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Thousaneyear Kazan city (Russia)

Tatarstan is the most northern frontier between Muslim and Orthodox Christian worlds,
secular republic with stability based on a high percentage of mixed marriages, official sup
two languages and cultural tolerance. Kazan, the capital of Tatarstan, is a city of over one
people and the | argest port on Volga riwv

Ireland or Portugal, Tatarstan has four million inhabitants. As a transportation hub, Kazan :
region encompassing over 80 million people.

The beautiful Kazan, situated 800 km at East from Moscow, with a population nearing
million and made up of 77 different ethnic groups, is one of the most remarkable and ancie
towns on the left bank of the greatest river Volga, Ru3$ia.ancient monuments of Kazan,
together with its beauty and cultural atmosphere made it one of historic centres of Russia.



Kazan Federal University

The KazanUniversity is one of the oldestand largestinstitutesof higher

learningin the Russia It was foundedon November5, 1804 The history of :

N.LLobachevsky Kazan University aboundsin the namesof outstandingscientists,staunch _-M:Simonov
revolutionarieseminentpublic figures,educatorspaintersactors : ”

The history of the University is the history of Russianscience,social &
thought and culture N.I. Lobachevsky- the founder of nonEuclidean
geometry(1826; N.N.Zinin obtainedaniline (1842, K.K. Klauss- discoverer
of ruthenium(1844, A.M. Butlerov propoundedhe theory of compositionof
organiccompoundsl|.M. Simonovdiscoveredhe Antarctic during the round
theworld expedition of 18191821 led by F.F. Belinsghausenand
M.P.Lazarev Prof. M. Kovalsky predictedtherotationof our Galaxy.

KazanUniversity takespride in its graduateshe greatRussianwriter Leo
Tolstoy, composerM.A. Balakirev, writers S.T. Aksakov, P.I. Mel'nikov-
Pecherskyand Velimir Khlebnikov. Researchers/nho broughtfameto Kazan
university in the postSecondWorld War yearswere E. Zavoisky (physics),
A.Arbuzov and G. Kamai (chemistry), N. Chetaev (engineering) and
N.Chebotaremathematics)

Kazan University is orientated towards international cooperationand
strivesfor the level of the latestinternationalachievemente differentareas
The University participatesin international programmesand projects and
strengthens its connections with different universities, institutions,
researcherandexpertsfrom all the continents




Astronomy in'Kazan University

.. Littrov "
In 1810 Prof. I.Littrov founded the Department of Astronomy. His stuc

Prof. 1.Simonov succeeded in opening a new observatory in 1837 an

=" organizing permanent observations. Simonov became known worldw
through his participation in the famous navigation by Bellinsghausen ans Lazarev that
di scovered the sixth continent, Antarctica,
of Astronomy was Prof. M. Kovalskiy who was studing stellar motions and who the first to
forecast the rotation of our Galaxy.

A Since 1884 the Department of Astronomy and Observatory were headed by Prof.
_ D.Dubyago who raised a whole generation of talented astronorbservers. It was
l.Simonov  through Dubyago and his friend V. Engel'gardt (who donated his entire Dresden laboratory
to Kazan University) that a suburban observatory was constructed in 1901 named
Engel'gardt (EAO). His followers continued astronomic observations, Moon librations
and gravitational expeditions investigating

A Later Prof. D. Martynov and B.Krat published excellent papers on eclipsing binaries,
and EAO became as well known center of astronomical investigations. Other investigations
of the Moon (Sh.Khabibullin), in celestial mechanics, in meteor study, in atmospheric
refraction, in model stellar atmospheres in Galactic structure are also well known.

A In 1976 University astronomers launched a mountain observatory in Caucasus. Since
D. Dubyagoe 1999 observations are taken at-néter optical telescope built in the Turkey mountains.
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M. Kovalskiy Sh. Khabibullin



Astronomical instruments in EAQ

Engelhard Astronomical Observatory (EAQ) is based in 1901 and located in 24 kilometers from
the city of Kazan (Longitude =3h 15m 15.74 s, Latitude = 55050 * 20" 6, H = 94 m).

Direction of researches in the EAO: Research of coordinately-time problems of astronomy and a
geodesy, definition of exact positions of stars and construction of catalogues of star positions,
supervision and specification of figures and orbits of bodies of Solar system, definition of galactic
parameters, astronomical instrument making, a history of astronomy.

In EAO a supervision are made on several telescopes: 35 cm a meniscal telescope of
system Maksutova (AZT-452), 50cm reflector AZT-14, astrocolumn Geid and others.

The meniscal telescope and astrocount Geid are intended for photographic supervision,

and a reflector, basically, for photo-electric supervision of coverings of stars by the
Moon.

Recently on telescope AZT-14 the CCD matrix has been established which allows to

spend training supervision at world level and to acquaint young researchers with the
modern equipment.

In 1999 the Kazan telescope of 1.5 m. diameter (Richi-Kret@n reflector system) have

been established on a Turkish high-mountainous astronomical observatory, near by
Antalia.

Among observant works of scientist and students on this telescope the basic attention is
given to spectroscopic methods of studying of star atmospheres,

their cherp_ical compound,luminosity of supernova stars.




Services of Kazan astronomers

A Names of the lunar craters: A Names of the comet:

T.A. Banahevich (master); A.D.Dubjago (professor);
|.V. Belkovich (professor);
M.A. Grachev_(professor);
D.l. Dubjago_(professor);
V.P. Engelhardt (professor);
M.A. Kovalsky (professor);
A.V. Krasnov (professor);

|.A. Littrov (professor);

N.l. Lobachevsky (professor);
A.A. Yakovkin (professor);
A.A. Nefed'ev (professor)

A Names of the asteroids:

E.O. Dibay (student):

A.D. Dubjago (professor):
V.V. Emeljanenko (student):
N.l. Lobachevsky (professor);
D.Y. Martinov (professor)






Neptun The Moon Exoplanet interior & tides
NAOJ NASA's Goddard Space Flight Center
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Lunar-forming IMmpact

A The most favorable conditions for
producing a sufficiently massive and
iron-depleted protolunar disk involve
collisions with an impact angle near 45
degrees and an impactor velocity at
infinity <4 km/sec.

A For a total mass and angular
momentum near to that of the current
Earthi Moon system, such impacts
typically place about a lunar mass of
material into orbits exterior to the Roche
limit, with the orbiting material
composed of 10 to 30% vapor by mass.

A Scenarios is identified that should also
produce iron-poor, ~ lunar-sized
satellites and a system angular
momentum similar to that of the Earthi
Moon system. Among these, those that
leave the Earth >95% accreted after the
Moon-forming impact are favored here,
Implying a giant impactor mass between
0.11 and 0.14 Earth masses. (Robin M.

Canup,2004)







MOON ROTATION STUDIES

Cas s i ni odynamcalandoewolutionary interpretation
Colombo (1966)
Goldreich and Peale (1966)
Peale (1969)
Beletskii (1971)
Ward (1976)
Barkin (1978)

Analytical theories of the Moon rotation
Eckhardt (1965-1981)
Habibullin (1968)
Henrard, Moons (1978)
Moons( 1980, 1982)
Barkin (1986, 1989)
Petrova (19%)
¢ hapront J, Chapront-Touze M. (1999)

Inner structure of the Moon and new trends inits rotation theory:
Williams, Boggs, Ratcliff, Dickey (2003)
Bois (1992)
Petrova, Gusev (2001)
Barkin, Ferrandiz (2003), (2005)
Barkin, Gusev, Petrova (200%
Gusev, Petrova (200-2014)



Shaukat Taipovich Habibullin

7 February 1915 - 7 March 1996



Optical Librations
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precess through the ecliptic and
carry the lunar poles/equator with
them over a mean period of 18.6
years. This results in north-south
librations having a mean period of
27.21 days.

L unar L| The Mo o ndean orbital nodes

Moon's equator

509" 3

Plane of moon's orbit
s

The Ecliptic
Plane of Earth's orbit around the sun

The Ilunar mean perigee point
proceeds directly through the
ecliptic with a mean period of 8.85
years. This results in east-west
librations having a mean period of

P PR v 27.55 days. |
Longitudinal libration, due to Latitudinal libration, due to the tilt of the moon's axis

elliptical orbit of the moon with respect to the ecliptic, will cause the Earth to
about the Earth, is 7.7 deg  oscillate north and south by 6.7 deg each way




month

Sidereal month (the period of revolution relative to the stars , equal to the
period of axial rotation of the Moon)

27.321661d=27d7h43 min 11.47 s ~ 655 h 43 min

Synodic month (the period of revolution relative to the Sun , during a phase
change )

29.530588 2 =d 29 d 12 h 44 min with 2.78 ~ 708 h 31 min

( varies from 29.25 to 29.83 g due ellipticity of the lunar orbit )

Anomalistic month ( period of revolution about the passage of perigee )
27.55455d=27d 13 h 18 min 33 s

Tropical month ( period of revolution relative to the points of the equinoxes )
27.32158 d =27 d 7 h 43 min 5 sec

Draconic month ( period of revolution relative to the nodes - the points of
intersection of the plane of the lunar orbit and the ecliptic plane)

27.21222 d =27 d 5h 5 min 36 sec



Geometry of Lunar Precession

More precisely, the movement of the Moon around
the Earth can be represented as a combination
of several movements :

A rotation around the Earth in an elliptical or bit
period of 27.32166 days , the so-called sidereal
month (movement is measured relative to the
stars);

A rotation of the prodese of the | unar orbit: I t s
(reverse rotation the point of intersection of the
orbit and the ecliptic ) are shifted to the west ,
making a complete revolution in 18.6 years.
This motion is the precession;

A rotation of the maapsidal axis of the lunar orbit (
line" direct (forward) rotation ) with a period of
8.85 years (longitude perigee increases);

A periodic change in the slope of the lunar orbit
ecliptic from 4£ 59'to 5€ 9 ¢
A periodic resizings64lumnar orbit perigee of

369.96 thousand km, apogee of 404.18 to
406.74 thousand km ;

A gradual removal of the Moon from the Earth due t
tidal acceleration ( + 38.08 +/- 0.19 mml/yr) ,
So its orbit is slowly unwinding spiral.



Selenocentic coordinate systems
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Three body problem

I The KMoon's Orbit

Rambaux, 2013



Dynamical and kinematical Euler equations
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Libration of the Moon and angles of libartion
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Cassinl laws

Rotation of the Moon is coordinated
with its movement around of the Earth
(resonance 1:1) and described by three
Cassini's laws (1693).

1. The Moon rotates with constant
angular velocity equal to its mean
orbital motion.

2. The polesof lunar equator, ecliptic
and a lunar orbit lay in one plane
(Cassini's plane). The ascendingnode
of a lunar orbit coincides with the
descendingnodeof lunar equator

3. The plane of lunar equator is
Inclined by the constant angle I=1.575
to a plane of ecliptic.
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Librations of the Moon

The physical libration of the Moon is a
deviation of its rotation from uniform
rotation described by the Cassini's laws,
determined by misalignment of rotation
axis with inertia axes and by perturbations
from the Earth, Sun and planets.

Parameters of the forced libration (amplitudes > 10")
(Williams, Dickey, 2003)
Amplitude Amplitude (")
Period in longitude | Period |
) inclination | node(® 1)
1yr 90,7 n 5553.6 0.3
o 63,9 27,555d 99,0 101,3
3yr 16,8 27,212d 78,9 78,9
27,555 d 16,8 26,878d 24,6 24,6
273y 14,2 18,6yr 11,8 11,8
206d 9,9 13,606d 10,5 10,1
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Main problems of the Moon

Celestial mechanics and geodesy:

Serious discrepancy of present eccentricity rate from LLR and theory.
Reliable sources of free libration and freeutation.
Origin of lunar dissipation and damping time of freenutations and
free librations.

Rotation momentum and momentum of inertia of mantle and core.
Effects of nonhydrostatic core-mantle topography and core dynamics
acting on the lunar rotation.

Precessingoole offset from core term.
Origin of 0.26 arc second offset at lunar rotation.

Improvement of analytical physical libration theory.

Creation of the lunar astronomical/navigation almanac

Problem of resonant amplification of free librations andnutations.
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Main problems of the Moon

Crust:
Chemical abundance on lunarsurface.
Basin ejection, a composition of crust, the surface mosaic after bolides impact.
Origin and structure of gravitational anomalies on lunarfarside.
Explanation of the observing dichotomy of the surface distribution of volcanic rock.

Mantle:
5. Splitting Love number from viscosity mantle , liquid core and corenantle turbulence
dissipations.
6. Dichotomy of a lunar mantle and a lunar core from asymmetry nearside ani@rside lunar
crust.
7. Explanation of delay time between mare formation and mare basalt formation.

Core:
8. Geophysical and geochemical composition of lunatores.
9. Inner Fe rigid and outer FeFeS(eutectic) liquid core.
10. Coremantle coupling. Topography of coremantle boundary.
11. When the lunar core becomes molten?
12. Influence of the coremantle effects on monthscale fluctuation in the lunar rotation.
13. Effects of nonhydrostatic core of the Moon and a early lunar convection.
14. The age of lunar inner and outer core.
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1. Secular spin-orbital evolution and physical libration of
the multi-layer Moon:

a) the development of the analytical theory of rotation of two/three-layer
Moon, the construction of the tables of the Lunar Physical Libration on
the basis of the theory; the accuracy of the theory and the tables must
be adequate to the high-precision laser/radio ranging data obtained
both from the Earth and from the various projects.

b) the analyses of the spin-orbital evolution of the Moon, an estimation of
the internal energy dissipation, the modeling of long period mechanism
for maintaining of the free libration.

2. Geodynamics of a lunar core:

analysis of ¢ o r difterentiation, detailed elaboration of plume-tectonics
of a mantle and a crust in the early Moon, an evolution of the core-
mantle boundary (CMB), reconstruction of mechanism of interaction of
Ithe core and mantle, calculation of the free and forced nutations of a
unar core.



