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ON A NON-THERMAL VELOCITIES IN THE SOLAR CORONA

ALIYEVA Z.F.
Department of Astrophysics, Baku State University, Z. Khalilov str.23, AZ 1148, Baku, Azerbaijan
e-mail: zaminaaliyeva@bsu.edu.az

Abstract. The paper considers the change in the width of the coronal spectral lines along the solar disk.
The change in the width of the coronal lines along the solar disk is sometimes contradictory. Often, the widths of
the lines are changed little along the solar disk. We explain such cases by joint motion on slow magneto-sound
and Alfven waves.

It is shown that the relation between the motion velocities on the Alfven wave ov and the phase velocity
Vais 0v~v, meaning that with an increasing (decreasing) phase velocity dv, the motions increase (decrease). Since
with the height above the limb, the phase velocity of the Alfven waves are increased due to the decreased density,
the phase velocity is increased, therefore the motions velocities are increased as well. This explains the increasing
widths of lines above the limb.

Keywords: Solar corona, MHD waves, non-thermal velocities.

1. Introduction

According to the studies of many authors, the width of the coronal lines above the solar disk is
almost unchanged. The width of the coronal lines is determined by two motions: thermal motions of ions
and non-thermal motions caused by slow magneto-acoustic waves propagating in the corona and mostly
by Alfven waves and turbulent motions [5, 7, 11, 10, 1 and references of these works].

Turbulent motions broaden the spectral lines most likely the equally across the solar disk. If non-
thermal motions in the corona were caused only by turbulent motions and motions on Alfven waves, then
the values of non-thermal velocities would increase from the center of the disc to the limb. But, as we
will see below, in many cases, there is an isotropy of non-thermal velocities along the solar disk.

We assume that the isotropy of non-thermal movements is caused by the motions on slow
magneto-sound waves and on Alfven waves. In the given paper, we consider the isotropic case of
broadening of the coronal lines of MHD waves, without involving turbulent motions.

Note that since at all coronal points a given coronal line is radiated at the same temperature, we
must say that the changes in the width of the coronal line are caused by non-thermal motions on MHD
waves.

The given paper considers the possible role of MHD waves in the isotropic broadening of coronal
lines, as well as the change of velocities on Alfven waves with height.

2. Isotropy of the widths of the coronal lines along the Solar disk

During the observations, the authors obtain a spectrum from a large disk area (1”+120", for
example, see [4]). Clearly, there are numerous Alfven and slow magneto-sound waves in this area.
Therefore, the observed coronal spectral line broadens simultaneously by motions on both Alfven and
slow magneto-sound waves.

In other words, the non-thermal velocity found on the Doppler width of the line is the square of
the sum of the squares of the most probable velocities of the motions on Alfven and slow magneto-sound
waves:

Vnt2: Untz(s) +Dnt2(a)- (1)

Here: vni(a) and vn(s) nt (s) are non-thermal velocities of Alfven and slow magneto-sound waves,
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respectively.

The question is how to find the values of va(a) and vu(s). We will calculate the values of these
quantities based on the following consideration, bearing in mind that the waves in question propagate in
magnetic tubes that are perpendicular to the surface of the Sun.

Further, the motions of the slow magneto-sound waves occur along the magnetic tube, and the
motions on the Alfven wave occur perpendicularly to the magnetic tube.Then, during the observations in
the center of the Solar disk, the line of sight is perpendicular to the motions on the Alfven wave and
therefore in the center of the disk vn(a)=0, while the value of vu(s) is maximum; near the limb, on the
contrary: vni(a) is maximum, and v (s)=0. Obviously, the non-thermal velocities observed on the centre
of the disk are the velocities of motions on slow magneto-sound waves, and the non-thermal velocities
observed closer to the limb are the velocities of motions on the Alfven wave. As an example, we can
show coronal line A1037 OVI from Table 1 [5]: in the centre of the solar disk, the value of non-thermal
velocities is vp=32km/s, and closer to the limb v,=34km/s.

Thus:

Uni(s)=32 km / s, vne(a)=34 km / s.

Obviously, depending on angle 6 on the surface of the Sun, the total velocity will change as follows:
Vu?(0)= (32 cosf)? +(34 sinf)*>  (2)
The values of Vi(0) are calculated for values 6=0, 10, 20,....90".

0, (°) 0 10 20 30 40 50 60 70 80 90
Vi,
(km/s) |32,00 | 32,06 | 32,23 | 32,51 | 32,85 | 33,18 | 33,51 | 33,78 | 33,94 | 34,00

As it can be seen from the table above, in this example, the values of non-thermal velocities are
almost constant throughout the Sun disk.

In [7], coronal lines MgX 609 and Mg X 625 were observed near the limb on the disk and above
the limb. A portion of /R was observed in the interval 0.7-1 on the disc. The values of non-thermal
velocities, determined by the observed Doppler widths of the indicated lines in the indicated interval
turned out v,=26 km/sec. Besides, it turned out that this value is constant in the whole indicated interval.

The authors believe that the observed non-thermal velocities are motions on the Alfven wave.

In this case, expression (1) takes the form:

Vii(0) =vm(0)= 26sin0 (3)

In the given paper, the values of non-thermal velocities are given for the following values sinf=
0.7,0.8, 0.9, 1.0.

Using expression (3), we find:Vni(45)=18.2; Vii(54°)=21.8; Vni(65°)=23.4; Vn(90°)=26 km/sec.As it can
be seen, if non-thermal velocities were the velocities of motions only on the Alfven wave, the values of
these velocities would decrease toward the centre of the disk.

Now, let us consider the assumption that thermal motions are created by both Alfven waves and
slow magneto-sound waves. Obviously, in the center of the disk, the velocity of motions on Alfven waves
is equal to zero, since these motions are perpendicular to the line of sight. The authors believe that the
values of non-thermal motions are uniform throughout the disk. In this case, these motions should satisfy
expression (1). This means that in the center of the disk vn(s)=26 km/sec. The observed value of non-
thermal velocities on the limb is the velocities of motions on Alfven waves. So, according to expression
(1) for a given case, we can write down:

Vi (0)=(26c0s0)> +(26sin0)*=26>.

Hence: Vin(0)=26 km/sec. In other words, if non-thermal velocities are “created” by the combined action
of slow magneto-sound and Alfven waves, then non-thermal velocities will be uniform throughout the



disk. Therefore, we can conclude that the observed isotropic distribution of non-thermal velocities on the
Sun disk is explained simultaneously by motions on Alfven and slow magneto-sound waves.

The determination of non-thermal velocities on the lines A195,12 FeXII and A 202,94 Fell showed
[11] that the values of these velocities from the center of the disk to the limb are constant and equal to
36 km/sec (Fig. 7). This interesting result can only be explained by the fact that these velocities are the
motions on Alfven and magneto-sound waves, and the amplitude of the velocities of the motions on both
waves is the same. We emphasize that the authors explain this fact that the source of non-thermal motions
are turbulent motions in the corona. The observed values of non-thermal velocities in line 1624.94 MgX
are almost constant on all disk of the Sun ([10] Fig. 6).

According to observations [9], the widths of the line 2625 MgX on the disk closer to the limb
significantly differ with various data and have a somewhat complex appearance with a tendency to grow
to the limb. Unfortunately, the authors do not explain this observational fact.

Based on the observations of some spectral lines arising in the upper atmosphere and in the
corona, the authors concluded that non-thermal velocities change slightly along the solar disk, i.e. they
are isotropic.

According to the observations [8], the width of line Fe X 6374 (red line) above the solar limb
increases with height, while the width of line FeXIV 5303 (green line) decreases.

The authors (et al., see references in the present work) explain this by the fact that, according to
the line of sight, there are many undisturbed structural elements with different temperatures in the corona.
As a result, the velocity of the Alfven wave decreases and therefore the width of the blue line decreases
with height. But we must indicate that the velocity of the Alfven wave is independent from temperature.
Most likely, unresolved structures with different densities are found along the line of sight.

3. On change in non-thermal velocities over the solar limb

The results of determining changes of the non-thermal velocities value with a height above the
limb are very contradictory.

In [2], the results of measurement of the values of non-thermal velocities in the corona, depending
on the height above the limb, are shown from observations in the line A 5303 Fe XIV at the coronagraph
of the Sacramento Peak Observatory. Figure 8 shows that the values of non-thermal velocities decrease
with increasing height.

According to the observations on the SUMER / SOHO spectrograph in ultraviolet lines, the
authors of [3] found that the velocities of non-thermal motions increase with height (Fig. 4).

It is of interest to look at the theoretical dependence of the velocities of motions on the Alfven
wave (which lead to the broadening of the coronal emission lines observed on the limb) with the phase
propagation velocity of this wave and compare it with the observations. Mean square value of the
velocities on the Alfven wave is proportional to p™"* [4]:

(Bv2)12 ~p 1
The phase velocity of the Alfven wave is proportional p™/%:
Vap 1?2
Consequently:
Sv~val?  (4)

Since the density decreases with the height in the corona, the velocities at the Alfven wave should
increase with the height. The comparison between the calculated values of non-thermal velocities on the
Alfven wave and the observed values along the SiVIII line 1445.75 made by the authors shows a good
agreement between these values: both velocities (the calculated and the observed) increase with the
height (Fig. 4). This suggests that the observed non-thermal motions are motions on Alfven waves. The
phase velocity of the Alfven wave increases with the height in the corona due to a decrease in density.

5



Expression (4) shows that with the height in the corona, the amplitude of the velocities of motions on the
Alfven wave increases as well.

The conflicting results of measuring the width of the lines in the height above the limb remains
unexplained so far. If the widths of the coronal lines were expanded only by motions on Alfven waves,
then they would show the growth with height above the limb. The contradictory results of the
measurement of the widths of the lines in height above the limb remain unexplained.

Thus, we conclude that if non-terminal motions are motions on Alfven waves, the non-terminal
motions must grow with the height on the limb.

4. Conclusion

The study of changes of coronal lines along the solar disk is of interest from the point of view of
revealing the mechanism used by non-thermal motions to create broadening spectral lines. The
broadening of coronal lines is caused by MHD waves: slow magneto-sound and Alfven waves, as well
as turbulent motions. The observational data are contradictory, but mostly, the widths of the spectral lines
are almost constant across the solar disk. In the present paper, we investigate the cases of almost constant
(isotropic) line widths over the solar disk. We conclude that in this case, the motions on slow magneto-
acoustic and Alfven waves can be the mechanisms for broadening coronal lines without involving
turbulent motions.

We find that there is a relation dv~va. between the phase velocity of the Alfven wave and the
motion velocities on this wave, showing that with increasing (decreasing) of the phase velocity of the
Alfven wave, the motions velocities increase (decrease) on that wave. This effect can explain the
increasing of the line widths over the solar limb. This effect can explain the increase in line widths above
the solar limb.
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CATALOG KVARATSKHELIA-SAARI-SHORTHILL
O. 1. KVARATSKHELIA
E. Kharadze National Astrophysical Observatory
Email: kvara otar@mail.ru

Abstract

The studies accomplished at the end of the past century, comparing various optical characteristics of
lunar soils and their terrestrial analogs, showed that it is possible to identify different degrees of packing
of the lunar surface matter by remote sensing methods. The normal albedo p0 and the maximum degree
of polarization Pm are used as the initial characteristics of the reflectivity of a finely dispersed substance.
Key words: Moon, Polarization, Albedo

It was found that on a two-dimensional histogram of the p0 (Pm) type, among the points of measured
albedo values and the maximum degree of polarization of a number of finely dispersed terrestrial
magmatic samples of a known grain-size and mineralogical composition, two types of sequences can be
distinguished. One family of functions characterizes changes in p0 and Pm of a substance of the same
type with insignificant variation in chemical composition. Another is a change in the optical
characteristics of rocks with similar particle diameters, with a change in the mineralogical and chemical
composition [1]. Test studies were carried out in the area of volcanic deposits in Kamchatka, based on
polarized aerial photography [2].

The results of numerous studies of analogs of lunar soil made it possible to introduce the concept of an
optical parameter of the relative porosity of a reflecting substance of the following form: AW=ilgp +
klgPm, which quantitatively describes the ability of the uppermost soil layer to absorb and scatter
sunlight [3].

This parameter (in a simplified form p0 (Pm)) is physically close to the second non-normalized Stokes
parameter. An analysis of the cumulative results showed that the adopted parameter shows the real
relationship between the physical and the mechanical properties of the soil in its natural bedding with the
characteristics of scattered light and describes the properties of not only a reflecting optically thin layer
of matter, but also deeper underlying layers. The technique makes it possible to identify large-scale
irregularities in the density of the material using synthesized images.

A number of studies in this direction make it clear that it is possible to assess the effective size of particles
of a finely dispersed material in the surface layer [4]. As a result of laboratory measurements, the ratio
between the normal albedo, the maximum degree of polarization and the average particle size was
obtained: 1gAY=4,81gp0+ 3,41gpm-7,1.

Identification of areas with a predominant distribution of the fine fraction in the surface layer of the Moon
is extremely important at the early stages of design work on the lunar base, since it is in the mass of the
fine fraction that the largest amount of hydrogen and helium-3, the main elements of the natural resources
of the Moon, is contained. As it is known from the works by various authors, over 80% of hydrogen and
helium-3 in the samples of lunar rocks delivered to the Earth was found in a fine fraction with a particle
size of up to 45 microns. From this point of view, according to our data [1], the south of the Sea of
Abundance is promising.

One of the most important practical conclusions made by B. Hapke [5] in the theoretical consideration
of the phase function of the Moon was the determination of the parameter of the relative density of lunar
surface H. This value characterizes the packing of particles of the uppermost extremely fragmented and
porous layer of the lunar regolith. The Hapke values of this parameter are determined by the following



formula H=K3/(d/ do)2 .Here d0 is the density of the rock, d is the density of the lunar surface rocks,
the coefficient K = 2 for the lunar sites. Measurements of parameter H over the lunar disk for small areas
( ~10") revealed significant differences in H from place to place within 0.1 <H <I.1 [6], with an average
value of the relative density parameter for the visible hemisphere of the Moon equal to 0.5. Mapping of
this parameter directly using the formulas of the Hapke photometric function is possible only by points.
At the same time, it would be very useful to know the prevalence of this parameter over the lunar disk to
reveal the presence of large-scale non-homogeneities in the relative density of the lunar surface.

We set the task to reveal the relationship between the Hapke parameter - H and the optical parameter of
relative porosity. For this purpose, on the 40-cm Zeiss refractor of the Abastumani Astrophysical
Observatory (F = 6.8m) at a wavelength A = 0.440 um, with a working aperture d=7". 5, at close phases
for both quarters of the moon, in quadratures, when the degree polarization reaches its maximum value
(phase angle a~ +900), O. Kvaratskhelia accomplished polarimetric observations of all points of the
Saari-Shorthill catalog [6], for which the normal albedo was measured with high accuracy.

The observations were accomplished using an automatic electro-polarimeter of the Abastumani
Astrophysical Observatory [7]. The results of these observations for 190 points of the catalog [6] (77
points for the first quarter and 113 for the last one) were published in article [8] as KVARATSKHELIA-
SAARI-SHORTHILL catalog. Additional polarimetric observations of objects from the Saari-Shorthill
catalog with the same equipment were accomplished in 2005-2009 [9, 10, 11].

This article presents the results for about 300 catalog points [7]. At the end of the article, we present the
complete KVARATSKHELIA-SAARI-SHORTKHILL catalog with the following designations: A, -
selenographic coordinates of the observed areas; HX100 is the Hapke parameter and p0% is the normal
albedo of the sites according to the catalog [6]; Pm% is the results of polarimetric observations by O.
Kvaratskhelia; p0O (Pm )is the parameter corresponding to the second unnormalized Stokes parameter in
a physical sense and being proportional to AY; the index is the qualitative characteristics of the lunar
regions according to the catalog [6]. For example: A designates area with medium albedo, B means
bright, D means dark, C is the craters, etc. a is the angle of the moon phase during the observations. At
the end of the work, Moon maps are given, which are taken from the Saari-Shorthill catalog [6] with the
designations of the measured lunar areas, Fig. 4a - 12a, for the western hemisphere of the Moon and Fig.
4b - 12b, for the eastern hemisphere of the moon.

The observation results are as follows:

1. Based on our subsequent observations to the photo-polarimetric catalog of Kvaratskhelia-Saari-
Shorthill [8], the polarization data have been added. Now, the catalog for 284 lunar surface objects
consists of the following data: normal albedo, Hapke parameter and degree of polarization.

2. We compared the values of the Hapke parameter and the product pO (Pm) at each observation point
[8], and did not reveal a direct relationship between them. Then we compared the average values of p0
(Pm), at the intervals of changes in the parameter H: 0.1-0.2, 0.2-0.3, etc. [8]. In this case, a clear direct
dependence of changes in p0 (Pm) and the Hapke parameter was revealed, and it is individual for each
quarter. This result needs to be verified, since it is necessary to explain why the average values of
parameter pO (Pm) for the sections in the first quarter are 10% higher than for the last, at the same values
of phase angles ~ +900. It can be assumed that, on average, the lunar regolith in the last quarter is
represented by a more finely dispersed matter. It was here where late marine volcanism developed, and
the surface soil can be enriched to date with microscopic ash particles smoothing the Pm polarization
values. But perhaps, the answer must be sought in the difference between the mineralogical composition
of the western and the eastern parts of the lunar disk. However, the identified correlation of these
parameters makes it possible to calibrate the images synthesized as a function of the optical parameter of
relative porosity AY of the lunar regolith in units of the H parameter proposed by Hapke.



Conclusion

In the given paper, data on the degree of maximum polarization are added to the Saari-Shorthill
photometric catalog. The dependence of the second non-normalized Stokes parameter and the Hapke
parameter is studied and a clear trend was identified that proves the relationship between them.
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Pm% Figure
N A° B® | Hx100 | po% |440nm |poxPm | o |INDEX| N
1 2 3 4 5 6 7 8 9 10
First Quarter
1 9,40 18,05 92,90 7,04 14,30 100,7 87,30 D16 4b
2 19,92 16,90 59,75 6,40 19,31 123,6 99,60 D17 4b
3 23,27 24,22 45,31 6,26 19,20 120,2 99,70 D18 4b
4 28,12 24,20 47,95 6,21 19,54 121,3 99,60 D19 4b
5 36,37 14,92 64,33 6,31 19,17 121,0 99,50 D20 4b
6 39,32 5,87 56,72 6,36 17,36 110,4 99,50 D21 4b
7 43,67 5,85 68,88 7,21 18,61 134,2 99,50 D22 4b
8 46,27 -0,05 51,97 6,68 16,53 110,4 99,50 D23 4b
9 51,33 -5,97 53,48 6,47 19,62 126,9 99,40 D24 4b
10 55,03 -4,23 59,46 6,94 12,60 87,4 99,40 D25 4b
11 59,35 -0,15 44,73 7,54 10,90 82,2 99,40 D26 4b
12 57,18 13,58 53,73 6,71 15,81 106,1 99,30 D27 4b
13 58,23 16,10 46,03 6,60 15,63 103,2 99,30 D28 4b
14 63,45 17,17 48,90 6,31 16,04 101,2 99,30 D29 4b
15 59,83 17,17 46,38 6,82 9,62 65,6 99,20 D30 4b
16 63,30 11,65 54,89 7,84 11,33 88,8 99,20 D31 4b
17 9,50 7,00 12,71 87,30 Al6 5b
18 10,48 44,42 37,54 10,11 9,33 94,3 87,30 A15 5b
19 23,28 46,72 35,89 10,70 9,62 102,9 87,30 A17 5b
20 14,50 5,73 109,56 10,11 9,66 97,7 87,30 A18 5b
21 31,67 41,68 50,29 10,20 10,21 104,5 99,20 A19 5b
22 23,57 -1,82 104,33 9,98 9,33 93,1 99,00 A20 5b
23 37,15  -23,52 51,17 12,00 8,07 96,8 99,00 A21 5b
24 34,66 -3,38 65,94 10,69 9,64 103,0 99,00 A22 5b
25 38,42  -2547 71,16 10,24 9,94 101,8 99,00 A23 5b
26 47,07 23,58 50,10 11,16 9,83 109,7 99,20 A24 5b
27 42,22 15,85 44,99 10,53 8,84 93,1 99,40 A25 5b
28 57,40 23,95 59,43 10,98 9,07 99,6 99,10 A26 5b
29 59,28 6,65 32,76 10,68 8,88 94,8 99,10 A27 5b
30 55,37 4,70 47,75 10,99 8,64 94,5 99,10 A28 5b
31 56,00 36,00 26,27 14,59 6,51 95,0 98,90 B31 6b
32 42,50 32,50 36,16 13,50 7,87 106,2 98,90 B32 6b
33 19,00 -6,00 62,54 13,98 6,61 94,5 98,80 B52 6b
34 21,00 -12,00 50,45 13,01 7,24 94,6 98,90 B54 6b
35 11,00 -28,00 51,04 13,31 8,26 109,9 87,30 B58 6b
36 68,00 -27,67 74,40 13,03 7,33 95,5 98,80 B63 6b
37 10,50  -27,50 53,52 14,10 7.92. 111,7 87,30 B68 6b
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1] 2 3 4 5 6 7 8 9 10
38 4500 -42,00 8413 1429 6,65 950 9880  B74 6b
39 3000 -4717 100,02 13,12 7,06 92,6 9880  B76 6b
40 800 5300 5236 14,17 7,00 99,2 8730  B79 6b
41 11,50 5250 5481 1419 761 1080 87,30 B8O 6b
42 300 13,00 4677 657 1603 1053 8730  MI5 7b
43 1800 2600 5537 648 1544 1000 9870  M16 7b
44 2700  -450 10519 7,23 1424 1029 9850  M17 7b
45 2600 4450 6038 883 1066 947 9870  M1I8 7b
46 3000 700 758 642 1707 1096 9860  M1I9 7b
47 3000 5400 6519 7,38 9,28 685 9870  M20 7b
48 3500 -1500 8736 7,39 1267 936 9850 M2l 7b
49 3600 3750 69,17 7,26 1264 91,8 9870 M2 7b
50 3900 1850 3763 7,18 1020 732 9860  M23 7b
51 40,83  -4675 5090 1518 6,13 93,0 9850  M24 7b
52 5275 -2000 6156 7,69 1039 747 9850  M25 7b
53 5200 -250 6312 655 1528 1001 9850  M26 7b
54 59,00 17,00 47,67 7,74 1524  102,7 9860  M27 7b
55 703  -262 3135 1573 807 1269 87,10 c6 8b
56 518  -742 8990 1968 648 1265 87,10 c7 8b
57 1250 625 11,13 1232 9,61 1185 87,20 c8 8b
58 1510 3,98 11,09 10,11 11,45 1158 87,20 Co 8b
59 1540  -0,78 6625 1513 7,45 1127 8710  Cl0 8b
60 393 4042 4305 956 11,70 1118 8720 (36 8b
61 6950 12,00 4638 9,19 7,25 66,6 9850  C50 8b
62 1392 -13,73 31,78 1202 806 9%,9 87,10  C59 8b
63 4408 -12,00 1629 898 9,53 856 9840  C60 8b
64 1650 4425 4555 12,11 7,81 946 8720  C69 8b
65 147 3067 3218 877 11,75 1030 8720  C75 8b
66 1600 1625 4051 14,18 1046 1483 8720  C76 8b
67 5600 2800 3811 1091 781 93,0 9850  C79 8b
68 4642 558 51,56 821 1560 1281 9840 (88 8b
69 1020 1,8 3969 1410 720  10L,5 87,10  Cl12 8b
70 30,83 -1083 4071 10,89 820 893 9830  R21 9b
71 008 3860 3066 813 11,06 899 8710  R22 9b
72 5450  -10,00 6549 7,42 9,85 731 9830  R23 9b
73 867 065 4227 12,12 842 1021 8700 V2 10b
74 2068  -492 4784 1487 700 1041 8700 V3 10b
75 1422 302 7126 1296 7,20 1024 87,00 V4 10b
76 3,08 21,47 1962 937 11,55 1082 8700 V6 10b
77 767  -098 4551 1264 7,54 953 87,00 V10 10b
78 650  -1,90 3768 11,88 837 99,4 87,00 Vi1 10b
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1] 2 3 4 5 6 7 8 9 10
79 713  -1080 5820 1197 806 9%,5 87,00 V12 10b
80 3952 -1050 17,87 1221 7,05 8,1 8730 Vi3 10b
81 3442  -128 3449 1021 842 859 8730 V14 10b
82 625 2607 8829 762 11,51 877 8700  Vi7 10b
83 2032 -21,11 3570 11,18 7,80 868 87,00 V18 10b
8 1900 -1658 41,00 1331 7,51 99,9 87,00 V19 10b
85 19,67 -2625 8402 11,88 817 87,1 87,00 V20 10b
8 6067 -2517 7595 1373 829 1130 8770  Ti 11b
87 5708 -1942 9303 139 12,07 1685 87,70 T2 11b
88 51,83 -31,83 3167 2030 867 1748 8770 T3 11b
89 4762  -1,83 8968 68 1790 1231 8790 T4 11b
9 27,75 -2800 4661 1297 7,91 1026 8770 TS 11b
91 3272 -043 9034 1455 923 1343 8790  T6 11b
92 2933 2220 10651 7,51 1854 1392 8810  T7 11b
93 1350 3850 39,13 11,08 12,05 1335 8870  Til 11b
94 975 2100 5792 560 2036 1168 8800  T12 11b
o5 408  -475 5454 11,19 891 1109 8790  Ti4 11b
9% 17,33 2070 5611 7,08 1920 1359 8800  T70 11b
97 3953 3608 4753 7,93 9,75 89,00  T74 11b
98 2200 13,50 59,05 575 21,51 1237 8800  T76 11b
99 680 13,00 4720 622 1822 1133 8800  T77 11b
100 1612 4137 4727 11,32 963 1090 8870  T78 11b
101 3850 4407 608 11,50 10,81 88,70  T79 11b
102 2042 -2258 4580 1095 8,01 87,7 8780  T83 11b
103 21,40 -2258 5597 11,53 851 981 87,80 T84 11b
104 2208 -2258 50,97 11,37 843 981 87,80  T85 11b
105 800 2425 4480 609 1956 1191 8840  T86 11b
106 10,00 2425 50,58 603 1954 1178 8840  T87 11b
107 1200 2425 5422 58 1931 1130 8830  T88 11b
108 1400 2425 6091 637 1829 1165 8830  T89 11b
109 1600 2425 4991 637 1892 1205 8830  T90 11b
110 1800 2425 7088 675 2021 1363 8820  To1 11b
111 2000 2425 4765 676 1864 1260 8820  T92 11b
112 2400 2425 5811 647 1877 1214 8820  T94 11b
113 2600 2425 4986 660 1958 1292 8810  T95 11b
114 2800 2425 4758 619 1809 1120 8810  T9 11b
115 2933 2425 4735 692 1881 1302 8810  T97 11b
116 300 2600 62,98 708 13,8 983 89,00  T98 11b
117 400 2600 4592 943 1425 1344 89,00  T99 11b
118 600 2600 1676 752 1052 79,1 8860  Ti01  11b
119 700 2600 3551 722 1431 1033 8860  T102  11b
120 800 2600 3083 68 1907 1308 8850  T103  11b
121 900 2600 6508 636 1992 1267 8850  T104  1lb
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1] 2 3 4 5 6 7 8 9 10
122 2142 935 6067 571 21,12 1206 87,70 s1 12b
123 2477 267 10093 668 1928 1288 87,70 ) 12b
124 23,18 150 7330 634 87,70 1194 87,70 s3 12b
125 4200 085 1855 7,07 87,40 91,1 8740 P1 13b
126 3545 0,10 61,32 941 8740 1205 87,40 P2 13b
127 2608 057 61,13 648 8750 1237 8750 P3 13b
128 1323 005 5721 11,57 857 992 87,60 P4 13b
129 3692 417 2009 68 1893 1287 87,40 P10 13b
130 3400 2,75 6197 662 1718 113,73 8740 P11 13b
131 2417 675 5557 671 1951 1309 8750 P15 13b
132 3525 292 5135 661 1742 1152 8740 P23 13b
133 2025 333 8320 625 1674 1045 8760 P25 13b
134 2452 045 6468 667 1806 1205 87,50 P27 13b
135 21,50 033 101,94 669 1528 1022 8750 P28 13b
136 1350  -1,50 40,92 11,82 853 1008 87,60 P36 13b
137 3400 267 6230 660 13,84 913 8740 P47 13b
138 2362 075 7124 643 1847 1164 8750 P48 13b
Last Quarter
1 628 1781 2535 516 11,56 7512 87,2 D1 4a
2 7995 2468 4239 65 12,00 7800 87,3 D2 4a
3 7407 2572 23,18 68 1382 943 87,40 D3 4a
4 6890 2445 31,63 570 1571 89,55 87,40 D4 4a
5 61,82 623 2466 58 1425 829 87,50 D5 4a
6 6720 -400 2088 696 1022 71,13 87,60 D6 4a
7 5685 -553 2701 565 1618 91,42 87,50 D7 4a
8 5485 32,68 3027 615 1248 7675 87,30 D8 4a
9 4673 19,77 2966 68 1403 9568 87,30 D9 4a
10 -31,15 1968 4104 689 13,58 9357 8720 DIl 4a
11 -21,05 2442 4827 673 1327 8931 87,20 D12 4a
12 982 2442 5865 687 1446 9434 8720  DI3 4a
13 565 1200 5950 668 1346 899 8730  DI4 4a
14 11,32 -1957 834 7,05 1269 895 8760  DI6 4a
15 -7353 057 21,82 11,40 6,00 684 87,60 Al 5a
16 -6210 -1630 12,48 9,97 715 71,29 8780 A2 5a
17 51,28 2048 27,02 1060 7,60 806 87,70 A3 5a
18  -50,40 -34,12 4032 1086 647 6703 87,70 A4 5a
19 2617 1153 2762 1084 827 89,7 8780 A5 5a
20 2835 5043 4681 1011 745 838 8780 A6 5a
21 -640 -1982 4760 11,25 657 73,90 8770  AlO 5a
22 463 -1745 7521 1015 750 7612 87,70  Al2 5a
23 -460 477 70,79 1031 7,0 7547 87,70  AI3 5a
24 6435 -1060 2606 1083 673 12,89 87,70  A29 5a
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1] 2 3 4 5 6 7 8 9 10
25 7453 573 2817 1050 6,50 682 87,80  A30 5a
26 2800 67,50 4152 1424 6,10 869 8790 B34 6a
27 67,00 22,00 20,63 1409 6,64 93,6 8810 B35 6a
28 -60,00 -23,50 34,97 1448 6,23 90,3 8810  B36 6a
29 2,00 2900 49,77 1365 583 796 8790  B37 6a
30 4850 -31,00 4331 139100 6,66 92,6 8810  B38 6a
31 -12,00 -32,00 49,88 1350 6,66 89,9 8790 B39 6a
32 -19,17 -3950 6216 137500 6,45 887 8790  B4O 6a
33 -19,83  -40,67 3226 14,15 6,30 89,1 8800 B4l 6a
34 -2000 -42,50 49,71 14,12 6,40 90,4 8800  B42 6a
35 -19,83  -4500 40,74 138800 6,25 86,7 8800  B43 6a
36 1850 -4517 7373 1500 6,05 90,7 88,00  B44 6a
37 -17,00 -4900 5846 14,02 6,25 87,6 8800  B4S 6a
38 -1750 52,00 3575 1442 6,29 90,7 8800  B46 6a
39 7,50 52,67 7028 1519 526 799 8800  B47 6a
40 250 5800 2603 1494 541 80,8 8810  B48 6a
41 2900 5717 5591 12,19 6,30 768 88,10  B49 6a
42 3750 5883 6581 11,91 631 751 8810  BS0 6a
43 2050 6233 4840 1371 572 788 8810  BS51 6a
44 6500 500 1000 641 11,94 765 8830 M2 7a
45 -5400 -4500 3422 1030 7,90 81,4 8830 M3 7a
46 11,00 700 3574 737 1091 804 8820 M4 7a
47 -4550 5450 7562 811 9,02 731 8830 M5 7a
48  -4500 51,00 3956 818 10,67 873 8820 M6 7a
49 -39,00 -2400 3292 800 13,22 1057 8830 M7 7a
50 -32,00 4500 3825 674 13,05 844 8820 M8 7a
51 -2300 -11,00 4944 624 1587 990 8830 M9 7a
52 -1800 39,00 4925 632 1550 980 8820  MI0 7a
53 -1500 -21,00 70,87 627 1560 978 8830  MI2 7a
54 -800 1200 6080 7,06 1275 90,0 8820  M1i3 7a
55 -1,00 1,00 738 697 13,08 91,17 8830  Mi4 7a
56 -4420 -450 11,20 643 1680 1080 88,30 c1 8a
57 4232 -7,80 2830 650 1641 1076 8850 2 8a
58 2955  -7,37 29,70 1230 9,13 1178 8850 ca 8a
59 -950 51,50 3829 655 1321 865 8840 (31 8a
60 -49,58 23,25 4402 855 6,84 585 8840 (39 8a
61 -400 29,67 8156 7,40 11,89 80 8840  C40 8a
62 -1526 090 7088 678 13,10 888 8860  C44 8a
63 -1400 -11,67 11,58 8,88 9,42 836 8850  C53 8a
64 -6683 -1667 1682 7,64 4,13 69,7 8840  C62 8a
65 -2383 -17,83 3081 708 12,43 80 8850  C64 8a
66 -67,33 2,00 2440 11,17 832 92,9 8840 (80 8a
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1] 2 3 4 5 6 7 8 9 10
67 -3795 808 2525 1170 6,60 776 8840 (81 8a
68 -2000 9,67 2419 1409 721  101,6 8840 (83 8a
69 -11,42 1456 9131 9,30 9,94 92,4 8840  C84 8a
70 2,08 575 31,78 1220 7,42 90,5 8860  C91 8a
71 -39,83 17,33 10512 9,57 8,93 89,0 8850  C94 8a
72 2225 2070 3469 11,44 923 1102 8850  C95 8a
73 -3245 2137 4695 7,85 13,13 1105 8850  C99 8a
74 -11,30 -43,00 69,78 1727 664 1147 8860  Cl02 8a
75  -400 -32,50 7746 2066 573 1184 8860  Cl04 8a
76 -2673 2,00 1908 729 12,18 888 88,70 R1 9a
77 -2450 235 11,16 859 1044 89,7 88,70 R2 9a
78 -2680 933 1589 905 11,46 1037 88,70 R4 9a
79 -1039 9,67 10529 7,84 9,76 765 88,70 RS 9a
80 -2033 -27,17 10463 742 1050 779 88,70 R6 9a
81 -1963 -31,50 4949 1272 7,01 89,2 88,70 R7 9a
82 -1925 -31,67 4653 1292 7,01 889 88,70 RO 9a
83 -400 -31,67 5640 1737 690 1198 8870  R10 9a
84 -4500 22,85 2528 7,35 12,60 926 8880  Ril 9a
85 -41,17 2400 2744 730 1507 1098 8880  RI12 9a
86 -42,17 2042 2537 721 1446 1042 8880  RI13 9a
87 -4017 1900 2082 722 1675 1209 8880  RI14 9a
88 -3800 1600 19,73 7,47 1432 1070 8880 RIS 9a
89 42,83 717 1808 7,00 1377 929 8870  R16 9a
9 -39,75 9,25 1358 815 12,10 986 8870  R17 9a
91 -3200 642 1121 724 1205 872 8870  RI8 9a
92 39,17 1200 2162 731 12,40 906 8870  R20 9a
93 -263 947 1281 743 1084 805 8880 V1 10a
94  -417 1648 72,00 741 9,80 775 8880 V5 10a
95  -483  -467 4060 1034 834 862 8880 V8 10a
9% -327 1677 7125 823 9,66 795 8870  Vi5 10a
97  -447 2092 6779 654 1490 974 8880 V16 10a
98  -400 12,83 3748 512 17,12 9724 8890  Ti8 11a
99 2,67 49,50 4624 10,73 1056 1134 89,00  T20 11a
100 -1625 1467 3689 795 1060 843 8390  T24 11a
101 2030 1042 2826 1239 721 893 8890  T26 11a
102 2200 3267 4434 629 17,70 1078 89,00  T27 11a
103 3092 1317 57,28 734 1250 917 8890  T28 11a
104 -4092 2650 3131 736 12,88 978 89,00  T36 11a
105 -4595 1260 1883 68 1730 1182 8890  T50 11a
106 -408 -1367 9815 9,19 8,60 740 8890  T69 11a
107 -1733 3950 37,76 646 1665 1076 89,00  T71 11a
108 -3867 4200 4851 897 9,40 843 8900  T72 11a
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1] 2 3 4 5 6 7 8 9 10
109 -4058 3642 37,79 807 1000  8L0 89,00  T73 11a
110 -3953 3608 47,53 7,98 9,75 758 89,00  T74 11a
111 39,72 3450 3287 7,09 1145 812 89,00  T75 11a
112 -1930 3850 4407 608 1791 1089 89,00  T79 11a
113 -1870 4037 4680 639 1685 1077 89,00 T80 11a
114 5900 1000 3081 577 1755 1013 8890  T82 11a
115 4200 3400 37,14 647 1839 1190 89,60  T105  1ia
116 -4750 1250 33,94 614 1835 1127 8890  T106  1la
117 -1400 -2200 7835 639 1945 1240 8890  T107  1la
118 -13,17 2,75 6765 678 19,11 1248 8890  T108  1la
119 2058 -1067 6007 659 1530  100,8 89,30 52 12a
120 233 -12,92 47,77 1004 866 869 89,30 s4 12a
121 4333 233 3500 533 1960 1045 89,30 s5 12a
122 2317 333 3483 636 1500 954 89,30 s6 12a
123 -1,48 047 8985 690 138 958 89,30 58 12a
124 -1143 -41,02 9508 1382 6,90 954 89,30 59 12a
125 6455 700 2187 670 1560 1045 89,30  SI0 12a
126 6205 1887 27,03 545 1244 950 8930  Si1 12a
127 -1957 -11,32 5350 638 1471 938 8930  SI3 12a
128 -1,45 002 8832 692 1920 1330 89,10 P5 13a
129 -1,93  -393 11000 1050 11,10 1165 89,10 P6 13a
130 -22,10 3,52 2726 674 1580 1051 89,20 P7 13a
131 3657 298 3313 575 P8 13a
132 4348  -1,97 2435 555 1920 1066 89,20 P9 13a
133 -1300 1,00 63,67 68 1445 90,7 89,10  PI8 13a
134 27,17 347 2433 723 1088 787 89,10 P19 13a
135 4233 150 3235 554 1880 1041 89,20 P22 13a
136 2745 062 2215 735 1875 1378 8750 P26 13a
137 2325 3,08 4316 652 1532 99,9 89,20 P31 13a
138 37,17 3,17 3280 566 1892 1071 89,20 P33 13a
139 43,80 2,47 3011 525 1901 1040 89,20 P34 13a
140 -133 092 6340 68 1231 843 89,10 P37 13a
141 900 500 6332 550 1852 1019 89,10 P33 13a
142 2000 -050 37,61 7,00 1353 947 89,10 P4l 13a
143 2208 1,17 1603 941 9,95 93,6 89,10 P42 13a
144 2325 3,03 4316 652 1532 99,9 89,20 P43 13a
145 4392 2,33 27,67 526 1781 930 8920 P46 13a
146 -133 042 87,22 69 1016 705 89,10 P49 13a
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Figure 4a. Locations of dark albedo sites on the lunar disk.
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Figure 4b., Locations of dark albedo sites on the lunar disk.
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Figure 5a. Locations of average albedo sites on the lunar disk.
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Figure 5b. Locations of average albedo sites on the lunar disk,.
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Figure 6a. Locations of bright albedo sites on the lunar disk.
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Locations of bright albedo sites on the lunar disk,

Figure 6b,
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Figure 7a. Locations of mare sites on the lunar disk.
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Locations of mare sites on the lunar disk.

Figure 7b.
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Figure 8a. Locations of crater sites on the lunar disk.
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Figure 8b. Locations of crater sites on the lunar disk.
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Figure %9a. Locations of ray sites on the lunar disk.
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Locations of ray sites on the lunar disk.

Figure 9b.
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10b.

Locations of upland sites on the lunar disk.
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Fi
gure 11b, Locations of scientific sites on the lunar disk
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Figure 12b. Locations of spacecraft sites on the lunar disk.
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Figure 13a. Locations of Apollo sites on the lunar disk.
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CATALOG KVARATSKHELIA OF EXTREME VALUES OF THE DEGREE OF
POLARIZATION FOR 100 ARES OF THE LUNAR SURFACE

O.I. KVARATSKHELIA
E. Kharadze National Astrophysical Observatory

Email: kvara_otar@mail.ru

At the Abastumani Astrophysical Observatory, for 10 years (1976-1985), polarimetric observations
of 100 areas of the lunar surface. The observations (with 40 cm refractor) were carried out with
interference filters with the following effective wavelengths: 0.415 pm (half-width of transmission
0.017 pum); 0.433(0.009); 0.448(0.012); 0.468(0.012); 0.533 (0.016); 0.641 (0.009); 0. 670
(0.009); 0.704 (0.015); 0.783 (0. 011); and without filter (BF) - in integrated light (0.38-0.80
microns). The electronic-optical part of the polarimeter and the principle of its operation, as well as
the method of observation and data processing, can be found in detail in the monograph by O.
Kvaratskhelia [1]. The accuracy of the data given in the monograph was often verified by repeated
observations in 2005-2009. on the same telescope and with the same equipment [8 - 10].

Table 1 gives the names and selenographic coordinates (A - longitude, B - latitude) of the centers,
measured by us objects of the lunar surface in accordance with the complete map of the Moon [2].
The same areas with the corresponding numbers are marked with crosses on the illustrative map of
the Moon (see Fig. 1).

Below, in the form of a catalog, we present the obtained values of the maximum polarization
(Pmax) values for the 100 areas of the lunar surface we measured in five light wavelengths. This
catalog also contains the minimum values of the degree of polarization (Pmin) of the same objects.
Measurements in the range 0.38-0.80 ym were performed in integral light using the same

instrumentation system (telescope and polarimeter). Table 2 shows the albedo values for objects in
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the catalog of O.I. Kvaratskhelia [1], taken from five different albedo maps of the Moon [3 - 7].

Table and catalog numbers correspond.
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Figure: 1. Illustrative map of the Moon. The crosses indicate the centers of the surface
areas we measured. The numbers of the crosses correspond to the numbers of the

catalog in Table 1.
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23

24,

Table 1

Selenographic

Diameter

40

Object
no. according to Longitude Latitude of measred
N Catalog ?f 30 8o area,
O.Kvaratskhelia arccec

Mare Undarum +67.5 +7.0 7.5
Landing sites Luna-24” +62.2 +12.8 15.1
Messala C. (Crater) +60.0 +39.0 7.5
Mare Krisium (central part) +59.0 +17.0 15.1
Landing sites  (“Luna-207) +56.5 +3.5 15.1
Landing sites “Luna-16" +56.3 -0.7 15.1
Endumion C +56.3 +53.2 15.1
CleomedesC +55.8 +28.0 15.1
Pikard C +54.6 +14.4 1.5
Mare Krisium ( N Pikar) +53.7 +16.3 7.5
Peirse C +53.2 +18.2 1.5
Mare Fecunditatis (S parts) +53.0 -18.0 7.5
Mare Fecunditatis (SW parts) +49.0 -8.0 7.5
Messier C +47.7 -1.8 1.5
Proklus C +47.0 +16.0 3.0
Pikering C +46.9 -2.0 1.5
Continent part (NProklus) +46.4 +18.2 7.5
Macrobius C +46.0 +21.0 7.5
Rosse C +35.0 -17.8 1.5
Mare Nectaris(central part) +33.5 -14.7 7.5
Fracastorius C +33.0 -21.0 15.1
Mare Trangnillitatis(central part) +32.0 +11.0 7.5

. Landing sites ( “Apollo-177) +30.7 +20.2 7.5
Posidonius C. +30.0 +31.6 15.1




25,
26.
27.
28.
29.
30.
31.
32.
33.
34,
35,
36.
37.
38.
39.
40.
41,
42.
43,
44,
45,
46.
47,
48,
49,
50.
51.
52.
53.
54,
55.

Mare Frigorus(NE Galle)
theophilins C

Cyrilus C

Catharina C

Plinius C

Landing sites “Apollo—11”
Mare Serenitati s (central part)
Bessel C

Aristoteles C

Continent part (N Eudocsus)
Mare Serenitatis (N Bessel)
Eudocsus C

Menelaus

Landing site  “Apollon-16”
Manilius C

Caucasus Montes

Landing sites “Apollon-15”
Mare Imbrium(N Autoolykus)
Autolikus C

Aristillus C

Mons Piton

Arzachel C

Purbach C

Ptollemaus C

Alphonsus C

Archimedes

Mare Frigorus (central part)
Alpetragius C

Mons Pico

Plato C

Eratosthenes C

+28.0
+26.4
+24.0
+23.7
+23.8
+23.5
+18.0
+17.8
+17.4
+17.0
+17.0
+16.6
+16.0
+15.5
+9.3
+9.0
+3.6
+1.3
+1.3
+1.0
-1.2
2.0
2.0

-3.0

4.0

-4.0
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+56.0
-11.3
-13.0
-18.0
+15.0
+0.7
+28.0
+21.6
+50.0
+46.7
+19.0
+43.7
+16.0
9.0
+14.2
35.0
+26.1
+32.0
+30.5
+33.7
+40.5
-18.5
-25.3

-13.2
+29.6
+58.0
-16.0
+45.4
+51.5

+14.5

7.5
15.1
15.1
15.1
3.0
15.1
7.5
1.5
15.1
7.5
7.5
'15.1
3.0
15.1
3.0
7.5
7.5
7.5
7.5
7.5
1.5
7.5
7.5
15.1
15.1
15.1
7.5
3.0
1.5
15.1
7.5



56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
&4.
85.
86.

Tycho C

Timocharis C

Pitatus C

Mare Nubium (central part)
Klavius C

Mare Imbrium(central part)

M arelmbrium(W Timocharis)
Fra Mauro C

loading sites “Apollon-14”
Copernicus C

Pytheas C

Mare Imbrium (N pytheas)
Lambert C

Mare Imbrium (W Le Werrier)
Bullialdus C

Reinhold C

Loading sites “Apollon-12”
OcaenusProcellarum (SW Reinhold)
Mare Imbrium (SE Euler)

M arelmbrium(NE Euler)
Lancberg C

Sinus Iridum (E part)

Euler C

Mayer C

Sinus Iridum (central part)
Sinus Iridum (W part)

Mare Imbrium(N diophantus)
Continent part (NW bianchini)
Kepler C

Mare Humorum(central part)

Gassendi C

-11.3
-13.0
-13.5
-14.0
-14.7
-15.0
-16.5
-17.0
-17.5
-19.8
-20.5
-20.7
-20.8
-21.6
-22.2
-22.8
-23.4
-25.0
-25.0
-25.0
-26.7
-29.0
-29.2
-29.5
-32.0
-34.0
-34.5
-37.5
-38.0
-39.0
-39.7
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-43.0
+26.5
-29.7
-24.5
-58.3
+41.0
+26.2
-6.0

+9.5
+20.5
+23.0
+25.7
+40.2
-20.5

+3.0

+1.0
+21.5

+24.5

+46.0
+23.3
+15.5
+44.5
+42.5
+28.5
+49.4
+8.0
-24.0
-17.3

7.5
7.5
7.5
15.1
7.5
7.5
7.5
7.5
15.1
1.5
7.5
3.0
7.5
3.0
3.0
7.5
7.5
7.5
7.5
3.0
7.5
1.5
1.5
7.5
7.5
3.0
3.0
3.0
7.5
15.1



87.
88.
&89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

Mere Humorum (S Gassendi)
Mare Frigoris (SW Garpall)
Garpall C

Flamstiid C

Oceanus Procellarum(N Flamstid)
Aristarchus C

Aristarchus Region

Herodotus C

Continent part (SW Gavendis)
Marius C

Oceanus Procellarum (SW Marius)
Reiner

Reiner! |

100. Grimaldi (central part)

-40.0
41.5
435
-44.0
-44.0
474
48.5
-49.6
-50.0
-50.6
-53.0
-55.0
-58.5

-68.0
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-20.0
+51.3
+52.4

-4.5

+23.5
+22.2
+23.2
-27.5
+11.8
+9,0
+6.7

+7.0

15.1
7.5
3.0
1.5
7.5
3.0
3.0
3.0
7.5
3.0
7.5
3.1
3.1
7.5



CATALOG KVARATSKHELIA. Maximum values of the degree of polarization(Pmax)

N Pma>§ IgPmax Pmaxo IgPmax Pma>§ IgPmax Pma>§ IgPmax Pmax | lgPmax
(4190A) (4480A) (5350A) (6400A) (Int) (Int)
1 2 3 4 5 6 7 8 9 10 11
1 12,5 1,10 11,5 1,06 10,0 1,00 9,5 0,98
2 16,5 1,22 14,3 1,16 13,0 1,11 11,0 1,04 11,5 1,06
3 7,0 0,84 6,7 0,83 6,2 0,79 5,0 0,70
4 16,0 1,20 15,0 1,18 12,0 1,08 10,0 1,00
5 9,5 0,98 8,0 0,90 6,0 0,78 5,8 0,76 6,0 0,78
6 18,5 1,27 17,0 1,23 14,0 1,15 12,2 1,09 12,5 1,10
7 7,2 0,86 6,5 0,81
8 8,0 0,90 7,7 0,89 6,7 0,83 6,0 0,78
9 15,0 1,18 14,5 1,16 12,0 1,08 9,5 0,98 9,5 0,98
10 14,0 1,15 13,0 1,11 10,5 1,02 9,0 0,95 10,0 1,00
11 14,1 1,15 13,2 1,12 10,5 1,02 8,7 0,94 9,5 0,98
12 15,0 1,18 14,0 1,15 10,5 1,02 8,5 0,93
13 17,5 1,24 16,0 1,20 14,0 1,15 11,3 1,05 12,0 1,08
14 10,0 1,00
15 6,3 0,80 5,2 0,72 4,0 0,60 3,7 0,57 3,8 0,58
16 16,4 1,21 15,2 1,18 12,5 1,10 10,7 1,03 11,0 1,04
17 7,5 0,88 7,0 0,84 6,0 0,78 4,8 0,68 5,2 0,72
18 8,8 0,94 8,0 0,90 7,0 0,84 6,3 0,80 6,0 0,78
19 12,7 1,10 12,0 1,08 10,0 1,00 8,0 0,90 7,0 0,84
20 13,0 1,11 12,5 1,10 10,3 1,01 8,0 0,90 9,0 0,95
21 9,7 0,99 9,0 0,95 8,5 0,93 6,9 0,86 7,0 0,84
22 20,7 1,32 18,2 1,26 16,5 1,22 13,5 1,13 14,0 1,15
23 12,0 1,08 11,0 1,04 9,8 0,99 7,8 0,89 7,5 0,88
24 9,5 0,98 8,9 0,93 7,5 0,88 6,5 0,81 6,5 0,81
25 13,5 1,13 13,0 1,11 10,0 1,00 8,8 0,94
26 6,2 0,79 6,5 0,81 5,3 0,72 5,0 0,70 5,0 0,70
27 6,4 0,81 5,8 0,76 5,3 0,72 4,7 0,67 4,5 0,65
28 7,0 0,84 6,5 0,81 5,8 0,76 5,0 0,70 5,0 0,70
29 13,5 1,13 11,5 1,06 10,5 1,02 7,0 0,84 8,0 0,90
30 14,6 1,16 14,0 1,15 13,0 1,11 11,5 1,06 13,5 1,13
31 18,5 1,27 16,0 1,20 14,0 1,15 11,0 1,04 12,0 1,08
32 10,5 1,02
33 9,0 0,95 8,0 0,90 7,0 0,84 6,0 0,78 6,0 0,78
34 10,0 1,00 9,5 0,98 8,0 0,90 7,5 0,88 6,0 0,78
35 15,5 1,19 17,0 1,23 14,0 1,15 11,0 1,04 11,5 1,06
36 5,5 0,74
37 5,5 0,74 6,0 0,78
0,74
38 7,8 0,89 7,5 0,88 6,0 0,78 5,5 0,74 5,5
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1] 2 3 4 5 6 7 8 9 10 | 1
39 60 0,78
40 85 0,93 80 090 73 0,86 60 0,78
41 140 115 130 1,11 125 1,10 100 100 105 1,02
42 80 090
43 85 093
44 85 093
45 80 090
46 80 0,90 75 08 65 0,81 60 078 70 084
47 9,0 0,95 90 095 75 0,88 65 08 65 081
48 105 1,02 95 098 80 0,90 75 08 90 095
49 93 0,97 90 095 75 0,88 67 08 70 084
50 130 1,11 130 111 105 1,02 95 098 105 1,02
51 125 1,10 125 110 100 1,00 85 093 100 1,00
52 9,0 0,95 90 095 80 0,90 65 08 70 084
53 65 081
54 147 117 140 115 120 108 105 1,02 130 1,11
55 105 1,02 11,0 104 90 0,95 75 08 90 095
56 7,0 0,84 70 084 60 0,78 50 070 50 0,69
57 105 1,02 100 100 95 0,98 77 08 100 1,00
58 11,0 1,04 100 100 95 0,98 70 08 85 093
59 160 120 150 1,18 130 1,11 11,0 1,04
60 55 0,74 53 072 45 0,65 38 058
61 200 130 190 128 175 124 128 111
62 160 120 150 118 130 111 105 1,02 125 1,10
63 11,0 104 100 100 85 0,93 67 083
64 150 1,18 145 115 125 110 100 1,00 100 1,00
65 80 0,90 75 08 60 0,78 60 078 60 0,78
66 70 08 90 095
67 125 1,10 150 1,18
68 120 1,08 120 1,08
69 153 118 120 108 145 116 150 1,18
70 100 1,00 95 098 70 0,84 67 08 70 084
71 95 0,98 85 093 80 0,90 72 08 85 093
72 165 122 150 118 140 115 115 1,06 120 1,08
73 135 115 130 111 11,0 1,04 90 09 95 098
74 135 1,13
75 170 1,23 122 1,09 135 1,13
76 11,0 1,04 100 100 90 0,95 80 09 85 0,93
77 133 112 107 1,03 11,5 1,06
78 11,0 1,04 80 09 90 095
79 90 0,95 72 08 75 0,88
80 170 123 150 118 130 111 11,0 104 120 1,08
81 11,5 1,06
82 140 115 118 107 102 101 125 1O
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1] 2 3 4 | s 6 7 8 9 10 | 1
83 8,7 0,90 6,8 0,83 5,8 0,76
84 10,0 1,00 8,5 0,93 7,0 0,86 6,8 0,83 6,8 0,83
85 20,7 1,32 19,5 1,29 16,0 1,20 13,7 1,14 14,0 1,15
86 10,0 1,00 8,5 0,93 8,0 0,90 7,0 0,84 6,5 0,81
87 23,0 1,36 22,0 1,34 18,5 1,27 16,0 1,20 16,0 1,20
88 8,5 0,93 7,7 0,89 6,5 0,81 7,5 0,88
89 8,0 0,90
90 21,0 1,32 18,5 1,27 14,5 1,16 12,8 1,11
91 24,0 1,38 28,5 1,35 18,0 1,25 17,0 1,23 18,0 1,25
92 6,5 0,85 5,8 0,76 4,6 0,66 4,0 0,60 4,2 0,62
93 15,0 1,18 14,0 1,15 11,5 1,06 10,5 1,02 10,0 1,00
94 12,0 1,08 10,5 1,02 9,5 0,98 8,5 0,93 9,5 0,98
95 7,3 0,86 7,0 0,84 5,8 0,76 5,8 0,76
9% 21,0 1,32 20,0 1,30 17,0 1,23 14,5 1,16 14,0 1,15
97 21,0 1,32 20,0 1,30 17,0 1,23 14,2 1,15 14,5 1,16
98 20,0 1,30 19,0 1,28 16,0 1,20 14,0 1,15 14,5 1,16
99 16,0 1,20 15,0 1,18 12,0 1,08 9,2 0,96 10,0 1,00
100 13,5 1,13 13,5 1,13 12,0 1,08 11,0 1,04
CATALOG KVARATSKHELIA
The minimum values of the degree of polarization (Pmin)
Pmin Pmino IlgPmin Pmino IgPmin
(Int) (4480A) (6400A)
1 2 3 4 5 6
1 1,07 1,04 0,03 1,20 0,08
2 1,17 1,20 0,08 1,21 0,08
3 1,08 1,08 0,03 1,08 0,03
4 1,07 1,07 0,03 1,07 0,03
5 1,21 1,27 0,10 1,22 0,09
6 1,25 1,11 0,04 1,37 0,14
7 0,93 0,93 -0,03 0,93 -0,03
8 1,14 1,04 0,02 1,04 0,02
9 1,13 1,10 0,04 1,10 0,04
10 1,16 1,20 0,08 1,20 0,08
11 1,11 1,10 0,04 1,10 0,04
12 1,24 1,10 0,04 1,20 0,08
13 1,12 1,10 0,04 1,25 0,10
14 1,00 1,00 0,00 1,00 0,00
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1] 2 3 4 5 6
15 0,62 0,80 0,10 0,70 0,15
16 1,00 1,00 0,00 6,00 0,00
17 1,05 1,10 0,04 1,10 0,04
18 1,05 1,10 0,04 1,10 0,04
19 1,05 10,00 0,00 1,00 0,00
20 1,22 1,20 0,08 1,30 0,11
21 1,19 12,00 0,08 1,20 0,08
22 1,17 1,15 0,06 1,27 0,10
23 1,14 1,15 0,06 1,27 0,10
24 1,09 1,15 0,06 1,13 0,05
25 1,09 1,13 0,05 1,25 0,10
26 0,82 0,91 0,04 0,98 0,01
27 0,95 0,95 0,02 0,95 0,02
28 1,01 1,00 0,00 1,00 0,00
29 1,05 0,95 0,02 0,95 0,02
30 1,20 1,12 0,05 1,29 0,11
31 1,10 1,12 0,05 1,23 0,09
32 1,11 1,10 0,04 1,10 0,04
33 1,16 1,10 0,04 1,18 0,07
34 115 1,15 0,06 1,23 0,09
35 1,12 1,18 0,07 1,25 0,10
36 1,10 1,00 0,00 1,00 0,00
37 1,01 1,00 0,00 1,00 0,00
38 1,16 1,19 0,08 1,19 0,08
39 1,10 1,10 0,04 1,10 0,04
40 1,20 1,23 0,09 1,26 0,10
41 1,16 0,06 1,15 0,06
42 1,16 1,16 0,06 1,25 0,10
43 1,20 1,07 0,03 1,07 0,03
a4 1,11 1,20 0,08 1,20 0,08
45 1,13 1,13 0,05 1,10 0,04
46 1,10 1,20 0,08 1,20 0,08
47 1,16 1,20 0,08 1,20 0,08
48 1,17 1,19 0,08 1,25 0,10
49 111 1,10 0,04 1,17 0,07
50 1,20 1,12 0,05 1,17 0,07
51 1,30 1,20 0,08 1,25 0,10
52 1,00 1,00 0,00 1,00 0,00
53 1,05 1,10 0,04 1,10 0,04
54 1,16 1,16 0,06 1,33 0,12
55 1,00 1,00 0,00 1,00 0,00
56 0,60 0,75 0,12 0,67 0,17
57 1,30 1,20 0,08 1,20 0,08
58 1,18 1,18 0,07 1,20 0,08
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1] 2 3 4 5 6
59 0,94 0,94 0,03 1,10 0,04
60 1,01 1,00 0,00 1,00 0,00
61 1,07 1,04 0,02 1,12 0,05
62 1,27 1,25 0,10 1,20 0,08
63 1,07 1,07 0,03 1,07 0,03
64 1,10 1,14 0,06 1,13 0,05
65 0,74 0,72 0,14 0,83 -0,08
66 1,05 1,05 0,02 1,00 0,00
67 1,15 1,15 0,06 1,20 0,08
68 1,20 1,20 0,08 1,20 0,08
69 1,10 1,22 0,09 1,25 0,10
70 1,13 1,16 0,06 1,10 0,04
71 1,21 1,21 0,08 1,20 0,08
72 1,05 1,10 0,04 1,12 0,05
73 1,11 1,11 0,04 1,20 0,08
74 1,21 1,21 0,08 1,25 0,10
75 1,20 1,23 0,09 1,25 0,10
76 1,12 1,12 0,05 1,10 0,04
77 1,30 1,30 0,11 1,30 0,11
78 1,21 1,21 0,08 1,20 0,08
79 1,12 1,12 0,05 1,10 0,04
80 1,25 1,15 0,06 1,30 0,11
81 1,30 1,30 0,11 1,30 0,11
82 1,31 1,01 0,00 1,20 0,08
83 1,15 1,10 0,04 1,10 0,04
8 085 0,99 0,00 0,97 0,01
85 1,11 1,08 0,03 1,16 0,06
86 1,12 0,85 0,07 0,84 -0,08
87 1,19 1,19 0,08 1,25 0,10
88 1,23 1,13 0,05 1,20 0,08
89 1,16 1,10 0,04 1,10 0,04
90 1,07 1,07 0,03 1,10 0,04
91 1,11 1,15 0,06 1,09 0,04
92 0,66 0,72 0,14 0,69 0,16
93 1,14 1,03 0,01 0,97 -0,01
94 1,05 1,05 0,02 1,10 0,04
95 1,09 1,09 0,04 1,10 0,04
96 1,19 1,10 0,04 1,25 0,10
97 1,20 1,20 0,08 1,25 0,10
o8 1,03 0,97 0,01 1,06 0,02
99 1,23 1,08 0,03 1,28 0,11
100 1,30 1,11 0,04 1,20 0,08
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Albedo values for objects from the Catalog Kvaratskhelia Table 2
N 425& ‘eel3l] 42&‘)]/& lepl4] SEEJSO]A gplS] 525)%]/& lgpl6] 625)701,& gpl7]
1 4 5 2 3 11 6 7 8 9 10
1 9,0 0,95 10,8 1,03 9,0 0,95 8,7 0,94 6,60 0,82
2 7,0 0,84 11,0 1,04 9,0 0,95 8,8 0,94 7,16 0,85
3 13,0 1,11 14,8 1,17 13,5 1,13 16,7 1,22 10,23 1,01
4 7,0 0,84 7,1 0,85 9,3 0,97 9,2 0,97 7,08 0,85
5 11,0 1,04 14,0 1,15 12,7 1,10 13,6 1,13 10,71 1,03
6 7,0 0,84 7,0 0,85 8,7 0,94 8,1 0,90 5,89 0,77
7 130 1,11 15,7 1,20 13,7 1,14 11,9 1,07 9,44 0,98
8 12,5 1,10 15,0 1,18 13,7 1,14 12,3 1,09 12,30 1,09
9 7,0 0,84 7,7 0,89 10,8 1,03 9,6 0,98 8,71 0,94
10 7,9 0,90 7.9 0,90 9,9 1,00 9,6 0,98 7,67 0,88
11 7,8 0,89 8,0 0,90 9,6 0,98 9,8 1,00 8,91 0,95
12 8,0 0,90 7,8 0,89 11,6 1,06 10,0 1,00 8,51 0,93
13 7,0 0,84 7,1 0,85 9,2 0,96 9,0 0,95 7,08 0,85
14 7,1 0,85 7,1 0,85 9,6 0,98 9,6 0,98 9,33 0,97
15 17,0 1,23 14,5 1,16 18,6 1,27 21,0 1,38 16,22 1,21
16 7,3 0,86 7,1 0,85 9,5 0,98 9,6 0,98 9,33 0,97
17 15,5 1,19 14,2 1,15 16,4 1,21 14,3 1,15 11,75 1,07
18 13,0 1,11 12,0 1,08 13,0 1,11 13,1 1,12 11,09 1,04
19 8,0 0,90 8,0 0,90 10,2 1,01 12,2 1,09 11,09 1,04
20 8,0 0,90 8,0 0,90 10,5 1,02 10,1 1,00 8,51 0,93
21 9,0 0,95 11,5 1,06 11,4 1,06 11,5 1,06 9,44 0,97
22 7,0 0,84 7,0 0,84 8,5 0,93 7,7 0,89 5,96 0,78
23 9,0 0,95 8,6 0,93 11,4 1,06 11,5 1,06 8,91 0,95
24 12,0 1,08 9,5 0,98 12,7 1,10 13,0 1,11 10,72 1,03
25 8,1 0,91 9,0 0,95 10,8 1,03 10,6 1,02 9,12 0,96
26 16,0 1,20 13,5 1,13 14,6 1,16 17,9 1,85 15,85 1,20
27 16,0 1,20 14,0 1,15 15,6 1,19 19,6 1,29 17,78 1,25
28 15,0 1,18 14,0 1,15 16,0 1,20 16,7 1,22 13,80 1,14
29 8,5 0,93 7,0 0,84 10,6 1,02 13,1 1,11 10,59 1,02
30 7,0 0,84 7,0 0,84 9,4 0,97 8,2 0,91 7,00 0,84
31 7,0 0,84 7,0 0,84 9,9 1,00 9,4 0,97 7,85 0,90
32 7,3 0,86 7,0 0,84 10,2 1,01 10,1 1,00 8,91 0,95
33 11,0 1,04 10,3 1,01 13,7 1,14 17,5 1,24 11,22 1,05
34 12,5 1,10 11,0 1,04 12,0 1,08 12,6 1,10 9,88 1,00
35 7,0 0,84 7,5 0,88 9,8 0,99 9,2 0,97 7,50 0,88
36 13,0 1,11 12,0 1,08 14,6 1,16 15,1 1,18 11,61 1,06
37 9,5 0,98 7,9 0,90 16,9 1,23 16,0 1,20 13,96 1,14
38 13,5 1,13 14,0 1,15 15,1 1,18 15,1 1,18 11,88 1,07
39 12,0 1,08 7,2 0,86 14,2 1,15 15,1 1,18 11,75 1,07
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1 4 5 2 3 11 6 7 8 9 10
40 13,0 1,11 11,0 1,04 13,8 1,14 14,3 1,15 11,09 1,04
41 85 0,93 9,0 0,95 10,8 1,03 8,9 094 10,47 1,02
42 90 0,95 9,0 0,95 11,5 1,06 11,8 1,07 9,77 0,99
43 95 0,98 9,0 0,95 12,2 1,09 12,1 1,08 9,66 0,98
44 10,0 1,00 8,0 0,90 7,7 1,10 12,1 1,08 9,88 0,99
45 85 0,93 8,1 0,91 10,5 1,02 12,4 1,08 11,09 1,04
46 12,9 1,11 12,0 1,08 14,6 1,16 15,5 1,19 12,30 1,09
47 12,0 1,08 12,1 1,08 13,0 1,11 12,9 1,11 11,09 1,04
48 10,0 1,00 12,0 1,08 12,8 1,11 12,9 1,11 10,00 1,00
49 10,0 1,00 11,8 1,07 13,4 1,13 13,3 1,12 11,09 1,04
50 7,3 0,86 8,0 0,90 10,8 1,03 10,3 1,01 8,61 0,93
51 8,0 0,90 13,0 1,11 10,3 1,02 10,5 1,02 8,71 0,94
52 11,0 1,04 12,0 1,08 12,9 1,11 12,9 1,11 11,35 1,05
53 80 0,90 11,0 1,04 11,4 1,06 12,3 1,08 12,59 1,10
54 11,0 1,04 12,0 1,08 9,3 0,97 9,3 0,97 7,16 0,85
55 90 0,95 7,7 0,89 11,4 1,06 10,0 1,00 10,59 1,02
56 18,0 1,25 16,0 1,20 16,2 1,21 19,3 1,28 16,03 1,20
57 90 0,95 7,5 0,88 11,6 1,06 12,8 1,11 9,66 0,98
58 8,0 0,90 8,5 0,93 10,8 1,03 10,7 1,02 9,12 0,96
59 7,0 0,84 7,0 0,84 9,0 0,95 8,5 0,92 6,61 0,82
60 16,0 1,20 17,0 1,23 16,0 1,20 17,8 1,25 13,96 1,14
61 7,1 0,85 7,1 0,85 9,3 0,97 9,3 0,97 7,50 0,88
62 7,0 0,84 7,4 0,87 9,5 0,98 9,4 0,97 6,76 0,83
63 89 0,95 7,9 0,90 12,0 1,08 12,4 1,10 9,77 0,99
64 9,0 0,95 7,5 0,88 12,0 1,08 12,4 1,10 9,44 0,98
65 15,0 1,18 12,4 1,09 15,5 1,19 17,3 1,23 12,88 1,11
66 7,5 0,88 7,6 0,88 10,8 1,03 13,1 1,12 11,35 1,05
67 7,0 0,84 7,3 0,86 8,5 0,93 9,5 0,89 7,58 0,88
68 7,0 0,84 7,0 0,84 9,4 0,97 9,9 1,00 8,51 0,93
69 7,0 0,84 7,0 0,84 8,5 0,93 8,2 0,95 6,31 0,80
70 11,0 1,04 7,0 0,84 11,4 1,06 14,0 1,15 13,18 1,12
71 10,0 1,00 9,3 0,97 11,7 1,07 11,0 1,04 10,23 1,01
72 7,0 0,84 7,5 0,88 9,5 0,98 9,6 0,98 7,08 0,85
73 80 0,90 7,9 0,90 10,8 1,03 10,7 1,02 7,67 0,88
74 7,5 0,88 7,7 0,89 9,6 0,98 9,5 0,98 7,08 0,85
75 10,2 1,01 7,2 0,86 9,5 0,98 9,7 0,98 7,08 0,85
76 7,9 0,90 7,5 0,88 11,1 1,04 12,8 1,11 9,84 0,99
77 7,4 0,87 7,5 0,88 9,5 0,98 8,9 0,94 7,58 0,88
78 7,8 0,89 7,1 0,85 11,4 1,06 13,2 1,12 7,00 0,84
79 90 0,95 9,0 0,95 12,0 1,08 15,3 1,18 10,12 1,00
80 7,1 0,85 7,0 0,84 9,1 0,96 9,3 0,97 7,67 0,88
81 7,4 0,87 7,4 0,87 9,2 0,96 9,7 0,98 10,47 1,02
82 7,0 0,84 7,2 0,86 9,5 0,98 11,5 1,06 7,58 0,88
83 12,0 1,08 12,0 1,08 12,7 1,10 14,5 1,16 10,59 1,02
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| 1] 4 5 2 3 11 6 7 8 9 10
8 108 1,03 11,0 1,04 128 111 166 122 11,75 1,07
8 68 08 70 0,84 80 090 82 09 653 081
8 90 095 80 0,90 11,4 106 144 115 1161 1,06
87 60 078 70 0,84 78 08 77 08 58 076
88 105 1,02 105 1,02 11,4 106 126 110 646 081
89 11,0 1,04 95 0,98 11,4 106 146 116 832 092
% 61 078 65 0,81 79 09 104 102 881 094
91 60 078 65 0,81 76 08 74 08 54 073
92 120 134 100 1,00 127 110 204 131 1778 125
93 80 090 80 0,90 95 098 109 104 841 092
9 90 095 95 0,98 127 110 119 107 1230 1,09
95 130 111 127 110 134 1,13 183 126 1059 1,02
% 63 080 64 0,81 81 091 96 097 646 081
97 66 08 67 0,83 79 09 94 097 631 080
98 63 08 70 0,84 79 090 100 1,00 724 086
99 70 084 82 0,91 74 087 129 111 891 095
100 67 08 89 0,95 89 095 88 09 653 081
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