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Abstract. This article focuses on the application of nonparametric statistical inference
methods in astronomy, aiming to reveal the potential distribution of physical characteristics
of Saturn’s regular satellites. Based on the Kolmogorov-Smirnov test, we fit the eight physical
features (equatorial radius, equatorial circumference, volume, density, mass, surface area,
surface gravity, and escape velocity) of Saturn’s regular satellite data one by one. It is
found that except for the two characteristics of density and surface gravity, which obey
the Stable distribution and the generalized Pareto distribution, respectively, the best-fitting
distributions of the other six physical characteristics are all Lognormal distributions. The
rationality of this result is verified by comparison with the cumulative distribution function
derived from an analytical perspective. In addition, an example of predicting the physical
properties of Saturn’s satellite Pandora is added to illustrate the effectiveness of distribution
inference to further illustrate in practical applications.

Key words: Saturn’s regular satellites; physical characteristics; Kolmogorov-Smirnov test;
Lognormal distribution

1 Introduction

In October 2019, the team of Sheppard at the Carnegie Institute for Science in
the United States announced the newly discovered 20 Saturn satellites (Shep-
pard 2019). This discovery made Saturn become the planet with the most
satellites in the solar system by having 82 natural satellites. Saturn’s satellites
can be divided into regular and irregular satellites, which can be mathemati-
cally represented as a function of orbital eccentricity, orbital inclination, and
distance from Saturn (Denk et al. 2018). More detailed information can be
found in . Saturn and its satellites are usually called "the small solar sys-
tem”. Researchers are keen to study the Saturn system with multiple satel-
lites (Canup 2010, Dones et.al 2009, Hirata 2016, Castillo-Rogez et.al 2019,
Dorofeeva 2016, Dubinski 2019, Mitri et al. 2021, Hand et.al 2020, Neveu &
Rhoden 2019). The research results will be helpful to predict the unknown
nature of natural satellites, understand the relationship between satellites and
reveal their origins. In the future, when natural resources are increasingly de-
pleted, Saturn and its satellites may even become an important place to obtain
resources.

With the help of space telescopes and space probes, such as the Cassini
spacecraft, scientists can obtain relevant data on most planets. However, in
the case of satellites, data is sometimes difficult to obtain or inaccurate. It is
a significant effort to apply statistical knowledge to the study of planets and
establish mathematical models based on statistical results to help us better
understand some of the laws behind the data (Gao et al. 2018). Gao et al.
(2018 & 2021) determined the best-fitting distribution of each physical fea-
ture based on the p-value of the Kolmogorov-Smirnov (K-S) test. When they
studied the physical distribution of the irregular moons of Jupiter by fitting,
they found that in most cases, the Loglogistic distribution is the best. Ac-
cording to the K-S test, the best-fitting distribution of physical properties
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may be affected by the number of satellites and the fitted distribution func-
tion. Theoretically, more satellites and fitting distribution functions will make
the best-fitting distribution result more accurate. With the discovery of more
Saturn satellites, the question whether there are specific laws in the physical
properties of Saturn satellites has attracted many researchers. For example,
Tattersa (2013) proposed that the physical properties of planets exhibit Log-
normal distribution, and Miiller (2010 & 2015) proposed that the distribution
of mass and orbital period in the Saturn’s satellite system can be described
according to the scaling law: M = uTP?, where M is the mass of the satellite,
T is the orbital period, D and p are constants. When studying the particles in
the inner magnetosphere of Saturn, Martinez-Gémez et al. (2017) selected six
probability distribution functions: Normal, Exponential, Logistic, Lognormal,
Weibull, and Extreme values to fit the physical system. The logistic distri-
bution is regarded as the best fitting distribution of the system according to
the Anderson-Darling statistics. In addition, Demer’s law and Titius-Bode’s
law can also approximate the distribution of planets in the solar system to
a certain extent (Ballesteros et al. 2019, Huang 2014, Bovaird & Lineweaver
2013), although there is no strict mathematical explanation yet. On this basis,
Bovaird & Lineweaver (2013) analyzed the planet’s orbital period and success-
fully predicted the existence of five exoplanets; by determining the diameters
of Himalia and Phoebe, Grav et al. (2015) predicted the diameters and albedo
of 12 satellites that were not accurately measured. It is speculated from similar
albedo that they may have a common origin.

This paper aims to use the K-S non-parametric test method to study the
physical characteristics of Saturn’s regular satellites and reveal the possible
distribution laws hidden behind the data. See Appendix A for the relevant
data on the physical characteristics (equatorial radius, equatorial circumfer-
ence, volume, density, mass, surface area, surface gravity, and escape velocity).
The structure of this paper is as follows: Section 2 introduces the theoretical
method (K-S test) used in this paper. In Section 3, the MATLAB mathe-
matical software is used to fit the distribution of each physical characteristic
based on the K-S test. Among 22 common distribution functions, it is found
that the main best-fitting distribution of the physical characteristics of regu-
lar satellites is the Lognormal distribution. Section 4 verifies the feasibility of
the results of statistical inference based on the relationship between the phys-
ical characteristics of the satellites. In Section 5, a specific example will be
used to demonstrate the effectiveness of the K-S test in predicting the phys-
ical characteristics of the satellite Pandora. This paper ends with Section 6,
which summarizes the results of applying statistical inference to the physical
characteristics of Saturn’s satellites.

2 Theoretical method

Both natural sciences and social sciences are faced with the problem of dealing
with data obtained through various observations or experiments. Regardless
whether it is based on actual needs or curiosity, we all hope to reveal the
statistical laws hidden behind these data, and infer which types of regular
distributions fit a bunch of seemingly disorderly data. Of course, they may
indeed belong to chaotic distribution in nature. The K-S test is a commonly
used statistical test method to solve such problems.
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The K-S test is a non-parametric test method of goodness-of-fit. It judges
whether the empirical distribution of sample observations is consistent with an
existing theoretical distribution based on the cumulative distribution function.
By analyzing the difference between the two distributions, we can determine
whether there are sufficient reasons to believe that the observations of the
sample come from the population of the given theoretical distribution. Let
Sp(x) be the empirical distribution function of sample observations, and S(x)
be a specific theoretical distribution function, then we define the difference
between the two distributions as D = |S,(x) — S(x)|. When z is fixed, if the
difference between S, (z) and S(z) is very small, that is, the value of D is very
small, it indicates that the fitting degree between the empirical distribution
function and this specific theoretical distribution function is very high, so we
have sufficient reason to believe that the sample data comes from the given
theoretical distribution function.

The K-S test mainly examines the largest deviation in the value of D,
which is represented by Dyyee = max |S,(x) — S(z)|. The steps of K-S test are
as follows:

(1). Propose the null hypothesis Hy : S, (z) = S(x) and the alternative
hypothesis Hy : Sp(x) # S(x), which is to assume whether this set of data
obeys a specific theoretical distribution function;

(2). Calculate the D value corresponding to each x value and find the
largest statistic Dnqq;

(3). According to the number of sample data n and the significance level «,
compare D,,q, with the critical value D(n, a/), then one can determine whether
to reject the null hypothesis. If the D, > D(n, @), then the null hypothesis
Hy is rejected; if the Djya, < D(n, @), one cannot reject the null hypothesis
Hg, but it does not mean that the null hypothesis is acceptable.

In addition to the D value, the p-value can better reflect the evidence
that the sample data support the null hypothesis. In general, the minimum
significance level of rejecting the null hypothesis Hy is called p-value in a
certain hypothesis testing problem. It is the probability of sample observation
or more extreme results occurring when the null hypothesis is true. The larger
the p-value, the more likely that the null hypothesis will be satisfied. Therefore,
we do not have sufficient evidence to reject the null hypothesis; the smaller
the p-value, the less likely the null hypothesis will be. According to a given
significance level « (for example, we take o = 0.05 in this paper), when p <
0.05, the null hypothesis is considered invalid, that is, the sample data does
not obey the given theoretical distribution; the null hypothesis Hy is retained
under the significance level o when p > 0.05.

In the actual hypothesis testing process, we often encounter the same sam-
ple data that may not reject multiple theoretical distribution functions. How
should we choose the best theoretical distribution function? We could choose
the distribution with the largest p-value as the best-fitting distribution and
consider the confidence interval of the parameter if the p-value is similar.

3 Inference Results of Physical Characteristic Distribution

This section will explore the possible distribution laws of the physical char-
acteristics of Saturn’s regular satellites (see Appendix A), so that researchers
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can better understand the relevant characteristics of these satellites and can
use these potential laws to study further the satellites of Saturn for which
there is no sufficient data available yet and even help discover new ones.

According to the method introduced in the previous section, we performed
one-sample K-S test on the eight physical characteristics (i.e. equatorial ra-
dius, equatorial circumference, volume, density, mass, surface area, surface
gravity, and escape velocity) of Saturn’s regular satellites one by one (see
Appendix B), and obtained the corresponding best-fitting distribution. The
specific types of best-fitting distributions are listed in Table 1. Except for the
density, which obeys the Stable distribution, and the surface gravity, which
obeys the Generalized Pareto distribution, the best-fitting distributions of the
other six physical characteristics are the Lognormal distribution. The p-values
in Table 1 indicate that the p-values of these six physical characteristics are
all greater than 0.988, which gives us reason to believe that the Lognormal
distribution has an excellent performance in fitting the physical properties of
these satellites. However, although the best-fitting of the surface gravity is the
Generalized Pareto distribution, it is noticed that the p-values corresponding
to this distribution and the Lognormal distribution differ by only about 0.07,
which is almost negligible. If the range of the confidence interval is also con-
sidered (See Table 2), it seems that the Lognormal distribution can be used as
a best-fitting alternative for the surface gravity. In short, the results of the in-
ference of the distribution of Saturn’s regular satellites support the Lognormal
distribution. This distribution can better describe the physical characteristics
of Saturn’s regular satellites compared with other known distributions.

The Lognormal distribution sometimes referred to as the Galton distribu-
tion, is obtained after logarithmic transformation of the Gaussian distribution
(also known as the Normal distribution), just like the Logistic distribution
after logarithmic transformation is the Loglogistic distribution. The Lognor-
mal distribution applies when the variable must be positive, since In(x) is
only available when z is positive. If x follows the Lognormal distribution with
location parameter y and scale parameter o, then In(x) obeys the Normal dis-
tribution with the mean value of p and the standard deviation of o. Similarly,
if  follows the Normal distribution with the parameters p and o, then exp(x)
obeys the Lognormal distribution with two parameters p and o.

The probability density function of the Lognormal distribution is as follows:

1 —(Inx — p)?

ex ,
zoV/ 2T P 202

and the cumulative distribution function of Lognormal distribution can be
expressed as:

f|p, o) = (1)

1 1 —(Int — p)?
F = - —————dt 2
(@) = —= [ e = ©)

where —oo < p < +00 is the mean of the logarithmic values and non-negative
o is the standard deviation of the logarithmic values.
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Table 2: Comparison of two distributions with close p-values when fitting sur-
face gravity.

Characteristic Parameters Confidence Intervals p-value

k=2.84814 k € [1.19334, 4.50295]
Generalized Pareto @ = 20.5499 o € [5.91591,71.3836] () 8822
0=0 0=0

= 4.35907 1 € [3.10669,5.61144]
Lognormal  ; — 989612 & € [2.23984,4.09902]  V-8095

The p-value may be a good reflection of the adjustment effect between
the sample observation data and the distribution function, and we draw the
real observed CDF and the best-fitting CDF of physical characteristics to
understand the relationship between the size of the p-value and the fitting
effect more intuitively. It can be seen from Figures 1 and 2 that there is a
close relationship between the size of the p-value and the fitting effect of the
function. For example, the best-fitting distribution of density is the Stable
distribution, and its p-value is only 0.3440, while the best-fitting distribution
of the equatorial radius is the Lognormal distribution, and its p-value reaches
0.9957. The fitting effect of the Stable distribution of density is not as good
as the fitting effect of the equatorial radius.
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(a) Comparison of the real Observed CDF and the Best-fitting CDF of
Equatorial radius.
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(b) Comparison of the real Observed CDF and the Best-fitting CDF of Equa-
torial circumference.
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(c) Comparison of the real Observed CDF and the Best-fitting CDF of
Mass.
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(d) Comparison of the real Observed CDF and the Best-fitting CDF of
Surface area.
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(e) Comparison of the real Observed CDF and the Best-fitting CDF of
Volume.
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(f) Comparison of the real Observed CDF and the Best-fitting CDF of
Escape velocity.

Fig. 1: The real Observed CDF and 8Be Best-fitting CDF of six physical char-
acteristics with Lognormal distribution.
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(a) Comparison of the real Observed CDF and the Best-fitting CDF of
Density.
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(b) Comparison of the real Observed CDF and the Best-fitting CDF of
Surface gravity.

Fig. 2: The real Observed CDF and the Best-fitting CDF of two physical char-
acteristics without Lognormal distribution.

4 Validation of Statistical Inference

In the previous section, we obtained that the Lognormal distribution is the
best-fitting distribution of the physical characteristics of Saturn’s regular satel-
lites. At the same time, it should be noted that there may be a certain relation-
ship between different physical characteristics, such as the nonlinear relation-
ship between equatorial radius (R) and surface area (5), S = g(R) = 47 R?,

R(S) = +/S/4r. It is easy to find that both g(R) and R(S) are strictly mono-
tonically increasing with respect to R and .9, respectively. Denote the proba-
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bility density function obtained by statistical prediction of R as fyre,r(R|u, o),
note that the best distributions of R and S are Lognormal distributions, and
the corresponding distribution parameters are (u = 3.21852, o = 2.70957) and
(1 =9.50876, 0 = 4.95446), so the probability density function fq,s(S|u, o)
of S which is analytically derived from R can be written as

fana,S(S|M> J) = fpre,R(R(S) |:u7 U) |R/(S)|

1
= 4\/ﬁfpre,R<\/S/Tﬂ—’,u7U>
B 1 ox —(In+/S/4m — p)? (3)
" 20278 T 202

~0.0736
S

2
exp [—0.0681 (ln(0.2821\/§) — 3.21852) ]

and the probability density function fp.. s(S|y, o) of S obtained through sta-
tistical prediction can be expressed as

1 —(In S — p)?
e S 0) = o
Sore,s(S|p, o) Sovar P o2 (4)
_ 0-0505 exp [—0.0204 (In § — 9.50876)°

The graphs of f,,e s and funq,s are drawn with MATLAB, these two graphs
agree very well obviously (see Figure 3).

Similarly, the volume V' obeys the Lognormal distribution with parameters
p = 11.8913 and o = 7.44553, it is easy to get that V = 4w R3/3 is strictly
monotonically increasing with respect to R, also the derivative are V'(R) =

1
47R? and R'(V) = BAMT =3 So there are

3
fana,y (VIp, 0) = fpre,v (R(V)|p, 0)|R' (V)]

1

(3/4m)3 2 3V . =
3 V73 fore,R (47r) |, o (5)

2
_ 00t [0.0681 (1n(0.6204v%) - 3.21852) } .
e (V) - 2
1 —(In —u
re,v (V| i, =

fp ,V( |:u U) VO'\/%GXP 202 (6)

00536
v

We use the MATLAB again to draw the graphs of fyre v and fona,v as
shown in the Figure (4), and the two graphs are in good agreement.

exp [—0.0090 (InV — 11.8913)2] .
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Fig. 3: Comparison of analytical derivation distribution and statistical predic-
tion distribution of Surface area.
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Fig. 4: Comparison of analytically derived distribution and statistically pre-
dicted distribution of Volume.
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5 Application of Statistical Inference Results

We inferred that the Lognormal distribution is the best-fitting distribution of
regular satellites through the K-S test in Section 3, and verified the rational-
ity of this statistical inference in Section 4. In this section, we will show the
application of this inference method. Without loss of generality, now we as-
sume that some data of the physical characteristics such as equatorial radius,
equatorial circumference, volume, mass, surface area, and escape velocity of
Saturn’s satellite Pandora are missing or at least not well studied, and then
based on the data of the rest of Saturn’s regular satellites, use the K-S test to
determine the best-fitting distribution of each physical feature. The specific
results are listed in Table 3. The results show that the Lognormal distribution
is still the best-fitting distribution for other regular satellites.

Note that In(z) will follow Normal distribution with mean p and standard
deviation o when z follows Lognormal distribution with parameters u and o.
Therefore, according to Table 3, we list the predicted data of the six phys-
ical characteristics of the Pandora satellite mentioned above and the actual
data (see Appendix A) after taking the logarithm in Table 4, where R is the
equatorial radius, C' is the equatorial circumference, V' is the volume, D is the
density, M is the mass, A is the surface area, GG is the surface gravity and EV
is the escape velocity. It is easy to find that the predicted values are very close
to the observed values.

In addition, although we also know that the best-fitting distribution of
Pandora’s density follows a Stable distribution, the parameter « is less than
1, making the corresponding mean value tend to infinity, which has no actual
physical meaning. For surface gravity, although the logarithmic mean value
of the best-fitting Birnbaum Saunders distribution is 7.3393, the range of its
confidence interval is too wide. If the width of the confidence interval and
the log-normal distribution of the other six features are considered to pre-
dict the density and surface gravity of Pandora, their mean values are 6.5159
and 4.3593, and the actual density and surface gravity values are 6.1940 and
4.3536 respectively. The comparison between the predicted and actual values
of Pandora’s various physical properties is shown in Figure 5. The slight error
between them illustrates the substantial effect of the Lognormal distribution
in predicting the physical properties of satellites.
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Table 4: Prediction of physical characteristics based on Lognormal distribu-
tion.

Characteristic Predictive value Actual value

In(R) 3.19595 3.73767
In(C) 5.318 5.544
In(V) 11.8613 12.5511
In(M) 39.1116 39.4695
In(A) 9.489 9.943
In(EV) 3.18009 4.34381
40 s

L]
15l Actual value
30

25

20~

10+ L
43 In(G)
[ ]
s ! ¢ :
0 L L L L L L I}
In(R) In(C) In(V) In(D) In(M) In(A) In(G) In(EV)

Figure 5: Comparison of Pandora’s actual and predicted values.

6 Conclusions

This paper uses the K-S non-parametric test method to carry out statistical
research on the equatorial radius, equatorial circumference, volume, density,
mass, surface area, surface gravity, and escape velocity of Saturn’s regular
satellites. We use the MATLAB software to assist in finding that six of the
eight physical features (except for density and surface gravity) can be charac-
terized by the lognormal distribution as the best-fitting distribution function.
It is noted that the particle size distribution produced by random impact
crushing is one of the broad applications of the lognormal distribution. This
fact inspires us to suspect that these satellites may admit a common origin.
They are likely to be fragments of the parent body that are shattered by impact
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or torn apart by the gravity of giant planets and then form these natural satel-
lites. Although there is a lack of rigorous evidence, there is certain rationality.
We verified the rationality of the best-fitting distribution by comparing the
distribution obtained through mathematical deduction with the distribution
obtained based on statistical prediction.

In addition, we also demonstrate the application of distributed reasoning
through a practical example. That is to verify that this method can predict
the corresponding physical feature value when data on the Pandora satellite
is missing. We found that the deviation between the predicted value of this
method and the actual value is tiny, so we have reason to believe that the
solution can even be used to help researchers discover new satellites of Saturn
or study giant planetary systems with multiple satellites. Based on the statis-
tical law obtained by the K-S scheme, we can also establish a corresponding
dynamic model from a statistical perspective. For example, the dynamic be-
havior analysis of the Saturn satellite under the variable mass law will soon
appear in our next manuscript.

Appendix

A. Physical Characteristics Data of Saturn’s Regular Satellites

see Table Al
B. Inference Results of Physical Characteristics of Saturn’s Regular
Satellites

see Tables B1-B4

90



F.B. Gao, H. Cheng

-uImjes/suoour/A08 eseu wojsAsie[os/ /isdyy  pue  suoowuanyes/suoow/preddeys/npo-sousioserdoures /mwoo o8003 soyis/ /isdyyy 990G |

.BQTV.H@.?O\WGOOE

1096 P8 LYGLT €9°8T%°50€°€8 000°000°000°T¥#Z €80'€CS TGS FET  €88T  980°0C€ 96¥ TL G LLTOT GL9T ueyL,
¥L6TCEGE 0 T'6L8T 99°2L96695'¢  000°000°T90°TTC GOS8 TSS LT9 €16 §9T 79T 7E9 6°87¢'e 0eg sAuaag,
¥T T6°6T 12°CE6'T 02%°T9€'69.L V0¥ 9¥0'F 009 9862 6°LL 43 0989197,
— — — — — — — ST°0 1S 6002/S
G8TT ¥ 1Tve T8'T0L'0¥E'L  000°000°080°68C TSI 680°L0E‘T €eeTT €ET99T 0L8°T T'T08'% 9L eouy

08 9L LL Ty eve‘ee 000°6€9‘7TL 686956091 08% L9g'gee 8°0LC 0g SnaYowWoIg

4 8CEE'T ¥e'1e T6T'66T°200°967 ¥ 00¢ 6 z'8 4 soonapAod

LL 9L°LL L0°9T8°0C 000°T8T‘8TC €96 LY 8ET 06¥ S0v'C8eT L'69¢ 1414 vlopuedq

4 T6°6T TE'86¥7'T 0%.'022'628°G09'G¥6'Y \l4% TYLTT 9'88 (028 ued

S feldlels 4 ¥G'8L 8€1°829'50L°0L6°CE 00g g9 L°GT 4 sudred
G08TI68ST 0 Y628 GL LV9'E6T 000°00%°069°902°929°505°LE 0STT T99°€19'Ce €are't G861 sewiN
€ 8086°C L1728 £8G‘86S°010°T66°8 009 L1 0T [ QUOYJOIN

161 9€°2L02 LL°629°00T 000054 T00 TET TR THS‘T 0€9 9T0°€00‘€ €299 68 snuep
190T 80°068¢ €9°6GL°66L°9  000°000°08S‘T8T TTFTS6°G08‘T €801 080°00€°299°T 6°129‘% 8TL snyodey
89T 2°69C 01'220°62¢ 000°072 €8T 09C LES 98S G vve §66°G0€°0T T'8¥%8 €eT uortadAy

€e T6°ST 9¢°T68‘E 00486 T60°088°68€ TT 009 9€8°'ce 9011 91 QuoleH

gzl1 9621 LT'61V'CY 000°GTT'LT0029'CE0°9TS ov9 81G'1C8 1°69€ S'6S snoayjowrdy

198 iadian LT'879°86L 000°000°269°0€2 T6S‘ 776 L0T 8091 9L0°€TT L9 0'¥8S°1T S6VT snpe[eouy]
67982201S°0 TL'900€ 1S'9LL796°€  000°000°082 G8T 0EF GVL G60°T 9LV 2TE'8ELTYL €629°e 6S¢ suor
9 9599°% 97" 181 7S0‘TTG'8GL 06 LL ore 0€T 6°€T g'e stuydeq

0z 96°C1T TL8EY'T 0€T°G92°9€€'9€L LVS ‘T 009 1€1°G z'L9 <6 osdATen

LT T6°6T 92°G98‘T 099°229°GOT TV I'¥65°9 09¥% TV 676 91 SV

4 TGSe'1 8T°0T L60°€ET'899'867 T 009 € Lq g0 Uy

1 $81S°0 €Tl ¥TE LEL OV6'6G 009 1°0 61 gz0 uooedoy

(q/ay) (Zu/ww) (guy) (33) (gua/33) (gurs) (uxp) (uny) sureN
K3100[9A adeosy AjiAaeal edoejang evoaae adejing sseN Aytsua (g swInjoA @duaJ9juwInNdJId [eliojenby snipea [eraojenby

[SOY[[OFeS IB[NSOI S, WINRG JO BIRP SOISLIOJORIRYD [RIISAYJ] TV O[qEL

91



Distributions of Saturn’s regular satellites

[299¢ 7¥

‘(a1 00l 31 ~ logreeLo
mmmﬁww%wwo [¥19L29°0 ‘181849¢°0]21 [6z-opee [60°LL67 [LO+28757'F [69€09°€ [60610°2
‘9600-L¢] 50 SVOSEE0]>E (658291 ) .00 r]50 [eg 06ee [e8°€29T ‘g9°61.45]30 ‘90+29289LV]5™ ‘€SVI6 T]D0 ‘T6LE0 T]D0  [eAdjul
[168T1L6°0]2¢ L S 2 R Prstupeviys EON ‘Terevee]og ‘89°0¥9TIOX  [98°LLTE [v62908°0 [1€86€°9 (996079 eouspyuod
“leotoopo  69L¥9EIRV [lBroETT ‘29g°9¢T]37 '612L980°0]37 ‘seLgTv] 37 ‘18808V]37
‘L6866€£°0]20 6ovsz |37 - (w3 )oousroyunoIro
808%"0F=" 0= [etioyenbsy
. . L80TEV 0= . . . . .
LLVY'LG=0 9GRS 0=¢ e 69'8692=2 raRor— oy §91GE=0 LOHOGYLGY T=m  GVGLY'T=O FILVY I=0
8I¥866'0=¢  FI'089=V MHM Ewu 9Ty eTT="5 6V7669c=d  TELEOT=N 17 gg1=rt goLeET0=  gsigea=r ggogga=r T
¥ 0=0 g
zovL'0 €L18°0 $500°0 0000°0 00000 0000°0 0¥10°0 0LE¥°0 0886°0 2S86°0 d
0 0 1 1 1 1 1 0 0 0 q
a1qels LIS nﬁo_amwwn—ulw.hvm uerny y3ie[ley uossioq TewIoN WM”MMMM rwreSexeN [ewaouldor o13siSo[Sog
0=0 [686°92T (948197
. ] ¢ o G .
[96°2981 lrveeee loz-cees [coT0pE ‘71692 v 21 [r68811 [oL012L ‘€8T0¥900°0]2% lvietr-g
‘6ve'968]30  ‘geeI6BISY eSS ) o 0e]50 [8T7°0PF ‘P9 0LT2]29 ‘YO T8EV]D 0 l[szv19C [Lev0'T ‘6g8T8TIOL Teazejur
[86-€181 [L8°ag9L ozn “loLo65-¢ ‘eagevp]d0  [aLpo1s0  [89'1929  pEFILSY ‘9€1LVE 0] [128'88¢ 20UpYUOd
‘6290°06]37 vy 1vEr-|o7 ‘9¥2199°0]3% [evviee ‘we090z°0]37 VO TPET]DT [TT+°1006¢'% ‘9969'89]3¢ [inu (wap)eouaiayunoire
e PPIETIDY ‘88€1T€000°0]2© [er0yenbg
. . . 0=0 8648°09="1 . 1€L20°G=9 .
=0 [« = =0 G= (1] G=0 =L
I1v621—0 SEUIE=Y  99°LISE=0 1) o1 609-GE1=0 0809=4 £9'0T95=0 . gy 0680c-0—o VOOB6'E= 1or0urerEd
€20°2g6=""  12'LG9T=" 0=" 620 =1 1hp6o.g—y ECCITEO=D  O£'96LE=" cocorT—n 604 8L1=¢
8T10°0 62100 0000°0 £1€6°0 89€8°0 £€9G°0 8000°0 ¥000°0 1198°0 012L°0 d
1 1 1 0 0 0 1 T 0 0 q
srysiSor ueissnen TewaoN ojaaed anjeA awaaIxXyg ewwen anfeA rerjusuodxy ang siepuneg ejog
osaaAU] JIeH pozi[eisusn) pozi[eisuar) swaa)xX ~wnequarg
[10009°0
[yur'yur-]>7 [£00785°0 ‘G0T09T 0|24 (88918 [eLv0LL [90+o71960°T [88008°€ [86681°2
Bur'ol>> ‘gevieroldg [e17eve oo orel5o logvves (190892 ‘888°92¥]30 ‘6EVETT] D™ ‘2650T°E]D0 ‘SYOYT'T]D0  [eatojur
[1'1-]2¢ [920°572 “02109°0152 [ oot G156 ‘180°09€]24g  ‘L9€°¥T]OY [veo-esy [10006T°0 [Loz9e v [vL11y"y eouepyuod
[e‘o]3©  ‘z866'¢E]3Y loggy 7 7 ‘avLL 6137 ‘6629180°0]37 ‘LevL0°2]37 ‘96891°2]>7
‘Ge9z¥8°0-] 37 (wey)snrpea
29209 ="/ £76608 0= e [etioyenbsy
L9G8G°9=0 GPRTV'0 =4 o G99°6TF=2 N om—y PSTEPG=0 GOPTGE=M  LG60L°T=O 6E£08G T=0
8666660 = 9087 T6=y  Sool8ETO prrgut=s B R searal-0=r  cgsiaE=r  croseE=r
200007 0="0 89900°2=7
€029°0 6228°0 2000°0 0000°0 00000 0000°0 8600°0 159%°0 L8660 T¥86°0 d
0 0 1 1 1 1 1 0 0 0 q
a1qels HLCIETN n..-o_amwn—ulwwm uenty y3ie[ley uossioq TewIoN _wm\w_”“w-w_m rwedexeN [ewaouldor orysiSo[Sog
0=0 - [toser [11+9286£9'T
[avig8e (986672 [16-cz8 leTz0-98 ‘¥6e8 1197 (169861 leovett ‘60-22208L°7] Y [86261°9
‘6VL°8ET]S0  ‘€2€69°0]9Y "wom.now_hwu ‘66080°7]30 [7L96'8¢  ‘P¥'L9€]29 ‘P88 L69]D2 [Lv8T6E [cozLe8'0  ‘TEGTE]DL [eateyul
(18022 [totet T2 [zeo6ere ‘€807 ¥]20 [£6997°0 [Le1°896  ‘Tv0°GLT]27 ‘0TEET 0] le19g°62 2ouspyuod
F6Y6 1137 ‘69°2101-]37 ‘9z8Tes 0]>% [6828°€ ‘LVIT61°0]37 ‘L9g L0T]>7 [62+216179'8 ‘€9180°2]3¢ [nu (wuop)snipes
’ At aiEL] ‘12-9€1942°6]90 [er0yenbg
. . . 0=0 18581 9="1 . . T6E1T=Yy .
=0 CO6G T= G=0 (el = =0 G =L
TI0°661=0  PE96SI=X  889'E6S=0 o0 p SopzoT—o CCSTVE=G LIOESS=0 o)) oy Cle6er-0=o 099C8T= tor0ourered
8 TPT="  pOL'T1GT=" 0="  lepe—y Slegoc—y [GLB6E 0=V L69LRG=T G iereg—n SOTEBI=Y
= €99'z= =
0800°0 L000°0 0000°0 G6EL0 TIIL0 GPIG0 S000°0 10000 09€8°0 GELG0 d
1 1 1 0 0 0 1 1 0 0 q
srysiSor ueissnen TewaoN ojaaed anjeA awaaIxXy ewwen anfeA [erjusuodxy ang siepuneg ejog
osaaAU] JIreH pozi[ersusn) pozi[erauar) awaI)xX ~wnequarg

sojI[eYes IenSor s UINjeS JO SOIPS1I9joRIRTD [edIsAYd JO S}MNSaI 90UAIJU] ¢ 9[qeT,

92



F.B. Gao, H. Cheng

[yur‘yur-]>7 [82909°2 [paryur-]sa (267606 [zg0°919 [£¢825800°0 [90+oLe21T°1 [teot69'0  [68€88€°0
[yur‘o]>2 ‘ov6Er 1]3d Burgurlse  pererroe [8ve: 122 [LGT°89L ‘1£9°9€€]90  ‘9.£08200°0]5d ‘086806]5™ Vg6LLE 0150 ‘998F61°0]50  [eatajul
[1'1-]5¢ [vo'8L0T [uryur]a1 [62-92950]3s ‘L9z°018]3d ‘699°avL]3Y [gergre (696279 [65€08°1 [ezetL 9 [290€9°9 @ouopyuod
LAUEL] ‘LL8°L89]3V i ‘169'89g]97 ‘6g608° 119y ‘TELY9° 0127 ‘1906279137 ‘66TET 927 (,w/B3y)Aysuad
6ve vog=" . .. € ’
S102LT°0=1
£690°L7=2 1L66'1=6 5 TL6'TI9=0 voT ger=2  SII6ES00°0=d GETPGL="M 9G988F'0=2 680GLC°0=2 ..
. = To— o) — ed
2007V 0=¢ sertos=y 0NN ITE p09-co=s 80VI9=d £16799L=Y¢ g16°96L="1 cLzoTT=Y 080 T="  £6105°9=r  I8TEF 9=
Vo=
0rFE0 Tre0°'0 $000°0 88€0°0 68£0°0 0000°0 LETO'0 0620°0 L¥20°0 09€0°0 9180°0 d
0 0 T T T T T 0 T T 0 q
areos Terwourg
a1qess [mqrom —worrEoo 3 uerory ySioifey uossioq [ewaoN P ueSeseN [ewaousory opsiFoFory
— la28°269 lcL065€°0
lot1°L2€8 [eT gLy L1812 _mm.%amm ‘e0p ary]or l60LvEE [so1°229 ‘8L£990°0] % [189629°0
‘6LE19T]30 Ve g9T1]oY D6 720130  ‘GRI-81L]D0 (L1879 ‘12¢°201]39 ‘96¢°18¢]50 [€0v611 [10€°62 ‘6e€LVE 0]34 [eatojur
[z00° 178 [69¥216 o="  [98802 0 $L0°L01]30 [LoveT L [tz eret ‘£99°¢g] 37 ‘187807232 [ee1°808 2ouapyued
RatRatEL] ‘L9€7109]37 T 0,066 [€66868°0 ‘veveg]ov ‘8L8°TLL]DT [oL6'78y ‘z16°9¥¢]2d w/By) Ky1suo
90L066°0-]3% ‘9676010159 ‘60L-£8E] 50 [mu (gue/Bey)&ysuaq
. . . 0=¢ 6£9° 12g="1 . . L1ZEGT0=Y .
L 6TT= 3T €660= = GRI = 3 = 2 =L
e 96L665°0-=4 PREvES 0=4 = et 186 TEP="0 :
1760°0 L120°0 S010°0 L0V0°0 0£01°0 ¥820°0 9220°0 9100°0 2080°0 6520°0 d
0 T T T 0 T T T 0 T q
S ) TewaoN ojoieq on[ep oWelIxy cwaen - smg _Siopunes eron
1 JIeH pozi[elousn  pozi[eiousn oweayxy wnequarg
[60+o9€rgT T [922968°0
‘60+26061 1-] 97 [986802°0 ‘80L8V1°0]27 [0T+98570T 2 [Te+ogvrLL T [8eg 0 [92690°9
[60+227967°2*0] 52 ‘rertrolog [Le689Y lot+overze T [60+96T22€°¢ ‘0T+21008T 1]20 ‘6IHOVGTELTIO™  ‘pegGL el 0 ‘296TTE]D0  [eatosut
[1°220v68°0]3¢9 [L0+29€766°8 ‘828°8¢¢6]30 ‘60+24699L°8]36 ‘60+9G1LTE E]DY [60+962.9L°6 [792820°0 [trret [2671°g1 9ouopyuod
[e0T007°0 ‘LL011€]3V [es61e ‘60+266201°¢-]37 9699z0°0]37  ‘651L9°8]37  ‘goges s]>T
Ewmmm,eww €708LT-]o7 - - (gues)omngon
904989508 T= 281698 0=
90+989.£6' =2 L29281°0=¢ fry . 01+2L6987 =2 0Z+9€99TT'C=m  €SGVYL=0  8VISEV=0 .
= 1= = 1ojourered
68GL6'0=0 90+9CC6RT C=Y Lisd gyt OTHOOVEOT=  60F2LTLZEE=N 6o 4o) 1) pprg=rt 62¢L880°0="  £I6R'TI=1 FT6GTT=11 "1
Vo= "
2000°0 $028°0 L000°0 00000 0000°0 00000 92£€°0 988670 69860 d
T 0 T T T T 0 0 0 q
areos Terwourg
a1qess [marom —worrEoo 3 uerory ySio(fey uossioq [ewaoN oAtreSon ueSeseN [ewaousory opsiSoSory
_ [Lv'8e87 [L67Tv69
[60+2.690L°2 [948V7°€ 1014 or) 60T _mm%a\pm ‘9L0°019137  [TT+981694'T [oT+o665€€°E FROZIF00°0]24 [evy 09e
‘60+9£1966°1]20 '86ETEO0IDX () onr e T TI50  preLLE]oo [rr6298 ‘60+0L8¢T1°6]29 ‘01+21L9¥0°C]20  [60+2198V2°C [850g7E°0  ‘€€9'861]24 [eatoyur
[60+oz1Pv1'8 [er+o1g6'T 5 o= lzei-ot ‘80°¢tLe]30 [eggoz10 [o1+oge8ehE ‘60+98¥L65¢]37  ‘G09£280°0]3° (288621 20UspYu0d
601298687 T-]27 ‘ZT+ovevT6 -7 - . ]2 [669086°0  ‘299T¥50°0]37 ‘60+o658eT 1|27 [ee+o20986°'6 ‘cv88TE]Dd way)owno
R e B SRS ET ‘§1-0L6L65'T]50 fn (grenommion
. . . 0=¢ Lz veLe=r . . V66ET'G=Y .
60+2L2126'€=2 8GGBT'Z=Y OT+P98T6Y T=2 . . 0T-+OETRTOT=4 0T-+ogT9°z="0 . . LEG6LT=
9£9y' 2E="0 VL LG8Y="0 60+oL1LzE €=" 8GRIT'0=0 1wered
re=1 o= =1 ‘0= = g =
60+2€TL2EE 60+oLTLTE'E 0 TOT0-T 1= 166998 0= P08Z80°0=P  OT+OT98Z'T OT+orLe66e—n L 98808=¢
0000°0 0000°0 0000°0 6¥¥1°0 00000 9¥8E0 00000 0000°0 22980 2EV0°0 d
T T T 0 T 0 T T 0 T q
T s TewaoN ojedeq on[ep oweaIxy cwen - smg _Siopunes I
1 JIeH pozi[eiousn  pozi[elousn owoayxyg wnequarg

"(p,Ju0))) sojI[eres 1IR3l S UIMNIRS JO SOIISLID}ORIRYD [edISAYd JO S)NSal 9ouaIaju] g¢ SR,

93



Distributions of Saturn’s regular satellites

[e7602°0

[yuryur-] > —_— .
[ _Uu _IsozeTe0 90780°0]31
.:,_o_wn 627L91°0]39 [126°€61 e [20+269977"
g [92£126 <Jpoco-g|o S08-0L0GTEE]S0 L0+250LG8°T [90+o10P9 Y boorTe [aT+9690£9°
] ) i . ) b Loto ; GT+9690€9°T 210" .
[z‘0]50 0822] 3V (e Lol zs LOTOVTOR0'TISE ‘00+0VERE9 T]Y 0 romwwwwhwm ‘g1+0g8e6.L°¢]3m .m:mw.mmﬂ_ww ,Sp_wm.cg 4
[ —— L€080°6-]57 ‘90+or1968°2-] 7 ,S%Mmm._www [c1e9 11 [8h29'1T wa.mwm”_m.wm“
p— . 7 ¢ y N : - :
ﬁmmwmw_\\m e owmmmwcul 9'€6L8T=0 [nu ’ grove Ll R0yl
= STILYT= 978 6E=2 -
i FI=V ::w.mHHz DEELSTZY J0+o800ET =g 90-+9C26E9 T=Y 20408082 T=0 it ) (gwsy)eore
72000 1818°0 . 90+9226£9 =11 honosL0 = OFPPLET=0  66968T=0 ooegIng
M o 0000°0 0000°0 0000°0 0000 826650°0="1 01800°6=" 6rzLg 6= "]
T 0 -
T 0100°0
T .
a1qess nqrea areos oo I T 4298 m 1886°0 $S86°0 d
UoI3EBD0T } oy ySre1ley uossiog [ewaoN [erwourg 0 0 1
. oa1gese Twre3eyeN e
.@oﬁwﬁmwﬂww ?im_.nn [20+0826¢ [o2°9g0T 8106z N [eurIouso dsiorsory
‘LTLE'8IDY | VT g e 9 ‘80€"veg|>7 . —
. loo+oogssse Eiwmmmmﬁm ‘L0+065298 1|30 8r80°72]50 Eom._wz .Sﬁwrﬁwmi L, poteniaes ‘et e
90+9£08T 1137 ‘80+0G1070°6-]7 o=l [88098°6 ‘808°¢ POt 150 L0tosnontloe  lootosesies o I8 0134 [szo7-68
S10%0°6-]2 ‘ vic 98°€21]30 (9229020 . 0+98E€8TE" L leeTzS 0 . h
e RIEL] [9orire  Trriove0lov "co+wnc+wv.mww.m ‘90+oLpe0z €] 27 ‘gacger 0100 S:.SU? [eAzoquT
00 +o1820 v o ‘go1]59 L¥687°2) D71 e 9876006 _ leevear souopYI0D
ooy = 89T IT=Y LO+0LTECL'T=0 cpeT= e1z Le1=" ‘ Ve 88'zecg]5¢
90¥9E =11 90072689 F="1 Lea6sl=y et 80-0987°7]3® [mu (guyyeare
‘ 6€9 o=11 29986 9=1 6L9-0rg=0 LOT2989V°E=q  L0+0889T0'g=2 $980°c=4 sovpng
70000 0000°0 0000°0 o . $I9T0°C=% 6VLEET'0=D  L04202,9.9¢ 1=1 90-+9226€9 ¥="71 wmmm.;oﬂu 9gc 0e=A
T T b voe W 0000°0 LLEV'O 1000°0 L0+0769£8 7="0 80°T0V6=¢ 1030ureted
osiory ueissnen [ewao ! 0 T o000 vrosto ovee:o
osaeAU] .:mZ Ojeleg onfes oweI)xXH 1 0 0 d T
ETHTEEL] H pozi[eisusn) pozijeiousn ewwren snreA er a4
I ~ [er8E6T0 - owoagxyg  IEHURUOdx™ aang Stopuneg
ﬁ,wc__wwm ﬂwmwi.awm W:E:JU; [so+ocrerse | ZeToose -wmequarg wied
- 61+966202°6 JUIFuUI-]30 ‘80+99TETL T]D0 2T +o1VT6y'T [te+ot : ¢ 96°¢ [g7+¢ g
S ECA 3202 Jul- : . 4 . 10119 ‘T 40991 —[levtoreees o - m
wiwmmmwm@n: L1+098€21°C]3V [yuryur]r f5]3s TEHOT0679 TS ‘Te+010TT'0]2Y FNRMMMM £7+996280°6] 3™ dim.m.%ww ,aﬁmw,ﬂwm
« g . "BA.
RT-+HOPH0Z9 E=2 S6ETIT 0= Q29LL1°0=1 124990009137 . lssersoo lootg 2y [8VOVey ouhov%ﬁw_
612486°0—8 ST-+00L0Ch =V 9T+0T0018 T=0 Q0+9GTETLT=0 i [nu 6129£20°0]37 ‘gepLce] 31 ‘9464 cE] i E
po=0 GT4o799pe T-=1 1= CTHOEVVRE'I=d 1Z+oCI0IT'9=Y 22+979008'¢=2 PrLo6aLE L= (By)sseN
0000°0 81820 . Tg-+og1o1T 9="1 mm%%w.bum 9078 L=0  L9S8G V=0
1 o 00000 00000 00000 000" 56L9€0°0= Lz ee=r  gieree=1 1ojourered
1 T 9 00°0 0000°0 -
a1qe1s mamem S1eos — T 1 B4 m 6886°0 68L6°0 d
-uoryeso oy 8 0
T3 uSrorAey uosstoq [ewaon Terwoutg p— ° v
ur
L ] o—p __ [OTHoz800eT OMABION ueSmEN  [euiouSo apsiSosoT]
Juryur-]so aryur-]s C+o1L9€6'¢ pidorigpgr STTesOTYTTIST :
[uryur-] o ::E:qu ‘Zg+oLT181'T)30 ,mﬁ%ugmmﬂvww §+w$mm_.m.m bmm+wmmmwmmmmpwm "mm%m,mewwmmwm.@ »ﬁwwoﬁww.»o_wm [
o=" locto-or STHOVELLYLID0 s g °1£9¢8°¢]90  [16+912889°6 . peeaLy
oo wrise oo et o ster > L N g Jeasony
CTHoLOVPS T=0  C1+o8VL6C" ‘996761029 rose [8+999181C ° geer aouspyuod
: SPL6T =X GT+OV08T= 0=6 <1+o618L0" 8E+0991ET'C ‘9T+o9TLE €]D 0
12+9g101T 9="1 : o 7908'¢=2 =0 gr+o6raL0 L= ‘65"
o e 9=l B2, ertostoseT=o gltegsscei=e CC1OOCAEONTA TEAREEEIGTT Y w_@mmﬂww " (B)ssen
0000°0 00000 0000°0 %mmmwmo\ ottoe0y  Le109200=0  ze+og0Lore=1 1z-+oz1011'9=" 66202 1'0=0 991 0LE=/
! ' T “ 000070 Sr1E0 0000°0 0z+oggegsg=n O1TO8€06'8=¢ woourered
o1ysiSoT uelssnes [ewrioN T 0 p 0000°0 £798°0 ar£0°0
ssaonu] pil 0jo1eg on[ep owexxa ! 0 1 d
[eH  pozi[eidusn  pozi[eiousd Twwen onrEA “
oweayxXg Terjusuodxyy aang saopuneg
—wnequarg KRR

“(p,uo
Qu Ov SOI[[OYRS IR[NSOI S, ILINRG JO SOIISLIONORIRYD [RIISAYd JO S}NSOI 90UDISJU ¢ Of
. : qeL

94



F.B. Gao, H. Cheng

[egr0 02

CTeTTo [89gz9v°0
Smﬂwﬁmmwﬂb [6566.7°0  “8¢P29T°0]37 - _ leosose _l2otos0szoT  [10zeTT  [9geseT
‘egs6ze0]50 SEE09TOIE  [6188T8 g n ) _leogesr [280'689 ‘pgrgoci]d0 90+oFIGHT'T]D™ ‘G90622]22 ‘9€612'1]90  [earesur
[18.8.76-015¢ [ege'sae  ‘osgisrolse | 0 bl AT ‘69°62T1]2g  ‘€6L°L99]9Y l6L-egqT (3354440 lLrite v (891687 @ouapyuod
. ‘eereeldv [t6L87°€ ‘€16°961-] 37 ‘609090°0127  ‘66¥6'1]127 ‘coeg6 137
[801007°0 ‘99%T19£0°0-] 37
20666€°0]30 ’ — (y /wzy) Kyo010A
v19966=" L878LT0=n . odeosy
6L16' V1= 6198°0=4 ga T LE6LYT=0 I g oy 90 TT08=0 90+2L6LE =" T8196'C=2 6LG0L'T=2 \
166V66°0=0  66T0TI=V  S00% T 0 96oT'se=s TSGLVI=E LEVRLOTY ) opeg) gt ovT8z60-0=1 6908z E=r gegore=r T
G00007"0="0
967°0 ¥S6L°0 L000°0 00000 00000 00000 9000°0 0680°0 1L66°0 02660 d
0 0 T T T T 1 0 0 0 q
°e1qels IINQISAA IEOENMMNJUM ueIory ySiojAey uossiod [euwIoON —M\HHQOMMM rwreSexeN [ewaoulory o13siSo[Sory
0=06 (286221 [60685°¢
[oL7°988 (L0892 [09-a262 leL1E7E ‘67068 1737 [17°8818 [o°6vEY ‘686811°0]2% [10200°8
‘982°807]150 ‘9¥Z80L°0IOX o015 espet]no [692G°L8  ‘T9°LGT1]29 ‘99°999%]30 [vg0L01 [6229%'T ‘69L6€ 7194 Teatoyut
[eLv°079 [e-eg29 S 0= lLLpe: ‘v1698°€]50  [102¥7E°0 [e6'8Tve  ‘VLV'89V]D7 ‘LYVYLE 0]2° [8e€1°19 2ouspyuod
‘9Tv'eeT]a7 ‘er 9687191 T .m.wﬁ [ve0g6'e ‘vL01VT 0130 ‘698" LeV]D7 [8672L61 ‘zeriet]od nu (u/wap) &yoor0n
69911154 REGINER! ‘ZEVER60°0]20 1 odeosy
. . . 0=6 TIPSy 6= . . LTESTR 0=1 .
1LT°109=2  9T8L9'T=X LL°2608=2 o— Si_p BL8L0E=q €£66£8=0 )0 —p GETOT'9=L
8cg'89e="  LEV'8L9="1 o= Mwwmwmwu wmmwmwu sepoaz0=v  pever=r  LE78LO=T m%%w%wwuwm 88%'LE=¢ ToroureIed
0100°0 ST00°0 0000°0 £06¢°0 6049°0 LLET'0 2000°0 00000 194670 V16€°0 d
1 T T 0 0 0 1 1 0 0 q
srgsi8or uerssnen [ewioN ojaaed ean[eA SWLBI}IXH — enjeA [ — aang saspuneg -
osaeAuU]l JIeH Pezi[elausn) pozijeiausn owIaa3xXy —wnequarg
leLvese 19997270
‘88,99z°0-] 37 leee11e0  ‘'9g85v1°0]24 62188 [vL6128 [L0+0965TE"G [20660°7 loLviee
[2198°45°0]809%°8232 ‘616L2°0]124 [eel1e ) ¢ozzino leeeere lez'eovT ‘¥T'Tg8T]d0 90+269961°7]2™ ‘¥86£C'¢]20 ‘gegee )90 [earequl
[1620,£8°0]3¢ loeggor  ‘erocriize  FLONEIT ugoszlda suzieildx leuesee [P66851°0  [PpI19'c  [L0gVg'g oouopyuoo
[P16¥2°0  ‘$95°20T]2V [socro 94T ‘78,7908 37 ‘64762900127 ‘69901°€]27 ‘8F090°€] D7
7998L€°0]50 ‘660867°0]37 [inu (gu/w) Ky1aess
z0¥0'61="1 [ze88¥z 0=1 ooeyIng
809%°'8¢=2  GITGLE 0= soopep—o LI GELE=O B eger—y 64898=0 L0+989E6TV T=m  TI968'T=2  6IVOLT=2 . \1oing
6V£C96'0=¢  98G'GTE= cilLpg=r  9LL0'86=¢ 88eT=""1 2€9e0T'0="" L069€'¥="" 8g10E V="
682007 0="0
8EVL'0 299¢°0 1000°0 00000 00000 0000°0 §¥00°0 SYST'0 €608°0 2L08°0 d
0 0 T 1 T T 1 0 0 0 q
°e1qels IInqrp niomumwwmdum ueIYy ySrejAey uossiog [ewioN MW\H”HWMM 1weSexeN [ewaoulor o13siSo[So
0=06 lgv20°6€ lgg9€ g
levLrot [£9200°6 leTEve lo88e 1. ‘88099°¢-]37 [L0° 1862 38€.80°0]5% [vees6'9
‘TeziesL]do BLOVEDY o) oq00155 g1l [18L°€41 ‘92°6612]29 ‘€9°6987]>0 [se 6812 lossrz e ‘T09¥8€]oL [eatogut
lozotvt [L g€g0T - “le6208" ‘¥8L9°TT]D0  [6LLL88°0 [8T2TP9  ‘PII8g6]27 ‘I87S1°0]3° [Toggat souepyuod
RN R EL . AN B o= .w;.wﬁ [ve6LL'e ‘PLLLST0]2? ‘68T°6L6]D7 [90+o9gz1e T ‘8997 9¢]2¢ nu (g /wzp) Syraeas
PEE6L LI ees6s 1S ‘88108£00°0] 3 1 oovjang
D eTi—o o oge—o 0=6 8904 LT= oo oTro—0 LTIV86°0=2 —y
TS USTY BYSTD seus tooe SIS OIS s Gesroo DS
vIsY8T=4 88889°c=1 TIv9 0L="0
1700°0 810070 0000°0 2T88°0 6088°0 8TG€°0 £000°0 00000 €T18°0 6598°0 d
T 1 T 0 0 0 T T 0 0 q
srgsi8or uerssnen [ewioN. ojaded ean[eA SuWLI}IXH — enjeAn e — amg saspuneg -
osaoAu]l JIeH Pezi[elausn) pezijeiausn) owIaa3Xy —wnequarg

"(p.auo))) soI[[ees Ie[N3ol S, WINJRS JO SOIISLIoJORIRYD [RIISAYd JO S)MSaI 9oUaIoJu] :F¢ d[qR],

95
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