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SUMMARY: The values of mutual distances at moments of closest encounters, for the period
of 1970-2010, between minor planets with diameters 1D 2> 100 km and other numerated minor
planets, are calculated. The number of 94 close encounters have been found in all, with minimal
mutual distances less than 0.01 AU, resp. 66 for the period 1970-1991 and 28 for 1992-2010. For
the pair ( 81,767 } the mutual distance of 0.00060 AU has been found, which represents the least
registered mutual distance between minor planets.

1. INTRODUCTION

The orbits of minor planets are perrhanéritly
modified due to the perturbing influence of major
planets and can find themselves at very small mu-
tual distances ( ¢f Kuzmanoski, 1992 ). However,
the possibility that minor planets find themselves at
so small mutual distances is considerably less. It is
particularly important to establish close encounters
of minor planets, since it gives th% possibilify of the
dynamical determination of their masses from their
muttually perturbing effects. Besides .the masses of
three largest asteroids, d_eterminedﬁfrom; theit tempo-
rary resonances (Schubart-and- Mdtson;1979"), Schol
et al.( 1987 ) have determined the mass of the fourth
asteroid, (10) Hygiea, from a typical single close en-
counter. Hoffmann ( 1989 ) established “15 2¢lose en-
counters of minor planets for the period 1980-1988,
with the upper limit of minimal mutual distances of
0.01 AU, but only three among them had diameters
exceeding 100 km. In this paper we have determined
the close encounters of large asteroids ( with a di-

ameter D > 100 km ) with all remaining numerated

asteroids ( 3859 asteroids in all, for the epoch of os-

culation JD 2447400.5 ). The basis for the determi-

nation of mutually close encounters of minor plan-
ets was provided by the minimal distances between
their orbits, established with the help of the proce-
dure given by Lazovic ( 1967 ), and already applied
(Lazovic and Kuzmanoski, 1978 ).

2. RESULTS AND CONCLUSIONS

From the great number of pairs withi:mini-
mal distances between their orbits,| at first we have
choden the ones~which ‘admitted an effective mutual
close encounter. Further, applying the calculus of
perturbations, we established the least distances at
which such minor planets are mutually close, taking
into account only the pairs for which the least dis-

tances are inside the limit of 0.01 AU. The calculus
of perturbations is applied to the ecliptic orbital ele-

ments with the help of Gauss-Enche method, with a
step of integration of 5 days, without taking into ac-
count the perturbations which come from Mercury
and Pluto. Obtained results are given on Table 1
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- for close enconnters in the period 1970-1991 and - on

Table 3 for the period 1992-2010
FOWS are 1ven tﬁe indexes j and k of the asteroids

“in the pair, and in the thlrd one the diameter .D;
-of the first (larger) asteroid, taken from the TRIAD

.file. ‘The asterisk (*) denotes the values of diam-

_eters taken from other sources, and in the brackets
- the-ones from the TRIAD file havmg values less than

100 km.: In the fourth oW 1S %]ven the moment of
t

-the closest position, in the fifth one the least mu-
. tual distance, in the sixth the relative velocity V..

at the moment of the closest position (approach) and
- in:the last one homocentric distance r; of the first as-

~teroid in the pair. On Tables 2 and- 4 are given, for
‘the .same pairs: the great semiaxes a; and a; and

. their difference Aa, the eccentricities ¢; and ¢; and -
J . tual distance established u

~ the smallest ever reglstere
_given the histograms of the dlstnbutlon of the ec-

of 5 days can dlﬂ'er from the given moment ¢ by q . Cen tricity differences Ae .and of the great semaxes

We can see, from Tables 1

. the difference Ae, the mclmatlons i; and i; and the .

mutual mclmatxon 1. The epoch of osculation of the

orbital elements, because of t.he step of integration .

maximum of 2.5 days.
and 3, that the number of paurs thh close encoun-
ters for the period 1970-1991 is much greater than
- the one for the period 1992-2010. This fact could be

fortuitous, but 1f some periodicity appears in further

research, one could infer the possibility of exxstence '
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In the first two

‘ing unchanged.

oac | Ae

of some kinematical characteristics of the motion of

‘minor :planets. “Save the diameter and the mutual
‘distance; on which the interaction mostly depends,

an lmportant characteristics 1s -the relative velocity.
The computing simulations show that for relative ve-

locities of about 5 km/s (with other favourable condi-

tions) one can expect interaction. We could add that
the relative velocity depends, in the first place, on

the mutual inclination of the orbits,as in the case of
great inclination the mutual velocn‘.y of the asteroids
would be much greater, the proper velocities remain-
Ing into -account diameters, least
distances and relative velocities, the most interest-

ing pairs for further study are: (15,3591), (45,673),

{81,767), (308,2296), (308,3661) and (19,3486). Let

us remark that, for the palr (81,767) the minimal mu-

-to now 1s 0.00060 AU,
'On Fig. 1 and 2 are

Aa with the data from Table 1 (continuous line),

from Table 3 (dotted line) and the total distribution

-~ (thick line). The histograms'show that close encoun-

ters are to be expected, before all, for the asteroids
~with orbits ”snmllar” semiaxes and eccentncltles
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Table 1.
S R I) 5
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9 193¢ : 2447485.7 70086‘2 : - 2.68
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Tabele 1. (continued)

ik Dy(km) (D) " p(AU) Vi
618 86 124 2446199.2 00690  4.76
626 3452 104 924457512  .00383 9.97
690 1101 ‘140 2446821.0 00526  8.74

779 703 *(108 24480206 00634 5.44
804 411 161 2441307.7 00859 7.33
804 1779 161 2443472.4 00592 4.70
804 1002 161 2445051.9 00466 1.30

Table 2.

k A Ak Aa R - " - Ae
1767 267 3.02 .35 26 09 . .16 13
1700 2.43 2.36. 06 20 22 . .02 14.
9540 290 2920 .00 .16 .65 .10 5
1936 2.39 2.67 29 12 14 02 4.
2478 2.39 2.23 16 12 07 .09 9
2849 2.45 2.97 11 10 01 .09 4
3408 258 237 20 .09 23 .14 16
3501 264  3.15 0l 18 .16 03 11
3616 2.47 2.60 13 14 12 .02 o

356 2.41 2.76 .39 15 24 .09
84 2.44 2.36 07 .16 24 .07 3

809 313 2928 .85 .13 19 .06
1224 255 230 25 .07 .20 .13 6
886 2.74 3.18 44 15 27 12 7
1216 227 223 03 05 .18 .13 4
3775 227 279 52 05 .23 .18 4
673 272 282 09 08 .01 07 8
526 3.43 3.12 Il 11 14 03 J
3403 278 241 37 19 2 .01 8
521 2.61 274 .13 .18 28 .09 11
1517 275 272 04 .18 04 14 23
767 285 312 26 21 19 02 7
3268  2.60 2.39 31 19 13 07 12
618 311 319 08 21 .09 .13 4
534 255 288 .33 .18 .06 .12 16
2950 320 276 44 09 26 .18 9
485  2.76 2.7 .00 14 19 .05 8
2387 305 302 03 .14 .08 .06 16
9337 269 259 09 19 1T .02 15
29984 269 247 22 19 13 05 15
3379 2.68 2.39 92 14 13 01 4
1686 3.11 3.16 .04 22 17 .06 13
2152 310 3.14 04 .1 .21 .10 6
57 313 315 02 .07 .12 04 1l
2292 3.19 2.62 by 16 .24 08 - 22
3296 3.19 287 .31 16 .07. 09 22
3116 240 223 17 25 .20 05 6
2288 2.74 2.91 A7 .06 16 10 3
9903 280 256 23 25 .06 .19 13
127 266 268 .02 .10 17 .07 7
821 311 278 .33 .12 21 .08 2
2296 2.75 3.18 43 04 17 13 4
3661 2:75 2.93 18 .04 06 02 4.
1939 2.68 3.12 44 .34 13 21 11
3075 268 227 41 34 13 21 1
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Tabele 2. (continued)

) k a;
345 809 2.33
345 817 2.33
354 1486 2.80
396 615 2.76
361 436 3.95
386 3636 2.90
426 166 2.89
488 300 3.14
514 1002 3.05
021 70 2.74
521 1050 2.74
532 2669 2.77
532 2733 2.77
537 3370 3.06
618 86 3.19
626 3452 2.57
690 1191 3.14
779 703 2.67
804 411 2.84
804 775 2.84
804 1002 2.84

Table 3.

] k (km)

[ 2346 203

8 967 141

8 3137 141

9 343 * 151

11 17 162
19 3486 * 215
24 1442 * 234
38 2558 - 120
93 467 119
70 3373 127
81 473 124
83 3409 *(123)
120 1637 178
130 3096 189
134 376 %22
145 3688 99
194 (79 174
203 1245 120
212 1828 140
230 3172, 113
240 T 108
345 1791 - 100
346 3143 110
349 1400 143
393 336 106
554 2098 *(101)
663 72 104
772 663 123

L LN F

BN €0 DO NI D DD G0 B NI RO B B B GO B B &

228 .04

2.59 .26
2.20 .60

14
.62
20
.06
.26
13
12
01
43
.84
08
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~J T O -t OO DD = B\ GO ~J SN N =~J DO B RO«
CO =t oo OO CO =] 4=k B CNNO0 QO Pt €O b=t QO QO P

t (JD

2450442.1
2450697.0
2450983.9
2448938.6
2450452.2
2450217.1
2450901.6
2453545.8
2401640.0
2451840.0
2449426.7
2448772.3

2449321.2
2449257.1
24519457
2449188.9

2450404.5

24488396
2452020.3
2449977.0
24497138
9449297 .6
2453585.6
2449724 .8
2451913.6
2451285.5

24492064.6
2449204.6

.06
06
12
.24
.22
A7
10
.18
.04
.28
.28
18
AT
24
.09

18
23
14
14

05 .14

p (AU)

00777
00428
00971
00723

00332

00211

00896
00521

009938
.00481:
00708

00702

00893
.00838

00553

.0062 ‘2
.00793'

00329
00179
00891
00822
.00961
00284
00616
00398

00582
00582

19
18
12
11
.06
18
21
04
15
18
18
22
.14
11
21
08
05
14
11
07
15

PN T CTSY S O CPR PN PO N TN U o Y XS TXTCT
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01
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.04
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.09
03
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01
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Table 4

} k ak Aa. e ek Ae 1; 1k I

7 2346  2.39 2.37 01 .23 .16 07 9.9 29 193

8 967 2.20 2.23 02 .16 .17 .01 9.9 5.4 2.8

8§ - 3137 2.20 240 .20 16 .19 .03 5.9 2.5 8.4

9 343°  2.39 2.41° .02 12 23 .11 2.6 3.3 3.2
11 17+ 2.45 2.47 .02 10 .14 .04 46 = 5.6 1.0
19 3486 2.44 2.43 .01 .16 18- .02 1.6 3.2 4.7

24 1442 3.13 2.87 .29 13 .08+ .06 .8 1.3 2.0
38 2538 2.74 222 - .33 15 .16 .00 7.0  a.l 10.0
03 467 2.62 294 .32 20 .11 .09 52 64 116

70 3373 2.62  2.25 37 18 13 05 116 3.2 . 138
81 473 2.89 266 .19 21 a1 - 10 7.8 . 129 7.2
83 3409 243 - 2.86 42 .08 08 .00 5.0 1.4 6.4

120 1637  3.12  3.07 .05 06 .0 .01 7.0 14.1 9.9 -
130 - 3%36°  3.11 -~ 3.15 .03 22 23 .02 229 9.3 254

134 376. 256 = 2.29 28 .12 17 05 11.6 5.4 8.9
145 3688 267  3.22 .99 15 48 .33 12.6 26 115
194 - 779  2.62 267 .05 .24 .22 01 185 = 14.6 29.2

203 1245  2.74 2.89 .16 .06 08 .02. 32 29 6.0 .

212 1828 - 3.11 3.06 .05 At .11 .00 4.3 14.3 17.3 -
230 3172 2.38 2.43 .04 06 ~ .22 .16 9.4 3.6 12.9
240 77 2.66 2.67 .00 21 13 07 2.1 24 3.8
345 1791 2.33 2.75 42 .06 .14 .08 9.7 5.4 4.7
346 3143 2.80 2.85 .05 10 .08 .02 8.8 3.1 5.8
349 1400 2.93 3.11 .19 .09 24 .16 8.3 15.6 23.8
393 336 2.78 2.25 .23 .33 .09 .24 14.9 5.7 9.9
594 2098 2.38 242 .05 .15 13 03 2.9 6.5 4.8
663 172 3.06 3.00 .06 .16 10 .06 17.9 28.8 46.9
172 663  3.00  3.06 .06 A0 .16 .06 288 - 179  46.5

The presentation of the results is not = REFERENCES
to be considered as deﬁnitwe_ since the calculus ap- '
plied is naturally ”sensible”, in particular for small
values of mutual distances, so that small differences
in orbital elements can provoke sen81ble differences
of the mutual distances. Changes in the orbital el-
ements appear when one includes new observational
data for the detemination of. the osculatory orbits of
numerated minor planets, but the method applied in
the calculus of perturbations probably also mcludes _
some errors. So, for the use of further data 1t would
be recommendable to repeat the calculations with
newest osculatory orbital elements and to control the
calculus of perturbations by the application of sev-

eral methods.
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bJINCKN [TPUJIA3N IBMEBY MAJINX INNIAHETA

M. Ky3maHockH

Huemumym 3a acmpouomujjg, Cmyoenmcku mpe 16, beoepaod, Jysocaasuja

YIK 521.44-32
IIpemxooHo caonwmerse

3a nepuon 1970 - 2010 mapayyHatu cy wuM o 0.0] AU u 1o 66 3a nepuoxn 1970 - 1992 u
ONUCKM TIpWJIa3sy M3Mehy Manux IruvlaHera ca rpe- 28 3a niepuon 1992 - 2010. 3a map (81, 767) HaleHa
yiuurma D > 100 km ¥ ocTanux HyMepucaHUX  je mehycobHa MuHMMadHa gaisMiHa onx 0.00060 AU

MaJIMX Iu1aHeTa. HalheHo je yKynmHo 94 6uckvX npu-  wTo je OO0 cala HajMala peruMcTpoBaHa MUHHMMAJIHA
jlaza ca MehyCOOHUM MHUHUMAJIHUM OaJkHHaMa Ma-  gajbMHa u3Mehy [ABe Malne IaHere.
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