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ABSTRACT. Subsample of 19,600 young red clump
giants with distances up to 1200 pc was selected from
7.2 mln Gaia DR2 data with radial velocities using the
MG vs. G − KS diagram. Ages of these stars do not ex-
ceed 2 bln years. For this stellar subsample kinematic
parameters of the Ogorodnikov-Milne model as well as
the Kxy-term, Solar apex coordinates L⊙,B⊙ were de-
rived from the 3D and 2D Gaia DR2 data as well as
from the PMA proper motions. It was found that val-
ues of the OMM parameters derived from the 3D and
2D Gaia DR2 data are di�erent. Removing stars with
heliocentric distances 0-500 pc make the results con-
sistent. For the 500-1200 pc stellar subsample value of
the rotation velocity of the Galaxy at the Solar distance
Vrot derived from the PMA proper motions is 205.2 ±
0.5 km s−1 while the values derived from the Gaia DR2
data are noticeably higher: Vrot(2D Gaia DR2) =
217.8 ± 0.3 km s−1 and Vrot(2D Gaia DR2) = 218.6 ±
0.3 km s−1 . The Kxy-term is negative and equal
to −0.80 ± 0.03mas yr−1 when using 3D Gaia DR2
data while it diminishes signi�cantly in case of usage
of Gaia DR2 and PMA proper motions.

Keywords: Astrometric catalogues, Galactic kine-
matics, stellar proper motions, stellar radial velocities,
Hertzsprung-Russel diagram.

ÀÁÑÒÐÀÊÒ. Âèêîðèñòîâóþ÷è äiàãðàìó MG -
(G − KS) ç 7.2 ìiëüéîíiâ îá'¹êòiâ Gaia DR2 ç
âiäîìèìè ïðîìåíåâèìè øâèäêîñòÿìè áóëà âèäiëåíà
ïiäâèáiðêà 19,600 ìîëîäèõ ãiãàíòiâ ÷åðâîíîãî
çãóùåííÿ ç âiäñòàíÿìè äî 1200 ïê. Äëÿ òîãî,
ùîá âèïðàâèòè äàíi çà ïî÷åðâîíiííÿ i ïîãëèíàííÿ,
âèêîðèñòîâóâàëàñÿ òðèâèìiðíà êàðòà ïîãëèíàíü
Ãîí÷àðîâà. Çãiäíî ç òåîðåòè÷íèìè ðîçðàõóíêàìè
Æiðàðäi, öi çiðêè ìàþòü ìàñè íå ìåíøå 2-2.5M⊙, à
çíà÷èòü ¨õ âiêè íå ïåðåâèùóþòü 2 ìiëüÿðäiâ ðîêiâ.
Äëÿ öi¹¨ ïiäâèáiðêè çiðîê çà 2D (ç âèêîðèñòàííÿì
òiëüêè âëàñíèõ ðóõiâ) i 3D (âëàñíi ðóõè ïëþñ
ïðîìåíåâi øâèäêîñòi) äàíèìè Gaia DR2, à òàêîæ
çà âëàñíèìè ðóõàì êàòàëîãó PMA áóëè îòðèìàíi
êiíåìàòè÷íi ïàðàìåòðè ìîäåëi Îãîðîäíiêîâà-
Ìiëíà, à òàêîæ ïàðàìåòð ðîçøèðåííÿ-ñòèñíåííÿ

â ãàëàêòè÷íî¨ ïëîùèíè (x, y) - Kxy, i êîîðäèíàòè
àïåêñà Ñîíöÿ L⊙,B⊙. Áóëî âèÿâëåíî, ùî çíà÷åííÿ
äåÿêèõ ïàðàìåòðiâ ìîäåëi, îòðèìàíèõ çà 2D i 3D
äàíèìè Gaia DR2, ïîìiòíî ðiçðiçíÿþòüñÿ ìiæ
ñîáîþ. Òàê, íàïðèêëàä, çíà÷åííÿ ïàðàìåòðà
M+

12, îòðèìàíîãî øëÿõîì ñïiëüíîãî ðiøåííÿ òðüîõ
ðiâíÿíü ìîäåëi Îãîðîäíiêîâà-Ìiëíà ìåòîäîì
íàéìåíøèõ êâàäðàòiâ, íà 0.2ìñä ã−1 ìåíøå,
íiæ çíà÷åííÿ, ÿêå áóëî îòðèìàíå çà äîïîìîãîþ
ñïiëüíîãî ðiøåííÿ ðiâíÿíü òiëüêè äëÿ âëàñíèõ ðóõiâ
Gaia DR2. Âèäàëåííÿ ç âèáiðêè çiðîê ç âiäñòàíÿìè
0-500 ïê ðîáèòü ðåçóëüòàòè áiëüø óçãîäæåíèìè.
Äëÿ ïiäâèáiðêè 500-1200 ïê ïàðàìåòðè ω3 i M+

12,
îòðèìàíi çà äàíèìè Gaia DR2, âiäïîâiäíî ðiâíi
−2.54 ± 0.04ìñä ã−1 i 3.22 ± 0.04ìñä ã−1, òîäi ÿê
çà äàíèìè êàòàëîãó PMA ¨õ çíà÷åííÿ ñòàíîâëÿòü
−2.59 ± 0.06ìñä ã−1 i 2.83 ± 0.08ìñä ã−1. Â
ðåçóëüòàòi çíà÷åííÿ ëiíiéíî¨ øâèäêîñòi îáåðòàííÿ
Ãàëàêòèêè íà âiäñòàíi Ñîíöÿ Vrot, ÿêå áóëî
îòðèìàíî çà âëàñíèìè ðóõàìè PMA, ñòàíîâèòü
205.2 ± 0.5 êì ñ−1, òîäi ÿê çíà÷åííÿ, îòðèìàíå
çà äàíèìè Gaia DR2, íà 13 êì ñ−1 âèùå: Vrot

(Gaia DR2) = 218.2 ± 0.3 êì ñ−1. Çà äàíèìè
3D Gaia DR2 ïàðàìåòð Kxy ¹ íåãàòèâíèì i ðiâíèì
−0.80 ± 0.03 ìñä ã−1. Éîãî âåëè÷èíà ïî ìîäóëþ
çíà÷íî çìåíøó¹òüñÿ â ðàçi âèêîðèñòàííÿ âëàñíèõ
ðóõiâ Gaia DR2 i PMA, i â ìåæàõ 3σ ¹ íåçíà÷óùîþ.
Çíà÷åííÿ êîìïîíåíòè øâèäêîñòi Ñîíöÿ óçäîâæ
ãàëàêòè÷íî¨ îñi y, V⊙, âiäíîñíî öåíòðî¨äà çiðîê ìà¹
çíà÷åííÿ 11.59 ± 0.30 êì ñ−1 çà äàíèìè PMA i
13.0 ± 0.20 êì ñ−1 çà äàíèìè Gaia DR2. Öåé ôàêò
¹ íåïðÿìèì ñâiä÷åííÿì òîãî, ùî çiðêè ç íàøî¨
âèáiðêè äiéñíî ìàþòü âiêè íå áiëüøå 2 ìiëüÿðäiâ
ðîêiâ (Gontcharov, 2012b).

Êëþ÷îâi ñëîâà: Àñòðîìåòðè÷íi êàòàëîãè,
êiíåìàòèêà Ãàëàêòèêè, âëàñíi ðóõè çiðîê, ïðîìåíåâi
øâèäêîñòi çiðîê, äiàãðàìà Ãåðöøïðóíãà-Ðàññåëà.
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On April 25, 2018 the second release of the Gaia mis-
sion (Gaia DR2) has came out (Gaia collaboration et

al., 2016; Gaia collaboration et al., 2018b). Based on
22 month observational time baseline, it provides coor-
dinates, proper motions and parallaxes for more than
1.3 bln stars distributed uniformly through the celes-
tial sphere. Among them, there is a ∼7.2 mln stellar
subsample with magnitudes G<15 for which median
radial velocities (RV) were provided as well. This sub-
sample includes stars that have e�ective temperatures
Teff within the range 3550-6900 K corresponding to
FGK spectral types. These data give us a full informa-
tion about how do stars move in the space.
It is well known that the Galaxy has a complex struc-

ture: there are at least four components such as thin,
thick disks, halo and buldge. They di�er from each
other by kinematics, ages, metallicity, α-element abun-
dances, and maybe some others. In this study we select
stars with ages do not exceeding 2 bln years and there-
fore belonging to the Galactic thin disk. Stellar ages
of the Gaia DR2 RV subsample used are not known
but we have took advantage of the known property
of the secondary clump of red giants in the colour-
magnitude diagram (CMD). Since the works by Girardi
et al.(1998) and Girardi (1999), the clump of stars lo-
cated in the slightly bluer and fainter part of the CMD
than the ordinary (main) clump of red giants is rec-
ognized as being formed by stars with initial masses
M ≥MHef ∼ 2− 2.5M⊙ in the stage of central helium
burning (CHeB). The main di�erence between giants
belonging to the main and secondary clumps is that
in the latter case stars reach the CHeB stage skipping
the electron-degenerate core phase after the central hy-
drogen exhaustion, i.e. helium ignition begins under
non-degenerate conditions (Girardi, 1999). Lifetimes
of stars with masses M > 2 − 2.5M⊙ do not exceed
2 Gyr. Therefore, following Gontcharov (2012) we re-
fer red giants belonging to the secondary clump to as
young red clump giants (YRCG).
The paper is organized as follows. Section 2 presents

description of some properties of input data used for
analysis of the stellar velocity �eld. In section 3 the
procedure of selection of the young red clump giants
is given. Details of usage of the Ogorodnikov-Milne
model are presented in section 4. Kinematic analysis
and conclusions are given in sections 5 and 6 respec-
tively.

2. Input data

For kinematic analysis the Gaia DR2 RV and PMA
catalogues data were used. As was noticed in Intro-
duction, the Gaia DR2 RV subsample contains only
FGK-type stars. Positions and parallaxes of these
stars were derived with typical uncertainty 0.02 -
0.04 mas. Their proper motions are evaluated to be

better than 0.07 mas yr−1 while the RV precision varies
from 0.3 km s−1 at GRVS < 8 and 1.8 km s−1 at
GRVS = 11.75. Systematic RV errors are expected
to be from less than 0.1 km s−1 at GRVS < 9 to
0.5 km s−1 at GRVS = 11.75. According to Gaia col-
laboration et al. (2018b), the second realisation of
the Gaia celestial reference frame (Gaia-CRF2) at the
faint end (G ∼ 19) is aligned with the ICRF to about
0.02 mas at epoch J2015.5 and non-rotating with re-
spect to the ICRF to within 0.02 mas yr−1 .

The PMA (Proper Motion Absolute) catalogue was
derived in the laboratory of astrometry of Institute
of astronomy of V.N. Karazin Kharkiv national
university (Akhmetov et al., 2017) from combination
of Gaia DR1 and 2MASS catalogues. It contains
positions, proper motions, and G, J,H,KS photometry
for more than 420 mln objects covered the whole
celestial sphere including the Galactic plane. From
this stellar sample ∼6.9 mln stars that are common
with the Gaia DR2 RV subsample were selected.
Typical uncertainty of stellar positions is 10 mas.
Proper motions are estimated to have errors of the
order of 2-5 mas yr−1 at 10 < G < 17. The zero-point
of the proper motions was established using 1.6 mln
extragalactic sources. It has been shown (Akhmetov
et al., 2017) that the PMA coordinate axes are
non-rotating with respect to extragalactic sources
from the LQAC3 and ICRF catalogues.

3. Selection of young red clump giants

All YRCG are in the Galactic plane. Therefore it
is necessary to take into account interstellar extinc-
tion. To do this, the Gontcharov's 3D extinction map
(Gontcharov, 2017) was used. This map is limited
by distance to 1200 pc and by Galactic coordinate
Z±600 pc. It is organized as follows. At every point of
space with galactic coordinates x, y, z (or l, b, r) values
of E(J − KS), E(B-V), RV and AV are provided. The
resolution of the map is 50 × 50 × 50 pc. To compute
extinction and reddening at a given point (x∗, y∗, z∗)
the trilinear interpolation formula 1 was used.

f(x∗, y∗, z∗) ≃
a [ f (x1, y1, z1)(x2 − x∗)(y2 − y∗)(z2 − z∗) +

+ f (x1, y1, z2)(x2 − x∗)(y2 − y∗)(z∗ − z1) +

+ f (x1, y2, z1)(x2 − x∗)(y∗ − y1)(z2 − z∗) +

+ f (x1, y2, z2)(x2 − x∗)(y∗ − y1)(z∗ − z1) +

+ f (x2, y1, z1)(x∗ − x1)(y2 − y∗)(z2 − z∗) +

+ f (x2, y1, z2)(x∗ − x1)(y2 − y∗)(z∗ − z1) +

+ f (x2, y2, z1)(x∗ − x1)(y∗ − y1)(z2 − z∗) +

+ f (x2, y2, z2)(x∗ − x1)(y∗ − y1)(z∗ − z1) ] (1)

1. Introduction
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where

a =
1

(x2 − x1)(y2 − y1)(z2 − z1)

YRCG can be identi�ed using the colour-magnitude
diagram in the MG − (G − KS) coordinates. The red
clump region in the CMD for stars with low extinc-
tion E(J − KS) < 0.05 is shown in Fig. 1. It can
be seen that there is a weak concentration of stars
inside the ellipse shown by black solid line. These
are the YRCG. We suggested that a star belongs
to the secondary clump if it falls inside the ellipse
centered at (MG,G − KS) = (0.6,1.9) with semiaxes
(∆MG,∆(G − KS)) = (0.5,0.13). All bed quality ob-
jects with σϖ/ϖ > 0.2 were removed from the sample.
As a result 19,600 YRCG with distances up to 1200 pc
and Z±600 pc were selected.

The Gontcharov's map does not provide reddening
for colour G−KS, so we have found empirical relation
between E(J − KS) and E(G − KS):

E(G − KS) = −904.2 E(J − KS)4 + 271.5 E(J − KS)3

− 12.1 E(J − KS)2 + 1.1 E(J − KS) (2)

4. Usage of the Ogorodnikov-Milne model

All calculations were made in the rectangular helio-
centric Galactic coordinate system the main plane of
which coincides with the Galactic plane. The x axis is
directed towards the Galactic centre (l = 0◦, b = 0◦),
hereafter it will be referred to as the x or 1 axis. The y
or 2 axis is directed towards direction of Galactic rota-
tion (l = 90◦, b = 0◦) while z axis towards the direction
parallel to one from centre of the Galaxy to its North
pole (b = 0◦).

To analyse the stellar velocity �eld the Ogorodnikov-
Milne model (OMM) was used (Ogorodnikov, 1965).

V = V0 + Ω× r + M+ × r (3)

The OMM model contains 12 kinematic parameters:

X⊙, Y⊙, Z⊙ are the Solar motion components rel-
ative to the centroid; ω1, ω2, ω3, are components of
the rigid-body rotation vector Ω; M+

12,M
+
13,M

+
23 are

components of the tensor M+ characterizing velocities
of deformations in the (x,y), (x,z) and (y,z) Galactic
planes; M+

11,M
+
22,M

+
33 are components of the tensor

M+ responsible for velocities of contraction-expansion
of the stellar sample used.

Projecting the equation 3 onto the unit vectors of the
Galactic coordinate system yields the following system
of equations

1.4 1.6 1.8 2.0 2.2 2.4 2.6
G−KS

−2

0

2

4

M
G

Figure 1: Zoom of the CMD MG − (G − KS). YRCG
are inside the ellipse.

η µl cos b = X⊙/r sin l − Y⊙/r cos l − ω1 sin b cos l−
− ω2 sin b sin l + ω3 cos b +M+

12 cos b cos 2l−
− M+

13 sin b sin l +M+
23 sin b cos l−

− 0.5M+
11cos b sin 2l + 0.5M+

22 cos b sin 2l (4)

η µb = X⊙/r cos l sin b+ Y⊙/r sin l sin b − Z⊙/r cos b+

+ ω1 sin l − ω2 cos l − 0.5M+
12 sin 2b sin 2l −

− M+
13 cos 2b cos l + M+

23 cos 2b sin l−
− 0.5M+

11 sin 2b cos2l − 0.5M+
22 sin 2b sin2l+

+ 0.5M+
33 sin 2b (5)

Vr/r = −X⊙/r cos lcos b− Y⊙/r sin l cos b−
− Z⊙/r sin b+M+

13 sin 2b cos l +M+
23 sin 2b sin l+

+ M+
12 cos2b sin 2l +M+

11 cos2b cos2l+

+ M+
22 cos2b sin2l +M+

33 sin2b (6)

Where η = 4.74 is the conversion factor from
mas yr−1 to kms−1kpc−1, µl, µb are proper motions
in mas yr−1 , Vr are radial velocities in km s−1 .
When proper motions only are used, one of diago-

nal elements of the deformation matrix M+ remains
undetermined. Therefore, only di�erences M∗

11 =
M+

11 −M+
22 and M

∗
33 = M+

33 −M+
22 can be derived sug-

gesting that M+
22 = 0. Values of the Kxy-term char-

acterizing contraction-expansion of the stellar sam-
ple in the x, y Galactic plane were derived as well:
K = 0.5(M+

11 + M+
22). In the case of usage of proper

motions only the K-term can be evaluated using the
following equation: K = 0.5(M∗

11 − 2M∗
33). The M+

12

and ω3 parameters are analogues of the Oort constants
A and B from the simpli�ed Oort-Lindblad kinematic
model. The linear rotation velocity of the Galaxy Vrot

at the Solar distance R⊙ can be derived from combina-
tion of these two parameters by the following relation:
Vrot = (M+

12 − ω3) ηR⊙. The value of R⊙ is assumed
to be equal to 8.0±0.2 kpc (Vallée, 2017).
In addition, the Solar apex coordinates L⊙,B⊙ were

estimated.
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Table 1: The OMM kinematic parameters derived in this work.
0-1200 pc 500-1200 pc

Parameter Unit Gaia, 3D Gaia, 2D PMA, 2D Gaia, 3D Gaia, 2D PMA, 2D
X⊙ km s−1 9.83±0.13 9.32±0.17 9.89±0.19 10.89±0.15 10.83±0.19 11.62±0.26
Y⊙ km s−1 11.64±0.13 11.71±0.18 10.6±0.21 12.63±0.15 13.40±0.22 11.59±0.30
Z⊙ km s−1 7.80±0.13 7.72±0.15 7.66±0.17 7.29±0.15 7.26±0.16 7.46±0.21
ω1 mas yr−1 0.37±0.10 0.44±0.11 0.50±0.13 0.09±0.08 0.05±0.09 0.12±0.12
ω2 mas yr−1 -0.73±0.10 -0.72±0.11 -0.92±0.13 -0.55±0.08 -0.45±0.09 -0.68±0.12
ω3 mas yr−1 -2.54±0.10 -2.58±0.06 -2.62±0.07 -2.55±0.04 -2.53±0.04 -2.59±0.06
M+

23 mas yr−1 -0.26±0.10 -0.35±0.13 -0.43±0.15 0.03±0.08 0.10±0.10 -0.02±0.14
M+

13 mas yr−1 -0.55±0.10 -0.55±0.13 -0.95±0.15 -0.41±0.08 -0.27±0.10 -0.67±0.13
M+

12 mas yr−1 3.24±0.06 3.04±0.09 2.70±0.10 3.22±0.04 3.22±0.06 2.83±0.08
M+

11(M∗
11) mas yr−1 -1.86±0.09 -2.19±0.24 -2.05±0.19 -1.76±0.06 -2.00±0.11 -2.11±0.16

M+
22 mas yr−1 0.19±0.08 - - 0.16±0.16 - -

M+
33(M∗

33) mas yr−1 -0.06±0.08 -0.63±0.23 -0.82±0.27 -0.23±0.14 -0.68±0.17 -2.11±0.23
Vrot km s−1 219.1±0.4 213.1±0.5 201.65±0.6 218.6±0.3 217.8±0.3 205.2±0.5
K mas yr−1 -0.84±0.05 -0.09±0.04 -0.02±0.04 -0.80±0.03 -0.32±0.14 -0.14±0.27
L⊙ degree 49.8±3.8 51.5±0.1 47.0±0.2 49.3±4.6 51.0±0.1 44.9±0.3
B⊙ degree 27.1±1.6 27.3±0.1 27.1±0.1 23.6±1.8 22.9±0.1 24.5±0.1
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Figure 2: The ω3,M
+
12, Vrot OMM parameters and Kxy-term derived from the 3D (�lled circles), 2D Gaia DR2

(open circles) and PMA (�lled squares) data for the 500-1200 pc YRCG subsample.
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5. Kinematic analysis

All calculations were performed for the YRCG sub-
sample described in section 3. The OMM equations
4, 5, 6 were solved by the least square method (LSR)
using the Gaia DR2 RV data. This case we refer to as
3D one, because both proper motions and radial veloc-
ities were used. For comparison, the OMM parameters
were derived from the Gaia DR2 proper motions only,
i.e. by joint solving the equations 4, 5 (2D case). The
results are given in columns 2, 3 of Table 1 as well
as in Fig. 2. It can be seen that values of the ω3 pa-
rameter derived from 3D and 2D Gaia DR2 data are
very close while values of the M+

12 parameter have dif-
ference M+

12(3D) − M+
12(2D) = 0.2 mas yr−1 leading

to di�erence between values of linear Galactic rota-
tion velocity: Vrot(3D) = 219.1±0.4 mas yr−1 versus
Vrot(3D) = 213.1±0.5 mas yr−1 . Proximity of the ω3

values in 3D and 2D cases can be explained by the fact
that rotational components of the OMM ω1, ω2, ω3

do not have projections onto radial direction. How-
ever, there are small di�erences of order of 0.02-
0.06mas yr−1 caused by redistribution of the OMM
parameter values when using the LSM.
It is well known that the stellar velocity �eld in the

Solar neighborhood can be disturbed by in�uence of
the Gould Belt stars the characteristic radius of which
is estimated to be ∼500 pc. We removed stars with
distances up to 500 pc from the YRCG subsample re-
sulting in 15,600 stars within a distance range 500 -
1200 pc. The OMM parameters were recalculated for
the second YRCG subsample using the 3D and 2D
Gaia DR2 data. The results are shown in columns 5,6
of Table 1. It can be seen that values of the OMM pa-
rameters derived from the 3D and 2D Gaia DR2 data
have become much more consistent. So, one can make
a conclusion that a probable cause of the discrepancy
between 3D and 2D calculations can be peculiarities of
motions of the Gould Belt stars.
As for the Kxy-term, it has a negative values when

using radial velocities: K = −0.84± 0.05mas yr−1 and
−0.80 ± 0.03mas yr−1 for 0-1200 pc and 500-1200 pc
stellar subsamples respectively. It means that the stel-
lar subsample contracts. The Kxy-term becomes in-
signi�cant within 3σ when using proper motions only.
In columns 4 and 7 of Table 1 values of the OMM

parameters derived from the PMA proper motions are
presented. Note a quite large di�erence between val-
ues of the M+

12 parameter derived from the Gaia DR2
and PMA data leading to a lower estimation of Vrot

:

205.2±0.5 km s−1 from the PMA proper motions ver-
sus 217.8±0.3 km s−1 from the Gaia DR2 proper mo-
tions. Values of the Kxy term derived from the PMA
data is insigni�cant within 3σ.
The mean age of the YRCG subsample can be

estimated from values of the Solar motion compo-
nent along the y Galactic axis Y⊙. According to
Gontcharov (2012b), the older stars the higher Y⊙

.

It can be seen from our calculations that values of

the Y⊙ parameter vary from 10.6±0.21km s−1 to
13.40±0.22km s−1 depending on data used. This fact
means that ages of stars belonging to the selected
YRCG subsample do not exceed 2 bln years, as we
expected.
Values of the Solar apex coordinate L⊙ vary from

44◦.9 ± 0◦.3 to 51◦.5 ± 0◦.1 depending on data used.
Values of the B⊙ are sistematically shifted when using
di�erent stellar subsamples. B⊙ in average is equal to
27◦.2 for the 0-1200 pc stellar subsample while 23◦.7
for the 500-1200 pc one.

6. Conclusions

Kinematic analisys of the stellar velocity �eld of the
YRCG with distances up to 1200 pc using the OMM
was caried out. The kinematic parameters from the
3D, 2D Gaia DR2 and PMA data were derived. It was
concluded that the stellar velocity �eld within 500 pc
around the Sun is probably disturbed by in�uence of
the Gould Belt stars. When removing stars with dis-
tances 0-500 pc from the YRCG subsample the results
derived from the 3D and 2D Gaia DR2 data become
consistent.
Value of the rotation velocity of the Galaxy at the

Solar distance Vrot derived from the PMA data for
the 500-1200 pc subsample is lower by 13.4km s−1 and
12.6km s−1 than values derived from the 3D and 2D
Gaia DR data respectively. Vrot(PMA) = 205.2 ±
0.5 km s−1 , Vrot(2D Gaia DR2) = 217.8±0.3 km s−1 ,
Vrot(2D Gaia DR2) = 218.6 ± 0.3 km s−1 .
The Kxy-term is negative and equal to −0.80 ±

0.03mas yr−1 when using 3D Gaia DR2 data while it
diminishes in case of usage of Gaia DR2 and PMA
proper motions.
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