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HexoTopbie Bonpocel, kKacalmuecst mpodJieMbl
aCTePOHIHO-KOMETHOMH OMacHOCTH

. ®©. Jlynumko', XK. A. Ioxanosa’

'HUMU acTpoHOMUM XapbKOBCKOTO HAallMOHAJILHOTO yH-Ta WM. B. H. Kapasuna, Ykpauna
*HUU «HukonaeBckas acTpoHOMHMueckas oOcepBaTopus», YKpanHa

BBenenne

Hakormuienue 1 ocMbICI€HHE HOBBIX HAaOFONATENbHBIX JAAHHBIX O MaJbIX Telax
ConHEevHOM CHCTEMBI M CBA3aHHBIX C HUMHU TEOPETHYECKUX OLEHOK, 0OHApyKeHHe
CJIeI0B BCe OONBLIETO YMCNa KOCMHYECKUX KAaTacTpod HAa 3EMHOM MOBEPXHOCTH,
HelaBHUE (aKkThl CTOJKHOBEHHA KomeTsl Lllymeiikepa-JleBu ¢ IOmurepom — Bce
9TO MPOM3BEJIO CYIIECTBEHHBIN CABUI B BOCIIPUATHH HayYHBIMU KPYTaMH U 0OIIECT-
BEHHOCTBIO TOM pealbHON yrpo3bl, KOTOPYIO MPEACTABISAIOT COOOM CTOIKHOBEHUS
KPYITHBIX KOCMUYECKUX TeJl ¢ 3emieil. Bo3pacTtaeT moHMMaHuUe, 9YTO TAKHUE CTOJIKHO-
BEHHS UTPAT BXHYIO POJIb B 3BOJIFOLMM XKHU3HM Ha 3eMJie B MPOLLIOM H MOTYT
OKa3aTh peIIalollee BIUsHME HAa Hee B OymymeM. OCHOBHas pojib B MpOLECCE
CTOJIKHOBEHHSI KPYIHBIX KOCMHUYECKHMX Tesl ¢ 3emiiel NMpUHAMIEKHUT acTepouaam
rpynin AToJuyioHa i ATOHA, HAXOJAIIUXCSA Ha HECTaOMIIbHBIX OPOUTAX C MepHresTmii-
HBIMHU paccrosinusamu q<1,017 a.e. Ceifuac B CILIA, EBpore, SInonun u ABCTpanuu
BBITIOJTHSETCS HECKOJILKO MPOTPaMM 110 0GHAPYKEHHIO acTEepOUIOB, COMMKAIOLINX-
cs ¢ 3eminiert (AC3), U CYIECTBEHHBIM JOCTIKEHHEM B PELIEHUM MPOOJIEMBI acTe-
POHMIHO-KOMETHO# onacHOCTH (AKO) MOXHO CUMTATB TO, YTO K HACTOSILIEMY BpE-
MEeHH OOHapy»€HO M KaTajorusupoBaHo okono 70 % AC3 pasmepamu >1 km. B
nByx uentpax (B Mtanuu u CILA) BexyTcs npeaBbIYMCIIEHUsS BO3MOMKHBIX TECHBIX
CONMKEHUH W BEPOATHOCTH CTONKHOBEHMH BHOBb OTKpbIBaeMbix AC3 mo mepe
YTOYHEHHsI uX opOuT. [TapasienbHO U3ydarTes GU3NYECKUe CBOWCTBA ATUX 00BEK-
TOB.

O BazknoCTH HeceqoBaHus Gu3nveckux cBoiicts AC3

ITocnencTBust CTONKHOBEHHS 3aBUCAT MPEXKAE BCETrO OT KHHETUYECKON SHEPTHH
AC3, T.€., €ro CKOpPOCTH OTHOCHTENBHO 3eMJIM U Macchl. EC/IM OTHOCHTENIbHAs CKO-
POCTb CTaJKMBAIOLIUXCS TEJ ONpENeNseTcs MapaMeTpaMi HX OpOHT, TO Maccy
ynapuuka (AC3) u3 Ha3eMHbBIX HaOJIOJCHUH MOXHO OLEHHTH TOJNLKO KOCBEHHBIM
MyTeM, 3Hasl €ro pasMepbl U Mpearnojarast Ty WIM HHYIO IUIOTHOCTb W MOPUCTOCTh
BenlecTsa. [l onpenenieHns pa3sMepoB M (OPMbI aCTEPOMIA MCIIOJb3YIOT JaHHbIE
(poTomeTpuuECcKUX, NONAPUMETPUIECKHIX, PAAHOMETPUUECKHX, PAIAPHBIX U JPYTHX
Ha0moneHui. A oleHKY 00bEMHOI IIIOTHOCTH acTepOMAa MOKHO TOTy4HTh, OTIpe-
HeNMB €ro TN (S-cunukaTHeId, C-yrIHCTbI, M-MeTalsIMYecKUit U p.) ¥ HCMOb-
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(horomeTpryeckux u PanapHbIX usMepennii. Takum 00pa3soM, HyHbI KoMIUIeKCHBIE
HASEMHBIE, a JTyyIe U KocMHyeckue, Habmonenus 1 usmepenus,

Hacxo.muco KonTpOJmpyema CHTyanus ¢ OLE€HKaMHu PeaabHOMI
- OmacHoctu CTOJIKHOBEHHI

ScHo, uto KOHTPOMMpyeMoii cutyauus moxer Guits JMIIb TOTNa, Korna GymayT
KaTanorusuposanel Bce onacHeie (~100 m u kpynHee) AC3. Ha nanusiii MOMEHT, k
CHacTbIO, MBI He 3HaeM Takoro AC3, koTopsrii AEWCTBUTENIEHO Yrpoxai Obl cTojK-
HOBEHMEM ¢ 3emueir. Ho COBEPWICHHO OYEBMIHO, YTO PEAILHO OHU MOTyYT Ccymiect-

- IEHHS 32 HECKONbKO HOYel, o6e aBToMaTHueckue cucremel (B HACA u B IMuzan-
CkOM yH-Te, UTanus) Hesasucumo ONPE/ICIININ BO3MOKHOE CTOIKHOBeHHe €ro ¢
3emnei 13 anpens 2029 r. Hwmes HoBble HaGmonenus 23 nexabps 2004 r., uranpsy-



BEJIET K BOJIFOLIMM OPOUTEI B HAMPABICHUH HEM30€XKHOTO CTONKHOBEHUS. [To100Has
CHUTyalLls, HO C JIIOOBIM KOHEYHBIM HCXOJOM, MOXKET UMETh MECTO C KaKIbIM OT-
kpbiBaeMbIM AC3.

ITagenne KPyNHBIX KOCMHYECKHX TeJl B BOXY

Takoe coObITHE MOXKET BbI3BATh IyHAMH, NPECTABIISIOLIEE 3JIOBELLYIO YIPO3y
LIS JKUTEIed OKeaHckoro nobepexss. ToMmy mpumep — myHamu 26 nek. 2004 . y
noOepeXbs 0ro-BOCTOYHOM A3uM, yHecmee okono 300 Teic. xu3Hell. [Tpuunna
€ro — MOJBIKKA IIUT OKEAHCKOr0 THA, COBCEM HEOOJIbILIOE MO CPaBHEHHUIO C Majie-
HUeM KpynHOro AC3 BeICBOOOXIE€HHE HEPIHH, KOTOPOE MOPOIMIO BOJIHY Y Mobe-
pexbs BoicoTod <10 M. B nocnenuue roapl CHIA n SInoHust 3aMeTHO aKTHBU3UPO-
BaJM pa3paboTKy M BHEIPEHHME CIIy>KObI OIOBEIUEHHUS O 3apOXKIAFOIIEMCS [lyHAMH.
Benyrcs paboThl M0 MOJENTUPOBAHUIO BO3HUKHOBEHHUS LlyHAMM M MX TOCJ]EACTBHIL.
Vyenble yH-ta B Canta Kpy3 B KamupopHun npomMoaenipoBaiu najieHue B OKeaH B
580 kM ot ArnanTudeckoro nobepexns CLLUA Hamymesiuero actepouna 1950 DA
(D~1 kM), CTOJIKHOBEHME C KOTOPHIM MOXET Mpou3oith 16 mapra 2880 r. BricoTa
BOJIHBI B 3MHULEHTPE MOJTy4Yuaach paBHoH 120 M, 3a 2 yaca OHa JOCTHUTAeT IUIKeEN
CILIA, a yepes 8 yacoB BojiHa BeicoTOM 1015 M mocTuraer Geperos Espornsl. Bepo-
ATHOCTb 3TOr0 COOBITHA oueHeHa B 0.3 %, HO UM mpeHeOperaTh Heb3s, TaK Kak
YPOBEHb MOTEPh (KOJIMYECTBO JKEPTB) MOXKET OBbITh IPaHAN03HBIM. [1010OHBIX CO-
ObITHi Ha 3emile 10 OLEHKAM CIeLHaIHCTOB 3a MOCHeNAHne 65 MJH. JeT GbLIo Mo-
psnka 600. Takum 00pasom, IyHaMH — 3TO BeCbMa BEPOATHOE M IPO3HOE MOCIE/-
CTBHE CTOJIKHOBEHHIA.

Pabouas rpynmna «Comet/Asteroid Impacts and Human Society»

ITon TakuM HasBanueMm 29 HOAOps—1 mekabps 2004 r. Ha Kanapckux o-Bax
(Tenepude) coctosinach PI” ¢ ydacTHeM MNpeacTaBuTesel pasIMUHBIX HAyYHBIX Ha-
npaieHni. O6CyKaancsa WMUPOKUi Kpyr BONpocoB, BKMoyas mecto AKO B paay
APYTHUX BOSMOKHBIX MPHUPOIHBIX KaTacTpO(, BEPOATHOCTH H YaCTOTA CTOJKHOBEHHIA
C TeJaMH pPa3HbIX pa3MepoB, MaciuTabbl BO3MOMKHBIX TOCIEACTBHH, HEOIPEIEIIEH-
HOCTH B OLIEHKE Pa3MepOB YIapHHUKOB H, CJI€JOBATEIbHO, B YaCTOTE CTOJIKHOBEHMIA C
HUMH, COLHMANIBbHO-9KOHOMUYECKUE M MOJMTHYECKUE MOCIEACTBUSA, POJb MPECCH U
Ip. B XoJie aKTUBHBIX AMCKYCCHM ObUIH YTOYHEHBI CJIEAYIOLIUE TPUHIMITNATIBHBIE
BEJIMYMHBI: BKJIAJI KOMET COCTaBJIAET He Oosiee 4 % oT 0OLIero yrcia rmoTeHInaabHO
OMNAaCHBIX CTOJKHOBEHHI; MMHUMAJIbHBIA pa3Mep acTepouja, CroCOOHOTO BbI3BATh
r100anbHyI0 KaTacTpody, COCTaBIseT 2 KM, @ YaCTOTa TAKUX CTOJIKHOBEHMIT — OJi-
Ho B 10° net; Ha MomeHT mposenenus PI' gons oTKphITEIX AC3 pasmepom Goiee
1 kM cocraBuia okono 65 %; noucku Takux AC3 obxomsatcs B 4 MIH [0J1/1apoB
CLUIA exeronHo, a MoOMCKM MEHBIIMX 00BEKTOB BILIOTh A0 100 M B monepeyHuke
OymyT ctouts B 10 pa3 Gombuie. [IpuHATO pelenue omy6aMKoBaTh Pe3yIbTaThl AUC-
KYCCHIl U PEKOMEHIAaUMU MEXKIYHapOJHBIM M HalMOHAJIbHBIM OPraHM3alUsIM B
«white paper», a TOKJIaibl y4aCTHHKOB — B Tpyzaax PI.
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3akmouenne

AKO — 510 He TOJIBKO ME€XXHallMOHAILHAS
00beIMHEeHHBIMY YCHIMAMHI MHOTHX CTpaH

On some problems concerning the asteroid-comet hazard

D. F. Lupishko' and Zh. A. Pozhalova

'Institute of Astronomy of Karazin Kharkoy National University, Ukraine
- *Research Institute “Nikolaev Astronomical Observatory”, Ukraine

Due to the special programs of the S
Europe, Japan and Australia,” the rate of
creased and as a result about 65-70

paceguard Survey, initiated in the USA,
near-Earth object discovery greatly in-
% of NEAs larger than 1-km in diameter have

iii) about the impact of large NEAs into the ocean and
ered in this presentation in detail. Some
- "Comet/Asteroid Impacts and Human Soc
Islands) on 29 Nov.—1 Dec., 2004 is give

generated tsunami are consid-
information on the Workshop
iety" which was held at Tenerife (Canary
n. The Workshop concluded in particular,
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Physical properties and mineralogy of near-Earth asteroids from
the point of view of asteroid hazard problem

D. F. Lupishko', M. Di Martino®

'Institute of Astronomy of Karazin Kharkov National University, Ukraine
’INAF — Osservatorio Astronomico di Torino, Italy

Introduction

The near-Earth asteroids (NEAs) are the objects of a special interest from the
point of view not only of the basic science but of the applied science as well. On one
hand, the sources of their origin, the mechanisms of transfer of the main-belt orbits
into the Earth-approaching ones, their life-time, relationships with comets and mete-
ors, etc. are very important for the solution of the cosmogonic problems of asteroid
belt and the Solar system as a whole. On the other hand, there is no doubt that the
Earth-crossing asteroids are bodies which strike our planet occasionally and there-
fore, they are a real threat to the Earth’s civilization. Hence, the asteroid-comet haz-
ard as well as the forthcoming prospects of NEA utilization as the potential sources
of raw materials in the nearest to the Earth space are directly related to the solving of
the global applied problems of the humanity survival.

About 3,300 NEAs have been discovered until now and the rate of their discoy-
ery is continuously increasing. Recently the binary systems, bodies with superfast
axis rotation, the parent bodies of the ordinary chondrites have been detected among
the NEAs. Nevertheless, at present the rate of study of NEA physical properties re-
mains noticeably behind the rate of their discovery and with respect to all population
of discovered NEAs our data on their physical properties are becoming more and
more scanty. That is why the study of physical properties of NEAs is now one of the
priority directions of the Solar system investigations.

Sizes, masses and densities

The main difference of NEAs from main-belt asteroids (MBAs) is their rela-
tively small sizes. The review [1] contains the most complete data-set on the NEA
sizes obtained on the basis of photometric, polarimetric, radiometric, radar and other
observations. The largest object of this population is amor-asteroid 1036 Ganymed
(38.5 km) while the smallest cataloged ones are about 10 m across. Thus, NEAs are
the smallest individually observable bodies in the Solar system. Among the Earth-
crossing asteroids, which in principle can collide with the Earth, 1866 Sisyphus is
the largest object with the diameter of about 9 km. The size distribution of NEA
population can be approximated by a power law with an exponent b=3.5 which evi-
dences in favour of the collisional origin of these bodies.
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The estimates of bulk densities of NEAs are available only for a few of them
[2]. The most accurate determination of bulk density was obtained due to a space
mission NEAR for 433 Eros (2.67+0.03 g/cm’) which corresponds well to its S-type
mineralogy taking into account its possible porosity of ~30 %. For other four objects
(one of C-type, others of unknown types) there are only preliminary estimates from
analysis of them as binaries. It is curious that all of them are within 1.4-1.9 g/en?’,
that is closer to densities of C-type objects which are not common among NEAs. For
the largest Earth-crossover 1866 Sisyphus (S-type) the calculated mass is about 102
tons. The collision of it with the Earth at the velocity of 20 kmy/s leads to the energy
release of about 2-10% erg = 5-10" Mt (Tunguska explosion was only about 15 Mt).
Fortunately the frequency of such events is 107+10* per year.

Shapes and axis rotations

The numerous data obtained by ground-based observations and NEAR-mission
are evidence of the irregular and elongated shapes of NEAs. But the analysis of data
[3] shows that NEAs on the average are elongated to the same extent as MBAs of
corresponding sizes. Observations showed a striking diversity of NEAs shapes from
nearly spherical (1943 Anteros, 2102 Tantalus) to very elongated (433 Eros, 1620
Geographos, 1865 Cerberus) and bifurcated (4179 Toutatis) and to contact-binary
ones (4769 Castalia). The most elongated asteroid among observed NEAs is 1865
Cerberus (D=1.2 km), its axis ratio a:b is estimated to be equal to 3.2. The opinion
that NEAs hdve more exotic shapes than MABs is mainly due to the fact that we
know practically nothing about the shapes of MBAs having dimensions of < 1 km.

The distributions of the rotation rates of the NEAs, in comparison with that for
MBAs of comparative sizes, show that both asteroid samples have similar medians
equal to 4.80 and 4.34 rev/day, respectively, and similar dispersions. At the same
time the mean rotation rate of the large MBAs is equal to 2.90+0.12 rev/day. Thus,
on the average NEAs rotate practically in the same manner as the small MBAs and
considerably faster than large ones. The fastest rotators among the km-sized NEAs
have rotation periods equal to 1-2 hrs (1998 EC3, 2000 EB14, 1566 Icarus), but the
slowest ones rotate with the periods equal to 1-2 hundred hrs (4179 Toutatis —
129.8 hrs, 3102 Krok — 147.8 hrs, 1998 QR52 — 235 hrs). Recently among the small
NEAs (30+100 m across) the objects with superfast rotation were discovered, among
them are 2000 PHS — 0.203 hrs, 2000 AG6 — 0.077 hrs, 2000 DOS8 — 0.022 hrs. It is
clear that such fast-spinning bodies are beyond the rotational breakup limit for ag-
gregates like “rubble piles” and they are monolithic fragments.

The second peculiarity is that among this population there are objects with very
complex and non-principal axis rotation (“tumbling” asteroids). Among them is
4179 Toutatis (D~3 km) which rotates around the longest axis and this axis has a
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precession motion with a period of 176.4 hrs. Two other objects 3288 Seleucus and
4486 Mithra show two or more harmonic frequencies in their lightcurves.

Taxonomy and mineralogy

Almost all taxonomic classes of MBAs are represented among classified near-

Earth asteroids. About 70% of NEAs belong to S and Q classes (silicate), and the
_observed number of them exceeds the number of C (carbon) and other low-albedo

NEAs as much as a factor of 5. But in the main belt the situation is quite opposite:
75 % of C-types and 15 % of S-types. Taking into account the observational selec-
tion effects it was shown [3] that the relative number of low-albedo objects among
NEAs is ~2.5 times less than in the main belt. Today, having more complete data-set
on NEA taxonomy, the calculations give the number not 2.5 but 4. The most imme-
diate explanation of this result is that the NEAs are coming mostly from the inner
regions of the main belt, where the relative abundance of the low-albedo objects is
small.

Most of the NEAs represent differentiated assemblages. Among them there are
objects with monomineral silicate composition and purely metallic ones. For exam-
ple, small asteroid 1915 Quetzalcoatle appears to have little or no olivine, and dio-
genitic meteorites (Mg-pyroxenes) are the best analogs of it. 3199 Nefertity has the
same content of pyroxene and its composition corresponds to that of stony-iron me-
teorites pallasites. At present we know three M-objects and one of which, 6178 1986
DA, has radar albedo clearly indicating the real metallic composition. 3103 Eger
with very high albedo (0.53) corresponds to assemblages of iron-free silicate miner-
als, such as enstatite. Ten NEAs classified as V-class, have spectra identical to those
of main-belt asteroid 4 Vesta, which is known to be a differentiated body and is cov-
ered by basaltic (pyroxene-rich) material. About 20 % of classified NEAs belong to
Q-types which are the ordinary chondrite-like objects. The variety of taxonomic
classes among NEAs reflects the diversity of their surface mineralogy and an overall
analogy with the MBAs. Taking into account their small sizes, one might infer that
they are the fragments of much larger differentiated bodies of main belt which were
later injected in the present orbits by complex dynamics.

Optical properties and surface structure

The ground-based observation and space-mission data clearly demonstrate that
NEAs display the same optical properties as MBAs (see Table below). The whole
range of NEA albedos (0.04+0.60) is the same as that of MBAs and it corresponds
to basically the same mineralogy within both populations. Besides, the strict similar-
ity of phase coefficient B, negative polarization P,,,, polarization slope 4 and inver-
sion angle oy, which are also related to the surface structure, gives evidence of the
similar surface structures at submicron scale.
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Mean optical parameters of S-type asteroids in V-band [1]

Parameter NEAs ’ N ’ MBAs, D>100 km N
Albedo polarimetric 0.183+0.011 9 0.177+0.004 28
Albedo radiometric 0.19040.014 23 0.166+0.006 217,
U-B (mag) 0.445+0.013 30 0.453+0.008 28
B-v (mag) 0.856+0.013 S 0.859+0.006 28
B (mag/deg) 0.029+0.002 9 0.030+0.006 18
B (%) 0.77+0.04 3 0.75+0.02 28
h (% /deg) 0.098+0.006 ) 0.105+0.003 23
iy (deg) 20.740.2 6 20.30.2 18

The data of radiometry, polarimetry and direct Imaging of Eros evidence that
most of NEAs are covered with regolith of low thermal inertia. But the conditions of

and the porosity of NEA surface material is about 30-50%. Besides that the data of
fadiometric measirements evidence that about 30% of NEAs with dimensions range
from 0.5 to 5 km satisfy a thermophysical model of an asteroid with high-thermal-
Inertia surface, such as bare rock that is, without developed regolith. The images of
one of the largest NEAs 433 Eros obtained by the NEAR-spacecraft in 2000-2001
showed a surface covered with large number of craters of different sizes and a lot of
boulders and rocks. Ground-based radar observations also showed that even the rela-
tively small NEA 4179 Toutatis and 1999 M8 (D~3 km both) are cratered at about
the same extent as MBAs 951 Gaspra and 243 Ida.

The physical properties and mineralogy of NEAs clearly indicate that the main
asteroid belt is the principal source of their origin. The recent estimates based on the
study of physical properties of NEAs, MBAs and comets evidence that no more than
10% of NEAs have a cometary origin.
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