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OPPOSITION POLARIMETRY AND PHOTOMETR Y OF ASTEROIDS

IN. Bdskaya', V.G. Shevchenko', YuS Eimo/, NM. Shakhovsko®, N.M.
Gattoryuk?, YuN. Krugly', V.G. Chiorny*

1. Inditute of Adronomy of Kharkiv Nationd Universty, Ukraine
2. Crimean Agrophysca Obsarvatory, Ukraine

Interet to obsavaions of the amogohadess Sola Sysdem bodies a sndl phese
angles has gredly increesad lad decade due to a progress in theordticd dudies of the
oppostion phenomena To  intapret this efect two man mechanisms ae  involved:
traditiond dedow hidng and recently recognized coheent  backscatering.  The
mechanigan of oocherent backscatering predicts the gmultaneous exidence of both the
negdive lineer polarization and brightness oppogstion effect (eg. Shkuratov  1985).
Accarding to Mishcheko (1993) the backscatering intengty peek is accompanied by a
shap aymmeric peek of negdive polaizaion a vey gndl phese agles Only
gmultaneous dudy of both photomeric and  polaimetric  gppodtion  phenomena may
leed to afurther progressin undersanding and interpretation of oppasition phenomena

In 1997 we intidted a long-term obsarvaiond program to invedigae oppostion
phenomena dmultaneoudy by means photomelry and polaimery (Bdskaya e 4.,
2002, 2003). The purpose was to obtan in the same gppaition both brightness and
polarization phae curves for adeoids of diffeeent compodtion. The obsarvaions were
caried out usng 0.7 m tdesoope of Chuguev Obsavaiond Staion near Khakiv, and
the 1 m and 125 m tdexcopes of the Crimeen Adrophyscd Obsavaory. The man
idea was to sudy phese curve behavior down to extremdy smdl phase agles (less that
03 deg) where mechanism of coherent backscatering should play a dominant role We
focused our efforts on obsavaions of S ad E-type aseods which ae chaacterized
by the laget oppodtion effect among ageroids and on obsavaions of low dbedo
aderoids for which the absence of the oppostion effect has been reported. Obtaned
obsarvaiond results can be summarized as the fallowing:

a naticesble vay narow oppogtion surge was found in the maegnitude phese curve
of F-type ageod 419 Aurdia with a geometric dbedo of only 0.05. This surge was
not detected by the previous obsarvaions down to phase angles of 0.6 deg (Haris
Young, 1989) because of its unusud narownes (less then 06 deg). It is a fird
evidence of an exigence of narrow opposition effect for dark asteroids

- larger amplitude of the oppostion effect of moderate dbedo aderoids as compared
to high abedo objects has been confirmed. The previous conduson was made by
andyzing the obsavaiond daa down to 0.3 degg (Bdskaya and Shevchenko 2000).
However, a posshility remaned tha the obsaved difference could disgppear a
zea0 phae angle due to Segper phase curve dope of E-aderoids Our observaions
of ageroid 20 Masdia down to phase angle of 0.08 deg have proved tha phase
cuves of the Stype aderoids ae ds chaacteized by a degp dope The
oppogtion effect amplitude messured @& 4=0.1 deg is more than 0.1 mag lager for
the S-aderoids as compared to the Etype It is hady explaned by the mechanism
of coherent backscattering which should be more effective for high abedo surfaces.



a dhap pek of negaive polaizaion a& sndl phese agles was not found. The
vdue of polaizaion a phese agle a<ldgy is less than 05% in the BVRI bands for
dl obsaved objects namdy 20 Masdia (Stype), 214 Aschera (Etype), and 419
Aurdia(Ftype).

- negaive polaization branxches of the S ad E-aderoids have an asymmetricd shepe
The phese agle a which the poaization minimum occurs is dose to the agle of

oppogtion effect beginning.

- a Odecresse both the depth and width of negative polarization branch has been found
for the F-type aderoid 419 Aurdia as compared to other dak agteroids The depth
of polaization minimum is equd to 10+0.1% in the V band ad the inverson angle
is less than 18 deg. The corresponding meen vdues for the C-type aderoids are the
fdlowing: 1.7% and 203 deg. Our obsarvaions of 419 Aurdia is the fird evidence
of so-cdled "surdion” of the amplitude of negdive polaizaion previoudy
obsarved for very dak laboraory samples (Zding & d., 1977; Skuraov € 4.,
2000).

The dgnificace of the obtaned rexlts and ther corepondence to avalddle
theoreticd modds are discussed.

This ressarch waes patly supported by the Ukranian foundation of fundamentd
research (grant N 02.07/379).
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SPECTROPHOTOMETRIC OBSERVATIONSOF ASTEROIDSIN THE
CRIMEAN ASTROPHYSICAL OBSERVATORY.

Bochkov V.V., Prokof’ evaV.V. (Crimean Adrophyscd Observaory, Ukrane)

Fadlites of digtd tdevidon complex of O05mee meniscus tdescope have been
successfully used to perform  spectrophotometric  obsarvations of agteroids from 77 up
to 12" in the Crimean adrophysicd obsavaory. Accuracy of Spectra  energetic
cdibraion has been updae up to 1-2%. Accuracy of rddive messurements of



intendties in individud spectra is equad 1% for brightness of agtercids from 7" up to
10". More then 2500 agteroid spectra have been obtaned during lagt three years
Daabase of gpecd dructure has been cregted to dore and trest gpectrd information.
Prototype of dadbase application has been devdoped to cdculae aisolute spectrd
digributions of ageoids and thar megnitudes B, V and coor-indexes B-V. As an
exanple B, V, B-V magnitudes cdculaed from spectra obsarvaions of the aderoid 4
Vedais presented.

ESTIMATESOF ROTATION PERIODS OF ASTEROIDSDERIVED FROM
CCD-OBSERVATIONSIN ANDRUSHIVKA ASTRONOMICAL
OBSERVATORY

G. Butenka', O. Gerashchenka?, Y u. Ivashchenkd?, A. Kazantse/?, G. Kova’ chuk?,
and V. Lokot®

1 Intendtiond Center for Adronomicd, Medicd, axd Eocologicd Reseach,
Zabolotnogo 31, Kyiv, Ukrane, butenko@meao.kiev.ua

2. Andrushivka Adronomicd Obsavaoy (A50), Obsarvaorna 3-7, Gdchyn, didrict
of Andrushivka, Zhytomyr reg., Ukraine, aao@gluk.org

3 Adronomicd Obsarvatory of Kyiv Stiate Universty, Obsarvatorna 7, Kyiv, Ukraine,
kazantsev@obsarv.univ.kiev.ua

4. Man Adgronomicad Obsavaiory, NAS Ukraine Zabolotnogo 27, Kyiv, Ukrane
kovd@men.kiev.ua

In March — April 2003, CCD-observetions of 4 Criticad Lig Objects 2003 AJ73, 2003
EO16, 2003 FH1, 2002 RH52 and one NEO 35107 were caried out in the prime focus
of the Zeiss600 adtrogrgph of Andrushivka Agronomicd Observatory (AAT, Long. =
289973, r cosj = 064407, r dn j = +0.76245). Beddes the agstromelric pogtions,
we obtaned the rotation phase curves and deived the edimaes for the rotaion
periods of the objects.

METHOD OF ACCURACY ESTIMATION OF ASTEROID' POSITIONAL
CCD OBSERVATIONSAND RESULTSITSAPPLICATION WITH EPOS
SOFTWARE.

O.P. Bykov, V.N. L'vov (Pulkovo agtronomical obsarvaory, Russia,
0leg@OB3876.90b.edu)

During lagt five years an accuracy of the CCD obsarvations obtaned by amateurs and
professond adronomeas dl over the World was invedigaed with Pukovo EPOS
Software. We usd the MPC datdbase and conddered vaious NUMBERED MINOR



PLANETS obsaved during seved months per yer (more 50-150 postions) for each
obsarvaory having the MPC code.

The man idea of our mehod of an edimaion of an accuracy of the NMP
obsarvations is to use thee (O-C) irregulaities when we cdculae the mean vdue of
(O-C) ad its mean aror for the congdered NMP. The vdues of (O-C) may be vay
differet for various NMPs but the mean eror of thee (O-C)s shows a rdiddlity of
"amogphae + tdescope + CCD  marix + cadogue' sydem in the midde
obsavaiond conditions and is an indicaor of accurecy of the CCD  postiond
obsarvetions for congdered obsavatory. The theory of NMP motion is vey good
known and al perturbations are accurate cd culated with EPOS.

Pulkovo EPOS software package for obsarvations of the Solar Sysem bodies was
ceged by Drs V.N. Lvov, RI. Smekhacheva and SD. Tsskmgde. It is mult-
purpose  goplication which hdps to prepae and test pogtiond obsavaions of mgor
plangs and naurd sadlites, ageroids and comes. It contans the efficdent tools for
daa dorage, accurae cdcouldion of vaious ephemeides planing and teding the
obsavaions and visudization of objects motion. We would like to describe that only
EPOS can accurady cdculae not only coordinates of the Solar Sysem bodies but
d thar the fird and the second deivatives and 0 cdled Pulkovo Apparent Motion
Paanges (AMPs), nandy an angula vdocty and accdedion, pogtion agle ad a
curvaure of topocentric or geocentric  object's trgectory. Sevad da  cadogs
digributed on CD-ROM's are avaladle Hipparcos, Tycho, ACT, USNO. It meas the
improved capadity of ephemeis cdculdion and visudization of objedts mation on the
das background. It is possble to use two time scdes (UT1, DT) and two coordinate
gysems (equator and equinox of J20000 and B1950.0). We use the EPOS software
packege for express andyds of obsavaions (namdy thar accuracy edimaion and
rgecting the eroneous daa), for identification of the obsarved objects with the catdog
ones and seaching the new objects and for precdculaion of ay goproachings and
occultations of cdedtid bodies.

With the hdp of the EPOS an accuracy of the modern CCD podtiond agteroidd
obsavaions wee invedigaed for more than 300 amaeur and professond
obsarvatories in the years 1999-2002, the new method for a red time identification of
any moving cdedid object by means of the Pulkovo Appaent Motion Paamgers weas
daborated, direct methods of the fas prdiminary orbit detemination were developed
and successully gpplied to the cdculdions of aderoids and conets orbits  We dso
areteging CCD amateur aseroidd obsarvaionsin "hot-ling’ regime.

The authors hope tha the EPOS software package may be useful for near Eath
soace control and for a search of the moving cdedid objects on the old and new CCD
franes obtaned by awy tdexope a& amaewr o professond  astronomicd
observatories.

Moden CCD obsavaions in Adronomy caried out in the bendfit of
Adrophyscs or Adromelry among numerous objects fix the imeges of Smdl Solar
Sydem bodies These images ae the "by product” of dl CCD obsavaions but they
ae not propaly used by obsavers themsdves espeddly by adtrophysdds, due to
underesimation of such infomation and asance of convenient ftware for  andyss
of moving cdedid objedts in a red time  We ae sure tha eech CCD frame mud be
andyzed, with the EPOS Software paticulaly, for searching the moving objeds in
interactive mode.



POLARIMETRIC OBSERVATIONS OF ASTEROIDSWITH THE TORINO
UBVRI PHOTOPOLARIMETER

A. Cdlino, R. Gl Hutton, M. Di Martino, E.F. Tedesco, Ph. Bendjoya

Snce 1995 the Torino photopolarimeter is atached a the 215 m tdescope of the H
Leondto Obsavaoy (San Juan, Argenting. This indrument is cgpadle of obtaning
dmultaneous UBVRI messurements of the degree of liner or draular polaization of
objects brignter than V=15 goproximady. A long-teem project of obsavations of
minor plangts is currently under way. We present a st of unpublished results obtained
during the lag obsaving runs The maEin purposes of the obsarvdions ae to obtan
dbedo edimaes to be compared with previous IRAS radiometric determinations, and
the messurement of the degree of linear polaization & very smdl phase angles (les
than 1 degree). The later obsarvations ae a very useful input for modern theoreticd
modds of light scattering from agteroiddl surfaces.

PHOTOMETRY OF ASTEROIDS NEW LIGHTCURVES OF 16 ASTEROIDS
OBTAINED IN 1993-2001.

V.G. Chiomy™, V.G. Shevchenka', YuN. Krugly*, F.P. Vdichko', N.M. Gaftoryuk®

1. Inditute of Adronomy of Kharkiv Nationd Universty, Kharkiv, Ukraine
2. Crimean Adrophysics Observatory, Crimea, Smez, Ukraine

Ground-basad  obsarvdions ae the man source of our knowledge of the phydcd
properties of the aderoidd populaion. For example the photometric lightcurves may
be used to determine rotation periods, pole coordinates, and shepes of aderoids We
ae presating photomeric daa and lightcurves of 16 aderoids of the man bdt, which
were obtaned in 1992 - 2001 during 47 nights @& 07 m tdescope of Inditute
Adronomy of Khakiv Naiond Univaesty and 1-m tdescope Crimean Adrophyscs
Obsarvaory in Smez.

Photometric  obsarvaions of ageroids wee caried out usng a photodectric
photometer and ST-6 CCD-cangras The photodectric data reduction methods were
described by Shevchenko et al. (1992). The method of CCD obsavaions is explaned
in Krugy et al. (2002). CCD-images wee reduced with the synthetic gperture
photometry package (ASTPHOT) devdoped & DLR by S Mottola (Mottola et al.,
1995). The obsarvations were obtained in the V and R bands of the sandard Johnson
Coudns spectrd sysgem. The dolute cdibrations of the daa were peformed with
dandard sequences from Landolt (1992) and Lasker et al. (1988). The accuracy of
absolute photometry isequd to 0.02-0.03 mag.

The reslits of obsarvaions ae summaized in the Table which indudes year of
obsavaions, IRAS-dbedo and dianger, taxonomic type rotaion periods, and results
of determination rotation periods of ageroids.



Aderoid Opposition  Albedo D Type Period Ampl.

(km) (hrs) (meg)
24 Themis 1995 0.101 234 C 8.374 0.13
51 Nemausa 1994 0.093 147 CuU 7.784 0.16
89 dulia 1993 0.176 151 S 11.387 0.20
173 Ino 1999 0.064 154 C 6.163 0.05
225 Henrietta 1995 0.040 120 F, CO 7.360 0.22
387 Aquitania 1998 0.190 100. S 24.14
423 Diotima 1993 0.048 208 C 4.7754 0.20
505 Cava 1993 0.054 108 FC 8.1789 0.21
543 Charlotte 1995 0.260 34 10.718 0.23
670 Ottogebe 1995 0.183 34 8.37 0.34
679 Pax 2000 0.165 51 I 8.452 0.11
694 Ekard 1998 0.046 90 CP 5.922 0.39
713 Luscinia 1996 0.041 109 C 8.505 0.12
800 Kressmania 1997 0.160 158 S 4.464 0.12
1369 Ostanina 1995 0.102 41.6 8.397 0.84
4908 Ward . 2001 10.96 0.93

As a reslt of andyds obsavaion daa the new rotation periods of five aderoids
were deemined for the fird time: 543 Charlotte, 670 Ottogebe, 713 Luscinia, 1369
Oganina, and 4908 Ward.

The lightcurves of adeoids 24 Themis 51 Nemausa 423 Diotima, and 694
Ekad confirmed unambiguity of known peiods of these aderoids The incomplete
lightcurves of the agteroids 89 Julia, 173 Ino, and 800 Kressmania presented with the
edlier determined periods.

Krugly Yu. N., e d. 2002. Icarus 158, p. 294-304.

Landolt, A. U. 1992. Astron. J. 104, 340-371.

Lasker B. M., et d. 1988. Astrophys. J. Suppl. Ser. 68, 1-90.
Mottola, S, et d. 1995. Icarus 117, 62-70.

Shevchenko V. G, e d. 1992. I carus 100, 295-306.
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PHYSICAL CHARACHTERIZATION OF NEAR EARTH ASTEROIDS
FROM THERMAL INFRARED SPECTROPHOTOMETRY

Marco Debo?, Mario Di Matino®, Alan W. Haris?

1. INAF-Ossarvatorio di Torino, Itay
2. DLR-Belin, Gamany

Even though more then 2200 near-Eath aderoids (NEAS) have been discovered to
date, our knowledge of ther d9zes and abedos is limited to vay few obects resuting
in a lage uncatanty on the didribution of these parameters for the whole population.
Obsavdions in the themd infraed, combined with opticd photomery, endde
dbedos and dzes of ageroids and other amosphere-less objects to be derived and can
gve someingght into the thermd properties of the target.

We preat a summay of reslts to date from an ongoing extendve program of
themd-IR and dmultaneous visble obsavaions of NEAs udng the ESO 36-m, the
ESO-Danish 1.5m and the ESO/MP 2.2m tdescopes @ La Sillg, Chile.

Accurate moading of the obsaved themd emisson from an irregulaly  shaped
adeoid a a high phase agle (eg., 90°) is a complex task tha requires knowledge of
paaneters such as themd inetia surface roughness and rotaion vector, bedde
dhape. The use of dmple themad modds to deive rdidble diameters and dbedos of
NEAsis discussed.

SEASONAL VARIATIONSOF JUPITER POLAR HAZE POLARIZATION

O. S Goryunova, L. A. Akimov, V. V. Korokhin, O. M. Starodubtseva, E. V.
Shdygin, and Yu. |. Vdikodsky

Polaimeric obsarvations of Jupiter were caried out usng diffeent technique and
different tdesoopes during the period from 1981 to 2003, Sessond changes in the
northhrsouth  (N-S) asymmetry of polaization & high laitudes of Jupiter have been
reveded by these obsavaions a blue wavdengths The average seesond  difference
in the polarization degree beween north and south (on the latitudes £60°) is postive
and egud to about 05%. There is some rdationship between sesasond vaidions in the
obsarved diffeence and the sessond noth-south asymmery in solar  redidion
inddent on Jupite’'s amogphere (e Fg). Thee ae two maxima on obsarved
sseond auve fdling on the jovien Sxing ad atumn ad  condding
correspondingly  with podtive and negative mexima of hdiocatric  lditude of Jupiter
(Sarodubtseva e d., 2002). The new daa of observaions in 2000-2003 with an
imaging CCD-polaimeter  confirm  the hypothess of influence of insdladion on the
seasond fluctuations of north-south asymmetry of jovian palarization.

11



360

Ls(deg)

Fig. Polarization degree difference between North (N) and south (S) regions a
planetocentric latitudes +/-60° (the upper dots), and ratio of measured intengties for
these regions (the lower dots), as afunction of planetocentric orbitd longitude of the
n

As is wdl known, polaizaion data throughout the visble and utravide range
ae sndtive to agro0l haze in the high amosphere (from a few mbar to a few tenths
of mba) (Wed, Tomasko, 1980; Smith, Tomasko, 1984). This dratogpheric polar
heze is high enough for its formation and characteridics to be plaugbly influenced by
extand fadors auch a paday magndic fidd, dus  component in the
megnetogphere, charged patides impacts, cyde changes in olar adtivity, and orbitd
moation.

As we found (Starodubtseva et d., 1994; Starodubtseva e d., 2002), there are
some longitudind vaidions of poaizaion & high laitudes which ae organized in
Sydem Il and IV rdaed to the rotation of the magnetogphere It is likdy to imply
magnetospheric  control  over  draopheric agrosol formdion in the polar  regions.
Thee fadts sugges that the drong jovien megnetic fidd, which is asymmetric in its
dructure and magnitude with respect to the plane’s equatar, is the initid factor of the
observed N-S asymmetry in polarization.

Thus we discuss two possble explandions of seesond vaiaions of the N-S
aymmery of the liner polaizaion degree seesond changes in inoldion  andlor
time-variable magnetospheric effect on the polar events.

12
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ASTROMETRY AND PHOTOMETRY OF SMALL BODIESOF THE SOLAR
SYSTEM AT BNAO-ROZHEN

V. Ivanova, V1. Shkodrov. (Inditute of Adronomy, Bulgarian Academy of Scences)

A dot dexyiption of dl the tdescopes 2m RCC, 50/70cm Schmidt and 60cm
Cassgran of Bulgaian Nationd Adronomicd Obsavaory-Rozhen, is presented.  All
the three tdesoopes ae usad for invedigaion of sndl bodies of the Sola Sydem.
Recent obsavaiond programs and the mogt importat results some of them in
collaboration with agronomers from USA, Gamawy, Poand, Bdgium, Ukrane,
Russa Meacedonia Serbia ae summaized. Some collaboraions continue  nowdays.
But a new ooopadive progran and consolidetion of common efforts is of great
importance for more successful future investigations

PHOTOMETRIC EVIDENCES OF BINARY ASTEROIDS.
L. G. Karachking, V.V. Prokof’ eva (Crimean Agtrophysicd Obsarvatory, Ukraine)

29 binay adeoids ae known as Sola sysem members. Aderoidd moons discoveries
were obtaned by photometric obsarvations with hdp of adaptive optics, radar and
soacerrat images The pat of photomeric works espedidly among NEAS is rather
high. We discus the pecdiaities of frequency andyss tha dlowed to find the
binaity of some aderoids and assumed the exigence of smndl moon aound 1620

Geographos.

PHOTOMETRIC EVIDENCES OF BINARY ASTEROIDS, MODELSAND
AFFINITY WITH FAMILIES

L. G. Karachking, V.V. Prokof’ eva, N.M. Gaftonyuk (Crimean Adrophysicd
Obsarvaory, Ukraine)

21 sadlite sygems ae known among man bdt aderoids and NEAs as wdl as 8 -
anong Centaurus and TNO. Moon's discoveries were recdved by  photometric
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obsavations (light curves andyds and edipses), with help of adaptive optics, radar
and gacerdt images The pat of photomeric works is rather high. We discuss the
propaties of light curves andyds that pemitted to find the compodte dructure of
ome aderoids. The condruction of rough modds of binary sysem is presented. The
familieswere found, gendticdly afined with Sx binary asderoids

ON A DARKENING OF ASTEROIDS

Anaioly Kazantsev (Adronomicd Obsavaiory of Kyiv Taas Shevchenko Universty,
Ukrane)

The IRAS - dbedo of 2228 aderoids (Tedesco E- F. @ d. 2002) were andyzed
Oegpending on bdonging to ageod families and thar obit dements It was obtained
that the avarage brigntness of adeads of dl man families ae higher in compare with
background ones — the ageroids on orbits with naghbor vadues of ssamimgor axes The
differences of average brightnesses are various for various families.

It is possble to explan the pointed feaure as a dakening of background
adeoids caused by covering with dust of them. Conssquently, the difference between
the brigntness of family's aderoids and the background ones may be a some
charactaridic of the family’'s age On the base of this the conduson was mede tha the
Maia and Koronis families should were younger in compare with families Eos and
espeddly Themis

Tedesco E. F. et d. 2002, Adron. J., 123:1056-1085

POLARIMETRY OF NEAR-EARTH ASTEROIDS

Kidev Nikda (Inditute of Adronomy of V.N. Kaazn Khakiv Naiond Universty,
Ukraine)

At  preset  polaimetric daa ae avalable for more then 100 aderoids
(http://PDSjpl.nesagov/.). Unfortunetdy, mos daa rdae to the man-bdt agteroids
(MBAg) tha canot be obsaved from the Eath a phese ages a>30 deg A
favorable posshility to obtan the mod complee phese dependence of polaizaion
indudng the maximum of podtive poaization is dloved by nea-Eath ageroids
(NEAS. NEAs provide daa thet, in many regpects supplemet the data for the
MBAs Begnning in 1968, polaimetric obsavaions wee caried out only for 12
NEAs liged in the table, 7 of which were dudied in the Inditute of Adgronomy, with
four of them, - 1036 Ganymed, 1627 Ivar, 2100 Ra-Shdom and 1998 WT24 (33342),
- being obsarved for thefirg time.
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NEAs dudied with polarimetry

NEA Type Apparation Amax, 0€g
433 Eros S 1968, 1972, 1975 53.2,32.9,44.3
1566 Icarus U 1968, 1996 83.5,57.7
1620 Geographos S 1969, 1994 78,235
1685 Toro S 1972, 1988 78.5,106.3
1036 Ganymed S 1972, 1989,1998 42.0,37.7,14.8
4179 Toutis S 1972/1973, 1996 101.3,111.0
837 Alinda S 1973/1974 275
1580 Betulia C 1976 388
2062 Aten S 1976 Unpublished data
1627 lvar S 1990 64.1
2100 Ra-Shdom C 1997 59.7
33342 (1998 WT24) E 2001 834

Thisreview ansversthe questions
) why it is necessary to carry out the polarimelry of NEAS
i) what results were obtained;
i)  wha weshould doin the future

IMAGING PLANETARY CCD-PHOTOPOLARIMETER

V. V. Korokhin, V. V. Konichek, and |I. E. Sndnikov (Inditute of Adronomy of
Kharkiv Universty, Ukraine, e-mdl: ddpp@astron.kharkov.ua)

CCD-canga The bass of the device is a bw high-resolution CCD-videocamera
Mintron OS-65D. Photosensor is a Sony 1/3" CCD 752x582 pixds. The camera hes
been modenized in such a way, that the operationd frame rae 25 Hz may be 2, 4 or
8 times reduced This dlows to increee the maximd exposure and, accordingly, a
threshold sengtivity of the device Moreover, this dlowed to decresse information
flow and to uxe a rdaivdy dmple inteface unit for digitizng and inputing the
Images to an IBM PC compaible persond computer (PC). The device uses a sandad
pardld port working in EPP (Enhanced Paralld Port) mode for connecting to PC.

Opticd  and mechenicd _ unit. A polaization filter P~405 is used as a
polaization andyzer. In obsavaions the andyzer rotaes sequentidly through  45°
under PC ocontrol, with each rotaion lasing for 01 sec. Sgnd messurements ae
mede with the immovable andyzer. Sevad tens of rotdions ae mede in each
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messurement cyde  Such a technigue pemits to reduce the amosphere indability
during the obsavdions Each obsavaiond daaset condds of 20 to 60 frames for
evay Poaoid pogtion, which ae superposad and averaged in the further processng.
A computer controlled turret of 6 filters is used in changing spectrd band. The
photopolarimeter is cagpable of imaging dl the parangers of liner polaization for the
observed objects.

Software. The "x CCD" progran has been devedoped to control the device and
observaiond process We use the "IRIS' program sysgem  (http:/mwww.cyteg.com) for
daa processng, which was ds0 devdoped by us (Korokhin e d., 2000). The
software runs under Microsoft Windows OS.

Practicd _application During the lag 4 years the photopolaimeter was used for:
dudying the tempord and gaid vaiaions of the degree of liner polaization of
Jupiter (Starodubtseva e d., 2002), dudying the fine effedts in negative branch of
phee dependence of polaizaion by obsavaions of Gdileen sadlites of  Jupiter
(Rosenbush e d., 2000), and for dudying the pogtive branch of phase dependence of
polaization of the luna suface The accuracy of messurements of the degree of
liner polarization is edimaed to be 010.0.15%. Indrumentd polarization varies
withn 005.015% for different tdescopes No ggnificat  indrumentd  depolarization
has been detected.

KorokhinV. V. e d. 2000. Kinematika i Fizika Nebesnykh Tel, 16, 80-86

Rosenbush V. K. et d. 2000. Kinematics and Physics of Celestial Bodies. Supplement
Series, No3, 227-230

Sarodubtseva O. M. et d. 2002. Icarus, 157, 419-425

DEPENDENCE OF PHASE ANGLE OF MAXIMUM  POSTIVE
POLARIZATION ON ALBEDO

V. V. Korokhin, and Yu. |. Vdikodky (Inditute Adronomy of Khakiv Universty,
Ukraine, e-méil: ddpp@eastron.kharkov.ua)

The surface of the Moon is a good sample of ahmospherdess cosmic bodies surface
Due to the fadts that dbedo of the Moon vaies in wide range and the lunar surface is
avalable for obsavaions from the Eath in practicdly full range of phese agles it is
possble to sudy different dependences of opticd paramges For example degree of
podtive polaization (and maximum of pogtive poaizaion P, in paticula) —
dbedo dependence is dudied wdl. But the didribution of phese agle ap. Of Pra
over the lunar dik and corrdaion with other opticd parameters ae not precticaly
investigated.

Therdfore the mgps of maximum of pogtive linear polaization degree P ad
of its phase agle a. have been condructed for the easdern hemisphere of the Moon,
bassd on a st of polaimeric obsavaions of lunar surface @ a wide range of phase
agles vaying from 8° to 123°. The obsavaions wee caried out a Khakov
Obsavaoy in 2 wavdengths | =461 nm (D =1064 mtm) ad |4=669 nm
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(D =1250 nm) with an imegng CCD-poaimeer (Korokhin e d, 2000) and a
cameralensof 3 cm diameter, and 30 am focd length.

The Py ad an maps ae represnted in the externd  pergpective  projection
(digance=221.1739 Rygon, IMage radius=225 pix) and ae accesble a
http:/Avww.univer kharkov.ualesron/ddpp/pola/ as FITSHfiles A pixd dze is equd
to about 8 km on luner surface.

A higogram of B, ddribuion over the luna dik hes didind maximum, —
Prax=73% for | =461 nm and B,,=525% for | =669 nm, — correponding to
highlands. Didribuion of P, for mares is more diffuse The range of P, vaidions
154.0..21.0% for | =461 nm and 3.0..15.0% for | ;=669 nm.

A hidogram of a,. ddrbution is didindly bimodd, with the fird pesk a
a=99.7° (highlands), and the second one a a=104.1° (maes) for | =461 nm. For
| =669 nNm we have a=96.8° ad a=101.2°, regectivdy. The hidogram is in a
whoe more narow in blue light, — 94.0°..106.0°, - as compared to red (90.0°..105.0°).
Asarule, the maximum of polarization occurs & larger phase anglesin the blue band.

Corrdadion diagrams a. (in degrees) versus dbedo r were plotted (figl — for
| =461 and fig2 — for | =669 nm), having given a,., = (-141.91+003) r +
0000110.45+042) for| & =461 nm, anda s =(-110.14+0.03) r H1000108.58+031)forl &
=669 nm. Corrdation codfident is equd -0.893 for | o =461 nm and -0.877 for | &
=669 nm, i.e, asgnificant anticorrdlation is obsarved.

1061
1041
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100

93 1

96 1

54 1

g2 -
0.04 0.05 0.08 0.1 01z 014
Albeado

Fg.1. Corrdation diagramsa , (in degrees) versus dbedo for | =461 nm
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The andyds of thee daa egpeddly combined with other opticd parameeas is
hdpfu in odtaning more information aout the fine dructure of the regdith of
ahmaospherdess coamic bodies (Shkuratov, Opanasenko, 1992).

KorokhinV. V. et d 2000. Kinematika i Fizika Nebesnykh Tel, 16, 80-86
Shkuratov Yu. G., Opanasenko N. V. 1992. I carus, 99, 468-484.

DISCOVERY OF BINARY ASTEROIDS BY PHOTOMETRIC
OBSERVATIONS

Yu. N. Krugly (Inditute of Adronomy of V.N. Karazin Kharkiv Nationd University)

Snce 1970's many theordticd works were devoted to predict the exigence of binary
adeoids and to modd thar lightcurves (Van Handen e d. 1979). Photomeric
lightcurves of some aderoids were intepreted as indicaion of binay sysems (Cdlino
e d. 1985). The only agteroid 216 Kleopara was found to be a contact binay from a
long ligt of supposed binaries.

In recent years binary objects have been reveded in orbits over dl Solar System.
The binaies have been found among nea-Eath aderoids (14 objects), Mas crossars
(1), man bdt (7), Cybde group (3), Trgan (1) aderoids and adso among Kuiper bt
(8) objects. They have been detected by different obsarving techniques such as radar,
adeptive optics direct CCD imaging both usng Hubble Space Tdesocope and  ground-
based tdesoopes (Meline e d. 2003). The discoveries dated with 243 ldas sadlite,
Dactyl, which was detected in the imeges by Gdileo spacecrat in 1993 (Chgpmen &
d. 1995). During 1994-1999 severd near-Eath ageroids (NEAS) were supposed to be
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binaies from lightcurve obsarvaions (Mottola e d. 1995, Pravec, Hahn 1997,
Mottola 1997; Pravec e d. 2000). In 2000 the fird radar binay 2000 DP107 was
reported among near-Eath objects (Odro et d. 2000). The aderoid was dso sudied
by photometry, which showed a two-peiodic lightcurve The lightcurve looks like
previoudy sugpected “photomeric”  binaies. Edimaed paanges of the binay
gydem from the lightcurves were found to be in the agreament with the radar reaults
Soverd  dtempts have been made to pick out dfferet frequendes in agteroid
lightcurves by Prokof'eva & d. (Prokof’eva, Demchik, 1994; Prokof'eva et d. 1995;
Prokof'eva e d. 2001). Among adeods for which they found severd diffaet
rotationd periods in lightcurves there is aderaid 87 Sylvia which has a sndl sadlite
according to the data by adaptive optics technique (Brawn, Margot, 2001).

Two different modds could be usd in oder to explan the obsaved complex
lightcurves of ageroids Frd, we may suppose that agteroid is in an exdted rotation
date and its in vector is not fixed in space (precessed body). There ae severd
aderoids assumed to be in precessing date (253 Mailda, 1220 Crocus, 4179 Toutdis).
Ancther poshility is bassd on the assumption that the aderoid is a binay object. It
assumes the exigence of two bodies rotated around the common center. NEA 194
AW1 could be conddered as the fird binary agteroid detected by photometry (Mottola
g d. 1995, Pravec, Hahn 1997). The mehod of andyss of complex lightcurves is
destribed in Pravec, Hahn (1997). The core of the method is based on hypothess that
the primay body (lager, cetrd) of the binay sydem is not synchronous with the
orbit period of seconday body (sadlite). In such case the aseroid rotation spectrum
shows two different frequendes Apat from edipsoccultation events we obsarve a
ligt-periodicdty connected with primary’s rotaion (short peiod component).  After
removing primay's ligtcurve,  remaning  brigntness  vaidions  look  like  an
edipsgocaultation  curve  (long peiod component). Andyss of  lightcurves of a
uppossd binay agerod pemits to edimae the folowing vadues rotation period of
the primary body, orbitd period and eccentricity, segpardtion between bodies Sze rdio
and dengty of bodies Numericd modding puts condrains on binay sydem and gives
more red paamdes of the bodies and extra daa for the sysem orbit (Mottolg
Lahulla, 2000). Manly such photomeric binaies ae discovered among NEAS which
ae young enough sydems to be synchronous Now we underdand some common
propaties of binay NEAs The primay component is usudly not much dongaed
body with a short rotaion period (dose to 3 hours), while the orbitd period of the
secondary amdl component islonger than 12 hours.

There is some limitdion for discovery of a binay ageod from photometric
obsavaions The man feaure of a binay object is its two-periodic lightcurve The
photomeric predgon puts a limit for maximum dameer raio of the bodies which
can be diginguisheble from thar lightcurves We can hope to regidry a binay sysgem
with a dameer down to raio of 15, if the accuracy of photomery is within 0.01 mag.
Seaching for binay sydem by means of photomery demands both a high
photomdlric accuracy and a long continuous  lightcurve, which is possble in the frame
of observatory cooperetion.

Sx photomeric binay aderoids were obsarved in Kharkiv Obsarvatory  (Pravec
et d. 2000; Mottola e d. 1997; Pravec 2002, Krugly et d. 2002). The observeions
were caried out in cooperation with Ondrgov Obsarvatory and Germany Aerogpace
Cater DLR. In the past two years there have been some improvements in our
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obsarving ablities and we expect the new binary discoveries during new obsarvaions
of NEAs

Bravn M.E., Margot J-L. 2001. IAU Circ. 7588.
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TWENTY FIVE YEARS OF ASTEROID INVESTIGATIONS AT THE
INSTITUTE OF ASTRONOMY OF KHARKIV NATIONAL UNIVERSITY
(REVIEW)

D.F. Lupishko (Inditute of Agronomy of Kharkiv National Univeraty, Ukraine)

The dudies of physcd propaties of adeoids a the Inditute of Adgronomy (before
2001 it was cdled the Adronomicd Obsavatory) dated in 1977 by photometric
obsavdions of ageroid 17 Thetis a Gissy Obsavaory (Tgikigan) together with the
colleegues from the Inditute of Adrophyscs in Dushanbe Mog of the observations
were curried out with 0.7 m reflectors of the Inditute of Adrophyscs (Dushanbe) and
of the Inditute of Adronomy (Khakiv), 1.0 m reflectors of Senglok Obsarvaory
(Tgikigan) and of the Crimeen Adrophyscd Obsavaoy (Smaz,  Crimes
Ukrane), 125 m reflector of Crimean Adrophyscd Obsavaory (Nauchny, Crimegq
Ukraine) and athers,

Snce 1977 many ressach programs have been undeteken such as  photometric
dudies of adeod dhgpes ad rotaions magnitudephase and  color-phese
Oependences,  photometry  and  polaimetry of M-type adeaoids and  |aboraory
modding of thar opticd propeties polaimery of CMEU-ageoids and ther
taxonomic  dasdficdion; polaizaionphase dependences oectrd  dependence  of
aderoid polaization; scateing propeties of aderoid surfeces, oppodtion  effect  of
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aderoid brightness, oppodtion effect of aderoid polarization; opticd propeties and
rotation of near- Earth agteroids and others.

Many obsavaiond prograns ae caried out in the frame of collaboraions with
our oolleegues in the Crimeen Asophyscd Obsavaory, Senbeg Inditute of
Adronomy in Moscow (Russag), Adronomicd Obsavaoy of Poznen  Univesty
(Pdand), Adronomicd Inditute of Czech Academy of Sdences (Czechig), Torino
Agronomicd Obsarvaory (Itay), Uppsda Adronomicd Obsavaory (Sweden),
Fanetary Inditute DLR (Berlin) and J&t Propulson Laboratory (USA).

Now aderoid dudies ae caried out by methods of photometry, polaimetry,
laboratory and numericd modding. This review presents the prindpd  results and
achievements obtained by the ageraoid group of the Inditute of Adronomy of Kharkiv
Nationd Universty.

ASTEROID ROTATIONS
T. Michafowski (Poznafi Observatory, Poland)

Photometric lightcurves can provide the mogt aundant data on aderoid rotation. We
review the methods of deemination of poles shagpe modds senses of rotaion and
Sdered periods of the aderoids. The data obtained for about 1000 objects dlow us to
preset the didribution of rotaion rae versus dze of the aderoids Spin vedtors have
been detemined for about 100 bodies and the lack of agteroid poles dose to the
ediptic planeis goparent.

ECLIPSING BINARY ASTEROID 90 ANTIOPE

T. Michaowski®, FP. Vdichko’, A. Krysczyfiska', T. Kwiakowski', F. Colas®, S.
Fauvaud®

1. Poznaii Observatory, Poland

2. Inditute of Agronomy of Kharkiv Nationd Univeraty, Ukraine
3. IMCCE, Pais, France

4, Adroqueyras Ass, France

Adeod 90 Antiope was obsaved on four nights in December 1996 (Hansen & 4.
1997). A composte lightcurve with an amplitude of 0.70 mag was condructed with a
rotationd peiod of 16509 hours This lightcurve was vay dmilar to the lightcurve of
an edipdng binay da. The binaity of this aderoid was confirmed by direct imaging
with adaptive optics in Augus 2000 (Meline et d. 2000). They deduced that Antiope
was a double ageroid with dmilar-gzed components, separated by 170 km. The orbita
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period was aou 165 hours conggent with the period deived from the 1996
photometric obsarvations. If we accept Antiopes diameter of 120 km as determined
by IRAS sadlite and assume that it is binary sydem of two spheicd objects we can
found the diameter of each component to be 85 km.

Photomeric obswavdions of Antiope were dso caried out on 14 nights in
September through November 2000 (Michefowski et d. 2001). The hbrightness of the
aderoid varied with an amplitude of aout 008 mag within the peiod of 1649 hours
(conggent with ealier reported peiods). This smdl amplitude was due to the non
spherica shgpes of the components rather than to mutud occultations

Antiope was observed agan on 26 nights between 19 October 2001 and 7
Februasy 2002 (Michgfowski & d. 2002). These daa showed two-component
ligntcurve with each showing the same peiod of 16505 hours The obsaved
anplitudes of both of them linealy depended on phese age The fird componet
(with amplitude 005010 mag) was asodaed with the rotation of two non-sphericd
bodies the ssocond one showing two shap minima (with amplitude 005012 meg)
was due to muiud occultdionedipse evets in the binay sydem. The lightcurves
have suggesed that the rotationd periods of both bodies are equd to the orbitd period,
which is characteridtic for synchronous rotation.

We dso obsarved this ageroid on 27 nights between 9 December 2002 and 7
Apriil 2003 The lightcurves were amilar to those from previous gopaition but with
gndler amplitudes 004-009 mag due to the rotaion and 001-005 caused by
occultation/edipe  events  All  avaldde lightcurves have dlowed us to predict the
edipang amplitudes during future oppogtions of Antiope:

Hanseen A.T. e d. 1997, Minor Plangt Bull. 24, 17-18.
MelineW. e d. 2000, BAAS 32, 1017.
Michefowski T. et d. 2001, A&A 378, L14-L16.
Michefowski T. Et d. 2002, A&A 396, 293-299.

PHOTOMETRIC AND POLARIMETRIC OPPOSTION EFFECTS IN
ASSBS: ASTEROIDS

Rosenbush Vera(Man Agronomicd Observatory of the Nationd Academy of
Sciences, Ukrane)

The presnted paper coves sverd dosdy rdaed subjects () a brigf review of the
exiding photomeric and poaimeric daa for ASBs induding adeoids & smdl
phee agles (i) a discusson of how to deemine the parameters of the BOE and
negetive polarization; (i) a dudy of cordaions among obsavable parameers and a
more Oetaled discusson of the obtaned resllts for aderoids (iv) condusons and
future directions

Obects of difforent nature such as aderoids sadlites planets planetary  rings
comds ad intaplangay dust patides exhibit one common propaty as they
goproach the oppogtion, namdy a nonlinear  brightness increese and  negative  liner
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polarizetion (Rosenbush & d. 2002 and references theen). Thexe phenomena ae
known as the brightness (BOE) and polaization (POE) oppostion effects and ae
bdieved to contan information aout the suface compogtion, texture, and patide
gze. The obsarved characteridics of the BOE and POE can dso, in princple, contain
infformation  dbout  differet scatteing  mecheniams  Presatly,  the  coharent
beckcatering mechanism (CBM) and the mutud dhedowing mecheniam (SM)  ae
bdieved to be the primay candidaes to explan the obsarved oppodtion phenomena
Although the SM can play an important role in the formation of the BOE, it is unable
to desribe the negdive polaization effect (Hapke 1993). Within the framework of the
CBM it is possble to explan both the photomeric oppodtion effect and negdive
polarization smultaneoudy. Quite recently, the POE was discovered for some high-
dbedo objects such as lo, Europa, Gaymede, and 64 Angdina a phase agles les
than 1-2° (Rosenbush e d. 2002). This discovery has corroborated the remarkable
theoreticd prediction that the BOE should be accompenied by the POE (Mishchenko
1993).

Thee ae numeaous daa potetidly indicating differet behavior of  brightness
ad polaization ner oppostion for bodies with diffeent dbedos and chemicd
compogtion (Rosenbush @ d. 2002). The obsarved photometric phase curves show a
geat divasty ad rage from a vay narow spkelike oppogtion brightness pesk for
ome highdbedo objects (icy sadlites Saurn's rings, ageroids 44 Nysa and 64
Angding) to only the liner pat of the phae cuve (eg, some C- and P-type
adeoids). The dhgpe of the polarization phese curve near oppodtion (phase angles
less than 2°) had not been dudied wdl until quite recently. Recent andyses of
obsavaiond daa show a bimodd phase ange dependence of polaization of light
reflected by such highrdbedo objects as Saumn's rings the Gdileen sadlites of
Jupiter, and aderoid 64 Angdina There is a sepade pesk of negdive polarization
upaposed on the regular (parhaps dightly asymmeric) negative polaization branch.
Thaefore, the reallting polarizaion curve a backscateing angles can have different
digoe - from a gnge POE gke to a gnge nealy paabdic negaive polaizaion
branch. Strong rddionships between differet paamates of the BOE as wdl as
between the charatteridics of the BOE and the negative polarization branch based on a
large voume of daa for obects with differet phydcd and dhemicd propaties have
been found. This result is important because it suggeds the common origin of the
photometric and polarization oppogtion phenomena Furthermore,  these  rddionships
show an obvious sgregaion of dl ASSBs dudied into two groups of highrabedo and
lon-dbedo objects The reallts obtaned indicate unequivocdly the different roles
played by the CBM ad the SM in the formaion of the photomeric and polaimetric
oppogtion phenomenafor high- and low-abedo objects, respectively.

However, the avaldde obsavaions of the photometric and, espeddly,
polaimeric oppostion dfeds ae inaUffident to derive ddinitive condudons as to
the contribution of diffeeet mechaniams to thar formaion. In paticular, the shgpe of
the phase dependence of polaization & extremdy amdl phase angles is not dudied in
detal for vaious objects (plandtay <adlites aderoids of different types). The
dependence of the BOE parametars on the wavdength may be a good tet of whether
CBM can explan the oppogtion soikes exhibited by high-adbedo objects (Mishchenko
1992b; Hepke e d. 1998). Unfortunately, the spectrd dependence of these parameters
hes not been invedigaed a dl. Dealed obsarvaions of high-dbedo objects which
reved a bimodd phaseangle dependence of liner polaization and a vey narow
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oppogtion brightness pesk as wdl as those of lowdbedo objects (C-, P-, D-type
aderoids) not showing the BOE, are especidly important.

Rosenbush V. e d. 2002. In Optics of Cosmic Dust, (G. Videen and M. Kocifg, eds),
Kluwer Academic Publishers, 191-226.

Hapke B. 1993. In Theory of Reflectance and Emittance Spectroscopy, Cambridge
Universty Press, Cambridge

Mishchenko M. 1. 1993. Astrophys. J., 411, 351.

Mishchenko M. I. 1992. Earth Moon Planets, 58, 127.

HapkeB. et d. 1998. Icarus, 133, 89.

SPECTRAL DIAGRAMSOF THE SASTEROIDSAND METEORITES
MODELING OPTICAL MATURATION OF CHONDRITE-LIKE SURFACES

D.l.Shestopdov, L.F.Golubeva(Shemakha Adrophyscd Obsarvaory, Shemakha,
Azerbaijan 373243)

Recently we showed by goectrd smulaion (Golubeva, Shedopdov, 2003) tha opticd
paangdes of the unweahered maerid (presented by achondrites and  ordinary
chondrites) on the dbedo (750 nm) - cdor (950 nmV750 nm) diagran move through
the Sageroid region to the Moon region owing to increesng concentrdion of the
submicroscopic metdlic iron grans (SMIFE) in the nims of the patides of the
metearite samples Now we atempt to reply to such quedtion: is it possble to find near
rdaions beween S-adeoid and H-, L-, LL-chondrte spectra when cdculding effect
of the opticd mauraion of the OC-like surfaces? For this am we ussd ECAS and 52-
coor survey for Man Bdt Sadeods (Zdine e d. 1985 Bdl & 4d., 1998 axd
meteorite goectrum datasst (Gaffey, 1976). Based on the author comments we sdected
meteorite samples with pure surfaces.

The fdlowing illudraions for meeorites and ageods were condructed: the
dagr)am  (D1) of the maximum reflectance pogtion ner 750 nm  (&,.(750 nm))
veus minmum  asoption band  pogtion ner 950 nm  dter  removing  linear
continum  (°6,,,(950 nm)), the diagram (D2) of the spectrd curvaure in ECAS
sydem (tHw-2v) versus 28,;,(950 nm), and diagran (D3) of ECAS color-index (uX)
versus %€.,;,,(950 nm).

Diagrams before space weathering simulation. Regions occupied meteorites
and aderoids ae gopaently separated on the D1 and D2 diagrans Regions for these
objects ae digntly recoveed on the D3 diagram. Thae ae dgnificat daidicd
corrdaions between ageoid spectrd parameters on dl diagrams, on the contrary,
digperdon of the meeorite dots on diagrams is essentid and corrddion  codffidents
aegmdl.

Diagrams under the space weathering simulation. Modding opticdl méturetion
of the chondritelike surfaces we atempted to coincide meeorite and agteroid regions
on dl diagrans The same suppodtions as in case of dbedo-color diagram (see above)
and theory from (Shkuraov @ d.1999; Haoke200l) were used. Vaidions of the
meteorite  oectrd paamgers  weae  dudied under the fdlowing conditions i)
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increesng SMFe concatration in the patide rims when patide dzes ae condat; i)
gowth and diminution of the patide Szes in the pressnce of invaisble SMIFe
concentration;  iii) various corddions beween SMFe ooncentraion and dze  of
particle are examined too.

In rellt we canat find awy tandomaions of the meeoite Sectrd
paandes caused by mauration of chondiitelike surfaces to coindde the meeorite
and ageaod regons on dl diagrans dmultaneoudy. It tekes place owing to different
goeeds and directions of the displacemet of the meeorite dots on diagrams. We
dudied dso specrd paamee  trandormations for individuad meeorite samples and
found only LL-chondrite Pandlee and aderoid 115 Thyra (S 1lI-1V) whose scded
reflectance  pectra ae didectorly fitted. Visud dbedo of the ageod and
chondrite-like surface is 0.25 and 0.29 correspondingly.

SO we come to conduson that optica effects of chondritic surface mauration
don't dlow ovecoming the diginctions beween gpectra of ordinary chondrites and
Man Bdt Sageods We asumed in the presat numeicd experiment tha iron
grans ae introduced into upper thin layer of crystal patides It is possble that some
dae of patides on ageod aufaces is witrified and this drcumdance causes
additiond dtadions of the Sageroid ectra Beddes, one should not rule out the
posshility that S-asteroid surfaces have not a chondritic compaosition.

Bdl J et d. 1988. LPSC XI X, 57-58.

Geffey M.1976. JGR, 81, 905-920.

GolubevalL., Shestupaov D. 2003, LPSC XXIV, Abstr. #1096
Hapke B. 2001. JG R, 106, 10039-10073,

Shkuratov Yu. & d.1999. I carus, 137, 235-246.

Zdlner B. ¢ d. 1985. |carus, 61, 355-416.

INVESTIGATION OF  ASTEROID PHASE DEPENDENCES  OF
BRIGHTNESS AT THE INSTITUTE OF ASTRONOMY OF KHARKIV
NATIONAL UNIVERSITY

V.G. Shevchenko. (Inditwte of Adronomy of Khakiv Naiond Universty, Khakiv,
Ukrane)

Invedtigation of lightcattering from plangary sufaces & Khakiv Obsarvaiory is a
traditiond direction of ressach dated a the beginning of the las century by N. P.
Baabashov. The disk-integrated brightness as a function of phese angle is one of the
basc sources of information on physcd propaties of plangtay surface  (dbedo,
patide dze roughness and porosty of sufece probeble  mechaniams  of
lightcettering  from  regalith layer, ec). Because of the gmdl agua dgzes of
aderoids we canot meesure the didribution of brightness over thar disks from the
ground-based  observetions, the integrd phese dependences of brightness ae one of
the man sources of information on aderoid physcd charadteidics Frd of dl it is
the absolute magnitude which dlows usto do an edimation of agteroid Sze.
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The brightness of an adeoid corrected for the amplitude of the lightcurve and
for the didances to the Eath and to the Sun decresses linearly in the phase-angle
range 7-30 deg. There is nonlineer increedng of brightness with decreesng of phase
age les then 7 deg. This phenomenon is named “oppostion effet” (OE). Gerds
(1956) was the fird who discovered the oppodtion effect in ageroid 20 Masdia In
the folowing years the daa wee accumulaed for the invedigaion of the aderoid
phese dependences in more detal. It has been known tha the phase dependences ae
different for low and moderae dbedo ageroids (Bowdl, Lumme 1979), and “soike
efect” was discovered by Haris et at. (1989) for hight dbedo ageroids Because of
the defidt of daa on brightness behavior in range of oppogtion effect it was supposed
that the oppostion effect isthe same for al ageroid types.

The fird obsavaions of the adeoid phese dependences a the Khakiv
Observatory in cooperdtion with Dushenbe Observatory were peaformed in 1977. The
phese dependences for ageroid 17 Thetis in UBV bands was obtaned (Lupishko et al.
1979). In the next ten years the magnitude-phase rdaions for about ten aderoids were
obtained a the Khakiv Obsavaory (Lupishko et al. 1979, Lupishko and Bdskaya
1983, ec). But the reguar photomeric obsavaions to invedigae aseroid phase
dependences have been caried out snce 1989, We concentrated our efforts on
obsarvaions of brightness behavior both as in range of oppogtion effect induding
phese angles down to zero and as in range of linexr pat of phase dependence During
the next ten yeas we obtaned in coopeaion with other obsavatories the phese
dependences of brightness for about twenty aderoids of different compogtion types in
a wide range of phae agles induding subdegree region (Shevchenko & d., 1996,
Shevchenko et d., 1997, etc.).

We have adyzed owr ad dl avaldde daa and have discovered tha the
amplitude and the width of OE depend on adeoid dbedo in a non-monatonic way
with the maximum for the modadedbedo ageroids Rdaive to this maximum, the
anplitude of the OE decreases both for low and high dbedo adeoids (Bdskaya
Shevchenko 2000). The phese codfident defined in the range of 10-25 deg corrdates
linerly with geometric dbedo of agteroids (the coeffidet of corrdaion is equd to
093). The exigence of such a drong corrddion grongly suggests that the man factor
influendng on the dope of ageroid phase curvesin linear part is dbedo.

Recently our atention hes been devoted to oppogdtion phenomema in brightness
behavior for low dbedo aderoids The low dbedo aderoids show the smdles
amplitudes of oppodtion efect and the largest digperson of them as compared to
aderoids of other types To invedigae this fact in more detall and to improve daa s,
we have caried out new obsavaions of the phase dependences of brightness for low
dbedo aderoids We have found three groups of objects for low-adbedo adteroids
(Shevchenko et al. 2003): &) the aderoids without oppostion effect down to 0.1 degy
of phaese agle b) the ageroids for which the oppogstion effect begins a phese angles
less thean 3 deg; ¢) the agteroids for which the oppogdtion effect begins & phase angles
closeto 7 deg.

We have ds0 begun CCD-observations of aderoid phese curves in BVRI bands
to invedigge the OE amplitude dependence with wavdength for  different
compogtion types of ageoids This can hdp us to indicae possble lightscatering
mechaniams from agteroid surfaces

This ressach was patly supported by the Ukranian foundaion of fundamenta
research (grant N 02.07/379)
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PHOTOMETRIC AND POLARIMETRIC OBSERVATIONS OF (216)
KLEOPATRA

S Takahashi (Inditute of Space Sdence, Nationa Centrd University, Tawan)

S Shinokawa (Graduate School of Science and Technology, Kobe University, Japan)
F. Yoshida (Nationd Agtronomicd Obsarvaory, Japan)

K. Ogawa (Graduate Schoal of Sdence and Technology , Kobe Univeraty)

T. Muka (Graduate Schoal of Scence and Technology, Kobe Universty)

The man-bdt ageroid (216) Kleopatra has been frequently observed by ground basd
photometric  technique because its dradic  amplitude changes atracted many
obsavers. The vaiaions of amplitudes ae beween 00912 mag a dfferet
geomeries and thee phenomena suggest tha the shepe of Kleopara must be too
eongated or contacted binay. Taga & d. (2001) showed its dongated figure by
HST/FGS intafeomeric obsavations, while Hedroffer et d. (2002) resolved two
bodies for the fird time with the adgptive optics sysem, ADONIS, inddled on the
3.6m ESO tdesoope and the MISTRAL deconvolution technique in 1999.

We have obsaved the (216) Kleopara by both photometric and polaimetric

techniques dmultaneoudy using a visble spectro-photo-polaimeter, HBS (Kawabata
e d. 1999), inddled a Dodara Obsavaory adronomica obsavaory of Jgoan in
November 1999.
We found tha amplitude was 012 meg. This andl vdue compared with the largest
12 mag. was caused by an dmod pole-on view, however polaimetric data show
dight difference with rotation. We dmulaed the lightcunve and degree of polarization
curve based on Roche binay modd and edimated dendty of Kleopara Hedroffer et
d. (2002) have dready edimated the densty of Kleopara as 4-5 glont, asuming to
be the Roche hinaries, however, ther vdue is the fird approximetion because thay did
not account for the scattering effects of the aderoids (Leone e d. 1984). We tried
congdering scattering modd and improved the vadue of the dengity.

In this workshop we will present the results of obsarvaions usng the HBS and
lightcurve Imulaions accounted for light scatering based on the Roche binay modd
and report the improved dengty of Kleopatra

Hedroffer, D. et d. 2002, A&A 394, 339
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POLE DETERMINATION OF ASTEROIDSAND INTERPRETATION OF
DATA

N. Tungdag', D.F. Lupishko?, V.G. Shevchenko?

1. Resach Inditwte of Geophydcs and Adronomy of Academy of Sdences
Maongalia
2. Inditute of Adronomy of Kharkiv Nationd Univeraty, Ukraine

Aderoid rotdion and shgpe ae fundamentd characteridics rdaed to  dynamicd
proceses taking place in the aseoid bdt. On the othe hand, aderoid rotation,
deribed by its oin vedor is accessble for the ground-based obsarvations and can be
ussd for checking the proposed theories and hypotheses Dealed dudies of ageroid
sin vector didribution can provide the initid daa necessay for the solution of a wide
range of tasks such as the process of growth of bodies in the protoplangtary nebular
and thar collisond evolution during podaccretion period, the dape of aderoids and
thar inteiors the drength of aserod mater, and 0 on. Theefore determinaion of
the gin vedtors of ageoids is one of the mod important and prindpa problems of
aderoid Sudies

The sin vedtor of an aderod can be deemined from differet obsarvationd
data, such as visud ad infrared photomery, therma radiometry, radar and occultation
obsavaions. The photomdric amplitude and megnitude method (AM-method) is
bassd on the assumption that the obsarved lightcurve of an ageroid is primanly causd
by chaging projected aea of a rotaing object. In this case the ageroid magnitude
and lightcurve amplitude will depend on the spin vector, shape, visble and illuminated
geomery. This method modds the aderoid as a threeaxid dlipsoid rotaing aound
its dhorted axis For the AM-mehod we used the numeicd photomeric aderoid
modd based on dlipsoidd ageroid shgpe, homogeneous dbedo digribution over the
auface, and Akimov's ateing lav. The mehod dlows to deermine fin axis
orientation (1o, bg) ad dlipsooidd shepe of the body (a/b, b/c), but it can nat
diginguish between a prograde and retrograde sense of rotation. The epoch method (B
method) is based on the andyss of vaidions in the obsaved synodic rotation period
(Pyn) of the agteroid, caused by changes in the reldive geometry Sun - Eath - ateroid
and messured for different time intervds The method does not depend on the shgpe of
aderoid and determines the Sdered period (Pyg), the direction of the spin axis (I o, bo)
and the sense of adteroid rotation.

The combined method (the amplitude- magnitude method plus the gpoch method)
usd in thisgudy gives dl the above-mentioned parameters of asteroid shape and
rotation and requires the solution of the system of nonlinear equationswith the Sx
unknowns

Fi (Psq,lo,bo,ab,blc,Vy)=0
1=1,2,..kkt+1, .. ktm
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whae Kk - number of eguations from AM-method; m - number of eguations from E-
method.

Usang the combined mehod (AM-method plus E-method) the pole coordinaes
Sdeed rotaion peiods senses of rotation, and axid raios of threeaxid dlipsoid
figues of 34 adeods wee deemined, nandy: 22 Kadliope, 75 Eurydike, 93
Mineva, 97 Klotho, 105 Artemis, 113 Amdthea, 119 Althaea, 158 Koronis, 167 Urda,
201 Pendope, 208 Lacrimosa, 211 Isolda, 263 Drexda, 268 Adorea, 270 Anahita, 277
Elvira, 311 Claudia, 321 Horetting, 338 Budrosa, 344 Desderaa, 347 Paiana, 369
Aeia 462 FEriphyla 480 Hansa, 487 Venetiay 534 Nassovigy 631 Philipping 674
Rachde, 720 Bohlina, 776 Berbericia, 887 Alinda, 951 Gasora, 1223 Neckar, and
4954 Eric.

Andyzing the new ad previous deemindions of pole coordindes and shgpes
(~190 aderoids) some qudity intepretetion can be done In the Spin vector
didribution there is a dgnificat predominance of aderoids with prograde rotation
(~2/3 for the whoe sample of aderoids). But this predominance depends on agteroid
diange: among the smdl ageods (D<50 km) the rdio prograde to retrograde
rotetion is equa to 1.1, among the objects with 50<D<125 km it is equd to 32, ad
for the lage obects (D>125 km) it is equd to 21 The chaacterization of the soin
propeties is dffeent for ageroids with both senses of rotation. The didribution of
pole ediptic lditudes is anisotropic for aderoids with prograde rotation but in case of
retrograde rotation it is dmog isotropic. Among the objects of prograde rotation the
ais orientation is becoming more peapendicula while ageroid diameter  increeses
tha is the spin vettors of lage adeoids ae concentraed to be moderady
papendicular to the ediptic plane These rexlts agree with the hypothess tha
aderoids on the dage of accumulaion acquired manly prograde sense of rotaion and
fin  orentation  papendicula to the ediptic plane and  subssquent  collisond
evolution changed their initid rdict orientation to the currently olbserved one.

The frattion of ageoids (D<200 km) with retrograde rotaion depending on ther
damees shows a der minmum of the dependence & D»125 km. It is wel known
tha the dgmilar minimum tekes place in the dependendes of rotaion raes and
lightcurve amplitudes of aderoids on thar diamges Andyds of this dependence for
the aderoids of C, S and M taxonomic dasses spaady gives the new result: a depth
of minmum depends on the taxonomic dass and incessss from the less dene C-
aderoids to the most dense M-objects. That is aderoid diameters of 125 km is some
cogmogonic  peculiaity of ageroids and its quantitative explandion can give new ad
important information about dynamicd evolution in agteroid bt

POLARIMETRY AND PHOTOMETRY OF THE M-TYPE ASTEROID
216 KLEOPATRA

FPVdichko (Inditute of Adronomy of V.N. Karazin Kharkiv Nationd Universty,
Ukrane)

Smultaneous polaimetric and photomeric  obsavaions for the M-type man-bdt
aderod 216 Kleopara were obtaned during its 1999-2000 gpparition. The
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obsarvaions wee caried out usng 70-cm reflector of Chuhuev Obsavaion Sation
ner Khakiv. Tdesxoope was equipped with a dngle-chand  photodectric
photometer-polarimeter  that worked on  the modulaion prindple with a  raoidy
rotating polaoid and with a photon counting photomultiplier. Linear polarization and
brightness of the asteroid were measured in the Sandard V-band.

The obtaned polaizaion daa ad Adeod Polaimery Daabase
(http://pdsshu.astron.umd.edw/SBNapd/archive/ APD/opd.tab. 2003) have made it
possble to composte the phase dependence of liner polaization of the aderoid 216
Kleopara Minimd degree of negdive pdaization in the V-band is Pp,=-11% ad
lies & a phaxe agle of a=8°.6, a;,,=20°.9 and h=0.107. As it's known the agteroid
shows vaiaion of polaizaion with rotaion [DP»0.3% a a=8°.3 (Shinokawa et 4.
2002)]. The presented obsarvaions show amplitude of the variaion about 04% a the
phee agle of 25°.1. It can be caused by a dructure unhomogeneous of the aderoid
suface. The ligntcurve of the ageroid hes amplitude of 018, The polaization
peculiarity does not corrdate with the lightcurve extrema

ShinokawaK. et d. 2002. Mem.SA.It., 73, 658-661.

A MODEL OF POSTIVE POLARIZATION OF REGOLITH

Yu. |. Vdikodky, V. V. Kookhin, and L. A. Akimov (Inditute Adronomy of
Kharkiv Universty, Ukraine, e mal: ddpp@astron.kharkov.ua)

Polaimetric  obsarvaion is one of powafu mehods of remote sndng of solid
surfaces of plangs and aderoids A lot of works on dudying the negaive polaization
recently have gopeared, while the pogtive branch of polaization, obsaved a the
large phee agles is invedigaed worse Theare is no yea sdidactory modd  of
formation of a podtive branch with a maximum of polarization a phase angles about
90-110°. Hence it is no absolutdy dear, wha informaion on surface properties can
be obtaned with polaimetry. There is a hypothess that the podtive polaizaion is
fomed as rest of Frexnd’'s reflection from lage (50 mm) patides (Shkuraov,
Opanasnko, 1992). This hypothess meds difficulties connected to searching the
causess of observed decreesng an angle of polaization maximum in compaison with
vadue, predicied by Fresnd’'s law. In (Shkuratov, Opanasenko, 1992) some such
mechanigans ae conddered. Howeve, it is probable, tha mature regalith contans too
gndl quatity of lage (in compaison with a wavdength) facets giving Fresnd’s
reflection. Theefore there is an idea to condder a modd, which is bassd manly on
light scattering indde the large patides — ie on sateeas sndler or compaadle
with wavdength. At the same time a smdl oontribution of Fresd’s reflection may be
dn exid. In our opinion, this modd more precsdy corresponds to patides of
regalith, which duing a long time was exposed to poweafu micrometeoric
bombardment.

We assume tha pdaizaion aisss manly a& dngle scateing on lage patides
of regalith. However these patides ae the conglomeraes formed as a rexult of shock
and microshock proceses Thee conglomerates can be trestled as a random nont
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homogeneous medium  with  flududions of a refrative index. Such  fluduaions
goproximatdy can be treted as gmdl sateing patides which dzes vaying from
mech gndler than wavdength to some lager then wavdength. We goproximatdy  can
aoply the theory of radidive trander to such medium, conddering light scattering by a
layer of such amdl partides

The goproximate olution of this problem was conddered. It is bassd on sparate
goproximate  description of dngle and multiple scattered light. For the description of
cdtaing on a dnge gndl patide Reylagh-Gans goproximation (Bohren, Huffmean,
1983) was used. It hes dlowed to obtan phese dependence of polarization degree in
andytic form. This phase dependence provides a good destription of our polaimetric
obsarvaion daa (for the Moon) in wide range of phase agles ad in dffeet pats of
soectrum. The modd has a good agreemet with observed behaviour of polaizaion
maximum and phee agle of this maximum & chaging dbedo ad wavdength. At
increedng the dbedo the maximum of polaizaion decessss (this is known as
Umov's law), and the agle of the maximum decreases too. The lag can be explaned
tha a increedng the dbedo there increeses the contribution of multiple scatering,
which has pdaizaion maximum a gmdle ages than dnge <ataing in a
combination with multiple scattering.

Didributions of the modd paamges over lunar suface ae obtaned. The
posshility of usng thee rewlts for predicion of physcd propaties of regdith
patides is dswused. In more ddal thee relts ae presented on our Ste
http:/Amww.univer kharkov.ualastron/dd pp/moorypolar/.

Bohren C. F, Huffman D. R. 1983. Absorption and Scattering of Light by Small
Particles (Wiley, New Y ork)
Shkuratov Yu. G., Opanasenko N. V. 1992. I carus, 99, 468-484.

THE CATALOGUE OF POTENTIALLY HAZARDOUSASTEROIDSAND
COMETS

T.A. Vinogradova, N.B. Zhdeznov, V .B. Kuznetsov, Yu.A. Chernetenko, V.A. Shor
(IAA, Russa)

The Cadogue of potertidly hazardous cosmic objects has been prepared for print.
The am of its publiction is to crese a handbook for professond asronomers and
expats in other fidds of knowmedge An additiond objective is to outline the
adronomicd knowledge that is required for underdanding and usge of the ddaa
induded in the Catidogue.

The Cadogue contans daa on 500 potentidly hezardous agteroids (MOID is less
o equd to 005 au, H is less or equd to 22 mag) and on 50 periodic comets with
orbits gpoproaching to that of the Eath. The daa on each object embrace information
a its discovery cdrcumdances, orbit, photometric  parameters, rotation,  adbedo,
diameter, color-indexes, taxonomic dass, veodty of colison and its enagy in cae it
should hgppen. Dealed desription of the daa is dso given. Specd atention is pad
to a number of problems conneted with the origin of NEAs to the dynamicd
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dructure of the agteroid bdt and processes of ddiveing the aserod mater to the inner
pat of the Solar sysgem, to the ssach of encounters of aderoid and comets with the
Eath and to edimaion of cdligon probadility, to the desxiption of Torino ad
Pdermo scaes.

ISTHE (469) ARGENTINA A BINARY SYSTEM?

Xiao-bin Wang. (Y unnan Obsarvatory/Nationd Asronomica Observatories CAS,
United |aboratory for opticd agronomy, CAS, China, E_mail: shenggu@public.km.yn.cn)

Fom the lightcuves of ageroid (469), observed on March 9-11 2002 a Yunnan
Obsarvatory, Chingg we can idetify the light vaidaion of lignt with a leest two
peiods. The andydss to rdaion beween different peiods suggests that the agteroid
(469 is a bnay sydem, in which the light vaidaion of the seconday caused by
rotation cahnot be ignored. Usng periods of 17.00 hours and 3.00 hours, the observed
lightcurves can befitted well.

NEAR-EARTH OBJECT RADAR RESEARCH

Alexander L. Zatsev (Inditute of Radio Engineering and Electronics, Russan
Academy of Scence, dzatsav@msirerss.r)

At preset there ae only two countries in the world, which have poweful tranamitters
and lage dishes and theefore can conduct the NEO radar ressach — US ad
Ukrane The comprehendve reviews of US rexts which were obtaned,
respectivdly, in the aseroid and comet radar invedigdions were dated in Aderoids Il
(Odro e d, 20020 and by Hamon e d (1999). Hee the reslts which were
devdoped a the Ukranian radar tdexcope in Evpaoria Space Center, dong with
some proposas on future intendtiond radar adronomy collabortions and on  fird
dedicated European NEO Radar (Zaitsev, 2002), will be presented.

Harmon, J. K., et d. 1999. Radar obsarvations of comets. Planet. Space Sci., 47, 1409-
1422.

Odro, S. J, et d. 2002. Aderoid radar astronomy. In Asteroids 111, Arizona Press,
151-168.

Zatsv, A. L. European near- Earth object radar. Proc. ACM 2002, ESA-SP-500, 879-
882.
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RESEARCH OF BINARY ASTEROID 1996 FG3
Zhdeznov* N.B., Barshevidf K V.

1 IAA of RAS Russa
2. SPbU, Russa

This paper is devoted to research of binay aseroid 1996 FG3. We have conddered
modd of binary adeoid in which the components of the sydem ae goproximated by
homogeneous  triaxid  dlipsoids moving under the influence of the Sun and mutud
gavitation. The force funcion of gravitaiond interaction of components was
goproximated by the sum of force functions of grest number of dementay masses
which are packed in both dlipsoids

The eguations of prograderotetiond mation were integrated by Everhat's
method. Computed vadues of coordinates of components and Eule’'s angles of thar
oietaion in ace weae ussd for gmuldion of ligntcuves To dmuae modd
lightcurves the method devdoped by Zhdeznov (Zhdeznov, 1999) has been used.
This method bassd on the tedhnique of goproximation of dlipsod suface by great
number of gmdl plane faocds dmulae lightcurves teking into acoount the mutud
shedowings and occultations of components.

Thee dgoitms have ben ussd for goproximaion of lightcurves of  binary
aderoid 1996 FG3 (Pravec et d., 2000). Assuming coinddence of orbitd plane of the
sadlite with eguaorid plane of the primay, acoeptdble agreement between the red
ligntcurves and modd ones has been achieved. Sadlite obit, dendty and mean
diangeas of components have been daeemined. Paameaes of dlipsoids representing
primary and satdllite have been found, too.

The ressach of prograde-rotationd mation of the sysem dlowed one to
edimae precesson of sadlite orbit and to drav some conduson about influence of
this precesson on ligntcurves Sability of this sydem during more then 1000
revolutions of satellite has been researched, too.

The problem of more complex mation of components induding osallaions of
sdlite orbit indination has been conddered briefly.

Pravec P. et d. 2000. Icarus, 146, 2, 190-203.
Zhdeznov N. 1999. Preprint of |AA of RAS, 131. (in Russan)

A FORMATION MECHANISM FOR BIMODAL NEGATIVE
POLARIZATION OF THE HIGH-ALBEDO ATMOSPHERELESS
CELESTIAL BODIES

Evganj Zubko and Yurly Shkuraov (Institute of Adronomy of Khakiv Nationd
Universty, Ukraine)

Introduction. Atmogherdess codedid bodies exhibit the negdive polaization
branch (NPB) of lignt scatered a gmdl phase agles Usidly, the NPB hes a
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parabolic shape, but for some cases, eg., Jupite’s moon Europa it is bimodd (pluses
in Hg. 1) [1]. Smilar feature has ds0 been found in laboratory messurements [2]. It
was shown tha the bimodd shgpe of NPB is caused by dbedo spottiness of the
scataing surface [2]. We condder here ancther mechaniam. The NPB of regdliths is
believed to be due to superpostion of a gnge ad coheret muitiple light scatering,
eg, [3, 4]. If NPBs of angle and multiple scattering have differat widths we can
aticipate the totd NPB to be bimodd. Hee we tes this idea with our conputer
modd of ligt scatering by paticulae media Also, we ted a posshility of the
himoda NPB for the case when asingle light scattering has no its own NPB.
Model. We gmulae lignt scateing by regdithlike sufaces with a  sami-infinite
random paticuae media having a meacroscopicdly flaa boundary. The modd usss a
ray-tradng method, which accounts for dectromegnetic phasss of diret and time-
reversa trgectories, eg., [34]. Our method takes into account both the shadow-hidng
efect ad the coherent enhancement of backscatering. The packing dengty of the
modd medium gudied is0.1.
To dmuae sngle light scatering we use the data of the ldboraory messurements for
iregular patides of the Locon vocanic ash [5] and cdculdion results for cubes,
which are obtaned with the Discrete Dipole Approximeation (DDA) [6].
Results and discussion: Dak ponts in FHg 1 present NPB of the “average’ paticle
of the Locon volcanic ash [5]. For our convenience we made a smoothing of the
expaimenta daa [5]. The dze paameer of
the patides is x» 90 (x=2pr/l, where r is
the radius of patdes ad | is the
wavdength). Sdid line in Hg.1 shows
rellts of our gmulaion for the modd
medum compossd of irregda  patides of
the Locon volcanic ash. As one can Ssee our
dmulation quditativey reproduces  the
bmoddity of Europds NPB. Thus if dnge
patides of a medium possess own NPB ad
the mutiple sateing in the medum is
strong, then the shape of resulted NPB can be bimodd.
One could expect that if sngle patides have no thar own NPB, but NPBs of low ad
high orders of scateing ae of drongly different widths then the resulted NPB shepe
can aso be bimodd.

P(a),%
0

aO

Fig. 1

To gdmdate such a cae we usd dnge

P(a),%

10

aO

sateing of cubicd patides with the dze
paanger of the eguivdent voume gohee
x=149 ad rdrattive index m=15+0i
(dbedo of the dnge <dtering is w=1),
which have no thar own NPB. Thin solid line
in Hg 2 is the polaizaion cuve of the
cubes Daghed line in Hg 2 shows results of
our dmulaion for second order of light
scteing by the medium composed of cubes

Datted line in Hg. 2 shows our results for sum from third up
to twdfth ordes of light sateing by the medum
compoed of cubes One can see a dradic difference between dashed and dotted

Fig. 2
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cuves In paticular, the phase agle of polaizaion minimum of the second scatering
order is 105° vesus 35° for the sum from third up to twdfth scateing orders.
Nevethdess gened NPB of the medium is not bimodd (see thick sdlid line in
FHg 2). Thus if the dnge patides have no thar own NPB and the NPBs of the
ssoond and higher arders of scatering (sum from third up to twdfth) have a different
widths then the resulted NPB dhgpoe is not bimodd. Maybe invaving of more
numbers of scattering orders (higher then twefth) will do produce abimoda NPB.

References. [1] Rosenbush V. & d. (2002) Optics of cosmic dust, 191-224. [2]
Shkuratov Yu. and Ovcharenko A. (2002) Optics of cosmic dust, 261-282. [3] Zubko
ES & d. (2002) Optics and Spectr., 92, 443-448. [4] Shkuratov Yu.G. & d. (2002)
Icarus, 159, 396-416. [5] O. Mun'oz et d. (2002) JGR, 107 (D13), 41-4-8. [6] Zubko
E.S et. d. (1999) Solar Syst. Res., 33, 296-301.
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