIOKUBIINN B 30-X rogax XX Beka
TEOPUIO TPOUCXOKIEHUS KOMET.

Komera I'asiesa

AnmyHy Tayielt qokasas, 4To ABHKEHHE KoMmeT IepuoandHo. OH IpeacKkasas MOSBIIEHHE
STOH KOMETHI B 1758 T. (X0Ts cam 10 3TOro He JoxKui). Ha puc.1 sapo koMmeTsl 'asies, uMmelomei
IIEPUOTUTYHOCTD OKOJIO 77 JIeT, coTorpadupoBaHO eBpoIeickuM ammapatoM "JIkoTTo" B 1986 T.
BCKOPE TI0CJIE MTPOXOKAEHU KOMETOU camMoi 0yin3koi k CosHIYy TOUKH. EcTecTBEHHO, YTO Takas

KOMETa OTHOCHUTCA K KOPOTKOIIEPUOAUYECKUM KOMETaM.

Puc. 1. Komera 'ayutes

Anapo aTolt KOMeETHI pa3zMepoM 16x8X8 KM MOKPHITO TEMHOU KOPKOU (anmbbezro Bcero 4 %),
U3 10/, KOTOpo¥ ¢oHTaHupyeT ra3. [Ipm m3ydyeHUM KOMBI U spa C IPOJIETHBIX AallapaToB
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(coBeTcKmMX, SIOHCKUX M €BPOIEHCKOI0) OKa3ajioch, 4YTO OCHOBHAs Macca BeIecTBa
BBIOpAChIBAETCSI HECKOJBKUMHU Y3KHMH (PacXoAUMOCTh TOPSJIKA 10 TPagycoB) CTPYSIMH U3
HeOOJIBIIUX IO JuamMeTpy 'comesn', 3aHUMAIOIIUX B OOIEd CIJIOKHOCTH IIPUMEPHO 20 %
oceléHHol COJIHIIEM CTOPOHBI, CO CKOPOCTBIO 0,8 KM/ CeK.

CocraB BeIOpachIBAEMOI0O ra3a IIPUMEPHO TaKoii: 80 % BOASHOTO Mmapa, 10 % yrapHOro rasa,
3 % IByOKUCH yIyiepoza, 2 % MeraHa, 1,5 % amMMuaka U HeOOJIbIIIOE KOJIMYECTBO JIPYTHX Ta30B.
BMmecre ¢ ra3zoMm BeIOpachIBAeTCsS [0 TPETU II0 Macce MbLIN U MEJIKHX TBEPABIX YaCTUUEK C MaJIOH
IUIOTHOCTBIO, COZEP KAIX OOJIBIIOE KOJIMUECTBO OpraHuKU (Bpozae OeH3MHA, TOJyO0Ja, IypHHa,
sTaHosa W mpod.). Ilonyuaemoit or CoJsiHIIA 3HEPTHM HEAOCTAaTOYHO, YTOOBI OOECIEUUTh U
[I0JIOBHHY BBIZIEJIAEMOH KOoMeTor sHepruu. dopMa CTPyHd YyKas3blBaeT Ha HaJIWYHEe AJIUHHBIX
CY’KaIOIIMXCS B TJIyOHMHE s/ipa KAHAJIOB, Yepe3 KOTOPhIE MPOUCXOIUT BHIOPOC BelllecTBa.

Anpo xomeTs! 'astess UMeeT 00bEM IIPUMEPHO 500 KM3, Maccy MopsijKa 100 MJIPJ TOHH U
IUIOTHOCTh BCEro 0,2 r/cm3 (Kak y mpoOku). JleT yepe3 MATh MOCJIE MPOXOXKIAEHUA IEPUTeTHs,
KOT/Ia KOMeTa HaxXO/IUIach yke Mexkay opoutamu CatypHa ¥ YpaHa (U y:Ke rof Kak II0OTePsijIa CBOIO
KOMY) OHAa HEOKHMJIAHHO BCIIBIXHYJIA, YBEJIUYHB CBOIO APKOCTh IIPUMEPHO B 300 pas. Bokpyr Heé
oOpazoBajioch OTPOMHOE IIbLJIEBOE 00JIAaKO, KOTOPOE KaKOe-TO BpeMs IPOJIOJIKAIO0 JepPKaThCs.
HekoTopble y4€Hble CKJIOHSIOTCA K MBICJA O HaJU4Yhe B SA7pe KOMeThl (XOTsA OBl 3TOM)
COOCTBEHHOTO UCTOUYHUKA SHEPTUH.

Komera BoppeJin

Anpo xometsl Boppestu (Borrelly), choTtorpadpupoBanHoe amepukaHckuM 30HA0M "Deep
Space 1" 22 ceHTAOPS 2001 T. ¢ paccTosTHUA 2 170 KM (PucyHoK 2).

Puc. 2. Komera boppesiu

Pasperienue cocraBjisieT OKOJIO 50 M Ha MHUKCEJb. A/Ipo UMeeT JJIMHY NMPUMEPHO 8 KM,
T.€. CPAaBHUMO C A/IpOM KOMeThI ['ajitesi, OfHAKO B oTyinuue oT He€, Borrelly mmeer mepuoz Bcero
6,8TOma — TO ecTh TaKKe SBJISIETCS KOPOTKOIEPHMOAWYHOUN. Bpocaercsi B rjla3a OTCYTCTBHUE
KpaTepoB U OYEeHb HepaBHOMEPDHas M KOHTpPACTHAsA OKpacka sijipa KoMmeTbl. Camble CBETJIbIe
obJtacT! SABJISIIOTCSI UCTOYHUKAMU Ta30IbLIEBBIX CTPYH. B pesysprare 3TOro mpoJi€Ta ydEHBbIE
O0OHApYKWJIK, YTO O0JIAKO BOKDPYT KOMEThl HECHMMETPUYHO U SIPO 3HAYUTEIHHO CMEIIEHO
OTHOCHUTEJIPHO IIeHTpa KOMBI. Takke U3MepeHa TeMIlepaTypa 3apsKEHHBIX YACTHIl, BbLJIETAIOIINX
U3 KOMETHOTO f/ipa, Ha PACCTOAHUAX OT 90 000 KM A0 2 000 kM. OHa oOKazajiach paBHOU
MMPUMEPHO 1 MJTH. KM.
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Komera Xunakyrake
Ha Pucynke 3 ¢ororpadus rojsioBsl KOMeTbl XMaKyTaKe, c/leJlaHHas B PEHTT€HOBCKUX JIydax
HEMEIIKUM CITyTHHKOM-o0OcepBaTtopueii ROSAT.

Sun

-

Puc. 3. Komera Xnakyrake

Korma komera Haxoawjaach NMPUMEPHO B 15 MJIH. KM OT 3€MJIH, YYEHbBIE TMOMBITAJIUCH
MTOJIyYUTD €€ PEHTT€HOBCKUHM CHUMOK, PACCYUTHIBAs HA MHOTOYACOBYIO BBIZIEPIKKY IIPU ChEMKE, TaK
KaK TeOPEeTUYECKH KOMETHI JIOJKHBI U3JIyYaTh B 3TOM JIMAlla30HEe OYeHb caabo0. HeoxxumaHHo 1ist
HHUX OKa3aJI0Ch, YTO KOMETa CBETHTCS Ha JBa IOpSKa MHTEHCHUBHEE U /I IOJyYeHUs CHHUMKA
JIOCTaTOYHO HECKOJbKUX MHUHYT. Kpome TOrO, HaOJIIOAAIUCh CUJIbHbIE U3MEHEHHS B SIPKOCTH
PEHTTeHOBCKOTO M3JIyYeHUsl, KAK B MEHBIIYIO, TAK U B OOJIBIIYIO CTOPOHY, IIPOUCXO/IUBIIIHE BCETO
3a HECKOJIBKO yacoB. Kak BuHO 13 ¢oTorpaduu, HanboJiee MHTEHCUBHO U3JTydaeT 00JIacThb Iepet
sappom (IIpuMepHO B 30 000 KM OT HEro), uMerolas opMy noayMmecsna, oopamenHoro Kk CorHIy.
Y0BJIeTBOPHUTENILHBIX OOBSICHEHHH 3TOMY SIBJEHHIO IOKa He HallIM. BHH3Y Ta 2Ke KOMeTa,
chororpapupoBaHHasi C€ TIOMOIIbIO OOBIYHOTO TEJIECKOIA. XHWAKyTaKe OTHOCHTCA K
JIOJITOIIEPUOIUYECKIM KOMETAM.

Komera Baiig 2

31 mexkabpsi 2003 roza 30H7 Stardust BOIIENT B KOMY 5TOH KOMETHI, cOOpasyl YaCTUUKU
KOMETHOH MU U caena 72 dororpaduu. Kamcyna ¢ yacTHIKaMu IBUIHA JOJ’KHA BEPHYTHCSA Ha
3eMJtio B iHBape 2006 roga. Ha puc. 4 ¢pororpadus KoMeTsI.

ITO KOPOTKOIlepHoaNYecKas KoMeTa OTKpbITa B 1978 roay. OHa umMeeT BospacT 0OoJiee
4.5 MuwutHapsioB Jyiet. JIo 1974 roga koMera uMesia OpOUTY OOJIBIIUMH SKCIIEHTPHUCUTETOM U
OOJIBITION TIOJIyOChI0O W HAXOJWJIACh ITPAKTHYECKH Bce BpeMsl BO BHelllHell COJIHEUYHOUM CHCTEME,
HO TI0cJIe Impoxojia okoJio KOmurepa opbuta naMenuwnach. Ee mepuoji yMeHbIIWICA € 40 10 6 JIET,
a BeJIMYMHA OOJIBIIION MOJIyOCH COCTaBJISIET 1.6 aCTPOHOMHUYECKUX eIUHUIL. B 2004 rogy Kk KoMmere
npubsn3uicsa 3084 CtapzacTt, KOTOPbIH cobpast 00pasIibl ee BEIECTBA U C/leJIaHbl CHUMKHU XBOCTa
Y TIOBEPXHOCTH.
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Puc. 4. Komera Baing 2

OmnacHocCTh

Y:xke B koHIIE XVII B. BRICKA3bIBAIIHUCH NIPEANOIOKEHNA O BO3MOKHBIX CTOJIKHOBEHUAX KOMET
¢ 3emsiedl 1 HeM30EKHOM B Pe3yJIbTaTe TAKOTO CTOJIKHOBEHHS «KOHIIE CBETa». XOTSA OMACHBIX JJIst
3eMiin KOMeT ropaszio Menblie, yeM AC3, guHaMuuyeckre U (U3UUYECKHE OCOOEHHOCTH KOMET
TaKOBBI, YTO OIIACHOCTD 3TA BIIOJIHE peasibHA. Tak kKak (pakToOp BHE3AITHOCTH, HEIIPEACKA3yEMOCTH
MOSIBJIEHUS UTPAET BAXKHYIO POJIb, TO HAaHOOJIBIIYIO OIIACHOCTh MPEACTABJISIOT ITapabonyecKre 1
Oonusmapabonueckrie KoMeThl. CpeZlHee KOJMUYECTBO TAKHMX KOMET, OTKPHIBa€MbIX B TOJ, 3a
MOCJIeJTHE HECKOJIbKO JIET COCTaBMJIO 10-15. Hak/JIOHBI OpOUT 5THX KOMET MOTYT MPUHUMATh

3HAYEHHA OT O 710 180 ° (B OT/IMUHE OT KOPOTKOIEPHOANIECKHX KOMET, HAKJIOHBI OPOUT KOTOPBIX
HEBEJIMKHM), a 3TO O3HAYaeT, YTO /JIA YaCTH KOMET BO3MOXKHO CTOJIKHOBEHHE ¢ 3emJield Ha
BCTPEYHBIX Kypcax. [Ipu 5TOM CKOPOCTh CTOJIKHOBEHUS MOYKET JIOCTUTATh 72 KM/C.

[ToTeHITMATBPHO OMACHBIMH MOTYT CUMTAThCS KOMETHI, TEPUTEIbHBIE PACCTOSHUSA KOTOPBIX
MeHble 1.3. a. e. CTaTUCTHKA [TOKa3bIBAET, YTO HAUOOJIbIIIee KOJMIECTBO TAKUX KOMET HaXOUTCSA
Ha MapabosnyecKUX U OKOJIO MapabosMdecKux opbutax. ATO O3HAYAET, YTO TaKHe KOMETBI
BIEPBblE B HCTOPUU YeJOBEYECTBA OKA3bIBAIOTCA B 00JIaCTH BHYTpeHHUX IUIaHeT CoJIHeuYHOU
cucrembl. [0 OIleHKaM CIENNAIMCTOB, CTOJIKHOBEHUS 3e€MJIM C TAKUMU KOMETaMU CJIyJaloTCs
IIPUMEPHO OFWH pa3 B 175 MJIH JIeT. YUET OKOJIO MapabOJIMYeCKUX W TUIEPOOSTHYECKHX KOMET
YBEJIMYHUBAET YACTOTY CTOJIKHOBEHHUS C HEMIEPUOIMIECKUMU KOMETaMH U KOMETaMHU OY€HD JIOJITHX
MIEPUOJIOB JI0 IIPUMEPHO OHOTO CTOJTKHOBEHUS 32 110 MJIH JIET.

[Ipu olleHKe OMMACHOCTY MIPUMEHSIOT TEPMUH UMITAKTHOE COOBITHE VT UMIAKT. IMIakTHOE
cobprTHe (aHrI. impact — «yzap, CTOJIKHOBEHHE») HAEHTU(DUIIMPYEIOT KaK CTOJKHOBEHUE
KPYITHOTO METEOPUTA, acTepou/la, KOMEThl WJIM WHOTO HeOEeCHOTO Teja ¢ 3eMJIEH WM APYrou
IJIAHETOU WJIM CITyTHUKOM. Ha MecTe Takoro CTOJIKHOBEHHUS, KaK ITPaBUJIO, 0Opa3yeTrcs KpaTep.

WmnakTHble cOOBITHA 1711 3eMJIN MOTYT OBITh Pa3pYIINTEIbHBI, TAK KaK CIIOCOOHBI BHI3BATh
nokap, 3emserpscenrie wiu nyHamu (Popescu et al., 2018). Ilo HEKOTOPBIM TeOpPHSM, UMEHHO
KPYITHEUIIINe WMIIAKTHbIE COOBITHSA CTaJli MPUYUHONM MACCOBBIX BBIMHPAaHUUA. VIMIIakTHBIE
cOOBITHA MPeoOpa3yloT TOPHBIE MOPOJBI B IIpOliecce, Ha3bIBAEMOM HMIIAKTHBIM, WIH YAAPHBIM
MeramopduzmomM. C 5TUM [POLIECCOM CBA3AHBI HEKOTOPblE MECTOPOK/IEHUS IOJIE3HBIX
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HMCKOTIaeMBbIX, K IIPUMeEpY, 3aJIe’KH Meu U HUKeJs B KpaTepe Canbepu U 30JI0TOHOCHBIE TIOPOIBI
rop BurBarepcpan,.

[Toka mpu IPOXOKeHNU 3eMJIN Yepe3 KOMETHBIE XBOCThI He ObLIIO 3aMeYeHO HUKAKUX, TasKe
CaMbIX HeE3HAUUTEIbHBIX 3¢ deKToB. OTHAKO IOCTATOYHO OTHON KOMETHI C XBOCTOM, COZEPKAIIUM
HeraTUBHBIE JIJIs1 aTMOCGhepbl 3eMJIH BEIECTBa, YTOOBI ObI 3KU3Hb YeJIOBEYECTBA IIPEPBAJIACD.

OmnacHOCTb JUIsT 3eMJIH TaK)Ke IIPEJICTABJISIOT KOMETHbBIE s/ipa. YacTo MPUBOAAT CCHLIKHM Ha
apieHue «TyHIycckoro mereopura (00beKTa)», ciayduBlineecsa 17 (30) uioHs 1908 T. B 0e3/I10JHOM
patione Cubupu, B 6baccerine peku ITogkamennas TyHIycKa, 4YTO U OIPEAEINIO Ha3BaHUE TAHHOTO
cobbITrsA. CoObITHE XapaKTEPHU30BaJI0Ch MOIITHBIM B3PBIBOM B aTMOc(epe, Ha BBICOTE OKOJIO 10 KM.
JHeprus B3pbIBA COCTaBWJIA 10°—107 /3K, UYTO SKBUBAJIEHTHO 10-MeraToHHou Oombe. B
pesyJsIbTaTe B3pbIBa MIPOU30IIET MACCOBBIA BBIBAJI Jieca B pajauyce 15—30 KM.. [Ioka HU BelecTBa
HeOeCHOTO Tejla, HM Kparepa OT ero IaJieHus HaijeHo He Obuto. OTCyTCTBHE HaWIEeHHBIX
KOCMHYECKHX OOJIOMKOB CTQJI0 OJHHUM K3 OCHOBHBIX apTyMEHTOB B ITOJIb3y KOMETHOU IPUPOJIBI
Tynrycckoro tesna. Ecjii OHO COCTOsJI0 U3 3aMep3IINX JIETYUYUX BEIECTB, TO MOIJIO ITOJTHOCTBIO
HUCIIAPUTHCSA MPU PE3KOM TOPMOKEHUH U B3pbIBe B 3eMHOM aTMocdepe. ActpoHOMbI . T. 30TKUH U
JI. Kpecak He3aBUCHMMO IIOKa3aii, 4YTO KOOPJWHATHI pajuaHTa TYHTYCCKOTO MeETeOpHUTa
(T.e. HampaBJIeHWe, OTKy/la OH JIBUTAJICSI) COBIAJAIOT C KOOPJAWHATAMHU paJIMaHTAa METEOPHOTO
noroka Taypuj, cBsa3aHHOTO ¢ KoMeTol ke (2P/Encke).

Haunbospliylo  omacHOCTh it Ouocdepbl  3eMId  OPEACTABIAIOT  MAaCCHBHBIE
JIOJITOTIEpUOINYECKHe KoMeTbl. OHH perke MOoNaaloT B 30HY IJIAaHET 3 MHOU T'PYIIIbI, TPUMEPHO B
JlecATh pa3 10 CPAaBHEHUIO € KOpOTKomepuoaudeckuMu. OIHAKO HX TOSIBJEHHE MOKET OBbITh
HEOXKUJIJAaHHBIM H3-3a2 IMPOU3BOJIBHON OpPHEHTAIIUH IUIOCKOCTEH OPOUT U OOJIBIIUX IIEPUOJIOB
obparenus. Ha BCTpeUHBIX TPAeKTOPHUSIX CKOPOCTb CTOJIKHOBEHHS DTHX KOMET ¢ 3eMJiell BhICOKa
— 110 72 kM/ ¢, VIX DHeprusi Ipu CTOJTKHOBEHUH MOJKET BbI3BaTh KOJIOCCATIbHBIN B3PbIB.

[Ipennosiarator, 4YTO OJTHO U3 CAMbBIX MACCOBBIX BRIMUPAHUU (PJIOPHI U (payHBI 32 MOCTIETHUE
230 MJIH. JIET IIPOU30IILIO 65 MJIH. JIeT Hazaj. M numesio KocMUYecKyo nmpuuuHy. Torga ucuessno
OKOJIO 2/3 BceX OMOJOTMYECKUX BHUJIOB, BKJIIOYas AWHO3aBpOB. C 3TUM K€ MOMEHTOM B
re0JIOTUYECKUX OTJIOKEHUSX CBSI3aH CJIOU C ITOBBIIIEHHBIM COZIEPKAaHUEM OYEHD PEJIKOTO Ha 3eMIie
3JIeMeHTa UPU/IHA.

VYuensie JI. AnbBapec u C. BanzeHn6epr nmokasasiu, 4To co/iep;KaHue UPUAUs B TOT IIEPUOJ] Ha
3eMHOU ITOBEPXHOCTU MOTJIO PE3KO YBEJIMYUTHCS B pe3ysbTaTe MaJIeHUs KPYIMHOTO KOMETHOTO
sipa, WUMEBIIETO ITOBBINIEHHOE CO/IEPIKAHUE 3TOTO 3JIeMeHTa. DbbUI Jake HaljeH Kpatep C
MTOAXO/SAIIUM BO3PAaCTOM U COOTBETCTBYIOIIUMH MOPQOIOTHYECKUMH OCOOEHHOCTSIMH, KOTOPBIH
MOT IIPH 3TOM 00pas3oBaThcs. ATo kpaTep UYukcyryd muamerpom 180 KM. Ha mosryoctpoBe FOkaTan
B Mekcuke. Ho mnpuumHON BBIMUDAHHSA CTajla He IIOBBIINIEHHAs KOHIIEHTPAIUs WPUINA,
a CUJIbHEUIITNY B3PBIB IIPHU CTOJIKHOBEHHH KOMETHOTO si/ipa ¢ 3eMJIeii, KOTOPBIA MIPUBEJ K BHIOPOCY
B aTMoc(epy OTPOMHOTO KOJTMYECTBA ITbLIH.

[nmobasbHOE 3ambuieHWe aTMOcdephl HEU30eKHO MPUBOAUT K PE3KOMY TaJeHUI0
TeMIIEpaTyphl ee HIKHUX c1oeB (Ha 10—15°C), Tak Kak IbUIb SKPAaHUPYET COTHEUHBIE JTy4uu. Takoe
U3MEHEHHE CPeIHEN TeMIIEpaTypbhl MOXKET COXPAHATHCA 0 1 TO7la, BbI3bIBast 3MEKT «sAIepHON
3UMbI» (HEM30EKHBIN MPU MAaCCOBOM IPUMEHEHUH SIEPHOTO OPYKHUSA, OTKyZa U POJUIIOCH €ro
HazBaHWe). BriosiHe BepoATHO, UTO TakOU 3(PdeKT, BHI3BBAaHHBINA I1aJIEHUEM KPYITHOTO KOMETHOTO
spa WA acTepoujia, MpPUBEA 65 MJIH. JIET Hazaj] K KaTacTpo(puuecKod Trubenm KUBBIX
OPTaHU3MOB.

Ere o1HO coOBITHE XapaKTepHU3yeT PEaTbHOCTH CTOJIKHOBEHUs ¢ KoMeTor. OHO ITPOU30IILIO
B WIoJle 1994 T., korma B IOmurep Bpesanuch ¢dparMeHThl KoMmeTbl IIlymelikepoB-JleBu-9.
Ee o6Hapy»kmwiu B okpectHocTu OmuTepa B Havase 1993 T. y»Ke IIOCJIe TOT0, KaK OHa pacrajiach Ha
20 (pparMeHTOB, IETIOYKON PACTSIHYBIIUXCSA BJI0JIb OPOUTHI. BEposATHO, 3TO KOMETHOE SiIpO OBLIO
Pa30pBaHO Ha YaCTH NMPUJIMBHBIMH cwyiaMu IOmurepa B MOMEHT OJIM3KOTO IPOXOXKIAEHUS MHMO
Hero. IlasieHre 00JIOMKOB KOMETHI pa3MepOM OT 1 JI0 10 KM CO CKOPOCTBIO OKOJI0O 60 KM/c
MIPOUCXOAUIIO € 16 1o 22 mioA 1994 T. dddekt 6bUT TpaHAUO3HBIM. CileZbl B3PHIBOB B BHUJIE
OTPOMHBIX TEMHBIX IISITEH OCTAJIUCh B aTMocdepe FOmurepa.

Ho cTosKHOBEHHS ¢ KOMETaMU MOTYT IIPUBOAUTH HE TOJIPKO K Kartacrpodam. Psj yuyeHBbIX
CUYHUTAET, UTO Cpasy IocJjie cBoero (hOpMUPOBAHUS OXJIAIUBIIASICS TOBEPXHOCTh 3eMJIH ObLiIa OUYeHb
cyxa (Kak ceilyac JIyHHas1), ¥ UTO IMPAKTUUYECKHU BCS BOJA W JIPYTHE JIETYYHE COeTUHEHUs] ObLIH
MIPUHECEHBI HAa 3eMJTIO sIpaMH KOMET.
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NudopManinoOHHBIN MMOX0/X K AaHAJIU3Y KOMET

[ITupokoe mnpuMeHeHHE HWH(POPMAIMOHHBIX TEXHOJIOTUHA IPUBOJUT K HEOOXOIMMOCTH
NPUMEHATh MeTOAUYEeCKU WH(MOPMAIMOHHBIA TOAXOA JJIs aHajJM3a OIACHBIX KOMET.
NudopMaiuoHHbIN TOAXO0/, BBIABJIAET TPU 33/1a4X UCCIENOBAHUA KOMET: CO37lJaHue Mojeen JJisd
(opmasbHOTO OmNMMCAHUA KOMET, pellleHHe 33/1a4 MaTeMAaTHYeCcKOTO MOJEeJIUpOBaHNE AUHAMHUKU
KOMET, CO3/IJaHH€e MOIeJIell TEeXHOJIOTHH WCCIeIoBaHusA KoMmeT. [IJisi MOoAeIupOBaHHSA KOMET
HEeoOXOJIMMO UCITOJIb30BaTh Y»Ke IPOBEpPEeHHble HWH(MOPMAIIMOHHBIE MOJAEIN U METOABbl WX
KOHCTPYUPOBaHUs. ATO UAEOJIOTUS IIPUMEHEHHs 00jiee MTPOCThIX NH(MOPMAIIMOHHBIX €IFMHHUIY JIJIA
IOCTPOEHUS COCTABHBIX MH(OPMAIIMOHHBIX eAuHUIL. [[JIs1 MOoAeMpoBaHUSA BO3JEUCTBUS KOMET
HeoOXOIMMO HCII0JIb30BaTh Mojiein wHpopMmanuoHHbix cutyaruii (Tsvetkov, 2012), B KOTOPBIX
MOJKET HaXOJIUThCS KOMETa B IPOIleCCe B3aUMOJIEHCTBUA C APYTUM OOBEKTOM. MIMIAKT MOKHO
paccMaTpUBaTh Kak JMHAMUYECKYI0 MHOOPMAIIMOHHYIO CUTYAITHIO.

Jlnsa aHanmu3a KoMeT B MHGOPMAIIMOHHON CHUTYyallMl HEeOOXOAUMbI MO, CPaBHUTETLHON
IUTaHETOJIOTHH.  KOHIleNTyaJlbHO  acCleKThl  B3aUMOJIEMCTBUS  MOTYT  OBITh  OTpPa’KeHbI
MpoIleccyaJTbHBIMU HH(DOPMAIMOHHBIMU KOHCTPYKIUAME (Rozenberg, 2016), koTopble BBIpasKaloT
OTHOIIIEHHE U CTPYKTYpPy TaKuUX B3auMOeHCTBUH. [IpW 2BpPHUCTHYECKOM aHaAIHU3€e HeOOXOIMMO
HCIIOJIb30BaTh BUPTyaabHOe MojienpoBanue (Deshko, 2016).

71 cucteMaTH3aIUM U COTMOCTaBJIeHUA HHGOPMAIIMOHHBIX MozieJlel 1 UH(POPMAITMOHHBIX
KOHCTPYKIIMH HEOOXOAWMO IIPUMEHATh MOJIeJITd MH(GOPMAIMOHHBIX eIuHUIl. MHGOpMannoHHbIE
equuauipl  (Tsvetkov, 2014a) wurparoT posb andaBuTa B TEOPUU HHPOPMAIIMOHHOTO
MOJIEJTMPOBAHUSA W ITO3BOJISIOT HAXOJUTH OOIlee M Pasjinyie B Pa3IMYHBIX WH(OOPMAIMOHHBIX
mogersix, onucbiBaoiux OKT 1 mporiecchbl. B KOTOPBIX OHHU YYaCTBYIOT.

MHbopMaInoHHBINA TI0/IX0/T ITTO3BOJISIET BBIJIEJUTh WHAOPMAIMOHHBIE 337lauil KOMETHOM
OITACHOCTHU. DTO YEThIPE OCHOBHBIE 33/IaUU: CO3/JaHHE a/IeKBaTHOTO WH(MOPMAITMOHHOTO OIMCAHUS,
MPOBeIEHUE JIMHAMUYECKOTO MOJIEJIMPOBAHUSA, BHIMOJIHEHNE TPOTHO3UPOBAHUS, KaTaJIOTU3AIUA
OTIACHBIX KOCMHUYECKUX TeJl, BKII0Uast KOMETHI.

4. O0cy:kaenue

YacTph y4eHBIX pacCMaTPUBAET KOMETHYIO OIIACHOCTh YIIPOIIeHHO. [IpuHuMass BO BHUMAaHUE
TOJIBKO (DAaKTOpP CTOJIKHOBEHHsS. B cmiy 5TO Mayjio BemayTcs paboOThl MO MOAEIHMPOBAHUIO
3arpsi3HeHus1 aTMocdepbl KOMETOH, XOTsI PaObOTHI 10 3arpsA3HEHUI0 aTMOCGhEpHI B C/Iydae s/IepHOU
BOUHBI BeayTcss. Ho Bo3zeiicTBHE 3arpsA3HEHHs KOMEThI POJACTBEHHO WM TOCJIE/ICTBUS S/IEPHOM
BOUMHBI U TeIJIOBOU KatacTpode. [1o/iIroToBKa BO3BMOKHOMY B3aWMOJAEUCTBUIO JOJPKHO BKJIIOUATH
y4eT BO3MOXKHBIX PHCKOB (Savelyev, 2017). B cBow odepenp aHaIu3 PUCKOB TpeOyeT ydera
WH(OPMAITMOHHON HEOIPeIeJIeHHOCTH, BKJIoUas wHpopManuoHHylo acumMerpuio (Tsvetkov,
2014b). dddeKTruBHOE pearupoBaHUE HA CHUTYAIIUI0 CTOJKHOBEHHUS TpeOyeT IoJIydyeHus Habopa
METOJIOB: JaJIbHETO MOHUTOpPWHTA, OOHapy:KeHWs OJIMKHEr0 MOHHUTOPUHTA, pacyeTa TOYKHU
COTIPUKOCHOBEHUsI, ITPOTHO3UPOBAHUA U MPUHATUA HEOTJIOKHBIX Mep IO 3alllUTe HAaceJeHHUs U
TEPPUTOPUH JIMKBUAAIINH TTOCIEACTBUM.

5. 3aKJII0OUYeHue

IIpobJieMa KOMETHOH OIacHOCTH OOCy:KHaeTcsa BO MHOTHX CTpaHaxX. TeM He MeHee, BTOPYIO
yIpo3y — IIPOXOXKAEHUS XBOCTa KOMEThI uepe3 atMocdepy 3eMiId MHOTHE MCCIeA0BaTe N
urHopupyioT. Komers! pazmepom ot 20 710 100 M (IllyBasoB u zp., 2016), BX0/is B IUIOTHBIE CJIOU
atMocdephl paspyllaloTcsa IOJ JAEHCTBHEM a’pOAUHAMHYECKHX CHJI M IIE€PEAABIOT CBOIO
KHMHETHYECKYI0 OHEPIrrui0 BO34yXy, Ha BBICOTAX OT 20—30 [O0 HECKOJIbKHX KNJIOMETPOB.
O6pa3013aBH1aﬂc;1 YaapHad BOJIHA [JOCTHTA€T IIOBEPXHOCTU IIJIAHETbBI W MOXET BbI3bIBATb
SHAQUUTEJIbHbIE pAa3pYIICHUA HaA 6OJ'II)H_II/IX PaCCTOAHUAX OT MECTa TOPMOMKEHHA aHAJIOTHYHO ILEI;’I-
CTBHIO COCPEIOTOYEHHOTO BHICOTHOTO B3PhIBa. UHCIEHHOE MOZETNPOBAHIE Pa3PYIIIEHHS IT0O3BOJISIET
OIIpeAE/INTDb BBICOTY O9KBHUBAJICHTHOI'O TOYE€YHOTI'O B3PbIBA, KOTOprfI T€HEPpHUPyeT TAKYIO K€ YIapHYIO
BOJIHY, KaK U IIaJIEHHE€ KOCMHUYECKOI'O TeJia C 3aJaHHbIMU ITIapaMeTpaMu. BbIHBIIeHO, 9TO 3Ta BbBICOTA
OpUMEPHO paBHA BBICOTE, TAE CKOPOCTh KOMETHI yYMEHBIaeTCsA BABOe. MeTOAWYeCKH CJIeIyeT
OTMETUTh MaJIo€ KOJMYECTBO HCCIENOBAHUM, ITOCBAIEHHBIX WH(MOPMAIIMOHHBIM IIOAXOJIaM U
CIiIeqaJIbHbIM I/IH(l)OpMaI_II/IOHHbIM MOAEIAM KOMeTHOﬁ TEMATUKeE.
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Electrogravitic Originated Mass of the Sun
Takaaki Musha 2~
a Advanced Science-Technology Research Organization, Yokohama, Japan

Abstract

The hypothesis that the Sun may carry an electric charge was proposed by prof. Bailey at first
in 1960 for the explanation of the maximum energy found for a primary cosmic ray particle and
other astronomical phenomena. According to the electrogravitic theory by T. Musha and
B.V. Ivanov, it can be shown that the stars like the Sun has a possibility to have a gravity mass
generated by its electric charge.

Keywords: electrogravity, sun, birkland current, electric sun model, plasma universe.

1. Introduction

Presently, the Sun is considered as a gigantic ball of gas so massive that the immense
pressure has ignited a fusion reaction. It is an average-sized yellow star known as the Sun. It is one
of the most common type of star in the universe. Inside it, hydrogen atoms under unimaginable
pressures are being fused into helium atoms, releasing a tremendous amount of energy as shown in
the Figure 1.

Fig. 1. Structure of the Sun
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Contrary to this conventional theory, the electric Sun theory was proposed by Ralph Juergens
(Juergens, 1972). According to him, most of the space within our galaxy is occupied by plasma
containing electrons and ionized atoms. Every charged particle in the plasma has an electric potential
energy (voltage) just as every pebble on a mountain has a mechanical potential energy with respect to
sea level. The Sun is surrounded by a plasma cell that stretches far out — many times the radius of
Pluto. The Sun is at a more electrical potential than is the space plasma surrounding it probably in
the order of 10 billion volts. The hypothesis has been proposed that the Sun may be powered, not
from within itself, but from outside, by the electric (Birkeland) currents that flow in our arm of our
galaxy as they do in all galaxies as shown in Figure 2. This possibility that the Sun may be externally
powered by its galactic environment is called as the Electric Sun model.

Fig. 2. Birkeland current observed on the Sun

In the Plasma Universe model, cosmic sized, low-density currents create the galaxies and the
stars within those galaxies by the electromagnetic z-pinch effect, also known as zeta pinch effect,
which is a type of plasma confinement system that uses an electrical current in the plasma
to generate a magnetic field that compresses it. It is only a small extrapolation to ask whether these
currents remain in place to power those stars. Galactic currents are of low current density, but,
because the sizes of the stars are large, the total current (amperage) is high. An electrically powered
Sun's radiated power would be due to the energy delivered by that amperage (The Electric Universe
Theory).

The hypothesis that the Sun may carry an electric charge given by Q. =5x10"(C),

was proposed by prof. Bailey at first in 1960 for the explanation of the maximum energy found for a
primary cosmic ray particle and other astronomical phenomena (Bailey, 1960). He considered that
the four dimensional space-time universe was a hyper-surface in a five dimensional universe and
there existed streams of electrically charged particle from hyper dimensional universe into four
dimensional space-time, where the laws of conservation of energy momentum and electric charge
held true. He also thought that these electrical streams depends on local metric of space-time.

T. Musha and Boyko V. Ivanov independently obtained the formula for describing the
coupling between electromagnetism and gravitation (Musha, 2004; Ivanov, 2013), where Musha
derived the electrogravitic formula by supposing a new gravitational field generated inside the
atom, while Ivanov derived the electrogravitic formula from Weyl-Majumdar-Papapetrou solutions
for the metric space-time.

Based on their electrogravitic theory, the author attempts to reveal the structure of the Sun,
which may lead to another explanation of cosmology.
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2. Qutline of the electrogravitic theory
Musha and Ivanov derived the electrogravitic formula shown as (Musha, 2004; Ivanov, 2013)

E, ~ ~Z.[4re,6,G - E =-8.62x10"Z [¢, -E , (1)
where Z is a number of electrons circulating around the atomic nucleus, ¢, is a specific

inductive capacity of the dielectric material, €, is a permittivity of free space and G is the

gravitational constant.

Musha used an approximation based on the gravitational field generated inside the atom by
high potential electric field and Ivanov used classical approaches to Einstein's equations known as
the Weyl-Majumdar-Papapetrou field solutions, dating back to 1916, to derive what he called root
gravity, from

B' |ke—- K&-——
=Y = =g +— , 2
g [2 P 8ﬂ¢¢.J (2)
where we assume that the space-time is static, f =g,, =F(¢#) has the unique form

f =1+ B¢+ ¢, which was found by Weyl already in 1917 in the axially-symmetric case, which
solutions are known as Weyl fields, and f = g,,, B’ is a constant and x =872G/c”.
The methods of calculation can be summarized as shown in Figure 3.

B.Ivanov
W #B' kS — . KB —
g =cf= $+—o¢¢| Wy FE ~— ldme e G-E
2 \8x 87 g r~o

Weyl-Majumdar-Papapetrou
solutions of the Einstein equations

T.Musha I Equivalent (Modulo.Z)

F=q(E+vxB)+m(E, +vxB,)) wy FE ~ -7 |Anc e,G-E

- Internal volume of an elementary particle is
aregion of force-free field.
* Additonal equivalent mass mn a space due to
the electnic field is cancelled by the negative mass
created by the electrogravitic field generated by an
external electnic field

Fig. 3. Summary of electrogravitic formula given by Musha and Ivanov

3. Electrogravitic originated mass of the Sun

If the electrogravitic equation given by Equation. (1) can be applied to massive stars, it is
considered that some of the gravitational field of them can be generated by electric charges.

From the equation in the paper by Ivanov, “On the gravitational field induced by static
electromagnetic source” (Ivanov), the electrogravitic field can be given for the spherical symmetry
case as

o(r) = 4z G V50, (3)

r2
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Q

where y = i
0°0

(Q: electric charge of the sphere).

From the formula,div g =42Gp,,, and the Gauss’s theorem, L div g-ds :L4ﬂGpde’

where p, is the equivalent mass density by the electrogravitic effect inside the sphere with the
radius r,, we have

VAT V0P Q| ds = 47GM,

Ay, 17

(4)

where M, = Iv Pndv.

Finally we obtain the equivalent mass generated by the electric charge becomes

M =—g.
¢ \are,G )

This equation shows the gravitational effect of electric field around the spherical body.
If welet M, be the electro induced mass of the Sun, the apparent mass of the Sun becomes

M=MO+ME=MO+L, (6)
4re,G

where M is an apparent mass of the Sun and M, is a true mass of the Sun.
Then we have

M,/M = 1—— (7)

M\/i

Figure 4 shows the calculation result between the electric charge of the Sun and the ratio
M,/M , where we let M =1.989x10*°Kg .

1} i

0 5 10 15 0
Q=10 "n [C]

Fig. 4. Electric charge of the Sun and the ratio M,/M

From this calculation result, it is considered that some of the gravity of the Sun attributes to
the electrogravitic effect.

Bailey proposed a formula for a star like the Sun of the mass Mg (kg), which carries a net

electric charge, Q; (C), given by (Bailey, 1960)
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Q, = B/4ns,GMg, (8)

where £ is a parameter to show the charge of the star.
By introducing this equation into Equation.(5), we have

M0=(1_ﬂ)Ms’ (9)
From this equation, when the constant £ is almost equal to unity, it can be seen that almost

of the gravity mass of the Sun attributes to electrogravitic originated.

Prof. Bligh wrote in his article (Bligh) that “the velocity of escape from the Sun is 617000m/s
and it can be seen that almost all the electrons exceed this speed and virtually no protons do.
Superficially this leads to the conclusion that the Sun would lose all its electrons and none of its
protons. Therefore there must be a mechanism for holding back most of the electrons. It is deduced
that the Sun is positively charged. It leads to the logical conclusion that all hot stars have a positive
charge and that this is balanced by a net negative charge in the interstellar space in a galaxy.

The excess positive charge on the Sun is in the order of 6.6x10%°C ”.
If Q, ~ 6.6x10%°C, we have f=1-M,/M, ~1 from Figure 4. Thus it is considered that the

interior of the Sun is vacant as shown in Figure 5, and we can see that the Sun consists of plasma
cloud expanded by repulsive electric force and the interior small iron/nickel core, which is formed
by the incoming meteorites and asteroids. The stability of low density stellar plasma is analyzed for
a star with a spherical symmetry in equilibrium between the gravitational attractive forces and the
repulsive pressure forces of an ideal electron gas where the analysis is developed by the use of
Boltzmann statistics (Ben-Aryer). By this analysis, plasma cloud of the Sun is considered to be
stable with an inner empty space.

Plasma cloud

Empty space "™ Solid core

Fig. 5. Probable structure of the Sun

Wolynski claimed that the sun is hollow (The Sun is hollow). He claimed that the Sun will
shrink, cool and collapse upon itself like a giant balloon, as it contains no interior core. According
to his fringe theory of stellar metamorphosis, the Sun is not fusion powered, but is a giant
dissipative event formed as a result of galaxy growth. It will become an orange dwarf star and then
a red dwarf as it evolves over its next stages of stellar evolution. He also claims that the Sun is
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much younger than the Earth, a relatively young star. In his theory all young stars do not possess
cores, but are hollow structures that will gravitationally collapse until the coulomb barrier is
reached and the star stabilizes into a solid ball. Thus almost of gravitational mass of the Sun is
produced according to the electrogravitic effect, it is considered that most of the inner space of the
Sun is vacant as claimed by Wolynski.

The Saturn Theory and the Thunderbolts Electric Universe theory suggest that Saturn may
have been our first Sun or was at least associated as a Sun. Thompson in his astrological reports
has noticed that the planet Saturn was also designated as Samas, i.e. "Sun" by the Babylonian-
Assyrian astrologers and he quotes the statement of Hyginus to the effect that Saturn was called
"the star of the Sun" (Was the Saturn the Sun?). During the past century several authorities noticed
that Greek and Latin astronomical texts show a mysterious confusion of the "Sun" — Greek Helios,
Latin Sol — with the outermost planet, Saturn.

Fig. 6. Saturn was a Sun of our solar system in ancient times?

Inside Saturn is probably a core of iron, nickel, silicon and oxygen compounds, surrounded
by a deep layer of metallic hydrogen, then a layer of liquid hydrogen and liquid helium and finally,
an outer gaseous layer. If most of the gravity of stars attributes to the electrogravitic effect, we can
see the possibility that the Saturn, which might be the ancient Sun of our solar system, lost its
massive electric charge and shrunk to the present state as told by the old legend. If it is true,
the present body of the Saturn may be an inner core created inside the ancient Sun.

4. Conclusion

From the electrogravitic effect, it is seen that most of the gravitational mass of the Sun is
produced by the electric charge of the Sun. In this case, the Sun is consisted by the plasma cloud
expanded by the repulsive electric force and the tiny solid core created in the center of the Sun.

If almost of the mass of the Sun is electrogravitic origin, there is a possibility that the Sun
dose not generate its energy by nuclear fusion of hydrogen nuclei into helium at the core, but it
may be powered, not from within itself, but from outside, by the electric currents that flow in our
arm of our galaxy as they do in all galaxies. This possibility that the Sun may be externally powered
by its galactic environment is the most speculative idea in the Electric Sun hypothesis.
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Abstract

The article explores the features of the use of space geodesy in the description of small
celestial bodies. The paper shows the difference between geodesic astronomy and space geodesy.
The paper shows the difference between ground geodesy, astronomy and space geodesy. The main
stages of cartographic modeling are described. Cartographic modeling of space bodies or space
mapping includes three stages. The first stage transforms the original cosmic body into a reference
geometric body. The reference geometric body is transformed at the second stage into a geometric
figure having a scan. The geometric shape is converted to a flat scan in the third stage. Conformal
transformations are the basis for the implementation of the second and third stages. Problems
appear at the first stage of spatial transformations. The irregularity of the cosmic body creates
significant distortions in the construction of its surface. The authors of the article propose geodetic
modeling and geodesic constructions as an alternative. Geodesic space modeling is a generalization
of geodetic and photogrammetric measurements. For small space those use photogrammetric
measurement methods. Geodesic modeling allows you to create a three-dimensional triangulation
model. The article confirms the conclusion that geometry, geodesy and geoinformatics are
applicable for the study of space bodies.

Keywords: space research, space geodesy, geometry, reduction, space bodies, small celestial
bodies modeling.

1. BBenenue

B uccnmeqoBannu (CaBUHBIX, 2019) I0KA3aHO UTO Ie0/1e3Usi H T€OMETPHUS ABJIAIOTCS B IEPBYIO
ouepesib HayKaMu O IpocTpaHcTBe. CTaThsd KOHCTATHUPYET, YTO T€OMETPHSA, HECMOTPS Ha €€ 4acTh
«re0» HE CBsA3aHA C W3MepeHHeM 3eMJIM, a SIBJISIETCA pas3/ieJIoOM MaTEMAaTHUYEeCKOH TEOPHUH.
leone3ust u3yuaer peayibHOE MPOCTPAHCTBO U peayibHbIE MPOCTPAHCTBEHHBbIE OTHOIEHUsS. CTaThs
JIOKa3bIBaeT, YTO H5Ta TeO/e3Ws JIABHO BHINIJIA 32 PaMKH 3€MHOTO IPOCTPAHCTBA M MOXKET
HCCIEI0BATh KOCMHYECKOE IPOCTPAHCTBO. OTO MOATBEPIKIAAETCS Ppa3BUTHEM HaIpaBJIEHUsS
KocMuueckass reoze3usi. B pabore (Gospodinov, 2018) aHamusupyeTcs Treoje3uyecKast
actpoHoMus. [lokazaHO YTO 3Ta HAyKa HCIIOJIb3YeT METOJbl T€O[e3UU JJI aCTPOHOMHUUYECKHUX
usMmepennii. B pabore (Bondur, Tsvetkov, 2015) mokazaHo, 4To KocMu4eckass TeonHGOpPMaTHKA
€CTh Hay4JyHOE HallpaBJieHHe, KOTOPOe UCCAeAyeT KOCMUUYECKOe IIPOCTPAHCTBO MeTOJaMH
reonHopmaTuku. TakuM o00pa3oM, MOKHO CcJieJlaThb OOINHI BBIBOJA, UYTO pPa3BUTHE HAYK:
reOMETPHUH, TeoJIe3UH U TeOMH(GOPMATHKHU CO3/IaJI0 BO3MOXKHOCTh NPHUMEHSTh MX METOZbI JJIA
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HCC/IeTOBAaHUST KOMHYECKOTO IMPOCTPAHCTBA M KOCMHYECKHUX TeJl. Bojiee IMMPOKO MPUMEHSIOT
TEPMUH «MaJjioe HebecHoe Tesio» (MHT), KOTOpbIii SIBJIIeTCA CHHOHUMOM TEPMHUHA «KOCMHUYECKOE
Teso». HeoOX0MMO OTMETUTD pasyinurie MeXKAY KOCMUYECKOH reozesueit (MaiopoB u Jp., 2012)
U Te0/Ie3UYECKOM acTpoHOMHUEH. ['eoie3nueckas aCTpOHOMHUS HCIIOJIB3YET METObI TE€0/I€3UUECKUX
W3MEpPEeHUH U Teoie3UYecKoi 00paboTKu WHGOPMAIUKM JIsi aCTPOHOMHUYECKUX HAOJIIO/IEHUH.
HeobOXxomuMO OTMETHUTH pasiMuue MeKAy KOCMHUUYECKON Treofe3vedl W Ha3eMHOU TeoJie3ue.
HaszemHas reojie3usi UCIIOJIb3YeT B OCHOBHOM Te0/Ie3UUecKre MEeTO/Ibl U3MEPEHUH /IJIs TTOJIydEeHUS
KOOp,ILI/IHaT TOYEK HOBerHOCTI/I SeMJ'II/I. KOCMI/I‘-IeCKaH reoge3usd HCHOJIBByeT B OCHOBHOﬁ JJIA
HOJIy‘-IGHI/IH KOOp,Z[I/IHaT TOUYEK HOBerHOCTI/I KOCMHMUYECKOI'o TeJsia q)OTOFpaMMeTpI/I‘IeCKI/Ie METOAbI
I/I3MepeHHfl. KOCMI/I‘-IeCKa}I reoge3nd 3aHUMaAETCA I/IBMepeHI/IeM IIaAHET U MaJIbIX He6eCHbIX TeJl
reoJe3n4YeCKuMu MeTogaMu U reoge3n4YeCKuMn HpeO6paSOBaHI/IHMI/I. HpI/I HCccJIeJ0BaAaHU MaJIbIX
HeOeCHBIX TeJl HeoOXOAMMO OTMETHTh KOocMHUecKyio Kaprtorpadwuio (HbeIprioB, 2012), KoTopas
3aHUMAETCS COCTAaBJIEHNEM KapT Ha KOCMUYECKHEe O0BEKTHI: IJIAHETHI ¥ MaJible HeOeCHbIE TeJIa.

2. Pe3yabTarsl

TpeGoBaHUA K MOJie/IAM IIPOCTPAHCTBEHHBIX TeJl

[Tpu Mo/IeTUPOBAHUH IIPOCTPAHCTBEHHBIX TeJI TPEOYETCs Pean30BaTh CJIEAYIONINE CBOMCTBA
IIPOCTPAHCTBEHHBIX  MOJieJIeli:  BOCHPHUHHUMAEMOCTb,  00O3PUMOCTb,  MOPGOJIOTHIECKOE
COOTBETCTBUE, H3MEPSAEMOCTh, COIOCTAaBUMOCTh ¢ OOBEKTaMH TaKoro JKe  KJjacca.
BocripuHrMaeMoCTh U 0003PUMOCTD SIBJISIIOTCA CBOMCTBOM KOTHHUTHBHBIX Mojeneil (1IBeTkos,
2013). V3mepseMOCTh O3HAUAeT, YTO HM3MEPEHUs HA IMOBEPXHOCTH MOZEIU COOTBETCTBYIOT
U3MEPEHUSIM Ha IIOBEPXHOCTH O0BEKTA, HO B JpyromM MaciuTabe. OfHAKO HaJIU4YME TaKOM
BO3MO?KHOCTH TIO3BOJISIET OIIPEJIEJIATH KOOPIMHATHI TOUEK OOBEKTA IO TOUKAM MOJIEJIN U PEeIaTh
pa3JIMIHbIE TEOMETPUYECKHE 33/IAYH.

Mopdosoruueckoe COOTBETCTBHE fABJAeTCA YACTHBIM cjaydaeM HHQPOPMaIOHHOTO
coorBerctBus (HoMokoHOBa, 2018), KOTOpOoe OIpeessieT CTENeHb CXOACTBA MOJETN U
MozepyeMoro oobekTta. IIpu kaprorpadupoBaHuM (3€eMHOM U KOCMUYECKOM) 3TO CBOMCTBO
o4eHb BakHO. B paborte (byraesckuii, 1998) mokazaHo, 4YTO ecJiu ©UMeeT MecTo Oosiee yeM Ha 5 %
HCKa)KeHUe 00hEKTOB Ha KapTax, TaKasl KApTa CTAHOBUTCSA HEY3HABAEMOU U IJIOXO COTIOCTABUMOM C
peasibHBIM 00BEKTOM. B 53TOM cityyae oHa nmpeBparaercs B a0CTPaKTHYIO MaTeMaTU4YeCKyl0 MO/IeJlb
peanpHOTO 00BekTa. Il Hee COXpaHSETCS COMOCTABHUMOCTh C MOJEJISMH MOJ00HOTO Kilacca,
HO TepSETCS COMOCTAaBUMOCTh C PeaJIbHBIMU OOBbEKTaMH JIAHHOTO KJiacca. Takas MOJIENb TepseT
CBOUCTBO MOPGOJIOTUYECKOTO0 HHPOPMAITMOHHOTO COOTBETCTBHA.

[lepeunciieHHble TpeOOBaHWSA K IIPOCTPAHCTBEHHBIM MOJEJAM PACHPOCTPAHSIOTCA Ha
Ha3eMHble OOBEKTHI, HA IJIAHETHl M HA MaJible HeOecHbIe TesisA. B ueM pasyimume MeXAy TpeMs
STUMU KJIACCAMU MMPOCTPAHCTBEHHBIX 00beKTOB? HazeMHBbIE OOBEKTHI XOPOIIIO U3YUEHBI U JIJISI HUX
HAKOIUJIEH OMBIT U CTEPEOTHUIIHl MOJEJIMPOBAHUSA, KOTOPble 00€CIeYNBAIOT BCE YEThIPE CBOHCTBA
IIPOCTPAHCTBEHHBIX MOJIeJIer.

[Tnanersl uMerT ¢GOpPMYy IOBEPXHOCTH OJIM3KYI0 K PeryJApHOM M IO3TOMY XOPOIIO
MOJIEJITUPYIOTC UM KapTorpadupyloTcsi MeToAaMM MaTeMaTH4ecKod Kaptorpaduu. Masbie
HeOecHBbIE Tesla B MOJABJIAIOINIEM OOJBIINHCTBE UMEIOT He peryssApHyio ¢gopmy. B cuty sToro mx
kaprorpagupoBanue (HBIPIIOB) HApPYIIAaeT CBOHUCTBO MOP(OJOTUYECKOTO COOTBETCTBUS IIPU
COXpaHEHUU TPeX OCTAIbHBIX CBOMCTB.

IIpoGaembr kKaprorpa¢puuecKrx NPeoOpa3sOBaHUM KOCMHUYECKHX OOBEKTOB.
Ha Pucynke 1 mpuBefeHa TEXHOJIOTHUS KJIACCUYECKOTO KApTOTPAadHUYECKOTO IIpeoOpa3oBaHUSA
MTOBEPXHOCTH MPOU3BOJIBHOU IJIAHETHI HA MpUMepe KOHHYECKOro mpeobpasoBanus (byraesckui,

1999).
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OTanoHHas Moaenb

Knacc
St SranohHas KOHNYECKNX
PedepeHL- NOBEPXHOCTb — g
annuncouns KOHYC npoeKLun

Puc. 1. Kaprorpaduueckre nmpeo6pa3oBaHUs IOBEPXHOCTH ILIAHETHI

O6bruHO Takas cxema (PucyHok 1) mpuBoauTcs B yueOHMKaxX kaprorpaduu. OHa ONHCHIBAET
Iporiecc mpeobpa3oBaHus 3TaJIOHHOTO IIPOCTPAHCTBEHHOTO TeJIA B PYTOe IPOCTPAaHCTBEHHOE TEJI0
UMemolllee pa3BepTKy. Ha mepBoM 3Tame 3TaJIOHHOE Teslo IIpeoOpasyeTcsi B TIeOMeTPUYECKYIo
¢urypy, nmeroiiee pa3pepTky. Takux Guryp Tpu, KOHyC MUWIMHJP U IUIOCKOCTh. Takoe Iporecc
OCYIIIECTBJISIIOT HA OCHOBE KOH(OPMHBIX ITpe0Opa30BaHUN, KOTOPbIE CHEIU(MUUHBI JJIA KaKIO0TO
¢durypsl. Ilocie 3Toro BTOpoe IPOCTPAHCTBEHHOE Teno (KOHyC, LWJIMHAD, IUIOCKOCTD)
peobpasyeTcs B IVIOCKYI0 MO/IeJIb 110 ero pa3BepTke. [Ipy 5ToM Takke HCIOIb3YIOT KOHDOPMHBIE
npeobpazoBanusi. KondopmHabie mpeobpa3oBaHus IpeodPa3yI0T OAHY (PUTYPY B IPYTYIO «TOUKA 32
ToOuKoU». OZTHAKO OHU IIO CBOEe NPUPOJiE CO3JAI0T UCKAKEHUs 3a CUeT TOTO, YTO «PACTATUBAIOT»
oJtHU 00JIACTH TeJjIa U CXKUMAIOT JIPYTHe 00JIaCTU STOTO Ke Tea.

JlocTOMHCTBOM KOH(OPMHBIX IpeoOpa30BaHUsA SBJISAETCA COXPAHEHUE TOIMOJIOTHYECKUX
WHBApUAHTOB Ha IOBEPXHOCTH IVIOCKOU MOJIEIN.

KondbopmMHBIM  mpeoOpa3oBaHUAM  IMpeAIIecTByeT  HWH(pOpMAIMOHHAA  CUTyaIus
peoOpa3oBaHUsA peAJbHOTO KOCMHUYECKOTO Teja B STAJIOHHYID MOJENIb 3TOro  Teja.
Ona ocymiecTBysieTcsl 3a CYeT PeAYKIUH, TO ecTh He KOHGOPMHOIO IIPOCTPAHCTBEHHOTO
npeobpaszoBaHus. Bo3MOXKHBI [Ba BapuaHTa TaKOW cUTyanuu. [lepBBI BapuaHT TaKOTO
IIPOCTPAHCTBEHHOTO TpeoOpa30oBaHus MpUBeZEeH HA PucyHke 2.

PerynsipHoe Temno JTanoHHas Moaernb
Tena

Puc. 2. Mopdonornyeckoe mpeoOpa3oBaHue PETYJIIPHOTO TEIA B TAJIOHHYIO MOJIEJTb.
Bricokoe Mopdosioruueckre COOTBETCTBHE

CuTyanus Ha PHUC.2 ONMHUCHIBAET CIy4Yai, KOT/Ia UCXOAHOE KOCMUUYECKOe TeJI0 uMeeT (opmy,
OJIMBKYIO K PEryJIApHOH, WIN OJIM3KYI0, K STAJIOHHOU TreoMeTpuueckoil ¢urype. Ilos perysisspHOi
dopmoii (byraeBckuii, 1998) mOHUMaeM OJHOBPEMEHHOE BBHITIOJTHEHHE JABYX ycJIOBUi. VcxomHoe
TEJI0O WMeEeT IJIaJKYI0 IMOBEPXHOCTb, Ha KOTOPOH HET CKAayKOB IPOU3BOJHBIX B JIIOOOW TOUKe
MTOBEPXHOCTU. BTOpOE yCI0BHE COCTOUT B TOM, UYTO (hOpMA UCXOAHOTO KOCMHUYECKOTO Tesla OyIm3Ka
K M3BECTHOUM IPaBWJIBHON reoMeTpudeckout durype. g niaHeT 3To sjUHIcon . B aToMm ciydae
npeobpa3oBaHue Ha Pucynke 2 obecneuuBaer Mopdosorudyeckoe (MHGOPMAIMOHHOE)
COOTBETCTBUE MeXAy (HOPMOUN HCXOHOTO OOBbeKTa W (POPMON STAJIOHHOTO OOBEKTa SIBJISIETCS
BBICOKHM.

BTopoii BapuaHT IpoCTpaHCTBEHHBIX IPe0Opa3oBaHuil IpUBeieH Ha PucyHke 3.
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He perynspHoe OTanoHHas Moaenb
Teno Tena

Puc. 3. Mopdosnoruyeckoe npeobpa3oBaHue He PETYIAPHOrO Tejla B 9TAJIOHHYIO MOJIETb.
Huskoe MmopdoJsioruueckie COOTBETCTBUE

PucyHok 3 omnuchiBaeT CHUTyallMIO, KOTZIa HMCXOJHOe KOCMHUYECKOe Teso uMmeeT (opmy,
JIaJIEKyI0 OT PeryysipHON (popMBI. DTO XapaKTEPHO /IS ACTEPOUOB M APYTHUX MaJbIX HeOEeCHBIX
ten. Ilom He perynsapHoil ¢QopMmoii HebecHOro Tesia MOHMMAaeM JMOO HaJIUYKME CKAYKOB
MIPOU3BOAHBIX B JIFOOOW TOYKE MOBEPXHOCTH, JIUOO TaKKe TO, UYTO (hOpMa TAKOTO TeJjia He TOXOIUT
Ha TPOCTYI0 TeoOMeTpuuecKyo ¢urypy, imbo oba dakropa Bmecte. B 3TOM citydyae sTayioHHAA
MOZIeJTb Tlepe/laeT TOYKH Ha IIOBEPXHOCTH TAKOTO KOCMHYECKOTO Tejla ¢ OOJbIINMU
MOP(OJIOTHYECKIMH ¥ KOOPAUHATHBIMHM HCKaKeHUAMHU. Takum o0pasoMm, CaeAyeT BBIBOJ, UTO
KJIACCHYECKUH IIOAXO0JT KapTOrpadUpOBAHUS MAaJIbIX HeOECHBIX TeJ CO37IaeT CYIeCTBEHHbBIE
HCKOKEeHUA B Iepefade uX (opMbl Ha IUIOCKOCTh. Takasg Mojenb HArJIA[HA, HO JIMIIEHa
U3MEPUTEIbHBIX CBONCTB. BBIBOJ, /1 HEPETYIAPHBIX KOCMUUYECKUX TEX HEOOXOAMMO MPUMEHATD
MeTO/IbI reo/1e3nYecKux (hOTOrpaMMeTpHUIECKUX) H3MEPEHUT.

I'eogeszunueckue nmocrpoenusa Ha MHT

CymiHocTh reozesudeckoro mozenuposanusa MHT kak anprepHaTuBa KapTorpa@uueckoro
MOJZIeJIUPOBAHUSA COCTOUT B IOCTPOEHUU TPEXMEPHBIX MO/lesIell KOCMUYeCKOro TeJla, IOIMyCKaoIUX
HapylleHUe peryasapHOCTH. JloCTaTOYHO W3BECTHBIM U XOPOIIO OTPA0OTAHHBIM B TeOAE3UU
ABJIAETCA MeTOJl IIOCTPOEHUs Teo/ie3BMYecKUX ceTel, HMEIOIIUX TpeXMepHble KOOPAWHATHI.
Ha Pucyske 4 okazaHa TUIUYHAsA reofle3U4ecKas CETh.

Puc. 4. 'eosie3anueckas ceTh Kak OCHOBA MOJIEJTUPOBAHUS IPOCTPAHCTBEHHOU ITOBEPXHOCTHU

Kaxxmaa Touka ceTH CTPOrO COOTBETCTBYET TOUEK IIOBEPXHOCTU. B 3€MHBIX YCIIOBUAX
reojie3anueckasl CeThb IOKPBIBA€T YaCTh IOBEPXHOCTH 3eMJIM. B KOCMUUYECKOM ITPOCTPAHCTBE
reoae3nvdecKad CETb MOXKET ITIOKPbIBATH BCIO IIOBEPXHOCTDH MHT B CHUJIy €r0 He6OJII)IIII/IX pPasMeEpPOB.

Teone3uyeckoe mojmenupoBanne MHT Bkouaer /Ba 3Tama: MOCTPOEHUE Te0[e3UIeCKOM
CeTH Ha MOBEPXHOCTH TeJia, MOJIeJIMPOBAaHUE TIOBEPXHOCTH TeJia U €ro (pOPMBI C MCIIOJIb30BAHUEM
MeTosia BopoHoro-/lenone. Ciefyer HallOMHHTD, 4TO MeTo/ BopoHoro-/lesoHe co3pmaBasics Jist
PEeIIeHuA 3aa4 KpI/ICTaJIJIOI‘pa(l)I/II/I, TO €CTb IJId OIIMCAHUA MMPOCTPAHCTBEHHBIX TEJI (KpI/ICTa.TI.TIOB)
UMEIOIUX He PeryIsapHY0 ¢GopMy.

Xota pedb HuaAeT O TreoJe3n4YeCKOM IIoAXOoJ€ B JaHHOM Ciiy4dae, 14 KOCMHYECKHX
WUCCJIEIOBAaHUN, €ro  CJeAyeT paccMaTpuBaTh Kak  00OOIeHHe  Teofe3UdYecKux U
dororpammerpuueckux uaMepeHuil. [Ipy HaIUYUM BO3MOKHOCTU HAa HEOECHOM TeJie MPOBOJAT
reo/ie3nUecKue U3MeEPEHUsi ¢ IOMOINbI0 pPob0TOB. IIpHM OTCYTCTBMH TaKOH BO3MOXKHOCTH
MIPOU3BOIAT (pOTOrpaMMeTpUUECKUE CheMKH HeOecHOTO Tesia. Ha 0CHOBE TaKHUX ChEMOK CTPOSIT €T0
MIPOCTPAHCTBEHHYIO CeTh, a 3aTeM MOJEIUPYIOT (popMy ¢ ITIOMOIIBIO TpeyroJabHUKOB. Ha Pucynke 5
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npuBesieH npumep TpaHcdopmanuu MHT npousBosbHON (GOpMBI B TPHAHTYJISAIMOHHYIO
IIPOCTPAHCTBEHHYIO MOJIETb.

VcxoiHOE TIPOCTPAHCTBEHHOE TEJIO HMeEEeT IIPOU3BOJIbBHBIE TPAaHU, HAIPUMED YeThIpex
CTOPOHHUKH. TPHAHTYIAIMOHHAS MOJIEJb IIOKPHIBAEeT BCIO IMOBEPXHOCTh TPEYTOJIBHUKAMU, JaXKe
€CJIV OHU JIEXKAT B OTHOU IIJIOCKOCTH.

MpocTpaHcTBEHHOE TpuaHrynsiumoHHas
Teno mopernb

Puc. 5. Tpancdopmarius npousBosabHoro MHT B TpuaHTYIAIMOHHYIO MO/JIE/Ib

ITogBenem wror, Kaprorpadguueckoe mpeobpa3oBaHHE CO3/AAET MTOBEPXHOCTH OITHMCHIBAEMYIO
dyukImen aByx mepeMeHHbIX F2(@, A), re ¢ — mmupora, A — Aosrora. IIpu 5TOM I0MOIHUTETHHO
moZi[pasyMeBaeTcsi Ha/JMYHe U W3BECTHOE IIOJIOKEHHME IIOJII0COB IUIAaHeThl. IIpu  3TOM
JIOTIOJTHUTEJIFHO TOJIpadyMeBaeTcs HaJIMuue IeHTPa 3TAJIOHHOU (UTYPHI, KOTOPHIM HCIIOJIB3YIOT
pu KOH(GOPMHBIX ITpeobpa3oBaHusAX. cxoHast MOBEPXHOCTh IIPOCTPAHCTBEHHOTO Testa S(X, Y, z)
MDY 3TOM CYIIIECTBEHHO YIIPOIIaeTCs.

Feone3nyeckoe IOCTPOEHUE CO3/AeT TpexMepHyw wmonaenb F3(x, y, z), toe X, Yy, z —
MIPOCTPAHCTBEHHBIE KOOPAWHATHI. Ta TpeXMepHasi MOEIb He YIPOIIAaeT UCXOIHYIO TIOBEPXHOCTD
tesna S(x, y, z), a ABJAETCS ee TPEXMEPHBIM I0/I00HEM.

3. 3aKJIIoueHue

JlaHast craThsl TOATBEPKIAET, UTO METOABI TeOMETPUU U reofie3un (M, KaK CJIE/ICTBHE,
reonH(pOPMATUKK) TPUMEHUMBI 11 W3MEPEHUs W OIHCAHUA JII0OOTO IPOCTPAHCTBEHHOTO
KOCMHYECKOTO Testa. MeTosibl KapTorpaduu MMEIOT OrpaHUYEHUs IIPU OMFCAHUM KOCMUYECKUX TeJ,
UMeIuX He peryasapHyio ¢dopmy. Takasa ¢opma xapakTepHa Ul MaJblX HeOECHBIX TeJl.
OrpanuyeHusi Kaprorpaduueckoro Merosa OOyC/IOBJIEHBI YIPOIIEHUSMH U PEAYKIHEH pealbHOTO
TeJla K TEeOMETPpUYECKH IMpaBWIbHOMY aHajory. OrpaHudeHus KapTorpaduyeckoro MeToza
00yCJIOBJIEHBI JIOIIOJTHUTETLHBIMU HUCKAKEHUAMHU KapTOrpapUUecKuX MPOEKINH O0€30THOCUTEIHHO K
dopme Tena. JIOCTOMHCTBOM U HEJOCTAaTKOM KapTOrpacdHUecKoro MeToJla SBJISETCS MPUMEHEHUE
KOH(OPMHBIX IPe0Opa30BaHUSA JIJIA BCETO ITPOCTPAHCTBEHHOTO Tejla. FIMEeHHO M03TOMY /IS OIIUCAHUSA
IIPOCTPAHCTBEHHOTO 00'bEKTA UCIOJIB3YIOT OJ/HY IpOCcTpaHcTBeHHYyIo durypy. IIpu kaprorpaduueckom
I0/IX0/1e HEOOXO/IMMO OIIpe/iesIeHNe IT0JII0COB IJIaHETHI U ee YCJIOBHOTO LIeHTpa.

leone3uueckuil MOAXOA fABJAETCA AJBTEPHATUBOM KapTorpaduueckoMy IOAXOAY IIpU
onucannu MHT. OH He TpeOyeT mprMeHeHUs TPaBUILHON reOMETPUYECKON (UTYPhI KAK OCHOBBI
Masioro HebecHOTO Tesya. ['eo/le3MYECKUi TMOAXOM JOIYCKAeT He IJIAJAKOCTh ITOBEPXHOCTH.
OH OIKCHIBAET MOBEPXHOCTH C TTOMOIIBI0 TPUAHTYJISIIIUOHHON Mo/iesiu. Takol 1moIX0 ] UCKITI0YaeT
OTIpe/ieJIeHUEe TOJIIOCOB WM IleHTpa Tesa. Ho oH 3amaeT mpobJieMy HeperyJsspHON pa3BEpPTKH.
Ho TexHUUYeCKM TpHAHTY/IAIMOHHAS TIOBEPXHOCTH MOXKET OBITh JIETKO pa3pe3aHa U
TpaHcGHOPMHUPOBAHA B IJIOCKOCTH JIJIs IIOJIyYeHHs IVIOCKOW BU3YaJIbHOU Mojieiu. Takas Mojiesb He
SIBJISIETCSI KaPTOH B OOIIENPUHATOM NMOHUMAaHUH. HO OHA MO3BOJISAET peliaTh 3a[a4i HaBUTAI[UH
Ha MajJoM Tejle. Masioe Tesl0 MOXKeT OBITh TOKPHITO 3aMKHYTOU TPHUAHTYJIAIMOHHOMN
reoziesuueckoil cerpio. CraThsi MOATBEPXKAAET BBIBOJ, O TOM, UTO TeOMETpHUs, Treojle3us u
reonH(opMaTHKa, HECMOTPsI Ha KOPHEBYIO YaCTh CJIOBA «T€0», IPUMEHUMBI JJIf UCCIE0BAHUS U
U3MepPEHUN KOCMUYECKUX TeJ.
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AnHoTanua. CTaThs HCC/IeyeT 0COOEHHOCTU NMPUMEHEHUS KOCMUYECKOH TreoJie3uu IpU
ONMCAaHUU MasbIX HebOecHBIX Tes. [IokazaHO pasiuyre MeXIy reofie3MuecKod acTPOHOMHEH U
KOCMUUYecKON reojie3mell. ONUCAaHBl OCHOBHBIE 3TAlbl KapTOrpauuecKoro MOJETHMPOBAHUA.
Kaprorpaduueckoe MoaennpoBaHHEe KOCMUYECKUX TeJl WJIM KOCMHUYEecKoe KaprorpadupoBaHue
BKJIIOYAeT TpU dTama. IlepBhIil sTam mpeoOpasyeT HUCXOJHOE KOCMUYECKOE TeJIO B 3TAJIOHHOE
reoMeTprUYecKoe Teao. IDTAJIOHHOE TeOMeTPpUYECKOe TeyIo IIpeoOpas3ylT Ha BTOPOM STame B
reoMeTpuyecKkyro GUrypy, UMeIIyl0 pas3BepTKy. [‘eomerpuueckas durypa mnpeobpasyercs B
IUIOCKYIO pa3BepPTKy Ha TpeTheM 3Tame. KoHdopMHBIE IpeoOpa30BaHUA CIIY»KAT OCHOBOU
peayM3aluil BTOPOTO U TpeThero BSrTamoB. I[IpobyieMbl TOABIAIOTCA HA IEPBOM STarlle
MIPOCTPAHCTBEHHBIX  MIpeoOpa3oBaHUi. HeperyjaspHOCTh  KOCMHYECKOTO Tejla  CO3/A€eT
3HAYUTEJIbHbIE WMCKAKEHUs MPU MOCTPOEHHH €r0 MOBEPXHOCTU. ABTOPBI CTAThU IPEJJIaraloT B
KayecTBe aJbTEPHATUBBI Teofie3MUecKoe MOJEJTMPOBaHUE U Teofie3uvecKue IIOCTPOEHUA.
lFeome3myeckoe KOCMUYECKOE MOJEJUPOBaHUE sBJsAeTcs 0000IIeHreM Teofie3BUYeCcKux U
dororpammerpruyeckux ~— u3MepeHHH. JInA  MasbIX  KOCMHYECKHMX  TeX  IIPUMEHSIOT
dororpammerpruyeckue MeToAbl U3MepeHH. Ha oOCHOBe Te0/Ie3WYECKOTO MOJIeJTUPOBAHUS
(hOpMUPYIOT TPEXMEPHYIO TPUAHTY/IAIUOHHYI0 MOZeb. CTaThs IMOATBEPIK/IAET BBIBOJL O TOM, UTO
reoMeTpus, reose3uss W reonuHGOpMaTHKa — MPUMEHUMBI /IS HCCIENOBAHUSA U H3MEPEHUH
KOCMUYECKHX TeJ.

KiioueBble cjIoBa: KOCMHUUYECKHE HCC/IEIOBAHUSA, KOCMUYECKas Teofie3us, reoMeTpHs,
PeAyKIHs, KOCMUYECKHe TeJla, Mayible HeOeCHBIE TeJla MOJETUPOBAHUE.
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Planetary Research Information Systems
Viktor P. Savinych 2.~
aMoscow State University of Geodesy and Cartography, Russian Federation

Abstract

The article explores information systems for planetary research. The article reveals the
principles of building information systems. The result of the information system is structured
information and knowledge. The primary function of an information system is the structuring and
systematization of initial information. The article introduces the concept of object and spatial space
analysis. The principles of operation of information systems are described. The article conducts a
comparative analysis of planetary systems. The features of various information planetary systems
are described. Modern information systems on a planetary theme perform accumulative functions.
They perform poorly analytical functions.

Keywords: space research, information systems, planetary systems, modeling, spatial
analysis.

1. BBegenue

I[To Mepe pa3BuTuUdg JIIOOOTO  HAYYHOTO  HANPABJIEHUS  HAKAIUIMBAeTCA  HE
CHUCTEMATU3UPOBAHHBIM Marepuas, KOTOPBIM HeoOXOUMO cHuCTeMaTu3upoBaTh. KocMuueckue
HCCJIe/IOBAHUS UCIIOJIb3YIOT OObEKTHBIN aHAIN3 U POCTPAaHCTBEeHHBIN aHamu3 (Borcard, Legendre,
2002; Fotheringham, Rogerson, 2013). OOBEKTHBI aHAIN3 HCCIEyeT KOCMHYECKOE TEJIO
6e30THOCUTEIFHO K €r0 OKPYKeHHI0. B Teopum MozieITMpOBaHUA 3TO HA3bIBAIOT CEMAHTUYECKUM
okpy:xkeauem (Bynrakos, 1[BeTkoB, 2018). IIpocTpaHCTBEHHBI  aHANHN3  SABJISETCSA
MHOTOACIEKTHBIM TOHATHEM (MoHaxoB u Jip., 2005). OH MOXKeT ObITh PACCMOTPEH KaK METO/
KJIacCU(UKAIUK, METOJT CUCTEMAaTHU3AllNH, METO/, UAEHTU(PUKAIINN, METO] PEIIEHUS TPUKJIaTHbBIX
3aj1a4, METOJT MOJIEJIMPOBAaHUA U KaK MeTOJ MO3HaHUA. [IpOCTpAaHCTBEHHBIA aHAIU3 KaK METO]
HAyYHOTO ITO3HAHHSA OIHMPAEeTCs Ha CHCTEMATH3WpPOBaHHYI HH@opmanwio. [losTomy s ero
IpUMEHEHUs HeoOXOAWMO CHCTEMATH3UPOBaTh WHMOPMAIUI0 W IO BO3MOXKHOCTH €€
KJ1acCU(PUINPOBATE. Heonenumyto IIOMOIITh B CUCTEMaTU3aIUU u XpaHeHUue
CHCTEMaTH3UPOBAHHOM HMH(OpMANU OKa3bIBAIOT HHMOpManuoHHble cucTeMsl (Sigov, Tsvetkov,
2015). OHU MOTyT OBITh CIENUATU3UPOBAHHBIMU UM YHUBEPCAJIBHBIMU. YHHUBEpCAJIbHbBIE
WHOOpPMAIUOHHbIE CHCTEMBI IIPUMEHSAIOT B OUOIMOTEKaX, BKJIOUAsA 3JIEKTPOHHBbIE OMOJIMOTEKH.
ATU CHUCTEeMBI PelIaloT 33/1a4l NH(POPMAIIMOHHO CIPABOYHOI0O XapakTepa. Clienuajn3upoBaHHbIe
UHOpPMAIUOHHbIE CHCTEMBI NMPUMEHSAIOT, B MPUKJIAAHBIX 00sacTaAx. OHU IMO3BOJIAIT pelaTh
cHeluabHble 33/]JaYU U MOJIy4yaTh HOBblE 3HAHUA. [IpOCTpaHCTBEHHBIN aHAIN3 C UCIIOJIb30BAHUEM
CHEIUATU3UPOBAHHBIX HH(POPMAIIMOHHBIX CHUCTEM CBSI3aH C H3BJIE€YEHHEM HESBHBIX 3HAHUU
(ISO/IEC 2382). U3BieueHue HESABHBIX B3HAHUHU SABJAETCA OJHOM W3 OCHOBHBIX 3aa4
KOCMHMYECKUX UCCIIeZJOBAHUI.

* Corresponding author
E-mail addresses: president@miigaik.ru (V.P. Savinych)
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2. Pe3yabTarsl

IIpuHIMNIBI OPraHU3anuyu HHPOPMAITMOHHBIX CUCTEM

B coorBerctBum co cranzaprom ISO (®PenepanbHbIA 3aKOH..., 2006) wWHpOpMaNHOHHAs
cucrema (MC) — »T0 cucrema, TmpeJHa3HAuUeHHas I XpaHEHUs, IOUCKa U 00paboOTKU
uHopmaruu. MHDopmManmoHHas cuCTEMa HMEET 4eJOoBeUecKUue, TeXHUUecKue, (UHAHCOBbIE
pecypchl, KOTOpble o0ecreunBaloT 00pabOoTKy U pacipocTpaHeHre WHOpMauu. ITO MMO3BOJISAET
JlaTh MPUHITUITHAIBHYIO cXeMy HH(GOPMAIIMOHHON CHCTEMbBI, KOTOpas JjaHa Ha PucyHke 1.

HecTpyktypupoBaHHas
NHOPMaKLUNS

- =

0 ©

g o NHdpopmaunoHHas |z

S cuctema g

o C

CTpyKkTypypoBaHHas Y
WHopmaums

Puc. 1. [IpuHnunuanpHas cxema HHPOPMaIIMOHHON CUCTEMBbI

[MTornmanme UHPOPMAITMOHHON CUCTEMBI TIO/IPA3YMEBAET, UTO €€ KOMIIOHEHTAMU SIBJISIOTCA:
JlaHHbIE, TEXHUYECKOe U IIpOrpaMMHOe obeclieueHue, a Takyke IepcoHas. IIIMpoko TpakTyer
noHATHe «WH(GOPMAIMOHHON cucteMbl» (GelepanbHblii  3akoH Poccuiickoit ®enepanuu
«06 nHopManuu, THPOPMAITMOHHBIX TEXHOJIOTHAX U O 3alluTe WHOOpMAIUU», IoApasyMeBast
o] HGOPMAIIMOHHONW CUCTEMOM COBOKYITHOCTD COZlep Kaleicss B 6a3ax IaHHBIX WHPOPMAIUH U
obecreynBaroux €€ 00paboTKy WHOOPMAIMOHHBIX TEXHOJOTUH M TEXHHYECKUX CPEJICTB
(®enepanbHBINA 3aKOH..., 2006).

ITo muenuto M.P. Koranosckoro (Tsvetkov, 2014a) B moHATHE MHPOPMAIIMOHHON CHCTEMBI
IIOMUMO JaHHBIX, IPOTPAMM, allllapaTHOTO OOecredYeHHs U JIIOJCKUX PECYPCOB CIIEAYeT TaKKe
BKJIIOYATh KOMMYHHKAIIMOHHOE 000PY/IOBaHUE, JIMHTBUCTUUECKHUE CPEJICTBA M MHGMOPMAIIIOHHbBIE
pecypchl, KOTOpble B COBOKYITHOCTH OOpasyloT cHUCTeMy, OOeCIeYHBAIONIyI0 IOAJEPKKY
JUHAMUYECKOW  WHGOPMAIMOHHONW  MOZENU  KapTHUHBl MHpa Ui YAOBJIETBOPEHUS
nHGOPMAIMOHHBIX TOTpebHOCTeH ostb3oBarenel (Egret et al., 1991).

Takum oOpa3oM, Jjis MPOBeJIeHUA CUCTEMAaTU3UPOBAHHBIX HCCJIeJIOBAHUN B J1I000I 001aCTH
HeoOXxoarMa MHGOPMAIMOHHAsA CHCTEMAa KaK CPEJICTBO CHCTEMAaTH3aIluu WHOOpPMAIUU, KOTopast
obecrieyrBaeT BCeOOBEMIIIOIIUN aHaaW3. B 00J1aCTH IUIAaHETHBIX WCCJIEIOBAaHUN TaKUMH
MHOOPMAIMOHHBIMH CUCTEMAMH SIBJITIOTCS IJIaHETHbIE HH(GOPMAIIUOHHBIE CHCTEMBI.

AHa 3 nHPOPMAITMOHHBIX CHCTEM IO IVIAHETHOU TeMaTHKe.

Universe Today. OTKpbeITBIH B MapTe 1999 roza moptan Universe Today (UT) siBnsercs
OHUM U3 CaMbIX KPYIHBIX 3apyOesKHbIX HH(POPMAIMOHHBIX PECypCOB II0 KOCMHYECKOH U
aCTPOHOMHYECKON TeMaTHuKe. B OCHOBY caiTa, €KeIHEBHO IIOTOJIHSIONIET0CS HECKOJIbKUMU
HOBOCTSIMHU, JIerJla CHCTeMa yIpaBjieHus cozep:kanueM WordPress. HoBoctu pecypca
pasTpynIupoBaHbl Ha 89 TemMaTmyecKux Kareropuii. Cpeau HUX HamboJsiee KPYIHBIMU SIBJISTFOTCS:
actpoHomusi, Mapc, CaTrypH, KOCMUYeCKHe TIOJIEThI, HAOJIOAeHUsT 3eMJIH, acTepouzbl, Xabo0Jr,
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CIOYTHUKU. B KaXk/101 M3 STUX KaTeropuil MpUCYTCTByeT He MeHee 200 3amucei

[TpuBesieHa cTpaHUYKA IOPTAJA.
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Written by Fraser Cain

Mars is the 4th planet from the Sun, and one of the 5

planets visible with the unaided eye ~ it's impossible to
say who actually discovered Mars. When Mars is

closest to the Earth, it becomes one of the brightest

stars in the sky, appearing bright and red. Because of
this bright red color, ancient peoples associated Mars
with blood and war. The ancient Romans named Mars
after their god of War, the same persona as the Greek

Mars. Credit: NASA

god Ares. The symbol for Mars also represents the god
of War.

Mars orbits the Sun at an average distance of 228 million km, which is about 1.5 times the
distance of the Earth to the Sun. Earth and Mars can get as close as 54.6 million km apart,
making Earth the closest planet to Mars.

The size of Mars makes it the third largest terrestrial planet, after Earth and Venus. The
diameter of Mars is 6,792 km across. This is about half the diameter of Earth. The mass of

Mars is even lower; the planet has a mass of 6.42 x 102> kg, which gives it a mass of only
10% compared to Earth. This lower mass gives Mars a much lower gravity. If you could stand
on the surface of Mars, you would experi about 38% the force of gravity that you
experience on Earth. The volume of Mars is only 15% the volume of Earth.

Like all of the planets in the Solar System, Mars formed approxi 4.6 billion years ago

when the solar nebula Scientists the age of Mars by studying

meteorites from Mars that landed on Earth millions of years ago.

The composition of Mars, is similar to the Earth. The surface is mostly volcanic in origin, with

vast plains of basaltic rock — this gives Mars its red color. The density of Mars is 3.94 glcma,
which means that it probably does have a core of iron below the surface, but scientists don't
think it rotates, like we have on Earth, and so, the Mars lacks a significant magnetic field.

Without a magnetic field, Mars has no protection from the solar wind and radiation from space

— this would make it almost impossible for life on Mars to exist at the surface; but it could be

underground.
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Puc. 2. Crpanuna nadopmaruonHoii cucrembl Universe Today

. Ha Pucysnke 2.

B wurone 2003 roga OpL1 3amyieH GopyM, CO3/IaHHBIA HAa OCHOBe ABMIKKA Invision Power

Board. Ha xoudepennuu

peasin3oBaHa

BO3MOXHOCTb

3arpy3Ku

I1I0JIb30OBaTEIAMA

acTpoHOMUYeCcKUX u3obpakeHuil. Pazzmen Astronomy Cast, KOTOpBIN IO3BOJIET CKAYUBATH U
IIpOCIIyIIUBATh ayAHO-IIOJAKACTHhI. Cpe,un HUX B OCHOBHOM AUCKYCCHH, KOTOpbI€ OXBaTbIBAIOT U
OOBSICHAIOT MHOTHE acTpoHOMuYeckue siBjieHus. Camblii oO0beMHBINH pazzaen Guide to Space

COCTOUT U3 HECKOJIBKUX MOAPYOPUK:

e The Solar System (uadopmaruu o mianerax CoTHEUHOH CUCTEMBI);
e Outer Space (MaTepuanbl 0 3B€3/aX, raJlAKTHKAX, MJIEYHOM IIyTH, YEPHBIX IBIpaX U

BCEJIEHHOMH);

e Astronomy Equipment (uadopmMarus o Tesieckonax);
e  Observing (actpoHOMUsI, CO3BE3AMs, KaTaJIoT Mecche);
e  Spaceflight (uadopmanus o mpoexkrax Mepkypuii u 'emunn);

e  Other Sciences (¢pusuka).

CrpykTypa cucteMbl IpuBesieHa Ha PucyHke 3.
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Puc. 3. Crpykrypa nadopmanuonHoi cucremsl Universe Today

SIMBAD. The Set of Identifications, Measurements, and Bibliography for Astronomical Data
— SIMBAD mnpencrasisier coboil 6a3y JaHHBIX ACTPOHOMHUYECKHX OOBEKTOB 3a IIpesesiaMHu
Conneuynoil cucrembl. OHa HaxonuTcss B BefeHHUU CTpacOyprckoro IEHTPpa aCTPOHOMHYECKHX
nanHbIxX (Centre de Données astronomiques de Strasbourg (CDS)), ®panmus (Wenger et al., 2000;
Helou et al., 1991).

baza manabix SIMBAD ObLta co3aHa IyTeM CIIUSAHUS KaTajaora 3BE3THBIX UAeHTHOUKAIIUI
(CSI) u 6bubsmorpadruUecKoro 3Be3HOTO WHJAEKCA U PACHIUPEHUS UX 34 CUET JOTOJTHUTETbHBIX
HMCTOYHUKOB JIAHHBIX M3 JIDYTUX KaTaJOTOB W HAyYHOU JuTeparypbl. IlepBas oHIaWHOBasf
WHTEPAKTUBHAS BEpCHs, U3BeCTHAasA Kak «Bepcus 2», Obuta mpezacraBieHa B 1981 rogy. «Bepcus
3», paspaboranHas Ha sa3bike C m paboratomas Ha 1wiatr¢popme UNIX B crpacOyprekoit
obcepBaTOpHH, ObLJIA BBIMYIIEHA B 1990 roay. OceHbI0 2006 rojia yBHUea cBeT «Bepcus 4» 6a3bl
JAHHBIX, KOTOpas B Hacrosllee BpeMms xpaHutcad B CYB]] PostgreSQL u nmosHOCTBIO HamucaHa Ha
Java (PucyHOK 4).
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SINBAD can bo quenod Dy obyoct name, COONSNates and various critera. Lists of 13,875,274 certens

objects and scripts can be submited
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Ackmowledgment
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SIMBAD on the Web is the WWW infertace 10 the SIMBAD catabase. & offers the folowing funcionaltios.

« Quory by donstiors and around identifiers
« Quory by coordnates, specfying the radus and the egunox
. - dbooce

.m:mwmumwvvmmwy
Norocwer, the storace provides brks with many Ofer data $00vices.

+ Links 10 the o COS services: Tadles in VizeR, anmmcrmm ks 10 Aladies images, surveys and chsernvatory iogs.
.mwmmnmmmwmnmmm & provided
« identifiers are Inkod 10 ™o NOMenciatune Scticnary, providing il muwmmm when avaslable, Oflerng Grect AcCess 10 the COMeapondng
caaiogoe 0 the COS catslogue servics (VizkeR and Bazaar)
+ Evory Dibcode i & nk 10 the underlying DdEcgrashic information, ather a2 CDS, at ADS, or ot the jourmal 550 when svilable. Links 10 the full text of paper are
Mo Casen.

For articios containing tables stcred at CDS, e teferonco provides akso a Srk 2 the tadie or catslogue
* Alink 19 the Hoasars databese (NASAGSFC) is proposod when an obinct has identhiens in Ngh enorgy Cataiogues,
« IUE measuromants contain an anchor which points 1 e $pocta $ioced in 0 INES database.
+ Tho mags produced by coordnalo Guores ar chquabio and returm 1o cbject information Som SIMBAD.

SIMBAD on the Web has all the functionaliies provided Dy XSimbad, ater the adaton of st queses in March 2001, XSimdad sofeaso is thus Not maintained any more.

Puc. 4. I'maBHas crpanuna nadopmanruoHHou cucrembl SIMBAD

Crpykrypro SIMBAD cocrout u3 Tpex y37108B (PucyHoK 5):

¢ Queries — HEMOCPE/ICTBEHHO MTOUCK 10 H6a3e TaHHBIX;

¢ Documentation — pykoBozicTBO 110 paboTe ¢ 6a30¥ JaHHBIX;
¢ Information — npuksasHas uHGOpMAITHL.

SIMBAD
/w\
Queries Documentation Information

Puc. 5. Ctpykrypa undopmaruoHHou cuctembl SIMBAD

Jna ykazanua ccpuiok Ha jutepaTtypy B SIMBAD npumeHsercs clielfUaJbHO IS HETO
paspaboranubiii uaeHTHUGUKATOp Bibcode, KoTOpBIH celvac HCHIOJIB3yeTCs 0OoJiee ITUPOKO,
HanpuMmep, B cucremax NASA/IPAC Extragalactic Database (NED) u NASA Astrophysics Data
System. Koy o61aaeT GpUKCUpOBAaHHOH JIMHOHN U3 19 CHMBOJIOB U UMEET CIIEAYIONTUH BU/;:

YYYYJJJJIJVVVVMPPPPA, rme YYYY — 4-3HauHbIi TrofA ccbuiku; JJJJJ — Kop,
YKa3bIBAIOIUH, I7le CChUIKA ObLIa olrybinkoBaHa; VVVV — HoMmep JKypHasia; M — pasjies )KypHaia,
PPPP - wnHomep crpanumpbl; A — mepBasg OykBa (daMWIHsA NEepPBOTO aBTOpa; IMepuoabl (.)
HCIIOJIb3YIOTCS JIJIsl 3alOJIHEHUsI HEUCIIOIb3yeMbIx mmosiel. Ilomumo Bibcode, SIMBAD mno3BosisieT
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OCYIIIECTBJISITH ITOUCK 10 HUAeHTU(PUKATOPY 00BEKTa, ero KOOpAUHATaM, (PU3UUECKUM CBOMCTBAM U
JIPyTUM KpuTepusiM. B uecTb 3TOM 6a3bl JaHHBIX ObLT Ha3zBaH acrepous 4692 SIMBAD (1983 VM7).

NASA/IPAC Extragalactic Database. Bueranaktuueckas 6a3a nqanabix NASA/IPAC (NED)
SIBJISIETCSI OHJIAMHOBOM aCTPOHOMHYECKOW 0a30i JaHHBIX, KOTOpas COOUpAaeT U OCYIIECTBJISIET
B3aUMHYIO KOPPEJISIIHIO aCTPOHOMUYECKHUX JIAHHBIX O BHEraJlaKTUUYECKHX O0BeKTax (TalaKTHKH,
KBasapbl, paJiio, PEHTTeHOBCKHe U nHpakpacHble uctouHuku u T.7.) (Helou et al., 1995; Kurtz et
al., 1993). Pabora NED mnoazep:kuBaercs Jlaboparopueir peakTuBHOTO ABrkeHus (Jet Propulsion
Laboratory) B kammyce KanudopHHIECKOTO TEXHOJIOTMYECKOTO HHCTUTYTA, 0 KOHTpakTy ¢ HACA
(Pucynox 6).

4

Latest spdaten to NED content and taterface (MayUune 2010)

'
. m«m;,mmh:momnmmm

= Orver 760,000 new data entries Y

» Additions to Leyels, lncinding G. De Zotsl of al. C2019) .
+ Spectra from & Kesnlostt (2006 sad Brauber of al. (2008) .
» Galxy Morpholegyi 16,274 entries from The Uppsalla survey of the ESOON) Atlss
+ New foatmres In the Chassifcations by Offect Name service

imm
| Lasest News Updates

Puc. 6. 'nmaBuas crpanuna napopmanuonHoi cucrembl NASA/IPAC Extragalactic Database

baza manuabix NED (PucyHok 7)cozep:xuT nHdopmarum: 06 0K0JIO 200 MJIH. YHHUKAJIbHBIX
aCTPOHOMHUYECKUX OOBEKTOB; Oosiee 5 MJTH. OOBEKTOB, CBSIBAHHBIX C 75.372 CCHUIKAMH; OKOJIO
200 MJIH. MYJIBTUBOJTHOBBIX KpOCC-UZIEHTU(MUKAIUA MeXJIy oO0beKkramu; 0Oojiee 2 MIIPA.
doromerpuueckux usMepeHuil; 6osee 1,7 MJIH. OOBEKTOB C KaK MHUHUMYM OJIHUM KpaCHBIM
cMmeleHneM; Oojiee 170 JleTaJbHBIX Kiaccupuranuidl a1 o0bekToB. CTPYKTypa CHCTEMBI
npuBezeHa Ha PucyHke 7.

Objects Data

e

NASA/IPAC Extragalactic )
Database > Literature
/
Tools Info

Puc. 7. Ctpykrypa uadopmarnonHoii cuctembl NASA/IPAC Extragalactic Database
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NASA/IPAC Extragalactic Database npe/icraBieHa 5 paszeaamu:

¢ Objects (rmouck 06bEKTOB IO UMEHH, PACIIOJIOKEHUIO, TUITY, KOy U IPYTHM IapaMeTpam);

¢ Data (mouck n3obpakeHui 10 HA3BaHUIO 0O'bEKTA WJIN PETUOHY, HOUCK (DOTOMETPHUUECKUX
JIAHHBIX U JIAHHBIX 10 Oa3e CIEKTPOB);

e Literature (momck abGCTpakTOB UM JIUTEPATYyphl IO HA3BAHHUIO OOBEKTA, MMEHU aBTOpA U
KJIFOUEBBIM CJIOBAM);

eTools (koHBepTEpPHI KOOPAWHAT, KOCMOJIOTHUECKHE KAJIbKYJSATOPBI U  JIDYTHE
UHCTPYMEHTHI);

¢ Info (HOBoCTH, 0630p U YaCThIE BOIIPOCHI O CUCTEME, KATAJIOT CChUIOK, TAHHBIE O KOMaH/Ie U
criocobax CBs3U).

B 6a3y mamupix NASA/IPAC Extragalactic Database perysisapHO BHOCATCA JTONOJIHEHUA U
nonpaBku. Kpome Toro, BHOCATCS U3MEHEHUA U B CTPYKTYPY, HaIIpUMeD, T00aBIAIOTCA UKOHKHU U
CCBUIKM Ha [IONOJIHUTEJbHYI0 HH@opManuio. K coxxaneHuo, HU3MeHeHUs He 3aTparuBaroT
rpadgudeckoe oopMJIeHHe CTPAaHMIL IIOMCKA U ero pesysabraTtoB. CieayeT 3aMeTUTh, YTO OHO He
caMoe JIy4lllee — YUTaTh CBETJIO-O€KEBBIA TEKCT HA TeMHOM (OHE ¢ HEPABHOMEDPHOU TEKCTYPOU
Hey/T00HO.

The SAO/NASA Astrophysics Data System. Actpodusudeckass nHGOPMAIIHOHHAS CHCTEMA
HACA (ADS - Astrophysics Data System, nanee AUIC HACA) — 3To 3yieKTpOHHAasi OUOJINOTEKA,
cocrosias 6osiee yeM u3 8,4 MUTH. JOKYMEHTOB 110 aCTPOHOMUU U (pusmke ¢ Havasa XIX Beka Kak
U3 PeleH3upPyeEMBIX, TaK U U3 HEpereH3UPyeMbIX UCTOUYHUKOB. OCHOBHAA 4dacTh AaHHBIX ADS
cocTouT U3 OmMOMOTpadUUEeCKUX 3arucell M OTCKAHUPOBAHHON aCTPOHOMMYECKOH JIMTEPATYPHI,
KOTOpBbI€ JIOCTYIIHBI /IS IIOMCKA Yepe3 IMIMPOoKo HacTpauBaeMble dopmbl 3ampoca (Eichhorn et al.,
1995; McMahon, 1996).

Jlna MHOruX cTaTell B CHUCTeMe JIOCTYIHBI OecmiaTHble pedepaTbl. OTCKaHUPOBAHHBIE
crapble craTbu pasMelreHbl B ¢popmarax GIF u PDF. HoBble cTaThu COPOBOKAEHBI CCHIJIKAMM Ha
BJIEKTPOHHBbIE BepCHU, pa3MellleHHble Ha calTax >KypHaJIOB. JJIEKTPOHHBbIE BepCHUU OOBIYHO
JIOCTYIIHBI 10 IUIATHOW MOJIMHMCKE, KOTOpas, KaK IPaBUJIO, €CTh Yy OOJIBIIMHCTBA (AKYJIBTETOB
aCTPOHOMHYECKUX HcciieioBanuil (PucyHok 8).

ITepBas Bepcus AVIC HACA 6buia co3gana B 1988 roay W cocTosia U3 40 JOKYMEHTOB.
Jletom 1993 6asa ganHbix AIC HACA ObLia ycremrHo HoAkJIioueHa K 6asze maHHbIXx SIMBAD.
[TepBoHaYaIbHO CepBUC OBLI TOCTYIIEH TOJIBKO BO BHyTpeHHeN cetrt HACA, HO B Hauasie 1994 roza
CTaJl JIOCTYIIEH BCeM IIOJb30BaTeIsIM 3apokjamlieiica BcemupHoW mnaytuHbl. Ywuciio
MIOJIb30BaTEJIEN CEPBHCA 32 IATh HeEJENb mocje omyosmkoBaHus ero B Murepuere AVIC HACA
BO3POCJIO B UeTHIpE pasa.
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Puc. 8. I'naBHad crpanuna nHGOPMaIMOHHON CUCTEMBI
The SAO/NASA Astrophysics Data System

Buauasie kypHanbHble cTaThbu, pgoctynHble B AVMC HACA, mnpexacraBiasim cobou
OTCKaHUPOBAHHBIE ¢ OYMa)KHBIX KYPHAJIOB PAacTPOBblE M300pa’keHUs, HO C 1995 roJila U Jlajiee
Astrophysical Journal cras myGiuKOBaTH 3JIEKTPOHHYIO BEPCHIO, 32 HUM BCKOpPE IOCJIENO0BAIU
ZIpyTHe KPYIHBbIE JKypHaIbI, Takue Kak Astronomy and Astrophysics u Monthly Notices of the
Royal Astronomical Society. C mosiByieHreM Takux 3y1eKTpoHHbIX Bepcuiit AUC HACA crasna gaBaTh
Ha HUX ccbuiku. I[IpumepHo ¢ 1995 roza uucino nosb3oBaTeneit AIC HACA ynaBamBasioch
pUOJIN3UTEIBHO KaXK/ible /iBa rojia. B Hacrosee Bpemsa AVIC HACA 3aksioueHsl COTJIallleHus o
MpeAOCTaBIeEHUH pedepaToB MPAKTHYECKU CO BCEMHU ACTPOHOMHUYECKUMH JKypHajaMu (OKOJIO
200 HAaMEHOBaHUH).

AVIC HACA paboTaer Ha CIlel[iaJIbHO HAITMCAHHOM JIJIs1 Hee MIPOrpaMMHOM O0ecrieYeHuH Ha
mwiatpopme Linux. OcHOBHOH cepBep (BOWHOUN 64-paspsamaubiii cepBep Intel X86 ¢ aByms
yeTbIpexbsiepHbIMu mporneccopamu 3,0 I'Tn u 32 I'6 omepaTMBHOW MaMATH) HAXOAUTCA B
FapBapa-CMuTcOHOBCKOM acTpoduduueckoM IeHTpe B KemOpuke. 3epkajia pacrosOKeHbI B
bpaswiun, Bemukobpuranuu, [epmanum, Wuauu, Wupgoneswu, Kwurae, Poccum, Ykpawuwne,
O®pannyu, Ywmwm, Hxa0it Kopee m fAlmonmu. baza JaHHBIX CHHXPOHHU3HPYETCA IIOCPEJICTBOM
eKeHeJIeJIbHBIX OOHOBJIEHUHN C HCIIOJIb30BAaHUEM YTHJIUTHI 3€PKAJIbHOTO KOIIMPOBAHUA, KOTOpPas
M03BOJIA€T OOHOBJIATH TOJIBKO Te YacTH 0a3bl JIAHHBIX, KOTOpble U3MeHWINCh. Bce 0OHOBIEHUS
3aMyCKalTCA [EHTPAIN30BAHHO, IIyTeM 3allycKa CKPUIITOB HA 3epKajiaX, KOTOpble IepeMellaloT
obHoBJIeHUs ¢ 1y1aBHBIX cepBepoB AVIC HACA (PucyHok 9).
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Puc. 9. Crpykrypa undopmainuonHoi cucreMmbl The SAO/NASA Astrophysics Data System

PaccmoTpuM, B KakoM BHJle XpaHATCA JaHHble B HHGpOpManUOHHOU cucrteme ADS.
JIOKyMeHTBbI UH/IEKCUPYIOTCA B 0a3e JIAHHBIX MO UX OMOIMOTpAdUUECKUM 3aMHCAM. DTH 3alUCH
coziep;kaT wHGOPMAIUIO O JKypHajie, B KOTOPOM OHH OBLIM OIyOJMKOBAHBI, W Pa3IUUHbIE
CBsA3aHHbIE C HUMU MeTaJ/JaHHble, TaKHe, KaK CIIUCOK aBTOPOB, CChUIKU U ITUTATHI. [lepBoHAYaIbHO
9TU JaHHble XpaHwinch B ¢popmate ASCII, HO B 2000 roay 6N mepeBeneHbl B dopmaT XML
(Extensible Markup Language). bubinorpadguueckue 3amucu B HACTOsAINEe BpPeMs XPAHATCA B
BH/ie ssieMeHTOB XML ¢ cy6-aieMeHTaMu /1A Pa3/INUHBbIX METaJaHHBIX.

C nosByieHMEM 3JIEKTPOHHBIX BEPCUH >KypHAJI0B a0OCTPaKThl cTajau 3arpykatbcs B ADS
OJTHOBPEMEHHO WU 10 ImyOnukanuu crateid. [TosHBIA »KypHaAJIbHBIM TEKCT Telephb JIOCTYIEH IO
noanvcke. Crapble cTaTby OBLIM OTCKAaHUPOBAHBI, 4 aOCTPAKTHI CO3/IaHBI IyTEM PACIIO3HABAHUSA
TEKCTa CHEIUTBHBIM IIPOrpaMMHBIM obecriedeHreM. OTCKaHUPOBAHHbBIE CTAaThU JI0 1995 TO/a B
OOJIBIIIITHCTBE JIOCTYIHBI /IS 0€CIIJIATHOTO TPOCMOTPA.

OTtckaHupoBaHHble cTaTbu xpaHATcsa B ¢opmate TIFF B cpeHeM 1 BBICOKOM paspelieHUM.
ITo Bampocy mnosb3oBarenss TIFF ¢aiiner korBeptupyoreas B ¢opmar GIF s 6eictporo
IIPOCMOTpA Ha dKpaHe, a Takke B PDF u PostScript — s nmeuatn. ['enepupyemble Gailabl 3aTeM
KAIIUPYIOTCA, 3TO IO3BOJISIET M30€KaTh YaCTOU pereHepaluyl IMOIYJISIPHBIX CTaTed U CHU3UTH
Harpy3ky Ha cepBep. B y ADS cozepxurca apxuB ADS cocrout u3 2 TGO OTCKaHHMPOBaHHBIX
MarepuayioB. [lepBoHayasibHO 6a3a JJaHHBIX COCTOSIJIA TOJIBKO M3 ACTPOHOMHYECKUX JAHHBIX,
HO Telleph COAEPKUT 3 0a3bl JAHHBIX, OXBATHIBAIOIIUX ACTPOHOMUIO (B TOM YHCJIE IIAHETHBIE
Hayku u pusuxy ConHua), GusuKy (B TOM YHCIe HAyKU O 3eMJie), a TaKKe MPENPUHTHI HayYHBIX
crateil u3 ArXiv. ActpoHoMuYeckas 0a3bl JAHHBIX HA CETOAHAIIHUU JleHb SBJsAeTcA Haubosiee
KPYITHOU U 3aHUMAaeT 0K0JI0 85 % ot ob1tero o6bema ADS. CTaTbul OTHOCATCSA K Pa3IMYHBIM Oa3aM
JIAHHBIX B COOTBETCTBUU C IIPEIMETOM, a He >KypPHAJIOM, B KOTOPOM OHHU OITyOJIMKOBaHbI. Takum
o06pas3oM, cTaThbu U3 JIFOOOTO KypHasla MOTYT IPHUCYTCTBOBAaTh BO BCEX TPeX TEMATHYECKHX Oazax
JNaHHbIX. Pa3nesneHne 6a3 JJaHHBIX IMO3BOJISET OCYIECTBJIATH IMOUCK B KUKAOU JHWCIUIUIMHE TaK,
YTO CJIOBA MOTYT aBTOMAaTUUY€ECKHU IOJIyUUTh pa3Hble BeCOBble (DYHKIINU IIPU MOUCKE B Pa3IUUHBIX
6azax TaHHBIX B 3aBUCHMOCTH OT UX PACIIPOCTPAHEHHOCTH B COOTBETCTBYIOIIEN 00J1aCTH.

JlaHHBIE B apXUBe MPENPUHTOB OOHOBJIAIOTCS €XKeHEBHO M3 ArXiv, IVIABHOTO XpaHWJIHIIA
MpenpUHTOB 0 ¢pusnKe U actpoHoMuu. [losgBieHNe TPENPUHT cepBEPOB, TakuxX Kak ADS, okazaso
3HAUUTEIbHOE BJIMSAHUE HA CKOPOCTh ACTPOHOMHYECKUX HCCJIEIOBAHUM, ITOCKOJIbKY ITyOJIMKAIUU
YacTO CTAHOBATCA JIOCTYIIHBIMHU C IPENPUHT CEPBEPOB 3a HEeIU WX MECAIBI 0 TOro, KaK OHU
OyayT OomyOJIMKOBaHBI B JKypHasiaX. BkitoueHme mpenpuHTOoB oT ArXiv B ADS o3Hauaer, yTo
IIOMCKOBAasg CHCTEMa MOXKET BbIZIaBaTh CaMble IIOCJIEJTHME W3 JOCTYIIHBIX HCCIe0OBAHUM,
C OTOBOPKOM, YTO MPENPHUHTHI, BO3MOKHO, ellle He ObLIN peleH3UPOBAaHbl WIN He IIPOBEPEHHI Ha
COOTBETCTBHE TpeOyeMbIM CTaHJApTaM /i MMyOaukanuyd B JKypHaysax. basa gamHbix ADS
CBA3BIBAET [0 Mepe BO3MOKHOCTU HPENPHUHTHI C BIOCJIECTBUM OIMyOJMKOBAHHBIMH CTAThAMU,
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IMO3TOMY IIOMCK IO IIUTAaTaM U CChLIKAM BBIZACT CCHUIKHM HA YKypHAJIbHBIE CTaTbU, I7le MPENPUHT
OBLI IPUBEJIEH.

C momeHTta 3amycka B 1992 roxy AMC HACA saBiserca MONIIHBIM HCCJIEA0BATEIBCKUM
WHCTPYMEHTOM, OKA3bIBAIOIIUM 3HAYUTEJIbHOE BIHAHUE HAa 3(GGEKTUBHOCTh aCTPOHOMHUYECKUX
uccsenopanuii. C momMolnpio coBpeMeHHOro mouckoBoro mexanuzma AVC HACA, cnenuasibHO
CO3/TAaHHOTO JJIsI HYKJ aCTPOHOMUH, WH(POPMAIMOHHbIE TTONCKU, KOTOPble 3aHUMAaId Obl paHee
JIHU WIN HEJIeJIU celuac MOKHO BBITIOJTHUTD 3a CEKYH/bI. VccienoBaHUs MOKa3ayid, YTO BBHITO/A
acrpoomuu ot AVIC HACA skBHBajJieHTHa HECKOJIBKUM COTHSAM MWLIHOHOB JosuiapoB CIITA
exeroHo. [1o mpubIU3UTETLHBIM OlIEHKaM CHUCTEMA YTPOMJIA ayJINTOPUIO HAYUHBIX KYPHAJIOB I10
aCTPOHOMMUHU.

Planetary Data System. Planetary Data System mpejacraBiser coboi pachpe/iesIeHHYIO
WHOOPMAIMOHHYIO CHCTeMY, KOTOPYI0 NASA WMCHoOb3yeT I XpaHEHUsS JTaHHBIX, COOPaHHBIX B
pe3yJibTare MUCCUH 10 u3ydeHuio COJTHEYHOH cHcTeMbl M Ha3eMHBIX uccienoBanuii (Hughes, Li,
1993; Hughes, 2005). 9Tu naHHbIE, KaK IPaBWIO, IOJYyYeHbl M3 IPOIUIBIX U HACTOSIIUX
IUTAaHETHBIX MHUCCHH (HCC/IeIoBaHUH, KOCMUYECKHX I0JIETOB), MpoBoAuMBIX NASA. O6palaer Ha
cebss BHMMaHUe pa3paboTka ceMmaHTUKH i 0asbl (Tsvetkov, 2013), 4TO AaeT BO3MOKHOCTH
peraTh 3aa49u ceMaHTU4Yeckoro mozaenupoBanus (Tsvetkov, 2014b). PDS paboraet ¢ mpoekrtamu
[I0JIETOB B TeUEHUE BCEX HTAIIOB HCCJIEIOBAaHUA — IIepe]l 3alyCKOM IIOMOTaeT IEPCOHAY,
CBSI3aHHOMY C IIPOEKTOM TIIOJIETA, ITPOEKTUPOBATh HAOOPHI JIAHHBIX W CHCTEMBI ITPOMU3BOJICTBA
JIAaHHBIX; B TE€YEeHWEe AaKTHBHON YaCTH MHCCHH — COOHUpaTh HOBBIE HAOOPHI JIAHHBIX; a IIOCJIE
3aBepIIeHNs] aKTUBHON YaCTH — cOOMpaTh HAaOOPHI IAHHBIX, OJydeHHbIe paHee (PrcyHOK 10).

@ POS: The Planetary Dats System
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Puc. 10. 'maBHas crpanuna nndopmauoHHOH cuctemsbl Planetary Data System

OcnoBHasg 1enp PDS — 3To mojiep:kanue apxuBa IJIAHETHBIX JJAHHBIX, K KOTOPBIM CMOTYT
MOJIyYUTh JIOCTYyN Oy/ylirie IOKOJEHUs y4YeHbBIX, MOHATh UX W HCIOJIb30BaTh. PDS mbiTaercs
obecrieuuTh COBMECTHMOCTh AapXUBa, MPHUAEPKUBAACh CTPOTHX CTAHJIAPTOB  XpaHEHUS
nadopmanuy, GopMaToB ApXUBHUPOBAHNS, a TAKXKE HEOOXOAUMOU TOKyMEHTAIUH.

Crpyktypa PDS cocrour u3 psAzga «y3aoB» II0 HECKOJBKMM HAYYHBIM JAUCIUILIMHAM,
KOTOpbIe MHAVUBU/IyaJIbHO KyPUPYIOTCA YUeHBIMH IO IJIaHeTHOH TeMaTuke. Planetary Data System
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BKJIIOUaeT 8 y3J10B (PI/ICYHOK 11), Ka}K,ZIblf/i U3 KOTOPBIX CIICNUAJIM3UPYETCA Ha OIPEACICHHOM THUIIE
JAaHHBIX. 5 Y3JIOB pacrpeaejieHbl MeXAy HAYyYHBIMH AJUCHUIIIMHAMH, a OCTaJIbHbIE 3 — Y3JIBbI
IIOAAEPKKU. B siomosiHeHNE €CTh HECKOJIBKO IIoAy3JI0B U Y3J/IOB IaHHBIX, TOYHBIN CTaTyC KOTOPBIX
MEHAETCA C TEHECHUEM BPEMECHU. Kaxxaeim 13 y3JI0B PYKOBOIUT OTILe]Ibelﬁ HUHCTHUTYT, KOTOprfI
OTBEYAET 3a PA3BUTHUE U HAIIOJTHEHUE apXUBA JAHHBIMH, UX o6pa60TKy U XpaHEHHUE.

. Y3en mexnnaHeTHon
ATMocepHbIN y3en Y3en reoHayk
nnasmbl
¥Y3en nnaHeTHbIX KoneL, Planetry data System > Y3en manbix Ten
\ J
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o6opynoBaHus

Y3en nsobpaxeHui
nnaHeT

Puc. 11. Ctpykrypa undopmanroHHou cucreMbl Planetary Data System

Planetary Data System — 3To pacmpezgenennas nHGOpPMAaIHOHHASA CUCTEMA C IEHTPAIbHBIM
y3JIOM, pacmHoJioKeHHbIM B JlabopaTopum peakTuBHOTO JBHKeHHA B Ilacazene, Kanudopuus.
[leHTpa/sIbHBIA y3€Jl CHIY:KUT Kak IeHTp ympasieHus PDS, saHumaromuiica TI/I00aJTbHBIMU
3a7layaMi, TAaKUMU KaK CTaHAApThl (JIaHHBIE, MPOTPAMMHOE oO0ecredeHue, IOKyMEeHTAaIlusd,
OIepaIOHHbIE IIPOLEyPhI), HCCIEAOBAaHNE TEXHOJIOTHH, KOOpJAWHAIUS WHTEP(ENCcoB cC
MHCCUAMH M BOCCTAHOBUTEJSAMU JAHHBIX, KOOPJIMHAIMA U Pa3BUTHE MHOTONOJIb30BATEIbCKUX
MIPOTPAMMHBIX NPOAYKTOB, KOOPJAMHANNA 3aKa3aHHBIX U paclpesieJIeHHbIX JaHHbBIX, Pa3BUTHE U
obciy:kuBanme katasoroB PDS. Y3ib1 HaydHbIX AucnuIuinH PDS:

e ArmocdepHbIii y3eg oTBeyaeT 3a cOOp, XpaHEHHE U paCIpOCTpPAHEHUE BCEX
HEBU3YATIbHBIX JIAHHBIX 00 aTMocdepe 13 BCeX IUIAHETHBIX MUCCUU 32 UCKIIOUEHUEM HaOJTI0IeHII
3emn. Pabora ysna mopanep:kuBaercs [ocymapcrBeHHbIM yHUBepcuteToM Hpro-Mekcuko (New
Mexico State University).

e VY3es reoHayk coOupaer u kjaccuduiupyer nudpoBble JaHHbIE O ITOBEPXHOCTH H
penbede maHer 3eMHOUM rpymmbl. Haj yssiom pabortaer BamMHTTOHCKUN YHUBEPCUTET
(Washington University).

e VY3es MEXIUVIAHETHOM ILIA3MbI COJIEPKUT JAaHHBIE O B3aUMOJIEHCTBUH MEXKAY
COJITHEUHBIM BeTPOM U IIaHETAPHBIMU BeTpaMHU ¢ IJIAHETHBIMU MarHutocdepamu, noHocdepamu
Y IOBEPXHOCTSIMHU. ¥Y3eJ1 Bo3riaBJsiercss YauBepcuteroM Kamugopuuu (University of California).

e Y3eJ KoJiel IJIAHET 3aHuMaeTcsa cOopoM, Kiaccuduramnueidr 1 00pabOTKON HAyUHBIX
JIAHHBIX, OTHOCAIIUXCA K CHCTeMe IUJIAaHETHBIX KoJiell. Paborta y3sia obecrieyuBaeTcsi HHCTUTYTOM
SETI (SETI Institute).

e VY3es MaJdbIX TeJ CIHEUAIN3UPYeTcA Ha JJaHHBIX 00 acrepoujiax, KOMeTax U
IUIAHETHOU TMBUIM. Y3eJ HaxXOAWTCA IO/, YIpaBjJeHHEM YHUBepcUTeTa InTata MapuieHf
(University of Maryland) u Bkitouaet B cebs 2 mojtysia:

e TIloxysea komer (University of Maryland);

e TIloxyses acrepouaoB U Me:KILIaHeTHOU MbLTH (Planetary Science Institute).

Yain1 noazepxkku PDS BrIto4aoT:

e HH:KeHEpHBIN y3eJI, KOTOPBIH 00ecreunBaeT MO/IEPKKY HHKEHEPHBIX cucteM PDS.
OH pacnoJioxkeH B JlJabopaTopuu peaktuBHoro apukeHus (Jet Propulsion Laboratory).

e V3eq  HABUTAaIlUOHHOTO U  BCIOMOraTeJbHOI0 HWH(MPOPMAIIOHHOTIO
00opyaoBaHUA, NO/iepkuBatomuil nHGopMmanuoHHyto cucteMy SPICE, koTopas obecieynBaer
BCIIOMOTaTeJIbHbIe TeOMeTPUYecKHe JaHHBbIE JIA KOCMHUUYecKHXx Muccuil. OH pacrosiokeH B
Jlabopatopun peakTuBHOTO ABI>KeHu (Jet Propulsion Laboratory).
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e VY3es u300pakeHUH ILUIAHET, KOTOPBIH COOHMpaeT M XpaHUT IU(PPOBBIE CHUMKH
IUTAHET, TIOJIyueHHble B pe3yJbTaTe IPOIUIbIX, HACTOAIIUX ¢ OyAyIMX KOCMHYECKUX
uccnenoBannii HACA. 3a moanep:kanue ero pabotsl otBeuaer Ciyk0a re0JIOTHUYECKOH ChEMKH
CIIIA (United States Geological Survey).

Bce y3sibr Planetary Data System uMmeroT paBHyI0 3HAUMMOCTh M OTBETCTBEHHBI 3a cOOp,
00paboOTKy ¥ XpaHEHHE TUIAHETHBIX JJAHHBIX M 32 UX COOTBETCTBUE TEKYIIIUM U HOBBIM ITPOEKTAM.
KaskapiM y3710M yIpaBiIAIOT CIENUAIA3UPOBAHHBIE WHCTUTYTHI, KOTOpPble OO0ECIIEUHBAIOT UX
paboTy, 3aHUMAIOTCS HAOJTHEHNEM 0a3 TaHHBIX U KOHCYJIBTUPYIOT ITOJIb30oBaTesel. CalThl y3J10B
PDS nmMeroT ¢x0:Ky10 CTPYKTYpy U IIPOCTOE MOHATHOE rpadudeckoe opopMIeHue.

3. 3aKjIoueHue

WudopmanoHHble  CHUCTeMbl 10 IUIAaHETHOM  TeMaTHKe YacTo HMEKT  Y3KO
CIenuaaIu3upoOBaHHBIN xapakTep. HekoTopble u3 Hux (Hanpumep, Malin Space Science Systems u
Center of Mars Exploration) opueHTHpOBaHBI Ha OTAebHble Muccud, npyrue (NASA/IPAC
Extragalactic Database) Tonpko Ha wHCXOonHBIE TII€EPBUYHBIE [JaHHBIE, HYXKAAIOIINECS B
nocsienymomieil obpaborke. VHBIME C€JI0BaMU KOMIUIEKCHass HHQOpPMANVOHHASA CHUCTEMA II0
IUIAaHETHON KapTorpaduu OTCYTCTBYeT He TOJIBKO B POCCUUCKOM cerMeHTe VIHTepHET, HO W B
mupoBoM. Hambosee nHDOPMATUBHOM U3 PACCMOTPEHHBIX CHCTEM SBJIAETCA aMepHUKaHCKas
Planetary Data System, cocrosiias u3 8 y3710B 1o IiaHeTHOH TeMmaTuke. OHa o6GsazaeT yaoOHOM
CTPYKTYPOH pacIpe/ie/ieHusT JIaHHBIX, B KOTOPOW 3a KaK/BIM y3€J OTBEeUaeT OTAebHBIN
CHEIUATU3UPOBAHHBIA WHCTUTYT. B Iy1aBe OBUIO IMPOAHAJIM3UPOBAHO, B KAKOM BHJIE U B KaKHUX
dopmaTax xpaHATCA JaHHBIE WH(MOPMAIIMOHHOM CHCTEMBI M KAKHUMH CIIOCO0OAMH WX MOKHO
[oJIy4aTh U UCI0JIb30BaTh. C nHopManuonHoi cucreMbl The Nine Planets ctout B3sTh IpuMep U
B IUIaHe TIIaTeqbHOU cBsA3U (repedepennuu (Hill, 2009)) oTaenbHBIX CTpaHUI] B3aUMHBIMU
ccputkaMu. OCOOEHHO 3TOMY CTOUT YAEJUTh BHUMAHHE IIPU IEPEBOZIE B 3JIEKTPOHHBIA BUJL
MHOTOYMCJIEHHBIX IIeYaTHbIX MaTephasJioB IO IUIAHETHON TeMarTuke. biarojaps rpamMoTHOMY
pPa3MeIEHNIO CChIJIOK MEXK/IY CTPAaHUIIAMU I0JIb30BATEIN CMOTYT OBICTPO MOJIyYaTh HEOOXOAMMYIO
JIOTIOJIHUTEJIbHYI0 HHbOpManuo, a HHOOPMAIMOHHAS CHUCTEMa CTaHeT OoJiee 3aMETHOU B
IIOMCKOBBIX  cHucreMax. HeoOXoguMo OTMETHUTh ONBIT Pa3paboOTKH  HHTEPHET-pecypca
«The Planetary Society», eIUHCTBEHHOTO U3 PACCMOTPEHHBIX PECYPCOB, aBTOPHI KOTOPOTO BEAYT
AKTUBHYIO JIeATEJIbHOCTh B COI[MAJIBHBIX CETAX W WHTEPAKTUBHBIX cepBHcax. Heobxomumo
OTMETUTDH, UTO B PACCMOTPEHHBIX CHCTEMAaX MPAKTHYECKH HE OTPa’KEHbI pPe3yJIbTaThl HAYUHOU
JIeATETbHOCTH COBETCKHUX M POCCHICKHX YUeHbIX. [IpOBe/IEeHHBIN aHAIN3 IIOKa3aJI, YTO TOJIBKO O/THA
WHGOPMAIIMOHHASL CHCTEMa WCIIOJIb3yeT CBOOOHO PpACIPOCTPAHAEMYIO CHCTEMY YIIPaBJIEHUSA
conmep:kanneM, 3To — Universe Today (CMS WordPress). B ocaoBe MC The Planetary Society
sexxut komMmepueckass CMS ExpressionEngine. OcrasbHble MHGOPMAIIMOHHBIE CUCTEMBI pab0OTAIOT
Ha OCHOBE COOCTBEHHBIX CHCTEM YIpaBJIeHU:A, JTU00 BooOIIe 6e3 Hux. CylecTBEHHBIM MHHYCOM
opraHusanu HHGOPMAIMOHHOH cucTeMbl Ha ocHOBe 00bruHBIX HTML-cTrpanur (Center for Mars
Exploration, The Nine Planets) siBjisieTcst ¢JI03KHOCTh B €€ OOHOBJIEHHU U OTCYyTCTBHE COOCTBEHHOTO
ITOKMCKOBOTO cepBuca. Bropyro mpobsiemy cosnmarenn IC The Nine Planets permim, yctaHOBUB Ha
CBOM pecypc mouck ot cucrembl Google. Ho u y sToro moaxoza ectb MHUHYC — B CJIyYae €CId
CTpaHUIIBI caiiTa MO KaKUM-JIMOO IpUYMHAM BBINAAYT U3 HHZeKca (0a3bl JaHHBIX) MOUCKOBOU
CHUCTEMBI, TIOUCK IO HUM Oyzaer HeBo3MOxkeH. Cosz/aHue OOJIBIIMHCTBA CHCTEMa HU3HAYAJIBHO
HCXO/WJIO M3 TIPUHITUIIA HAKOIUIeHUsA nHpopmanuu. [103ToMy He IOCTaTOYHO OTpasKeHa 3a7jauHast
TeMaTWUKa, HampuMmep, ¢j1ab0 TIpeAcTaBiieHa WpPo0JeM acTepONHO-KOMETHOH OIAaCHOCTH
(Tsvetkov, 2016; Kulagin, 2017). B 1memom cieayer OTMETHTb, 4YTO OOJIBIIMHCTBO
WH(GOPMAITMOHHBIX IUIAHETAPHBIX CHUCTEM HAXOMATCA B COCTOSTHUM PAa3BUTHS U TPeOyIOT
COBEPIIIEHCTBOBAHMSA B TIEPBYIO OUEPE/Ih B YACTH pa3BUTHS UHTepderica.
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NudopMmanmoHHbIE CUCTEMBI 10 IVIAHETHBIM HCC/IeJOBAaHUAM

Bukrop IlerpoBuy CaBUHBIX 2

a2 MOCKOBCKUH IOCyZlapCTBEHHBIN YHUBEPCUTET reoie3uu U kaprorpaduu, Poccutickas ®enepanusa
AnHotamua. Craresd wucciaenyer HHOPMAIMOHHBIE CHUCTEMBI IO  IJIAHETHBIM

HCCIIeZIOBAaHUAM. PacKphIThl MPUHIUIIBI ITOCTPOeHUsA MHGOPMAIMOHHBIX cucTteM. [lokazaHo, 4TO

pe3yJIbTaTOM COBPEMEHHON WH(GOPMAIIMOHHONW CHUCTEMBl SABJISETCA CTPYKTYPHUPDOBaHHAsA

nHdopMaIysa U HOBble 3HAHUA. [lepBuuyHasa yHKIUA HHGOPMAIMOHHONU CHCTEMBI COCTOUT B
CTPYKTYPU3AIIUH U CUCTEMATU3AIUY UCXOAHON nHpopMmanuu. CTaTbs BBOAUT MOHATHE OObEKTHBIN

* KoppecroHAupyYOIUil aBTOP
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U TPOCTPAHCTBEHHBIN KocMHuuecKui aHanu3. OmNMcaHbl NOPUHIUNBL paboThHl  Pa3HBIX
HHGOPMAIUOHHBIX cucTeM. [IpoBeieH CpaBHUTENIbHBIM aHAIN3 IUIAHETHBIX cucreM. [TokasaHbl
0cOOEHHOCTH  pa3JIMYHbIX  HWHQPOPMAIMOHHBIX  IUTaHETHBIX  cucrteM.  CoBpeMeHHbIe
WHGOPMAIUOHHbBIE CUCTEMBI IO IVIAHETHON TEMATHUKU BBITIOJIHAIOT B OCHOBHOM HAaKOIIHUTEJIbHbBIE
¢dyaknmu. OHU 1200 BBIIOJIHAIOT aHATUTHYECKHE QYHKITUH.

KiroueBble ¢JIOBa: KOCMUUYECKUE UCC/IeI0BAHNSA, HTH(POPMAIIMOHHBIE CUCTEMBI, TIJIAHETHBIE
CUCTEMBI, MOJIeJTUPOBAHNE, TPOCTPAHCTBEHHBIN aHAJIN3.
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