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MILKY WAY GLOBULAR CLUSTERS: CLOSE ENCOUNTER RATES WITH EACH OTHER 
AND WITH THE CENTRAL SUPERMASSIVE BLACK HOLE

Abstract. Using the data from Gaia (ESA) Data Release 2 we performed the orbital calculations of globular 
clusters (GCs) of the Milky Way. To explore possible collisions between the GCs, using our developed high-
order φ-GRAPE code, we integrated (backwards and forward) the orbits of 119 objects with reliable positions 
and proper motions. In calculations, we adopted a realistic axisymmetric Galactic potential (bulge + disk + halo). 
Using different impact conditions, we found fi ve pairs of the GCs that likely experienced collisions: Terzan 3 
– NGC 6553, Terzan 3 – NGC 6218, Liller 1 – NGC 6522, Djorg 2 – NGC 6552 and NGC 6355 – NGC 6637.

We analyzed the GCs interaction rates with the central supermassive black hole. Assuming the maximum 
100 pc distance criteria for separation between them we estimated 11 close encounter events. From our 
numerical simulations, we estimate the close interaction rate as at least one event per Gyr with the impact 
parameter less than 30 pc; and one event per Myr with the impact parameter less than 60 pc. Our calculations 
show one very close encounter of NGC 6121 with the central SMBH near 5.5 pc (practically direct collision). 
Based on the extended literature search for the possible progenitor of our selected 11 GCs, we found that most 
of them have a Milky Way main bulge origin.

Key words: Galaxy: globular clusters, supermassive black hole: general - Galaxy: kinematics and 
dynamics - methods: numerical.

Introduction. The globular clusters (GCs) of the Milky Way (MW) are old gravitationally bound stellar 
systems with typical ages older than 6 Gyr and masses 
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MILKY WAY GLOBULAR CLUSTERS: CLOSE ENCOUNTER RATES WITH EACH
OTHER AND WITH THE CENTRAL SUPERMASSIVE BLACK HOLE

Abstract. Using the data from Gaia (ESA) Data Release 2 we performed the orbital
calculations of globular clusters (GCs) of the Milky Way. To explore possible collisions between
the GCs, using our developed high-order φ-GRAPE code, we integrated (backwards and forward)
the orbits of 119 objects with reliable positions and proper motions. In calculations, we adopted a
realistic axisymmetric Galactic potential (bulge + disk + halo). Using different impact conditions,
we found five pairs of the GCs that likely experienced collisions: Terzan 3 – NGC 6553, Terzan 3 –
NGC 6218, Liller 1 – NGC 6522, Djorg 2 – NGC 6552 and NGC 6355 – NGC 6637.

We analyzed the GCs interaction rates with the central supermassive black hole. Assuming
the maximum 100 pc distance criteria for separation between them we estimated 11 close encounter
events. From our numerical simulations, we estimate the close interaction rate as at least one event
per Gyr with the impact parameter less than 30 pc; and one event per Myr with the impact
parameter less than 60 pc. Our calculations show one very close encounter of NGC 6121 with the
central SMBH near 5.5 pc (practically direct collision). Based on the extended literature search for 
the possible progenitor of our selected 11 GCs, we found that most of them have a Milky Way main
bulge origin.

Key words: Galaxy: globular clusters, supermassive black hole: general - Galaxy:
kinematics and dynamics - methods: numerical.

Introduction. The globular clusters (GCs) of the Milky Way (MW) are old gravitationally
bound stellar systems with typical ages older than 6 Gyr and masses ≳

410 M  [16]. These objects 
can be used as a powerful tool to examine the Galactic structure and assemble the history at
different scales from the formation of star clusters to hierarchical merger events [17]. The recent
high precision astrometric measurements provided by Gaia Data Release 2 (DR2) [10] allow us to 
calculate the mean proper motions for ≈150 GCs of the MW [6,10,28]. In this work, by using two
catalogues of GCs [6, 28] containing the full 6D phase-space information, we performed the
simulations of 148 GCs orbits aiming to test a possibility of the GCs collisions in the past 5 Gyr.
Similar to previous studies, we study the dynamics of the GCs as the test-particle motion in 
axisymmetric MW-like potential [1, 2, 12, 21, 23–25]. 

Globular Cluster Sample. Before the orbital integration, we prepared a complete catalogue
of the MW GCs. That is, we merged two recent catalogues [6,28] which together contain
information about 152 objects (see Table 4). The resulting catalogue contains the complete phase-
space information required for the initial conditions in our simulations: right ascension (RA),

declination (DEC) and distance (D), proper motions *, 
  and radial velocity rv
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Fig. 1.  Distribution of the GCs measurement errors for radial velocity (left) and proper motions
in right ascension (µα∗ , centre) and declination (µδ, right). Dashed grey horizontal lines indicate a

15% confidence range.

To avoid the calculation of the GCs orbits with large uncertainties in initial conditions we
have analysed the errors of the Gaia measurement. In Fig. 1 we show the relative errors for the
radial velocity and proper motions where each GC has its index (see Table 4). Thanks to the precise

Gaia measurements the uncertainties for the radial velocity ( rv ) are quite small (mostly below
15%). However, as it is seen, for proper motions ( *, 

  ) the situation is different. Therefore, we
discard from our catalogue the GCs with the relative error larger than 30% for radial velocity and
proper motions. We found that only 8 GCs do not satisfy our selection and in Table 4 these objects
are marked with me (measurement error).

For calculating positions and velocities in the Galactocentric rest-frame (for basic coordinate
transformation see [15]), we assumed an in-plane distance of the Sun from the Galactic centre of
X  = 8.178 kpc [11] and Z = 20.8 pc, a velocity of the Local Standard of Rest (LSR), LSRV =

234.737 [18], and a peculiar velocity of the Sun with respect to the LSR, U = 11.1 km/s, V =

12.24 km/s, W = 7.25 km/s [26].
Orbit Integration. For the GCs orbit integration, we adopted the MW-type gravitational

potential based on the superposition of bulge + disk + halo models. In particular, the total potential 

consisting of a spherical bulge bФ (R, z), an axisymmetric disk dФ (R, z) and a spherical dark-

matter halo hФ (R, z) can be written as follows:
( , ) ( , ) ( , ) ( , )b d hФ R z Ф R z Ф R z Ф R z= + + (1)

where 
2 2 2R x y= + is the Galactocentric distance in polar coordinates and z is the vertical

coordinate perpendicular to the disk plane.

Potentials of the bulge and the disk were taken in the form of Miyamoto-Nagai [20], while
the dark matter potential is assumed to be Navarro-Frenk-White (NFW) [22]:
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Fig. 1.  Distribution of the GCs measurement errors for radial velocity (left) and proper motions in right 
ascension (µα, centre) and declination (µδ, right). Dashed grey horizontal lines indicate a 15% confi dence range.
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To avoid the calculation of the GCs orbits with large uncertainties in initial conditions we have analysed 
the errors of the Gaia measurement. In Fig. 1 we show the relative errors for the radial velocity and proper 
motions where each GC has its index (see Table 4). Thanks to the precise Gaia measurements the uncertainties 
for the radial velocity ( ) are quite small (mostly below 15%). However, as it is seen, for proper motions 
( ) the situation is different. Therefore, we discard from our catalogue the GCs with the relative error 
larger than 30% for radial velocity and proper motions. We found that only 8 GCs do not satisfy our selection 
and in Table 4 these objects are marked with me (measurement error). 

For calculating positions and velocities in the Galactocentric rest-frame (for basic coordinate transformation 
see [15]), we assumed an in-plane distance of the Sun from the Galactic centre of  = 8.178 kpc [11] and 

 = 20.8 pc, a velocity of the Local Standard of Rest (LSR),  = 234.737 [18], and a peculiar velocity of 
the Sun with respect to the LSR,  = 11.1 km/s,  = 12.24 km/s,  = 7.25 km/s [26].

Orbit Integration.  For the GCs orbit integration, we adopted the MW-type gravitational potential based 
on the superposition of bulge + disk + halo models. In particular, the total potential consisting of a spherical 
bulge (R, z), an axisymmetric disk  (R, z) and a spherical dark-matter halo  (R, z) can be written 
as follows:

(1)

where  is the Galactocentric distance in polar coordinates and z is the vertical coordinate 
perpendicular to the disk plane.

Potentials of the bulge and the disk were taken in the form of Miyamoto-Nagai [20], while the dark matter 
potential is assumed to be Navarro-Frenk-White (NFW) [22]:

(2,3,4)

where  is the spherical galactocentric distance, masses and the scale lengths of the components 
can be found in Table 1.

For the GCs orbital integration, we used a high-order parallel dynamical N-body code φ-GRAPE which is 
based on the fourth-order Hermite integration scheme with a hierarchical individual block time steps scheme 
[8]. More details about the code architecture and special GRAPE hardware can be found in [13]. 

Table 1. Galactic potential parameters.
  Parameter Value Unit

Bulge mass Mb 1.03 × 1010 M
Disk mass Md 6.51 × 1010 M
Halo mass Mh 29.00 × 1010 M

Bulge scale param. bb 0.2672 kpc
Disk scale param. ad 4.4 kpc
Disk scale param. bd 0.3084 kpc
Halo scale param. bh 7.7 kpc
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where 2 2r R z= + is the spherical galactocentric distance, masses and the scale lengths of 
the components can be found in Table 1.

For the GCs orbital integration, we used a high-order parallel dynamical N-body code φ-
GRAPE which is based on the fourth-order Hermite integration scheme with a hierarchical
individual block time steps scheme [8]. More details about the code architecture and special
GRAPE hardware can be found in [13]. 

Table 1. Galactic potential parameters.
Parameter Value Unit

Bulge mass Mb 1.03 × 1010 M⊙
Disk mass Md 6.51 × 1010 M⊙
Halo mass Mh 29.00 × 1010 M⊙

Bulge scale param. bb 0.2672 kpc
Disk scale param. ad 4.4 kpc
Disk scale param. bd 0.3084 kpc
Halo scale param. bh 7.7 kpc

Fig. 2. GCs collision rate as a function of the relative distance (left), where black dashed line is a
power-law fit (see equation 5). The normalized number of collisions as a function of the relative

distance and relative velocity are shown in the centre and right panels, respectively.
GC Collision Pairs. Before moving forward in the analysis of the collisions of the GCs

population we have tested our numerical setup in order to keep tracking the GCs whose orbits are 
the same during backward and forward integration. First, we integrated all 152 GCs backwards for 5 
Gyr then we used the positions of velocities of all the GCs at the end of the simulations and
integrated them forward for 5 Gyr. One could expect that the resulting positions and velocities
should be identical to the observed ones. However, we have found that the orbits of 25 GCs are not
invertible. These GCs usually pass by very close to the galactic centre and most likely even an
adaptive time-step is not able to capture their motion in the very centre. Another possibility is a
non-integrability of the potential which is hard to quantify and we leave this issue for further
studies. Therefore, our final sample consists of 119 objects [9].

To count the number of collisions between pairs of GCs we used a set of three criteria. At

the same time (i) a minimum separation between the GCs colldR should be < 100 pc, (ii) the distance

between the GCs should be less as twice of the sum of half-mass radii: , ,2( )hm il jco l hmd R RR < + and

(iii) the relative velocity between objects colldV should be: 200km< 1s− .
According to the first criteria we have 2019 and 1973 collisions during backward and 

forward orbits integration, respectively. The second condition reduces these numbers to 38
collisions. Finally, applying the last condition we obtained only five reliable collision events. In Fig. 
2 we show the separation parameter as a function of time for backward (left) and forward (right) 

Fig. 2. GCs collision rate as a function of the relative distance (left), where black dashed line is a power-law 
fit (see equation 5). The normalized number of collisions as a function of the relative distance and relative 

velocity are shown in the centre and right panels, respectively.

GC Collision Pairs. Before moving forward in the analysis of the collisions of the GCs population we 
have tested our numerical setup in order to keep tracking the GCs whose orbits are the same during backward 
and forward integration. First, we integrated all 152 GCs backwards for 5 Gyr then we used the positions 
of velocities of all the GCs at the end of the simulations and integrated them forward for 5 Gyr. One could 
expect that the resulting positions and velocities should be identical to the observed ones. However, we have 
found that the orbits of 25 GCs are not invertible. These GCs usually pass by very close to the galactic centre 
and most likely even an adaptive time-step is not able to capture their motion in the very centre. Another 
possibility is a non-integrability of the potential which is hard to quantify and we leave this issue for further 
studies. Therefore, our final sample consists of 119 objects [9].

To count the number of collisions between pairs of GCs we used a set of three criteria. At the same time (i) 
a minimum separation between the GCs  should be < 100 pc, (ii) the distance between the GCs should 
be less as twice of the sum of half-mass radii:  and (iii) the relative velocity between 
objects  should be: . 

According to the first criteria we have 2019 and 1973 collisions during backward and forward orbits 
integration, respectively. The second condition reduces these numbers to 38 collisions. Finally, applying the 
last condition we obtained only five reliable collision events. In Fig. 2 we show the separation parameter as 
a function of time for backward (left) and forward (right) integration where four reliable collisions (Terzan 
3 - NGC 6553, Terzan 3 - NGC 6218, Lillier 1 - NGC 6522, Djorg 2 - NGC 6553 and NGC 6355 – NGC 
6637) are marked by red symbols. It is worth mentioning that all the colliding GCs were likely formed in the 
MW disk [17]. 

Table 2. Characteristics of GC collisional pairs.
GC 1 GC 2

(pc) (km s-1)
Time
(Myr)

Terzan 3 NGC 6553 25.58 148.18 237
Terzan 3 NGC 6218 10.75 183.12 580
Lillier 1 NGC 6522 9.38 185.04 2625
Djorg 2 NGC 6553 20.22 153.14 2889
NGC 6355 NGC 6637 11.10 184.17 4886

In order to estimate the global collision rate, in Fig. 2 (left) we show the number of collisions per Myr as 
a function of impact parameter . The distribution can be well fitted by a simple power-law function:

(5)

where a = 2.057 ± 0.0014.508 ± 0.003 are the fitting slope parameters. Therefore, we conclude that in each 
ten million years there is at least one collision with the impact parameter less than 50 pc. 

In Fig. 2 we also present the normalized cumulative collisions number as a function of GC minimum 
impact parameter (centre) and relative velocity at the moment of collision (right). As we can see the cumulative 
collision numbers can be also described by a power-law function, where the minimum values are 3 pc 
and 5 .
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In Fig. 4 we present the orbits of colliding GCs which are colour-coded by time. The time range is about ten 
million years around the moment of collisions. More detailed the orbital structure is shown on the right. The
solid line corresponds to the fi rst GC in a pair while the dashed line shows the second one. The intersection 
of the orbits (collision) is marked as a red circle. Table 2 summarized the exact time of collision together with 
the minimum separation and relative velocity at the moment of collision.

Interaction Rates with Central Supermassive Black Hole. To count the number of interactions with
a central Supermassive Black Hole (SMBH) of GCs, we used criteria of minimum separation between the 
GC and central SMBH dRbh should be < 100 pc. To estimate the interaction rate of GC with central SMBH, 
in Fig. 3 (left) we show the number of event rates per Myr as a function of GC impact parameter dRbh. 
According to this fi gure, we can estimate the close interaction rate as one event per Gyr with the impact 
parameter less than 30 pc. Also, we can conclude that we have at least one event per Myr with the impact 
parameter less than 60 pc.

integration where four reliable collisions (Terzan 3 - NGC 6553, Terzan 3 - NGC 6218, Lillier 1 -
NGC 6522, Djorg 2 - NGC 6553 and NGC 6355 – NGC 6637) are marked by red symbols. It is
worth mentioning that all the colliding GCs were likely formed in the MW disk [17]. 

Table 2. Characteristics of GC collisional pairs.
GC 1 GC 2

(pc) (km s-1)

Time
(Myr)

Terzan 3 NGC 6553 25.58 148.18 237
Terzan 3 NGC 6218 10.75 183.12 580
Lillier 1 NGC 6522 9.38 185.04 2625
Djorg 2 NGC 6553 20.22 153.14 2889
NGC 6355 NGC 6637 11.10 184.17 4886

In order to estimate the global collision rate, in Fig. 2 (left) we show the number of 

collisions per Myr as a function of impact parameter colldR . The distribution can be well fitted by a
simple power-law function:

lg( )10 colla dR bcolldN
dt

⋅ +=
(5)

where a = 2.057 ± 0.001 and b = −4.508 ± 0.003 are the fitting slope parameters. Therefore,
we conclude that in each ten million years there is at least one collision with the impact parameter 
less than 50 pc. 

In Fig. 2 we also present the normalized cumulative collisions number as a function of GC
minimum impact parameter (centre) and relative velocity at the moment of collision (right). As we
can see the cumulative collision numbers can be also described by a power-law function, where the

minimum values are colldR ≈ 3 pc and colldV ≈ 85 km 1s− .

In Fig. 4 we present the orbits of colliding GCs which are colour-coded by time. The time
range is about ten million years around the moment of collisions. More detailed the orbital structure
is shown on the right. The solid line corresponds to the first GC in a pair while the dashed line
shows the second one. The intersection of the orbits (collision) is marked as a red circle. Table 2 
summarized the exact time of collision together with the minimum separation and relative velocity
at the moment of collision.

Interaction Rates with Central Supermassive Black Hole. To count the number of
interactions with a central Supermassive Black Hole (SMBH) of GCs, we used criteria of minimum
separation between the GC and central SMBH dRbh should be < 100 pc. To estimate the interaction
rate of GC with central SMBH, in Fig. 3 (left) we show the number of event rates per Myr as a
function of GC impact parameter dRbh. According to this figure, we can estimate the close
interaction rate as one event per Gyr with the impact parameter less than 30 pc. Also, we can
conclude that we have at least one event per Myr with the impact parameter less than 60 pc.

Fig. 3. Interaction rate of GCs with central SMBH (left), where grey dashed lines are levels of the one 
event per Gyr and one event per Myr. The impact parameter from the centre (middle) and the orbital 

velocity (right) of the GCs are shown.

According to the above criteria, we can estimate 11 very close encounter events: NGC 6121, ESO 452- 
11, Liller 1, Pal 6, Terzan 9, NGC 6544, NGC 6638, NGC 6637, NGC 6642, NGC 6652 and NGC 6712. All 
of them have a very close passing orbit trajectory and a high probability of interaction with the Milky Way 
SMBH. In Fig. 3 (centre and right panels) we show the impact parameter from the centre and the orbital 
velocity of the actual GCs. Each of the above 11 events is marked by different colours. As we can see from 
these panels the GC Liller 1 during the last fi ve Gyr always has a close pericenter passage at a level of around 
65 pc (blue points). The closest encounter with the central SMBH in our simulation has a 5.5 pc. This is the 
NGC 6121 GC (red points). The relatively high velocities can be easily explained by the strong dynamical 
infl uence of the SMBH on the orbital motion of GCs.

In Table 3 we present the interaction events of GCs with minimum separation (second column) from 
SMBH. In the third column, we show the corresponding pericenter passage velocity and the time past when 
this event happens (fourth column). After the extended literature search, we try to identify the GCs possible 
progenitors. In most cases, the clusters have an MW main bulge origin.

The detailed interaction of the selected 11 GCs with the central SMBH we present in Fig. 4 - Fig. 9. 
The upper fi gures for each object show the global view of object trajectories. The bottom fi gures show the 
detailed view of encounters. As we can see from the detailed visualization of the GCs during the fi ve Gyr of 
integration the GCs came to the central SMBH quite often. In the summary Table 4, we present all the 152 
globular clusters with full information about the clusters. As we can note the Liller 1 GC has both collisions 
with other clusters and also close interaction with central SMBH.

Table 3: Characteristics of GCs that have a closing pass with the central supermassive black hole.
GS (pc) Time Progenitor

NGC 6121 5.5 673 1314 Kraken[17]

ESO 452-11 33 604 4303 -

Liller 58 499 1859 XXX[19]
MW[5]
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Pal 6 62 634 427 LE[19]
MB[27]

Terzan 9 40 637 4599 MB[19]
NGC 6544 35 569 2499 Kraken
NGC 6638 52 587 3060 MB[19]
NGC 6637 92 575 1136 MB[19]
NGC 6642 34 580 2243 MB[19]
NGC 6652 99 622 641 MB[19]
NGC 6712 96 641 1330 LE[19]

Kraken[17]
NOTE: Column Progenitor contains possible GC’s origin with reference: Kraken - GC stands to Kraken 

accretion event, XXX - GC does not have available kinematics, LE - GC stands to the unassociated low-
energy group, MB - GC stands to the main bulge, MW - GC stands to the in situ formation

Conclusions. Using the present-day Gaia DR 2-based catalogues [6, 28] we have analyzed the orbits 
of the Milky Way globular clusters. From 152 GCs we discard 8 objects with large velocity errors. For 
the remaining 146 GCs, we analyse both backward and forward orbits calculated in the MW-like external 
potential using our developed high order φ-GRAPE code. Using complex criteria for the collisions detection 
we robustly identified five colliding pairs: Terzan 3 – NGC 6553, Terzan 3 – NGC 6218, Liller 1 – NGC 
6522, Djorg 2 – NGC 6553, NGC 6355 – NGC 6637. We also estimated the overall collision rate as about 
one collision with the impact parameter less than 50 pc per 10 Myr. 

Also, we analyzed the GCs interaction rates with the central supermassive black hole. Assuming the 
maximum 100 pc distance criteria for separation between them we estimated 11 close encounter events: 
NGC 6121, ESO 452-11, Liller 1, Pal 6, Terzan 9, NGC 6544, NGC 6638, NGC 6637, NGC 6642, NGC 
6652 and NGC 6712. From our numerical simulations, we estimate the close interaction rate as at least one 
event per Gyr with the impact parameter less than 30 pc; and one event per Myr with the impact parameter 
less than 60 pc. Our calculations show one very close encounter of NGC 6121 with the central SMBH near 
5.5 pc (practically direct collision). Based on the extended literature search for the possible progenitor of our 
selected 11 GCs, we found that most of them have a Milky Way main bulge origin.
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Table 4. Initial list of GCs.
ID Name Flag ID Name Flag ID Name Flag ID Name Flag ID Name Flag
1 NGC 104 32 NGC 5634 63 NGC 6273 94 Terzan 5 125 NGC 6656
2 NGC 288 33 NGC 5694 64 NGC 6284 95 NGC 6440 126 Pal 8
3 NGC 362 34 IC 4499 65 NGC 6287 96 NGC 6441 127 NGC 6681
4 Whiting 1 35 NGC 5824 66 NGC 6293 97 Terzan 6 128 NGC 6712 bh
5 NGC 1261 36 Pal 5 67 NGC 6304 98 NGC 6453 129 NGC 6715
6 Pal 1 me 37 NGC 5897 68 NGC 6316 99 NGC 6496 130 NGC 6717
7 E 1 me 38 NGC 5904 69 NGC 6341 100 Terzan 9 bh 131 NGC 6723
8 Eridanus 39 NGC 5927 70 NGC 6325 101 Djorg 2 cc 132 NGC 6749
9 Pal 2 40 NGC 5946 71 NGC 6333 102 NGC 6517 133 NGC 6752
10 NGC 1851 41 BH 176 me 72 NGC 6342 103 Terzan 10 134 NGC 6760 me
11 NGC 1904 42 NGC 5986 73 NGC 6356 104 NGC 6522 cc 135 NGC 6779
12 NGC 2298 43 FSR 1716 74 NGC 6355    cc 105 NGC 6535 136 Terzan 7
13 NGC 2419 44 Pal 14 75 NGC 6352 106 NGC 6528 137 Pal 10
14 Pyxis 45 BH 184 76 IC 1257 107 NGC 6539 138 Arp 2
15 NGC 2808 46 NGC 6093 77 Terzan 2 108 NGC 6540 139 NGC 6809
16 E 3 47 NGC 6121 bh 78 NGC 6366 109 NGC 6544 bh 140 Terzan 8
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17 Pal 3 me 48 NGC 6101 79 Terzan 4 110 NGC 6541 141 Pal 11
18 NGC 3201 49 NGC 6144 80 BH 229 111 ESO 28006 142 NGC 6838
19 Pal 4 me 50 NGC 6139 81 FSR 1758 112 NGC 6553 cc 143 NGC 6864
20 Crater 51 Terzan 3 cc 82 NGC 6362 113 NGC 6558 144 NGC 6934
21 NGC 4147 52 NGC 6171 83 Liller 1 cc,bh 114 Pal 7 145 NGC 6981
22 NGC 4372 53 ESO 45211 bh 84 NGC 6380 115 Terzan 12 146 NGC 7006
23 Rup 106 54 NGC 6205 85 Terzan 1 116 NGC 6569 147 NGC 7078
24 NGC 4590 55 NGC 6229 86 Ton 2 117 BH 261 148 NGC 7089
25 NGC 4833 56 NGC 6218 cc 87 NGC 6388 118 NGC 6584 149 NGC 7099
26 NGC 5024 57 FSR 1735 me 88 NGC 6402 119 NGC 6624 150 Pal 12
27 NGC 5053 58 NGC 6235 89 NGC 6401 120 NGC 6626 151 Pal 13
28 NGC 5139 59 NGC 6254 90 NGC 6397 121 NGC 6638 bh 152 NGC 7492
29 NGC 5272 60 NGC 6256 91 Pal 6 bh 122 NGC 6637 cc,bh
30 NGC 5286 me 61 Pal 15 92 NGC 6426 123 NGC 6642 bh
31 NGC 5466 62 NGC 6266 93 Djorg 1 124 NGC 6652 bh

NOTE: Parameters for all GCs was taken from [24] with an exception for GCs marked  with data from 
[5]. Column Flag contains additional information: me - GC was excluded from the integration due to their 
signifi cant measurement errors, to - GC was excluded from the integration due to their type of orbit, cc - GC 
what satisfi ed “collision” conditions.

30 NGC 5286 me 61 Pal 15 92 NGC 6426 123 NGC 6642 bh
31 NGC 5466 62 NGC 6266 93 Djorg 1 124 NGC 6652 bh

NOTE: Parameters for all GCs was taken from [24] with an exception for GCs marked ∗ with data from [5]. Column Flag
contains additional information: me - GC was excluded from the integration due to their significant measurement errors, to -
GC was excluded from the integration due to their type of orbit, cc - GC what satisfied “collision” conditions.

Fig. 4. GC NGC 6121 and ESO 452-11 (from top to bottom) orbits in X − Y plane (left), in X −
Z plane (middle) and in Z − R plane (right), where R is the distance in the Galactic plane.

Fig. 4. GC NGC 6121 and ESO 452-11 (from top to bottom) orbits in plane (left), in plane (middle) and 
in plane (right), where R is the distance in the Galactic plane.
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Fig. 5. As in Fig. 4 for Liller 1 and Pal 6.
Fig. 5. As in Fig. 4 for Liller 1 and Pal 6.

Fig. 6. As in Fig. 4 for Terzan 9 and NGC 6544.
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Fig. 6. As in Fig. 4 for Terzan 9 and NGC 6544.
Fig. 6. As in Fig. 4 for Terzan 9 and NGC 6544.

Fig. 7. As in Fig. 4 for NGC 6638 and NGC 6637.
Fig. 7. As in Fig. 4 for NGC 6638 and NGC 6637.
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Fig. 8. As in Fig. 4 for NGC 6642 and NGC 6652.
Fig. 8. As in Fig. 4 for NGC 6642 and NGC 6652.

Fig. 9. As in Fig. 4 for NGC 6712.
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ҚҰСЖОЛЫНЫҢШАР ТӘРІЗДЕСШОҒЫРЛАРЫ: ОЛАРДЫҢ ӨЗАРАЖӘНЕ
ОРТАЛЫҚ АСАМАССИВТІ ҚАРАҚҰРДЫММЕНЖАҚЫН ТҮЙІСУЛЕРІНІҢ

ҚАРҚЫНДАРЫ

Аннотация. Gaia (ESA) Dat aRelease 2 деректерін қолдана отырып, Құс Жолындағы
шар тәріздес шоғырлардың (ШТШ) орбиталары есептелді. ШТШ арасындағы мүмкін болған
соқтығысуларды зерттеу үшін жоғары ретті φ-GRAPE кодының көмегімен 119 объектінің
орбиталары шынайы орындары мен меншікті қозғалыстарыннан (артқа және алға)
интегралданып алынды. Сондай-ақ, есептеулерде шынайы өстік симетриялық Галактикалық
потенциал (балдж + диск + гало) есепке алынды. Жақын түйісулердің әртүрлі шарттарын
қарастыра отырып, соқтығысу ықтималдығы бар бес жұп анықталды: Тарзан 3 – NGC 6553,
Тарзан 3 – NGC 6218, Лиллиер 1 –NGC 6522, Йорг 2 – NGC 6552 жәнеNGC 6355 – NGC 6637.

Біз ШТШ-лардың орталық аса массивті қарақұрдыммен өзара тығыз жақындасу
қарқындарын талдадық. Олардың өзара шектік қашықтықтары 100 пк шамасында деп ескере
отырып, біз жақын қақтығыстың 11 оқиғасын бағаладық. Сандық модельдеуге сүйене
отырып, әр млрд. Жылда әсерлесу параметрі 30 пк-тен кем болатын бір оқиғаның өзара
қақтығысу қарқындылығын бағалаймыз; және әр млн. Жылда әсерлесу параметрі 60 пк-тен
аспайтын бір оқиға үшін де дәл солай. Біздің есептеулеріміз NGC 6121 шоғырының орталық

Fig. 9. As in Fig. 4 for NGC 6712.
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ҚҰС ЖОЛЫНЫҢ ШАР ТӘРІЗДЕС ШОҒЫРЛАРЫ: ОЛАРДЫҢ ӨЗАРА ЖӘНЕ ОРТАЛЫҚ 
АСА МАССИВТІ ҚАРАҚҰРДЫММЕН ЖАҚЫН ТҮЙІСУЛЕРІНІҢ ҚАРҚЫНДАРЫ

Аннотация. Gaia (ESA) Dat aRelease 2 деректерін қолдана отырып, Құс Жолындағы шар тәріздес 
шоғырлардың (ШТШ) орбиталары есептелді. ШТШ арасындағы мүмкін болған соқтығысуларды 
зерттеу үшін жоғары ретті φ-GRAPE кодының көмегімен 119 объектінің орбиталары шынайы 
орындары мен меншікті қозғалыстарыннан (артқа және алға) интегралданып алынды. Сондай-ақ, 
есептеулерде шынайы өстік симетриялық Галактикалық потенциал (балдж + диск + гало) есепке 
алынды. Жақын түйісулердің әртүрлі шарттарын қарастыра отырып, соқтығысу ықтималдығы бар бес 
жұп анықталды: Тарзан 3 – NGC 6553, Тарзан 3 – NGC 6218, Лиллиер 1 –NGC 6522, Йорг 2 – NGC 
6552 жәнеNGC 6355 – NGC 6637.

Біз ШТШ-лардың орталық аса массивті қарақұрдыммен өзара тығыз жақындасу қарқындарын 
талдадық. Олардың өзара шектік қашықтықтары 100 пк шамасында деп ескере отырып, біз жақын 
қақтығыстың 11 оқиғасын бағаладық. Сандық модельдеуге сүйене отырып, әр млрд. Жылда әсерлесу 
параметрі 30 пк-тен кем болатын бір оқиғаның өзара қақтығысу қарқындылығын бағалаймыз; және әр 
млн. Жылда әсерлесу параметрі 60 пк-тен аспайтын бір оқиға үшін де дәл солай. Біздің есептеулеріміз 
NGC 6121 шоғырының орталық аса массивті қарақұрдымнан шамамен 5,5 парсекте өтіп соқтығысқанын 
(тікелей соқтығысу десе де болады) көрсетеді. Кеңінен қарастырылған әдебиеттерге сүйене отырып, 
таңдалған 11 ШТШ-лардың көпшілігінің ықтималды пайда болған орны Құс жолының негізгі балдж 
деп таптық.

Түйінді сөздер: Галактика, аса массивті қарақұрдым, шар тәріздес шоғырлар, сандық әдістер, 
жұлдыздардың кинематикасы және динамикасы.
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ШАРОВЫЕ СКОПЛЕНИЯ МЛЕЧНОГО ПУТИ: ТЕМПЫ СТОЛКНОВЕНИЯ МЕЖДУ 
СОБОЙ И С ЦЕНТРАЛЬНОЙ ЧЕРНОЙ ДЫРОЙ 

Аннотация. Используя данные из Gaia (ESA) DataRelease 2,  мы провели расчеты орбит шаровых 
скоплений (ШС) Млечного Пути. Чтобы исследовать возможные столкновения между шаровыми 
скоплениями были про интегрированы (назад и вперед) орбиты 119 объектов с истинными 
положениями и собственными движениями с помощью собственного разработанного кода высокого 
порядка φ-GRAPE. Также в расчетах мы применили реалистичный осесимметричный галактический 
потенциал (балдж + диск + гало). Пользуясь различными условиями столкновения, было обнаружены 
пять пар ШС, которые вероятно сталкивались: Тарзан 3 – NGC 6553, Тарзан 3 – NGC 6218, Лиллиер 
1 –NGC 6522, Йорг 2 – NGC 6552 и NGC 6355 – NGC 6637.

Мы проанализировали скорости взаимодействия ШС с центральной сверхмассивной черной 
дырой. Предполагая максимальный критерий расстояния в 100 пк, мы оценили 11 событий близкого 
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столкновения. Исходя из нашего численного моделирования, мы оцениваем скорость тесного 
взаимодействия, как минимум, одно событие в млрд. лет с параметром воздействия менее 30 парсек; 
и одно событие в млн. лет с параметром воздействия менее 60 парсек. Наши расчеты показывают 
одно очень близкое столкновение NGC 6121 с центральной СМЧД около 5,5 пк (практически прямое 
столкновение). Основываясь на расширенном поиске литературы о возможном прародителе выбранных 
нами 11 шаровых скоплений, мы обнаружили, что большинство из них имеют происхождение от 
основного балджа Млечного Пути.

Ключевые слова: Галактика, сверхмассивная черная дыра, численные методы, кинематика и 
динамика звезд. 
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29.09.1932 г.  - 16.09.2021 г.
Д.х.н., профессор  Нигметова Роза Шукургалиевна

Нигметова Роза Шукургалиевна, которая 18 лет была заведующей лабораторией сверхчистых 
металлов ИОКЭ НАН РК, а затем – главным научным сотрудником этой лаборатории. 

Нигметова Р.Ш. родилась 29 сентября 1932 г. В 1955 г окончила химический факультет Казахского 
Государственного Университета им. С.М. Кирова. В 1955-1958 г. училась в аспирантуре Института 
химических наук АН КазССР под руководством академика Козловского М.Т.  В 1958-1961 гг. - 
старший лаборант лаборатории аналитической химии. 1962-1966 гг. – младший научный сотрудник 
лаборатории амальгамной химии Института химических наук. 1966-1969.гг. - старший научный 
сотрудник лаборатории сверхчистых металлов  Института органического катализа и электрохимии АН 
КазССР. В 1980 г. Р.Ш. Нигметова возглавила эту лабораторию и посвятила ее работе и развитию всю 
жизнь, как крупный специалист в области физико-химии и термодинамики амальгамных систем. Р.Ш. 
Нигметова принимала участие в проведении внедренческих работ на свинцовом заводе им. Калинина, 
г. Чимкент. Диссертацию на соискание степени доктора химических наук «Термодинамические и 
физико-химические исследования жидких сплавов ртути с металлами II-V подгрупп периодической 
системы элементов» Р. Ш. Нигметова защитила в 1984 г. на ученом совете ИОКЭ, г. Алма-Ата.  Р.Ш. 
Нигметовой впервые проведено систематическое изучение термодинамических и физико-химических 
свойств двойных и тройных (22 системы) амальгамных систем с использованием большого количества 
физико-химических методов исследования. Изучены термодинамические свойства разбавленных 
жидких амальгам кадмия, индия, свинца, олова, висмута, цинка  при температурах 25-200оС. 
Установлена зависимость термодинамических и физико-химических свойств жидких амальгам от 
положения металлов в периодической системе элементов, что позволило прогнозировать свойства 
еще неизученных систем. На основании полученных термодинамических данных амальгамных 
систем установлены критерии поведения многокомпонентных амальгам в люминесцентных лампах. 
В 1992 г. Р.Ш. Нигметова получила звание профессора. Р.Ш. Нигметовой опубликовано около 200 
научных статей и подготовлено совместно с д.т.н. Козиным Л.Ф. 7 кандидатов химических наук. Р.Ш. 
Нигметова работала ученым секретарем диссертационного совета ИОКЭ. Коллеги сохранили о ней 
память, как о принципиальном ученом и отзывчивом человеке.

Сотрудники и коллеги.

MEMORY OF SCIENTISTS
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