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Abstract—We have determined the realistic seeing of the 1.5-m AZT-22 telescope of the Mt. Maidanak
Observatory (Astronomical Institute, Uzbek Academy of Sciences) using more than 20 000 CCD frames
with stellar images in the UBV RI bands acquired in 1996—2005: € = 1.065” in the V band. The
characteristic seeing reduced to unit air mass, €/, _,(M(z) = 1), is 0.945”. We derived color equations for
the CCD detectors used with the telescope. Atmospheric-extinction coefficients in different photometric
bands were also determined. The mean V' -band atmospheric extinction is 0.20™ 4 0.04™. The time needed
for the conditions to settle, in the free atmosphere as well as inside the telescope dome, is 2—2.5 hours
after the end of astronomical twilight. For nights with €¥ ., < 0.9”, we find a persistent difference between
the seeing found at this telescope and measured simultaneously with a differential image motion monitor,

amounting to ~0.1™.

DOI: 10.1134/S1063772910110077

1. INTRODUCTION

In the 1960s, various searches were initiated for
promising sites for new-generation 3—4-meter tele-
scopes. Sites with large numbers of clear nights and
good seeing were found at the western high-altitude
plateau of the Andes in Chile, as well as atop vol-
canic mountains of Hawaii and the Canaries. The
Sternberg Astronomical Institute (SAI) of Moscow
State University began 9ts first studies of the as-
tronomical conditions at the most promising sites in
Middle Asia by the end of the 1960s: at Mt. Sanglok
(Tajikistan) and Mt. Maidanak (Uzbekistan). The
history of studies at both mountains was described
in detail by Shcheglov [1], an enthusiastic pioneer of
astronomical climate studies and the establishment
of Moscow State University’s observatory in Middle
Asia.

During the same time, the Ulugh Beg Astronom-
ical Institute (UBAI) of the Uzbek Academy of Sci-
ences arranged studies of the astronomical conditions
in various parts of Uzbekistan and, together with the
SAI, performed observations at Mt. Maidanak, lo-
cated in Qashqadaryo province of Uzbekistan, on the
slopes of the Baisun range, at an altitude of 2600 m.
The closest towns, Kitab and Shahrisabz, are 70—
80 km to the north of Mt. Maidanak, and are blocked

by the 3000-m-high Tahta range. The light pollution
from these towns can be noticed at low altitudes in the
north; there is no light pollution to the south and east,
down to the horizon; the mountains gradually become
lower to the west, where the major settlements are
in the plains, far from Mt. Maidanak. One of the
principal criteria used to select the telescope site was
that the peak be isolated; this criterion was used
by Stock [2] to select several peaks in Chile for the
European Southern Observatory (ESO). An isolated
peak in the 2000—3000-m altitude range should be
in the free-atmosphere zone [3]. The surface layer of
the Earth quickly cools at night due to its infrared
radiation, in turn cooling a thin near-ground air layer
that flows downwards along the slopes of the isolated
mountain.

In the same period, prospects for acquiring a
multi-purpose telescope about 1.5 m in diameter
and capable of addressing many observational prob-
lems, from wide-field imaging to spectroscopy, were
discussed at the SAI. Finally, technical specifica-
tions were developed together with the Leningrad
Optics and Mechanics Amalgamation (LOMO) on
the design of a 1.5-m Ritchey—Chrétien telescope,
designated the AZT-22. The design of the dome and
tower was simultaneously developed at the Central
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Institute for Steel Structures. The AZT-22 telescope
was installed at Mt. Maidanak at the end of the
1980s, and made its first light detection in 1991.
However, the telescope was not officially completed
by the LOMO: the dissolution of the USSR led to the
end of the inauguration tests. Currently, the AZT-22
belongs to the Mt. Maidanak Observatory of the
UBALI It has been used for systematic observations
since 1995, including as part of cooperative programs
of the UBAI and SAI

2. THE AZT-22 TELESCOPE
2.1. Mount

The AZT-22 telescope (LOMO) has an equatorial
fork mount that smaller in size than the English and
German mounts. A Ritchey—Chrétien optical system
with a relative aperture of 1 : 8 was selected.

The telescope tube was made as a classical Surrier
frame. The hour drive is based on a worm gear with
a cogwheel diameter of 1.5 m. The worm gear is
under a large stress, because it drives both the tele-
scope’s hour drive and its rough pointing. A similar
worm gear was installed at the declination axis. No
mechanical damage was detected in 20 years of use
of the telescope, testifying to the high quality of the
manufacturing of the worm gears. The telescope is
pointed to a target using an analog autosyn system.
Two digital “angle—code” sensors are installed on the
major worm axes, enabling the possibility of digital
telescope pointing in right ascension and declination.

A controller for digital telescope pointing was
designed and manufactured in the SAI in 1995, but
tests demonstrated that the normal functioning of
the digital pointing required preliminary adjustment
of all gears, minimizing mechanical play. In 2005,
Potanin [4] analyzed errors of the telescope’s hour
drive during a test of the optical compensator of
the wavefront slope. Periodic hour-drive errors re-
sult from the rotation of both the main worm and
secondary gears, but, in total, result in a mean error
of about 0.3”. Using an automated guide based on
the above device, which works at high frequencies,
makes it possible to compensate for such small hour-
angle deviations, reducing them to values below the
telescope’s optical aberrations. Differential bending
of the telescope fork mount results in systematic
image displacements in the focal plane, especially at
low elevations, limiting exposure times for program
objects with CCD cameras to three to five minutes.
Astronomers from Kharkov National University de-
veloped an automated platform with an automated
guide used to mount a CCD camera and installed it
in 2007, making possible a considerable increase of
the exposure time.

ARTAMONOV et al.

2.2. Optical Systems

The design of the optical system of the telescope
was presented by the LOMO opticians [5], and in-
dependently by Artamonov and Tertitsky [6]. A two-
mirror quasi-Ritchey—Chrétien system with a relative
aperture of 1:8 was selected as the principal opti-
cal system of the telescope, with a two-lens quartz
corrector designed to provide a 1.5-degree field of
view. A five-lens quartz focal reducer with a relative
aperture of 1:3 for a field of 1° was designed and
manufactured. A two-lens quartz corrector with a
different secondary mirror was designed for the 1 : 17
optical system for a field size of 100 mm. A four-
mirror Coudé-focus system with its own secondary
mirror was also designed. Note that this set of optical
systems was due to the requirements for a universal
university telescope. Currently, the 1 : 8 system with-
out a corrector, and sometimes the 1 : 17 system with
a corrector are used for observations. The existing
technical parameters of CCD cameras do not permit
the use of the wide-field corrector in the 1 : 8 system,
due to the small distance between its last lens and
the focal plane. The use of CCD cameras with large
chips (4 x 4 K)in the 1 : 8 system requires the design
and construction of a new corrector for a field size of
about 20’. S.A. Potanin designed a two-mirror quartz
corrector for the 1: 8 system of the telescope, with
aberration errors of about 0.2” over the whole field,

over a wide wavelength range (3500—9500 A), which
has a large distance between the last corrector lens
and the focal plane, enabling the installation of a filter
unit and large CCD camera.

The manufactured optical systems of the tele-
scope were tested at the LOMO workshop using an
unequal-length interferometer, one of whose arms
was the optical system of the AZT-22 telescope and
whose other arm was a reference spherical mirror.
Specially designed correctors were applied to correct
for path-length differences between the telescope’s
optical system and the reference sphere exceeding
one wavelength. Measurements of the resulting in-
terference patterns were used to derive the telescope
optical-system parameters and compare them with
calculations. The results of the LOMO workshop
tests of all optical systems of the telescope are
collected in [7], and demonstrate the good quality of
the optics made at the LOMO. As an example, Fig. 1a
displays the energy distributions within circlular
apertures (in arcseconds) for the 1 : 8 system without
a corrector. The calculated light energy density differs
from the workshop measurements by about 2—3%,
clearly testifying that the optics of the AZT-22
telescope created at the LOMO nearly reaches the
diffraction limit. Similar results were obtained for
other optical systems of the telescope.
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A large problem in exploiting the high-quality
telescope optics is fine tuning of the optical system at
the telescope site, as well as the correct functioning
of the main mirror’s off-loading system. To check
the optical tuning and functioning of the off-loading,
Potanin [8] tested the optical quality of the telescope
with a waveiront sensor in 2008; the method used to
study the quality of the telescope optics is described
in [8]. For comparison with the calculations and
workshop tests of the telescope’s 1 : 8 optical system
with no corrector, Fig. 1b shows the energy densities
within circular apertures with various sizes measured
at the Mt. Maidanak Observatory. The differences be-
tween the calculated and measured energy densities
for the 1 : 8 optical system can reach 10% for some
apertures. To improve the optical characteristics of
the telescope, i.e., to approach those found during
the workshop tests, finer tuning of the primary and
secondary mirrors and adjustment of the main-mirror
off-loading are needed. Nevertheless, the optics of the
AZT-22 telescope of the Mt. Maidanak Observatory
are almost diffraction quality, and this is clearly the
best telescope produced by LOMO, particularly also
taking into account the high quality of the telescope
mechanics.

Fine mirror adjustment of the AZT-22 telescope
was begun by O.1. Bugaenko in 1991—1992. He de-
veloped techniques and special devices for tuning the
primary mirror by combining the optical axis and the
mechanical rotation axis of the bearing whose flange
is used to install the detecting equipment (e.g., a
CCD camera). The secondary mirrors were tuned by
combining their optical axes with the axis of the pri-
mary mirror. In 2008, a team of astronomers from the
Kharkov National University headed by V.N. Dudinov
repeated the mirror tuning of the AZT-22 telescope
using an improvement of the technique proposed by
O.1. Bugaenko. S.A. Potatin took part in this work.

3. THE ASTRONOMICAL CLIMATE
OF Mt. MAIDANAK AND INSIDE
THE AZT-24 DOME

In 1975, the SAI performed measurements of
the astronomical climate at the western and eastern
peaks of Mt. Maidanak, located at a distance of about
10 km. The two peaks are compared in [9]. Both
peaks were found to have similar parameters, but
the western peak provides better conditions for con-
struction works, leading it to be selected for Moscow
State University’s observatory. Visual estimates of
the seeing, €, were obtained for both peaks with a
two-beam instrument via systematic observations
of Polaris in the Summer and Autumn of 1975; on
average, these indicated e = 0.6”. The central peak of
Mt. Maidanak is 4 km to the east of the western peak;
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Fig. 1. Energy densities within circular apertures, P, for
the 1 : 8 optical system of the AZT-22 telescope without
a corrector. The calculated energy densities (crosses) and
the energy densities measured (a) in tests at the LOMO
workshop (squares) and (b) under field conditions are
shown.

the AZT-24 telescope, as well as the AZT-14 and
Zeiss-600 telescopes of the UBAI, are installed at the
central peak. In this paper, the term “Mt. Maidanak
Observatory” refers to the observatory on the western
peak of Mt. Maidanak. Studies of the astronomical
climate conditions at the central peak were organized
and performed in the 1960s and 1970s by astronomers
from the UBAI and SAI[1].

The results of extensive studies of the observing
conditions at Mt. Maidanak performed in the 1960s
and 1970s were confirmed in 1996—1999 with a se-
ries of observations of the astronomical climate us-
ing modern techniques [10, 11]. The Differential Im-
age Motion Monitor (DIMM) was installed near the
1.5-m AZT-22 telescope of the Mt. Maidanak Ob-
servatory, five meters above the ground. The four-year
observations revealed a mean seeing of 0.69”. Later
studies of the atmosphere at Mt. Maidanak with the
MASS instrument [12] detected a free-atmosphere
seeing of 0.47” at heights of 0.5 km and more above
the level of Mt. Maidanak.

Obtaining high-angular-resolution images re-
quires the design of a telescope dome that does
not introduce any considerable seeing aberrations.
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Fig. 2. Seeing e under the dome of the AZT-24 telescope.
Crosses and squares show the seeing with the ventilation
off and on. The time interval between switching the ven-
tilation on and off was about 30 minutes.

Such a project for the AZT-22 dome was developed
by Novikov and Ovchinnikov [13] in cooperation
with engineers of the Central Institute for Steel
Structures. The telescope dome is 12 m in diameter,
and consists of two shells separated by 80-cm,
making it possible to stabilize the temperature of
the space inside the dome during day-time heating,
and to retain the night temperatures. The outer shell
is assembled of hexagonal panels (a sandwich of
aluminum and foam plastic). The inner shell sides
are coated with thick polyurethane-foam layers. This
thermal insulation prevents dome heating during
the day, making it possible to maintain night-time
temperatures under the dome. A ventilation sys-
tem installed in the telescope tower sucks free-
atmosphere air through the dome opening, making it

Table 1. Numbers of CCD frames for years and filters

Year U B \%4 R 1 Total

1996 - 48 151 166 86 451
1997 - 674 945 1033 513 3165
1998 - 265 664 851 363 2143
1999 - 1266 300 1116 251 2933
2000 591 397 374 b27 379 2268
2001 15 29 80 174 76 374
2002 629 513 807 899 632 3480
2003 248 247 606 1979 353 3433
2004 109 104 146 396 163 918
2006 279 275 296 1274 321 2445
Total 1871 3818 4369 8415 3137 21610

ARTAMONOV et al.

possible to suppress turbulent flows under the dome
(the telescope is cooled with the colder ambient air)
and forming a quasi-laminar air flow during night-
time observations. Some functioning results of the
ventilation system at the Mt. Maidanak AZT-22
telescope are discussed in [14].

The influence of the space under the dome was an-
alyzed and described in [15]. These experiments were
carried out using the AZT-24 telescope (with a main-
mirror diameter of 1.1 m)installed on the central peak
of Mt. Maidanak, 4 km from the AZT-22. The tower
design of the AZT-24 telescope is similar to that of
the AZT-22, but there are differences in the dome
design. A DIMM was installed under the dome of the
AZT-24,1to the south of the telescope foundation. The
seeing was measured with the DIMM on Septem-
ber 26—27, 1997, with the control equipment of the
AZT-24 turned on. There are three strong ventilation
systems under the dome, which create a flow of air
from outside through the open dome slit and evacuate
air via a windpipe to a gorge at a large distance from
the tower. There are two heating sources under the
dome: residual heating from day-time heating of the
tower and telescope, and heating from working equip-
ment. The DIMM measures the motion of a stellar
image in the CCD frame and estimates the seeing in
arcseconds. The results of these measurements are
shown in Fig. 2, where different symbols show the
measured seeing in arcseconds during periods when
the strong ventilation system was on and off. Each of
these periods had a duration of 30 minutes, making it
possible to follow several cycles during a night. The
mean seeing with the ventilation off and was 1.3”
and 0.7”. We also studied the time for the seeing
to stabilize (for the temperature of the ambient air
and the space under the dome to equalize). With the
ventilation off, this is about 3 hours, while it is about
1.5—2 hours with the ventilation on; however, in the
latter case, this time is also related to the stabilization
of the outside atmosphere, which depends on the time
for the ground and atmosphere to cool after day-time
heating (also about 2 hours, see Fig. 7a below).

4. SEEING AT THE AZT-22 TELESCOPE
4.1. Observations and Processing

Some seeing estimates for the AZT-22 telescope
can be found in [16—18] and in later papers on
gravitational-lens monitoring.

To estimate the seeing based on a large sample of
CCD observations obtained at the 1.5-m telescope,
we used CCD images (21610 frames) of various
astronomical objects in the U, B, V, R, and I fil-
ters available at the SAI. These observations were
performed in 1996—2005 with a TI 800 x 800 CCD
camera (1996—1999) and an SITe 2000 x 800 CCD
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camera (2000—2005). The distributions of these ob-
servations in time (years) and over filters is presented
in Table 1. The seeing estimates for the 1.5-m can
be compared to the 1996—1999 DIMM data obtained
when this instrument was mounted near the AZT-22
tower.

We estimated the seeing using the sizes of stars
in the CCD frames, taking a star’s visible size to be
its FWHM profile diameter. The results were then
translated into seconds of arc. For most of the im-
ages we used, the scale is 0.2667" per pixel (short-
focus observations, 1:8). Some observations were
obtained in the long-focus mode, 1 : 17 (with a scale
of 0.1333"” per pixel). The TI 800 x 800 CCD used in
our observations has two operation modes: 800 x 800
and 400 x 400. The scale for the latter mode is 0.5333”
per pixel (short-focus observations, 1 : 8) or 0.2667"”
per pixel (long-focus observations, 1 : 17).

Typical exposure times of our observations were
5—300 s.

4.2. Dependence of the CCD Seeing
on Exposure Time and Air Mass

Our data analysis reveals that, when the seeing is
very good (e < 0.8"”) and the exposure time is below
3 minutes, there is a weak dependence between the
image size and the exposure time:

€(t) ~ (0.0003—0.0004)t + const, (1)

where t is the exposure time in seconds. This cor-
responds to the above-mentioned inaccuracy of the
telescope drive in hour angle, which shiits objects by
0.1”—0.2" in two to three minutes. To remove the ()
dependence, we measured the sizes of stellar images
along the declination axis, d, which are independent
of the exposure time.

As an example, Fig. 3 displays the seeing € as a
function of exposure time for eight nights with median
seeing, e}fwd < 0.85" (September 5—6, 78, 9—10,
10—11, 2002 and November 23—24, 24—25, 25—26,
27—-28,2003), using only frames taken no earlier than
three hours after sunset (a total of 148 CCD frames
in the V and R bands), and excluding observations
obtained during the relaxation to the stationary tem-

perature regime under the dome.

The stellar-image sizes also depend on the air
mass. Figure 4 shows the dependence of the seeing
e on the air mass M (z) for the same set of measure-
ments as in Fig. 3. For seeing e < 0.9” and air masses
M(z) = secz < 1.6, there is a known relation for the
seeing: €(z) [19]:

e(z) = e(0)M(2)>°. (2)
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For the data shown in Fig. 4, €(0) = 0.72”. We did not
reduce the e values to the air mass M (z) = 1, because
some 80% of the images have sizes in excess of 0.9”
(see below). They show no obvious relation between
e and M (z). Since most of the observations were
performed at zenith distances z < 40°, corresponding
to air masses M (z) < 1.3, the sizes of stellar images
reduced to unit air mass will be below the observed
values by no more than 10—15%.

Below, when comparing the seeing measured at
the telescope to the DIMM results, we reduce our
data to unit air mass using the procedure described
in[19].
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4.3. Seeing from CCD Images in Various Filters

Figure 5 presents histograms of the seeing mea-
sured in the U, B, V, R, and I bands, as well as the
integrated seeing in the V' band. The median seeing,
€med, ranges from 1.23” in U t0 0.91” in I. The seeing
in V varies from 0.5” to 2.4”, with e}fwd = 1.065". The
number of images with €” < 0.7 does not exceed
2%, and the number with €V < 0.8” does not exceed
8% (Fig. 5d). No photometric observations were car-
ried out with the telescope if € > 2.3”—2.7". Figure 5
shows that taking into account the dependence of e on
exposure time ¢ and air mass M (z) would not change
the resulting distribution of € or the values of €;,¢q4.

The derived median seeing values in the various
photometric bands are in good agreement with the

following relation between e and A:
e(\) = (10.52 + 0.03)A"Y/% 4 const,  (3)

where X is the wavelength (in A) for the maximum
transparency of the corresponding filter.

Using the median values M(2)eq = 1.22 and
e/ 4= 1.065" for the AZT-22 frames, we estimated
the characteristic seeing reduced to unit air mass,
eV (M(z)=1). According to (2), €V _,(M(z) =
1) = 0.945". Since, strictly speaking, (2) is valid only
for the free atmosphere, our estimate of € (M (z) =
1) should be treated cautiously.

Note that the minimum sizes of the stellar images
measured for the AZT-22 telescope are a factor of

ASTRONOMY REPORTS Vol.54 No. 11 2010
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three to ten larger than the theoretical diffraction
radius (for the I—U bands).

4.4. CCD Seeing over Years and Months

Figure 6 displays the V' -band seeing for each ob-
serving night (nightly median ey values are plotted).
In total, we reduced data for 378 nights between
July 1996 and November 2005.

The scatter of the nightly mean ey values is fairly
large: from 0.6” to 2.3”, but the seeing is 0.8” —1.4" on
most nights. During the entire observation period, ey
was better than 0.7” on only two nights (0.5%) and
better than 0.8” on 31 nights (7%). We found ey >
1.6” for 31 nights (7%), but few CCD frames were
taken on such nights, since most observing programs
using this telescope require better seeing.

Generally, the distribution of the nightly averaged
seeing repeats the distribution for the individual CCD
frames (Figs. 5¢, 5d), both as a whole and for individ-
ual long series of data.

To estimate long-term seeing trends, we calcu-
lated the median ey values for each observation year
(year 2003 was subdivided into two, corresponding
to Winter and Summer—Autumn). These results are
also presented in Fig. 6.

Excluding the data for 1996 (a year with poor
statistics, with only 15 observation nights), we find
that the seeing did not change during the studied pe-
riod, on average. The range of ey was 0.97” (2005)—
1.15” (1999).

Ehgamberdiev et al. [11] analyzed the seeing at
the Mt. Maidanak Observatory for different months.
Our analogous analysis for the CCD seeing at the
AZT-22 telescope (Table 2) generally reproduces the
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results of [11]: the best seeing is achieved in Au-
tumn (with the median ey = 1.01” for October ob-
servations); while the worst seeing is obtained in the
Winter—Spring (with ey reaching 1.44” in April).
February is an exception, with our observations in-
dicating relatively good seeing, ey = 1.08” (the worst
month according to [11]). The discrepancy between
our results and those of [11] concerning the seeing
in February is probably due to insufficient statistics
of the available CCD observations (only seven nights

Table 2. Distribution of CCD seeing € over months

Numberof Numberof  Total
Month  observation observation number of e,‘fwd
years nights frames

January 1 2 59 1.29”
February 1 7 459 1.08
March 0 0 0 -
April 1 5 213 1.44
May 2 10 399 1.32
June 4 38 1424 1.34
July ) 63 1838 1.08
August 6 44 1366 1.10
September 6 93 5542 1.06
October 9 93 5186 1.01
November 7 68 4024 1.04
December 3 17 1100 1.29
Total 10 440 21610 1.06
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in 2003). A detailed comparison of our data and the
results of [11] will be presented below.

4.5. Time for Relaxation to Stationary Conditions
in the Free Atmosphere
and Under the AZT-22 Dome

When planning observations, it is important to
know the time needed for relaxation to the stationary
parameters of the night atmosphere (most impor-
tantly, temperature), since the seeing is directly de-
pendent on the atmospheric stability at the observing
site. Estimates of the relaxation to stable observing
conditions under the AZT-22 dome can be found
in[14].

To estimate the time for relaxation to stationary
atmospheric conditions under the AZT-22 dome with
the ventilation on, we analyzed the variations of the
CCD V and R seeing during the course of a night
for eight nights with €/ _, < 0.85" (September 56,
7—8,9—10, 10—11, 2002 and November 23—24, 24—
25, 25—26, 27—28, 2003; a total of 172 CCD frames).
Note that, in this case, we used the e values reduced
to unit air mass in accordance with (2). The results,
presented in Fig. 7b, show that the time scale for
relaxation to stationary conditions under the dome is
2—2.5 hours after the end of astronomical twilight.
For comparison, Fig. 7a shows the seeing measured
on the same nights with the DIMM [11] mounted
near the AZT-22 tower.

Simultaneous seeing estimates with the DIMM
and at the AZT-22 can be used to estimate the in-
fluence of the space under the telescope dome, which
is experiencing the thermal influence of the working
telescope systems and mounted equipment, as well as
to take into account the slow cooling of the tower and
dome parts after heating during the day. Figure 7b
shows fourth-order polynomial fits for the DIMM and
AZT-22 that average the seeing during a night. The
seeing in the free atmosphere differs from that under
the dome by about 0.1” when the ventilation is on.
The experiment on reducing the turbulence under
the dome of the AZT-24 telescope described above
has demonstrated that a powerful ventilation system
is able to create a laminar flow and to improve the
seeing to within 15 minutes. The AZT-22 ventilation
system is probably not strong enough to provide an
appreciable improvement in the seeing. It appears
that the relaxation of the thermal conditions under
the AZT-22 dome takes approximately the same time
as in the free atmosphere. The difference between
the DIMM and AZT-22 estimates remains constant,
and this remains unexplained for the moment. Note
that a similar difference was observed by Chinese as-
tronomers during simultaneous seeing estimates with
a one-meter telescope at the Yunnan Observatory and
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a DIMM installed near its tower (1.17” and 0.84”,
respectively) [20]. The limits on the seeing measured
for the AZT-22 telescope with its nearly diffraction-
quality optics are mainly related to conditions in the
space under the dome, which could be changed if a
new, higher-power ventilation system is introduced.
Achieving seeing comparable to the diffraction limit
for the telescope optics will require the introduction
of an adaptive-optical system that compensates for
turbulence in the free atmosphere. As was demon-
strated in [12], such a system would be effective for
the observing conditions at Mt. Maidanak.

In our opinion, our comparison of the DIMM and
AZT-22 measurements is only preliminary. A deeper
analysis of the influence of the space under the dome
on the seeing requires a specially designed experiment
with a DIMM installed on the AZT-22 telescope tube
for simultaneous observations on nights with various
conditions in the free atmosphere, as well as with
the ventilation system on and off, and with temper-
ature fluctuations measured at different positions of
the tower. Such experiments will help to improve the
ventilation system in the AZT-22 tower.

5. ATMOSPHERIC EXTINCTION
AT MT. MAIDANAK OBSERVATORY
AND THE INSTRUMENTAL PHOTOMETRIC
SYSTEM OF THE AZT-22 TELESCOPE

5.1. Color Equations for the Instrumental
Photometric Systems of the AZT-22 Telescope

A detailed analysis of the atmospheric extinction
and the color-equation coefficients was independently
performed by Korean astronomers using observations
obtained in 2003—2007 [21] using an SITe 2000 x 800
(up to 2005) and Fairchild 4000 x 4000 (beginning in
2006) CCD. We compare our results to the conclu-
sions of [21] below.

The color equations needed for accurate photo-
metric studies were earlier derived and implemented
for the telescope + TI 800 x 800 CCD system [17,
18], without taking into account their dependence on
the atmospheric extinction. Equations transforming
the data from the telescope + SIT 2000 x 800 CCD
instrumental system to the standard Johnson—
Cousins UBV RI photometric system were obtained
and applied in [22, 23]. However, the color-equation
coefficients and data on the atmospheric extinction
we derived remained unpublished.

To derive the color equations for the telescope +
SITe 2000 x 800 CCD system taking into account
atmospheric extinction, we used observations of the
standard stars in the Landolt [24] fields RU 149,
PG 10474003, PG 23364004, SA 95, and SA 98, as
well as standard stars in the open cluster NGC 7790
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[25]. These observations were performed on Novem-
ber 8—9, 9—10, 26—27, and 27—28, 2003 with the U,
B,V , R, and I filters, for air masses M (z) = 1.1—1.9.
UBV RI photometry was obtained for 88 stars; the
fluxes for 65 stars were measured at different M(z)
values.

The color equations for the telescope + TI 800 x
800 CCD system taking into account atmospheric
extinction were obtained from BV RI photometry of
Landolt standard stars [24] (the fields PG 1657+078
and SA 110; a total of eight stars). The observations
were performed on July 6—7 and 7—8, 1997 for air
masses M (z) = 1.4—1.7. The results of these pho-
tometric measurements of standard stars obtained in
1997 were earlier used in [17, 18].

To transform the data from the instrumental to
the standard system, we calculated coefficients of the

ASTRONOMY REPORTS Vol.54 No. Il 2010

color equations of the form
Fy = C! filty,, My, (2)) (4)
+ CPP(fult g, My, (2) = Faltg,, My (2)))
+ O OMy, () + CPPME (i (24, My, (2)
— fats, My, (2))) My, (2) + C}, + 2.51log t,,

where F7 is the magnitude in the F} band of the stan-
dard photometric system; f1, fo are the magnitudes
in the f1, fo bands of the instrumental photometric
system; ¢y, is the exposure time (in seconds) for the
frame taken in the fi filter; My, (2) is the air mass for

the frame taken in the fy filter; Cf!, C12, C}/®)

’ fl )
C’J’fllfQM(z), C’Jtc1 are the equation’s coefficients; and
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Table 3. Color-equation coefficients and their uncertain-
ties for the telescope + SITe 2000 x 800 CCD and tele-
scope + T1 800 x 800 CCD systems

cfrfz
i y
fi 2000 x 800 800 x 800 o
CCD detector  CCD detector
u  —0.139 % 0.040 - —0.582+0.143
b 0.111+0.016 0.325+0.014 —0.339+0.051
v —0.020£0.013 0.074+0.009 —0.202 % 0.036
r 0.012+£0.028 0.018+0.013 —0.110 % 0.053
i 0.02440.018 0.089+0.007 —0.061 %+ 0.048

f = —2.5log! are magnitudes (I being the measured
light flux).

We found when calculating the color-equation co-
efficients that the coefficients of the form C’}:th(Z)

were small compared to the uncertainties in the other
coefficients, making it possible to neglect them with-
out deteriorating the accuracy.

For observations in the linear dynamic range of a
CCD chip, the C}? coefficients are usually assumed to

be unity. We undertook an additional study of the C’ijll
values and confirm that C’J]fll = 1 within the errors.

Thus, the color equations are reduced to the form
Fy = fi+ CRE(fi = falty, My, (2))) (5)
+ C%(Z)M(z) + C’}l + 2.5log t.

The fa(ts,, My, (2)) relation means that, when using
(5), the fluxes in the f; and f5 filters must be normal-
ized to the same exposure time and unit air mass.

Thus, we used the following color equations to
transform data from the instrumental ubvri system to
the standard U BV RI photometric system:

U=u+C"u—0b)+CMAM(z) (6)
+ CL +25logt,

B=b+Clb-v)+C"P M=) (7)
+Cf +2.5lo0gt,

V=0+C"0b—-v)+CMAN(z) (8)
+C' +2.5logt,

R=r+C"(v—r)+CMEM(z) (9)
+C' 4+ 2.5logt,

ARTAMONOV et al.

I=i+CVv—i)+CMPM(z)
+ Ct 4+ 2.51og t.

For observations with the TI 800 x 800 CCD, which
is insensitive in the U band, the set of Egs. (7)—(10)
should be used.

(10)

The derived coefficients C}?fz and C%(z) and their

uncertainties are collected in Table 3 (the second
column is for the telescope 4+ SITe 2000 x 800 CCD
system and the third for the telescope + TI 800 x 800
CCD system).

The C}‘f(z) coefficients represent the atmospheric

extinctions derived from our observations (K (f;) =

—C%(z)). The problem of atmospheric extinction will

be considered in more detail in the next section.

We do not present any numerical data for the C*
terms (“zero points”), since, strictly speaking, these
are valid only for particular dates of observations (for
November 2003 and July 1997, respectively). The C*
coefficients mainly depend on dust contamination of
the telescope mirrors and filters and on the atmo-
spheric conditions, and change with time.

The presented coefficient C** and Eq. (6) are fairly
preliminary because of the large uncertainty due to
the low number of standard-star observations at dif-
ferent air masses during a night. Both instrumental
systems are close to the standard photometric system
for the V and R bands.

The color equations derived independently by
Ibrahimov [26] (from observations in August 2001)
and Zheleznyak [27] (from observations in October
2000) have the same coefficients within the errors.
The color-equation coefficients derived in [21] for
the telescope + SITe 2000 x 800 CCD differ slightly
from our values (C, = 0.053 £+ 0.003, C', = —0.043 +
0.002, C; = 0.054 + 0.002; C,. was not derived). The
C,, coefficient derived in [21] is considerably different
from our own estimate (Table 3). Note, however, that
Lim et al. [21] derived their color equations based on
the SAAO system, which differs strongly from the U-
band data of Landolt [24].

Given that the color equations [21] are based ona
large amount of statistical material, we can recom-
mend their use for the telescope + SITe 2000 x 800
CCD system in the B, V, [ filters and for the tele-
scope + Fairchild 4000 x 4000 CCD in the B,V, R,
and T filters. It is possible to apply the C,, coefficient
derived in[21], bearing in mind the difference between
the SAAO and Landolt standards.
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5.2, Atmospheric Extinction
at Mt. Maidanak Observatory

We used the results of our absolute U BV RI pho-
tometry of standard stars to estimate the atmospheric

extinction in the corresponding bands (the CM()
coefficients in (6)—(10); Table 3). The extinction we
found for the V band, K (V) = 0.20™ %+ 0.04™, is in
good agreement with earlier estimates: 0.21™ [28,
29] (studies of 1976—1998), 0.15™ £ 0.02™ [26],
0.18™ [27], and 0.18™ + 0.05™ [21]. The large uncer-
tainty in our estimate (20%) is due to large variations
of the atmospheric extinction. Special studies by
astronomers from Lithuania [29], Uzbekistan [30],
and Korea [21] have demonstrated that the atmo-
spheric extinction at Mt. Maidanak Observatory
varies within 0.08™—0.45™ in the V band [29],
and nightly variations can reach 0.2™ (recorded on
August 15—16, 1977) [28]. The atmospheric ex-
tinction depends on the season: it is minimum in
January—March (0.11™—0.14™) and maximum in
July—August (0.20™—0.22™)[21, 31]. A strong cor-
relation between atmospheric extinction and relative
humidity was detected [30]. All these findings reflect
the known dependence of the atmospheric extinction
on the amount of dust in the atmosphere.
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The extinction we derived for the U—I bands is
also in good agreement with data from earlier stud-
ies [21, 26, 29—31], and the ratios for the differ-
ent bands are close to model relations calculated
from observations at the European Southern Ob-
servatory in Chile [32]. In particular, the mean ex-
tinction at the Mt. Maidanak Observatory (central
peak) from observations of 1991—2002 (833 nights)
is 0.64™ +0.07™ (median 0.63™) in the U band,
0.33™ £ 0.06™ (median 0.32™) in B, 0.20™ + 0.05™
(median 0.19™) in V, and 0.14™ + 0.05™ (median
0.13™) in Ry [31]. According to [21] (25 observing
nights in 2003—2007), the mean extinction at the
western peak of Mt. Maidanak (the site of the AZT-
22 telescope) is 0.49™ + 0.07™ in U, 0.29™ + 0.05™
in B, 0.18™ £+ 0.05™ in V, 0.12™ £ 0.04™ in R, and
0.08™ £ 0.06™ in the I band. The extinction was
higher than the mean value by approximately 0.05™
in all bands during the Spring—Summer season and
smaller by 0.05™ during the Autumn—Winter sea-
son [21]. Figure 8 shows previously unpublished dis-
tributions of the atmospheric extinction coefficients
in the UBV R; bands from observations in 1991—
2002 [31].

During the Summer period, the atmospheric ex-
tinction at the Mt. Maidanak Observatory is a factor
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of 1.5—2 higher than at the best observatories in
Chile, Hawaii, or the Canaries [33].

6. CONCLUSIONS

1. After the testing of its optics in the LOMO
workshop and at the observatory site, the Mt. Maid-
anak 1.5-m AZT-22 telescope has displayed an al-
most diffraction-limited quality. Given its excellent
mechanical properties, it can be considered one of the
best LOMO telescopes.

2. We have estimated the seeing of the 1.5-m
AZT-22 telescope using CCD imaging (21610
frames) in the U, B, V, R, and [ filters performed
in 1996—2005. The median seeing at the telescope

site is €, = 1.065”. The number of frames with

¢V < 0.8" is no greater than 8% (7% of all nights had
e/ 4 < 0.8"). We estimate the characteristic seeing
reduced to unit air mass, € _(M(z) = 1), as 0.945".

’ “med

3. Our comparison of the seeing measured simul-
taneously at the telescope and with a DIMM installed
close to the AZT-22 tower enabled us to estimate the
influence of the space under the dome on the seeing.
After stabilization of the temperature conditions in
the free atmosphere and under the AZT-22 dome
with the ventilation turned on, the nights with €¥ _, <
0.9” demonstrate a constant difference of about 0.1”
between the DIMM and AZT-22 seeing estimates,
which remains unexplained.

4. The best seeing is in Autumn (ey = 1.01” in
October), while the worst is during the first half of
each year (e = 1.44” in April). The yearly-averaged
seeing generally did not vary in 1996—2005.

5. The seeing does not depend on the exposure
time and shows a weak dependence on the air mass
(for M(z) < 1.6) in cases when ey > 0.9”.

6. The time scale for the relaxation to stationary
atmospheric conditions at the Mt. Maidanak Obser-
vatory is about 2—2.5 hours after the end of astronom-
ical twilight.

7. The mean V-band atmospheric extinction is
K(V)=0.20m +0.04™.

Finally, we note that our results are of importance
for planning observations, performing new experi-
ments to study turbulence under the dome, and ad-
justing the telescope’s optical systems and mechani-
cal units in order to acquire images with high angular
resolution.
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