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Abstract

The central region of the globular cluster Omega Centauri (ω Cen) has been monitored
over the last 10 years using the WFC3 UVIS and IR instruments for the purposes of
calibrating and monitoring the detectors’ geometric distortion. In the current study, the
HST software DrizzlePac/TweakReg software was used to investigate the accuracy of the
current WFC3/UVIS geometric distortion solutions over time by comparing it against the
Gaia DR2 catalog. Using the TweakReg output parameters, which are calculated with
allowance for linear terms in the transformations between the coordinate systems, we are
able to verify the stability of the WFC3/UVIS geometric distortions over time in the range
of << 0.001 pixels and find no discernible temporal variation. We are able to conclude that,
because of the extremely crowded field in the central regions of ω Cen, the proper motions in
the Gaia DR2 catalog have RMS errors that are 10 times larger than expected. This means
that Gaia DR2 cannot currently be useful as an absolute reference system for refining the
geometric solutions for WFC3/UVIS, at least not with this much-observed field.
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1 Introduction

The WFC3/UVIS instrument on the Hubble Space Telescope (HST) has a well known ge-
ometric distortion of ∼ 7% across the detector that introduces shifts in the positions of
sources across the detector. Because of these geometric distortions, it’s very important to
astrometrically calibrate and correct the images before performing scientific studies with the
images. These calibrations have been previously performed and the geometric distortions
solved for with a 5th order polynomial solution as described in Kozhurina-Platais, et al.
2009, 2012, 2014. These solutions were delivered to the WFC3 calibration pipeline as an
IDCTAB (Instrument Distortion Coefficients Table) and are used in the STSDAS DrizzlePac
software.

It is worth investigating whether these solutions have been changing over time. For example,
Anderson et al. 2007 saw that the distortion solutions for ACS/WFC had a monotonically
changing linear skew term which meant a star at the corner of the detector in 2006 would be
0.3 pixels off of where the 2002 solutions said it would be. Kozhurina-Platais et al. 2015 were
able to update the geometric distortion calibrations to include a time-dependent distortion in
the ACS/WFC linear terms that allows the corrections to keep up with the changes over time.
Therefore it is vitally important to study the effectiveness of the geometric solutions over the
lifetime of the instrument to ensure that the solution being used is the best for the data over
time. If the linear terms of the transformations change over time, then reconstructed images
would suffer from blurring and distorted sources, which can severely limit the precision
science that can be done with them.

For this study, we have utilized the opportunity to test the linear terms of the WFC3/UVIS
distortion corrections for the F606W filter across 10 years of data of Omega Centauri (ω Cen)
against the Gaia Data Release 2 (Gaia DR2) (Gaia Collaboration et al., 2018). This catalog
provides astrometric solutions for more than 1.3 billion sources, with a limiting magnitude
of Gaia Mag G = 21 and a bright limit of Gaia Mag = 3. Gaia D2’s high level of precision
and accuracy is used here to evaluate the accuracy of the WFC3/UVIS geometric distortion
solutions.

Below we evaluate the time dependence of linear term parameters from the DrizzlePac/TweakReg
software package provided by STSDAS, which have been from the linear terms of the F606W
WFC3/UVIS geometric distortion over 10 years of data.

2 Observations

2.1 WFC3/UVIS Data

The geometric distortion solutions for filters on the WFC3/UVIS instrument are currently
solved based on a standard astrometric catalog of ω Cen (Anderson and van der Marel
2010). The full description of the geometric distortion solutions and their derivation is de-
scribed in Kozhurina-Platis, et al. 2009, 2012, 2014. For this study, we collected all data
of ω Cen taken with filter F606W on WFC3/UVIS as that is the best calibrated filter that
has also been most frequently used in Calibration Proposals throughout the history of the
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instrument. We were able to make use of observations from the following HST propos-
als: (1) PI Kim Quijano, 11452; (2) PI Sabbi, CAL-11911; (3) PI: Petro, 12094; (4 - 11)
PI: Kozhurina-Platais, CAL-12353, CAL-12714, CAL-13100, CAL-13570, CAL-14393, CAL-
14301, CAL-14550, and CAL-15000. All data were calibrated through the WFC3 standard
calibration pipeline (calwf3 3.4) and corrected with bias, dark, and flat reference files and
also corrected for CTE. Further information about individual observations, such as exposure
time, individual file names and observation dates can be found in Appendix A.

2.2 Gaia Data Release 2 (DR2) Data

In this study we use the Gaia Data Release 2 (DR2) to build a reference catalog of sources
in the central regions of ω Cen (Gaia Collaboration et al., 2016a; 2016b). The reasons for
using Gaia DR2 as our reference catalog in this study were two-fold. (1) The precision and
accuracy of Gaia should allow us to accurately estimate the reliability of the WFC3/UVIS
distortion model and its stability over time. (2) Using Gaia DR2 in this study should allow
us to investigate the possibility of using Gaia DR2 as the best absolute reference system to
aid in improving the HST astrometric catalog in the vicinity of ω Cen.

Gaia DR2 is essentially complete between Gaia Mag G = 3 to Gaia Mag G = 17, with
astrometric solutions for isolated stars down to Gaia Mag G = 21. While HST images have
sources that can be much fainter than Gaia, there are Gaia measurements for many bright
stars in HST images. The uncertainties in the respective proper motion components are
up to 0.06 mas per year (for Gaia Mag G < 15 mag), 0.2 mas per year (for Gaia Mag G
= 17 mag) and 1.2 mas per year (for Gaia Mag G = 20 mag) (Lindegren, et al. 2018).
Gaia DR2 is known to show some systematic errors within globular clusters, which may
cause issues with fitting the astrometric solutions for sources, with ω Cen being known
as a particularly troublesome stellar cluster. Further, measurements can be made worse
by poor resolution in the dense and crowded centers of globular clusters, such as ω Cen.
However, the Gaia Collaboration (et al. 2018) have shown that accurate astrometric data
for individual sources can still be produced from strongly affected globular clusters. Figure
A.6 in Gaia Collaboration (et al. 2018) discusses ω Cen specifically as a globular cluster
with some measurement issues, but even so, Gaia still provides very accurate astrometric
data for many sources. So, we are confident that the Gaia DR2 catalog can provide some
valuable constraints on the UVIS distortion.

3 Data Reductions

3.1 ePSF - hst1pass

The point spread function (PSF) of HST WFC3/UVIS images is undersampled and spacially
variable across the UVIS field of view. As a result simple centroids and aperture photometry
are not adequate, and sophisticated techniques are required to measure the X and Y position
as well as the flux of sources. Anderson and King (2006, 2007) have developed an “effective”
PSF formalism to aid in measuring accurate positions of X and Y as well as flux values for
sources in WFPC2 images. The FORTRAN routine hst1pass (Anderson ISR 2019, in prep)
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is an evolution of that code, that works in the same way on ACS and WFC3 images. A
further advancement on this code was utilized in this study and is based on the work of
J. Anderson and V. Bajaj (V.Bajaj, in prep 2019), as shown in the workflow available on
GitHub. This workflow allows a user to read in a WFC3/UVIS image and generate a list of
all sources in that image, with a position and flux for each, based on available PSF libraries.
This step is crucial for accurate comparison of our WFC3/UVIS sources to the Gaia DR2
source catalog of ω Cen.

3.2 Gaia DR2 Queries

The queries completed on Gaia DR2 were done by first providing a footprint of all our input
images and then producing a coordinate outline of that footprint. These coordinates were
then provided to the ‘astroquery.gaia’ function and a catalog of Gaia DR2 sources within a
specified radius of those bounds was downloaded. For more information on the methods used
to download the DR2 catalogs please visit: https://github.com/spacetelescope/wfc3_

photometry and https://astroquery.readthedocs.io/en/latest/gaia/gaia.html. In
Figure 1 below, we plot the WFC3/UVIS F606W image footprints on top of the Gaia DR2
sources we use in our study.

Figure 1: Overlay on the Gaia DR2 sources (blue dots) of the final 125 WFC3/UVIS F606W
images (unfilled footprints) that were used with TweakReg to compare to the catalog of Gaia
DR2 sources. Color scale is applied to footprints to aid in distinguishing them visually.
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3.3 TweakReg

TweakReg is a task that is available through the software package DrizzlePac. It can be
used in several ways: (1) to find X,Y positions of sources in HST images - similar to FIND
task in IRAF/DOAPHOT; (2) to correct the X,Y positions for geometric distortions using
input reference files such as the IDCTAB, the D2IMFILE and NPOLFILEs; (3) to perform
astrometric transformations such as solving for shift, rotation and scale between an HST
image and multiple other HST images or between HST images and a specific input reference
catalog of sources. TweakReg also allows a user to input two different catalogs of sources and
compute the astrometric transformations between those catalogs. The following equations
are used by TweakReg to perform the transformations:

U = P2 + P0X + P1Y (1)

V = Q2 + Q0X + Q1Y (2)

U and V are the positions of the reference system (the Gaia DR2 source catalog) as rectangu-
lar coordinates. The catalogs of sources from our input F606W images (X,Y) are measured
with an ePSF model (as described above) and corrected for UVIS distortions by applying
the IDCTAB from CDBS. The transformation into the reference frame is then solved for
using the linear 2x3 parameter transformation above. Parameters P2 and Q2 correspond to
the offset between the two systems; parameters P0, P1, Q0, Q1 are the linear terms between
the two coordinate systems and can be used to find the scale and rotation. Below are the
equations used by TweakReg to solve for the scale between the two coordinate systems:

ScaleX =
√

(P 2
0 + Q2

0) (3)

ScaleY =
√

(P 2
1 + Q2

1) (4)

The plate-scale (general scale) can also be solved for by TweakReg and is done so with the
following equation:

PlateScale =
√

(P0Q1 + P1Q0) (5)

The following equations are used by TweakReg to solve for the rotation angle in both the X
and Y directions:

RotationX = arctan(−P0

Q0

) (6)

RotationY = arctan(
P1

Q1

) (7)
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Lastly, the global skew, which is the non-orthogonality between the two principal axes, is
found by taking the difference between the X and Y rotation solutions:

GlobalSkew = RotationX −RotationY (8)

After fitting the input image source catalog to the Gaia DR2 catalog, TweakReg creates an
output file that provides several parameters based on the linear transformation found between
the two coordinate systems. These parameters can be used to investigate the stability of the
detector?s linear terms over time. They are also useful in investigating the plausibility of
using Gaia DR2 in the vicinity of ω Cen as a standard reference catalog to aid in calibrating
our current HST standard astrometric catalog to develop future solutions to the geometric
distortions of various WFC3/UVIS filters.

Following the first run of TweakReg with all 138 F606W images we found that several
images from our results were of low quality and a final selection of 125 images was made for
a second run. In total, we cut 13 images due to lack of proper fitting to the Gaia DR2 source
catalog. The vast majority of images (125 in total) found over 400 source matches between
the input WFC3/UVIS image and the Gaia DR2 query results in the vicinity of ω Cen;
these images went on to have reasonable residual plots with x-RMS and y-RMS solutions in
the 0.2 pixel range. The 13 images we cut all had fewer than 50 matches and resulted in
improper TweakReg residual plots with very high RMS results around 0.4 pixels. Examples
of a reasonable and unreasonable fit can be seen in Figure 2. In the top plot, we see less than
50 sources matched: the high X,Y residuals have large systematics, shown by the polynomial
fit to the residuals. In the bottom plot, we see over 400 matched sources and the fit shows
insignificant systematic pattern.
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Figure 2: Example of a poor and a good fit between the X,Y positions from a WFC3/UVIS
image and the Gaia DR2 positions, top and bottom respectively.

Furthermore, to aid in inspecting the images that TweakReg was unable to fit to the Gaia
DR2 source catalog, we plotted the footprints of those images over the Gaia DR2 sources.
This allowed us to check the placement of these images and reassured us that they fell mostly
in the high density central region of ω Cen. It is therefore likely that TweakReg was unable
to fit these images with the Gaia DR2 catalog due to the inability of Gaia DR2 to provide
as many well fit sources within the dense central region of this globular cluster.
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Figure 3: Overlay of the 13 WFC3/UVIS F606W images (varying colored rectangles) that
TweakReg was unable to successfully fit to the Gaia DR2 sources (blue dots). These images
were cut from the final analysis.

3.4 TweakReg Results

Below we present a table of the average mean and standard deviation of all TweakReg
output parameters calculated from equations 3 - 8 over time. Following that, in order to
assess any variations of the global properties of the WFC3/UVIS distortion solution over
time, we provide plots of these parameters verses time. The slope, or possible change in
these parameters over time, is shown in each plot as the fit of the red line; the mean and
standard deviations are listed in the legend of each plot.
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Table 1: Statistics on the parameters of the fits for all WFC3/UVIS images of ω Cen fit to
Gaia DR2 with TweakReg.

TweakReg Output Parameter Mean Standard Dev.
X RMS (pix) 0.161 0.05
Y RMS (pix) 0.283 0.03

X Scale 1.00001961 4.129874 e-05
Y Scale 1.00002345 3.728354 e-05

X Rotation (dec deg) 0.0015777 0.002
Y Rotation (dec deg) 0.0008885 0.002

General Rotation (dec deg) 0.0012331 0.002
Skew (dec deg) -0.0006891 0.003

Figure 4: RMS of the X and Y solution vs. observation date, the top and bottom panels
respectively. The over-plotted red line in both are the quadratic fits as an indication of
gradual changes with time due to the internal motions of stars within ω Cen. Variations in
the linear terms seen at the same observation time are due to the HST’s breathing, which
introduces short-term variations in the focus and directly affects the plate-scale.

In Figure 4 we show the RMS of the X and Y solutions as a function of time. Over time
we do see a slight variation in the quadratic fit of these solutions, which is plotted in red.
This trend is due to the proper motion of the sources within ω Cen. As we get further from
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the epoch of Gaia DR2 which is J2015.5 we would expect to see larger X and Y residuals as
the proper motions would have changed the true positions of the sources from the reference
position given by Gaia DR2. Variations seen at the same observation time are due to the
HST breathing effect.

In Figure 5 we show the plots of X and Y scale as a function of time. These two scale-related
terms (equations 3,4) appear to be constant over the 10 years of UVIS observations and the
scale in the X and Y axis are larger by 0.0008 mas with respect to Gaia DR2.

Figure 5: X and Y scale solutions vs. observation date, the top and bottom panels re-
spectively. The scale is almost constant over time; variations seen at the same observation
periods are due to the HST breathing effect.

In Figure 6 we show the plots of X and Y shift over 10 years of UVIS observations. There
are almost no offsets in positions with respect to Gaia DR2. The small deviations from zero
are indications of the HST breathing effects seen most for data taken in the same small time
periods.
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Figure 6: X and Y shift between WFC3/UVIS and Gaia DR2 vs. observation date, the top
and bottom panels respectively. There is almost no change over time as demonstrated by
the linear fit plotted in red; variations seen at the same observation time are due to the HST
breathing effect.

In Figure 7 we show the plots of the X and Y rotation over 10 years of UVIS observations
(equations 6,7). Once more we see that there is no significant variation over time with
respect to Gaia DR2 as seen by the linear fit to the data. The small deviations from zero
are indications of the HST breathing effects.
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Figure 7: X and Y Rotation solutions vs. observation date, the top and bottom panels
respectively. There is almost no change over time as demonstrated by the linear fit plotted
in red; variations seen at the same observation time are due to the HST breathing effect.

Lastly, in Figure 8 and 9 we show the general rotation (equation 8) and the calculated skew,
respectively, over the 10 years of UVIS observations and find no significant variation over
time with respect to Gaia DR2 as shown by the linear fit of the data. The small deviations
from zero are indications of the HST breathing effects.

Figure 8: General rotation vs observation date. These are the general rotation measurements
of each WFC3/UVIS image sources when fit to the sources queried from the Gaia DR2
catalog.

12



Instrument Science Report WFC3 2019-09

Figure 9: Skew vs. observation date. These are the skew measurements of each WFC3/UVIS
image sources when fit to the sources queried from the Gaia DR2 catalog.

4 Discussions

The linear terms calculated from the general transformation between distrotion corrected
images and the Gaia DR2 catalog, are useful to examine as they provide insight into the
accuracy of these geometric distortion corrections. We plotted the X and Y scale, X and Y
rotation, X and Y shift, the general rotation and the skew as a function of time (DATE-OBS)
to aid in searching for variations over time which would indicate that our geometric solution
is not stable.

From the figures and the statistics of our linear fits to our data (see Table 1) we are able to
see that there is no significant change over time for all parameters calculated from the linear
terms of the transformations solved for by TweakReg. Looking first at the offset terms, the
largest changes in X shift are seen to be +/- 40 pixels which would be ∼ 1.6”, and the mean
is 0.513 pixels or ∼ 0.02”; for the Y shift we see a largest value of +/- 20 pixels or ∼ 0.8”
and a mean of -1.287 or ∼ 0.05”. These shifts are not indicative of any large changes in the
geometric distortion over time, but rather confirmation of HST’s well known pointing errors
and orbital breathing effects.

In Figure 9, which plots the skew over time, we see a mean value of 2.484” with a standard
deviation of 9.54”. This scatter appears to be largely an effect of orbital breathing which is
described in detail in the WFC3 Instrument Handbook (Dressel, L. 2019). We see evidence of
the orbital-breathing effect in images taken within a similar timeframe in all of our parameter
plots above. Still, the effects are minor and in this case do not indicate significant variation
in the skew measured over time.

Our investigations of the X and Y scale as well as the X and Y rotation show similar
results: changes over time of <<< 0.001 pixels, thus indicating no significant change and
demonstrating that our geometric distortion solutions are stable over the 10 years of data.

In Figure 4 we plot the RMS of the X and Y over time. This is an indication of the strength
of the fit of the sources in our images to the Gaia DR2 source catalog. We find a mean
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value of 0.161 pixels and 0.283 pixels with a change of -3.262 e-05 pixels/year and -7.258
e-06 pixels/year or ∼ -0.0003 pixels and ∼ -0.00007 pixels over the 10 years of our study
which is insignificant.

It is important to note that the overall X and Y residual RMS values are about 10x higher
than the ‘usual’ best fits that TweakReg can accomplish (typically around 0.002”, from
Kozhurina-Platais,V. et al., 2009). We believe the reason for these higher residuals is mostly
due to the internal velocity dispersion of the stars within ω Cen, which have a typical proper
motion of ∼ 0.9 mas/year. Gaia DR2 is calibrated to a reference epoch of J2015.5 which falls
in the middle of our timespan. This would mean that as the data being compared to Gaia
DR2 moves further in time from that epoch (before or after it) we would see a larger RMS
of the residuals of the fit as some stars are displaced slightly from their reference position.
Another factor is the extreme density of the stellar region and the crowdedness of the core of
the cluster which leads to more limitations on the accuracy of the astrometric measurements
(such as position and proper motion) by Gaia DR2. Overall, the farther the observation
epoch is from the Gaia DR2 reference epoch of J2015.5, the more complications. This is why
we see the spread of residuals that can be modeled with a quadratic fit in Figure 4.

In summary, 125 F606W WFC3/UVIS images were able to be fit to a reference catalog of
Gaia DR2. The linear transformation terms output by TweakReg were used to investigate the
stability of the linear terms of the current geometric distortion solutions for WFC3/UVIS
over time. The solution was found to be stable, as there were no unexpected or large
variations over time.

However, the large X and Y residual RMS values do indicate that there is an issue with
TweakReg finding very precise transformations between our WFC3/UVIS images and Gaia
DR2. This is likely due to the proper motion of ω Cen and the fixed reference epoch of Gaia
DR2. This leads us to the conclusion that using Gaia DR2 to increase the precision of the
HST standard astrometric reference catalog for future distortion corrections for WFC3/UVIS
filters would not currently be recommended. It is possible that a future release of the Gaia
Mission catalog with further updates to the proper motion measurements and precision
within the core of ω Cen could aid in cutting down these residuals allowing Gaia data to
be a viable reference to updating the HST standard astrometric reference catalog within ω
Cen.

Overall, we can conclude that the WFC3/UVIS geometric distortion linear terms are stable
over time with insignificant changes over the 10 years of current data. The geometric dis-
tortions of WFC3/UVIS will continue to be monitored in the future to ensure the stability
and reliability of our current geometric solutions.
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Appendix A - Table of Observations

Table 2: Information on the F606W observations taken over time that were used to test
against Gaia DR2.

Rootname Date-Obs Exposure Time PI Proposal
ID

iaby02x7q 2009-07-15 35.0 Kim Quijano 11452
ibc302j2q 2010-01-12 40.0 Sabbi 11911
ibc302j7q 2010-01-12 40.0 Sabbi 11911
ibc302jcq 2010-01-12 40.0 Sabbi 11911
ibc302j0q 2010-01-12 40.0 Sabbi 11911
ibc302ivq 2010-01-12 40.0 Sabbi 11911
ibc303nbq 2010-01-13 40.0 Sabbi 11911
ibc303n1q 2010-01-13 40.0 Sabbi 11911
ibc303n9q 2010-01-13 40.0 Sabbi 11911
ibc301qrq 2010-01-14 40.0 Sabbi 11911
ibc306qsq 2010-04-28 40.0 Sabbi 11911
ibc306q7q 2010-04-28 40.0 Sabbi 11911
ibc305yzq 2010-04-29 40.0 Sabbi 11911
ibc305z4q 2010-04-29 40.0 Sabbi 11911
ibc305yuq 2010-04-29 40.0 Sabbi 11911
ibc305ynq 2010-04-29 40.0 Sabbi 11911
ibc305ysq 2010-04-29 40.0 Sabbi 11911
ibc304v3q 2010-04-29 40.0 Sabbi 11911
ibc307rpq 2010-07-04 40.0 Sabbi 11911
ibc307sjq 2010-07-04 40.0 Sabbi 11911
ibc307qyq 2010-07-04 40.0 Sabbi 11911
ibc307soq 2010-07-04 40.0 Sabbi 11911
ibc307rgq 2010-07-04 40.0 Sabbi 11911
ibc307raq 2010-07-04 40.0 Sabbi 11911
ibc307syq 2010-07-04 40.0 Sabbi 11911
ibc307sqq 2010-07-04 40.0 Sabbi 11911
ibc307stq 2010-07-04 40.0 Sabbi 11911
ibe807nzq 2010-04-25 40.0 Petro 12094
ibe802npq 2010-04-25 40.0 Petro 12094
ibe809o3q 2010-04-25 40.0 Petro 12094
ibe808o1q 2010-04-25 40.0 Petro 12094
ibe806nxq 2010-04-25 40.0 Petro 12094
ibe801nnq 2010-04-25 40.0 Petro 12094
ibe805nvq 2010-04-25 40.0 Petro 12094
ibe804ntq 2010-04-25 40.0 Petro 12094
ibe803nrq 2010-04-25 40.0 Petro 12094
ibm501rkq 2010-12-12 40.0 Kozhurina-Platais 12353
ibm501rvq 2010-12-12 40.0 Kozhurina-Platais 12353
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Rootname Date-Obs Exposure Time PI Proposal
ID

ibm505k3q 2011-03-20 40.0 Kozhurina-Platais 12353
ibm504k1q 2011-03-20 40.0 Kozhurina-Platais 12353
ibm508k9q 2011-03-20 40.0 Kozhurina-Platais 12353
ibm503jzq 2011-03-20 40.0 Kozhurina-Platais 12353
ibm506k5q 2011-03-20 40.0 Kozhurina-Platais 12353
ibm507k7q 2011-03-20 40.0 Kozhurina-Platais 12353
ibm516f8q 2011-07-25 40.0 Kozhurina-Platais 12353
ibm516fjq 2011-07-25 40.0 Kozhurina-Platais 12353
ibm517flq 2011-07-25 40.0 Kozhurina-Platais 12353
ibm518fnq 2011-07-25 40.0 Kozhurina-Platais 12353
ibm519fpq 2011-07-25 40.0 Kozhurina-Platais 12353
ibvj04yxq 2012-03-08 40.0 Kozhurina-Platais 12714
ibvj02ytq 2012-03-08 40.0 Kozhurina-Platais 12714
ibvj01yrq 2012-03-08 40.0 Kozhurina-Platais 12714
ibvj03yvq 2012-03-08 40.0 Kozhurina-Platais 12714
ic4j01eoq 2012-12-14 48.0 Kozhurina-Platais 13100
ic4j01erq 2012-12-14 48.0 Kozhurina-Platais 13100
ic4j01euq 2012-12-14 48.0 Kozhurina-Platais 13100
ic4j02hjq 2013-02-02 48.0 Kozhurina-Platais 13100
ic4j02hdq 2013-02-02 48.0 Kozhurina-Platais 13100
ic4j02hgq 2013-02-02 48.0 Kozhurina-Platais 13100
ic4j05zjq 2013-03-14 40.0 Kozhurina-Platais 13100
ic4j04zhq 2013-03-14 40.0 Kozhurina-Platais 13100
ic4j06zlq 2013-03-14 40.0 Kozhurina-Platais 13100
ic4j03jhq 2013-03-24 48.0 Kozhurina-Platais 13100
ic4j03jbq 2013-03-24 48.0 Kozhurina-Platais 13100
ic4j03jeq 2013-03-24 48.0 Kozhurina-Platais 13100
ich803biq 2013-12-13 40.0 Kozhurina-Platais 13570
ich801beq 2013-12-13 40.0 Kozhurina-Platais 13570
ich802bgq 2013-12-13 40.0 Kozhurina-Platais 13570
ich807nhq 2014-04-05 40.0 Kozhurina-Platais 13570
ich808njq 2014-04-05 40.0 Kozhurina-Platais 13570
ich809nfq 2014-04-05 40.0 Kozhurina-Platais 13570
ich814lqq 2014-09-06 40.0 Kozhurina-Platais 13570
ich815lsq 2014-09-06 40.0 Kozhurina-Platais 13570
ich813loq 2014-09-06 40.0 Kozhurina-Platais 13570

icqx01umq 2015-01-08 40.0 Kozhurina-Platais 14031
icqx01tgq 2015-01-08 60.0 Kozhurina-Platais 14031
icqx01upq 2015-01-08 40.0 Kozhurina-Platais 14031
icqx03a4q 2015-02-16 60.0 Kozhurina-Platais 14031
icqx02bvq 2015-02-16 40.0 Kozhurina-Platais 14031
icqx02bcq 2015-02-16 40.0 Kozhurina-Platais 14031
icqx03akq 2015-02-16 60.0 Kozhurina-Platais 14031
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icqx04swq 2015-02-26 120.0 Kozhurina-Platais 14031
icqx05scq 2015-02-26 40.0 Kozhurina-Platais 14031
icqx05slq 2015-02-26 40.0 Kozhurina-Platais 14031
icqx04snq 2015-02-26 60.0 Kozhurina-Platais 14031
icqx06g9q 2015-03-02 40.0 Kozhurina-Platais 14031
icqx06gkq 2015-03-02 40.0 Kozhurina-Platais 14031
icqx07dfq 2015-03-07 60.0 Kozhurina-Platais 14031
icqx07cgq 2015-03-07 40.0 Kozhurina-Platais 14031
icqx08fbq 2015-06-06 40.0 Kozhurina-Platais 14031
icqx08f0q 2015-06-06 40.0 Kozhurina-Platais 14031
icqx09n0q 2015-06-16 40.0 Kozhurina-Platais 14031
icqx09nbq 2015-06-16 40.0 Kozhurina-Platais 14031
icqx12bmq 2015-06-18 40.0 Kozhurina-Platais 14031
icqx12bbq 2015-06-18 40.0 Kozhurina-Platais 14031
icqx10qrq 2015-06-20 40.0 Kozhurina-Platais 14031
icqx11rfq 2015-06-20 40.0 Kozhurina-Platais 14031
icqx11r4q 2015-06-20 40.0 Kozhurina-Platais 14031
icqx10r2q 2015-06-20 40.0 Kozhurina-Platais 14031
id1x01hhq 2015-12-11 60.0 Kozhurina-Platais 14393
id1x01j4q 2015-12-12 60.0 Kozhurina-Platais 14393
id1x01i2q 2015-12-12 60.0 Kozhurina-Platais 14393
id1x09i1q 2016-02-01 40.0 Kozhurina-Platais 14393
id1x16ahq 2016-02-01 40.0 Kozhurina-Platais 14393
id1x09hrq 2016-02-01 40.0 Kozhurina-Platais 14393
id1x13ieq 2016-02-01 40.0 Kozhurina-Platais 14393
id1x12i3q 2016-02-01 40.0 Kozhurina-Platais 14393
id1x02p6q 2016-02-02 40.0 Kozhurina-Platais 14393
id1x02phq 2016-02-02 40.0 Kozhurina-Platais 14393
id1x14bsq 2016-02-04 40.0 Kozhurina-Platais 14393
id1x07bhq 2016-02-04 40.0 Kozhurina-Platais 14393
id1x08ubq 2016-02-07 40.0 Kozhurina-Platais 14393
id1x05uxq 2016-02-07 40.0 Kozhurina-Platais 14393
id1x06umq 2016-02-07 40.0 Kozhurina-Platais 14393
id1x15wcq 2016-03-17 40.0 Kozhurina-Platais 14393
id1x11vpq 2016-03-17 40.0 Kozhurina-Platais 14393
id1x11waq 2016-03-17 40.0 Kozhurina-Platais 14393
id1x10d6q 2016-03-25 40.0 Kozhurina-Platais 14393
id1x18ggq 2016-06-04 40.0 Kozhurina-Platais 14393
id1x17peq 2016-06-26 40.0 Kozhurina-Platais 14393
idcm03cxq 2017-01-30 60.0 Kozhurina-Platais 14550
idcm02ctq 2017-01-30 60.0 Kozhurina-Platais 14550
idcm01clq 2017-01-30 60.0 Kozhurina-Platais 14550
idcm09bcq 2017-03-06 60.0 Kozhurina-Platais 14550
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idcm07b8q 2017-03-06 60.0 Kozhurina-Platais 14550
idcm08baq 2017-03-06 60.0 Kozhurina-Platais 14550
idcm15d5q 2017-06-19 60.0 Kozhurina-Platais 14550
idcm13d1q 2017-06-19 60.0 Kozhurina-Platais 14550
idcm14d3q 2017-06-19 60.0 Kozhurina-Platais 14550
ido701enq 2018-01-01 60.0 Kozhurina-Platais 15000
ido703euq 2018-01-01 60.0 Kozhurina-Platais 15000
ido702eqq 2018-01-01 60.0 Kozhurina-Platais 15000
ido709anq 2018-03-05 60.0 Kozhurina-Platais 15000
ido708aaq 2018-03-05 60.0 Kozhurina-Platais 15000
ido707a4q 2018-03-05 60.0 Kozhurina-Platais 15000
ido715unq 2018-07-05 60.0 Kozhurina-Platais 15000
ido714ulq 2018-07-05 60.0 Kozhurina-Platais 15000
ido713ujq 2018-07-05 60.0 Kozhurina-Platais 15000
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