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The Results of Positional Observations of Near Earth Asteroids
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Abstract—The high velocity of the apparent motion of near Earth asteroids (NEAs) is the main problem in
their observation. This problem is solved at the Research Institute ef~Nikolaev Astronomical Observatory
(RINAO) with a combined observation method using the time delay and integration mode of a CCD array
and a camera rotator. A total of 1317 positions of 74 NEAs were obtained at RINAO in 2008—2012. All the
observations were made using the combined-observation method. The error in observations made at RINAO
is compared with the results that were obtained at other observatories in this work.
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1. INTRODUCTION

According to data of the Near Earth Objects—
Dynamic Site (NEODyS) project, 8893 near Earth
asteroids (NEAs) were recorded as of May 2012. Using
the NEODyS data on NEAs detected in 2010, the dis-
tribution of the number of NEAs over the distance to
the Earth at the instant of detection was constructed.
It turned out that 36% of 870 NEAs that were detected
in 2010 were detected at distances of less than 0.05 a.u.
(Fig. 1a). The high percentage of the new objects that
were detected when approaching the Earth at dis-
tances of less than 0.05 a.u. is connected with an
increase in the NEA brightness, which makes small
objects observable. To calculate NEA orbits and esti-
mate their hazard to the Earth, mass observations of
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these objects are required. However, when approach-
ing the Earth, the velocity of the apparent motion of
NEAs increases (Fig. 1b), which makes their observa-
tions difficult using classical methods.

On the other hand, observations of NEAs at mini-
mal distances from the Earth provide for data with a
high spatial resolution, that is, the linear error
becomes smaller due a decrease in the distance to an
NEA at the same angular observation error.

2. OBSERVATION INSTRUMENTS
AND METHODS

During NEA observations by classical methods,
the maximum exposure is calculated while accounting
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Fig. 1. NEA observation conditions at the instant of detection: (a) distribution of the number of NEAs over the distance to the
Earth, (b) the velocity of apparent motion of NEAs as a function of the distance to the Earth.
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Fig. 2. Image of 2003UVI11 NEA during observations (a) with daily tracking in the image accumulation mode of the CCD array
and (b) with the immovable telescope in the TDI mode of the CCD array.

for the object’s velocity, the linear size of a pixel, and
the image scale:

_ Md
V b
where M is the image scale (”/micron), d is the linear
size of a pixel (micron), and V'is the velocity (”/min).
That is, the smaller the angular size of a pixel and the
higher the object velocity, the lower the admissible
exposure is, which results in a decrease in the optical
resolving power and an increase in the coordinate
determination error. To compensate for the NEA
velocity, quite complicated and expensive hardware-
software complexes of mechanical tracking of NEAs
are used in telescopes all over the globe; when using
these complexes, the exposure is limited by the length
of reference star dashes; specialized software for pro-
cessing long images are implemented in practice, bin-
ning is used during imaging (Badubesku et al., 2011).

o (1)

High-velocity objects, such as NEAs and poten-
tially hazardous asteroids (PHAs) are studied at
RINAO using the combined observation method
(COM) (Shulga et al., 2007); within this method, a
telescope remains immovable during observations.
The method consists in the separation of imaging pro-
cesses for objects and reference stars. The time delay
and integration (TDI) mode of a CCD camera is used
within the COM. This mode allows electronic tracking
of NEAs with exposures no longer than the time of an
image traveling through a CCD array in the focal plane
of a telescope. An essential condition for the use of
TDI is the arrangement of the columns of a CCD array
parallel to the motion direction of an object that is
being observed. A specially designed device, viz., a
camera rotator, is used for this purpose at RINAO.
The camera rotator allows rotation of the CCD cam-
era around the optical axis of the lens; it is equipped
with an engine and an absolute angle sensor. To match
the object coordinates to the system of reference stars,
a modified model of observation reduction (Kozyrev
etal., 2010) is used.

Two telescopes are used at RINAO for NEA observa-
tions: a rapid automatic complex (RAC) (D = 300 mm,
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F= 3000 mm, field of view is 1.4 x 1.4°, the limiting
stellar magnitude is 17) and a KT-50 telescope (D =
500 mm, F' = 3000 mm, field of view is 0.7 x 0.7°, the
limiting stellar magnitude is 18.5) of the MOBITEL
mobile complex (Shulga et al., 2011). The telescopes
are equipped with Apogee Alta U9000 CCD cameras
3k x3k, 12p is the pixel size). Both telescopes are
totally automated. The software for controlling the
telescopes and automating the observation process was
developed at RINAO.

The COM provides for point imaging of both refer-
ence stars and NEAs. Figure 2 shows an image that was
obtained with the immovable telescope in the TDI
mode in comparison with the image obtained in the
accumulation mode with daily tracking for 2003UV11
NEA as an example. The observations were carried out
on October 29, 2010. The apparent velocity of the
NEA at the instant of observation was —134.3 " /min in
right ascension and —10.9 ”/min in declination. The
object brightness was 11.9”. The observations were
carried out with the KT-50 telescope with an exposure
of 50 s. As a result, the length of the NEA image track,
which was received with the use of daily tracking, was
123.67" (Fig. 2a); this corresponded to the apparent
motion velocity. The TDI mode at the immovable
telescope provided point imaging of the NEA
(Fig. 2b). The signal-to-noise ratio of the NEA image
increased by 9.8 times with the use of the TDI mode as
compared to the accumulation mode with daily tracking.

3. ANALYSIS OF THE OBSERVATION RESULTS

Observations of NEAs and PHAs with the use of
the combined method were started at RINAO in 2008.
A total of 1317 positions of 74 NEAs were obtained in
2008—2012 using the RAC and KT-50 telescope;
among them are 19 PHAs and 30 NEAs that were
observed in the first opposition. A total of 178 posi-
tions of five NEAs with 12.8—15.0™ were obtained
using the RAC in 2008—2010 with an apparent velocity
of (15—68.3)"/min at the instant of observation. The
use of the KT-50 telescope allowed a significant
increase in the number of NEAs that were observed. A
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Fig. 3. The number of NEA positions as a function the distance
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to the Earth at the instant of observation for (a) all observatories

all over the globe (in percentage of the total number of observations) and (b) for RINAO (in percentage of the total number of

observations at RINAO).
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Fig. 4. The discrepancy in the right ascension versus the discrepancy in the declination for NEAs observed at (a) the RAC and

(b) the KT-50 telescope.

total of 1139 positions of 70 NEAs with 9.4—18.5"
were obtained with the KT-50 telescope in 2010—2012
with an apparent velocity of (0.5—306.2)"/min at the
instant of observation. The observations were carried
out at distances of 0.005—1.0 a.u. from the Earth. The
distributions of the number of NEA observations over
the distance to the Earth carried out at RINAO and
other observatories are compared in Fig. 3. Data for
70 NEAs for 2010—2012 from the NEODyS site were
used for the analysis.

As seen from Fig. 3, about 26% of all the NEA
observations at observatories all over the globe were
obtained in periods when the distance between the
Earth and NEAs were less than 0.1 a.u. Observations at
such distances equal about 35% at RINAO. All the
observation results that were obtained at RINAO were
sent to the Minor Planet Center (Shulga et al., 2012).
The mean discrepancy values (O-C) according to the
NEODyS data and the standard errors (SE) for NEA
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observations are given in Table 1 for observations with
the RAC; the KT-50 observation data on NEAs in the
first opposition for 2012 are given in Table 2. PHAs in
the tables are marked by an asterisk. Figure 4 shows
the discrepancy (O-C) in right ascension as a function
of (O-C) in declination for NEAs observed at (a) the
RAC and (b) the KT-50 telescope.

The dependence in Fig. 3 shows that the discrep-
ancies of observations at the telescopes of RINAO are
within the ®£1” limits and are distributed homoge-
neously relative to zero, which points to the absence
of systematic errors in the NEA positioning. In the
NEA observations carried out at RINAO, the SE of is
equal to:

— 4(0.23-0.43)" for (12.8—15.9)" for RAC and
— 4(0.15—0.31)" for (13.0—18.5)" for KT-50.

To compare the observation errors, the discrepan-
cies (O-C) obtained at other observatories (NEODyS
data) were used. A total of 20034 positions of 70 NEAs
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Table 1. Results of RAC observations of NEAs
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Average (0-C) SE
No. Name Ve]ocjty Stel.lar Distance tothe Numb_er
("/min) | magnitude | Earth (a.u.) | of positions (0—-O)["] ["] “ 5
o )
1 2008TT26 46.1 14.7 0.010 77 0.05 —0.05 0.41 | 0.42
2 2008SV11* 24.5 12.8 0.045 19 —0.17 0.10 0.26 | 0.23
3 2005YUS5* 64.9 15.3 0.016 37 0.15 —0.12 0.27 | 0.27
4 2010J033 68.5 15.9 0.009 29 —0.27 —0.06 0.38 | 0.29
5 2010GU21* 37.2 14.5 0.021 16 0.30 —0.24 0.43 | 0.32
Total 178
Table 2. Results of KT-50 observations of NEAs in the first opposition in 2012
Dist Average (0-C) SE
. istance
No. Name ?{?/121011:13)1 msgliltfde to the Earth o}\llal(l)rs?tbig;s (0-O)["] ["]
(a.u.) — 5 a )
1 2012AA11 8.1 16.0 0.08 24 —0.04 0.19 0.18 0.32
2 2012BJ134 7.8 18.0 0.25 6 0.08 0.15 0.19 0.25
3 2012DH4 21 16.9 0.06 6 —0.08 0.1 0.13 0.17
4 2012DO 59 16.5 0.11 23 —0.1 —0.04 0.30 0.41
5 2012DX75% 6.7 16.5 0.1 19 0.02 —0.21 0.20 0.29
6 2012EK8 14.1 17.4 0.04 4 —0.15 0.1 0.30 0.20
7 2012E08 82.8 17.1 0.01 6 0.1 0.03 0.70 0.40
8 2012ES14 7.2 18.2 0.2 15 —0.01 0.2 0.21 0.34
9 2012FQ35 15.5 18.3 0.04 8 0.22 0.17 0.40 0.37
10 2012FY23 10.9 17.1 0.09 35 —0.08 0 0.19 0.25
11 2012GD2 33.1 17.3 0.05 4 —0.01 —0.25 0.26 0.33
12 2012HL 7.2 18.5 0.08 9 0.04 —0.25 0.25 0.41
13 2012HM 46.3 15.7 0.01 19 0.19 —0.1 0.33 0.20
14 2012HP13 174.7 15.8 0.01 20 0.33 0.24 0.37 0.30
15 2012L) 306.3 18.2 0.005 7 —0.02 0.09 0.23 0.25
Total 205
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Fig. 5. NEA SE as a function of the distance to the Earth
at the instant of observation.

were used for this comparison. The average error was
calculated with a step of 0.1 a.u. Figure 5 shows the
standard error of NEA positioning as a function of the
distance to the Earth according to observation data of
RINAO and other observatories; it indicates that the
RINAO observation error is lower than the averaged
error of other observatories.

4. CONCLUSIONS

The specific circumstances of observations of
NEA:s, i.e., the high velocity of apparent motion when
approaching the Earth, require the use of high-power
telescopes or the development of new observation

SPELL: 1. ok
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methods with the use of electronic tracking modes in
modern CCD cameras.

The combined observation method has been devel-
oped at RINAO, successfully implemented at the tele-
scopes of the observatory, and used for observation of
NEAs, including PHAs, during their maximum
approach to the Earth. A total of 1317 positions of
74 NEAs with apparent velocities of (0.5—
306.3)"/min at the instant of observation were
obtained for 2008—2012 using the COM.

The observation discrepancies are within the +1”
limits, according to the NEODyS data; this confirms
the efficiency and availability of the COM for NEA
observation.

REFERENCES

Kozyryev, Ye., Shulga, A., and Sybiryakova, Ye., Kosm. 1
Nauka Tekhnol., 2010, vol. 16, no. 5, p. 71.

http://newton.dm.unipi.it/neodys/.

Shulga, A., Kozyryev, Ye., and Sybiryakova, Ye., Abstracts 1
of Papers, Giant Step: From Milli- to Micro-Arcsecond
Astrometry. [AU Symp. No. 248, Jin, WJ., Platais, 1., and
Perryman, M.A.C, Eds., Cambridge: Cambridge University
Press, 2007, p. 128.

Shulga, A., Kozyryev, Ye., and Sybiryakova, Ye., Proc. of 1
Gaia Follow-Up Network for Solar System Objects Workshop
Held at IMCCE- Paris observatory, 2011, p. 97.

Shulga, A.V., Sybiryakova, Ye., Kozyryev, Ye., Kulichenko, N., 1
and Vovk, V., Minor Planet Circular, 2012, no. 79112,
p. 78723.

Vaduvescu, O., Birlan, M., Tudorica, A., et al., Planet.
Space Sci., 2011, vol. 59, p. 1632.

Translated by O. Ponomareva

2013


LOA
Вычеркивание

LOA
Вставить текст
SD



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice




