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SUMMARY: The asteroid (1986 QY4) 4940 Polenov is the first Solar system object whose 3D shape
is determined using the observations from the newly built Astronomical Station Vidojevica (ASV).
Here we present the results of photometric observations for Polenov, gathered from the ASV, and
from the Bulgarian National Astronomical Observatory (BNAO) Rozhen, during 2014, 2019 and 2020
apparitions. Polenov is a 17.8 km object located in the outer part of the main belt and belongs to the
asteroid family Themis. We have determined the lightcurves, the synodic period of 4.161+0.001 h, as
well as the solution for the shape and spin axis. Using the lightcurve inversion method, the combination
of our lightcurves and the sparse data from ATLAS-HKO and ATLAS-MLO, we also found the sidereal
period, indicating a retrograde rotation of the asteroid, with two possible mirrored pole solutions. The
ratio of the largest to smallest reflecting surface is about 1.4. In addition, we studied the dynamical
properties of the asteroid and obtained a long stability time that exceeds 0.4 Gyrs.
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1. INTRODUCTION geological evolution of Earth. According to some re-
searches, even the water on our planet, and the or-
ganic molecules (i.e. conditions for the origin of life),
were delivered by asteroids (Morbidelli et al. 2000,
O’Brien et al. 2014).

There are more than 900 000 currently known as-
teroids in the Solar system', but only about 34000

Asteroids are the smallest celestial bodies that are
visible through the telescope. Despite their small di-
mensions, they played a key role in formation of our
planetary system, and have also been involved in the

© 2021 The Author(s). Published by Astronomical Ob-
servatory of Belgrade and Faculty of Mathematics, University

of Belgrade. This open access article is distributed under CC
BY-NC-ND 4.0 International licence.

ITaken from the AstDys data base https://newton.
spacedys.com/astdys/.
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have a known rotational period and about 2400 a
known shape (data from September 2020). As a con-
sequence of the huge number of collisions, most of
the asteroids, especially the small ones, have irregu-
lar shapes; in mathematical modelling best approxi-
mated by triaxial ellipsoids (with semi-axis a, b, ¢).

During their rotation, the size of the illuminated
surface, as seen from the Earth, changes with time,
repeating at regular intervals corresponding to the
rotational period of the asteroid. The graph show-
ing the change of the brightness with time is called
lightcurve and represents the first step in further de-
termination of physical parameters of an asteroid.

Here we will represent the photometric observa-
tions and some physical properties of the asteroid
(1986 QY4) 4940 Polenov, discovered on 18" Au-
gust 1986 from the Crimean Astrophysical Observa-
tory at Nauchnyj?. The asteroid was named in hon-
our of a notable Russian painter and humanist, Vasily
Dmitrievich Polenov (1844-1927) (Schmadel 1997).

Polenov is a 17.8km sized object (Masiero et al.
2011) located in the outer part of the main belt in the
asteroid family Themis, at ~ 3.1 AU. Its low albedo
(~ 0.08) indicates a very dark surface meaning that
it is most likely one of the carbonaceous C-type as-
teroids that inhabit the outer region of the main belt.

In the following sections, we give a brief descrip-
tion of the method used, data reduction, results of
the observations, rotational properties and their un-
certainties, and the shape model of Polenov. In ad-
dition, we analyse the dynamical stability of the as-
teroid for a time interval of 0.4 Gyrs.

We would like to add, furthermore, that Polenov
is the first celestial body in the Solar system whose
shape is determined from observations at the Astro-
nomical station Vidojevica (ASV) in Serbia.

2. METHOD

The most common way to determine the rota-
tion period, spin vector, and shape of an asteroid
relies on the so-called the lightcurve inversion method
(Kaasalainen and Torppa 2001, Kaasalainen et al.
2001). Tt is not always straightforward to find a
unique solution for three-dimensional asteroid models
since this method requires several dense lightcurves
at different oppositions. Usually, tens of lightcurves
are necessary for reconstruction of the shape model.

Recently, it was found that when there are not
enough dense lightcurves, adding sparse photomet-
ric data could help to find a reasonable model solu-
tion. The idea of combining the dense lightcurve with
the sparse data was firstly introduced by Kaasalainen
(2004), and proven in practical work by Durech et al.
(2007). The sparse data include one or a few noisy
points from each night of observation, making the de-
termination of the period hardly possible. Using the
sparse data can save a lot of observational time and
also make use of fragmented/unfinished (due to bad
weather conditions) photometric data sets.

2The discoverer was L. G. Karachkina who was credited by
the Minor Planet Center for the discovery of 130 asteroids.
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In the past few years, a lot of asteroid models
have been determined using such shortened photom-
etry. Durech et al. (2018) gave a huge contribu-
tion in enlarging the DAMIT database®, containing
asteroids with known models (Durech et al. 2010).
In their work, they have determined shape models
of 908 asteroids, of which 662 were with unknown
shape models while 264 had already determined mod-
els and were used for comparison. Combining the
data from the GATA DR2 mission and ground based

telescopes, 762 more models were derived by Durech
et al. (2019a). Most of these models are based on
combined dense lightcurves and sparse data but there
are also models based on sparse data only. Some of
the models are partially determined i.e. the solution
for the spin axis latitude 8 is given, but the solution
for the spin axis longitude A is missing.

Having a large number of asteroids with a known
shape model is useful in their further investigations.
The spin vector distribution of asteroids can reveal
whether their rotation is isotropic or anisotropic. At
the moment, most of the larger asteroids have known
spin vectors. But determining the spin vector for the
smaller ones is an ongoing research, which will help
in making conclusions, not just about the spin vector
evolution, but also improve the theoretical and sta-
tistical modelling of collisional evolution of individual
asteroid families (Hanus et al. 2013, 2018) and the en-
tire population of minor bodies in the Solar System
(Vokrouhlicky et al. 2017).

3. OBSERVATIONS AND DATA
REDUCTION

In Table 1 we give the diameter (D), the absolute
magnitude (H), albedo, and three orbital elements
for 4940 Polenov: semi-major axis a, eccentricity e
and inclination i¢. The data are taken from NASA’s
JPL/Horizons service*. The o standard deviations

are 0.111 for diameter and 0.010 for albedo. The error
of the calculated albedo value, mostly caused by the

uncertainty of the absolute magnitude (Pravec et al.
2012), has the highest value of 28% for objects with
10% errors in diameter and 0.2 mag uncertainty of
the absolute magnitude (Masiero et al. 2021).

Table 1: Asteroid parameters for 4940 Polenov.

D H Albedo a e )
(km)  (mag) (AU) (°)
17.8 12.2 0.08 3.102 0.174 2.285

The photometric observations were performed
during six nights at two observing sites. At the Bul-
garian National Astronomical Observatory (BNAO)

Rozhen the images were taken on 17" November

3Database of Asteroid Models from Inversion Techniques
https://astro.troja.mff.cuni.cz/projects/damit/.

4Available at https://ssd.jpl.nasa.gov/sbdb.cgi
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Table 2: Aspect data of 4940 Polenov for the six observing nights in 2014, 2019 and 2020 at the BNAO Rozhen and

ASV.

Date r A Phase angle (a) Ae Be Note

(UT) (AU)  (AU) () () ()

2014 Nov 17.97  2.6639 1.7163 7.57 76.14  -2.72 BNAO Rozhen 50/70!cm Schmidt
2019 Sep 29.90  2.5862  1.5900 3.01 13.38  -3.54 AS Vidojevica ASA AZ1400
2019 Sep 30.99  2.5855  1.5882 2.58 13.16  -3.55 AS Vidojevica EQ60

2019 Oct 03.01  2.5843  1.5856 1.87 12.75  -3.56  BNAO Rozhen 60 cm Cassegrain
2020 Dec 18.99  2.9686 2.1682 12.96 130.10  -0.07 BNAO Rozhen 2 m RCC
2020 Dec 19.97  2.9702  2.1607 12.68 130.00 -0.06 BNAO Rozhen 2 m RCC

2014 by the 50/70 cm Schmidt telescope with an
FLI PL16803 CCD camera, on 3" October 2019, by
the 60 cm Cassegrain telescope with an FLI PL.09000
CCD camera, and on 18™ and 19*" December 2020
by the 2 m RCC telescope using a 2-channel focal
reducer Rozhen (FoReRo2) with the Andor iKon-L
CCD. At the AS Vidojevica, the images were taken
on 29*" September 2019 by the 1.4 m ”Milankovi¢”
telescope with the Andor iKon-L CCD, and on 30"
September by the 60 cm ” Nedeljkovi¢” telescope with

an FLI PL230 CCD. All observations were done in the
standard Johnson—Cousins R band. For differential

aperture photometry we used CCDPHOT by Buie
(1996). Lightcurve analyses (composite lightcurves,
synodic rotational period and estimation of the am-
plitude of the lightcurve) were performed using MPO
Canopus v10.7.7.0 (Warner 2016).

In Table 2 the aspect data of 4940 Polenov used for
the observations are reported. The first column gives
the date of the observation referring to the mid-time
of the observed lightcurve. The following columns
contain: the asteroid distance from the Sun (r), dis-
tance from the Earth (A), the Sun-asteroid-observer
angle (phase angle («)), the J2000.0 ecliptic longi-
tude (A\) and latitude (B.) of the asteroid, referred

4940 Polenov
PAB Longitude Distribution

4940 Polenov
PAB Long/Lat Distribution

to the time in the first column. The last column is a
note on the source (observatory and telescope) used

to acquire the images.

In the AstDys-2 database®, which we used for
sparse data, most of the photometric data for 4940
Polenov are given with accuracy of 0.1 mags. Only
in observations from 25" May 2019 to 4** November
2020 taken with the Asteroid Terrestrial-impact Last
Alert System (ATLAS - observatory codes T05 and
T08), we found data with photometric accuracy to
0.01 mag. For our calculations, we used photometry
in an “orange” (o) band of 560-820 nm. Both obser-
vatories, T05 ATLAS-HKO and T08 ATLAS-MLO,
are equipped with a 0.5m telescope. The ATLAS
project is a robotic astronomical survey which covers
the entire observable sky in one night up to bright-
ness magnitude of 19 (Tonry et al. 2018). The AT-
LAS photometry has already been used to calculate
spins and shape models of asteroids (Durech et al.
2019b).

In Fig. 1 the Phase Angle Bisector (PAB) lon-
gitude, PAB latitude, and phase angle distributions
are presented for dense and sparse data used in the

Shttps://newton.spacedys.com/astdys/
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Fig. 1: Dense and sparse observations. Left: Distribution of PAB longitude; Center:
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lightcurve inversion process. It is obvious that those
observations, which are limited in three apparitions,
could not give us a good aspect distribution cover-
age for a main-belt asteroid. Hence, to precise our
solutions, we schedule more observations in different
positions of this asteroid.

4. RESULTS

Our first lightcurve for 4940 Polenov was obtained
accidentally, namely on 17" November 2014 during
the observations of the asteroid 967 Helionape. In
the same field of view, beside our main target, dur-
ing data reduction we noticed an asteroid which was
identified as 4940 Polenov. Until that time, Polenov
had no published lightcurve or rotation period. The
field of view was observed for about three and a half
hours, which covered one rotational period of our tar-
get, but unfortunately, it did not reveal the entire ro-
tational period of Polenov. We observed the asteroid
at the solar phase angle of 7°57 before its opposition
on 4 December in the same year. The next op-
portunity to observe Polenov was in September and
October 2019, It was observed three times in that
period, on 29" and 30" September, and 3'¢ Octo-
ber, just before its opposition on 5** of October. The
last set of our observations were done before the as-
teroid’s opposition on 23'¢ January 2021, on 18*" and
19'" December 2020, when the solar phase angle was
12?9, providing a better phase angle distribution.

The period analysis was done using Minor Planet
Observer (MPO) Canopus, which incorporates the al-
gorithm for Fourier Analysis of Light Curves (FALC)
developed by Harris et al. (1989). The estimated ro-
tational period 4.161 +0.001 h has the smallest value

of the root mean square (RMS) error (Fig. 2) and the
best correspondence to the observational points. The
RMS errors for the two data sets have different sizes
and amplitudes, but their smallest value and the best
correspondence to the observational points matches
at 4.161 £ 0.001 h.
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Fig. 2: The period spectrum for 4940 Polenov based on
our observations from 2019 (marked with the solid red
line) and 2020 (marked with the dashed blue line).

In Fig. 3 we present the lightcurve plotted by
MPO Canopus that provides the best fit to 4.161 +
0.001h as is using the 9*" order fit Fourier analysis.
The RMS scatter of the fit is 0.017 mag and the am-
plitude of the Fourier model curve is 0.37 +0.02 mag.
The x-axis rotational phase ranges from -0.05 to 1.05,
and the magnitudes were normalized to the phase an-
gle o using the phase slope parameter G = 0.15.
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Fig. 3: The composite lightcurve of 4940 Polenov constructed from observations during three nights in 2019, where

data from each night are marked with a different colour and symbol. The Fourier analysis of the order 9 gave the
best fit corresponding to the rotational period 4.161 £ 0.001 h with the amplitude of 0.37 4= 0.02 mag.
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Phased Plot:
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Fig. 4: The lightcurve of 4940 Polenov gathered from observations in 2014. Although not completely covered, it is

constructed based on the afterwards calculated period of 4.161 h.
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Fig. 5: The composite lightcurve of 4940 Polenov gathered from observations in 2020. The Fourier analysis of the
order 9 gave the best fit corresponding to the rotational period 4.161+0.001 h with the amplitude of 0.44+0.01 mag.

In Fig. 4 we show the lightcurve corresponding
to the observations in 2014 when the period was not
entirely covered, but the lightcurve was calculated on
the basis of the rotation period of 4.161 h.

Fig. 5 shows the composite lightcurve gathered
from observations in 2020 whose Fourier fit of the
order 9 reveals a period of 4.161 £0.001 h. The RMS
scatter of the fit is 0.013 mag and amplitude of the
Fourier model curve is 0.44 + 0.01 mag.

The shape of the two constructed composite
lightcurves reveals two peaks with almost equal
heights and sharp minima. From the fit of the
lightcurve we can measure its amplitude and, us-
ing the empirical relation for the C-class aster-
oids Ayp = A/(1+0.015 x o) proposed by Zappala
et al. (1990), we can calculate the so-called phase-
corrected amplitude. Using its value we could
calculate the ratio of the largest to smallest re-

flecting surface areas during the asteroid rotation
as (a/c) =10004x40)  In our case, we calculate
(a/c) = 1.4 for both lightcurves, which suggests a
non-spherical form of the asteroid.

As already mentioned, we used the lightcurve in-
version method for calculation the pole solution and
derivation of the 3-dimensional shape model of the
asteroid. The weighting factor for dense photometric
data was set to 1.0, while for sparse photometric data
it was set to one third of the dense data (Durech et al.
2009). The initial sidereal period search was made
around our synodic period 4.161 + 0.005h. A few
number of solutions with 10% of the lowest x? value
were found, but a narrower period search found the
most likely period (Fig. 6). The pole search checked
312 discrete, fixed pole positions but allowed the side-
real period to float around the most likely period. In
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2.032 ChiSq versus Period: 4940 Polenov
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Fig. 6: A plot of x? versus period.

Fig. 7 we can see that all solutions are with negative
values for the pole latitude which firmly suggests the
retrograde sense of asteroid rotation (usually denoted
with R). The dark blue regions have y? values about
25% smaller than x? values of the dark red regions.

From the pole search, we can recognize two
roughly mirrored solutions with similar latitude that
are separated by about 180° in longitude. A finer
search, focused on these roughly possible pole po-
sitions, gave us more precise possible solutions. In
Table 3 we give values of the estimated sidereal rota-
tional period, sense of rotation, ecliptic coordinates of
the two mirror solutions (A, 3), as well as rough rela-
tive shape dimensions for Polenov. Assuming the as-
teroid as a triaxial ellipsoid with semi-axes a > b > ¢,
that rotates around the shortest axis ¢ = 1, we
derived relative shape dimensions using data corre-
sponding to the two poles, with (a/b) approximately
equal 1.39 for both pole solutions, and a sightly more
elongated shape in the (a/c) ratio with 1.55 and 1.46,
respectively.

In order to obtain the uncertainties of our solu-
tions for A and 8 and the axis ratios we adopted the
bootstrap approach described by Hanus et al. (2015).
For the purpose of bootstrapping we treated all the
sparse data as a single (7th) lightcurve but with a
lower weight as we did for the original solution. We
randomly select seven lightcurves from our data set,
which is equal to the number of lightcurves it con-
tains. As a result, we can have some lightcurves mul-
tiple times and some missing in the new data set.

4940 Polenov

CS(low)+

Period: 4.16127654 hrs ChiSq Range: 0.3630 -4.3888

Fig. 7: Pole search distribution. The white arrows indi-
cate the dark blue regions with smallest value of y2.

We are doing this randomly 29 times and together
with the original data we have 30 photometric data
sets. We are using each of the new data sets to derive
30 solutions for the shape model by the lightcurve
inversion. The rotational state is usually close to
the original one as can be seen in Fig. 8. There
we show the pole coordinates A and [ from the
newly obtained shape models. All the solutions for
A and S fall within the intervals [0°6, 21°5] and
[—86°5, —68°0], respectively. The mirror solutions
fall within [181°8, 204°5] and [—80°3, —56°0], re-
spectively. The mean values and their 1-0 standard
deviations are A =9°2+6°4 and = —78°1 £5°1,
and for the mirror solution A, = 193°3 £ 7°5 and
B, = —71°20 & 6°8, respectively. The original solu-
tions fall within those 1-o intervals. As a part of the
bootstrap procedure, we also computed the average
axis ratios and their 1-o standard errors. They are as

follows: (a/b) = 1.34 £ 0.11 and (a/c) = 1.62 = 0.25,

(b/c) = 1.21 £ 0.14, and for the mirror solution they
are (a/b). = 1.32 £ 0.11, (a/c), = 1.59 % 0.20 and

(b/c),, = 1.22 £ 0.11. The original solutions for the
axes ratios also fall within those 1-o intervals as for
the pole solution.

In Fig. 9 we give the obtained three-dimensional
shape model of 4940 Polenov, where the four panels
show the north and south pole views, and the two
equatorial perspectives with rotational phases 90°
apart, while the corresponding lightcurves are given
in Fig. 10.

Table 3: In this table we give the sidereal period, sense of rotation where R stands for retrograde direction, the two

pole coordinates (A, ), and the ratios of three semi-axes of the triaxial ellipsoid representing the shape model.

Sidereal Sense of Pole coordinates (a/b) (a/c) (b/c)

period (h) rotation A(°) B(°)
Polel 4.16128 + 0.00001 R 6.8 -74.7 1.39 1.55 1.11
Pole2 4.16128 £ 0.00001 R 191.6 -63.2 1.39 1.46 1.05
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Fig. 8: The results of the pole solutions A and 3 for each of the 30 photometric data sets obtained by the bootstrapping
method. The blue rectangular regions show the range where all solutions fall within. The green squares show the

average of all solutions and the green crosses with its tick-marks represent the 1, 2 and 3-0 intervals. The original
solutions are presented with red stars.

North Pole Equatorial, Z = +0°

South Pole Equatorial, Z = +90°

Fig. 9: The three-dimensional shape model of 4940 Polenov. The north and south pole view are given in two left
panels, while the equatorial viewing and illumination geometry with rotational phases 90° apart, are given on the
two right panels. The estimated aspect ratio of the longest to two shorter semi-axis is (a/b) ~ 1.4 and (a/c) ~ 1.5.
More accurate data are given in Table 3.
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Fig. 10: The lightcurve points obtained from the dense observations (given in Table 2) and from the sparse data,

superimposed over the lightcurves created by the model (solid line).

4.1. The Stability Properties

In order to see the stability properties of Polenov,
we have tracked its orbital evolution for more than
400 million years. The calculations are done in the
ORBITY integrator® using a model with all planets
from Venus to Neptune, while the mass of Mercury is
added to the mass of the Sun and the corresponding
barycentric correction is implemented to the initial
conditions. The Yarkovsky effect was not considered.
We registered the outputs every 250 yrs, filtering out
the short periodic oscillations.

The calculations are performed in the osculat-
ing orbital elements starting with the epoch 30
September 2012 e.i. MJD 56200 (taken from the
JPL/Horizons data base*). Initial values for the or-
bital elements were: semi major axis a = 3.1069,
eccentricity e = 0.1703, inclination i = 2.2856, lon-
gitude of the node 2 = 118.5010, argument of the

ericenter w = 270.6249, and the mean anomaly

= 247.8699

Fig 11 shows the evolution of Polenov’s semi-
major axis (a), where we can see that this is a very
stable asteroid. Except for the very small local ran-
dom variations, which are of the order ~ 10~% AU, al-
most no other changes are notable. Similar behaviour
is observed in the eccentricity (e) and inclination (),
not shown here, where the local random displace-

6 Available at http://adams.dm.unipi.it/orbfit/
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ments cover the intervals e € [0.101,0.17] and i €
[0°0014, 3°43].

The asteroid is nested in between two high order
mean motion resonances (MMR) with Jupiter’; be-
tween the 24J:11A at a ~ 3.0912 AU (the place where
asteroid makes 24 revolutions around the Sun while
Jupiter makes 11) and 13J:6A at a ~ 3.1055 AU (the
place where asteroid makes 13 revolutions around the
Sun while Jupiter makes 6).

In Fig. 11, except for the mentioned variations,
a very small drift of the mean value of the semi-
major axis is notable at t ~ 80 x 10° yrs, most likely
caused by some high order resonance. We also no-
tice that apolenoy does not reach the values of a of
the two neighbouring MMRs (24J:11A and 13J:6A).
However, the resonant locations are not strictly fixed
to one value of a but are capable for small local migra-
tions along the semi-major axis (Malhotra and Zhang
2020).

We have checked the entries into the two MMRs
by monitoring the corresponding resonant angles
0137.64 and 0247.114, but we have not observed any
indication of interaction with the two MMRs (for
more details how to track entries into MMRs see e.g.
Gallardo (2006), Todorovi¢ and Novakovié (2015)),
meaning that the small drift of @ in Fig. 11 is most

likely caused by some unidentified high order reso-
nance.

"See Fig. 1 in Todorovié¢ (2020) for the resonant map of the
Themis family.
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Fig. 11: Evolution of the semi-major axis a (AU) of the asteroid Polenov during the 400 Myrs integration. Except
for the small local variations of the order of 1074, slightly changing at ¢ ~ 80 x 105, no other changes in a are

notable. The asteroid is located in between the two mean motion resonances with Jupiter, 24A : 11J and 134 : 6.J,

but it did not reach any of them in the observed time.

Recent studies in Hsieh et al. (2020) illustrated
that Themis family members are capable to escape
via some of the strongest resonances in the family
and join the population of Jupiter family comets.
Polenov, a quiet member of the family is not one of
such escapers.

5. CONCLUSIONS

From our observations of the main-belt asteroid
4940 Polenov we estimated: its previously unknown

rotational period to be 4.161 +0.001 h, and its three-
dimensional shape model. The constructed relative
lightcurves from 2014, 2019 and 2020 have very sim-
ilar shapes, revealing two peaks with almost equal
heights and sharp minima. Calculations of the am-
plitude values gave us the approximate ratio of the
largest to smallest reflecting surface areas during the
asteroid rotation to be about 1.4.

Our pole coordinates calculations and obtained
shape model are based on six dense lightcurves ob-
tained over three oppositions (in 2014, 2019 and
2020) and sparse data from observations since May
2019 to November 2020 taken from AstDys-2°. Using
the lightcurve inversion method we found that 4940
Polenov has a retrograde sense of rotation.

The determined solutions for the pole coordinates
A and 3 are 6°8 and —74°7, and 191°6 and —63°2
for the mirror solution, respectively. The sidereal
period 4.16128 + 0.00001 h was obtained in a simul-
taneous fit together with the pole coordinates and
the shape. We analyse their uncertainties by apply-
ing the bootstrap approach described by Hanus et al.
(2015). The 95% confidence intervals of the bootstrap
distributions are A% ¢ [0°6, 21°5] and B%°% ¢
[—86°5, —68°0], and for the mirror solutions they are
M\95% ¢ [181°98, 204°5] and B2°% € [~80°3, —56°0].
We also want to emphasize that the original solutions
fall within the 1-o intervals of average values of the
bootstrapping distributions.

Let us mention furthermore that the limited cov-
erage of the asteroid aspects by the data, and the
fact that the retrograde spin pole being close to 180
degrees may gather some polar flattening and thus
additional systematic errors. A detailed analysis of

such errors is beyond the scope of this paper and will
be considered in more detail in our future work.

The calculated values of the ecliptic latitude of
the 4940 Polenov pole are in favour of the obtained
latitude distribution which shows that about half of
the asteroids with a retrograde sense of rotation have
latitudes in the interval [—53°,—90°], and also fall
within the latitude distribution for asteroids with di-
ameters smaller than 30 km (Hanus et al. 2011).

The lightcurve analysis of this asteroid gives us
the opportunity to enlarge the database of asteroids
(Warner et al. 2009) with a known period, but also
with known physical properties, such as its shape.
Additional data obtained in a longer time span of
observation and in the wider range of aspect data
could give more precise coordinates for the pole of
the asteroid.

Numerical integration of the dynamical evolution
of the asteroid have shown that Polenov is stable in
time exceeding 400 million years.
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YK 523.44 POLENOV
Opuzunasiy HaywHL pPao

Acrepoun 4940 Ilosmenos (1986QY4) je
npBu objexkar CyHUYeBOI cucTeMa dYnju je TPO-
nuMeH3noHasHu 00suk oapeben kopuctehu moc-
Marpama ca HoBomdrpabene AcTpoHOMCEE cTa-
mune Bunojesuna (ACB). Y wusnosenom panmy
najeMo pe3yarare GOTOMETPUjCKUX IOCMaTpama
[Monenosa, npurymmenux ca ACB, kao u ca
Byrapcke mammoHaJsiHEe aCcTPOHOMCKE OIICEPBATO-
puje (BHAQO) Posken y TOKy Tpu OmO3UIMje
2014, 2019. u 2020. roxune. IlomenoB je oGje-
kar BeauumHe 17.8 km m Hama3u ce y CHOBHOM
ey TJIABHOT aCTEPOUIHOT I0jaca, Y ACTEPOUI-
vOj pamunuju Temuc. O gpemuiu cMO KpuBe cjaja
3a oBaj obOjekaT, HEeroB CUHOAWYKUA MEPUOL OJ

4.161 £+ 0.001 wacoBa, m maay pememe 3a He-
rop obOJMK ® mOJOka] oca poramuje. Meromom
UHBep3Uje KPUBUX Cjaja, KOMOMHAIMjOM KPUBUX
cjaja u npopebenux ATLAS-HKO u ATLAS —
MLO nonaraka, mobujeH je U CUOECPUYUKU MEePU-
Ol, TOKA3aHO je Oa aCTePOUI MMa PEeTPOrpam-
Hy poTamujy, 1 JaTta cy ABa Moryha oriemaJjicka
pemema 3a koopaunarte moaoBa. Omaoc uamebhy
HajBehe u Hajmame peduexryjyhe nosprmune je
1.4. IlomaTHO je aHAIU3WPAHA W IUHAMUKA aCTe-
pouna, rue je mokaszano na je [lomeHoB m3pasmro
cTabuiaaH acTepous, Ca BPEMEHOM CTAOUIHOCTHU
Behum ox 0.4 Munujapae roauHa.
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