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Summary, Investigation has been performed of the orbital proximities of
(1) Ceres, (2) Pallas, (3)-Juno and (4) Vesta with the rest of the numbered minor
lanets. Only proximities of paw< 0.01 AU are taken in consideration. It could
e established that a total of 301 asteroid pairs were satisfying this condition,
out of which: 83 pairing Ceres, 39 Pallas, 95 Juno and 84 Vesta. The closest pro-
ximities are distributed in the following way: 0.0002412 AU in the pair (1) Ceres
and (1023) Thomana, 0.0001988 AU in the pair (2) Pallas and (1193) Africa,
0.0000154 AU (2300 km) in the gamr (3) Juno and (217) Eudora, and 0.0004322 AU
1111 the fpa.ird (4) Vesta and (428) Monachia. The proximity in (3, 217) is the
closest found.

J. Lazovié i M. Kuzmanoski, PROKSIMITETI IZMEDU PUTANJA PLANE-
TOIDA CERES, PALLAS, JUNO, VESTA I DRUGIH NUMERISANIH MALIH PLA.
NETA — Ispitani su proksimiteti izmedu prva cdetiri planetoida i svih ostalih
numerisanih malih planeta, &ije su pajmanje medusobne daljine manje od
0.01 AJ. Ukupno je naden 301 par od svih ispitanih, i to: 83 para sa planeto-
idom Ceres, 39 parova sa Pallas,- 95 parova sa Juno i 84 para sa Vesta. Za nzag
manje proksimitetske daljine dobili smo: 0.0002412 AJ za par (1) Ceres i (1023)
Thomana, 0.0001988 AJ za (2) Pallas i (1193) Africa, 0.0000154 AJ (2300 km) za (3)
Juno i (217) Eudora, koja je najmanja od svih nadenih, i 00004322 AJ za (4)
Vesta i (428) Monachia.

Mutual proximities of the four finst numbered minor planets have
earlier been investigated (Lazovié¢, Kuzmanoski, 1980). Now, we are going
over to the proximities of any of these four minor plants on one hand,
with all ithe rest of the numbered minor planets on the other. Only proxi-
fities of proximity distances pg;,< 0.01 AU are taken in consideration.
The orbital elements have been taken from EMP for 1982. The calculus
has been performed according to the formulae of Lazovi¢ (1967, 1980) and
Lazovié, Kuzmanoski (1978).
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The results are prented in Table for each one of the pairs (j, k) of
the numbered minor planets, whereby j =1, 2, 3 and 4 is related to the
first four mumbered minor planets: (1) Ceres, (2) Pallas, (3) Juno and (4)
Vesta, and k relates to the rest of the numbered minor planets. By [ is de-
noted the angle between the orbital planes of the minor planets pair con-
sidered. The value of this angle ranges from 0°4 to 65°.1. Thus, we are now
facing the non-quasicomplanar asteroid pairs, whose proximities were
heretofore mot investigated, exept in Lazovi¢, Kuzmanoski (1980).

The inspection of Table reveals that there are but two asteroid pairs
with inclination between of their respective orbital planes less than 1°:
1=0°43321 in (4) Vesta and (2171) Kiev — this being the lowest inclination
yet found — amd I=0°78200 in the pair (4) Vesta and (2122) Pyatiletka.
The highest inclinations, whereby j=1, 2, 3 and 4, found are: I=31°34643
in the pair (1) Ceres and (480) Hansa, /=65°.10342 — the absolute highest
found — in the pair (2) Pallas and (2134) Denmnispalm, /=37°.80180 in (3)
Juno and (705) Erminia, and I=28°02035 in (4) Vesta and (925) Alphonsina.

True anomalies of the proximity points are denoted by b; and b,
respectively. The last column in Table presents the proximity (minimum)
distances pmm in astronomical units (AU) of the asteroid pair concermed.
The least proximity distances, any of the first four numbered minor planets
comes at, are: pm;=~0.0002412 AU in (1) Ceres and (1023) Thomana,
Pmin=0.0001988 AU in (2) Pallas and (1193) Africa, pn;,=0.0000154 AU (2300
km) in (3) Juno and (217) Eudora — the absolute closet proximity and
the only one Wwith ppy<0.0001 AU — and py,;,=0.0004322 AU in the pair
(4) Vesta and (428) Monachia. In all 301 pairs with pgi,<0.01 AU have
been counted, grouped in the following way: 83 with Ceres, 39 with Pallas,
95 with Juno and 84 with Vesta. There are only 32 pairs with pmy<0.001
AU, viz.: 9 with Ceres, 3 with Pallas, 10 with Juno and 10 with Vesta. Thus,
the number of the minor plamet pairs declines sharply, from 301 to 32,
by placing closer proximity distance range.

It is deemed that the results of the present work may be significant
for our better understanding of the geometrickinematic picture of the
asteroid system. But we are interested in the dynamical aspect of these
proximities also, and it will be the subject of a separate work. For close
approaches of the minor planets are what we here have to deal with, one
of them even having the known mass, a rather large one at that. A closer
approach of two minor planets can produce sensible perturbations in the
motion of the smaller body. Provided ithese perturbations were perceptible
from the Earth, the mass of the perturbing asteroid could be derived, as
has been pointed out in Lazovié¢ (1964).
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128.80362
221.97944

51.82492

89.5119¢

87.42682

66.03632
209.43963
115.27383

59,39383

66.05111
233,016C8
353, 60605
217.862172

84.84855
260.715C3
240014516
238.28488

12.84716

44,26255

97.54358
260.675217

16.88397
188.9706¢

Ve

[ .
T6.43797
298. 60705
119.35798
306497772
314.9905C
86,0423
314.05754
270. 65869
339,0340¢€
241.82808
281.59265
339,24208
309.3413¢
162.04956
79.25862
113,71053
3C03.22685
5.07874
5.05407
105,65142
14,50514
106,73445
16.02895
208,.5272¢
92,65754
268.93478
T75.12C82
351.5641%
162.91388
268.87423
64.5237¢8
129.06982
14.53638
335.36322
261.24523
316.83844
326.8C492
33.88935
147.4322¢€
231.5248C
317.51405
253,.84824
13C.89224
279.35668
197.9550€
11.83494
T10.42217
249,36262
226.42621
247.40343
88.68031
279. 63275
117.78008
265,1176S
164.46017

sznan»
0.0089158
0.0094192
00017040
€.0091833
0. 0006396
Ve 0074457
0+ 0026406
040049525
0. 0039159
0. 0018279
0.0057005
0,0093071
0. 0070666
0.0005973
0. 0082114
0. 0004322
0.0023483
0.0068693
€. 0051824
0. 0094149
0.0051039
€. 0019816
0. 0058429
00004772
0.0671550
00099229
0.0087526
0. 0073744
040039200
C.0028133
0..0034315

- 0. 0049287

6.0075391
0. 0036984
0.0C14399
€.0027584
0.0C78129
0. 0039077
0.0007282
0.0094112
0. 0008807
0.0076969
€. 0045740
0. 0005504
€.€010878
0.0089265
0. 0090904
0. 0005632
0.0054731
0.0088739
0.0610109
6. 0027309
0.0097696
0.0052485
0.0062080
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3 I "
vr .
¥ £ F :}4; s)-mm_
o
4 159&  S5.04171 300059358 2863.12991  ©.005S7840
4 1596  19.57552  187.I53185 31.73727  C.0086182
4 1851 8.28445  352.65058 B1.IC7T1E  0.0043648
4 1658 2.24278  358.68378 327.92979 020062296
4 1673 8.78942  186.31849 28.50418  0.0046723
4 1681 1.16006 12442191 283.20296  0.0049555
_4_1714 _ 1496391 _ _38,87028 _ 30.24827 _ _0.0079062_
%1751 14.17573 187.02645 70.45790 ~ C.0091475
4 17710 827138 248. 80865 1964652 0. 0048404
4 1773 3569038 258493156 270.8915¢ C. 0082415
4 1789 5.16571  210.12836 147.81663  0.0018941
5 1797 696739 S4.7610C. 283.21326  0.006638%
4 1874  5.98216  167.91213  £9.36574  0.0029820
4% 1938 6.6478% 181. 47648 199,7925% C. 0071560
4 1998  12.22788  245.5255C 262.08275  C.0022758
4 2015  16.59663  248.93435 243.97614  0.0008282
4 2021 5.64726  339.24663 274.83080  C.C0062042
4 2021 554726  339.24663 274.8308C  0.C062042 -
% 2066 3.59405 15.4429% %$3,10432 $.0012871
4 2078  27.26350 32.28381 260.1335C  0.0067708
4 2079  17.15444 256282432 12.44896  C.0027263
4 2080  7.49539 50,75148 238,99220 020043561
4 2113 8.78796 75.56246 318.46159  C.0077155
4 2122 0.78200  236.723S7 148.86058  0.0061209
& 2171 0.43321  180.09787 152.25812  0.0CC5085
4 2204  17.66502  285.55930 S$7.30925  C.0071404

The calculations were carried out on the IBM 360/44 of the Compu-
ting Centre of the Institute for Mathematics in Beograd.

This work is a part of the research project of the Basic Organization of
Associated Labour for Mathematics, Mechanics and Astronomy of the Belgrade
Faculty of Sciences, funded by the Republic Community of Sciences of Serbia.
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