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We undertook a search for new nearby dwarf galaxies outside the known groups in the Local
Volume using the data on DESI Legacy Imaging Surveys. In a wide sky area of ~5000 square
degrees directed toward the Local Void, we found only 12 candidates to nearby low mass galaxies.
Almost all of them are classified as irregular or transition type dwarfs. Additionally, we examined
areas of the sky exposed with the Hyper Suprime Camera of the Subaru telescope (~700 square
degrees) and found nine more candidates to nearby dwarfs. Finally, nine candidates to the Local
Volume were selected by us from the Zaritsky's SMUDG catalog that contains 7070 ultra-diffuse
objects automatically detected in the whole area of the DESI surveys. We estimated a fraction of
quiescent dSph galaxies in the general cosmic field to be less than 10 percent.

Keywords: galaxies: dwarf galaxies

1. Introduction. According to modern ideas, the spatial distribution of galaxies
is similar to a cosmic "web", where particles (galaxies) are concentrated in filaments
and walls that encompass large cosmic voids. Groups and clusters form at the
intersection of filaments and walls [1,2]. Catalogs of groups and clusters in the
nearby universe show that about half of all galaxies are part of virialized systems
of varying populations, and about 15% more galaxies are located in larger collapsing
regions around groups, not participating in the global cosmological expansion
[3-5]. Thus, about one-third of galaxies are located in the general metagalactic field
and do not noticeably interact with each other.

General field galaxies are of particular interest because the star formation
history in them follows a different scenario than the evolution of members of
virialized systems. The most suitable object to study these differences is the Local
Volume (LV) with a radius of ~10 Mpc around the Milky Way, where observational
data on galaxies are the most complete. By now, the number of known galaxies
in this volume has approached a thousand [6] and continues to increase due to
new surveys of the sky in optical and radio bands.

Most searches for new close dwarf galaxies have been undertaken in the region
of known close groups [7-10]. This approach led to increase the statistics of the
"test particles” used to determine the virial mass of the groups, thus making a
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more complete picture of the dark matter distribution in the LV.

Searches for dwarf galaxies not bound to nearby groups have been repeatedly
undertaken [11-18]. A summary of observational data on the LV galaxies is
presented in the Updated Nearby Galaxy Catalog (UNGC, [6]) and the Local
Volume Galaxy Database [19], the latest updated version of which is available at
http://www.sao.ru/lv/lvgdb.

An obvious advantage of searching for dwarf galaxies in groups and clusters
is the ability to assign to new objects a likely distance estimate that coincides with
the group mean distance. In the general field dwarfs, their distance and total
luminosity remain uncertain until the radial velocity is measured or structural
features (e.g. globular clusters) suitable as distance indicators are found. In the LV,
the best method is to measure the distance by the luminosity of the tip of red
giant branch - TRGB. This method, used in the Hubble Space Telescope (HST)
observations, can measure the distance for any type of galaxy in the LV with an
accuracy of ~5% or ~(0.3-0.5) Mpc, allowing us to confidently separate field
galaxies against group members.

2. Searches for new dwarf galaxies in the Local Volume.

2.1. The Local Void region. The publication of DESI Legacy Imaging
Surveys [20] (http://www.legacysurvey.org/), has provided an opportunity to discover
new LV dwarf candidates over an area of ~14000 square degrees, covering about
one third of the entire sky. We have already used this survey to search for dwarf
satellites around 46 relatively massive LV galaxies [10]. This resulted in the discovery
of 67 satellite candidates for these galaxies, half of which turned out to be low surface
brightness spheroidal dwarfs (dSph) with no evidence of star formation. To search
for new dwarf galaxies in the local total field, we chose a wide region in the direction
of the Local Void, whose center according to [21] has approximate equatorial
coordinates RA ~18" | Dec ~ 0°. Our survey area covered the sky region RA>13".5,
Dec > -5°, the eastern side of which was bounded by the Milky Way band.
Additionally, we inspected the polar cap with Dec >+60°, avoiding the virial area
of the known nearby group around MS1. In the inspected direction, there is another
void Draco-Cepheus [22] with its center at a distance of 14 Mpc. A panorama of
the large-scale matter distribution in this direction is shown by [2]. In total, the
area we inspected outside the nearby groups amounts to about 5000 square degrees
or 1/3 of the DESI Legacy Imaging Surveys. In this huge area, we detected only
12 candidates for new LV dwarf galaxies. Their images are shown as a mosaic in
Fig.1, where the size of each image corresponds to 2'.

The list of detected objects is given in Table 1, whose columns contain: (1)
- galaxy name; (2) - equatorial coordinates in h, m, s and deg, ', "; (3) - a
maximum apparent galaxy diameter in arc minutes; (4) - an apparent axial ratio;
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(5) - morphological type: irregular (Irr), spheroidal (Sph), or intermediate (tran-
sition) (Tr); (6), (7) - apparent galaxy magnitudes in the FUV and NUV bands
of the GALEX Ultraviolet Sky Survey [23]; (8) - apparent magnitude of the galaxy
in the B-band; (9), (10) - apparent magnitudes in the g- and r-bands; (11) - notes
on the presence of the galaxy's structure features and close surroundings.

The total apparent g- and r-magnitudes of galaxies were taken from the
SMUDG Ultra-Diffuse Galaxy Catalog [17] or from the Legacy Survey DR9
photometric data [20]. For some low surface brightness galaxies with patchy
structure, we have made g- and r-magnitude measurements for galaxy images from
the DESI Legacy Imaging Surveys using the standard methods of processing in
the MIDAS software package from the European Southern Observatory. A typical
measurement error was about 0.10 mag. The total B-magnitude of galaxies was
determined using the ratio B=g+ 0.313(g-r) +0.227 recommended by Lupton'.
The median apparent magnitude of the detected dwarf galaxies is B ~18™ , which
at the far edge of the LV (D=10Mpc) corresponds to an absolute magnitude of
My ~-12".

All of these dwarf galaxies appear to be rather isolated objects located far away
from other known members of the Local Volume. The only exception is a very

Table 1
LV CANDIDATES OUTSIDE THE NEIGHBORING GROUPS

Name RA (2000.0) DEC a' b/a |Type| m m B g r |Notes

FUv NUV
h m s o " | arcmin mag | mag | mag | mag | mag

(&) 2 G |GG O O] 6 O |[d)]day

SMDG0956+82 [ 09 56 13.0 +82 53 24| 0.70 |0.60 | Irr | 19.64 | 19.33| 18.08 |17.75 |17.42| (1)
Dwl1155+78 |11 55 542 +78 04 44| 058 |0.73 | Tr | >23.5 - [ 19.61]19.18 |18.54 | -
Dwi1234+76 |12 34 23.3 +76 43 34| 096 |0.58 | Irr | 21.76 | 21.55| 17.9 |17.58 | - (e8]
Dw1339+39 |13 39 45.1 +39 08 09| 0.60 |0.66 | Irr | 18.65 | 18.38 | 17.68 |17.45 [17.51| (2)

SMDG1349+04 | 13 49 16.8 +04 49 05| 0.72 [0.73 | Tr | >23.5| 21.88| 18.88|18.53 |18.16 | -
Dw1459+44 |14 59 38.4 +44 40 23| 143 [0.95 |[BCD| 17.02 | 1691 | 17.07 | 16.80 |16.78 | (3)
UGC9893sat | 15 32 51.4 +46 25 55| 0.71 [0.79 | Irr | >23.5] 22.05| 20.63 {20.22 [19.62 | (4)
Dwl1533+67 |15 33 28.1 +67 45 29| 083 |046 | Irr | 19.36 | 19.06 | 17.89 [17.59 [17.35| -
Dw1559+46 | 15 59 02.6 +46 23 40| 0.60 |0.88 | Irr - - 17.19(16.90 |16.70 | (1)
Dw1645+46 |16 45 48.5 +46 47 24| 0.74 |0.67 | Irr | 19.71| 19.48 | 17.93|17.63 |17.40| (1)
Dw1709+74 |17 09 45.6 +74 10 44| 1.39 | 081 | Tr | 21.35| 20.79| 17.46|17.04 |16.43| (5)
Dwl1735+57 |17 35 34.6 +57 48 47| 0.69 |0.66 | Irr | 18.35| 18.15| 17.07 [ 16.74 [16.40| -

Notes: (1) - granulated; (2) - near a bright star; the object is located at 16' to West from
UGC 9660 that has ¥V, =608 km/s and D= 10.76 Mpc via TRGB; (3) - a compact dwarf with
an extended halo, V, =683 km/s; (4) - the object has a very low surface brightness; it is only 2’
SW from UGC9893; (5) - probably a distant dwarf.

! https.//www.sdss3.org/dr10/algorithms/sdssUBVRI Transform.php # Lupton 2005.
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Fig.1. Images of 12 new dwarf galaxies from DESI Legacy Imaging Surveys found in the Local
Void region. Each image size is 2'x 2'. North is to the top and East is to the left.

low surface brightness dwarf, UGC9893sat, which is almost in contact with another
peculiar dlrr galaxy UGC9893=1Zw115=VV720=KIG 686, which has a distance
estimate of 10.2 Mpc based on the Tully-Fisher relation between a galaxy
luminosity and its HI-line width. It is likely that these dwarf galaxies form a
physical pair at a stage close to their merger.
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2.2. HSC survey areas. Among the DESI Legacy Imaging Surveys there
is a series of sky areas exposed on the 8.5-meter Subaru telescope Hyper Suprime
Camera (HSC) with a deeper limit and higher angular resolution in comparison
with the Legacy surveys. The combined area of them is about 700 square degrees.
We inspected these regions of the sky and found 9 other LV dwarf galaxy candidates.
Their images are shown in Fig.2, where each element of the mosaic is 2' in size.
The data on these objects are compiled in Table 2, in which the column designations
are the same as in Table 1. Some individual features of the galaxies are presented
in notes to the table. Among these objects there are only two dwarf galaxies of
spheroidal type. Of them, Dw0852-0210 may be a companion of the Sc galaxy
UGC4640 having a heliocentric velocity V,=3308km/s, and Dw1229+0144 may
be a companion of the Sbc galaxy NGC4536 with V,=1807 km/s or be belong
to peripheral members of the Virgo cluster.

: SMDG1245+01 SMDG1256-00 7 Dw1416-0212
Fig.2. Images of 9 new dwarf galaxies found in areas of the Subaru telescope Hyper Suprime
Camera survey. Each image size is 2'x2'. North is to the top and East is to the left.
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Table 2

LV CANDIDATES FROM SURVEY OF HSC-FIELDS IN DESI
LEGACY IMAGING SURVEYS

Name RA (2000.0) DEC a' b/a |Type| m,,, | my, | B g r |Notes
h m s o ' "|arcmin mag | mag | mag | mag | mag
1 (2 G |GG | ©® | D] @O [10)]dD
Dw0010-0112 | 00 10 26.4 -01 12 18| 0.58 |0.61 [ Tr | >23.5 - 120.58{20.20 |[19.70 | (1)
SMDG0220-00 | 02 20 48.2 -00 27 54| 097 |083 | Tr | 22.79 | 20.90| 18.04|17.65 [17.13 | (2)
SMDG0223-02 | 02 23 18.7 -02 03 25| 0.66 |0.67 [BCD| 23.5: - 18.68 | 18.32 |17.93| (3)
Dw0852-0210 | 08 52 35.5 -02 10 41| 0.73 |0.97 | Sph | >23.5 - [20.01]19.55 [18.80| (4)

Dw1229+0144 |12 29 22.1 +01 44 17| 1.11 [0.68 | Sph | 23.49| 21.53 | 18.66 | 18.22 |17.53 | (5)
Dw1235-0215 | 12 35 53.0 -02 15 54 | 0.64 [0.82 [ Irr | 20.13] 20.04| 19.02|18.70 |18.39 | (6)
SMDG1245+01 | 12 45 52.3 +01 54 22| 0.85 |0.56 | Sph | >23.5 - | 18.01]17.61 |17.05| (7)
SMDG1256-00 | 12 56 35.8 -00 31 44 | 0.74 |0.67 | Irr | 20.28 | 19.65| 18.14 | 17.80 [17.44 | (8)
Dw1416-0212 | 14 16 38.9 -02 12 04| 0.81 [0.89 | Im | 20.47 | 19.62| 18.17 | 17.83 |17.46 | (9)

Notes: (1) - there are some cirrus in its vicinity; (2) - ¥, =4400 + 6000 km/s from [24]; (3)
- it is located at 20" to NW from UGC 1862 that has V, = 1383 km/s; (4) - very low surface
brightness; above the bright star; at 12' to W there is a galaxy UGC 4640 with V, = 3309 km/s;
(5) - in contact with a bright star, may be a member of Virgo cluster; (6) - granulated, a probable
satellite of the Sombrero galaxy; (7) - granulated; at 40’ to W there is a bright peculiar SB galaxy
NGC 4643 with 3 tight dSphs and V, = 1333 km/s (the Virgo cluster members?); (8) - probably
a peripheric member of the Virgo cluster; (9) - with a faint asymmetric envelope; not detected in
HIPASS.

2.3. Candidate dwarf galaxies of the LV from the SMUDG catalog.
The regions of the sky, where our search for new Local Volume candidates was
conducted, cover a significant part, but not the entire DESI Legacy Imaging
Surveys area. Therefore, we used data from the SMUDG catalog (Systematically
Measuring Ultra-Diffuse Galaxies, [24]) to continue our search. The latest full
version of this catalog [17] contains 7070 low surface brightness objects automati-
cally extracted from DRY9 Legacy Survey images, with the results of surface
photometry of these objects presented in the "g" and "' bands. As shown by
our analysis, along with dwarf galaxies, the catalog includes a number of fragments
of interstellar cirrus. Visual inspection of the SMUDG objects allowed us to
identify 9 dwarf galaxies that can be located at a distance D <12 Mpc. The list
of them is summarized in Table 3. The content of its columns is analogous to
the corresponding data in Tables 1 and 2. The images of these galaxies are
reproduced in Fig.3 in the same manner as in the previous figures.

Among the 9 galaxies, one, KK220=AGC232003 has a radial velocity measure-
ment, V, =776 £ 6km/s, which allows us to estimate the galaxy distance
D=11.1 Mpc based on the Numerical Action Method model (NAM, [25]).



NEW DWARF GALAXIES OUTSIDE THE NEARBY GROUPS 477

According to the table annotations, two dSph galaxies are well-isolated objects, while
the other two dSphs may be members of more distant systems outside the LV.

3. The problem of distance estimation for dSph galaxies. Dwarf
dIrr- and BCD-galaxies rich in gas and with active star formation are easy targets
for measuring their radial velocity both in the optical and radio ranges. The
situation with determination of the radial velocity in dwarfs of spheroidal and
transitional (Tr) types is much more complicated. The absence of star formation
sites as well as appreciable amount of neutral hydrogen makes it almost impossible
to measure the velocity of a galaxy. In nearby dSph objects, it is sometimes
possible to determine the optical velocity in the presence of a globular cluster or
planetary nebula in the galaxy.

There is a dependence between the absolute magnitude of dSph-galaxy and
its average surface brightness

SB =(1/3)M z+ const,
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Table 3

LV CANDIDATES FROM ZARITSKY+2023 CATALOG OF
ULTRA-DIFFUSE GALAXIES

Name RA (2000.0) DEC a' b/a |Type| m,,, | my, | B g r |Notes
homos ° ' " larcmin mag | mag | mag | mag | mag
1 (2 G |G| O (6) @ | ® | O |10 | (1D
SMDG0740+40 |07 40 23.0 +40 32 56| 0.48 |0.63 | Irr 21.46 - 19.27 | 18.87 [18.30 | (1)
SMDGI1017-05 {10 17 16.3 -0529 53| 0.69 |0.72 | Sph | >23.5| - |[19.17|18.75 |18.13| (2)
SMDG1103+60 |11 03 56.4 +60 29 53| 043 |0.64 | Irr - - [ 19.48]19.16 |18.88 | -
SMDGI1110+18 |11 10 55.0 +18 58 52| 0.63 |0.83 | Sph | >23.5 - | 18.53(18.14 |17.61| (2)

SMDG1221+28 |12 21 49.7 +28 31 12| 047 |0.74 | Sph | >23.5 - | 19.35|18.95 |18.39| (3)
SMDG1241+35 (12 41 11.0 +35 11 46| 0.73 | 092 | Irr | 21.80 | 21.08 | 18.90 | 18.53 |18.09 | -
SMDG1250+07 |12 50 26.9 +07 44 35| 1.33 [0.54 | Sph | >23.5 - | 17.99(17.53 |16.78 | (4)
SMDG1345+33 |13 45 11.0 +33 11 31| 043 |0.86 | Irr | >23.5|22.47|19.10|18.71 | 182 | (5)
KK220=A232003(13 47 36.5 +33 12 22| L.11 |093 | Im | 18.92 | 18.07 | 16.38|16.02 [15.59 | (6)

Notes: (1) - at 30" to S there is DDO 46 with D=10.38 Mpc via TRGB; (2) - an isolated
dSph; (3) - may be a satellite of NGC 4251 with V, = 1066 km/s or NGC 4278 with V, = 649
km/s and D=16.07 Mpc via sbf; (4) - granulated; in the Virgo cluster?; (5) - a probable pair with
the KK 220; (6) - It has V,=776 km/s, W= 19km/s and m, =17.1 mag, D=11.1 Mpc via NAM
method.

which reflects the approximate constancy of the mean spatial stellar density in
galaxies [26]. This relation can be used to estimate roughly the distance to a Sph
or Tr type galaxy. However, a scatter in the diagram {M vs. SB} is quite large,
which produces significant errors in the distance estimates. For example, about
a dozen dSph galaxies were found in the nearby (D = 6.9 Mpc) group around
the luminous Sc galaxy M101, which were thought to be members of this group
[27]. However, the HST observations of these galaxies have disproved this naive
assumption. These low surface brightness galaxies turned out to be members of
more distant groups at distances of D ~ 28 Mpc. A similar situation happened with
dSph galaxies: KKR08, KDG218, KDG229, where the HST observations did not
confirm their belonging to the LV.

Looking through large portions of the sky in Legacy Imaging Surveys, we have
found many cases where very low surface brightness tidal structures are seen around
a bright host galaxy. They are usually similar in size and brightness contrast to
isolated ultra-diffuse dwarf galaxies. The tidal nature of such semi-detached dwarfs
is quite obvious. In Table 4, we present a few examples where it is difficult to
make the distinction between clumps in tidal structures and detached dSph
galaxies. The table contains the name of the bright galaxy, its equatorial coor-
dinates in degrees, the galaxy redshift, and the characteristic angular size of the
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field in which neighboring dwarfs and tidal structures are visible.

Two fields around the galaxies NGC4643 and NGC5557 are presented in
Fig.4. The low-contrast structures on them are marked with dashed ellipses. In
the case of NGC4643, the dSph galaxy SMUDG1245+01 shown in Table 2 is
located ~40' East of NGC4643, i.e. outside the image frame. The three noted
clumps (or detached spheroidal dwarfs?) bear a strong resemblance to
SMUDG1245+01. The tidal structures around NGC5557 are barely distinguishable
from usual ultra-diffuse dwarf galaxies. These faint objects near NGC5557 are also
well seen in the deep image obtained by [28]. Other examples of similar structures
found in Legacy Imaging Surveys have been demonstrated recently by [29].

© NGC 5557

Fig.4. Images of the nearby bright galaxies: NGC 4643 (upper panel) and NGC 5557 (bottom
Panel) with low surface brightness objects around them indicated by dashed ellipses. The size of the
images are 12'x 10' for NGC 4643 and 28'x 15" for NGC 5557.
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Table 4
BORDERLINE CASES OF SEMI-SEPARATED TIDAL
DWARF GALAXIES
Name RA (2000.0) DEC Z Field size
degr degr arcmin
NGC 4643 190.834 +01.978 0.0044 12
PGC 049168 207.751 +36.954 0.0174 6
NGC 5363 209.030 +05.255 0.0038 20
NGC 5557 214.607 +36.494 0.0107 28
UGC 9386 218.720 +40.748 0.0190 6
NGC 5754 221.332 +38.731 0.0147 8
IC 1069 222.694 +54.411 0.0376 6
PGC 055442 233.454 +21.136 0.0234 6
NGC 5971 233.904 +56.462 0.0112 6
NGC 6020 239.284 +22.405 0.0144 8
PGC 2308494 248.470 +47.998 0.0354 6

4. Discussion and conclusion. Our experience with the search for new
nearby dwarf galaxies in regions of the sky outside of close groups has led us to
conclude that the efficiency of this hunt is low. For instance, our search for new
members in 46 LV groups undertaken with DESI Legacy Imaging Surveys found
67 probable members of these groups over a total area of 280 square degrees [10].
Performing a survey of the broad vicinity of the Local Void on the same material
and in the same manner, we found only 12 Local Volume candidates over an
area of about 5000 square degrees. The effectiveness of searches in the general
field, outside the groups, turns out to be two orders of magnitude lower than that
in the groups themselves. This is consistent with the well-known fact that the
slope of the galaxy luminosity function at its faint end is much smaller for field
galaxies than for members of groups and clusters [30].

The population of the general field and cosmic voids is dominated by dwarf
galaxies richer in gas and with a more active star formation rate [31]. According
to our data presented in Tables 1-3, quiescent dSph galaxies account for a quarter
of the total. Some of them may turn out to be members of the nearby Virgo cluster.
However, the examples of dSph galaxies SMUDG1017-05 and SMUDGI1110+18
suggest that a small percentage of dwarf spheroidal galaxies may be well-isolated
objects. In the vicinity of the Local Group, the dSph galaxies KKR25 and KKs3
locate at a distance of ~2 Mpc from the Milky Way, i.e. well beyond the virial
radius of the Local Group [32,33]. Investigating the distribution of dwarf satellites
around massive Milky Way-type LV galaxies, [34] found that the fraction of dSph
dwarfs among satellites with K-band luminosity L/Lg >10" decreases with the
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projected distance from the host galaxy Rp according to the exponential law
q(Rp): 0.75 exp(— R, /350 kpc).

Then outside the radius of the zero-velocity sphere of a typical nearby group
(R, =1.0 Mpc), i.e., in the general expanding field, the relative number of quiescent
dSph dwarfs is about 5%. The presence of two definitely isolated dSph galaxies
among the 28 ones found in our survey agrees well with the above estimate.

It is interesting to note, that Park et al, [35] performed measurements of
satellite radial velocities around isolated massive early-type galaxies and found a
lack of faint satellites with absolute magnitudes M fainter than -14.0 mag. This
effect, if confirmed on large statistics, can be caused by a peculiarity of the
dynamical evolution of isolated elliptical galaxies.

Finally, we note a planned photometric survey of the sky with small-aperture
telescopes of The Dragonfly Telephoto Array [36]. The authors expect to find a
lot of new dwarf galaxies in the general field. They estimate that the number of
new dwarfs in the LV up to the surface brightness limit of ~30 magarcsec’ could
reach ~0.1 per square degree or N~ 10’ across the entire sky.
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ITOUCK HOBbIX KAPJIMKOBbLIX T'AJIAKTHUK BHE
BJIN3KUX T'PVYIIIT

N.I.KAPAYEHLEB!, B.E.KAPAYEHLIEBA?, C.C.KAICUH!,
E.N.KANCHUHA!

Hcnonn3ysa nganHbie 063opa DESI Legacy Imaging Surveys, MBI TIpeaIIpUHSIIA
MOUCK HOBBIX OJIM3KUX KapJIUKOBBIX TaJJaAKTUK BHE M3BECTHBIX rpyIin B MecTHOM
O6beme. B obmmpHoO#t obnactu Heba ruioiaabio npuMepHo 5000 KBaapaTHBIX
rpaaycoB, HampaBlIeHHO K MectHoMy Boiimy, Mbl HallUIM TONbKO 12 KaHIMIATOB
B OJIM3KME rajakTUKU HU3KOM Macchl. Bce oHM KiaccuduumpoBaHbl Kak Uppery-
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JISpHbIe JIMOO KapJWMKM TMepeXOoaHoro Tuma. JlomoJHUTeIbHO MBI OOCIeAoBaIU
IIolaau Heba, cHsAThIe TeneckoroM Cybapy ¢ kamepoit Hyper Suprime Camera
(oxkoso 700 KB.Tpaz.) ¥ OOHAPYXUIU €lle AeBATh KaHAWAATOB B OJM3KUE KapJIMKHU.
Hakonen, 9 kanauaaToB B MecTHblii O0beM ObLIM OTOOpaHbI HAMM M3 KaTajiora
3apuukoro (SMUDG), kotopslit cogepxut 7070 yabrpa-aud@y3HbIXx 00bEKTOB,
HalJEHHBIX aBTOMaTUYeCKW Ha Bceil ruiolaau o63opa DESI. Mbl olieHuBaem
oo "crnmokoiMHBIX" dSph rajgakTmk B oOlIeM KOCMHUYECKOM ITojie He Oosee 10
MPOLICHTOB.
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We performed the first photometric study of the CSS J003106.8+313347 W Ursae Majoris
(WUMa)-type system based on ground-based observations. We extracted times of minima from our
observations and proposed a linear ephemeris based on the increasing incline of the orbital period
using a Markov chain Monte Carlo (MCMC) approach. The PHOEBE Python code and the
MCMC approach were used for the light curve analysis. This system did not need starspots for the
light curve analysis. Mass ratio, fillout factor, and inclination were obtained as 0.699, 0.322, and
60°.6 respectively. We also estimated the absolute parameters of the system using the Gaia DR3
parallax. Therefore, the masses, radii, and luminosities have been determined to be M, = 1.675,
M,=1.171, R =1292, R,=1.097, L =1.348, and L,= 1.221. The orbital angular momentum J;
of the CSS J003106.8+313347 illustrates that this system is located in a region of contact binaries.
The positions of the primary and secondary components on the Hertzsprung-Russell (HR) diagram
are depicted.

Keywords: techniques: photometric - stars: binaries: eclipsing - stars: individual

(CSS J003106.8+313347)

1. Introduction. W UMa-type binary systems (EWSs) variable stars are short
orbital period eclipsing binaries in which both the primary and secondary
components have filled their Roche lobes. Therefore, these systems are exchanging
mass and energy with each other. W UMa-type systems play a substantial role
in studying the physical characteristics of stars and their evolution [1-6].

The CSS J003106.8+313347 eclipsing binary system has an apparent mag-
nitude of V' = 14.73 and is located in the northern hemisphere with coordinates
R.A. =00°31'06".8257 (J2000) and Dec. = +31°33'47".1867 (J2000). Both the
magnitudes and coordinates are from the Simbad' database. The system is inserted
as an EW type in the VSX* database with an orbital period of 0.343666 days.

We have presented a new ephemeris, analyzed the light curve, and also
estimated the absolute parameters of the system based on the Gaia DR3 parallax
method. The paper is arranged in the following sections: In Section 2, the details
of photometric observations and the data reduction method are given. Section 3

! http://simbad.u-strasbg.fr/simbad/
2 https;//www.aavso.org/vsx/
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presents the minima extracted in this study and the new ephemeris of the CSS
J003106.8+313347 system. The photometric light curve solutions and estimation
of the absolute parameters of the system are propounded in Section 4. Finally,
Section 5 includes the conclusion.

2. Observation and data reduction. We have done the observation in
a private observatory located in Toulon, France, at a longitude of 05°54'35" E and
a latitude of 43°8'59" N, and an altitude of 68 meters above mean sea level. The
system was observed on two nights on September 30, 2022, and November 5,
2022, with an apochromatic refractor TS optics with a 102 mm aperture (520 mm
focal length), and a ZWO ASI 1600MM CCD with a V standard filter. A total
of 293 images were taken, each of which was 1x1 binned with a 110-second
exposure time. The average CCD temperature during observations was -15° C.

Gaia DR3 2859621459407078912 star at coordinates R.A.=00°32'8".56 (J2000)
and Dec.= +31°42'54".1 (J2000) with a magnitude of 14.613, and Gaia DR3
2859715467651208320 star at coordinates R.A.=00°32'19".43 (J2000) and Dec.=
+31°45'40".3 (J2000) with a magnitude of 14.391 have been considered compari-
son and check stars, respectively. Both the magnitudes and coordinates are from
the Simbad database.

The basic data reduction was carried out for the bias, dark, and flat fields of
each CCD image with Muniwin (v2.1.32). Finally, we normalized all data using
the Astrolmage] software [7].

3. New ephemeris. We extracted one primary and two secondary minima,
from our observations with a Gaussian function using a Python code (Table 1).
Also, there is just one mid-eclipse time for CSS J003106.8+313347 in the
literature that we could find. All times of minima have been specified in
Barycentric Julian Date in Barycentric Dynamical Time (BJD, ;). We determined
the variations between the Observed mid-eclipse times from their Calculated values
(O-C). The mid-eclipse timings 7, and orbital periods P used for this were taken
from the ASAS-SN catalog [8] and were 2457761.72387 (BJD,,,,) and 0.3436651¢,
respectively. The O-C diagram of the system is shown in Fig.1. Due to the small

Table 1
AVAILABLE TIMES OF MINIMA FOR CSS J003106.8+313347
Min.(BJD ;) Error Epoch 0-C Reference
2457761.72387 0 0 (8]
2459853.45562 0.00068 6086.5 0.01412 This study
2459889.36797 0.00187 6191 0.01346 This study
2459889.53669 0.00146 6191.5 0.01036 This study
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Fig.1. Left: The O-C diagram of the eclipsing binary with a linear (black line) model. The
shaded regions show the model parameters' 68th percentile values, while the curve represents their
median values. Right: the MCMC-obtained corner plot.

number of minima, only a linear fit was carried out on O-C values. Finally, we
used the Python PyMC3 package to calculate a new ephemeris based on the
MCMC method [9]. The MCMC sampling was performed using 20 walkers, 10000
iterations for each walker, and a 1000 burn-in period. The new ephemeris obtained
from Eq. (1):

BID s (Min. 1) =2457761.72387(1)+ 0.3436673(1) E , (1)

where F is the integer number of orbital cycles after the reference mid-eclipse
time.

4. Light curve analysis. Light curve analysis of the CSS J003106.8+313347
system has been carried out with the PHOEBE 2.4.7 version and the MCMC
approach [10]. The Gaia DR3 temperature was considered as the effective
temperature of the secondary component according to the morphology of the light
curve. The gravity-darkening coefficients and the bolometric albedo were assumed
to be g =g,=0.32 [11] and A =A,=0.5 [12], respectively. The Castelli, Kurucz
[13] method was used to model the stellar atmosphere and the limb darkening
coefficients were adopted as a free parameter in the PHOEBE. Since radial velocity
studies have not been performed on this system, the main challenge was to
estimate the mass ratio of the system. So, we performed g-search for different
values of inclination /, and fillout factor f. The acquired value has been used as
the initial value of the parameters in the MCMC process. Due to the symmetry
of the maxima in the light curve, there was no need to apply starspots for the
light curve solution. After applying a proper visual fitting to the light curve with
the initial parameters, we used PHOEBE's optimization tool to improve the
theoretical fit. Finally, considering a normal Gaussian distribution in the range



488 E.PAKI ET AL.
Table 2
PHOTOMETRIC SOLUTION OF CSS J003106.8+313347

Parameter Result

T, (K) 5477

T, (K) 57987121

g=M/M, 0.699°

0 =0, 3.11(13)

i° 60.6"3

f 0.322*3%

W1, 0.509"5,

L/, 0.49175,

"\ (mean) 0.439(12)

"y mean) 0.377(14)

Phase shift 0.044(1)

of solutions for inclination, mass ratio, fillout factor, effective temperature for
primary and secondary components, and the luminosity of primary, we extracted
the final values of the parameters along with their uncertainties using MCMC
method based on the emcee package in PHOEBE [14]. The light curve solution
results are listed in Table 2. We did MCMC processing with 48 walkers and 500
iterations for each walker. The corner plots and final synthetic light curve was
shown in Fig.2 and Fig.3 respectively. Fig.4 displays the component positions for
four different phases of an orbital period. In Fig.4, PHOEBE sets the colors based
on the star's surface temperature; therefore, the brighter the color, the higher the
temperature; also the connection point of the component stars has a lower
temperature due to the gravity darkening [15].

5. Absolute parameters. The Gaia DR3 parallax method was used for
estimating absolute parameters [16]. We utilized V, =14.88 £0.1 from the ASAS-
SN catalog, the extinction coefficient 4, =0.155 from the Schlafly & Finkbeiner
[17] study and the system's distance d= 1512 £66 (pc) from Gaia DR3. The
absolute magnitude M, of the system and subsequently the absolute magnitude
for the primary and secondary components was calculated by Eq. (2) and (3).

M, =V—-5logd+5- A, (2)

l
M y12)= M y(10) = —2- SIOg% ) 3)
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Fig.2. The corner plots of the system were determined by MCMC modeling.

The bolometric magnitude M, , of each component of the binary was obtained
by Eq. (4).

M,,, =M, +BC, (C))
where the bolometric correction for the primary and secondary components
BC =-0.144+£0.027 and BC,=-0.077 £0.014 were derived as a function of the
effective temperature of the stars [18]. The luminosity and radius of primary and
secondary, L, ., R, ., and separation between the center of mass of the components

1,22 711,22

were calculated by the following Eq. (5), (6) and (7):

L
Mbol_Mbol® =—2.510gL— (5)

®
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I 12
k= (47:0T4 j ©)

R

a=
7

(7)

In addition, having mass ratio from the results of light curve analysis, the mass

of each component was obtained by the well-known Kepler's third law Eq. (8).
The surface gravity was determined by Eq. (9). All characterized absolute param-
eters were given in Table 3. It should be noted that the average is used if the

absolute parameters' uncertainties have different upper and lower limits.
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Fig.3. The observed light curve of the system (black dots); and the synthetic light curve was
obtained from the light curve solution in the V filter. The orbital phase was retained but the relative

flux shifted arbitrarily.
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a’ P?
G(M+ M) 4n? ®
g=GM/R?). ©
Table 3
THE ABSOLUTE PARAMETERS OF THE CSS J003106.8+313347
SYSTEM IN THE ORDER OF ESTIMATES OF PARAMETERS
Parameter Primary Secondary
M, (mag.) 4.560(43) 4.600(45)
M, , (mag.) 4.416(70) 4.523(59)
L/Lg 1.348(88) 1.221(66)
R/Rg 1.292(95) 1.097(60)
a (Ry) 2.926(93)
M/ M, 1.675(94) 1.171(176)
log g (cgs) 4.440(88) 4.426(112)
2
1
0
-1
-2
2
1
0
-1
-2
-3 -2 -1 0 1 2 3 —5’, 2 -1 0 1 2 3

u[R,] u[Rg]
Fig.4. 3D representations of the CSS J003106.8+313347 system based on the light curve solution.
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6. Conclusion. The CSS J003106.8+313347 system was observed for two
nights at an observatory in southern France. The times of minima were extracted
from the observational light curves. The epoch and O-C values were calculated
based on the reference ephemeris, and a linear fitting was applied. Therefore, we
presented a new ephemeris, and it can be seen that there is an incremental linear
fit in the O-C diagram. The light curve analysis of the system was performed
using the PHOEBE Python code. Based on the observational parameters and the
light curve solution, the absolute parameters of the system were estimated.
According to the light curve solution, the secondary star is hotter than the primary
star by 321 K. Stars' temperatures represent that the primary and secondary spectral
types are G8 and G35, respectively [19]. The position of each of the primary and
secondary components, as well as two systems from the literature, AH Mic from
the Poro et al. [20] study and NR Cam from the Tavakkoli, Hasanzadeh, & Poro
[21] study, has been determined in the HR diagram (Fig.5). The HR diagram
shows that the primary component is above the Terminal-Age Main Sequence
(TAMS) and the secondary star is between the Zero-Age Main Sequence (ZAMS)
and TAMS which is consistent with the binary stars' evolution theories.

The orbital angular momentum of the system is 52.08 £0.04. This result is
based on the equation presented by Eker et al. [22] as follows:

~. == TAMS
1.5 1 ~. — ZAMS
' ‘N, @ (CSS)003106.8+313347 Primary

€ (CSS)003106.8+313347 Secondary
. -9 The primary stars of studies [20,21]
1.0 1 N -9~ The secondary stars of studies[20,21]

051
AN
-
(@)
Ke)

0.0 1

-0.5 1

-1.0 4

3.9 3.8 3.7 3.6
IogTeff

Fig.5. The positions of the primary and secondary components on the HR diagram in which
the theoretical ZAMS and TAMS curves are indicated for the CSS J003106.8+313347 system as
well as two systems from literature.



FIRST PHOTOMETRIC STUDY OF CSS J003106.8+313347 493

9 5 G_z
(1+q) V2r
where ¢ is the mass ratio, M is the total mass of the system, P is the orbital
period, and G is the gravitational constant. The logJ/, -logM diagram illustrates the
orbital angular momentum of the CSS J003106.8+313347 in a contact binary
systems region (Fig.6).

According to the light curve solution and the estimation of the absolute

parameters of the CSS J003106.8+313347, it can be concluded that this system
is an overcontact binary.

Jo

M°P, (10)

53.5
= Eker et al. (2006)
@ (CS5)003106.8+313347
4 Other binary systems
53.0
52.5 1
S 520+ R
L o
51.5
51.0 1
50.5 T T T T T T
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8

logM/M_

Fig.6. The positions of the CSS J003106.8+313347 on the logJ, - logM diagram as well as two
contact systems from literature.
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ITEPBOE ®OTOMETPUYECKOE MCCIENOBAHHWE
JIBOMHOUN CUCTEMDbI CSS J003106.8+313347

B.JTAKHN!, C.BOJAP?, A.IIOPO?

IIpoBenenHo mepBoe hoToMeTpudeckoe mccieaopanue cucreMbl CSS J003106.8+
313347 tuna W Ursae Majoris (W UMa) Ha ocHOBe Ha3eMHbIX HaOmoaeHuil. 13
HalllMX HaOMIOAEeHUI M3BJIeUeHbl BpeMeHa MUHUMYMOB M, UCHOJb3ys MeTon Map-
KoBckoi 1enu Monte-Kapio (MCMC), npennoxeHa JuHelHas 3gemepuna Ha
OCHOBE yBEJIMUEHUsI HaKJIOHa OpOUTAILHOTO nepuona. st aHamum3a KpuBbIX O1ecka
ucnonn3oBaicss kog PHOEBE Python m meton MCMC. dnsa aHanv3a gaHHON
CHUCTEMbI He MOTPeOOBaNIOCh YUUThIBATh 3Be3AHbIC MsATHA. [lomydeHbl OTHOILLIGHUE
Macc, (pakTop 3armoyHeHUs 1 HakJIoH, paBHbie 0.699, 0.322 1 60°.6 COOTBETCTBEHHO.
OLieHeHbI TakKe aOCOJIOTHBIE TapaMeTpbl CHUCTEMbI C MCIOJIb30BaHMEM MeToaa
napautakcoB Gaia DR3. TakuM o0pa3oM, Macchl, paInychl M1 CBETUMOCTH COCTABMIIA
M =1.675, M,=1.171, R =1292, R,=1.097, L, =1348 n L,=1.221. Op6u-
TajabHbIA MoMeHT ummyibca (J) CSS J003106.8+313347 mnokasbiBaeT, 4TO 3Ta
CUCTeMa HaXOAMUTCSI B 00JIaCTM KOHTAKTHBIX ABOMHBIX 3Be3l. [1omoxeH s TepBUYHbBIX
1 BTOPMUYHBIX KOMIIOHEHTOB M300paxkeHbl Ha auarpamme IepuimpyHra-Paccena (HR).

KiroueBble cioBa: mexuuxa: oomomempus - 36e30bi: 080UHbIC: 3AMMEHHbBIE - 36€30bL:
unousuoyanvivie (CSS J003106.8+313347)

REFERENCES

1. D.H Bradstreet, E.F.Guinan, ASPC, 56, 228, 1994.

2. S.Qian, Mon. Not. Roy. Astron. Soc., 342, 1260, 2003. doi:10.1046/j.1365-
8711.2003.06627 .x.

3. K. Yakut, P.P.Eggleton, Astrophys. J., 629, 1055, 2005. doi:10.1086/431300.

4. L.Li, F.Zhang, Z Han et al., Astrophys. J., 662, 596, 2007. doi:10.1086/5179009.

5. Z.Eker, O.Demircan, S.Bilir, Mon. Not. Roy. Astron. Soc., 386, 1756, 2008.
doi:10.1111/j.1365-2966.2008.13155.x.

6. P.P.Eggleton, JASS, 29, 145, 2012. doi:10.5140/JASS.2012.29.2.145.

7. K.A.Collins, J.F.Kielkopf, K.G.Stassun et al., Astron. J., 153, 77, 2017.
doi:10.3847/1538-3881/153/2/77.

8. T.Jayasinghe, K.Z.Stanek, C.S.Kochanek et al., Mon. Not. Roy. Astron. Soc.,
486, 1907, 2019. doi:10.1093/mnras/stz844.

9. J.Salvatier, T.V.Wieckia, C.Fonnesbeck, ascl.soft. ascl:1610.016, 2016.



10.
11.
12.
13.
14.
15.
16.

17.

18.
19.

20.

21.

22.

FIRST PHOTOMETRIC STUDY OF CSS J003106.8+313347 495

K.FE.Conroy, A.Kochoska, D.Hey et al., Astrophys. J. Suppl.,, 250, 34, 2020.
doi:10.3847/1538-4365/abb4e?2

L.B.Lucy, ZA, 65, 89, 1967.

S.M. Rucinski, AcA, 19, 245, 1969.

F.Castelli, R.L.Kurucz, Astron. Astrophys., 419, 725, 2004. doi:10.1051/0004-
6361:20040079.

D.W.Hogg, D.Foreman-Mackey, Astrophys. J. Suppl., 236, 11, 2018. doi:10.3847/
1538-4365/aab76e.

A.Prsa, K E.Conroy, M.Horvat et al., Astrophys. J. Suppl., 227, 29, 2016.
doi:10.3847/1538-4365/227/2/29.

A.Poro, S.Sarabi, S.Zamanpour, Mon. Not. Roy. Astron. Soc., 510, 5315,
2022. doi:10.1093/mnras/stab3775.

E.F.Schlafly, D.P.Finkbeiner, Astrophys. J., 737, 103, 2011. doi:10.1088/0004-
637X/737/2/103.

P.J.Flower, Astrophys. J., 469, 355, 1996. doi:10.1086/177785.

Z.Eker, V.Bakis, S.Bilir et al., Mon. Not. Roy. Astron. Soc., 479, 5491, 2018.
doi:10.1093/mnras/sty1834.

A.Poro, M.G.Blackford, S.R.Salehian et al., RAA, 22, 055020, 2022. doi:10.1088/
1674-4527/ac6417.

F.Tavakkoli, A.Hasanzadeh, A.Poro, NewA, 37, 64, 2015. doi:10.1016/
j.newast.2014.12.004.

Z.Eker, O.Demircan, S.Bilir et al., Mon. Not. Roy. Astron. Soc., 373, 1483,
2006. doi:10.1111/j.1365-2966.2006.11073.x.



ACTPODODMUMI3INUKA

TOM 66 HOABPb, 2023 BbITTYCK 4

DOI: 10.54503/0571-7132-2023.66.4-497

I[TOTEPA MACCBHI ATMOCO®EPHI TTJIAHETHI
WASP-193 b

N.C.CABAHOB

IMoctymma 13 aBrycra 2023
IMpunsara x meuatu 28 Hos6ps 2023

IpencraBneHbl pe3ysbTaThl aHadM3a MPOSIBJICHUI akTUBHOCTM 3Be3nbl WASP-193 criekr-
panbHoOro kinacca F9 ¢ mnaneroit Tmma cynep-HentyH. [asoBblii rurant WASP-193 b npu macce
0.13 maccol lOnurepa mouty B mostopa pasa Oojibllie Hero mo paavycy. IliaHera vMMmeeT HU3KYIO
miotHocTh p = 0.059+£0.014 r/cM’ (aHATOrMYHBIM 0oObeKTOM sBistercst Kepler 51 d, umcno mpyrux
TaKMX 3K30IUIaHeT Majio). PaBHoBecHast Temmeparypa atMocdepbl IJIaHEThl BBICOKA - Teq= 1254 +
31 K. TTosyyeHHble pe3ysabTaTbl U3YUeHUsI aKTUBHOCTM 3BE3/IbI MCIOJIL30BAHbI Ul OLICHKU TOTepU
BeuiecTBa atMocdepsl riaHeTsl WASP-193 b no annpokcumaliMoHHO# ¢GhopMylie, COOTBETCTBYIOLIEH
MoJeau TmoTepu arMocdepbl ¢ orpaHuYeHueM Mo 3Hepruu. OLIeHKM BeJnuMHbl nortoka XUV-
(oToHOB F,,,, ObLIM YCTAHOBJIEHBI MO AHAJIMTUYECKOM 3aBUCUMOCTH, CBsI3bIBatolIel F,, U mapameTp

xuv xuv

logR',, 1151 3Be3]1 CMeKTPpaIbHbIX K1accoB F - M. PacueTsl mokasaiu, 4To noTeps BELIECTBA aTMOC(hEPLI

9K30IUIaHEThl JJOCTATOYHO BeJIMKA (Iaxe B cliydae Mayioil XpoMoc(hepHOil aKTUBHOCTH €€ POAUTEILCKOM
3Be3abl). JlManasoH M3MEHEHMI MapameTpa M cocrapiser or 1.8-10" r/c no 4.3 10" r/c B
3aBUCUMOCTM OT TpUHUMaeMoro ypoBHsi motoka XUV-¢hoTOHOB (BbICOKasi M HU3Kasi aKTUBHOCTD).
BeposiTHO, 4TO TIaHEeTa MHTEHCUBHO TepsieT cBowo atMocdepy. WASP-193 b MoxHO paccmarpuBaTh
B KauecTBe BBICOKOTIPUOPUTETHOTO KaHIMaTa Ui HaOMIOAEHUI C IMOMOIIbIO KOCMMUYECKUX MUCCHI
(MeTprKa TPaHCMMCCUOHHOM criekTpockonuu TSM s oOGbekTa coctaBisgeT okosio 600).
KitroueBble clIOBa: 38e30bl: AKMUGHOCMb: NAAHEMHble CUCHEMbl: amjwocd)epbt

IK30n1aHem

1. Beéedenue. T'a30Bble IUIAHETHI - TUTAHTHI, OOPAILAIOILIUECI OKOJIO SIPKUX
OnMBIeXaIMX 3Be3, SBISIIOTCS BAXKHBIMUA OOBEKTaMU IS TOHUMAaHMST MEXaHU3MOB
(opMUpoBaHUS TIJIAHETHBIX CUCTEM W UX 3BOJIOLMU. ABTOphI [1] coobiuau oo
OTKPBITUU IUIAHETHI TUIA cynep-HenTyH WASP-193 b. Dra mnaHeTa Kaxnabie 6.25
CyT coBeplIaeT 000pOT BOKPYT 3Be3lbl CIiekTpajibHOoro kiacca F9 V. O6namas
maccoit M=0.139+£0.029 M, u pannycom R= 1.464 £0.058 R, WASP-193 b
MIMeeT Ype3BbYaifHO HU3KYIO MIOTHOCTH p =0.059+0.014 r/cM’. O6HapyXeHue
MJIaHEeThl ObUIO HE3aBUCHUMO TOATBEPXKAECHO (POTOMETPUUYECKUMU METOIAMM C
nomolbio Teneckona TRAPPISTSouth, TeneckonoB SPECULOOS-South 1 muccun
TESS, a Takke CHEKTpPOCKONMYECKMMM METOIAMU C IIOMOILBIO CIEKTporpacgoB
ESO-3.6-m/HARPS u Euler-1.2-m/CORALIE. B coBOKymHOCTH, BCIEICTBUE
3HAYUTETLHON TTyOMHBI TPAH3UTOB (TTopsinKa 1.4%), 4pe3BbIMaitHO HU3KOM TUIOTHOCTH,
BBICOKOI paBHOBECHOI Temrieparypsl (7, .= 1254 = 31 K) u 3HaunTenbHOU MHGpa-
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KpacHO# SIPKOCTM 3Be3[bl (3Be3qHasl BeJIMUMHA Kmag= 10.7), WASP-193 b moxHO
paccMaTpuBaTh B Ka4eCTBE BBICOKONPUOPUTETHOTO KaHAMIATa ISl HAOMIOACHUN C
MOMOLIBI0 KocMuueckoro teseckona JWST (MeTprka TpaHCMUCCUOHHOM CHEKTPO-
ckornmu (transmission spectroscopy metric) TSM  mis o6bekTa cocTaBisteT okono 600).

B nHacrosieli pabote mpeacTaBieHbl pe3yJbTaThl OLIEHKM MOTEPU BeElleCTBA
arMocdepnl TaHeTel WASP-193 b.

2. 36e3da naamemuoti cucmemvt. WASP-193. 3Besma WASP-193
u3BecTHa Kak TYC 6647-516-1, TIC 49043968, 2MASS J10572385-2959497,
APASS 12993266, TOI-6275, UCAC4 301-065411, WISE J105723.80-295949.7.
O6nekr WASP-193 oroxaecrsien ¢ ncrounnkoM Gaia EDR3 5453063823882876032,
€ro mapajuiakc cocrapisieT n (mas)=2.6475+0.0152. 3Be3na mManousydeHa, 3TO
TOT peAKMUi ciydyaii, Korga B 6aze gJaHHBIX Simbad He COAEPXUTCS HU €NMHOMN
CCBUIKM Ha JINTePaTYPHBI UCTOYHUK, B KOTOPOM OBl IMMPWBOIMINCH CBEACHUS O
3Be3ne (kpome KarayoroB GAIA, TESS u myonukanuu [1]). Tak yro nepeyucieHHble
HaMU HUXe CBOMCTBA 3BE3/bl MIPUBOISITCS COTJIACHO TaHHBIM, YKa3aHHBIMU B [1]
(Tabm.1).

Cormacno [1], addexrrBHasa temneparypa 38e31b1 pasHa 6080+ 98 K, yckopeHne
cubl Tsokeetn logg=4.1£0.1, panuyc R/Rg =1.235+0.027 , cBeTuMOocTh L/Lg =
=1.87%0.18 u macca M/Mg =1.068+0.066. Bospact 3Be3zibl 10 ABYM He3aBH-
cuMbIM oruieHKaMm [1] cocrapnsier 4.4+ 1.9 u 6.6 £ 2.4 ipa. jer, T.e. B J1I0O60M

HopmanbHbIi noTok

0.985 |-
L F

3015 3020 3025 3030
BJD-2454833

.
| Y PR ||

3035 3040

Puc.1. Kpusas 6necka mist WASP-193. [laHHble NpUBeneHbI Is1 HaOI0neHUd B ceKTope 63.
CaeT/ible CUMMBOJIBI COOTBETCTBYIOT JaHHBIM HabmoneHuit SAP_FLUX, TeMHble CHMMBOJIBI ILTIOC
- PDCSAP_FLUX.
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cydae 3Be3da He SIBISIETCSI MOJIOJOM, CKOpee ee BO3pacT COMOCTaBUM C BO3PacTOM
ConHua.

B apxue TESS mis WASP-193 noctynHbl AaHHbBIE TOJBKO OJHOTO CeTa
HaOmoneHuit - 63. O6paboTka ObUIa aHAJOrMYHA MPOBOIMMON paHee B ciaydae
U3MEPEeHUI ISl IPpYTUX 00beKTOB U3 apXMBOB KOCMUYECKOro Tejeckomna Kerep
u muccuu TESS (cM., Hanpumep, [2]). Ha puc.l npeacraBneHa KpuBas Oiecka
WASP-193 1o HabGmomeHusM B cekTope 63. TemHBIe cMMBOJBI Tutioc (+)
CcOOTBeTCTBYIOT peayunpoBaHHbIM PDCSAP_FLUX, cBeT/ible CUMBOJIBI - JAHHBIM
HaomoneHuit SAP_FLUX. Xopol1o 3aMeTHbI TpaH3UTbl SK30ILJIaHEThI, HO KaYeCTBO
U TIPOJOJIKUTEIbHOCTh HAOMIOAEHUI He [JaloT HUKAKOW BO3MOXHOCTU JISI
YCTaHOBJICHMSI TIEPUOINYECKON MOAYISILIMS OJiecka 0ObeKTa.

Takum obpa3oM, ciaemyeT MPU3HATH, YTO IOKA MbI HE pacrojiaracM JaHHLIMU
O TIEpUOJIe BpalllCHUSI 3BE3/Ibl, YPOBHE M LIMKJIaX €€ akTuBHOCTU. Mcxons u3
OLICHOK BO3pacTa U, BO3MOXHO, HU3KOI'O YPOBHSI XpoMOc(hepHOI aKTUBHOCTHU (CM.
Huxe u B [1]), ckopee Bcero, WASP-193 obnagaeT MeaIeHHBIM BpallleHHUEeM.

3. llomepsa eewecmea ammocgepor WASP-193 b. Kax ykaswBaaoch
Bbillie, WASP-193 b sgBnisieTcs MjlaHeTOU THMa ra3oBblii TMTAHT C MacCoO Mopsiaka
0.139+0.029 M i 1 6o:b1101 TToNTyockio opouTtsl 0.0678 £0.0014 a.e. DK3oImIaHeTa
TUTIA CYIIEP-HENTYH C TeUYEeHHEeM BpPEMEHU TepseT CBOIO TeIMeBO-BOIOPOIHYIO
armocdepy. ITo ouenke B [1] HaiizeHo, yTo TUTaHeTa uMeeT paguyc R=1.46410.058
R > 9TO TIPMBOIUT K YAMBUTEIBLHO HU3KOH TJIOTHOCTHU TUTaHeThl p =0.059+£0.014
r/cM’ (CM. BEpXHIOIO MaHe b Ha puc.2 B [1]). DTa ype3BbIYaiiHO HU3KAs TIOTHOCTD
caenana WASP-193 b BTopoii cpenu YHUKaIbHBIX TUIAHET Takoro Tuma. Jpyroi
nono6HbI 06bekT - Kepler 51d (p =0.04+0.01 r/cm’) (IIIOTHOCTU 06EMX MIAHET
YCTaHOBJIEHBI Ha YpoBHe 1o ). [Tamarolee Ha 3K30IUIaHeTy M3mydeHue (Sp=6-10°
Br/M%) npumepHo B 440 pa3 Gojblie, YeM aHAJIOTUYHAs BEJMYMHA I8 3eMIIH.
ABTOpHI [1] yKa3pIBaIOT, YTO KJIACCUYECKIE MOJIEIN SBOIOIMN 00Ty4aeMbIX IJIaHeT-
TMTaHTOB He MO3BOJISIOT MOJYyYUTh HabmonaeMbiit panuyc WASP-193 b. Ucnionbays
pa3IMYHBIE MOAEN OOJYIeHHOTO Ta30BOTO TMTaHTa, OHU ITOKA3ajIv, YTO BEJIMYMHA
MPOTHO3UPYEMOTO paamryca MoxeT MeHThesT Bcero oT 0.82 mo 1.1 pamycoB FOmmrepa.
Takum obpazom, WASP-193 b MoxeT ObITb TTPUYMCIIEH K TOATPYMIE aHOMAJbHO
pa3ayThiX, CWJIbHO OOJIyYaeMbIX Ta30BbIX TMTaHTOB. I OObSICHEHUS OOJbLIONK
BEJIMYMHBI paauyca 9K30IUIaHEeThI (YCTAHOBJIEHHOIO MO HAOIONEHWSIM) TPU BO3pacTe
IUIAHETHOW CHUCTeMbl B HECKOJbKO MWIIMApAOB JIET aBTOpbl [1] paccmorpenu
MPOILIECChl, KOTOPbIE WM 3aAepXKMBAIOT OXJIaXIeHWE IJIAHEThl, WU CBSI3aHbI C
BbIIEJICHUMEM TeIlla B Hepax IJIaHeThl U MOCIeAyIolIeil moTepeit Macchl aTMOChephI.

OtHocutenbHO HU3Kasg Macca WASP-193 b u BbICOKUMIA YpPOBEHb U3JIyUYECHUS
LIEHTPaJIbHOM 3Be3Ibl MOTYT YKa3bIBaTh HA TO, YTO IIaHETa IEUCTBUTEIHHO TepseT
Maccy. Eciu aTo Tak, TO yBeJIMYEHHbIH HaOM0gaeMblil paiyC MOXET ObITh CBSI3aH
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C UCITapeHueM MaTepUHu U ero OTTOKOM OT IulaHeThl. OJHAKO B HACTOSIILIEEe BpeMsl
ellle HeT MPsSMbIX HaOtomaTeIbHBIX YKa3aHUI Ha MOTepU BelllecTBa aTMOChEpHI.
B kauecTBe anbTepHATUBEI XeJIaTeJIbHO MIPOBEACHUE TEOPETUUECKOTO MOAETMPOBAHMS
MOTEePU MAcCChl B ClIyyae CHJIbHO OOJy4aeMBbIX IUIAHET, YTOOBI OLIEHUTD, SIBJSIETCS
JIX OTTOK 13 aTMocdepbl 3HaunTeAbHbIM 111 WASP-193 b. ABrops! [1] BeruMcIuam
nmapametrp JIxkuHca A o M » / T,,R, , KOTOpBI MOXET OBbITb MCIIOJIBL30BAH JUIS
UISHTU(UKALIMU TUIaHET C BBICOKMM OTTOKOM BelllecTBa M3 arMmocdepsbl. Jlas
WASP-193 b umu 6bl1a HaligeHa BeaMuuHa A = 3.7 . ABTopamu [3] ObUIO MOKa3aHo,
YTO 3Ha4EeHMS A, MEHBLINE KPUTUYECKOTO 3Ha4eHNS Ar =15-35, COOTBETCTBYIOT
3HAYUTEIbHBIM MOTEPSIM BelllecTBa aTMOcGepbl. DTO CBUIETEILCTBYET O TOM, UTO
rnmorepst atMocgepnl MoxXeT ObITh BaxkHa 1711 WASP-193 b. Tem He MeHee, HEOOXo0-
JAMO TIpOBeEHUE NETATLHOIO THIPOIAMHAMMYECKOIO MOIEIUPOBAHMS, UTOOLI B
MOJTHOM Mepe OLIEHUTb BAXKHOCTh MTPOLIECCOB 3BoOJOIMU aTMochepbl WASP-193 b.

ITpuHUMast Bo BHUMaHUE BCe MMEIOLIMECS OrPaHUUEHUSI, MbI BCE K€ BBITIOTHUIN
MPUOIVKEHHYIO OLICHKY OTTOKA BelliecTBa atMocepbl WASP-193 b. [I1s1 moncuera
Takoi MmoTepu 0e3 JeTalbHOIO0 MOACIUPOBAHUSI CUCTEMBbI B HallleM HUCCIeI0BAaHUN
HCIIOIB30BAIACh alllpoKCUMalMoHHast hopmyia (cM., Harpumep, [4,5]), Ha3bIBaecMast
B JIUTEpAType, KaK MOJE/b IMOTepH aTMOC(ephl ¢ OrpaHUYEHUEM I10 dHepruu. B
9TOI MO MPEATIoNaraeTCs, YTO MOTOK KeCTKOro Y M-M3TydeHrsI TTOTJI0IaeTCs
B TOHKOM cJIoe paauyca R I7Ie OoNTHYecKas TOJIIWHA I 3Be3aHbix XUV-

XUy
(boTOHOB paBHa €IMHUIIE, U BKJIIOYEH yYeT MPUJIMBHOTO 3(dekTa:

dM, &y Ty R, Ry

.~ GM,K,.@€) 0
TI€ €., - Napamerp 3(G@EKTUBHOCTU HarpeBa (&, =0.2+0.1 W19 MUHU-
HENTYHOB M Cylep-3eMeib); G - rpaBUTALMOHHAs TOCTOsHHas; F, - MOTOK
XUV-(}poToHOB; Rp - paguyc TJIaHETHI; Mp - Macca IUTaHeTl; R, - pamuyc

nontomennss XUV-doronos; K, (&) - npuwiyMBHBIA napamerp. IlompobHocTu
HCIIOJb30BaHUS COOTHOLIEHUS (1) MOXHO HAWTM BO MHOTMX JIMTE€paTypHBIX
WCTOYHMKAX, B TOM 4ucie B [3-7].

OcHoBHbIe AaHHbIe 0 TIaHeTe WASP-193 b 6b11u B3siTHI M3 [1]. Kpome Toro,
IJIs BbIYMCIIEHUIA 110 popmyie (1) TpeOyrorcs oueHKM BeauuuHbl F, ,, (MOTOKa
XUV-¢otoHoB). [Inst 3Toil LieM HaMU ObUIM MCIIOJb30BaHbI aHAJIUTUYECKUE
3aBMCHUMOCTH, IOJy4YeHHbIe B [8] u cBaA3bIBaloliMe BeIM4YMHY F, , MOTOKa U
napameTp logR’, nna 3Be3 CHEKTpaabHBIX KiaccoB oT F mo M.

ABTOpHI [1] HaluM, 4TO TOKa3aTelb 3BE3AHOM akKTUBHOCTU Wist WASP-193,
usmepeHHblii no sunuaM Ca II H u K - Bennuuna logR',,, paBHa -5.30£0.07.
Ha puc.2 npusonurca nuarpamma logR’, - nokasarens useta (B- V). Temubid
cUMBOJ - AaHHbIe 11t WASP-193 b (¢ yueTom npuBoauMoli B [1] morpenHocTu),
CBETJIbIe CUMBOJIbI - JaHHble Kataiora [9]. Ha puc.2 ropuzoHTaibHas JUHUS
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COOTBETCTBYET 3HauYeHMIO napameTpa logR’, s ColHla B CIOKOHOM COCTOSTHUM.
MoxxHO crmenaTh BHIBOI O TOM, YTO YPOBeHb XpoMocdepHoii aktuBHOCTY WASP-
193 b cooTBeTCTBYET BEJMUKMHE, XapaKTEPHOU 1151 MaJIOAKTUBHBIX 3BE3]] C aHaJIO-
TMYHBIMU TOKazaTeasaMu 1Beta (B - V). Ilpu 3ToM ypoBeHb aKTUBHOCTU HUKE
conHeyHoit (mna Connua logR',, =-5.021, cm. B [9]).
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Puc.2. uarpamma logR'HK - moka3zaresib 1Beta (B - V). Temusbrit cumBon - manHbie it WASP-
193, cBeTIble CMMBOJBI - JaHHBIE KaTtajora [9], ropu3oHTajbHAsl JUHUS COOTBETCTBYET 3HAUCHUIO

napamerpa logR',, s CojHUAa B CIOKOMHOM COCTOSHMM (CM. TEKCT).

[Momumo manHbIx 0 BemmuuHe logR', w1 WASP-193 u3 [1], Mbl ucnonb3oBanm
pe3ynabtathl [10] 0 pacnpeneseHUM BEJIMYMH ITOro mapameTpa JUisl 3Be3l CIEKT-
panbsHoro kinacca F. CornacHo [10] oTo pacnpenesieHue UMeeT TpU WM, CKOpee
BCero, JBa MuKa (pacHieIIeHHe OTHOTO M3 IMMHMKOB MOXET OBITh CJIEICTBHEM
OMHUpOBAHMSI JAHHBIX) C MaKCUMyMaMu Uil BeJMYMH mopsinka -4.83 dex y
MaJIOaKTUBHbIX 3Be3l U -4.58 dex - y akTMBHbIX. Pe3ynbraT 0 BeIMuMHe nmapameTpa
logR’,, na WASP-193 u3 [1] TpeOyeT nanbHeiiei npoBepKy, XOTs He UCKITIOYEHO,
YTO 3Be3Ma SBJSETCS MO0 AEHCTBUTEIBHO KpailHe MaTOAKTUBHOM, JIMOO HAXOAMUTCS
B COCTOSSHUM CBO€H MOHUKEHHON aKTUBHOCTH (CJIEAyeT UMEThb B BUIY TaKXKe
OTCYTCTBUE CBEIEHUIA O BO3MOXHON LMKJIMYECKON MEPEMEHHOCTU XpoMocdepHoit
aKTMBHOCTH 3BE3/Ibl, KOTOpas MOXET cKa3aThCsl Ha pe3yJibTaTax MPOBOAMMbBIX HAMU
OLICHOK).

He uckitoueHo, 4To paccMaTpuBaeMasl 3Be31a BCISICTBHE CBOETO Bo3pacTa (110
oueHkam u3 [1]) obmagaer BenMunHOW mnapamerpa logR',,, XapakTepHOW s
MaJOaKTUBHBIX 3Be31. TeM He MeHee, C YUeTOM BbIllIeCKa3aHHOTO, Mbl BbIMIOJIHUIN
pacueThbl IS TpeX 3HAUYEHUI 3TOro IapameTrpa - IpeacTaBieHHoro B [1] u 1o
IaHHBIM o03opa [10].
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Pacuetsl o cootHoreHuto (1) mokasaau, YTo MOTeps BEIlleCTBa aTMOCHEpHI
5K30IUIaHeTsl M JOCTATOYHO BeJNMKAa (Iaxe B CIydae Maioil XpoMochepHOil
AKTUBHOCTU €€ POIMTEIbCKOIl 3Be3dbl). Jnama3oH M3MeHeHMil mapamerpa M
coctasasger ot 1.8-10'°r/c (mo manueM [1]) mo 1.4-10''r/c (o manubIM [10],
MaJIOaKTUBHBI BapuaHT) 1 4.3-10''r/c (1o nanHbM [10], BbICOKas aKTUBHOCTB).
B moboM ciaydae, cieayeT 3aKIIOYMTB, YTO IJIaHETa MHTEHCHBHO TepsieT CBOIO
aTMochepy. MakcuMaIbHOe 3HaueHHe M MOXeT JOCTUTaThCs B CIydae BHICOKOIL
XpoMoc(hepHO aKTUBHOCTH 3BE31IbI.

Bemunna motoka XUV-dotoHoB paBHa 4.8-10%3pr/c, 3.7-10%3pr/c u
1.1-10% apr/c (U151 Tpex MepeyncIeHHbIX BbIILIE CTyJaeB, COOTBETCTBEHHO), a BeJIMUMHA
NPWIMBHOIO napamerpa K,,,, (&) - 0.57. CpaBHUTE/IBLHO OOJIBIIAST BEIMYMHA TTOTEPU
BelllecTBa aTMOCePHI TITAHETBI, TIPEKIE BCETO, BEPOSTHO CBSI3aHa CO 3HAYUTETHHBIM
notokoM Y® usnyyenus 3se3nnl ¢ 3QGEeKTUBHON TemmepaTypoit T, (M)=6O79K "
C TeM, YTO OOJIbIIast MOJIYOCh OpOUTHI cocTapisieT Beero 0.0678 a.e. OTMeTUM, 4YTO
MBI TIOCUMTAIM JOCTAaTOYHBIM MCITOIh30BAaHUE AIMPOKCUMALIMOHHON (DOPMYIIHI,
COOTBETCTBYIOILIEHI MOIENM TOTepH aTtMocdepbl ¢ OrpaHMYECHHMEM I10 SHEPIuu,
ITOCKOJIBKY Hac MHTEPECOBaJl OTBET Ha BOIIPOC O TIOPSIIKE BEJIMYMHBI OTTOKA
BellleCTBa U3 aTMOC(hephl TIaHETHI.

4. 3akarouenue. B cratbe NpenCTaBIeHbl PE3Y/IbTaThl AaHAIM3A MTPOSBICHUI
akTUBHOCTU 3Be3nabl WASP-193 cnekrtpasibHoro kiacca F9 ¢ muaHetoil Tuna
cynep-HenTyH. ['a3oBblii ruranT WASP-193 b, o6HapyxXeHHbI B 1200 cBeTOBBIX
rogax ot Hac, npu Macce Bcero 0.13 maccel IOnuTepa moutu B mosTopa pasa
6ornpire Hero 1o pammycy. IlmaneTa mMeeT YOWBUTENBHO HU3KYIO TUIOTHOCTH
p=0.059+0.014 r/cM® (aHaTOrMYHBIM 06BeKTOM sBiasietcss Kepler 51d, umcio
JIPYTUX TaKUX 3K30IJIaHeT Mayio). PaBHOBecHas TeMIieparypa arMocdepbl MIaHeThl
BBICOKA - quz 1254 = 31 K.

ITonyyeHHbIe pe3ynbTaThl U3YYeHUs] aKTMBHOCTH 3BE3bl MCIOJAb30BaHbI IS
OLIEHKM TToTepu BellecTBa atMocdepbl TuiaHeTel WASP-193 b. B naHHOM McciienoBaHumM
ObUIa TIpMMEHEHa alpPOKCUMAIIMOHHAST (OpMyJIa, COOTBETCTBYIOLIAST MOIEIIN TTOTepH
atMocdepsl ¢ OrpaHUYeHHEM I10 SHepruu. 1St BEIUMCIIEHUH 10 YKa3aHHOM dhopMmyie
olieHKU BeauuuHbl F, . - (morok XUV-(poTOHOB) ObLIM YCTaHOBJAEHBI IO

Xuv
AHAJIMTMYECKOM 3aBUCUMOCTH, CBA3bIBatollel F,  u napamerp logR', s 38e3n
crieKTpanbHbIX KiaaccoB F - M. Pacuetsl 1o cooTHoleHMio (1) mokasauu, 4to morepst
BelllecTBA aTMOC(ephbl SK30IUIAHETHl TOCTATOYHO BejWKa (maxke B Clydae MaJioit
XpoMochepHOI1 aKTUBHOCTY €€ pOAMTESIbKOM 3Be3Mbl). JIMana3oH U3MEeHEHW mapaMeTpa
M cocrasisier ot 1.8-10' r/c (mo manubM [1] o BenmunHe mapamerpa logR’,))
1o 1.4-10"r/c (mo manubiM [10], ManoakTuBHBI BapuanT) u 4.3-10''r/c (1o
JaHHbIM [10], BbIcOKasi akTUBHOCTB). ClienyeT 3aK/II0UnTh, YTO IJIaHETa UHTEHCHUBHO

TepsieT cBoio atmocdepy. WASP-193 b MoxHO paccmaTpuBaTh B KauyecTBe
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BBICOKOITPUOPUTETHOIO KaHAMAATa 1151 HAOMIOAEHWI ¢ MOMOIIbI0 KOCMUYECKOTO
teseckona JWST (MeTprKa TpaHCMUCCUOHHOM criekTpockonuu TSM st oObekTa
cocrapisieT 0koj1o 600 [1]) u 3aciyxKuBalOLEro B HajbHEMINEM BKJIIOUEHUSI B
Hay4JHYIO MporpaMMy KocMH4YecKoit obcepBaroput Criekrp-Y®.

HccnenosaHue BBINIOJHEHO B paMKax IMpoekTa "McciaenoBaHue 3Be3] ¢ 9K30-
w1aHeTamMu’ o rpaHty IpaButennscTBa P mist poBemeHMsT HAyIHBIX UCCIIEIOBAHMIA,
MPOBOJMMBIX MOJ PYKOBOJICTBOM BeayllnX yuyeHbIX (cortameHue N 075-15-2019-
1875, 075-15-2022-1109).

VYupexnenue Poccuiickoii akagemuu Hayk, MHctutyt actpoHomuu PAH,
Mocksa, Poccusi, e-mail: igs231@mail.ru

MASS LOSS OF THE PLANET WASP-193 b
ATMOSPHERE

[.S.SAVANOV

The results of the analysis of the activity manifestations of the star WASP-193
with spectral class F9 with a super-neptune-type planet are presented. The gas giant
WASP-193 b with a mass of 0.13 Jupiter's mass is almost one and a half times
Jupiter's radius. The planet has a low density of p=0.059+0.014 g/cm’ (a similar
object is Kepler 51d, the number of other exoplanets of this type is small). The
equilibrium temperature of the planet's atmosphere is high - 7, . 1254+ 31 K. The
obtained results of investigations of the activity of the star were used to estimate the
mass loss from the atmosphere of the planet WASP-193 b using an approximation
formula corresponding to the energy-limited model. The flux of XUV photons were
established by the analytical relation linking F,,, and logR’,, parameter for stars of
spectral classes F- M. Calculations have shown that the mass loss from the exoplanet
atmosphere is quite large (even in the case of low chromospheric activity of the star).
The range of the parameter M is from 1.8-10"g/s to 4.3-10'"'g/s, depending on
the received level of the flux of XUV photons (high and low activity). It is likely
that the planet is intensively losing its atmosphere. WASP-193 b can be considered
as a high-priority candidate for observations using JWST space mission (the trans-
mission spectroscopy metric TSM for the object is about 600).

Keywords: stars: activity: variability: planetary systems: exoplanet atmosheres
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The Digitized First Byurakan Survey (DFBS) is the digitized version of the First Byurakan
Survey (FBS, or Markarian survey). The FBS was the first systematic survey of the extragalactic
sky. This objective-prism survey was carried out in 1965-1980 by B.E.Markarian and his colle-
agues using the 1 m Schmidt telescope of the Byurakan Astrophysical Observatory and resulted in
discovery of 1517 UVX-excess (Markarian) galaxies. FBS low-resolution spectral plates have been
used for a long time to search and study faint Late-Type Stars (LTS, M-type and C stars) at high
Galactic latitudes. A total of 18 lists of the FBS LTS were published between 1990 and 2016.
We report newly confirmed C and M giants, and also large amount of M dwarfs based on the Gaia
DR3 BP/RP low-resolution spectroscopic data base. Some of the newly confirmed M dwarfs
presents binary systems. Some of them are new eclipsing binaries. In our previous studies of the
DFBS spectral plates, all were presented as LTS candidates. Gaia high-accuracy astrometric and
photometric data and Transiting Exoplanet Survey Satellite (TESS) data are used to characterize
these new confirmed LTS. TESS phase-dependent light curves show rotational modulations and
flares for many new M dwarfs. This confirmations of the large number of completely new objects
represents a very significant extension in the census of M giants, faint N-type Asymptotic Giant
Branch C stars, CH-type C giants at high Galactic latitudes, and M dwarfs in the solar vicinity.
Some objects are located more than 7 kpc from the Galactic plane. Ultimately, we aim to present
value-added catalog and update the FBS LTS catalog. Note that a large amount of the blue stellar
objects with UVX-excess and numerous of emission line objects were also detected.

Keywords: catalogs-stars: carbon stars: M-giants: M-dwarfs: surveys: Gaia and
TESS data

1. Introduction. Markarian survey (or the First Byurakan Survey-FBS), was
the first systematic survey of the extragalactic sky. This objective-prism (op) low-
resolution (Ir, 1°.5 prism, giving a reciprocal dispersion of 1800 A /mm near Hy,
providing a 3400-6900 A spectral range) survey was carried out in 1965-1980 by
B.E.Markarian and collaborators using the 1 m Schmidt telescope of the Byurakan
Astrophysical Observatory and resulted in discovery of 1517 UVX-excess galaxies [1].
This survey covers about ~17000sq.deg. of the Northern sky and part of the Southern
sky at high Galactic latitudes. During the observations, Kodak IIF, IIAF, I1IaF, and
103aF plates were used. The limiting photographic magnitude is 17°.5-18°.0. The


https://doi.org/10.54503/0002-3051-2023.76.4-505
https://doi.org/10.54503/0571-7132-2023.66.4-505

506 K.S.GIGOYAN ET AL.

large spectral range of the FBS is well suited to identify very different objects,
and especially cool M-type or C-type (carbon) stars. Visual inspection with a
magnification of x15 (using the magnifying glass before 2007) was used to select
slitless spectra showing pronounced absorption bands. C stars can be identified
through the presence of the Swan bands of the C, molecule at 4737, 5165 and
5636 A (spectra of N-type Asymptotic Giant Branch (AGB) C stars). Several C
stars also show the C, band head at 4382 A (early CH-type C stars). M-type
stars can easily be distinguished because of the titanium oxide (TiO) molecule
absorption bands at 4584, 4762, 4954, 5167, 5500, and 6200A [2]. All FBS
spectral plates have now been digitized, resulting in the creation of the Digitized
First Byurakan Survey (DFBS) data base [3]. Its images and spectra are available
on the DFBS web portal in Trieste (on-line at https://www.ia2-byurakan.oats.inaf.it,
for details see also the web site at https://www.aras.am.Dfbs/dfbs.html/). A Second
Version of the "Revised and Updated Catalogue of the First Byurakan Survey of
Late-Type Stars", containing data for 1471 M and C stars was generated later [4]
(SIMBAD CDS VizieR Catalogue J/MNRAS/489/2030/catv2). All DFBS plates
are analyzed with the help of standard analysis softwares FITSView and SAOImage
ds9. This visualization allows to detect very red and faint C and M stars candidates
close to the detection limit in each DFBS plate (particularly, the range 6500-
6900 A for the faint and late subclasses of the N-type and M-type stars [4]).
Candidates of faint N-type C stars and M-type giants, for which very short (wedge-
like) spectra in the range ~6500-6900 A is visible on the DFBS plates, no C,
and TiO molecule absorption bands are detectable. Moderate-resolution slit spec-
troscopy was carried out for thirteen candidates, confirming the C-rich nature of
them [5]. Several of such candidates could be M dwarfs and giants [6]. In addition,
a large number of such faint candidates detected on the DFBS plates, remained
to be classified using spectral information [4,6]. To classify faint candidates and
to find out the potential of the FBS for LTS, we use Gaia DR3 BP/RP Ir
spectroscopic data base, which allows us to confirm the spectral types for candidate
objects easily. The present work extends significantly our search for LTS candi-
dates. We present data for seven newly confirmed DFBS C stars and several M
giants. We also report on a large number of new M dwarfs, confirmed in the
Gaia DR3 Ir spectroscopic data base. The list of all spectroscopically confirmed
LTS candidates, reported as a supplementary (value - added) catalogue to the
second edition of the "Revised and Updated Catalogue of The First Byurakan
Survey" [4] will be presented in SIMBAD astronomical data base very soon.
This paper (first in this series) is structured as follows. Section 2 introduces
the Gaia DR3 Ir spectral data base, which is used to validate the spectral types
of the DFBS LTS candidates. It presents Gaia DR3 spectra and important physical
characteristics for seven confirmed DFBS C stars. We also describe the spectro-
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scopic criteria for candidate LTS classification for C or M stars, and photometric
criteria, which are used to separate M giants from M dwarfs. Section 3 and 4
present data for a few of DFBS M giants and M dwarfs. Phase dependence light
curves are also given for newly confirmed M stars from the modern variability
data bases to clarify their variability types. Finally, Section 5 recalls the main
results obtained for the LTS candidates and provide concluding remarks and
possible future works.

2. Gaia DR3 spectra. Newly confirmed C stars. The European Space
Agency (ESA) mission Gaia (Gaia Collaboration [7]) has already released three
catalogues to the astronomical community, of increasing richness in terms of
content, precision, and accuracy. With respect to the previous Gaia Early Data
Release 3 (EDR3) [8], Gaia Data Release 3 (Gaia DR3, Gaia Collaboration [9])
introduces a number of new data products based on the same source catalogue,
including a total of 1.8 billion objects based on a period of 34 month of satellite
operations. Blue (BP) and Red (RP) photometer Ir spectral data are one of the
exciting new products in Gaia DR3 (VizieR CDS Catalog 1/355/gaiadr3). Time
- averaged mean spectra covering the optical to near-infrared wavelength range
A3300—10500A are published for approximately 220 million objects (CDS
Catalog 1/355/spectra). Most of these are brighter than G = 17.65 mag [10].
M-type stars can be detected very easily in the Gaia DR3 Ir spectral data base
by the presence of the broad absorption bands of the TiO molecules in the range
6500-7000 A , 7000-7500 A , and 8000-8500 A . C stars display strong Swan bands
at 4383, 4737, 5165, and 5636 A of C, molecule. Among the DFBS LTS
candidates, confirmed M stars, which show high proper motions in Gaia DR3
data base, are included as M dwarfs in our new DFBS list. For all of them,
2MASS (Two Micron All-Sky Survey) [11] Near-Infrared (NIR) colors are typical
for M dwarfs (J-H<0.7mag and H-K>0.15mag) and best discriminator of M
giants and dwarfs [12,13]. With high-and moderate-resolution spectra, M giants
and M dwarfs can be well segregated through the spectral indices using the
template-fitting pipeline [14,15].

Our list of all DFBS LTS candidates is cross-matched with the Gaia DR3 BP/
RP spectroscopic data base. Table 1 presents DFBS LTS candidates confirmed as
C stars; it gives the DFBS Number, the Gaia 1/355/gaiadr3 source designation, other
association in SIMBAD data base, and our spectral type determination (C-N or
C-CH-type).

Fig.1a and b presents Gaia DR3 Catalogue BP/RP Ir spectra for objects of
Table 1.

Low-resolution CCD spectra for DFBS J004626.12+463720.2 and for DFBS
J082310.37-015325.7 in the range 13690 —9100 A were also secured by LAMOST
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Table 1
DFBS LTS CANDIDATES CONFIRMED CARBON STARS
DFBS Number Gaia DR3 source Other association in Sp. Type
identifier SIMBAD data base
J004626.12+463720.4 389807868829145856 C-CH
J024615.25+484150.9 438564097055438720 C-CH
J082310.36-015325.7 3070045067018279040 | ATO J125.7932-01.8905 C-N
J203956.64-063740.4 6908005165297040896 C-CH
J215952.33+315207.9 1897967802114581888 C-CH
J221816.47+290920.0 1897967802114581888 C-N
J234931.72+442531.5 1926136499744257152 TYC 3244-587-1 C-CH

Notes: The object DFBS J024615.25+484150.9 was announced as new early-type CH-carbon
star candidate by Gigoyan [6]. The star ATO J125.7832-01.8905 is presented as R Coronae Borealis
type variable in Gaia DR3 Catalogue (SIMBAD VizieR Catalog 1/358/vclassre). The object TYC 3244-
587-1 is known as spectroscopic binary without spectral type information in SIMBAD astronomical
database.
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Fig.1la. Gaia DR3 BP/RP Ir spectra for four objects of Table 1 in the 336-1020 nm range.
The absorption bands of C, molecule in the range 450-570 nm are also indicated.
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(Large Sky Area Multi-Object Fiber Spectroscopic Telescope) [16]) observations
(LAMOST DR?7, spectra is available online at http://dr7.lamost.org/search/, also
see SIMBAD VizieR catalog V/156/dr7/Irs).

Fig.2 shows the LAMOST CCD spectra for objects DFBS J004626.12+463720.4
(obtained 18 October 2014) and DFBS J082310.36-015325.7 (obtained on the 25
December 2013), they are classified as C stars in LAMOST DR7 data base.

Table 2 presents Gaia DR3 catalogue key data for seven confirmed C stars and
their heights above/below the Galactic plane. The distance estimation is based on Gaia
DR3 trigonometric parallaxes (absolutely the same values of parallaxes, as presented
in Gaia EDR3 catalogue. Therefore, we used the distance information derived from
Gaia EDR3 by Bailer-Jones et al. [17].

3. M Giants. M giants are evolved objects with high luminosity
logL/Le ~3+4, which enables their detection at large distances. Therefore, M
giant stars are suitable as tracers for discovering and identifying the remnants of
stellar streams in the Galactic Halo. Among the DFBS LTS candidates cross-
correlated in the Gaia DR3 Ir spectroscopic data base, we found numerous of M
giants and mass-losing AGB M stars. Some of these stars are new discoveries.
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Fig.2. LAMOST Ir CCD spectra in the 13690 —9100A range for candidate objects DFBS
J004626.12+463720.4 and DFBS J082310.36-015325.7. The C, molecule absorption band-heads
are also indicated.

Table 2
SOME IMPORTANT GAIA DR3 DATA FOR SEVEN NEW C STARS
DFBS G-band | BP-RP RV r M(G) Z
Number mag Color (km/s) (pc) mag (pc)
J004626.12+463720.4 | 14.68 1.53 |-247.70(£3.14) | 9783(£1500) [-0.50(£0.3)|-2737(£400)
J024615.25+484150.9 | 14.28 2.17 |-137.35(£2.57) | 6642(£800) |-0.2(£0.07)|-1147(£150)
J082310.36-015325.7 | 14.19 2.63 [+210.10(%£0.87) [ 11560(£900) | -1.1(%0.1) | 3833(£300)
J203956.64-063740.4 | 13.57 1.58 [-283.63(£0.47) | 9035(£1000) | -1.2(+0.8) [-4117(£291)
J215952.33+315207.9| 13.18 1.76 |-491.45(£0.43) [11289(£1600)|-2.1(+0.4) [-3534(£500)
J221816.47+290920.0 | 13.17 2.32 [-110.71(£0.31) [13505(%£1500)| -2.5(%0.4) |-5239(£600)
J234931.72+442531.5| 10.64 1.49 | -13.93(£1.91) | 1658(£35) |-0.4(£0.1) | -486(%10)

Others are IRAS Point Sources Catalogue (PSC) [18] sources but whose spectral
types are unknown. A significant part of the newly confirmed M giants are
associated with the Gaia Long-Period Variable Stars (Gaia DR3 Part 4. Variability,
VizieR CDS Catalog 1/358/vlpv).

Table 3 presents Gaia DR3 catalogue important data for some LTSs candidates,
confirmed as M giants in the data base 1/355/spectra; it gives the DFBS Number,
Gaia DR3 designation, Gaia DR3 broad-band G-magnitudes, and other associa-
tions in SIMBAD data base. Fig.3a and b presents Gaia DR3 BP/RP Ir spectra
for four objects of Table 3 in range 336-1020 nm.

Table 4 presents Gaia EDR3 catalogue important data for six confirmed M
giants and their heights above/below the Galactic plane (in analogy with newly
confirmed C stars in Table 2).
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Table 3

GAIA DR3 DATA FOR 6 DFBS CONFIRMED M GIANTS

DFBS number Gaia DR3 source |Gaia DR3|Gaia DR3 Other association in
name G mag | BP-RP SIMBAD data base
color
J004002.24+445225.2| 38820725477589632 12.213 2.346
J034913.32+390916.9| 223984228113842816 | 12.169 5.158 IRAS 03458+3900
J080119.40+345809.3| 905739784466468736 | 12.419 2.689 ATO J120.3309+34.9692++
J175041.20+6915.23.0{1637841351188506880| 12.981 2.202 |[2MASS J17504123+6915223+H
J202649.55-081608.9 (6905944371269703680| 12.795 3.268 NSNS 17120433+
J220305.66+424407.5{1960158241368482432| 11.610 5.445 IRAS 22010+4229+++

Notes: (+) In SIMBAD Data Base these objects are noted as Long-Period Variables. (++)
These objects are noted as Long-Period Variable Candidates. (+++) Mira Variable. In SIMBAD
data base there are no spectral type information for these objects Table 3.
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Fig.3a. Gaia DR3 BP/RP Ir spectra for four objects of Table 3 in the 336-1020 nm range.
The spectra of all objects show broad absorption bands of TiO molecule.
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Fig.3b. Gaia DR3 BP/RP Ir spectra for two objects of Table 3 in the 336-1020 nm range.
The spectra show broad absorption bands of TiO molecule.

Table 4
SOME IMPORTANT GAIA DATA FOR 6 M GIANTS
DFBS RV r M(G) Z
Number (km/s) (pc) (pc)
J004002.24+445225.2 -83.00(0.30) 6591(£700) -1.90(x0.2) | -2031(£200)
J034913.32+390916.9 -61.73(£0.56) 2551(%400) -0.12(%0.1) -522(%50)
J080119.40+345809.3 +56.32(%£0.72) | 7147(£1000) | -1.87(%£0.2) 3432(%400)
J175041.20+6915.23.0 -93.80(+0.58) | 14844(+2500) | -2.87(%£0.32) | 7555(+1000)
J202649.55-081608.9 +72.30(x£0.79) | 7451(x1100) | -1.57(£0.3) | -3141(x400)
J220305.66+424407.5 2985(£500) -0.76(£0.3) -524(%£100)

Fig.4 shows ASAS-SN [19,20] light curve for M giant DFBS J220305.66+
424407 .5.

We examine visually the Spectral Energy Distribution (SED) for two objects
Table 4. Fig.5 illustrates SEDs for two objects of Table 4. Both objects exhibit
excess of infrared radiation (IR) at longer wavelengths indicating the existence of
the dust envelopes around them.

4. M Dwarfs. M dwarfs are the most common stars in the Galaxy [21,22].
They dominate the stellar populations by number, but have a very low mass range
0.075M +0.5M and effective temperature 7, i less than 4000K [23]. M dwarfs
have become of central interest for astronomy in the last decades, notably for their
application to exoplanet research [24]. For a given Gaia DR3 BP/RP Ir spectra,
there are no luminosity criteria to distinguish M giants from dwarfs among the
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Fig.4. ASAS-SN phased light curve for DFBS J220305.66+424407.5 (ASASSN-V J220305.54+

424407.4, on-line access via https://asas-sn.osu.edu/variables/) classified as a Mira variable in SIMBAD

data base. This object is a SR variable with P=365.647 days, Ampl. = 1.84 mag and V= 15.66 mag.
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Fig.5. SEDs for two DFBS M giants built in VizieR data base using Gaia EDR3, POSSII-I,
POSSII-1, POSSII-F, POSSII-J, Johnson-B, SDSS u, g, r, i, z, 2MASS J, H, Ks, WISE W1,
W2, W3, and W4 photometric data (for more detail see https://vizier.cds.unistra.fr/vizier/sed/.

confirmed candidates. We classify LTS candidates as M dwarfs based on the
presence of the broad absorption bands of TiO molecule in the 6500-7000 A ,
7000-7400 A , and 7600-8000 A ranges [25], and based also on their high proper
motions in Gaia DR3 catalogue. For all of them, 2MASS NIR colors are typical
for M dwarfs [12,13]. Most of the DFBS LTS candidates, in the Gaia DR3 Ir
spectroscopic data base, are M dwarfs.
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Table 5
TESS INPUT CATALOGUE DATA FOR SOME DFBS M DWARES
DFBS Number TIC M/M, L/L, T, R 2MASS |2MASS
Identifier (K) (pc) J-H H-K
J091007.09+405214.3(A) | 9273155 3687 | 94.78(£0.48) | 0.619 | 0.204
(B)| 801617198 3687 | 94.78(£0.48)
J112124.87+394106.1 17933144 | 0.523(£0.02) 0.049(+0.011)  [3752 | 80.44(£0.23) | 0.618 | 0.223
J134015.46+354901.5 | 105657755 | 0.536(+0.02) 0.039(£0.009) |3488 {103.32(£0.41)| 0.607 | 0.217
J172758.96+170919.2(A) | 394020934 | 0.458(+0.02) 0.032(£0.007)  |3589 | 89.26(£0.26) | 0.608 | 0.247
(B)| 394020936 | 0.382(%0.02) 0.020(£0.005) | 3466 | 89.16(£0.33) | 0.609 | 0.231
J222100.82-065620.2 38378875 | 0.635(£0.02) 0.06(£0.015) 3545 1109.41(£0.76)| 0.590 | 0.233

Note. More details for objects DFBS J091007.09+405214.3 (A), (B) and DFBS J172758.96+
170919.2 (A) (B) see below.

Table 5 presents TESS Input Catalogue (TIC, version 8.2 [26,27], CDS VizieR
Catalogue 1V/39/tic8.2) important data for a few new DFBS M dwarfs, confirmed
spectroscopically in Gaia DR3 data base.

Gaia DR3 Catalogue, Gaia Catalogue of Nearby Stars (GCNS, Gaia Collabo-
ration [28], VizieR Catalogue J/A+A/649/A6/tablelc) and also TESS Catalogues
indicate 2 objects in 5 arcsec search radius around positions of DFBS
J091007.09+40524.3 and DFBS J172758.96+170919.2 (consequently we noted A-
bright and B-faint objects which have practically the same parallaxes in these data
bases). There are no 2MASS JHK photometric data for DFBS J091007.09+

[® DFBS J172758.96+170919.2
-
-‘ . - »
-
Al — B
-

Fig.6. POSS2 I-image of dwarf M star DFBS J172758.96+170919.2 (primary star-A) and
close companion (B) that we view as a binary system. Angular separation is 4.0 arcsec on I-image.
Field is 5'x5".
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405214.3(B). Gaia DR3 BP-RP=2.248 mag and 2.329 mag for A and B objects
respectively. Such colors are also typical for dwarf M stars. With the help of the
data visualization software SAOImage ds9, we search POSS2 I-band images for
possible companions. On DSS2 I-chart the image of DFBS J091007.09+405214.3
is elongated, indicating the presence of two very close objects. In the case of DFBS
J172758.96+170919.2, two objects (A and B, Gaia BP- RP=2.241 mag for A and
BP - RP=2.437 mag for B) are relatively well separated from each other. Fig.6
illustrate the POSS2 I-band image of the star DFBS J172758.96+170919.2 A and
its close companion B. The close companion is TIC 394020936, T, . 3466 K,
M =0382Mg, L=0.01999 L , r=89.16 pc. Both objects are at the same distance
(Table 5). DFBS J172758.96 +170919.2 A and B components (Fig.6) are
established as a M dwarf + M dwarf binary in Gaia BP/RP spectral data base.
Most probably, DFBS J091007.09+ 405214.3 is also a pair of M dwarf + M dwarf
at a distance r=94.78 pc. High-angular resolution CCD image is necessary to
resolve the second and faint component of DFBS J091007.09+405214.3.

Fig.7 illustrates the Gaia DR3 spectra for A and B components of DFBSJ
172758.96+170919.2
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Fig.7. Gaia DR3 BP/RP Ir spectra for DFBS J172758.96+170919.2 A and B in the 336-
1020 nm range. Spectra of both objects show strong TiO absorption bands. Both are M dwarfs.

SEDs for only two confirmed M dwarfs, namely DFBS J125402.01+284056.2
and DFBS J162107.91+355637.7 are presented in Fig.8. In the SEDs of these
objects, the excess IR radiation is clearly visible after 10 um (in WISE W3 and
W4 passbands).

Fig.9 and 10 show TESS light curves consequently for dwarf stars DFBS
J161046.38+ 385809.1 and DFBS J222100.82-065620.3. We download the Presearch
Data Conditioning Simple Aperture Photometry (PDC-SAP) light curves from the
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Fig.8. SED for two DFBS M dwarfs confirmed in Gaia DR3 Ir spectroscopic data base and
built in Vizier data base using the same catalogue data, as in Fig.6.

Mikulski Archive for Space Telescopes (MAST). We then used lightkurve (http:/
/docs.lightkurve.org/) to download the target pixel files (TPFs) and analyze light
curves for new confirmed M dwarfs noted above.

Fig.10 illustrate TESS phased light curve for dwarf M star DFBS J222100.82-
065620.3.
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Fig.9. TESS light curve for M Dwarf DFBS J161046.38+385809.1 showing very clear rotational
modulation with period P= 5.2 day (TIC number is 310531531, Teﬁ= 3412 K, M =0.529M,
L =0.03463 Ly, r=79.06 pc and V= 15.4 mag).
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Fig.10. TESS phased light curve (not very good) for M dwarf DFBS J222100.82-065620.3
(TIC 38378875) that we classify as EA(Algol-type) eclipsing binary (P=0.76 d, Ampl. = 0.2 mag)
where the primary and secondary eclipses are clearly visible.

5. Summary and future works. In this study we have significantly
extended the previous FBS survey for LTS search. Discoveries are important, but
it is very important to characterize newly confirmed objects. In order to gain more
information on the LTS candidates, selected on the DFBS plates, we check Gaia
DR3 BP/RP Ir spectroscopic database to confirm the spectral types of the faint
objects. Despite the fact, that it is a low-resolution spectroscopic data base, it
represents a good opportunity for spectral type determination. In this paper, first
in this series, we present some preliminary but very important results and report
newly confirmed CH type, N-type carbon stars and M giants. Some of them are
more than 7 kpc above the Galactic plane and have high radial velocities. We also
report on a large number of new M dwarfs confirmed in the Gaia DR3 Ir spectral
database. All these faint objects were presented as LTS candidates in DFBS data-
base before the present study. The object DFBS J172758.03+170918.0 is found
to be a binary system (M dwarf+ M dwarf) at a distance 89.2 pc. TESS phased
light curve for M dwarf DFBS J222100.82-065620.3 (TIC 38378875) shows, that
this object is EA-type eclipsing binary with period P=0.76d and Ampl.=0.2 mag.
Many M dwarfs show extra flux in the IR range, this is characteristic of the
circumstellar dust which mark certain stages in the life of planetary systems
(protoplanetary disc, and final stage is a debris disc [29,30]). TESS light curve
for M dwarf DFBS J161046.38+385809.1 shows very clear rotational modulation
with period P=5.2d, M =0.529M, L=0.03463Lg, r=79.06pc and V=15.4
mag. It is likely that DFBS J161046.38+385809 is a rapid rotator.
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This paper reports essentially on preliminary results, second paper will include
the value-added DFBS LTS catalogue and will certainly be on the statistical
analysis of the newly confirmed C, M giants and M dwarfs, and their color-
absolute magnitude diagrams and distribution in our Galaxy. A study of the new
M dwarfs flares, their multiwavelength properties, stellar activity, ages, and rota-
tional rates, is now in progress, and the results will appear soon in the second
part of this serie.
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OLIM®POBAHHLIN TEPBbBIM1 BIOPAKAHCKWUUN OB30P
HEBA. 3BE3bl KAHAUAATBI MMO30HUX
CITEKTPAJIBHBIX KJIACCOB. HOBBIE
MOATBEPXJIEHUA. 1

K.C.TUT'OAH!, K.K.TUTOAH', A.CAPKUCCHUAH?, I'.P.KOCTAHIAH!,
M.ME®TA?, C.bEKKWN?

Digitized First Byurakan Survey (DFBS) - 310 oundpoBanHas Bepcus IlepBoro
Bropakanckoro o63opa (FBS) nnu MapkapsiHockoro o63opa. FBS siBnsiercst nepBbiM
CHUCTeMaTUYeCKUM BHerajakTuyeckum o03opoM. OH Obu1 ocyiectBiieH b.E.Map-
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KapsTHOM U ero KojyuteraMu B 1965-1980rr. ¢ 00BeKTUBHOIM TIPU3MON ¢ CTIONB30BAHNEM
1-m teneckona IImunra bropakaHckoii actpogusunueckoii odocepBatopun (BAO) u
yBeHuasicsd oTKpbITeM 1517 rajaktuk ¢ UVX - U30bITKOM, Ha3BaHHBIX FaJTAKTUKaAMU
MapkapsiHa. [TnacTUHKU ¢ pe3yabTaTaMM CHEKTpaJdbHbIX HAOMIOAEHUN HU3KOTO
paspeweHus (Ir) o63opa FBS miurtenbHoe BpeMsl MCIOAB30BAIUCH [IJIs IOUCKA U
U3yyeHUs caabbIX 3Be3l MO3AHUX chekTpaibHbIX TUIOB (LTS, M u C) 3Be3n Ha
BBICOKMX TaJlaKTUYecKuX Immportax. B mepron ¢ 1990 mo 2016rr. 6butH OmyoGIH-
koBaHbI 18 crimckoB o0bekToB LTS FBS. B nanHoit padore cooOlmaeTcst 0 HOBBIX
noarBepxaeHHbIX C 1 M-TUraHTax, a Takxke o OOJIbIIIOM KOJnyecTBe M-KapuKOB,
MOATBEPXKISHHBIX JaHHBIMU U3 apxuBa HabmoaeHuit Gaia DR3 BP/RP (cnekrpbl
HU3KOTro paspellieHus1). YacTb HOBBIX MOATBEPKACHHBIX M-KapJIMKOB MPEACTABISIET
co0O0i1 IBOMHBIE CHUCTEMBI, a YaCTb ATUX IBOMHBIX CHUCTEM SBISIETCS HOBBIMU
3aTMEHHBIMU JIBOMHBIMU. B HalIMX mpeaplaylinX UCCAeA0BaHUSIX CIIeKTPaJbHbIX
nmaHHbeIXx DFBS Ir onn npencrabieHsl Kak KaHaunatel B LTS, JIg xapakTeprCcTUKNA
HOBBIX TTOATBEPXKIAEHHBIX LTS MCNoNb3yloTCs BHICOKOTOUHbBIE AaCTPOMETPUUECKUE U
doromeTpnueckue naHHble Gaia 1 maHHBIe cryTHUKa Transiting Exoplanet Survey
Satellite (TESS). Kpusbie 61ecka TESS MHorux HoBbIX M-KapjiuUKOB ITOKa3bIBalOT
BpalllaTeJIbHbIE MOIYJISIUMU Y BCHBIIKK. DaKT MOATBEPXKICHUS OOJIBIIOr0 YMCia
COBEpILIEHHO HOBBIX 0OBEKTOB 00CIIAeT CYlIeCTBEHHO 000raTUTh CTaTUCTUKY M-
ruranToB, cjiadbix AGB C-3Be3n N-tuma, yrieponHbix 38e3n CH-Tumna Ha BRICOKMX
raJlaKTUYECKHMX 1LIMPOTax, a Takke M-KapiaukoB B okpecTHocTsx ConHila. HekoTopbie
OOBEKTHI PaCIIOJIOXEHBI Ha PacCTOSTHUM O0Jiee 7 KIIK OT IiockocTy I'amakTnku. Mebl
HaMepeBaeMcsl IpeAcTaBUThL MoaepHu3npoBaHHbI FBS karamor LTS oObekTOB.
Kpome Toro, B pabote coobiiaercsi 06 0OHapyXeHN OOJIbIIION0 KOJIMYeCTBa ToyObIX
3Be3MHBIX 00BEKTOB ¢ UVX-U30BITKOM, a TaKKe OONBIIOrO KOJUYECTBA OOBEKTOB
C BMUCCUOHHBIMU JIMHUSIMMU.

KntoueBble croBa: kamanoeu-36e30bi: yeaepoouvle 36e30bi: M-eueanmol: M-kapauxu:
0030pbl dannvie Gaia u TESS
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dortomerprueckre U CrieKTpaibHble HabmoneHus 11-tu 3Be3n Bonbda-Paite WN mocienopa-
TesbHOCTU BhIoMHsUIMCh B ADU® B 2021-2022rr. Ha ocHOBe TIpOBENCHHBIX HAOMIOACHUI MOJYy-
YeHbI OLIEHKU Or1ecka 00beKTOB B (hmiibTpax BVRc 1 abcomoTHbIe MOTOKM M3JTyYeHUs] B 9MUCCUOHHBIX
muauax. MsMenenns Giecka B mpenenax 0™.1-0".15 saperrctpupoBansl B 3Be3gax WR 1, WR 120,
WR 151, WR 152. M3MeHeHUS] 3MHMCCHOHHBIX ITOTOKOB OOHApyXeHbI B CIHEKTpaX HECKOJBKUX
oobekToB: WR 120, WR 128, WR 145.
KntoueBbie cioBa: nepemennvie 36e30vl: Boavgha-Paiie 36e30vb1: homomempus:

cnekmpogomomempus

1. Bsedenue. 3Be3nbl Bonbda-Paite 00pasyoTcss B MPOLECCE SBOMIOLUAN
MaccuBHBIX O-3Be3l, KOTOpPBIE TEPSIIOT CBOM BOXOPOMHBIC O0OJIOYKHM, TOKWIAS
I'maBuyto nocnenoBatenbHOCTh (I'TI). OcTaTouHbIe Sapa HAUMHAIOT CXXUMAThCH,
BBI3BIBAS B HEIpax 3BE3IbI MTOCIEIOBATEILHOCTD SIEPHBIX peaklnii, B IIpoIiecce
KOTOPBIX (hOPMUPYIOTCS TSDKEJIbIe XUMIUYecKre 3meMeHThL. LInpokue sMuccroHHbBIE
JIMHUM, Habmogaemble B criekTpax WR 3Be3n, opMupylorcs B 30HaX MJIOTHOTO
BBICOKOCKOPOCTHOTO 3Be3IHOro BeTpa [1].

Cranusa WR gBasgeTcs mpoMeXyTOYHbIM 3TalloM Ha SBOJIIOLMOHHOM IyTH
MAaCCHUBHBIX 3B€3]l K UX KOHEUHOMY COCTOSTHWIO HEHTPOHHOI 3Be3/Ibl WIM YePHOM
nbipel. HekoTopble oueHb MacCUBHbIE 3Be3/bl MprodpeTatoT WR-xapakTepucTuku
eue Ha ctanuu I'TI, mo3aToMy KX 000JI0YKM MOTYT COIEPXKaTh HEKOTOPOE KOJIMUYECTBO
Bomopoaa [2]. 3Be3nsl Boabda-Paiie urpaior BaxXHYIO poJib B 3BOJIOIWM: BO-
TIePBBIX, OHM 00OTANIAIOT MEX3BE3MHYIO CPEeNy TSOKEIbIMU dJIeMeHTaMU, TAKUMU
kak He, C, N, BO-BTOpBHIX, OHM pacCMaTpMBAIOTCSI KaK IIpemlIeCTBEHHUKU
CBEPXHOBBIX M KaK BO3MOXHBIC MCTOYHHUKM DPEHTTCHOBCKMX BCIbIIIEK [3-6].
CyiectBytoT Tpu ocHOBHbBIe Kateropuu 3Be31 WR: WN, WC u WO, conepxaine
COOTBETCTBEHHO M30BITKM a30Ta, yIJepoaa U KUCIopoaa B UX criekTpax. Cunraercs,
yTo TnocneaoBarebHoCcTh WN siBiisieTcs pesyibTaTtoM Hrkia CNO (cropanue H),
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Torga Kak 3Be3fbl mociemoBaTenbHocTelt WC u WO o6pasyloTcsl B pe3yJibTare
TpOiTHOTO ajibha-mpoliecca.

3HauuTenbHasg 4acTh 3Be3n WR - nBoliHBIe cucteMbl. B Tak Ha3bIBaeMoOit
"cucteme BCTpeuHbIX BeTpoB" (CWB) (hopMupytoTcss CMMMETpUUHBIE YIapHbIE BOJTHBI
[7,8]. B sToM ciayyae mepeMeHHOCThb Ipodmiieil SMUCCUOHHBIX JIMHUUA MOXKET
HOCHUTb TIEPUOANYECKUII XapaKTep M ObITh CBSA3aHA C OPOMTAIBHLIM IBUXKEHHEM
3Be3IHBIX KOMIIOHeHTOB. Habmonaemast hoToMeTpryeckast mepeMeHHOCTh 3Be31 WR
MOXET OBbITh BbI3BaAHA OPOMTATBHBIM JBIKEHUEM KOMITOHEHTOB U/WUU (PIyKTyaLMsIMU
MOIJIOLLIEHUSI BIOJb JIyda 3peHUs M3-3a HEOTHOPOIHOCTH IbIJIEBOIO KOMITOHEHTA.
Kpome Toro, ciekrpaibHas epeMeHHOCTb B Psiie CIydaeB CBsI3aHA C U3MEHEHUEeM
xXapakTepucTuk 3Be3gHoro Betpa [9]. B 3Besmax WR tuma CIR (Co-rotating
Interaction Regions) HaGiiomaeTcsi MosiBleHME KPYMHOMACIITAOHBIX JeTasei,
HaKJIaObIBAIOIIMXCI Ha KPBUIbS TPOoduMIeii IMPOKMX SMUCCUOHHBIX mHmid [10,11].

®usnueckre cBoiicTBa 3Be30 WR M3y4aroTcs B IIIMPOKOM THATIA30HE IJIMH BOJTH
[12-16]. B TO Xe BpeMs MO MHOTMM OOBEKTaM CYIIECTBYET AE(ULIUT SKCIIEPU-
MEHTAJIbHBIX JaHHBIX. B CBSI3M ¢ 3TUM Mbl MHULUMPOBAIN (DOTOMETPUYECKUE U
CIIeKTpabHbIe HAOIIOACHUS CO CPEAHUM Pa3pellieHUeM B TTOMCKAX CIEKTpalbHON U
(poTomMeTprueckoil akTuBHOCTM Tpymnrbl 3Be31 WR. B nmporpammy HabaoneHui
BKJIIOUEHBI OOBEKTHl YMEPEHHOM SIPKOCTU, OTHOCSIIIMECS K TTOCIeI0BaTEIbHOCTSIM
WN, WC u WO. BosnbiimHcTBO U3 HuX ciabee 10™ B ¢duiabrpe V. B mannoit
CTaThe paccMaTPUBAIOTCS pe3yJIbTaThl, MOJyYeHHbIe WId 3Be3n WN TocienoBa-
TeJIbHOCTU. Pesynbrarhl, moimydyeHHbIe ;i WC 1 WO 3Be3n, OyayT oImyOIMKOBaHbI
MO3IHEee.

Cncok 00beKTOB, OnucaHue HaOMIOAeHN U 00pabOTKM TaHHBIX MPUBEAECHbI
B pazaeie 2. B pasnmesne 3 mpeacraBieHbl cleayloliue pe3yabTaThl: oueHk BVRc,
MMOTOKOB U3IY4YeHUSI B SMUCCUOHHBIX JIMHUSIX U 3KBUBAJICHTHBIX ILIUPUH Tpoduieit
JuHuii. OOCyXIeHue TMOJYyYEeHHbIX JaHHBIX TMpeACTaBieHO B pasnaeiie 3.

2. Habawdenus u obpabomka Oauubix. CreKkTpaabHble HaOIIOICHUS
npoBoawauch B 2021-2022rr. Ha 0.7-m Teneckone A3T-8, ycTaHOBIEHHOM B
obcepBatopun Kamenckoe ITnato Acrpodusmyeckoro nHcturyra uM. B.I'.MeceHkona
(ADOH D). Ucnionp3osaics criekrporpad ¢ mudpakimmoHHon perretkoit 400 mrp/mm,
mpuHa BxogHoi menu 10". B kagectBe metekropa ucnoib3oBaiack [13C-kamepa
SBIG STT-3200 (2184 x 1472, 6.8 MxM). HaGmoneHWs BBINOJTHSUINCh B JIBYX
CIEKTpaIbHBIX AuanazoHax: 4300-5300A u 6400-7400A c¢ mucnepcueit 1.1A /
mKceb. KammbpoBKa IIKadbl JUTMH BOJH IIPOBOAMJIACH C TIOMOIIBIO JIAMITHI, B
CIIEKTpEe KOTOPOH IpeacTaBIeHbl aMuccuoHHble TMHUM He-Ne-Ar. s 00paboTKku
CIIEKTpOTpaMM TIPMMEHSJIAaCh CTaHAApTHas IIpolleAypa: BBYUTAHWE TEMHOTO
uzoopaxeHus (dark image) u nmornpaska 3a atMocepHoe TorsolueHue. s kaxmoi
WR-3Be3nb1 momoupanack Hanbosee 0M3Kas K Heil cTaHmapTHAsI 3B€3/1a C U3BECTHBIM
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Tabauua 1
CIIMCOK HCCIEAYEMBIX OBBEKTOB

HazBaHnue Sp o (2000) 8(2000) Hpyroe
obObekTa h m s o ' " Ha3BaHUeE

WRI1 WN4 00 43 28 64 45 35 HD 4004

WR 2 WN2b 01 0523 60 25 19 HD 6327

WR 3 WN3ha 01 38 56 58 09 22 HD 9974
WR 120 WN7 18 41 00 -04 26 14 TH14-4
WR 128 WN4(H)+0B? 19 48 32 18 12 03 HD 187282
WR 141 WNS5+05V-II1 20 21 31 36 55 12 HD 193928
WR 145 WN70/CE+? 20 32 06 40 48 29 EM*AS 422
WR 148 WN8H+B3I1V/BH 20 41 :21 523512 HD 197406
WR 151 WN4+0V 22 09 33 57 44 30 CX Cep
WR 152 WN3(h) 22 16 24 55 37 36 HD 211564
WR 153 WN60/06 22 18 45 56 07 36 HD 211853

pacnpeneneHueM 3Hepruu u3 kartajora [17]. Yuer arMochepHOro mMoOroIIEHMS
BBITOTHSUICSI HE3aBUCKMO JUTSI 00beKTa M craHaapta. KoadduiyeHTs! Mpo3payHOCTH
P, ObIIM MOJTy4eHHBI 17151 00CEpBaTOPUU - MECTA pacnoioxkeHus Teaeckona A3T-
8. MlcripaBiieHHbIN CMIEKTP CTaHAAPTHOM 3B€3/bl MCIIOIb30BAJICS /1JIs1 KPUBOM CIEKT-
pPaJIbHOI YYBCTBUTEJIBHOCTH amIapaTrypbl U, C Y4e€TOM Pa3HOCTU SKCIO3UIIMMA, IS
KaJIMOPOBKHM CITEKTpa MCCIIEAyeMOTro 00beKTa B QHEPTeTHUECKUX eANHMIIAX.

doTomMeTprIecKre HaOIIONeHUS TTPOBOIWINCH Ha 1-M Teneckone Carl Zeiss
Jena, pacmonoxxenHoM Ha Tsanab-1llanbckoit AcTpodm3myeckoil obcepBaTOpUM
(TLHAO) A®UD. Ncrnonws3osaicsa Habop ¢uiabTpoB Astrodon BVRc u nBe I13C-
kamepsl: [13C Alta F16M (4096x 4096, 9 ) ucmnoab3oBanach 10 HosOps 2021r.
u 6bu1a 3ameHeHa Ha [13C ApogeeU9000D9. Ilone 3peHus cocrapisuio 20'x 20",
a yroBoi MaciTab m3obpaxkenus - 0.38"/mukcens. K coxanenuio, B cepennHe
2022r. ¢otomeTpuueckue HabaoaeHUs ObLIM MpepBaHbl Ha 3 Mecsla u3-3a
npodsieM ¢ I13C-kamepoii. IlepBuyHast o6paboTKa M300pakeHUid cocTosIa U3
CTaHJAPTHBIX olepaluii co ciaykeOHbIMU haitiamu Bias, Dark u Flat. M3mepenus
M300pakeHNI TTPOBOAWINCH C MCITOIB30BAaHWEM CTAaHIAPTHBIX ITAKETOB IIPOTrpaMM
IRAF u MaximDI-6. CraHgapTaMu CAOyxXuid OJU3KHE K OOBEKTY MO SIPKOCTU
3Be3/bl MOJISI C M3BeCTHbIMM 3HaueHussMu BVRc. YpaBHeHus njs mnepeBojaa
WHCTPYMEHTAJIbHBIX OLIEHOK OJieCKa B CTaHAapTHYO crcteMy BVRc Oblin mosyueHbl
MpY HaOJIOAEHUIX CTaHIAPTHBIX ITowanok [18].

3. Iloayuennvle pe3ysbmamol. B Hally mporpaMmy HMCCIEIOBaHUN ObLIO
BkmoueHo 18 3Be3nx WR: WN (11), WC (6) u WO (1) mocienoBaTeIbHOCTEIA,
OONBIIMHCTBO 00BeKTOB ciaabee 10™ (B ¢uimbTpe V), HEKOTOpPBIE M3 HUX IUIOXO
n3yyeHbl. B maHHOI cTaThe paccMaTpUBAIOTCS PE3yJIbTaThl, MOJTYYSHHbIE AJIs1 3BE3/T



524 JLH.KOHAPATHLEBA 1 JP.

WN nocnenoBateabHocT. Habmogenust npoBoaguinchk B 2021-2022rr. B Ta6n.2
MpUBEJEHbI pe3yabTaThl (poToMeTpuUeckux HabmoaeHuit 3Be3nq WN. B nepBom
cTosiblie yKa3aHO Ha3BaHUE O0BEKTa, €T0 KjlacCuduUKalus U SIpKOCTh B (PUIbTpax
B n V u3 acrponomuueckoii 6a3pl gaHHbIX SIMBAD. Ilocnenyiomme cToIOnbI
colepXaT AaThl, IOJIMaHCKUE AaThl U 3HadyeHMss BVRc.

Tabauya 2
OLUEHKHW BJIECKA MCCIEAYEMbIX 3BE31 WN

HaszBanue oObekTa Hara JD-2400000 B \% Rc
Ha0MoNeHUIt

1 2 3 4 5 6

WR 1 WN4 2022-01-21 59601.10 | 10.47£0.05 | 10.32+0.05 |10.35+0.06
B=10.72 V=10.14 [19] | 2022-01-27 59607.08 | 10.46x0.05 | 10.32+0.05 |10.35+0.06
2022-02-04 59615.06 | 10.39£0.05 | 10.21+0.02 |10.28+0.06

2021-11-21 59540.20 | 11.44%0.07 | 11.38+0.06 | 10.98+0.05
2021-12-01 59550.17 | 11.43+0.08 | 11.38%0.07 | 10.98+0.05
2021-12-09 59558.18 | 11.43%0.07 | 11.38+0.07 |10.98+0.06

WR 2 WN2b 2021-12-20 59578.13 | 11.44%0.07 | 11.37+0.07 |10.9710.06
B=11.49 V=11.33 [20] | 2022-01-21 59601.12 | 11.43%0.08 | 11.38%0.08 | 10.99£0.05
2022-01-31 59607.09 | 11.43£0.07 | 11.3740.09 |10.9710.07
2022-02-04 59615.08 | 11.43£0.08 | 11.37£0.05 | 10.99+0.05
2022-10-31 59884.37 | 11.44£0.08 | 11.3810.08 |10.96+0.07

2021-11-22 59541.27 | 10.80+0.04 | 10.70£0.05 | 10.54+0.02
2021-12-01 59550.18 | 10.80%0.04 | 10.71+0.05 |10.65+0.09

WR 3 WN3ha 2021-12-09 59558.24 | 10.81%0.04 | 10.71+0.05 |10.63x0.09
B=10.71 V=10.69 [21] | 2021-12-29 59578.14 | 10.80%0.04 | 10.70£0.05 | 10.53+0.02
2022-01-27 59607.10 | 10.81£0.04 | 10.71+0.06 |10.55+0.02
2022-01-31 59611.10 | 10.81£0.04 | 10.71£0.05 | 10.54+0.03
2022-02-04 59615.09 | 10.80£0.04 | 10.68+0.05 |10.66x0.09

2021-06-18 59380.32 | 12.25+0.04 | 11.85£0.04 | 11.27+0.07
2021-07-23 59419.20 | 12.384+0.03 | 11.90£0.07 | 11.37+0.07
2021-07-31 59427.16 | 12.34%0.04 | 11.90+0.04 | 11.37£0.08

WR 120 WN7 2021-08-06 59433.17 | 12.32+0.03 | 11.8940.05 | 11.33+0.06
B=12.93 V=11.67 [22] | 2021-08-10 59437.31 | 12.35%0.03 | 11.91+0.05 |11.28+0.06
2022-04-15 59685.36 | 12.41£0.03 | 11.87+0.07 |11.40£0.09
2022-04-28 59698.33 | 12.39£0.03 | 11.86+0.07 |11.43+0.09
2022-05-23 59719.39 | 12.39+0.04 | 11.87+0.07 | 11.43+£0.09

WR 128 WN4+0B | 2021-09-04 59462.15 | 10.40£0.03 | 10.46+0.02 | 10.56+0.04
B=10.49, V=10.54 [21] | 2021-09-06 59464.28 | 10.40%0.02 | 10.47+0.02 | 10.5610.04
2022-06-05 59736.25 | 10.42+0.02 | 10.49£0.01 | 10.61%0.03

2021-07-24 59420.41 | 10.58+0.04 | 9.84%0.03 | 9.11+0.01
'WR 141 WNS5+O5V-IIT | 2021-09-03 59461.39 | 10.59£0.04 | 9.84+0.05 | 9.14+0.01

B=10.60 V=9.78 [21] | 2021-10-07 59495.11 | 10.56+0.05 | 9,85%0.04 | 9.08+0.01
2021-11-09 59528.10 | 10.54%0.03 | 9,84+0.01 | 9.03x0.06
2022-11-10 59894.05 | 10.58+0.02 | 9.86%+0.02 | 9.07+0.04
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Tabauua 2 (Okxonuanue)

1 2 3 4 5 6

2021-07-25 59421.29 | 13.61£0.11 | 11.86x0.08 |10.58+0.08

WR 145 WN7/07 2021-08-10 59437.33 | 13.65%£0.11 |11.94x0.10 |10.46x0.11
B=13.46 V=11.83 [23] | 2021-09-03 59461.32 | 13.64+0.13 | 11.93+0.11 [10.44+0.10
2021-10-07 59495.14 | 13.65+0.11 | 11.86%0.07 [10.40%0.10

WR 148 WN8H+B3IV/BH | 2021-08-10 59437.37 | 10.86%0.04 | 10.24+0.06 | 9.85+0.06
B=10.87 V=10.30 [21] | 2021-09-03 59461.33 | 10.85%0.04 |10.23x0.05 | 9.69+0.03
2022-11-01 59885.34 | 10.78%0.05 |10.17£0.06 | 9.62+0.03

2021-10-12 59500.23 12.84+0.06 | 12.08%0.06 |11.3120.01
2021-11-05 59524.13 | 12.7620.06 | 12.06+0.05 |11.32+0.04

WR 151 WN4+0OV | 2021-11-12 59540.04 | 12.9240.07 |12.09+0.06 |11.32+0.01
B=12.95 V=12.078 [20] | 2021-12-01 59550.09 | 12.80£0.06 |12.09+0.05 |11.31£0.10
2021-12-29 59578.08 | 12.81%0.06 |12.19+0.07 |11.3110.01
2022-01-31 59607.04 | 12.75%0.05 |12.12+0.06 |11.25%0.01

2021-10-12 59500.25 | 11.51£0.10 | 11.79£0.05 |11.36+0.03
2021-11-05 59524.14 | 11.524+0.09 | 11.81£0.05 | 11.38+0.05
2021-11-21 59540.05 | 11.50+0.10 | 11.75£0.09 [11.27+0.09

WR 152 WN3(h) 2021-12-01 59550.12 | 11.51£0.10 | 11.76+0.09 |11.27+0.09
B=11.72 V=11.61 [20] | 2021-12-29 59578.09 | 11.51£0.10 | 11.79£0.06 |11.36x0.05
2022-01-14 59594.07 | 11.524+0.08 | 11.85%+0.05 |11.371£0.04
2022-01-21 59601.07 | 11.58%0.03 | 11.80+0.06 |11.37+0.04
2022-11-01 59885.05 | 11.6240.04 | 11.80+0.05 |11.36%0.05
2022-12-02 59916.05 | 11.62+0.05 | 11.8110.05 |11.40+0.05

2021-10-12 59500.27 9.43+0.01 | 9.00£0.02 | 8.83+0.01
2021-11-05 59524.15 9.38+0.03 | 8.96x0.00 | 8.85+0.01
WR 153 WN 6+06 | 2021-11-21 59540.07 9.42+0.02 | 9.00£0.01 | 8.89%0.01
B=9.39 V=9.01 [21] | 2021-12-29 59578.12 9.4410.02 | 9.02+0.01 | 8.91%0.02
2022-01-31 59607.03 9.38+0.01 | 8.96%+0.02 | 8.44+0.03
2022-12-02 59916.04 9.40+0.02 | 9.00£0.02 | 8.89+0.01

WR 1 (HD 4004). 3Be3na npuHamiexuT K nociaenosateabHocti WN4. B psne
paboT OoTMeueHa TEPeMEHHOCTb ee¢ Ojiecka W mpoduaeii SMUCCUOHHBIX JUHUA.
doTomeTprdeckuii iepron P=16.9 mHsa O6bUT oydeH u3 HabmoneHwmit 2004r. [24].
B cniektpe WR 1 HeomHOKpaTHO HaGIIOAATUMCh TOTIOIHUTETbHbBIE SMACCUOHHBIE TTUKM,
CMelIaoIecs BAONb IMHPOKOTO MPOMUIs SMUCCUOHHBIX JUHHN [25,26].
Brieuatiisronme n3MeHeHNsT SKBUBAJIEHTHBIX IIMPHUH SMUCCUOHHBIX JTMHUH (~50%)
B TeYEHME HOYM ObLUIM 3aperiCTpUpPOBaHbI B pabote [26]. McciaemoBaHus Ha mpeaMeT
JIBOMCTBEHHOCTU OOBEKTa Jajau OTpULIATEIbHBIN pe3yabTar. [103ToMy MCTOYHMKOM
CIEKTPAILHOM TIEPEMEHHOM CUMTAETCS BPALLIAOLLMIACS 3BE3OHBIN BETEP, HEOTHOPOIHAS
CTPYKTypa KOTOPOTO CO3/1aeT NOMOJHUTENIbHbIE BEIOPOCHI (DparMeHTOB BelliecTra [27].

Bo BpeMst Halmx HabaOaeHUI ObLIA 3aperuCTPUPOBAHbl U3MEHEHUs OJecka
1o 0™.1 B ¢punbrpax B u V. CpaBHeHUe HalIUX (POTOMETPUYECKUX PE3YIbTATOB
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¢ JTaHHBIMM KaTayiora [22] moxasaino, uyro B 2021-2022rr. WR 1 ctan Ha 0™.3 sipue
B ¢mibTpe B w na 0™.25 cmabee B ¢uabtpe V (Tabm.2). B cmexktpe WR 1
npucyTcTBYIOT amMuccuoHHble tuHun HI, Hell, NIV u NV. B 1a6:1.3 nipuBeneHbl
3HauYeHMs] UX MOTOKOB B wKkaie 107'23pr/cM’c M SKBUBAJIEHTHbIE IIMPUHBI B
aHrcTpeMax. TOYHOCTh ONpeleieHUsT 3THX MapaMmeTpoB coctasiser 10-15%. B
OCHOBHOM Ha0JII0JaeMble MU3MEHEHUSI TIOTOKOB SMUCCUOHHBIX JIMHUI U 3KBUBa-
JIEHTHBIX IIWPUH B CITIEKTPEe 3TOro oObeKTa He mpeBbimaioT 20%.

Tabauya 3

ITOTOKN M3INYYEHUA N SKBUBAJIEHTHBIE ININMPHUHBI
HMUCCUOHHBIX JUHWUKW B CIHEKTPE WR 1

MA) |HMonsl| 2021.12.01 | 2021.12.10 2022.02.01 2022.09.02 | 2022.10.06
Fabs | EW | Fabs | EW Fabs | EW Fabs | EW Fabs | EW

4540 | Hell 8.0 30 8.8 28

4619 | NIII 14 53 16 52

4685 | Hell 92 420 104 385

4859 | Hell 8.5 35 10 34

4945 | NV 33 13 25 82

5411 | Hell 18 71 19 58

6560 | Hell | 32 | 126 35 126 29 138

6583 | Hell | 4.8 20 5.1 16.2 43 2

7109 | NIV | 46 | 208 50 220 38 229

WR 2 (HD 6327). O6bekT otHOCcHUTCS K WN-KJTaccy M OTIMYaeTCsl HU3KUM
TEMITOM TTOTEPH MACChl M BBICOKOI TeMITepaTypoil. DMUCCHOHHBIE TUHUU UMEIOT
HeoObIuHYI0 ¢opmy. [lJisi OOBbSICHEHUST CTPYKTYpPbl SMMCCUOHHBIX Tpoduieit
paccMaTpUBAIKUCH CJEMYIONIE BAPMAHTHI: HAJIMUKE BTOPOrO KOMIIOHEHTa, ObICTpoe
BpallleHWe 3Be3lbl U CUJIbHOE MarHuTHoe Tmoze [28,29]. Tlo HammMMm maHHBIM
(Tabn.2) 6meck 3Be3nbl B 2021-2022rr. Obu1 cTaOMIABHBIM. Pe3ynbTaThl CIEKT-
pabHbIX HAOMIOAEHUI MpeacTaBieHbl B Ta01.4. AOCOMIOTHBIE MTOTOKM U3TyYEHUS
BbIpaXeHbl B wKajie 1072 3pr/cm’c, KBUBaJEHTHbIE LIMPUHBI - B aHTCTpeMaXx.
ToyHOCTh ompeneaeHus napaMeTpoB coctapisgeT 10-15%.

WR 3 (HD 9974). D10 onHa 13 caMbIX SIpPKMX 3Be3[ paHHel Mocie0BaTeIbHOCTU
WN. B ee crniekTpe MPUCYTCTBYIOT 3MUCCUOHHBIE U aOcopOLMoHHbIe JuHun HI,
WHBIMU CJIOBaMU, aTMocdepa COIepKUT HEKOTOPOe KOJIUYECTBO BOIOPOA, 1 3Be3/a
otHocuTcd K iy WN3ha [30]. ABoiicTBeHHas1 IIpUpoJa 3TOro oObeKTa He IOJ-
TBEPXKIEHA, CJeNI0BaTe/IbHO, BOJOPO/ MPUCYTCTBYET B camoii atMocepe WR 3 [31].
OnHaKo 3TO He COIlacyeTcsl CO CTaHAAPTHBIMU DBOJIOIIMOHHBIMU TpEKaMM ISt
WR-3Be31. BoaMoxxHO, 4TO ObICTpOE BpallleHWe 3Be3/bl, MOHMKEHHAsT METALINY-
HOCTh 7Z W HU3Kas CKOPOCTb MOTEPH MacChl IMPUBOIAT K TOMY, UYTO BOIOPOHI M3
BEPXHUX CJIOEB aTMOC(Eephl CMEIIUBAETCS C TeJIMEM U a30TOM U3 HUKHMX CJIOEB,
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Tabauya 4

ITOTOKN M3JIYYEHUA N SKBUBAJIEHTHBIE IINMPUHBI
DMUCCUOHHBIX JUHUN B CHEKTPE WR 2

MA)|Honml| 2021.12.01 | 2021.12.10 | 2021.12.29 {2022.09.02 |2022.10.06 [2022.10.12
Fabs | EW |Fabs | EW | Fabs | EW | Fabs | EW | Fabs | EW |Fabs | EW
4540 | Hell 2.0 13 21 | 16
4685 | Hell 24 161 24 167 20 | 166
4859 | Hell 13 8.5 1.1 8.1 1.7 | 14
4945 | NV 0.7 47 | 0.7 5.1 1.7 | 14
5411 | Hell 44 34 44 32 44 | 38
6560 | Hell | 5.0 | 52 6.3 55 | 6.1 64
7109 | NIV | 12 13 1.3 18 13 | 21

B pe3y/bTaTe Yero BCE BTU 2JIEMEHThl OKasbIBaloTcsl BMecTe B atMocdepe [31]. Bo
BpeMsl HalluX HaOIONEHUM SIPKOCTb OOBbEKTa 1 TTOTOKU SMUCCUOHHBIX JJMHUM B €ro
CTIeKTpe ObUIM JOCTAaTOYHO CTaOWibHbL. B Ta0n.5 mpuBeneHbl 3HAUEHWS TMOTOKOB
V3TydeHUss B 3MUCCHOHHBIX JMHMAX B wiKate 1077 9pr/cM’c M 9KBMBAJIEHTHbIE
IIMPUHBI B aHTCTpeMax. TOYHOCTh OMpeaeieHrs 3THX TTapaMeTpoB cocTarmsteT 10-15%.

Tabauuya 5

ITOTOKU HU3JIYYEHHA B SKBUBAJIEHTHBIE IIIMPUHDbI
DMUCCUOHHBIX JUHUN B CITEKTPE WR3

MA)| Hons [2021.12.01 {2021.12.10{2021.12.29{2022.09.01{ 2022.09.02 |2022.10.06| 2022.10.12)

Fabs|EW |Fabs| EW | Fabs |[EW | Fabs| EW | Fabs | EW |Fabs |EW | Fabs| EW
4540 | Hell 06 | 2.2 06 |24
4620 NV 78 | 26 | 77 |26 | 93 | 28 7.5 | 30
4685| Hell 15162 17 |69 15 | 57 12 | 55
4859 (Hell+HI 0314|044 |17]03 (13 03115
4940 NV 08 [33] 08 (34| 0.8 |29 07 |34
5411 | Hell 16 | 81| 1.6 |82| 1.7 |79 1.5 |83
6560 HeII+HI| 3.7 | 31 36 | 22|40 |32

WR 120. BT10T 00bEKT NMpUHAMIEKUT nocienoBaTesbHocT WN7. Ero ¢doto-
MeTpHUECKasl MepeMeHHOCTh ¢ amiuiuTynoir 0M.042 u mepuogoM 6 nHeil ObLia
3aperucTpupoBaHa B padote [32]. OTMeueHa crieKTpajibHas NMepeMEHHOCTh TUIIa
CIR, Habmtopanoch MosBIEHWE KPYIMHOMACIITAOHBIX AeTajell, HaJOXEHHbIX Ha
IXUPOKUE MPODPUIN SMUCCUOHHBIX JUHUIA (o ~7—-8%) [33].

Hamm doromerpuyeckue maHHbe TMOKa3au KojebaHus Ojecka 3Be3lbl B
npenenax 0™.15 (ta6m.2). I1o cpaBHeHMIO ¢ JTaHHBIMU Katayora [22] 61eck oObeKTa
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B 2021-2022rr. noBeicwics Ha 0.6 B ¢duiabtpe B 1 ymenwimica Ha 0™.25 B
¢dubTpe V. [T0TOKM B 3MUCCUOHHBIX JMHUSX B wKaie 1072 spr/cm’c u sKBUBa-
JieHTHble MpuHbl WR 120 1151 cuHelt u KpacHoli 00yiacTeil crieKTpa MpuBeAeHbI
B Ta6ia.6 u 6a. ToYHOCTL OIpeneeHUs 3TUX mapaMeTpoB coctaBisgeT 10-15%.
Ha6monatorcss BoTHOOOpa3Hble M3MEHEHUS TTOTOKOB ¢ aMILTATynoi ~20-25%.

Tabauuya 6

[NOTOKHN U3INYYEHUA U B5KBUBAJIEHTHLIE IIMPUHBI
HSMUCCUOHHBIX JUHWUKW B CIHEKTPE WR 120

MA) |Homsr| 2021.06.13 | 2021.07.25 | 2022.05.08 | 2022.06.29 | 2022.09.01
Fabs | EW | Fabs EW | Fabs | EW | Fabs EW | Fabs | EW

4514 NIII 1.2 27 | 05 13 | 04 11 | 04 12
4540 Hell | 12 27 | 12 23 1 09 23 | 09 25 0.9 26
4640 NIIT | 23 54 | 21 57 | 23 54 | 21 58 2.1 53
4686 Hell | 25 64 | 2.5 67 | 24 56 | 24 67 23 59
4859 Hell | 04 10 | 04 11 | 03 75 | 04 94 | 04 8.6
4933-4944 | NV | 04 10 | 03 831 03 79 | 04 95 | 04 8.8
5411 Hell | 1.0 16 | 1.1 18 1.0 17 | 09 18 1.0 17

Tabauuya 6a

ITOTOKN M3INYYEHUA N SKBUBAJIEHTHBIE ININMPHUHBI
OMUCCUOHHBIX JTUHUN B "KPACHOM" NHUANA30OHE IJIVH
BOJIH B CITEKTPE WR 120

AMA) [Mons]2021.06.29| 2021.07.31] 2021.08.07 2022.04.28 | 2022.05.07 | 2022.06.04 | 2022.06.26| 2022.09.02
Fabs |EW [Fabs | EW |Fabs | EW| Fabs | EW | Fabs | EW | Fabs [EW | Fabs|EW [Fabs | EW

6560 |Hell | 23 |27 (29 |38 |28 | 33| 26 |36|22 |2 | 1.7 |31 19|28 [22 | 28
6683 |Hell | 3.0 |37 |25 |31 |34 | 41| 32 |43 | 32 (40| 20 |34 | 21|30 [29 | 37

7065 | Hel | 2.8 |33 |21 | 26 22 125201 | 24| 14 |26 | 1.1 (24 |22 | 28
+
771?292 NIV |43 |47 |41 | 46 [ 52 |50 35 (40| 35 | 42| 23 |42 | 1.7 (43 |23 | 28

7177 | NIV | 03 |22 |04 | 5.0 04 |44| 02 | 40| 03036 | 0233 |04 |60

WR 128. DT0T 00beKT MpUHaAIEXUT nocyiegoBateabHoctt WN4. 3apeructpu-
pOBaHbI IYKTyaly GrecKka Majloi aMIUTATYIBI U ~2-3% W3MeHeHUST MTHTEHCUBHOCTH
SMUCCUOHHBIX TUHUM. [Ipeamnonaraercsi, YT0 UICTOUHUKOM TIEPEMEHHOCTH SIBIISIETCS
HEOIHOPOJIHAsA CTPYKTypa 3Be3IHOTO BeTpa. I[TomcKM JTydeBBIX CKOPOCTEil, MOMI-
TBEPKIAIOLIMX IBOITHYIO IIPUPOAY O0BbEKTa, He Jaiau pe3ysbratoB [34]. B mpoiecce
HallIMX HaOIIONeHWI SIPKOCTh 00ObeKTa ObUIa JOCTAaTOYHO CTAaOMJIBHOM. AOCOIIOTHBIE
MOTOKM B SMUCCHOHHBIX JIMHMSAX B wiKajie 1072 apr/cm’c npuseaeHsl B Ta61.7 U
7a. TouyHOCTB OIpefesIeHnsT 3TUX mapameTpoB coctapiser 10-15%.
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Tabauya 7

MMOTOKU U3JIYUYEHUA U BDKBUBAJIEHTHBIE IHUPUHbBI TUHUN
B CIIEKTPE WR 128

MA) Honsl 2021.06.13 | 2021.07.25 | 2021.08.10 | 2022.07.15 | 2022.07.15
Fabs | EW | Fabs | EW | Fabs | EW | Fabs | EW | Fabs | EW

4514+4540 | Hell | 2.6 10 3. 9.1 25 91| 26 8.7
4640 NIII| 6.7 2 | 725 21 5.8 19 | 64 21
4686 Hell| 26 96 26 90 29 96 24 83 24 80
4859 Hell| 3.1 63 | 3.1 11 3.0 11 3.1 12 ] 32 10

4933+4944 | NV | 1.7 7.6 1.7 6.3 1.8 6.7 1.7 66 | 19 7.5
5411 Hell| 44 19 3.8 25 3.6 14 35 15 ] 41 14

Tabauua 7a

ITOTOKN M3INYYEHUA N SKBUBAJIEHTHBIE IINMPHUHBI
HSMUCCUOHHBIX JIMHUN B "KPACHOM" JIMATIA3OHE JIJIUH
BOJIH B CIIEKTPE WR 128

MA) [Honsl | 2021.06.20 | 2021.06.30 | 2021.07.08 | 2022.06.26 | 2022.07.21
Fabs | EW | Fabs | EW | Fabs | EW | Fabs | EW | Fabs | EW

6560 | Hell 10 66 9.7 58 9.9 63 10 62 10 61
6683 Hell | 04 | 3.0 0.5 35 | 05 36 | 04 25 0.5 34
7122 NIV 7.1 57 7.1 60 | 64 56 7.0 65

WR 141 (HD 193928). Ota nBoiiHast 3Be3mHast cUCTeMa MPUHALIEKHUT MOCIe0-
BarespbHOCTU WNS5+O0S. TlepBbie opOUTaIbHBIE MapaMeTpbl ObLIM OMpeaeeHbl 110
M3MEPEHMSIM JIYYEBBIX CKOPOCTE SMUCCHOHHBIX JUHMIT NV, 4604 u Hell, 4684 A
[35]. Tlo3gHee ObUIM MOJYyYEeHBI OLIEHKM mepuoma P=21.64 nHs, HaKJIOHEHWUS
op6uThl U Macc KOMIIOHEHTOB [36]. HoBoe 3HaueHue OpOUTAILHOIO MEepHOaa
cucteMbl: P=21.68 nHa moisiydeHo B pabote [32].

JanHbple HalMX OTOMETPUYECKUX HAOMIONeHWII IpuBeAeHHI B Taom.2. B 2021r.
3HAYUTEJbHBIX KOJeOaHUii Oiecka 00beKTa OOHapyXkeHO He Obulo. Pe3ynbrarhbl
CMEKTPalbHBIX HAOIIOAEHUI MPUBOASATCS B Ta0a.8 U 8a. DMUCCUOHHBIE MOTOKU
BbIpaxeHbl B 1kaine 1072 apr/cm’c, TOYHOCTb OMpedeieHMs] TUX MapaMeTpoB
cocrapisieT 10-15%. B ciektpe WR 128 oTMmeuaeTcst mocTerieHHOE YMEHbILIEHKE
MOTOKOB B OMMCCUOHHBIX JIMHMSIX K KOHIy 2022r., MpM 3TOM 3KBUBAJIEHTHbIE
LIMPUHBI JTUHUM U3MEHSUTUCh HE3HAYUTEIBHO.

WR 145. D10 nBoitHas cuctema ruopugHoro tuna WN7o0/CE + O [37,38].
INepnon obpaiieHrsT KOMITOHEHTOB cocTaBisieT 22.544 nus [38]. OObeKT sBisieTcs
HWCTOYHUKOM CUJIBHOTO PEHTTEHOBCKOro u3lydeHus. [IpuueM ocHOBHasI ero JoJist
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Tabauya 8

ITOTOKN M3JIYYEHUA N SKBUBAJIEHTHBIE IINMPUHBI
OMUCCUOHHBIX JUHUM B CHEKTPE WR 141

MA) |Honsl | 2021.07.25 | 2021.08.10 | 2021.09.07 | 2022.07.15 | 2022.10.13
Fabs | EW | Fabs | EW | Fabs | EW | Fabs | EW | Fabs | EW

4514-4540| NIIT | 5.8 18 6.9 22 4.0 22
4640 NIII 11 34 13 42 11 39 7.5 46
4686 Hell | 45 136 | 49 154 | 48 141 39 145 | 25 152
4859 Hell | 46 14 5.7 18 | 56 16 44 15 34 18

4933-4944| NV 23 | 71 26 6.7 | 28 8.0 L7 | 59 14 8.0
5411 Hell 14 30 14 31 13 29 9.3 38

Tabauua Sa

ITOTOKN M3INYYEHUA N SKBUBAJIEHTHBIE IINMPUHBI
DMUCCUOHHBIX JUHUN B "KPACHOM" NHUANA30OHE OJIVH
BOJIH B CIIEKTPE WR 141

M(A) |Monbi|2021.06.20 2021.06.30|2021.07.08 |2021.08.17 [2022.07.21 {2022.07.25|2022.10.10 {2022.11.01 [2022.11.13

Fabs | EW | Fabs| EW| Fabs| EW |Fabs | EW | Fabs | EW | Fabs | EW | Fabs | EW | Fabs |EW | Fabs | EW

6560 | Hell | 34 | 64| 35 | 67| 42 |66 | 37 |69 | 37 [65| 37 | 64|30 | 68 | 30 [64| 30 | 62
6683 |[Hell | 5.7 | 10 | 5.8 | 11| 65|13 (72 | 15|73 (14 |74 |13 (6.6 | 12|63 [12]|6.0| 12
7122 | NIV,

7177 | Helr 60 | 93| 64 |120| 61 |117| 65 |120| 58 |105| 58 |106| 53 |103| 46 |[110| 45 | 105

npuxoaut ot O-3Be3abl [39]. Maccu u I'poys [40] npoBean uccaemoBaHus, YTOObI
onpeneanTb, rae uMmeHHo dopmupyotcs auHuu NIV u CIV: B aByx pasHbIX
3Be3lax WJIM B o0ObekTe "mepexomHoro” tuna WN/WC. bblio gokazaHo, 4uTO
JaHHbIE SMUCCUOHHBIE JUHUU BO3HUKAIOT B OJHOM OOBEKTE.

CpaBHeHMe HalMX (POTOMETPUUECKUX PE3YJbTaTOB C JAaHHBIMM Kartajora [23]
rokxasajio, 4ro Oyieck oobekTa B 2021r. ctan cinabee Ha 0.2 B punbtpe B u Ha
0™.1 B ¢unbTpe V. [OTOKM B 3MUCCHOHHBIX JUHMAX B wikane 10'2spr/cm’c u
9KBUMBAJIEHTHbIE 1IMPUHBI B ciiekTpe WR 145 mig cuHeil m KpacHoil obsacteit
crekTpa TpuBeAeHbl B Ta0a.9 u 9a. TouyHOCTb ompeaeneHus 3TUX IapaMeTpOB
coctaBisieT 15-20%. CyliecTBeHHOEe YMEHBIIIEHE SMUCCHOHHBIX TTOTOKOB 3ape-
rUCTpUpoBaHO B 2022r., HO 9KBUBAJIEHTHbIE IIIMPUHBI U3MEHSUTUCh HE3HAUUTETLHO
(1a61.9 u 9a).

WR 148. Brtor 00bekT otHocutcsti K tuiy WNS8h+B3IV/BH. CornacHo
U3MEpPEHUSIM JTy4eBOW CKOPOCTH, €r0 OpOUTANIbHBIN mepuo coctaBnseT 4.317 s
[41,42]. Ectb npearionoXeHue, YTo CIyTHUKOM 3Be31bl WR sBiIsteTcss KoMImakTHBIA
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Tabauua 9
ITOTOKU M3JIIYUEHUA U DKBUBAJTEHTHBIE HHIMPUHBI
HDMUCCUOHHBIX TMHUMN B CIHEKTPE WR 145
MA)  |Monwl| 2021.07.25 | 2021.08.10 | 2022.07.15 | 2022.07.15 | 2022.10.12
Fabs | EW | Fabs EW | Fabs | EW | Fabs | EW | Fabs | EW
4540 Hell 0.29 21 | 0.29 21 | 0.28 20
4640 NIII | 1.14 67 | 095 66 | 0.92 60 | 0.96 60 1.10| 60
4685 Hell | 1.34 67 | 1.40 67 | 1.04 68 | 1.05 66 | 1.08 58
4859 0.25 14 | 0.26 15 | 0.26 13
5411 Hell | 0.88 16 | 0.90 13 | 0.70 12 | 0.66 11 | 0.64 12
5801+5811| CIII 6.25 60
Tabauua 9a

[TOTOKHN U3INYYEHUA U B5KBUBAJIEHTHLIE IIMPUHBI
HMUCCUOHHBIX JIMHUN B "KPACHOM" JIMATIA3OHE JIJIMH

BOJIH B CIIEKTPE WR 145

MA)  |Monbl| 2021.07.24 | 2021.08.17 | 2022.07.20 | 2022.09.02 | 2022.10.06
Fabs | EW | Fabs EW | Fabs | EW | Fabs EW | Fabs | EW
6560 Hell | 34 23 | 33 24 31 23 29 26 26 23
6683 Hell 1.6 11 1.6 10 14 10 1.2 10 1.2 10
7065 Hel
710947122 NIV 11 64 11 70 9.5 66 8.1 61 79 60

00BbeKT uan 4yepHasd apipa. B T1a61.10 u 10a nmpuBegeHBl 3HaYeHMWsT aOCOJIOTHBIX
IMOTOKOB B SMUCCHUOHHBIX JINHUSIX W SKBUBAJICHTHBIC IIMPUHBL. [10TOKM BhIpaskeHbI
B mkane 102 apr/cm’c. TOYHOCTb OMpeNeNeHUs] 3TUX MapaMeTpPOB COCTAaBJISET
15-20%. V3MeHeHUs OTOKOB B SMUCCHOHHBIX JTMHUSIX HEe BBIXOIST 3a TIpeAeITbl
OILIMOOK M3MEPEHUIA.

Tabauua 10

[NOTOKHN U3INYUYEHHA U B5KBUBAJIEHTHLIE IIMPUHBI
OMUCCUOHHBIX TUHUN B CIEKTPE WR 148

n(e) |HMomwr| 2021.07.25 | 2022.07.16 | 2022.07.17 | 2022.09.01 | 2022.10.13
Fabs | EW | Fabs EW | Fabs | EW | Fabs EW | Fabs | EW

4634+4640| NIII | 2.2 9.0 | 35 15 35 15 35 15 34 16

4685 Hell | 5.3 16 | 6.3 26 6.3 26 6.1 26 5.7 28
4859 Hell | 1.2 39 | 1.2 52 1.1 4.6 1.1 4.7 1.0 49
5411 Hell | 0.7 21 | 0.8 31| 08 29 | 07 2.8 0.8 37
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Tabauya 10a

ITOTOKHN M3INTYYEHUA 1N BKBUBAJIEHTHBIE IIMPUHDBI B
CIIEKTPE WR 148

MA)|Honer | 2021.07.24 | 2021.08.17 | 2022.09.02 | 2022.10.06 | 2022.10.10 {2022.11.01
Fabs | EW |Fabs | EW | Fabs | EW | Fabs | EW | Fabs | EW |Fabs | EW
6560 |Hell | 74 | 27 | 75 26 6.1 28 6.0 29 | 66 | 28 | 6.7 | 28

6583 |Hell | 1.6 | 59 | 1.5 | 55 | 11 510 1.0 | 50| 14 |58 | 14 |54
7065 | Hel | 1.1 | 43| 12 | 45 | 09 50 | 1.0 | 55| 1.0 |47 | L1 |51

;}gg NIV | L1 |41 | L1 |43 |12 [ 55| 12 |54 | 11 |47 11|51

WR 151. Dra nBoiiHas cucremMa coctouT u3 3Be3nm OS5V m WNS [43].
OponTtanbHblii Tepyron P=2.12691 neHb GBI ONpeAesieH MO JIy4eBBIM CKOPOCTSIM
KOMITOHEHTOB [43]. Bo Bpems IJ1aBHOTO 3aTMEHMS, KOT/Aa BIEPeaU pacrojaraercs

Tabauua 11

ITOTOKM M3IYYEHUA N SKBUBAJIEHTHBIE ININMPUHBI
OMUCCUOHHBIX JUHUM B CHEKTPE WR 151

MA) | Monsl 2021.08.10 2021.09.07 2022.07.25 2022.10.12
Fabs EW Fabs EW Fabs EW Fabs EW

4640 | NIII 0.7 25

4686 | Hell 3.1 78 29 9 3.0 100 32 82

4859 | Hell 04 12 04 10.3 0.3 10 0.4 9.7

4933

4944 NV 0.2 49 0.2 5.5 0.2 6.5

5411 | Hell 1.0 21 1.1 19 0.9 16

Tabauya 1la

ITOTOKN M3INYYEHUA N SKBUBAJIEHTHBIE IINMPHUHBI
OMUCCUOHHBIX JTUHUN B "KPACHOM" NUANA30OHE OJIVH
BOJIH B CIIEKTPE WR 151

MA)|Monsr| 2021.08.17 | 2021.09.04 | 2021.12.01 |2022.09.02 | 2022.09.25|2022.10.06
Fabs | EW |Fabs | EW | Fabs | EW | Fabs | EW | Fabs | EW |Fabs | EW

6560 | Hell | 2.1 | 41 | 2.1 45 | 19 35 |1 22 | 36| 28 | 36|22 37
6683 | Hel | 0.6 | 12 | 0.6 12 | 04 83 106 | 99| 05 |70 05|93

9 Ny 26 | 2|25 | 4 32 | 48
7122 28 | 53 27 | %2 28 | 51

7177 | Hell 0.3 50 | 02 45 0.1 |21
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3Be3na WR, spkocte MeHsgercsa He3HauuTenabHo, Ha 0™.1. Bo Bpemsa Haimx
HaOoneHui KojiebaHus Oyecka 3Be3abl coctapisumi 0™.15 B ¢pmwibTpax B u V.
3HaueHus aGCOMIOTHBIX TIOTOKOB B 1Kate 10723pr/cM>c ¥ SKBUBATEHTHBIE IIMPUHBI
SMMCCHUOHHBIX JUHUU TpuBeAeHbl B Ta0a.11 u 11a. ToyHOCTh onpeaeseHusl 3TUX
MmapaMeTpoB cocTaBiseT 15-20%. M3MeHeHUs] SMUCCUOHHBIX TTOTOKOB PETrUCTPH-
poBaiuch B mpenenax 20%.

WR 152 (HD 211564). 3Be3na npuHamiexxut K tuiry WN3h. OHa okpyxXeHa
JIIBOMHOM Ta30BOM 000JIOUKOil. BHYTpeHHSISI 30Ha MMeeT auaMeTp okosio 17', a
BHeLIHSS - 36". OGOI0UKH, CyIsl 10 XUMUYECKOMY COCTAaBy, B OCHOBHOM COCTOSIT
U3 MeX3Be3IHOro rasza [44].

B npouecce Hamux HaOMOACHUI perMCTPUPOBAINCHL MU3MEHEHMSsT Ojecka B
npenenax 0".1 (Tabm.2). DTM M3MEHEHUsS MOTYT OBITH BBI3BaHBI KOJICOAHUSIMU
norjoueHus B obosoukax. Ilo cpaBHeHMIO ¢ maHHBIMM Katanora [20] Omeck
o0bekTa B 2021-2022rr. Beipoc Ha 0™.2 B ¢uiabtpe B m ocimaben Ha 0M.15 B
¢unbrpe V. B Ta6n.12 u 12a npuBeaeHbl 3HaAYeHUsT aOCOJIIOTHBIX MOTOKOB B
SMUCCUOHHBIX JIUHUSIX U 3KBUBAJCHTHBIC IIMPUHBL. [1O0TOKM BhIpaskeHbI B LLIKAJE
10" spr/cm’c. ToUHOCTb OMpeseaeHns ITUX MapaMeTpoB cocTasisieT 10-15%.

Tabauya 12

ITOTOKHM M3JIYYEHUA N SKBUBAJIEHTHBIE IINMPUHBI
OMUCCUOHHBIX JUHUMN B CIHEKTPE WR 152

MA) [Honnl| 2021.08.10 2022.07.16 2022.07.17 2022.10.12
Fabs EW Fabs EW Fabs EW Fabs EW

4540 1.0 10

4620 Hell 32 29 3.0 30 33 30

4686 Hell 10 107 9.8 92 9.6 92 10 98

4859 Hell 1.0 11 1.0 10 1,0 11 1.0 9.7
4933-4944| NV 0.5 6.0 0.5 52 04 52 0.5 4.8

5411 Hell 14 15 13 15 1.3 17 1.3 14

Tabauya 12a

ITOTOKN M3JIYYEHUA N SKBUBAJIEHTHBIE IINMPUHBI
OMUCCUOHHBIX JUHUN B "KPACHOM" NHUANA30HE OJIVH
BOJIH B CIIEKTPE WR 152

A(A) |Momsr|2021.08.17 | 2021.09.04(2021.11.11 | 2021.07.18 |2022.07.18 | 2022.07.21 | 2022.09.25| 2022.11.01
Fabs| EW [Fabs | EW |Fabs | EW| Fabs |EW | Fabs | EW | Fabs [EW [ Fabs |[EW |Fabs | EW

6560 |Hell| 48 | 72 |44 | 72 |46 | 72| 46 [ 63| 51 | 72| 51 |71 | 53 |64 | 5.0 | 65
6683 |Hell| 0.3 |40 (03 |49]03 |34 03 (37| 03 |44 02 (34| 03 (2702 |30
7109

7122 NIV| 1.4 |27 [ 1.4 |28 (15 |27 1.5 (25 1.0 [ 17| 1.2 [ 19 [ 12 ] 16|12 | 21
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WR 153 (GP Cep). O6bekt cocrout u3 apyx map 3Be3n (WR+O u WR+O0).
KpuBag Giecka MMeeT 1Ba opOMTaNBHBLIX Hepuoaa: 6.68 mHsa u 3.46 muga. B nmepBoii
nape 3Be3na kiaacca O uMeeT OOJIbIIYI0 Maccy, a BO BTOpoi mape 0oJjiee MacCUBEH
koMrioHeHT WR [45]. Pe3ynbTaThl HalMxX HAOMIOACHMI - 3HA4YeHUST aOCOJIOTHBIX
noTokoB B 1iKate 10'23pr/cM> U 3KBUBAJIEHTHbIE LIMPHHBI SMUCCUOHHBIX JMHUIA
MpuBeaeHBI B Ta01.13. ToYHOCTh OmpeneeHnst 3TUX MapaMeTpoB cocTanisieT 15-20%.
ITo HammMM AaHHBIM CYIIECTBEHHBIX U3MEHEHUI (DOTOMETPUYECKUX U CIIEKTPATbHbIX
MapaMeTpoB 3TOI 3Be3[bl He OOHAPYXKEHO.

Tabauya 13

[NOTOKHN U3INYUYEHHA U B5KBUBAJIEHTHLIE IIMPUHBI
OMUCCUOHHBIX JUHUMN B CHEKTPE WR 153

AM(A) [Monpr| 2021.08.17| 2021.11.28| 2021.12.01 2022.07.17] 2022.07.18] 2022.07.21{ 2022.10.12| 2022.10.13 2022.11.12)
Fabs | EW | Fabs | EW| Fabs| EW | Fabs | EW | Fabs | EW | Fabs | EW |Fabs | EW | Fabs | EW | Fabs | EW
4540 | Hell 7.5 7.1 76 | 6.0 |73 |7.0
4640 | N1II 17 | 17 15 16| 14 |15
4686 | Hell 61 | 55 61 |58 |65 |70
4859 | Hell 2.1 | 2.1 24 12219 |23
4933
NV 4.0 | 4.0 43 (39|44 |57
4944
5411 | Hell 10 |8.4 8.9 [8.6]9.0 [9.0/9.0 9.0
6560 | Hell | 16 | 20| 17 |20 16 | 20 17 |20 | 19 | 23 20 | 26

@parMeHTHl CIEKTPOrpaMM HcciemyeMblx 3Be3m WN IOcemoBaTeIbHOCTH
MpUBeNeHbl Ha puc.l.

4. ObcyxucoeHue pezyasvmamos. IlpoBeneHbl (HOTOMETPUYECKHUE U
CIieKTpasIbHble HaOoNeHs rpyIbl 38e31 Bosbda-Patie WN-1ocienoBaTe1bHOCTHU.
Bolnu 3apervcTpupoBaHbl M3MeHeHHUs Giiecka o6bekToB WR 1 (AV =0".1), WR
120, WR 151 (AB=0".15, AV=0™15), WR 152 (AB =0™.1). Hawmm pe3ysbrarsl
CpaBHUBAJINCH C JaHHBIMM, nonxydeHHBIMU B 2000-2014rr. B punbrpax B u V B
karajorax [19-23]. 3apeructpupoBaHo yBenunyeHue 6iecka WR 1 u WR 152 Ha
~0™.2-0".3 B pupTpe B 1 Ha 0™.1-0".15 B puabstpe V. dng WR 120 moayaeHbr
3HAYUTEbHBIE PACXOXIECHUS ¢ KATATOXHBIMU JaHHBIMKH ( AB =0".5).

CnekTpajbHbIe HAOMIOAEHWSI B OCHOBHOM BBITIOJTHSUIMCH CO CIIEKTPaTbHBIM
paspewmenreM 1.1 A /mukcesb, Mo3ToMy MccleI0BaHue TPOIEl SMUCCUOHHBIX
JIMHUI He TpoBoAMIoCch. OCHOBHO 1IEJIbI0 MPOEKTa ObLJIO OMpeaeieHue TOTOKOB
WU3Ty4eHUs] B OMUCCUOHHBIX JUHMAX. JJIsI OONBIIMHCTBA MCCIEIOBAaHHBIX 3BE3[T
HabogaeMble M3MEHEHUs MTOTOKOB B SMHMCCHMOHHBIX JIMHUSIX HE BBIXOIWIM 32
npeaeyabl oMOOK u3MepeHHi. JIOBOJIBHO BBICOKME 3HAYEHMSI MOrpelrHOCTel
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(15-20%) obycnoBneHsl TeM, uTo B psige oobekToB (WR148, WR 151) crektp
OYKBaJIbHO 3aITOJIHEH MHOXECTBOM CJIa0bIX SMUCCUOHHBIX JJUHUI, U ONpPeNeIUTh
WCTUHHBIA YPOBEHb HEMPEPHIBHOTO CHEKTpa AOBOJBbHO TpyaHO. IIInpokue Kpbuibs
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SMUCCUOHHBIX JIMHMI B apyroii rpymme 3Be3n (WR145, WR154) takxe cokpaiiaior
Y4acTKM CBOOOJHOTO KOHTMHYYMa W TIPUBOAST K OOJIBIIMM OIIMOKaM Mpu
orpesie/ieHUur TOTOoKOB u3nydeHus. B cnekrpe WR 120 3apeructpupoBaHbl 3HaUu-
TeJTbHBIE BOJTHOOOpa3HbIe BapUallii ITOTOKOB B SMUCCUOHHBIX JUHUAX (10 30%).
B cnexkrpax WR 128 m WR 145 u3MeHeHUs ITOTOKOB B OMHMCCUOHHBIX JIMHUSIX
HEHAMHOTO MPEBBIIAIOT AUATIA30H OIIMOOK, HO YeTKO ITPOCICKUBACTCI TCHACHIINS
nx ociabieHust B KoHue 2022r. K coxajeHMnio, HalllM CHEKTpaJibHble M (POTO-
METpUUYECKUE HAOMI0ACHUST MPOBOAUINCH HE CUHXPOHHO, TaK KaK COOTBETCTBYIOLINE
TEJIECKOIbI PACIOJIOKEHBI B Pa3HBIX 00CEPBATOPHUSIX C Pa3sHBIMU ITOTOJHBIMU
YCIOBUSIMU. DTO 3aTPYIHSIET BBIOOP UCTOUHUKOB MEPEMEHHOCTU: U3MEHEHUSI MOII0-
LIEHUS Ha JIyye 3peHUs, yBeJIMUYeHUEe TIJIOTHOCTU 3BE3IHOTO BeTpa, (hIyKTyalust
CKOPOCTH MOTEPU MACCHI WK TOpsTYMe MSTHA Ha MOBEPXHOCTU 3Be3abl. OOUH U3
BKJTIOUEHHBIX B Hallly IIporpaMMmy oobekToB, WR 120, Bollles1 B CIIUCOK OIMHOYHBIX
3Be3n ¢ nepemeHHocTblo TuIa CIR. beicTpo Bpaliatolieecs sSIpo TaKOW 3BE3IbI
B3aMMOJIEICTBYET CO CTPYKTYPOI IBIIKYILIETOCS BeTpa, 00pa3ys 30HbI COBMECTHOTO
BpallleHHsI, B KOTOPBIX (hPOPMUPYIOTCS 3aKPYYEeHHBIE CITUpaTbHble HEOTHOPOIHOCTH.
DBosoLMs OBICTPO BpalllaloLIerocsl siapa CBs3aHa C BO3MOXKHBIM KOJLIAIICOM
3Be3Ibl HA CTaAMM IO CBEPXHOBOW M ¢ MSITKMMU raMMa-BCIiecKamu. B xome
HalIMX HaOMI0JeHNI ObLIM 3aperMCTPUPOBAaHbl Hepery/sipHbie KonebaHus OJecka
00beKTa U MOTOKOB M3dyyeHUs B JuHUAX. K 3Be3gam tuna WR ¢ mepeMeHHOCTbIO
CIR otHocutcs Takxke o0bekT WR 1.

bonee nmoapobHoe oOcyxaeHUE pe3yabTaToB OydeT BBHITIOJHEHO BO BTOPOI
4YacTU JaHHOU pabOoTHI.

Hccnenosanue ¢vHaHcupyercss KomuteToM HaykKu MUHUCTEpCTBA 00pa3oBaHUs
u Hayku Pecnyonmmkm Kazaxcran (mporpamma Ne BR20280974).

Actpodusnueckuii UHCTUTYT UM. B.I.®DeceHkoBa, AnMaThl,
Kazaxcran, e-mail: lu_kondr@mail.ru

PHOTOMETRIC AND SPECTRAL STUDY OF THE
GROUP OF GALACTIC WOLF-RAYET STARS. I
WN SEQUENCE

L.N.KONDRATYEVA, 1.V.REVA, E.K.DENISSYUK,
S.A.SHOMSHEKOVA, G.K.AIMANOVA

Photometric and spectral observations of 11 W-R stars were carried out at the
FAI in 2021-2022. The studied group included representatives of the WN, WC,
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and WO sequences. Based on the observations estimates of the brightness of objects
in the B V Rc filters and absolute fluxes of radiation in the emission lines were
obtained. Changes in brightness within 0™.1-0".15 were detected in the stars WR
1, WR 120, WR 151, and WR 152. Changes in the emission fluxes were detected
in the spectra of several objects: WR 120, WR 128, and WR 145.
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CTPYKTYPA MATHUTHOI'O I10JIAA 3BE3/1bI
HD133880 (Si)

10.B.TJIATOJIEBCKM I

IMoctymmna 25 cenrsops 2023
IMpunsara x meuatu 28 Hos6pst 2023

IIpoBeneHo MomenuMpoBaHuWe MarHuUTHoro moss 3Be3abl HD133880 mpu mpeanonoxeHuu
CTPYKTYPbl MAarHUTHOTO TOJII OMUCBHIBAEMOTO ABYMSI TEOPETHMYSCKMMM MArHMTHBIMU JUITOJSIMU.
CpaBHEHHE pe3yJbTaTa ¢ TeM, YTO MOJIydaJoCh paHee MPU MCITOJb30BaHUU MpecTaBieHus $Ha3oBoi
3aBUCUMOCTH Be(®) TyTeM IUIMOJBHO + KBaAPYMOJBHO + OKTYIOJIBHOIO PAaCHIMPEHUST CTPYKTYPhI
MOKAa3bIBaeT, YTO 3Ta CXeMa MPUBOIUT TOJBKO K (HOpMaTbHOMY OnucaHuio (Ha30BOil 3aBUCUMOCTH,
a WICHBI PAa3JoXeHUs He HecyT (U3MYECKOro CMBICTA.

KitoueBbie cioBa: maeHumuoe nosne: modeauposanue: 36ezoa HD 133880

1. Bsedenue. 1o Mepe MOJIydeHUsS HOBBIX, OOJIEE TOUYHBIX NAHHBIX IJIS
MAaTHUTHBIX 3B€3]1, CTAJI0O BO3MOXHBIM MepecMOTPeTh, YTOUHUTh UX MapaMeTphl 1
cBoiictBa. MHorma HOBBIE JAaHHBIE MNPUBOASAT K pe3yJibTaTaM, COBEPIICHHO
MPOTUBOIIOIOXKHBIM Oojiee paHHMM. Hailra 3amaya B JaHHOM ciIydae - IepecMOTPETh
Monesib MaruuTHoro mojigs HD133880 B c¢BsI3m ¢ MosIBJIeHMEM HOBBIX, Oojiee
TOYHBIX U3MEPEHUI MPOJOIbHBIX BEJIUUUH Be MarHUTHOTO TTOJISI B Pa3HBIX (azax
® nepuoga BpallleHUS.

2. Ilepsoe uccredoseanue maeHumuou cmpykmypot 36e30ot HD133880.
HccnenoBanue BBITTONHEHO B padote [1], rme momydeHo 12 u3MepeHuii IponoiIbHOTO
MarHuTHoOro mosist Be B pa3HbIx (azax, cnenaHHbix ¢ HB aHaimnzaTtopoM 3eemaHa
co cpemHeit ommbkoil o =165 I'c. HD133880 sto Si-3Be3ma ¢ TemmepaTypoii
12000 K. ABTOp OTMEYaeT HECHMHYCOMTAIbHYIO (opMy (a30BOii 3aBUCHUMOCTH,
BCJICACTBUE 4YEro MPUXOAUT K MPEAMNOJOXECHUIO O He AUIOJbHOM CTPYKType
MarHuTHoro noss. OObsCHSS Takyto (opMy (hpa3oBOil 3aBUCMMOCTU, OH MPEIIosaraeT,
YTO J11000€ TTPOM3BOJIbHOE CTaTUYECKOEe, Oe3BUXPEBOE paciipeac/ieHne MarHUTHOTO
MOJISI MOXHO TIPEACTaBUTh KaK CYMNEPNO3UIIAI0 MYJIbTUIIONEH, U TaAKUM 00pa3oM
ONpeAeUTh KPYIMTHOMACIITAOHYIO CTPYKTYPY IOJISI B TEPMUHAX AUITOJS, KBAIPYITOIS
U okTymnoJjs. IIpu Takoi MoJean OLEeHUBAETCS HAIPSKEHHOCTDb MOJSIPHOTO MOJIst
(Bd, Bg, Boct) xaxmoro mMyabTunojsi. B pesynbrare mojydyeHa MoJedb 3BE3/bl
HD133880, Bocnipor3Bozsiiiasi HabaoaaeMy0 MarHUTHYIO KPUBYIO, TIPU TIPEANoNo-
KEHUM CUCTEMBI KOJUIMHEAPHBIX "MUIOoNb + KBaapyIoib'. OcoO0eHHOCTh MOAEIN
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COCTOUT B TOM, UTO OHA MaTeMaTUYeCKU OMUChIBaeT (opMy (a30BOii 3aBUCUMOCTHU
Be(®) u MOXeT 1aTh NpeaBapUTeIbLHOE MPEACTABIEHNE O TTOBEPXHOCTHOM pacIipe-
JIeJICHUY MarHUMTHOIO MOJsI, HO He MMeeT (PU3MUECKOro CMBICIA U He yKa3bIBaeT
Ha WCTOYHUK MArHUTHOTO MoJisl. TOYHO TakK Xe B ciydae MOAEIU LEHTPAJIbHOTO
aunosst (a3oByl0 3aBUCUMOCTb MaTeMaTUYECKM MOXHO OMucaTh CUHycouaoil. Ha
OCHOBaHUMU MOJIyYeHHBIX BeanuuH Bd=-8125Tc, Bg=-10900Tc (peanbHO Takux
BeJIMYMH HU BHYTPU, HU HA MOBEPXHOCTHU 3BE3[Ibl HET) aBTOP MPUXOAUT K BHIBOAY,
YTO KBaJpYIOJbHBIA KOMIIOHEHT MoJisi B 1.3 pasa cujibHee, 4eM AUIIOJbHBIN
KOMITOHEHT, MOP(OJIOTHS MOJISI OTIMYAeTCs OT MOP(OJIOTUU TIPOCTOM AUMOJbHOMN
KOH(UTYypalUUu U JOKaJlbHasl HAIPSKEHHOCTb IMOJISI MOXET ObITh 3HAYUTEJbHO
Oosblle, yeM HabaogaeMoe 3(heKTUBHOE noie. PasHble aBTOPHI B JajbHEHIIEM
yallle BCEro UCITOIL30BaIN AUMOIHHO + KBAIPYIOJLHYIO WM TUITOJBHO-KBAIPY-
MOJIbHO-OKTYTObHYI0 Moneb. [lapamerpsl (Bd, Bq, Boct) nMeioT pa3MepHOCTb
MarHUTHOTO TMOJISI, HO HE MMEIOT (PU3MYECKOTro CMbIcia (Kak YBUAUM Jajiee),
IIOTOMY YTO HM BHYTPpM 0O0BbeMa 3Be3M, HM Ha IOBEPXHOCTU TaKUX BEJIMYMH II0JISI
HeT. Ha ocHOBe 3TOro pesysbrara ObLIO pelIeHO, YTO IIPeodIanarolee pacipeacacHe
MarHMTHOTO MOJISI TIO0 MOBEPXHOCTHU 3BE3/bI SIBISIETCS KBaAPYIOJIbHBIM, TO3TOMY
BapualMK CPeIHEr0 MOBEPXHOCTHOIO MOJisI Bs He SIBISIOTCS CUHYCOMAAIbHBIMU (B
pa3n. 4, 5 IpUBOAMTCSA KPUTHUKA 3TOro pesysbrata). B TOT ke camblii Tepuon
BPEMEHM OCYILECTBISIETCS MOACIMPOBAHUE CTPYKTYP MAarHUTHBIX MOJICH 3BE31 MPU
MPEAITONIOKEHNH, YTO T10 CBOEI IIPUPOAE OHA COOTBETCTBYET CTPYKTYPE MATHUTHOIO
aunons [2,3]. UMeeT cMbica BCIIOMHUTH 3aMeuyaHue Ilapkepa, 4To BhIlLIeAlIee 3a
npeneabl 3Be30bl MAarHUTHOE TMOJI€ CTPEMUTCS IMEPEUTHM B caMO€ HU3KOe
SHEPreTUYECKOEe COCTOSTHUE, MPUHUMAas 3aMKHYTYI0 (opmy aunons [4]. laHHas
METOIMKA Jajla MHOTO IPUMEPOB 3BE3M, Y KOTOPBIX BHYTPU MX 00beMa HAXOMSATCS
OJIMH WJIM HECKOJbKO (PparMeHTOB, UMEIOLLIMX pa3HOe HaIpaBlIeHUEe MarHUTHOTO
MOJII U CO3MAI0IIKUX CIOXHOE CyMMapHOE pacnpelesieHe MarHUTHOTO TMOJIsi Ha
MOBepxXHOCTU. TakuMm IyTeM, B oTiauuue ot (Bd, Bq, Boct) ipencraBaeHUsI, MOXHO
MOJIyYUTh TAKME OCHOBHBIE ITapaMeTPhl, KaK CpeIHEe MOBEPXHOCTHOE MarHUTHOE
noJjie Bs, BeUUMHY MAarHUTHOTO TOJi B MarHUTHBIX TOJ0cax Bp, HaKJIIOH ocu
(UM oceit) AUMOJIST K TUIOCKOCTU 9KBaTOpa BpallleHUsT o , a TakxKe cepuyeckue
KOOpAWHATBI A M O MarHMTHBIX MOHOMOJIEM, pAacCTOSHUWE AUMOJS OT IIEHTpa
3Be310bI A A ¥ pACCTOSTHUE KaXJOTO MOHOMOJS OT LEHTpa Aa.

3. Ilocaedyrwuue uccaedosanus 3ee3ovr HD133880. Monenupopanue
BBIMOJIHEHO B pabote [5]. 3mech M3MepeHUs] KPYroBoW TOJSIpU3aLUU ObUIU
BBIMOJIHEHBI C MOMOIIBIO METOJAa MHOTrOJIMHelyatoro aHaiausa LSD [6]. Oror
Mpollecc MO3BOJISIET paccuuTaTh (IMIpoMoAeanpoBath) ycpeaHeHHble Ctoke [ u V-
MpoUIIN ¢ TOpa3no Ooee BRICOKMMH 3HaYeHUSIMUA S/N, 4eM MpH MCITOIB30BaHUHT
OoTHeabHbIX JUHUA. LSD MeTon o0benuHseT uH(MOpMaIIMIO MO CYLIECTBY OT BCEX
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MeTauimyeckux M He-nuHuit B crnektpe. CTpyKTypa MarHMTHOTO IIOJISI Ha
MOBEPXHOCTU B 3TOM paboTe CHOBA OMUCHIBAIACH MYJBTUMOJBHBIM pa3oXeHUEM
HabJogaeMbIX UBMEHEHUIA TIPOIOJILHOTO Be u MoBepXHOCTHOrO Bs noseit ¢ azoit
BpauieHus (kak B [1]). [TocTpoeHure reoMeTpun MarHUTHOTO TOJISI BHITIOJIHSIOCH
o nporpamme [7]. ®a3oBas 3aBUCUMOCTh CPEIHETO TTOBEPXHOCTHOTO TOJIST Bs((l))
IOJIydeHa Ha OCHOBAaHUM M3MEPEHUIi B 6-Tu (pasax, mpuueM BeJIMYUHBI Bs ObLIM
OLICHEHbBI TI0 MATHUTHOMY YIIMPEHUIO CHEKTPaJbHBIX TUHUM. CpeaHsisl BeJnunHa
CpeHEeTo MOBEPXHOCTHOIO MarHMTHOTO MOJisl oKasanach Bs=15kI'c. 3ameTuM, 4to
Hallla MoJieibHas OlleHKa okKa3ajach paBHoU Bs=35.3kI'c B pabote [8] u Bs=4020
I'c (B pa3n. 6). da3zoBasg 3aBHCUMOCTH Bs(CD) B Moaenau [5] M3MeHseTcS B
npenenax 10000 - 20000 I'c, B To BpeMsI KaK Halll MOJIEJBLHBII pe3yabTaT
Bp =-9037 ++4950 I'c (cm. manee pasa. 6). OueHka BenuuuH Bd, Bq mn Boct
OCYILECTBJISICTCSI UTEepaTUBHBIM cIiocoboM. B pesynabpTaTe o0Kas3ajloch, 4TO
Bd=-9600Tc, Bqg=123200Tc, Boct=1900 I'c. HartoMHUM, YTO MYJILTUITOJIbHAS
MOJIEJIb UMEET TOJIbKO OIMCATEeNbHbIM XapakTep, mpuyeM BeauuuHbl Bd, Bq, Boct
MPaKTUUECKN HEe MMEIOT (PU3NUECKOTO CMBIC/IA, XOTSI UMEIOT pa3MepHOCTb MAarHUTHOTO
mojist. Takux BeJIMUYMH MArHUTHOTO TIOJSI HET HU B OObeMe 3Be3[bl, HM Ha
noBepxHocTU. PaccMoTpeB BenuuuHbl Bd, Bg, Boct, aBTOpbl IPUIIUIM K BbIBOLY,
YTO TMOJyYEHHAs! MPOCTasi OCECUMMETPUYHAST MOJETb MATHUTHOTO TIOJIST ONPEAS/IsieTCsI
MPEVMYILIECTBEHHO KBaAPYIOIbHON KOMIIOHEHTOM, KOTOpasl B IEPBOM ITPUOIKEHUU
OIMMCHIBAET BapMallMd MATHUTHOTO MOJISI. DTOT BBIBOJ, MOATBEPXKIAET TaKOM Ke
pe3yabTar B pabote [1] (B pa3n. 4, 5 OpUBOAUTCS KPUTUKA BTOTO pe3ysibTaTa).
3aberasa Bnepea, oTMedyaeM, uyto monenu [8,9] 3Be3nst HD133880 mokasbiBalor,
YTO OOILAsl TOMOJOTHUSI KPYITHOMACIITAOHOTO TOJISI JIy4Ille OMMCHIBACTCSI aCUMMET-
PUYHBIM AUTIOJEM, 4 HE OCECUMMETPUYHBIM KBaapyrojeM. B pesynbrare B pabote
[9] ObUT caeaH BBIBOA: MPEUMYIIIECTBEHHO KBaPYIOIbHbIE TOMOJOIMU MarHUTHOTO
T0JIsI, KOTOPBIE YTBEPXKIAIUCh paHee, He CYIIECTBYIOT B pealbHbIX 3Be3nax. [daee
MbI TTOKaXXeM TaKXKe, UTO MOJAeJMpoBaHue B [9] MpuBeao K ApYyruM MapamMeTpam,
MO CpaBHEHMIO C [5], a UMEHHO, MaKCUMaJlbHOE JIoKajabHoe mojie Bp=120001Tc
Ha oTpuLAaTeIbHOM Tojtoce, cpenHee noyie Bs=4400Tc, uro B 3 pa3a cnabee, yem
B ciay4dae KBaapyrojgbHOU Moxaenau [5]. TakuMm oOpa3oMm IOSIBUINMCH JaHHBIE,
KoTopble He moaaepxuBaioT (D+Q+0O) MeToauKy MOAEIUPOBAHUS MArHUTHBIX
nojeil Ap-3se3n (cM. pasn. 4, 5).

4. Hawe nepsoe moodeauposanue 36e30b0 HDI133880. Pa6ora [8]
BBITIOJTHEHA HA OCHOBAaHMU 12 M3MEpeHMi, BBIITOJTHEHHBIX 110 JIMTHUSIM BOIOPOIA
B pabore [1]. Monenb cTpomyiach C MOMOIIBIO HAIllEW CTaHAAPTHOW METOIMKH,
pa3pabotaHHO# B [2,3] u mpeAmnoaarawlieil, YTo UCTOUHMKOM MAarHUTHOTO TOJIs
BHYTPU 3Be3/Ibl SIBJSIETCS MarHUTHBINA aunofb. Takum obpaszoMm, (D+Q+0) monenu
MarHUTHOTO TMOJiI KOPEHHBIM 00pa3oM OTJIMYAIOTCS OT Hallero AMIOJbHOIO
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MpeACTaBICHUS] BHYTPEHHE! CTpyKTypbl. B oTinuue ot dopmaibHOro MateMaTH-
YeCKOro orucaHus ($a3oBoOil 3aBUCHMOCTH Be(d)) B ciydyae (D+Q+0O)-monmenu,
Hama "gunosibHass" MOJENb OCHOBBIBAETCS HA WCIONL30BAHUU KOHKPETHOTO
BHYTPEHHETO MCTOYHMKA MarHUTHOTO MOJISI C €0 ONpeaeJeHHbIMU (U3NIECKUMU
napamerpamu [10-12]. IIpenmonaoxeHue, 4To CTPYKTypa MarHUTHOTO 10151 Ap-3Be3]
COOTBETCTBYET CTPYKTYypEe TEOPETUIECKOTO MATHUTHOTO IUTIONS TOIIEPXKUBAIOCH
MHOTMMU UCCJIEAOBATENSIMUA B T€YEHUE BCEr0 BPEMEHM M3YYEHUS MAaTHUTHBIX Ap-
3Be3n. Bapbupys nosioxeHue, OpUueHTaLWIO IUTIONST BHYTPU 00beMa 3Be3Mbl, BETUUMHY
MTOJIST MAaTHUTHBIX 3apsiioB, MOXHO TIOJNYYWTh CPEIHIOD MCKOMYIO 3aBHUCHMOCTH
Be(CD) 1581078 BS(CD) B pa3HbIX (hazax mepuoja BpallleHus1 3Be3nbl. K coxalieHu1o,
B JaHHOI paboTe MCMHOb30BAHO TOJBKO 12 M3MEpEeHMid, BHITOJHEHHBIX MO JUHUSIM
Bogopoaa B pabore [1]. Crosb Majoe KOJIMYECTBO M3MEPEHUII HE MO3BOJSIET
MOJYYUTh JOCTATOYHO YBEPEHHYIO MOJEJb, MO3TOMY MOXKHO MPUHSTH pe3ybTar
MOJIEJIMPOBAHUS TOJILKO Kak TMepBoe MpuOIKeHue. B Haliem ciiydyae MarHuTHOe
TTOJTIe 3BE3IbI XOPOIIIO aIIPOKCUMHUPYETCS CMEIIEHNEM TIEHTpa IUITONS Ha BEIMINHY
A A=-0.1R, BIOJIb OCHU (M ClIeTKa MOIepeK) B CTOPOHY OTPULIATEIbHOIO MOHOIOJISI.
PaccrosiHue mMexxay MOHOMOJISIMU MPUHSITO cTaHAAPTHBIM A 4 =0.2 R, (3TO CpeaHsist
BeJIMUMHA, KOTOpas peaJbHO HabJoJaeTcsl y MarHUTHbIX 3Be3n). Ocbh AUMOJs
HaKJIOHEeHa Ha Yol o = 16° K IUTOCKOCTM 3KBaTOpa BpallieHus. BemmumnHa cpemHero
MOBEPXHOCTHOTO MarHUTHOTO oIS nosyymiack Bs=53011c, mose Ha MarHUTHBIX
nomocax Bp=-16150, +4203'c. CpenHsas ommbKa n3MepeHuii Be cocraBisieT
o =%165 I'c, pu 3TOM pasnuuuve HaOMOJAEMBIX BEJIWYWH Be ¢ MOIEIbHBIMU
HaxoauTcs B npejaenax 3o . Cpasy oTMeuaeM, UYTo Hallla BeJIMYMHA Bs oTiMyaeTcs
OT pesyibTaTa [5] 0osee yeM B 3 pa3a, Kak U B pabote [9]. DTO cyliecTBeHHbII
MPU3HAK HE PEalbHOCTH IUITOJIBHO-KBAIPYNOIbHOW Moxenu. Kpome Toro, B
oTyIMuue OoT BenuyuH Bd, Bg, Boct, MarHUTHOE T0JIe¢ Ha MAarHUTHBIX MoJocax Bp
B CJly4yae JUITOJbHOM CTPYKTYphl peaTbHO CYILECTBYET. TakuM 0Opa3oM, MpearoaoXuB
HaJIMYKME B 3B€3[I€ OMHOTO MAarHUTHOIO AMIIONS, Mbl MOJyYyaeM IMOJHYIO KapTUHY
CBOWMCTB MarHUTHOTO MOJISI, B OTJIMYME OT paHee MpearoiaraBlueicsl TUnojibHO-
KBaJpynoyibHOU cxemnl [1,5]. JlunosibHas MarHWTHas CTPYKTypa BHYTPU 3BE3/Ibl
TOJTHOCTBIO OIpeessieT MOBEPXHOCTHOE pacIipeieieHe MarHUTHOTO TTOJIsT (PUCYHKH
cM. B [8]). ONbIT HalIMX MHOTOJETHUX MCCIEAOBAaHMI MOKa3bIBAET, YTO OOIIAs
KOH(Urypalusi MarHUTHOTO MoJisl Ap-3Be3[ OOBIYHO OIpeAessieTCs] OMHUM WU
HECKOJIbKMMU HAMarHWYeHHbIMU (pparMeHTaMy BHYTpU 0ObeMa 3BE3Mbl, CTPYKTypa
KaXIIOro M3 KOTOpbIX OJM3Ka K CTPYKTYpe TEOPEeTUYECKOr0 MarHUTHOTO JAMUIIOJS.
OTu ¢parMeHTbl MOTYT ObITh PACMOJIOKEHBI B JTI0OOM MecTe oObeMa 3Be3lbl, HO
yaiiie BOJIM3M LIEHTPa, IAe O0Jblie MIOTHOCTb, YTO €CTeCTBeHHO. Pa3Hble BapuaHThI
MPOMCXOMIST B pe3yJibTaTe pa3HbIX YCIOBUN B HaYaJIbHBIX (dazax (popMupoBaHUS
MarHUTHBIX IIpOoTO3Be3n [8].
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5. Mooeauposanue 36e3061 HD133850 6 pabome [9]. ccienoBanue
BBIMIOJIHEHO HAa OCHOBAaHMM HOBBIX M3MEPEHUIl MArHUTHOTO MOJIS, CACTaHHBIX
5TUMHU aBTopamu. OKa3aaoch, YTO (pa30Bble 3aBUCUMOCTH Be(CD) B paborax [1,9]
CYILIECTBEHHO pa3inyaloTcs mo ¢opMe, YTO MOXET ObITh OOYCIIOBIEHO HE TOJBKO
3HAYUTEJbHO MEHbIIIEH TOUHOCTBIO U3MEPEHUI B MEPBOM Ciydyae, HO TaKXKe TeM,
YTO MArHUTHOE ITTOJIe U3MEPSUIOCH 110 JIMHUSIM BOAOPOIA, TOrAa Kak B [9] 3To OBLIO
cesaHo 1o JUHUSM MeTallioB. HoBble cniektpbl nonydeHbl ¢ HARPSpol nonsipu-
MetpoM [13,14] u ciektpoMerpoM HARPS na ESO 3.6-M Teseckorne, Io3BOJIIOIIIe
MojyyaTh 4YeTbipe IapaMerpa CTOKCAa B OTHENBbHBIX CIEKTPAIbHBIX JUHUSIX C
paspewieHreM 110000. B pesysiabTare cpeaHue NpoaoJibHbIE BEJIMUYUHBI MATHUTHOTO
MoJisi Be uMeIOT oYeHb Mallylo CpeliHiol0 olmbky o =160 I'c (o =165 I'c B mepBom
cilydae), TO3TOMY B JAHHOM MCCIICIOBAHUM OKAa3aJlOCh BO3MOXKHBLIM KCIOJIE30BaTh
HecpaBHUMO OoJiee HaJexXHYI0 (ha30BYIO 3aBUCHMOCTb Be(CD) o 45 usMepeHusIM
(puc.1), yem 5TO OBLIO cAENAaHO B Mpeabiaylux padorax. B cratbe [9] MarHUTHOE
rnoje Be n pacripenelieHne XUMUUECKUX 3JIEMEHTOB I10 MIOBEPXHOCTU OLIEHUBAJIOCh
IMyTeM MOJEIUPOBaHUs crieKTpadbHbIX TuHUI Si, Cr u Fe mo metomy, onrcaHHOMY
B [15]. B To Xe BpeMs 3aMeTUM, YTO MarHUTHOE MoJjie, U3BMEPEHHOE 10 JIMHUSIM
BOJOPOJA, UMEET MPEUMYIIECTBO B TOM, UTO OHO HE 3aBUCUT OT pacIpeaesieHUs
XMMUYECKUX 2JIEMEHTOB IO MOBEPXHOCTU. BTOpoii MeToa, HECOMHEHHO, UMeEeT
Takoi HenocTaTtok. B pabotax [1,5] yrBepKaamock, 4To 3Be30a 001a1aeT HEOOBIYHbBIM,
MPEUMYILECTBEHHO KBAIPYIIOJbHBIM, OU€Hb CHJIbHBIM ITOBEPXHOCTHBIM MArHUTHBIM
nojieM. B MpoTHBOMOMIOXHOCTh TAKOMY pe3yibTaTy, B padote [9] y HD133880 Ha
OCHOBaHUM HEIMOCPEACTBEHHOTO U3MEPEHUsI MATHUTHOTO MOJISI B pa3HbIX (hazax
repuoaa BpallieHus: 0OHapyXeHa ropasno 0osiee ciabasi ero BeJMurMHa, a CTPYKTypa
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Puc.1. ®azoBas 3aBucumoctb Be(®) 3Be3ast HD133880. Toukm - u3MepeHHbIE TaHHBIE,
JIUHUSI - MOJETb.
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B MEPBOM MPUOIMKEHUM HANOMUHAET CMEILIEHHBIA MArHUTHBIA IUIIONAb, a HE
KBaJpymnoJb (Takoi Xe pe3yabTaT MoJydyeH B Haiueil padote [8]). B pesynbrarte
aBTOPHI paboTHI [9] TTOCTENIEHHO TIPUXONIT K "MUTIOJIBHOI" CXeMe, KOTOPYIO MBI
ucnonbsyeMm ¢ 1977r. [2]. Ho tomonorust monst HD133880, k coxkaneHuto, CHOBa
OIKCHIBACTCSl BBICTPOCHHBIMU B OAHY JIMHUIO AUIIOJEM M KBaapymnoyieM (Kak U B
npeaplayinx padorax). HarmoMrHaem, 4To Halll pe3ysbTar, ONMCaHHbIM B pasd. 4,
Y OCHOBaHHbII Ha MPEIIOJIOXKEHUN B 3B€3/Ie OJHOTO MATHUTHOIO JWIIONS, TTO3BOJIMI
MOJYYUTh TIOJHYIO KAPTUHY CBONCTB MAarHUTHOTO TOJisl, B OTJIMYUE OT AUIIOJIbHO-
KBAJIPYIIOJIbHOM CXEMBIL.

ABTOpBI paboThl [9] mpuUXOAAT K BBIBOAY, UTO MHTepIpeTalus Ipoduieit
Crokca V yka3biBaeT Ha HaJIMuMe aCUMMETPUUYHON TeOMETPUU MAarHUTHOIO IOJIsI
HD133880 Ha moBepxHOCTM, TAe HabmwomaeTcs Oojbliasg 00gacTh C€1aboro
MOJIOXKUTEIBHOTO 1051 X HeOOJIblIask 30Ha CUJILHOTO OTPULIATEIbHOTO MOJIsI (CM.
nJanee puc.4). 30Ha ¢ OTpULIATEILHBIM MOJIEM, B CBOIO OUepelb, COCTOUT U3 ABYX
OTHEJIbHBIX BEICOKOKOHTPACTHBIX MATHUTHBIX OCOOEHHOCTEN ¢ HECKOJIbKO Pa3IMYHOI
opueHTalMel 1o (gajee OyIeT MoKa3aHO, YTO Hallla AUTOJbHAsT Moaesb (pas.
6) meMOHCTpHpYET HAJIMYWEe OJHOTO CMJILHOTO MAarHUTHOTO TISITHA B TOM XK€ MecTe
MOBEPXHOCTH). JIpyroii pe3yabTaT COCTOUT B TOM, UTO IOJYYeHO MAaKCHUMAaJIbHOE
JIOKaJibHOe MarHuTHoe moJjie Bp=-12000'c Ha oTpuLiaTeIbHOM TOJIOCE, CpeaHEee
nosne Bs=44401c, yto B 3 pa3a cirabee, 4yeM B cilydyae KBaApyHoOJbLHONH MOIEIN
MpEeAbIIYIINX UcclienoBaHnii. HoBble pe3ybTaThl IMOKA3bIBAIOT TAKXKE, UTO OOILAs
TOMOJIOTUSI KPYIMHOMACIITAOHOTO TIOJSI JIyYlle OIMCHIBACTCSI MCKaXXEHHBIM,
aCUMMETPUYHBIM IMUIIONEM, a HE OCECUMMETPUYHBIM KBaApynoJjieM (Kak U B pasl.
4). TlomyyeHHble KapTbl paclpeeseHUsT MarHUTHOTO MOJisl TIO0 TMOBEPXHOCTHU
HD133880 3aMeTHO OTIIMYAIOTCS OT TeX, KOTOPBIE ITOIYyYaloTCs TIPY MPEIITONOKEHUN
KBaJIpyMHoJbHOW MOAEIW, TPU 3TOM AUMOJbHBIM KOMIIOHEHT JIOMUHUPYET B
TOIOJIOTUM 3BE3IHOIO IO0Jist, BHOCS 65-70% OT 06l1iieii 3HepIrii MATHUTHOTO I1OJISL.
HamoMHuM, 9TO KBampymnojbHbIe MOICIU Jal0T TUIIOJBHBIA KOMITIOHEHT B 2.6-3.5
pasa MeHbILIMI BKJaj B OOLIYyI0 MarHUTHYyIO 3Hepruio. Mrtak, mpemoxkeHHbIE
paHee Mozenau Tonojoruu keaapynonbHoro nojis HD133880 He cormmacyroTes ¢
pe3yibTaTaMu MOJSIMPOBaHUS HAOMI0JaeMbIX Mpoduieii moasipu3aly MeTalIn-
yecKMX JUHUM B padote [9] (a Takke ¢ pe3yabraTroM B pasa. 4). Ha ocHoBaHuu
ucciaenoBaHus 38e31bl HD 133880 aBTopsl pabothl [9] nenatoT (pyHIaMeHTaIbHBIN
BBIBOJI, UTO MPEUMYIIECTBEHHO KBaAPYIMOJbHbIE TOMOJOTMM MarHUTHOTO IIOJIS,
KOTOpbI€ MPeAnojarajuch 10 3TOr0 B 3HAUUTEILHOM UMCIIE 3Be3], BEpOSTHO, HE
CYILECTBYIOT B PealIbHBIX 3Be3[aX. DTOT ACHCTBUTENHHO (PYHIAMEHTAIBHBII BBIBOL,
JleJlaeTcd Torda, Korma yxke 3a mpouremmme 40 JeT ¢ ITOMOIIbIO "TUNOJIbLHOK"
METOIUKU MOIEIMPOBaHUS [2] ObLTU M3ydeHbl CTPYKTYpPhI 00JIee COTHU MarHUTHBIX
3Be3M, ¥ He ObLIO CIIydasi, KOTOPBI MPOTUBOPEYMII ObI IIPEAIIONOXKEHUIO TUTTOIBHOTO
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XapakTepa MarHUTHBIX CTPYKTYp AaxKe TOraa, KOraa 3Be3la COACPKUT BHYTPU ceOsl
HECKOJIbKO HaMarHWYeHHBIX (parMeHToB. TeM He MeHee, aBTOpbI paboThl [9]
MPOAOJDKAIOT HACTAWBaTh HA TOM, YTO TMPEAIOJOXEHHWE MArHWUTHOTO IIOJIST CO
CTPYKTYpO# "HAKJIOHHBIA AWIOJNbL + KBajIpyIloJib' MOXET OO0ECIIeUUThb YJIIOBJIE-
TBOPUTEIbHOE OMUCAHNE MATHUTHBIX TTOJIel Ap-3Be30 U MOXKET ObITh MOJIE€3HBIM JIJIsT
rpy0ooro aHanau3a O0JbIIMX 3BE3AHBIX BHIOOPOK. DTO TOIJA, KOrIa KaTajior BeJIMUUH
Bs conepxur 120 3Be3nm [16].

6. Bmopoii eapuanm modeau HD133880. Haie MonenvpoBaHKe MONy9EHO
Ha OCHOBAaHWM HOBBIX M3MepeHuit [9]. Popma (a3oBoii 3aBUCHMOCTH Be(CD)
3HAUUTEJIbHO OTJIMYaeTcs OT TOW, KoTopas mosydaeTrcs 1o gaHHbIM [1]. Tem He
MeHee, HaM MHTePeCHO OBUTO B TIEPBYIO OUepeb MOMYIUTh UMEHHO OTHOIUIIONBHYIO
monesb HD133880 1mo aTiM maHHBIM, YTOOBI CPaBHUTH C HAIIMM IIPEIbIAYIIAM
pe3yabTatoM B [8], a TakKe ITpoBepUTh MHEHME, BhICKAa3aHHOE B [9], uTo ob1ias
TOITOJIOTUSI KPYIMHOMACIITaOHOTO TIOJSI JIyYIlle OITMCHIBACTCS MCKAXKEHHBIM,
aCUMMETPUYHBIM aumnojieM. PerieHue HaleHO HALIUM CTaHIAPTHBIM METOIOM
[2,3], mpennosnararolyUm, YTO UCTOUHUKOM MAarHUTHOTO TOJS SIBJISIETCSl MAaTHUTHBIA
IUTIoNb. T1py pa3HBIX BXOTHBIX MMapaMeTpax OCYIIECTRISETCS Psi TOCIEIOBATETbHBIX
MPUOSTDKEHUH 10 TeX MOp, MoKa pazinuusl Be MexTy HabM0AaeMbIMU U MOIETbHBIMU
BeJIMYMHaMM BO Bcex pazax @ crtaHyT MeHblle 36 . Tabs.1 conepXXuT KoopauHaThl
MOHOIIOJIEN, TIpUYeM OIWH MOHOITIOJNb HAXOAWTCS Ha PacCTOSHHMHM OT IIeHTpa
Aa=0.2, a BTOpoii B LieHTpe (IIpUMepHO Kak B pasa. 4). Ocb IUIOJsT HAXOIAUTCS
B TUIOCKOCTM 3KBaTtopa BpaiieHus (o =0), XOTS B TPeIbIIyIleM BapuaHTe OHa
HakJIOHeHa Ha yroia o =16°. Ha pwuc.l mpuBeneHsl Habmomaemas (TOYKHM) U
MoJeabHasl 3aBucuMocTu (uHus) 3Be3nbl HD133880. B mpenenax ommbok B
HeKOoTOpbIX dazax (®=0+0.3 u 0.65+0.90 ) coBMaacHrUe 0Ka3alioCh YIOBJIETBO-
PUTETLHBIM, HO B TIOJIOXUTEILHOM M OTpUIATEIbHOM MaKCHMyMax (a3oBbIe
3aBUCUMOCTHU pacxonsarcs. CiaenoBarebHO, CTPYKTYpa MAarHUTHOIO TOJS CJIOXKHEE,
YeM MpU MPEAIONOKEHUN ONHOTO CMEIIEHHOTO BIOJb Oocu AumoJs. [lapameTrpsl
MarHUTHOTO TIOJIS TIpMBeNeHBI B Tabn.3 B crpoke "1 mumonpb (Ham 2)". Ilo
CPaBHEHMIO C TIPEIbIMYIIeid Hallleii MOJe/blo BeJIMurHa Bs oka3biBaeTcst Ha 15%
MeHbllie. Ho pasnuuue Bs ¢ pesyabratoMm [5] okasbiBaeTcs Gojiee 3-x pa3! Brto
MoKa3aTeib OTCYTCTBUS (PU3NYECKOI OCHOBbI JJIs1 JUTTObHO-KBAAPYITOJLHON MOJEIH.

Tabauua 1
1 AUTI0JIb, KOOPAUHATHI MOHOIIOJIEN

Homnrora, rpamyc| llupota, rpanyc| Aa, R,

IlepBBIit MOHOIOJIBL 337 0 0.2
Bropoii MoHoIOIB 157 -0 0.0
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Tabauya 2
2 JUITOJIAA, KOOPOAMHATDEI MOHOIIOJIEN
Honrora, rpamyc | Illupora, rpamyc
1 muronb 337 1
100 -1
2 IUIoNb 157 1
212 -1

B cienytoiem BapriaHTe Mbl MCCEIOBAIM MOAE/b C ABYMS AUTONSIMU. MeTonomM
Mocje10BaTeIbHbIX MPUOIMKEHUI YAAI0Ch JOCTUYD JYULIUX PE3YJbTaTOB, YEM B
npenbiayieM ciaydae. Habmonaemas u MonesibHast (pa3oBble 3aBUCUMOCTH MOKa3aHbl
Ha puc.2a, KOOpauHaTbl MOHOTIOJIEH AaHbl B Ta61.2. CoBnaaeHue BO MHOTMX hazax

2000 1

Be, l'c
°

-2000 - ® ]

-4000 ]

5000

Bs, I'c

4000

1 1 1 n 1 N 1 n 1

3000 — : : .
-0.4 0.0 0.4 0.8 1.2

®Paza

Puc.2. MopenbHast 3aBucumocts Bs(D) .
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YIOBJIETBOPUTEIBHOE, B TIpeeiax 3G , HO MOJAE/IbHAs 3aBUCUMOCTD Be(@) B (pazax
® =0.9 —1.0 3ameTHO oTIMUaeTcsl oT HabMomaemoii. Ha puc.2b mokazaHa MoaeibHast
¢a3oBast 3aBUCUMOCTb Bs (CD) CpenHee ITOBEPXHOCTHOE I10JI€ M3MEHSIETCS B IIpeesiax
Bs =3364 + 5477 T'c. Inga cpaBHeHUS "IUITOJIBHO-KBaIPYITOIbHAS" MOIeNb [5] maer
HepeaJabHble 3HayeHUs BeJnduHb Bs =10000 +20000 I'c. Cxema pacItojloKeHUS
JIUAMOJIel B NIBYXIUMOJbHON MoJenu npuBeneHa Ha puc.3. Oonactu 1, 2 u 3 umeror
MaKCUMAaJIbHYIO HAIIPSDKEHHOCTh MATHUTHOIO TI0JISI Ha TTOBEPXHOCTH, TIPUYEM 00JI1acThb

Puc.3. CuioBble JIMHUK ABYXIUTOABHONW Mome . YepHbIe MOMYKPYKKHM - MATHUTHBIE ITOJIIOCA
Ha TIOBEPXHOCTU 3Be3Ibl. A - TMEPBBIA OUIOJIb, B - BTOpOIi AMITIOINb.

1 oTpuIIaTeIbHOIO 3HaKa, a 2 U 3 - MOJOXUTEIbHOIO, OHU COBEPIIEHHO ONpeIeIeHHO
TMPOSIBJISIIOTCST HAa 3aBUCUMOCTH Be(CD) puc.2a u Mepkaropckoii kapte puc.4. Takum
00pa3oM, B raobycax paboThl [9] XOpolllo 3aMeTeH MaKCMMYM HampsLKeHHOCTH
OTpULATEILHON TMOJSIPHOCTU, HO OTCYTCTBYIOT XOpOILIO 3aMeTHble Ha Mepka-
TOPCKOi KapTe MakcMMyMBbI Ha @ = 0.3 1 0.6, XoTgd GeCIOPSIIOYHO PACIOIOKEHHbBIE
MarHWTHBIC TIATHA TaM 3aMETHBL. Mofeinb IMOKa3bIBaeT, YTO MATHUTHEIC 3apsiibl
HaxXONSITCs B OJHOM IJIOCKOCTH, COBMAAAIONIEH ¢ MJIOCKOCThIO DKBAaTOPA BpalLIEHMS
(a.=0°). HamoMHMM, 9TO Majas BeIMYMHA ¢ Y MarHUTHBIX 3Be3 - TUITMIHOE
WX CBOMCTBO, CBSI3aHHOE C YCIOBUSIMU (DOpMHMpOBaHUs. BenrnuynHa MarHUTHOTO
3apsaa oboux numoJsiel omuHakoBas. BeauyuHBI CpeaHEero IOBEPXHOCTHOIO
MarHUTHOTO MoJigd Bs W TOJsT HA MarHUTHBIX TMostocax Bp, a Takke o U Aa,
MpUBeNeHB B Tabm.3 B crpoke "2 mumoins’. Beawuunawsl Bs m Bp HECKOJIBKO
MEHbIIE, YeM B MpPEeIblAylleM ciaydyae, HO OJHOTO MOpsIKa.

BepHemcsa k puc.2a. Kazajioch, 4to s TOro, 4yToObl onmucarh JAeTalb Ha
OTPUIIATEILHOM MaKCUMyMe, HaJO BBECTH ellle OOWH, TPETUU AuIoab. OmHaKO
MOMBITKM MPUMEHEHUS] TPETHETO AUIIONS HE MPUBEIU K XKeJaeMOMY pe3yJbTary.
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Tabauya 3

CPABHEHUWE ITAPAMETPOB MATHUTHOTO I1OJIA TTPU
PA3HbBIX MOJEJIAX

Bapuanrt Bs, T'c Bp, Tc o, Tpamyc Aa, R,
Bailey (D+Q+0) 15200 HET HET HET
Kochukhov, pumons 4400 -12000 +Het HET HET
1 punonp (Ham 1) 5302 -16150 +4203 16 0.16-0.04
1 munonp (Ham 2) 4608 -9581 +5233 0 0.20 0.00
2 punonst (Haw 3) 4020 -9037 +4950 +4725 0 0.20 0.20

He Oblmy HaliieHbl HU MOJIOXKEHUE, HU OPUEHTALMs TPEThEro IUMOJIsd, NP
KOTOPBIX ObLI Obl MOJYYEH XOTsI Obl KaUeCTBEHHbII MOJOXUTEIbHbBIN pe3yabTar.
BiusiHue TpeThero QUIossi BO BCexX Clydyasix OTpUlaTeNIbHO CKa3bIBaeTcs Ha opme
Bcell MOJIesIbHOM (ha30BOI 3aBUCMMOCTU, OHA 3HAYMTEIbHO YIIUPSETCSI, OCOOEHHO
B 00JIaCTU OTpULATEIbHON MOJYBOJHBI. [IpuMeHeHre Monear U3 ABYX AUIIONeH
Ha MOBEPXHOCTU 3BE€31bl BOJIM3U OTPULIATETLHOIO MaKCMMyMa MPUBOIUT K TAKOMY
ke addexty. Takum obGpa3oM, He HalIeHO HUKAKUX IMPU3HAKOB JIBOWHOTO
MarHUTHOTO MSITHA, KOTOPBIM BUAEH Ha rjobycax B [9], HU MPU3HAKOB HATUYUS
pe3koit neranu B dazax 0.9-1.0. Kazanoch, 4ToObl co3naTh HabI0gaEMYI0 aedop-
MaluIo Be(CD), HEeOOXOAMMO Ha MOBEPXHOCTH 3BE3[bl IOMECTUTh AUIIOIb C OChIO,
MEPIIEHIMKY/ISIPHON MOBEPXHOCTA ¥ MArHUTHBIM TOJIEM TMOJIOXKUTETbHOM MOJISIPHOCTH

S

90°

(—,—f
e IEINE

A

Puc.4. Mepkatopckasi KapTa pacrpelejeHUs] MarHMTHOTO TOJsl IO TMOBEPXHOCTH (IBYX-
JIUTIOJIBHBIN  BapuaHT).
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B (hase LIeHTpa OTpULATEIbHONM MOIYyBOMHBL [Ipy TakoM BapuaHTe MbI I€HACTBUTEIEHO
rojiyyaeM IIMK B HYXXHOM HaM HamnpaBjJIeHMHM, HO 3TOT NUK "pa3MasaH" 1o
OosiblIOMy Auana3oHy ¢a3. Jlejo B TOM, YTO paccMaTpuBaeMasi OCOOEHHOCThb
MAarHUTHOTO TIOJISI, MPOSIBISIIOIIASACS B LIECHTPE OTPULIATEIbHOIO MaKCUMyMa, BUAHA
ToJBKO B (pazax 0.9-1.0, XxoTs oHa AOKHA ObITH 3aMeTHA B TeUCHUE TOIYIepUoa.
DTO He JIy4Y CBeTa NMePHeHAUKYISIPHO MOBEpPXHOCTH. Jlaxke TeopeTuuecKas TOYKa
BJIMSIET Ha HaOmogaeMyto $a3oByl0 3aBUCMMOCTh B TeUEHHUE MOJyIepuoaa, a He
TOJbKO B pazax ®=0.9-1.0. Orcioma AenaeM BBIBOI, YTO paccMaTpuBaeMbIii
3¢ deKT, cKopee BCEro, MPOUCXOAUT BCIEACTBME METOAMYECKOU OIIMOKW Mpu
U3MEPEHMSIX MAarHUTHOTO T10JI1 U HEPAaBHOMEPHOIO pacnpeneeHrus XUMUYeCKUX
3JIEMEHTOB MO MoBepxHocTu [17].

7. O6cyaucoenue. Urak, HD133880 3Be3ma Si-TuIa MMeET CTPYKTypy Mar-
HUTHOTO TIOJISI, B OJHOM CJIyyae OIMCHIBAEMYIO OITHUM CMEIIEHHBIM BIOJIb OCH
puroneM (pasmo. 4), B ApYroOM - IBYMsI MAarHUTHBIMU AMNojsMu (pasm. 6). IByx-
JUTIONbHAS CTPYKTYpa HE €IUHUYHBIA Cydail, U3BECTHBI €llle APYyrue Takue XKe
00BbEKThI, Hampumep 16 3Be3d ¢ ABYXAMIOAbLHBIMU CTPYKTypaMu, IIPOMOJIE/IM-
poBaHHbIe Hamu, npuBoasdTcs B [18]. [Ipobiema cocTOUT B TOM, KaKoil BapuaHT
NMpaBWIbHbIA. [leJo B TOM, YTO MarHUTHOE ToJje Be, u3MepeHHOe MO JUHUSIM
BOIOPOJIA, TTpaBUJIbHEE OMUCHIBAET pacipeesieHre oSl Mo MOBEPXHOCTU, TaK Kak
He 3aBHCUT OT BIMSTHUS HEPaBHOMEPHOTO pacIIpeieIeHIs XUMUUYECKHUX 3JIeMEHTOB
no nosepxHocTy. [ToaToMy, HeCMOTPSI Ha MaJIoe KOJIMYECTBO "BOIOPOIHBIX M3MEPEHMIA
B [1], pe3yibTaT MOAEIMPOBAHUS CIIEAYET CUUTATh JOCTATOUHO BeposTHbIM. Ho mipu
MaJIOM KOJIMYECTBE M3MEPEHUI HEBO3MOXHO OOHAPYKUTD IETAIN Ha 3aBUCIMOCTH
Be(d)), eci oHu ecTb. Ha puc.l xopolro BUAHBEI ABa MakcuMmyMa Ha @ =0.3 u
0.6, KOTOpbIC OIMpPEAE/ISIOT HAIUUMe ABYX AumoJjeit. C Ipyroil CTOpOHbI, HECMOTPSI
Ha BBICOKYIO TOUHOCTb U3MEPEHUI B [9], BIMsSHME UCKaXKaIOILIETO HEPABHOMEPHOTO
pacripefieieHUs1 METAIJIOB Ha pe3yibTaT M3MepeHMsl Be ToXe HeJb3sl MCKII0YaTh
[17]. TToaTomy Bompoc o peanbHOl cTpykType MarHuTHoro nosisi HD133880 ocraercs
OTKPBLIThIM. KOHKpEeTHO, [Ji1 pelieHus BO3HUKIIEH TpoOseMbl HEOOXOIMMBbI
JOTIOJTHUTEJIbHbIE U3MEpPEeHUsT Be 1O JIMHUSIM BOIOPOJA.

PaccMoTpyiM Tabi1.2, B KOTOpO# MOKa3aHbl BeJIMYUHbBI Bp, Bs, o U Aa Ui BCceX
pPacCMOTPEHHBIX BBIIIIE BAPMAHTOB, €CJIM OHU OIPEASISUTUCH (TaKMX JaHHBIX B paboTe
[1] Het). MHTepecHO, YTO, HECMOTPsI Ha pa3Hble BXOAHBIC JaHHBIC, "MUITOJbHBIC"
MOV TIPUBOIAT K BEIMUYMHE BSs IPUMEPHO OTHOTO TTOPSIKA BEJIMUYMHBI, B TO BpEMST
kak (D+Q+0) monenb [5] cUJIbHO OTIMYAETCsl BCJAEACTBUE HEBEPHON MOIEIIU.

Ha puc.2b, MmoneabpHas 3aBUCUMOCTh Bs(cD) n3MeHsteTcs ot 3364 mo 5476Ic,
xotd B Mojaenu (D+Q+Oct) [5] ato npoucxoaut B npenenaax 10000-20000Tc. B
pabote [9], aToT (hakT TOKe OTMeuaeTcss. PU3MIECKOTO CMBICNIA B 3TUX BEJIMYMHAX
(Bd, Bq, Boct) HeT, OTYACTH OHM yKa3bIBAalOT BeC KaxXaoro MyabTumnois. MHorma
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BesmuMHBI Q+Oct MOTYT YKa3bIBaTh Ha "HEIMITOJBHOCTD' MarHUTHOM CTPYKTYPHI,
HO B Tabm.3 y 3Be3x HD2453 192678 wrens (Q+Oct) He paBHBI HYJIIO, XOTS
MOJIEJIU Y HMX COOTBETCTBYIOT LIEHTpaIbHOMY Aumofto. B padorax [1,5,7] BbickazaHO
MHEHME, UYTO Mpeodiaaroliee pacipeaejeHue MarHUTHOTO TIOJIS IO MIOBEPXHOCTU
3BE3/Ibl SBJISETCA KBaAPYMNOJIbHBIM, ITORTOMY BapHallMM CPEIHETO MOBEPXHOCTHOTO
MoJjist Bs He IBJISIOTCSI CUHYCOMAAIBHBIMU. Pe3ybTaThl HEBEpHBIE, €CIU MCXOAUTh
U3 IUIOJBHOrO npeacrabieHus. Moaens [9] 3Be3abl HD 133880 mokasbiBaeT, 4To
00111as1 TOMOJIOTHSI KPYITHOMACIITAOHOTO MOJISI JIyYllle OMUCHIBACTCS UCKAXKEHHbBIM,
ACMMMETPHUYHBIM JUIIONIEM, a HE OCECUMMETPUYHBIM KBaipyIioneM. [1pemioxkeHHbIe
paHee MoIeJu ToItojiornu KBampyrojbHoro noias HD133880 He cormacyroTcs ¢
HaOJ01aeMbIMU MPOGUIISIMUA MOJISIPU3ALMY METAUIMYSCKUX JTUHUI B padote [9].

B pesynbrare B [9] nenaetcs (pyHIaMeHTAIbHbBINM BbIBOM, UTO MTPEUMYILIECTBEHHO
KBaIpyMoJbHblE TOMOJOIMU MAarHUTHOTO TI0JIsI, KOTOPbIE MPEAIoarajuch 10 3TOro
y 3HAYUTEJIbHOIO YMciia 3Be3/l, BEPOSITHO, HE CYLIECTBYIOT B peajbHbIX 3Be3dax.
OueBUIHO, YTO Hallle MPEICTaBIeHUE O AUIIOILHBIX CTPYKTYpaX MAarHUTHOTO MOJISI
B BTOT IMEePUOA BPEeMEHU MHOTMMM aBTOpaMU He BOCIPUHUMAIOCH.

ITpakruka nokassiBaeT [12,19], 4TO CTPYKTYpbl MATHUTHBIX TT10JIeil BHYTPU U Ha
MMOBEPXHOCTU Ap-3Be3[ JOCTATOYHO XOPOIIIO OIMMCHIBAIOTCS MMPUMEHEHUEM Mojeseit
TEOpPeTUYECKUX IUMOJIeH, Jaxke ecld B 3Be3de JABa WM TpU HaMarHUYeHHBIX
¢parmenTa. MccnenoBaHue 3BOJIOLUMM MAarHUTHBIX TMOJel Ap-3Be3l MPUBOIUT K
MPEAITOIO0XEHUIO, YTO B CJIydae CJIOKHBIX HAUAJIbHBIX MPOTO3BE3IHBIX MATHUTHBIX
CTPYKTYp, OHHU TIOCTEIIEHHO (POPMUPYIOTCS B MPOCThIC TOJOUAATIbHBIE (hOPMBI,
KOTOpbIE C TOCTATOYHBIM MPUOIKEHUEM OIMUCHIBAIOTCS TEOPETUUECKUM MarHUTHBIM
nunosemM. Ilapkep 3aMmeuaeT [4], YTO MarHUTHOE TOJie BOKPYT 3BE3[Abl CTPEMUTCS
MepeiTy B caMoe HU3KOE BHEPreTMUecKoe COCTOSTHUE, TTPUHUMAsI 3aMKHYTYIO (hopMy
JUnoJisi. B HauaabHBIX CIOXKHBIX CTPYKTYpax MeJaKoMaciuTabHash ppakiuust ObICTPO
Mcue3aeT BCICACTBUE OMMYECKOM NMCCUTIALIMU W HATSDKEHUSI CHJIOBBIX JMHUIA. B
pe3y/bTaTe OCTaeTcsl KPYIHBIi, JOJITO KUBYLIUI MOJIOUAATBHBIN (PparMeHT, KOTOPbIi
JIOCTATOYHO XOPOILIO OMMCHIBACTCS TEOPETUYECKUM MAarHUTHBIM aunosem [8,19].

IIpoGieMa MeNTKOi1 AeTanu B LIEHTPE OTPULIATEIBHOTO MAKCUMYyMa 3aBUCUMOCTH
Be(CD) JIOCTaTOYHO MHTepecHa. [Ipu oObscHeHUM AedekTa B OTpULIATEIHBHOM
MaKCUMyMe KpUBOU Be(CD) MpUMeHEeHUe MOAEIN TPEThEero AUIOJS He MPUBEIO
K 00bsicHeHu10 aToro nedekra. He Obliv HaliieHbl HU TTOJIOXEHUE, HA OpUEHTaLIUS
TPETbEero AMIIOJSI, MPU KOTOPBIX ObLT ObI TOJYyYeH XOTsI Obl KauyeCTBEHHBIN
MOJIOXUTEIbHBIN pe3ynbTaT. CaeslaH BbIBOI, UTO paccMaTpuBaeMblil a¢hdeKT, ckopee
BCETO, MPOMCXOIUT BCIICICTBYE METOANUECKOM OLIMOKK NP U3MEPEHUSIX MATHUTHOTO
MOJIsI U cofepXaHusl xuMuyeckoro sjaeMeHTa. Bospact HD133880 B pabdote [9]
OlIeHeH Mo mpuHamIexxHocTu K ckorieHrno Upper Centaurus Lupus association
logt="7.2 u sBnsgerca HeBepHbIM. Hala onieHka logr=8.4 net [20], moaToMy cTOJIb
MeJIKasi MarHUTHasl JeTallb JOJDKHA ObLIa Obl yXKe pa3pyLIUThCS MOCPEICTBOM
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OMMYECKON AUCCUIIAIIUU W HATSDKEHUSI CUJIOBBIX JUHUM. [IpemenbHbIil BO3pacT
3Be3] Si-THna HaxoauTcsl okojo logr=8.4-8.7 net. 3Be3ma HaXOOUTCSI B CpeIHei
yacTh moJjiockl [J1aBHOM TMOC/Ieq0BaTeIbHOCTA U IOTpaTwia yxe okoyno 50%
BpeMeHU kK13HU Ha [1aBHOI mocienoBarenbHOCTU. HU B omHOIM 3Be3ne, UMerolleit
TaKoOM BO3pacT, CTOJIb MEJKUX AeTajleil elle He HabI0AanoCh.

TakuM 06pa3oM, UICTOUHMKOM MATHUTHOTO MOJISI B 3BE3/I€ SIBISIETCS MATHUTHBIINA
JIUTIOJb, 1aXe TOTAa, KOrjaa B 3Be3[e HeCKOJIbKO HaMarHMYeHHbIX (pparMeHTOB. B
MHOTOIMITONbHBIX 3Be31aX AUIOIN oOpallleHbl pa3HbIMU 3HAaKaMU Bcerjaa, Kak 3TO
MbI HabmonaeM B pasa. 6. [Ipeanonaraercst, 4to Takue KOHGUrypauuu (popMUpyroTcst
B HayaJbHOI (paze MarHUTHOI MpoTo3Be3abl. CTPYKTYphl C AUMOJSIMU, HapaB-
JICHHBIMY OIWHAKOBBIMU 3HAKAMU JIPYr OPYry, HEYCTONYUBHI.

Tonorpaguueckasi kapta pacripeiaejeHuss MarHuTHoro mnoss (puc.4) ¢ ero
BEKTOPHBIM XapaKTepOM Ha MOBEPXHOCTU 3BE3/bl CTPOUTCS MOCIEI0BATEILHO 110
BceM 3jieMeHTaM MaTpulbl [3]. BeKTop MarHUTHOro MoJisl B KaXKJAOM 3JEMEHTE
MAaTpUIIBI PaBEH CyMME BEKTOPOB OT MOJIOXKUTEILHOTO M OTPULIATEIbHOTO MOHOIIOJIEH.
DeMeHThl MaTPULIbl ONPEACIISIIOTCSI OOBIYHBIMU C(PepUUECKUMU KOOpAMHATAMU T10
JIOJITOTe M 1IMPOTe 3Be3nbl. BekTopa MarHUTHOTO TOJSI, CIPOeLMPOBAaHHBIE HA JIy4
3peHMS, B3BEIIMBAIOTCI B KAXKIIOM BJIEMEHTE MX MPOEKILIMEN Ha BUAMMOM Ttoiycdepe
U TIOTEMHEHUEM K Kpalo, 3aTeM MHTEeTPUPYIOTCs MO BCeil BUAMMOI moiycdepe.
IMonyyaercsa Bs B Kaxnoii ¢paze @ . MHOroYnciIeHHbIe pe3yIbTaThl MOASIUPOBAHNS
MMOKA3bIBAIOT, YTO MIPUOIMKEHNE TUIOJIBHOTO UICTOYHUKA MAaTHUTHOTO IOJISI OYeHb
XOPOLLO OMUCKHIBaeT (Pa30BYIO 3aBUCUMOCTD Be(CD) , CTPYKTYpY MarHUTHOTO T0JIsI
Ha TOBEPXHOCTH, €CIM MAarHUTHOE MOJIe U3MEPEHO IO JIMHUSIM BOAOPOIA, KOTOPHIi
PaBHOMEPHO pacIpeie/ieH Mo MOBepXHOCTU. M3MepeHus Be(CD) , BBITIOJTHEHHBIC T10
JIMHUSM METaJUIOB, MHOTAA MPUBOILT K 3aMETHBIM ollinbokaM. Takum obpa3om,
OINMCAHHBIA KPaTKO METOA MOACIMPOBAHUSI UMEET MPOUYHYIO (PU3NYECKYIO0 OCHOBY,

Tabauya 4
ITAPAMETPbBI MATHUTHOTO IT10JIA ITPU PA3HBIX MOJIEJAX
HD Bd, T'c Bg, T'c Boct, T'c Bs, I'c |Bs (LM), I'c Bp, Tc
2453 -5000 -600 +1800 3750 3737 16560
12288 -10100 -2800 +4200 8100 7879 +9700 -15800
65339 -16700 -11200 +5700 13700 12840 +6029 -91870
126515 -13700 -17700 -5200 13000 12322 +45800 -11100
318107 | +23700 -23600 +8300 15000 13307 +33568 -19460
187474 -7700 -1600 +1000 5500 5317 +6300 -11600
188041 +5600 -1200 -1000 3600 3663 +4850 -7400
192678 +4900 +1300 +2300 4700 4668 +7300
200311 +12800 +3800 +800 8500 8568 +18520 -11420

Ipumeyanue: XKupHble TGP - MaKCUMaJbHbIC BEJIUYUHBI.
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B otinuue ot (Bd, Bq, Boct)-meTtona.

Pacnpenenenus Be(@) B pabortax [5,7] u Apyrux aHaJOTUYHBIX UCCIIeIOBAHUSIX
MOJIEJIUPYIOTCSI ¢ TOMOILBIO KOJUIMHEAPHBIX IUITONEH, JIMHEHOTO KBaapymHojs 1
JIMTHEHHOIO OKTYMOJIsI, TP KOTOPBIX CHJa MarHMTHOTO TIOJNSI Ha TOJIfocax IIpel-
nojaraetcst Bd, Bg, Boct, cooTBeTcTBeHHO. CUMTAJIOCh, UYTO TaKOE MpPEACTaBJICHUE,
XOTSI U HE TOYHOE, JIaeT YIOBJIETBOPUTEJIBHOE OIMMCAHUE HAOMIOOAEMBIX CTPYKTYP
MarHuTHoro mnoJjsi. B tabn.4 npuBomsarcs BenuuuHbl Bd, Bg, Boct nisi HECKOJBKUX
3Be31 M3 paboThl [7]. B 310l Xe Tabnuie npuBeneHbI CpeaHUEe TTOBEPXHOCTHbIC
3HaueHUs Bs, monydeHHbIe Hamu [16] 13 Momeneii, 1 Bs (LM)), KOTOpbIE MOTy4aOTCsI
HETOCPEACTBEHHO 13 U3MEPEHMIA pacILIeTUICHHBIX 36eMaHOBCKUX KOMITOHEHTOB [21,22].
OHU [OCTAaTOYHO XOPOIIO COOTBETCTBYIOT APYT HPYry, UYTO MOATBEPXKAAeT
MPaBUJIBHOCTh TeX W Apyrux. CpaBHEHME MOKA3bIBAET, YTO MEXAY BEIMIMHAMU
(Bd, Bq, Bocf) u Bs HeT Huyero oOuiero. KupHbIMU LiM¢ppaMu OTMEUYEHBI
MaKCHMaJIbHbIe 3HauYeHUs. B aT0l Xe Tabnuiie MpuBeAeHbI BETMYMHBI MATHUTHOTO
MOJIsI HAa MarHUTHBIX MoJitocax Bp, mojiyueHHble U3 Moaenu [17], Tae HeT HUYero
oburero mexny napamerpamu (Bd, Bq, Bocf) u Bp. HamoMHuM, 4TO 3TO MPOCTO
HEKOTOpbIE IapaMeTphbl, MPOMOPIMOHAJbHBIE BECy KaXJIOro MHOTOYIeHa
paccMaTpUBaeMOro pasjiokeHUsT Majio Toro, Takasi MEeTOIUKA He CITOCOOHA OIucaTh
MHOTOJUMONbHYIO CTPYKTYpY (B TaOJuIle TaKWUX 3Be3l HET).

Astop 6marogaput A.M.HazapeHko 3a TOMOIIE B BEIYMCICHUSIX PHC.3.

CreumanbpHas actpodusnueckass obcepsaropuss PAH,
Poccusi, e-mail: glagol@sao.ru

STRUCTURE OF THE MAGNETIC FIELD OF THE
STAR HD133880 (Si)

Yu.V.GLAGOLEVSKIJ

The magnetic field of the star HD133880 is modeled under the assumption of
the structure of the magnetic field in the form of a theoretical magnetic dipole.
Comparison of the result with what was obtained earlier when using the representation
of the phase dependence of Be(®) by dipole + quadrupole + octupole expansion of
the structures shows that this scheme leads only to a formal description of the phase
dependence, and the expansion coefficients do not have physical meaning.

Keywords: magnetic field: modeling: star HD 133880
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INMEPUOINYHOCTDb YACTOTHI BCIIbIIHEK AKTHUBHBIX
BCITBIXUBAIOIIIMX 3BE3lI OBHAPYKEHHBIX TESS

A A AKOITAH
IMoctynmuna 8 HostOpst 2023

ITo naHHbIM opOUTaNTBLHOI 0bcepBatopun TESS nposeneHo uccienoBaHue Hanbosiee aKTUBHbBIX
BCIBIXMBAIOIIMX 3Be3l, TMokasaBmmx mo 100 u Gojee Bcmbiek 3a nepuon ¢ uwoiasg 2018 1o
okTs10pb 2020rr. OCHOBHBIMM HAaIlpaBJICHUSIMU WCCICIOBaHMS ObUIM: a) aHalU3 KPUBBIX Ojecka,
omnpezesieHue MepuoJ0OB OCEBbIX BpAllCHUH, BbISIBIEHUE (DU3NUECKUX OCOOEHHOCTEN Y OTHACIbHBIX
3Be3l, 0) orpeeseHre MapaMeTpoB MEePUOANYECKON/LIMKIMYECKON MePeMEHHOCTH YaCTOThI BCIBILIEK
BCITBIXMBAIOIIMX 3Be3/l, 00YCIOBJICHHON OCEBBIMU/OPOUTATIBLHBIMU BpallleHUsIMU. Bbuiv mosydeHbl
COOTBETCTBYIOILIME MEPUOAbI (DYHKLMKM YACTOTHI BCIBILIEK M IMPOBEAEHO CpaBHEHME C MEpUOAaMU
BpaleHust 3Be3a. [lepuoabl (YHKUMA 4YacTOThl BCHBILIEK OKAa3aIMCh OJM3KUMHU K TEepUoAaM
OCEeBbIX BpallleHUit 3Be31. [1ocTpoeHbl TeopeTnuecKre pacnpeaeaeH sl BCIbIILeK Mo (a3aM, KOTopble
CpPaBHEHBI C aHAJIOTMYHBIM HAOJIIOAAEMbIM paclipelie/leHUeM BCIbILIeK MpU JaHHOM mepuozae. s
Bcex 0€3 MCKIIIOYEHMSI 3Be3ll CpaBHEHME C TMOMOUIbIO KPUTEpUsi xz CBUJETEICTBYET B TOJIb3Y
MEePUOIUYHOCTA YacTOThbl BCHbIlIeK. [IpeamnosoxeHo, 4YTO pacrnpeneeHUe MSITeH IO IOJIroTe
BCITBIXMBAIOIIMX 3B€3[l MOXHO IMPEACTaBUTh YIJIOBBIM pacripenesieHrneM (GoH Mwuseca, mapaMeTpbl
KOTOPOIl ONpenessiioTcss 4epe3 COOTBETCTBYIOLIME MapamMeTpbl (DYHKLMU 4YacTOThl BCIbILIEK.
IMonpo6HO o0OcyXaeHa ABOMCTBEHHOCTh 3Be3abl CD-56 1032.

KoiroueBbie cioBa: ecnoulxusarmoujue 36e30bl: Hacmoma 6CNnblulex: nepuodu%ecxaﬂ
nepemenHocmo: 06otinas 36e30a CD-56 1032: pacnpedenenue

¢on Muszeca

1. Bsedenue. 3a nocnenHee BpeMs OGnarogapss KOCMUUYECKUM TeJIECKOMAM
"Kermep" n TESS, npenHa3zHa4eHHBIX I TTIOWCKA U OOHAPYXKEHMS SK30IUIAHET,
pPE3KO BO3POC MHTEPEC K BCHBIXMBAIOIIMM 3Be3JaM U POACTBEHHBIM OOBEKTaM.
YHUKabHBIE HAOMIOHaTeNIbHBIE XapaKTEPUCTUKUA STUX TEJIECKOIOB ITO3BOJIMIIN
TTOJTIyYUTh COBEPIIIEHHO HOBBIE IT0 CBOMM XapaKTepHCTUKAM JaHHBIE O TIePEMEHHBIX
3Be3JaX U MEPEMEHHBIX SIBJCHUSIX MOUYTU BCEX TUIIOB, B TOM YMCJE€ O BCIBIXM-
BaOIIIMX 3Be3/1aX M BCIIBIIICYHBIX SIBICHUSX. B ciydae BCIBIXMBAIOIIMX 3BE3I 3TH
JMaHHBIE TTO3BOJISIIOT: a) MOJYYUTh KPUBYIO OjiecKa Ha MPOTSKEHUM JOCTATOTHO
JIOJITOrO BPEMEHH, YTO B MPUHLIMIIE MTO3BOJISIET MCCIIEN0BATh U3MEHEHMUE BCITBILLIEYHOM
aKTUBHOCTM B IIMKJIE 3BE3MHOM AKTUBHOCTH (AHAJIOTMYHO ILMKIY COJHEYHOM
aKTUBHOCTH), 0) OLIEHUTH IePUO, BpallleHNsI, 3alSITHEHHOCTh 3B€31I 1, COOTBETCT-
BEHHO, pa3Mepbl M DHEPreTUYECKHe XapaKTepUCTUKU aKTUBHBIX OO0JacTeil, B)
00HapyXuTh auddepeHIaIbHOe BpallleHUe, MUTPALIMI0O aKTUBHBIX 00JacTeit u
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HCCIeIOBaTh MX B3aMMOCBSI3b CO BCIBIIIEYHOW aKTUBHOCTBIO, T) MCCJIEIOBaTh
MePUOANYECKYIO/LIMKINUYECKYIO TTIEpEMEHHOCTh HAOMI0AAeMO YaCTOThI BCIBIILIEK
AKTUBHBIX BCITBIXMBAIOLINX 3BE3/.

INepuomuueckast mIepeMEHHOCTh HAOI0JAEMOI YaCTOTHI BCIBIIIEK MOXKET OBbITh
00ycJIoBJIeHA pealbHbIM U3MEHEHMEM BCHBIILIEYHOM aKTUBHOCTU 3BE3Ibl B TEUEHUE
LIMKJIa 3B€3MHON aKTMBHOCTU U/WiM 3PdeKTamMu, CBI3aHHBIMU: a) C U3BMEHEHUEM
BUAMMOCTM aKTHUBHBIX 00JIacTeil BCIBILIEK M3-3a OCEBOTO WJIM OPOMTAIbHOTO
BpallleHUs 3Be3/bl, 0) HepaBHOMEPHbBIM pachpeae/ieHUeM SIPKOCTU Ha TOBEPXHOCTU
3BE3/IBL.

HMcxoasa u3 3Toro MOXHO MPEANoJOXUThb, YTO YaCTOTa BCIBILLIEK BCICACTBUE
MEePUOANYECKOTO OCEBOT0 MM OpOUTANIBHOIO BpallleHUS 3BE3[bI MOIYJIUPYETCS C
MEePUOAOM, PAaBHBIM MEPUOIY OCEBOTO WJIM OPOUTAILHOrO BpallleHUus. B manHoit
paboTe MPOBEpeHO HaIUUKe BO3MOXHON MePUOANIHOCTHA YacTOThI BCITbILLIEK Haubosee
aKTUBHBIX M3 HEAABHO OITyOJMKOBAHHOTO cIucKa [l1] BCIBIXMBAOIIUX 3BeE3,
obHapyxeHHbIX obcepBaTtopueit TESS.

Panee takast paboTa Oblia BBINOTHEHA )T BCIBIXWBAIOIIMX 3Be3M, OOHAPYKEHHBIX
obcepsatopueil "Kerurep” [2]. JanHbie oocepBatopun TESS mo3BonsiioT yBepeHHO
OOHApPYXUTb BCHOBILIKK C MPOAOJIKUTENbLHOCTbIO ~10 MUH U OoJibllie, B TO BpeMs
Kak 11 oocepBaropun "Kerep" mpoaoKUTeIbHOCTh OOHAPYKEHHBIX BCIBILIEK
Ha MopsIIOK BhIlIe. B pe3ynbrare, mpu MpoYrX paBHBIX YCJIOBUSIX, YHUCIO BCIIbILLIEK
peructpupoBaHHbIx oocepBaropueit TESS, Gosblie, 0COOEHHO €C/IM YYUTHIBATD,
yro HabmoneHns: TESS oxBaThIBalOT MOYTHM BCIO HeOeCHyIO0 cdepy C Jy4YIInM
MPOCTPAHCTBEHHBIM pa3pellieHUEM.

B pabore [1] ObuT mpoBeneH MOMCK M MOAPOOHBII CTATUCTUYECKUI aHAIU3
XapaKTepUCTUK 3BE3IHBIX BCIbIIEK, peructpupoBaHHbiX TESS ¢ miong 2018 1o
okTs0pp 2020rr. Beuto obHapy:xkeHo 60810 Bcmbiiek Ha 13478 3Be3max us3
JIaHHBIX cekTopoB HabmoaeHuit 1-30 TESS u onpeneseHbl mapamMeTpbl BCIBILIEK.

M3 3Tux 3Be3n misl maHHOW paboThl ObLIM OTOOpaHbl Hambosnee yacto (100
U OoJiee perucTpUPOBAHHBIX BCIIBIIIEK) BCIIBIXHYBIINE 3Be3Abl. B Ta0s1.1 npuBeneHs:
Ha3BaHue 3Be31 1o Karajgory TIC (TESS Input Catalogue), KOJMYeCcTBO BCIbIIEK
n, xoopanHaTtel RA, DE, paccrosgnue mo karamory Gaia DR3, coOcTBeHHEBIE
npxeHust pmRA, pmDE B m.y.c/r (mas/y) nio karanory Gaia DR3, obo3HauyeHue
3Be3nbl B 06aze SIMBAD. Kak BumHo, Kpome OJM3KUX MO CBOEMY THUMY K
OOBIUHBIM BCIIBIXMBAIOLIMM 3Be3[aM, B CIIMCOK IOMajiu TakxXe OBE 3BE3Abl C
PEHTTeHOBCKUM M3JydyeHueM, ogHa 3Be3na ¢ EUV usziyyeHreM U maxe KaHIUIatr
B Kjaccuueckyto HoByto 3Be3ny.

s BBIMOJHEHMS TTOCTaBICHHBIX 3a7a4 aHAJIM3UPOBAHbI KpUBBIE OecKa 3TUX
3Be3ll, B YACTHOCTU, OIpeAeeHbl TIEPUOIbl UX OCEBBIX BpalllCHUI.
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Tabauua 1

CITMCOK MCCIEJOBAHHBIX 3BE3]]

TIC n | RA DE D, nk|pmRA | pmDE O6o3HayeHUe B
6aze SIMBAD
1 [25118964 |103|61.93(-68.419762 | 61.05 | 58.64 | 22.39 |2MASS J04074372-6825111 -
Eruptive Variable
2 (141807839 | 122 92.87 [-72.227429 | 56.89 | 19.41 | 63.16 | AL 442 - Double or Multiple
Star
3 (141914082 | 119 | 94.62 |-72.044877 | 39.22 | -7.91 | 7429 |V*¥ AO Men - Eruptive
Variable
4 1141975926 | 123 |95.92 |-75.075775 2MASS J06234024-7504327,
Low-mass Star
5 (150359500 | 231 | 96.48 |-60.057571 -25.39 | 110.75 | EUVE J0625-60.0 - Eruptive
Variable
6 (167344043 | 165 [ 98.67 [-69.885098 | 71.82 | 18.04 | 37.88 | HD 47875 - Eruptive Vari-
able
7 (220432563 | 114 | 73.43 |-58.606877 | 30.22 | 101.11 | 69.07 | 2MASS J04534379-5836247 -
Eruptive Variable
8 (220433363 | 109 | 73.38 | -55.8603 126.12 | 76.86 | CD-56 1032A - Eruptive
Variable
9 (220433364 | 110 | 73.38| -55.8588 146.27 | 69.58 | CD-56 1032B - Eruptive
Variable
10 |220473309| 166 | 75.2 | -57.2571 | 26.88 | 3520 | 74.14 | CD-57 1054 - Eruptive
Variable
11 |233745344 | 104 278.53| 64.640801 | 48.71 | -0.73 | 55.70 | RX J1834.1+6438 - Star
12 |236778955| 104 282.89| 57.75762 | 91.31 | 30.29 | 65.36 | ASAS J185134+5745.5 -
High Proper Motion Star
131272232401 | 215 (117.3| -76.7018 -101.0 | -193.26| L 34-26 - Low-mass Star
14 1277298771 | 113 | 84.57 |-69.392268 | 52.89 | 65.35 | 107.02 | [W60] A68 - Low-mass Star
151358176584 | 122 (107.17|-76.706532 -99.83 | 106.56 | UCAC4 067-005738 - Erup-
tive Variable
16 |1359313701 | 120 [268.01| 56.607758 | 28.71 | -47.85 | 56.04 | RX J1752.0+5636 - High
Proper Motion Star
17 (364588501 [ 192 | 85.4 [-76.072828 |110.34 | 37.07 | 99.53 |HD 39150 - Eruptive Vari
able
18 1373431012 112 [ 81.01|-71.159571 | 56.11 | 27.04 | 61.76 | HA 120-S 162 - Classical
Nova Candidate
19 (382258517 122 | 82.58 | -53.9801 47.24 | 64545 | L 234-26 C - High Proper
Motion Star
20 {394030788 | 112 282.2| 80.673928 | 93.78 | 19.161 | 70.944 | TYC 4595-107-1 - High
Proper Motion Star
21 |441734910 | 111 |258.25| 73.934726 |32.112 | 93.318 | -30.333| Eruptive Variable
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2. Onpedenenue nepuo0os oceeoeo épaujeHus. Y neBati n3 0TOOPaHHBIX
3Be3/, B acTpoHoMM4Yeckoii 0a3ze SIMBAD otcyrcTBOBaJiM maHHBIE 00 MX IIepe-
MeHHOCTU. C LIeIbI0 OompenesieHUs TIepUOIOB OCEBOTO BpAlllEHUSI 3TUX 3Be3l U
obecrieyeHUs OMHOPOAHOCTU MCITOJIb3YeMbIX JAHHBIX, IJIS1 BCEX 3BE3[, C MOMOILbIO
nmporpaMMHbIX cpeactB Python [3], ObUI mpoBedeH TNEPUOAOrPAMMHBIN aHAIU3
KpuBbIX Osiecka u3 6a3bl JaHHbIX TESS. TIpu aToM ucnons3oBaiuch aaHHbie SPOC
(Science Processing Operations Center) ¢ AByXMHMHYTHO# 3Kcnosuuueit. Ileproabt
OCEBBIX BpallleHUI 3Be3] ObLIN OIpeaeseHbI C TIOMOILBIO IBYX B3aMMOAOITOIHSIOLINX
anroputMoB - BLS (Box-fitting Least Squares) [4] u Jlomba-Ckapria (JIC) [5,6].

BLS - anroputm mpegHa3HayeH, B YACTHOCTH, ISl TTIOUCKA MEPUOINUECKUX
TPaH3UTOB BHECOJHEYHbIX IUIaHeT. OH BBIMOJIHSIET MOMCK CUTHAIOB, XapaKTepu-
3YIOLLIMXCS TTEPUOIUUSCKUM YepeIOBaHUEM JIBYX OUCKPETHBIX YPOBHEM, IIPU 3TOM
Ha Oojiee HU3KOM ypoBHe ("TIaTo") 3aTpauyuBaeTcsl ropa3fo MEHbIIE BPEMEHM.
Hcnonb3oBanue anroputma BLS B Hacrosieit paboTe onpaBaaHO onpeaeaeHHbIM
CXOICTBOM TPaH3WUTA IJIAHETHI/TIAHET C MepeMellleHUeM 3BE3IHBIX MIITEH B II0JIe
3peHMsT HaOMroJaTeNsl U3-3a BpallleHUsT 3Be3/bl, T.e. B JaHHOW 3agaye "TpaH3U-
TUPYIOIIUMU" 00BEKTaAMU SIBJISIIOTCS 3BE€3IHBIC MSTHA, KOTOPbIE HEMOCPEICTBEHHO
CBSI3aHBI C AKTUBHBIMU O0JIACTSIMM.

Tabauya 2
BBIYNCJIIEHHBIE ITEPUOAbBI MCCIIEJOBAHHBIX 3BE3/1
TIC Ilepuon, JIC Ilepuon, BLS Ilepuon, SIMBAD
1 25118964 1.0177 1.0179/0.1375 1.0187
2 141807839 0.8467 0.8468/0.2126 0.8481
3 141914082 2.6672 2.6503/0.1055 2.6730
4 141975926 1.1500 1.1542/0.2686 -
5 150359500 1.0332 1.0336/0.1451 1.033
6 167344043 2.8852 2.8909/0.0796 2.93330, 2.99380, 3.0000
7 220432563 1.1384 1.1384/0.2283 -
8 220433363 0.4279 0.4276,/0.1500 0.84891, 0.98, 1.496
9 220433364 0.8551 0.8551,/0.1600 0.84891, 0.8543, 4.14
10 220473309 8.8093 8.7439/0.0739 8.6742, 8.729000, 8.60
11 233745344 5.8800 6.1459/0.1790 -
12 236778955 1.0231 1.0237/0.2442 1.023800
13 272232401 2.8147 2.8320/0.1024 2.83050, 2.8330, 2.827000
14 277298771 1.1825 1.1829/0.1860 1.1798
15 358176584 0.9059 0.9045/0.1216 -
16 359313701 1.7892 1.8037/0.1940 -
17 364588501 2.2137 2.2156 /0.1128 2.2800, 1.726000
18 373431012 0.5004 0.4997/0.1601 -
19 382258517 3.1251 3.0818/0.1590 -
20 394030788 3.3221 3.3360/0.1319 -
21 441734910 1.3594 1.3582/0.1399 -
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Anroput™ JIC ocHOBaH Ha MmMoaOOpe CUHYCOMI AJisi BBIOOPOK HEpaBHOMEPHO
pacrpeeIeHHbIX JAaHHBIX C TTOMOIIBI0O METOAa HAMMEHBIINUX KBaapaToOB.

ITonyyeHHbIe 3HAYEHMST TIEPUOJOB MpuUBeaeHbl B Tab.2. [Tpu ucnoiab3oBaHUN
anroputMa BLS Obl1 ompeneneH He TOJMbKO MEPUOA BpalleHMsT 3BE3/bl, HO U
NPOAOJIKUTENLHOCTh P, TIpEObIBaHMS 3BE3bI Ha HUXHEM IUCKPETHOM YPOBHE
cBetMocTy. OYeBUIHO, YTO 3Ta BEJIMYMHA CBA3aHA C paclipeie/ieHreM ISTeH Ha
MOBEPXHOCTU 3BE3/bl U MOXET CJIY>KUTh MEPOW KOMITAKTHOCTU (KOHLEHTPALIWK)
9TOro pacnpeaeaeHus.

B 1a6:1.2 psanom ¢ nepronom BLS npuBoautcsa otHoineHue P /P. B KayecTse
npuMepa Ha puc.l mpousuTiocTprpoBaHa mpolenypa onpeaeaeHus aist 3se3asl TIC
359313701, roe B 1eBOM BepxHEM YTy TIEPUOAOrpaMMa € BbIICIEHHBIM BEPTUKATLHOM
JIMHUEH epruoaoM BpallleHUsI, CIpaBa OT Hee - (pa3oBas KpuBasl OjiecKa 3Be3JIbl,
B CpeJIHEl YacTy pUCyHKa - KpuBas 0jiecka, Mo KOTOpoil BUAEH MOIBUXXHON Oap
(OTMEUEH CTpesKOi), C TOMOIIIbIO KOTOPOil Ha (ha30Boil nUarpaMMe KOppeKTUpPYeTCst
snayenue P,. B mannom ciysae P, =0.35, P,/P=0.194.

Kak BumHO u3 Tab6j.2, CyIIECTBEHHOTO OTIMYMS MEXIy MepuoaaMu Mojy-
YEHHBIMU ABYMSI CIIOCOOaMU, HET.

BLS Mepuopnorpamma P=1.8037194
1021 |
0.05 3 :
] X
] [®]
] o
0.03 3 C
0.011 ]
] 0.98 1 I . |
5 10 -0.5 0 0.5
P [JD]
1.03

P,=0.35 @ T - 2457000 [JD]

TIC 359313701

Puc.1. Mmmoctpaumss npouenypsl ompeneieHus P,
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Ueotinas 36e3da CD-56 1032. Cpeau 3Be3n U3 CIIMCKA €CTh JBOMHAs 3Be3la
CD-56 1032 (TIC 220433363, TIC 220433364), toe KpuBbIe OJlecKa KOMIIOHEHTOB
(monyyeHHble TESS) MoAHOCTBIO COBMAnarOT, UTO CBUIAETEIbCTBYET O TOM, UTO
TESS perucrpupoBasa cyMMapHOe M3JIydeHHE ABYX KOMIIOHEHTOB. DTO XOPOIIO
3aMETHO Ha pHC.2, TIe MO0Ka3aHOo T0JIe AeTEKTOpa M3IyYeHUs, B IICHTpa KOTOPOTo
BUJHBI KOMITOHEHTBI IBOMTHOU 3BE3[IBI.

TESS TIC 220433363

180

1000
179
178

100
177
176 10

175 '
820 822 824 826

Puc.2. Tone JETEKTOpa U3ITYYCHUS. B LIEHTPE, OKOJIO KpecTa KOMIIOHEHTH! IBOMHOMN 3BE3IHbI.

AHaIu3 okKasajl, YTO CyMMapHYylO KPYBYIO OjleCKa MOXKHO XOPOIIIO alpoKCH-
MUPOBAaTh CyMMOi JIBYX CUHYCOMI A, (1 + sin((o,. t+ 8,.))+bi , i=1, 2, c npuBeaeH-
HbIMU B Ta0J1.2 TIepuoAaMU, KOTOPbIE SIBHO BBIIEISIIOTCS Ha OOIIEH /17151 KOMITOHEHTOB
nepuogorpamme (puc.3). Ilpu srom ammuryma Gmecka CD-56 1032A (TIC
220433363) morkHa OBITH MpUMepPHO Ha ~1.2 pasa Gombie. Ha puc.4 mpuBeneHs!
pacyeTHbIe KpWBBIe OJieCKa OTHENBHBIX KOMIIOHEHTOB M JBOWHON CHUCTEMBI B
LIEJIOM.

MOXHO TPeIToNIoXNUTh, 4To 3Be3na CD-56 1032 gBisteTcs CUCTEMOI M3 IBYX
BpallaTeJIbHBIX TTePEeMEHHBIX 3Be3M, IIePUOIbI KOTOPBIX HAXOMITCS B pe3oHaHce 1:2.

3. Onpedenenue nepuoduueckou @YHKUUU 4aACMOMbl BCNbIULEK.

3.1. HUcnoavzoearnnwiii n00xo0. B pabote 6a30BbIM SABISAETCS MPENTIOIOKEHIE
0 CIy4ailHOM M HE3aBMCHMOM XapaKTepe BCIIBIILIEK, YTO ITO3BOJISET PACCMOTPETh
MOC/IEA0BATEILHOCTD BCITBILIEK 3BE3/IbI KaK CIy4aifHbIi IyacCCOHOBCKMIA TIPOLIECC
[7]. TTocKoONMBbKY B JaHHO# paboTe MPEIIOJIaracTCs, YTO YaCTOTa BCIIBILIEK MOLYJIU-
pyeTcsl MEPUOIMYECKMM ITPOLIECCOM - OCEBBIM BPALIEHMEM 3BE3IBI, TO YacTOTY



MMEPUOANYHOCTDL YACTOTDBI BCITBIIIEK 561

BLS P=0.8544132
0.8 ] o

0.6
0.4 ]

0.2

T - 2457000

Puc.3. Ilepuomorpamma, ¢a3oBasg KpuBasi U KpuBasi Oyiecka aBOMHON 3Be3mbl CD-56 1032.

1.05

1.025

0.975

095 L 1 L L 1 L L i 1

Puc.4. PacyeTHble KpuBBIe OJiecKa IepBOI 3Be3Obl (IMHUSI C KPYKOYKAMM), BTOPOIl 3BE3MIbI
(ToukM) M cucTeMbl B LedoM (crutoiiHas auHus). IMapamerpol (4, ®,, 9,, b) COOTBETCTBEHHO
paBHbI Juis1 niepBoit 3Be3anl - (0.024, 14.684, w, 0.4825), mia Bropoii - (0.02, 7.35, 0.0, 0.4825).

BCIIBILIEK 11€JIeCO00Pa3HO TPENCTaBUTh B BUIE TIEPUOTNUYESCKOM (DYHKIIMUA OT BPEMEHH,
a caM IIPOLECC PAaCCMOTPETh KaK ITyaCCOHOBCKUM IPOLIECC C IMEPUOAUYECKUM
rmapaMeTpoM. B KauecTBe mepronuyeckoi yHKIIMU YaCTOThI BCIIBILLIEK/TIapaMeTpa
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MyacCOHOBCKOTI'0O pacrpeneieHus npeaiaraeTcs Crnob30BaTh (GYyHKIIUIO:
Kexp[k sin(co0 t+ 8)]
Me)=
1, (k)
21 .

e k, ®,, 3, A - MIOCTOSIHHBIE, a Io(k): IO exp[k sm(u)]du - MoIU(UIIMPOBAaHHAS
dbyukuusa beccenst HyjaeBoro mopsijaka nepsoro pojga. Beibop Takoit dyHKUMU
00yCJIOBJIEH TeM, YTO B 3aBUCMMOCTHM OT 3HaUe€HUs k obecrieunBaeTcs pa3HOOOpa3ue

BUJIOB MEPUOANYECKON (DYHKIIMU.
Ecmu paccMOTpeTh B KaY€CTBE CTATUCTUYECKOTO COOBITUSI PEATTU3ALIMIO /1 BCIIBIIIEK
B nHTepBajie BpemeHu (0, T), To GyHKIMS NPaBAONOA00US JTaHHOTO COOBITUS TIPU
MMyaCCOHOBCKOM ITPOLIECCE C TEPUOANYECKIM MMapaMeTpOM MPEACTABISIETCS B BUME:

(k>0, 0,20, 0<9<2m, 4 >0),

n
e M/ i A exp kisin(wo t+9)],
olk) =
rie f - MOMEHTHI BCIIbILIEK.

W3 nocTaHOBKM 3aauu ceayeT, YTO 3HAYeHUE BEJIMUYUHBI ®, IOJKHO ObITh
pPaBHO WX OJIM3KO K 3HAYCHMIO IIMKIMYECKOM YaCTOThI OCEBOTO BPAIICHMSI 3BE3/IbI,
KOTOpasi CYMTAETCS 3amaHHOM. B maHHOI 3amade B KaueCTBe MCXOMHBIX UCITOIb3YIOTCS
3HaYeHUsl ®, , ONPeIeNeHHbIE B MIPEIbIIYILEM pa3ziesie B pe3y/bTaTte Meproaorpam-
MHOTO aHaJli3a KPMBBIX OJieCKa 3Be3[.

Maxkcnmuanpys GyHKUMIO ipaBrononoous [8,9], i 3a1aHHOTO 3HAYEHUS ©,
OIIEHKM MaKCHMMaJIbHOTO TPAaBIO0INOA00MST OCTAIbHBIX TTapaMeTPOB MOXHO TTOJTYYHTh:

Z; cos(wy 7,)
Z; sin(a, 7,)
n . 2 n 2
toai)] A st ]+ ot
dk |k:1€ ) n '

IIpu 3TOM HMHTEepBa BpeMeHU T A0JKeH ObITh KPaTHBIM MCKOMOMY TEPUOLY
2n/w, , a U3 MHOXecTBa KOpHeWl Broporo ypaBHeHusi (1) 9§ BbIOMpaeTcs 1o
cJenyolieMy MpaBuiIy:

9§, ecmm sgn(z;':lsin(cooti)):sgn@?:lcos(moti))

9=19+2n, ecru 9<0 u sgn 7:1 sin(ooo t,))=sgn 7:1 cos(oo0 t ))

}A\l:

B

MTH’ tan(8)=

(D

d+7 , B OCTaJIbHBIX CITy4asx .

3amaHWeM ®, W OINpEeNeJIeHUEM MapaMeTPOB 71, Q, k GyHKIUSA X(t) orpe-
JIeJIIeTCsT MOJTHOCThI0. OMHAKO HEU30eXXHbIE OILMOKY TPH MOJTYYEHUU U 00pabOTKMU
JIAHHBIX, HEOTIPEIEJIEHHOCTH, CBSI3aHHbIE C CTATUCTUUYECKUM XapakKTepoM 3aJauu, a
Takxe (usndeckue npuurMHbl (IMddepeHiaibHOe BpallleHUe 3Be3/l, MUTpaLKs
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TSITEH), TPUBOASIIME K BapHallvsiM HaOII0MaeMOii YaCcTOThI BpallleHUsI, HEU30eXKHO
MPUBOIAT K HEOOXOIMMOCTH 331aBaThbCsl HE TOYEYHBIM 3HAUYEHUEM ), @ CPAaBHU-
TEJIBHO Y3KWM MHTEPBAIOM 3HAYEHWI LUKINYECKUX YaCTOT BOKPYT 3HAYEHHS @, .
TaxuM 00pa3zoM, 3amaya CBOOUTCSI K HEOOXOIMMOCTH OIPEAE/IUTh, BApbUPYsl 3HAUCHME
LIMKJIMYECKOM 4acTOThl BHYTPM 3aJaHHOIO UHTEpBala, TO 3HAYEHUE @, , KOTOPOE
JIaeT TIPaBIOIIOI00HYIO TIEPUOINIECKYIO (DYHKIIMIO YaCTOThI BCIBILLIEK U 00ECTIeYrBaET
Jlydliee corjiacue ¢ HabaoaaTebHbBIMU TaHHBIMU.

B naHHol1 paboTe Mepoit MpaBaONOA0OHOCTU SIBJISIETCS JJorapuchM OTHOIIEHUS
byHKIMI TIpaBIONIONOOMI ABYX ITyaCCOHOBCKUX IIPOIIECCOB: C MEPUOTMICCKIM
napameTpom (rurnoresa H,) U CTallMOHapHBIM (TUIOTe3a F;), COOTBETCTBEHHO:

InLy =k sin(o,t,+9)-nin(ly(k)).

Corylacue ¢ HabmoaaTebHBIMUA TaHHBIMU MPOBEPSIETCSI CPABHEHUEM TEOPETH-
YECKOTo pacrpenesieHus1 BCIbIlleK Mo ¢dazaM HaliieHHON MepruoanyecKoi QyHKIMr
C COOTBETCTBYIOLLIMM HAOJIOIaeMbIM pacnpeaeeHUEM C MOMOIIBIO KPUTEPUS %

OLleHKY MaKCMMaJIbHOTO MPaBIONOA00MS ®, = ®, MOXHO MOJYyYUTb MAaKCH-
MU3BUPYS CYMMY z; sin(mo t+ 8) o ®;:

n
Zi:lti cos(oo0 t+ 9} ovmisy 0. )

Kak BuaHO pelneHue ypaBHeHUs (2) HEOMHO3HAUYHO M 3aBUCUT OT MapamMmeTrpa
9. IoaromMy, tst Habopa NePBOHAYAIBHBIX MPENITONAraéMbIX 3HAYEHUI ©,, , METOIOM
MOCJEA0BATENbHBIX TPUOIVIKEHUIA DPEIIaeTCsl CUCTEMA M3 BBIIENPUBEAECHHBIX
ypaBHeHui (1), (2), 1 13 MOIYYEHHBIX PEIICHUI BEIOMPAETCS TO PEeIleHUE, KOTOPOe
00ecrneunBaeT Jyylllee COOTBETCTBUE C HAOIIONATEbHBIMUA JAHHBIMMU.

OTOT 1oaxoa ObLT UCMOJIb30BaH paHee B [2,10] mist uccaenoBaHus BCIIBIXM-
BalOLLMX 3BE3[l M 3B€3/ COJHEUYHOIO TUIMA C CYMEPBCIbIIIKAMU.

3.2. lloayuennvie pezysvmamol. TIpuMeHss IPEIIOXEHHBIN CIIOCO0, ObLUTH
orpe/ie/ieHbl BEpOsSTHbIE Nepuoardeckre MyHKIMU YacTOThI BCIBILIEK JJIsSI BCEX
3Be3zl. B Tabs1.3 mpuBeneHbI: Mepro GYHKLUNK YacTOThI BCMBILIEK P, mapamMeTpsl
¢byHkuuu k, 3, OTHOIlEHME MaKCMMyMa (DYHKIIMM K MUHUMYMY, Jorapudm
OTHOLICHMS TpaBAONOnoOuit InLy ., 3HaueHue Kputepust X . M3 KaHHBIX
tabn.1 1 Tab6n.3 cremyer, yto mpumepHo mist 50% 3Be3m, MEePUOIBI YaCTOTHI
BCIIBIIIIEK Pf M OCEBOrO BpallleHMs 3Be3[bl P OTJIMYAIOTCS MEHbllle yeM Ha 2%,
MakKcUMaJTbHoe oTimune MeHbine 10%. B 1abn.4 npencrasieHa 6ojrlee mompoOHast
CTaTUCTUKA OTHOILIECHMUS Pf /P.

C TTOMOIIBIO TIOYYeHHBIX (DYHKIIMI YaCTOTHI BCIBIIIEK, TTOCTPOCHBI Teope-
TUYECKUE pacripefesieHrsl BCIbIIeK Mo dazaM, KOTOPbIe CPaBHEHBI ¢ aHAJIOTMYHBIM
HabIogaeMbIM pacripeleeHreM BCbIleK MpU JaHHOM Iepuoje. s Bcex 6e3
HMCKITIOYEHUS 3BE3I 3TO CpaBHEHUE (C TIOMOIIBIO KPUTEPUS x ) CBUIETEILCTBYET
B MOJIb3Y TTEPUOTUYHOCTU YaCTOTHI BCITBIIIEK.
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Tabauya 3
IMAPAMETPbBI ®YHKIIMHN YACTOThI BCIIbIIIEK
2
TIC P, k 9 - lnLHI 11, X
1 25118964 1.0077 0.489 2.075 2.661 5.901 3.155
2 141807839 0.8131 0.324 1.619 1912 3.142 1.533
3 141914082 2.6545 0.318 3.991 1.889 3.026 1.890
4 141975926 1.1546 0.508 5.579 2.764 7.578 1.131
5 150359500 1.0571 0.398 0.342 2.215 8.870 0.952
6 167344043 2.6624 0.393 2.330 2.191 6.167 4.385
7 220432563 1.1344 0.540 5.396 2.925 7.788 2.834
8 220433363 0.3977 0.392 3.355 2.189 4.067 4.115
9 220433364 0.8423 0.390 3.921 2.181 4.027 1.306
10 220473309 8.2785 0.223 1.539 1.563 2.050 5.357
11 233745344 6.1912 0.261 1.190 1.684 1.743 0.946
12 236778955 0.9956 0.481 3.873 2.619 2.287 5.775
13 272232401 2.5612 0.226 5.171 1.572 2.722 1.568
14 277298771 1.1563 0.434 5.988 2.382 4.776 4.720
15 358176584 0.9208 0.326 2.487 1.920 3.207 2.475
16 359313701 1.7645 0.428 1.244 2.351 5.301 1.985
17 364588501 2.2523 0.274 0.131 1.729 3.548 2.641
18 373431012 0.5097 0.332 4.579 1.941 3.016 2.185
19 382258517 3.2953 0.363 2.238 2.066 3916 2.470
20 394030788 3.2014 0.324 5418 1.910 2.876 2.719
21 441734910 1.3591 0.461 1.376 2.513 5.665 1.014
Tabauya 4
CTATUCTUYECKHE XAPAKTEPUCTHUKHN OTHOILIEHHWA

XapaxkrepucTuka 3HaueHune

CpenHee 1.0148

Mennana 1.0100

CpenHeKBaApaTUUHOE OTKJIOHEHUE 0.0410

MuHumMyM 0.9484

Maxkcumym 1.0989

KBantune 25% 0.9838

Ksautuine 75% 1.0377

OyeBUIHO, YTO MyaCCOHOBCKMIA MTPOLIECC C MaJIOM aMITIUTYIOM NepUOINIYeCKON
(byHKIIMY CpaBHUTEJIHbHO Majio OyIeT OTJIMYaThCsl OT CTallMOHAPHOIO Ipolecca 1
NpUBEIeT K MajlbIM 3Ha4eHusIM InLy . Manasg aMmnauTyia MOXET ObIThb
CJIEICTBMEM TOTO, YTO JIMOO MPEANoyoKEHUE O MePUOIUYHOCTU HE UMEET MECTO,
JIM60 (B paMKax MPUHSITOTO B CTaThe MOMXO0/a) 00JIACTH BCHBILIEYHON aKTMBHOCTH
0oJsiee UM MeHee PaBHOMEPHO paclipeieSieHbl TI0 TTIOBEPXHOCTU 3Be3/Ibl. ECTeCTBEHHO,



MMEPUOANYHOCTDL YACTOTDBI BCITBIIIEK 565

BO3HHMKAET BOMPOC, MNP KaKMX 3HAYCHUSIX InLy ; MOXHO YBEPEHHO OTBEPIHYTb
TUITOTE3y O cTallMoHapHOCTU? OYeBUAHO, YTO MYyaCCOHOBCKMII Mpoliecc ¢ Majioi
AMIUTATYIOM TIEPUOINYECKOTO ITapaMeTpa CPAaBHUTEILHO Majio OyIeT OTIMYAThLCS OT
CTallMOHAPHOTO MpolLecca 1 NPUBEICT K MaIbIM 3HaYCHUAM InLy /, (cM. puc.4).
Manasi aMIUIMTyAa MOXeT OBbITh CJIEICTBUEM TOTO, YTO JIMOO MPEANnoyioKeHUe O
MEePUOAUYHOCTA HE UMEeT MeCTO, J1M0O0 (B paMKax MPUHSITOrO B CTaThe MOAXOAA)
00J1aCTU BCHBILIEYHON aKTMBHOCTU 0oJiee WM MEHee PaBHOMEPHO pacrpeaeicHbl
IO TIOBEPXHOCTU 3BE3JbI.

B pabGote [2] ObLIO yCTaHOBJIEHO, YTO TMMIOTE3Y O CTALIMOHAPHOCTU MOXHO
YBEPEHHO OTBEPIHYTh, €CJAY JIOrapudM OTHOLLIEHMS MPaBAONoAo0uit In L HH, <3
K sToMy pe3ynbTarty NnpuBeso MpUMEHEHHE KPUTEepUsI CpaBHEHUS ABYX Iyacco-
HOBCKHX IIPOLIECCOB - IEPUOIUYECKOTO € (PYHKIME X(t) U CTAalOHAPHOTO,
NpuBeIeHHOro B pabore [11], cormacHO KOTOPOro CTaliMOHApHOCTh HE OTBEpraercs,

ecn [(Zj_] sinoo 1)) + (3 cos(o ) } /zn <.

Co 3HaueHueM In Ly, < 3 oKaszaJMch S 3Be3/ (Ha pUC.5 OTMeUeHbl HOMepaMu
yKa3aHHbIMU B Ta0J1.1.), KOTOpble Ha PUC.S HAXOOSTCS HUXKE IITPUXOBOU JTUHUU.
OnHako W B 3TUX Ciydyasx HabOjtogaTeslbHble JaHHBIE XOPOILO COINIACYIOTCSl C
MPEATOJ0XEHUEM O TIEPUOJUUYECKON YacTOTe BCIIbIILIEK.

DTO BUIHO HA PUC.6, Iie MPUBOAITCS (PYHKIIMS YACTOThI BCIIBILIKY B YCIOBHBIX

10

InLHW/HO

1.4 1.8 2.2 2.6 3.0
Ao’ ™

max' "~ min

max" "~ min *

Puc.5. 3aBucuMOCTb OTHOWIEHHMSI mpaBgonogoouit InL, . or A, /A
1 0
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Puc.6. ®yHKIIMS 4acTOTBI BCMBIIKKA A(f) B YCJIOBHBIX €IMHMIIAX (JIeBasi MaHEb) U CIOXEHHbIE
B €IMHBbIN Tepuon TeopeTudeckue (6apbl) U HabiogaeMble (TOYKM) pacripenesieHus] BCIbILIeK Mo
(dazam mepuoanueckoit yHkuuu 3Be3nbl TIC 236778955 (mpaBasi maHesb).

eVHUIAX OTHOCUTEJIBLHO CpeIHero 3HaueHus (IITPUX-JIUHUS) U CIOXEHHBbIE B
eVHEBIIA TIepHOoJ TEOPETUYECKNE U HaOII0JaeMble pacipenesieHUsT BCIBIIIEK 10
dazam nmeprognueckoit dyHkumm 3Be3nsl TIC 236778955 (#12 Ha puc.S).

Ha puc.5 monoxureabHo, ¢ TOYKU 3peHUS IPUMEHIEMOI0 B CTaThe MOIXOAa,
BoiaessieTcs 3Besga ¢ EUV msnyuenuem TIC 150359500 (#5 nHa puc.5). Ha puc.7
npuBeAeHbI pe3ynbraThl oTHocuTeabHO TIC 150359500. 3Be3na ¢ EUV uzinyueHuewM,
CKOpee BCETO, OTJIMYACTCS OT OOBIYHBIX BCITBIXMBAIOIIMX 3BE3I U MOXET CTaTh
MPEeIMETOM JATbHENIIINX UCCIeNOBaHWi. He MCKmodeHo, 4To MprpoIa epeMeHHOCTH
onecka 1 MexanusMm Benblinek y TIC 150359500 MoryT ObITH COBEPILIEHHO Pa3HbIMMU.

SRy 1 sl

t ®aza

0.8 T — 60

ML)

Puc.7. ®yHKUMS 4acTOTHI BCMBIIKKA A(Z) B YCJIOBHBIX €IMHMIIAX (JIeBasl MaHEb) U CIOXEHHbIE
B €IMHBbIN Tepuon TeopeTudeckue (6apbl) U HabiogaeMble (TOYKM) pacripenesieHus] BCIbILIeK Mo
dazam mepumonmueckoit ynkumm 3Be3apr TIC 150359500 (mpaBast maHess).

CkazaHHOE B paBHOM Mepe OTHOCHUTCS U K IBYM 3Be3[aM C PEHTIe€HOBCKUM
nanyueneMm (TIC 233745344, TIC 359313701), a takke LHA 120-S 162 -
KaHgumaty B HoByio 3Be3my.
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3.3. O ceasu P, /P ~k. CymecrtsoBanue 3apucumoctu P, /P ~k MOXHO
3aI0IO3PUTh MCXOMS M3 CIEAYIOIMMNX COOOpaXKeHMUIA.

Bo-niepBbIX, 00¢ BeJIMUMHBI MPEACTABIISIOT COO0I CBOSOOPA3HYIO MEpy KOMITaKT-
HOCTM /KOHIIEHTpALlMU pacipeaesieHusl CBSI3aHHbIX C HUMU (bU3UYECKUX BEJIMYMH.
B ciyyae P,/P 3T0 KOMIIAKTHOCTb PaCpeeIeHUs 3BE3IHbIX MIATEH U IPYIII MISTEH,
OTBETCTBEHHBIX 3a MEepUOINYECKOe U3MEHEeHUe Oiecka 3Be3/bl, a B ciyyae k - Mepa
KOHILEHTpAlMM YacTOT BOKPYI MOAbI (DYHKIIMM YACTOThI BCIBIIIEK, KOTOpas Mpu
0oabLIMX kK CTpEeMUTCS K & -(OYHKINU).

Bo-BropbIx, comtacHo [12] pa3mep 3Be3AHBIX MSTEH MOJOXKUTEIBHO KOppeIupyeT
CO BCMBIIIEYHON aKTMBHOCTHbIO. B maHHOW paboTe Takas KOppessiius A0KHa
MPOSIBAATLCSA KaK 3aBUCUMOCTh k(t)~ A(t) , The A(t) - BeJIMUMHA 3aMSITHEHHOCTU
MpoeKIMU nojycdepbl 3Be3bl 00pallleHHOI K HabOI0AaTell0 B MOMEHT BpEMEHU
t. DTa xe BeJMYMHAa, COBMECTHO ¢ (DYHKIIMEN MPOCTPAHCTBEHHOTO paclpeaeaeHust
IISITEH Ha TIOBEPXHOCTH 3BE3IBI, IO CYIIIECTBY OIpeesisieT IepUoINnIecKyi0 KPUBYIO
Osecka.

W3 BbIILIECKA3aHHOTO HEU30EXKHO CIIEAYET, YTO BEIMYMHBL P, /P, k TOKHBI
KOppeaupoBathb. JIeMCTBUTENbHO, U3 PE3YJIbTATOB, MOJYYEHHBIX B MPEAbIAYIINX
pasznmenax (cM. Taba.2, 3), ciaeayeT CyLIeCTBOBAHME IOJOXUTEIbHOU 3HAaYMMOM
koppesauuu P, /P ~k (puc.8).

HeobxonuMo OTMETUTD, YTO MPOAOJIKUTEILHOCTh P, MEHbIIE BPEMEHHOIO
WHTEepBaJla OT MOMEHTa ITOJHOro Bocxoda (I 3eMHOro HabsromaTess) TOMM-
HUpYIOLLIEH TPYIIbl MSTEH MO0 Hayaja ee 3akara. DTO CIeICTBUE COBMECTHOIO
IEeWCTBUS IBYX KpaeBBIX 3(h(HEKTOB, TEOMETPHUECKOTO - YMEHbBIIICHNE BUINMOM
TJIOIAIM TTOBEPXHOCTH TISITEH Ha KpasiX 3BE3Ibl M3-3a MPOELMPOBaHUS MOTychepbl
Ha TUIOCKOCTb U (bU3UUYECKOTO - M3-3a MOTEeMHEHUs K Kpalo ITHUCKa 3Be3dbl. DTU
3¢ deKTH BIMAIOT TaKKe Ha YaCTOTY PETUCTPUPYEMBIX BCITBIIIEK.

[TosyyeHHbIE pe3yabTaThl MOJACKA3bIBAIOT O BO3MOXHOM IMYyTU AaJIbHEHIINUX
vccnenoBaHuit. HetpynmHo 3aMeTuThb, 4To OyHKIMS k(t), MpeIoXKeHHas B KauecTBe
TIePUOANYECKON (PYHKIIMM YaCTOTHI BCIIBIIIEK, TIO CYIIECTBY COBNAmacT ¢ (hyHKIMeH
TJIOTHOCTU pacripenesieHus: GoH Museca (M3BECTHOE Takke KaK KPYroBoe HOPMaJIbHOE
pacrpeesieHre Win pacrpeaesneHie TUXoHoBa), HIMPOKO MPUMEHSIEMOE TIPU CTaTvC-
TUYECKO 00paboTKe YrioBbIX (KPYrOBBIX) JAHHBIX:

M(x|u, k): exp[kcos(x— u)]
211, (k)
rae | - cpeaHee (OJHOBPEMEHHO MOJAa W MeJuaHa) paclpeieseHus, k - Mepa
KOHLUeHTpauuu, 1/k - nucnepeusi, 1-1, (k)/]0 (k) - Kpyrosas aucrepcus. Pacripene-
JeHue ¢poH Museca SBISIETCSl XOPOLIUM MPUOIVKEHUEM K HAMOTAHHOMY HOPMAaJIb-
HOMY pacrpenejeHuIo (KpyroBoii aHajaor HOpMajJbHOTO paclpeeseHus).
YuuThiBasi, 4TO 3aMsITHEHHOCTb A(f) eCTb yIryoBas BedW4YMHa, a (QYHKLUS

>
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0.30

P,/P=0.0209+0.3622k;
r=0.6314, p=0.0021; o
r?=0.3987

0.22

P /P

0.14

0.06

0.2 0.3 0.4 0.5
k

Puc.8. 3asucumocrs P, /P ~ k.

YacTOThI BCIBILIEK, CXOXasl ¢ (PyHKIMEN TUIOTHOCTY pactipenenenus: ¢boH Museca,
MOJIOXUTEJIbHO KOoppeaupyeT ¢ A(f), MOXXHO TIPEANONIOXUTb, UYTO pacripeneieHue
MSITeH IO TOJIrOoTe 3Be3Ibl CBS3aH C YIJIOBBIM pacrpeneieHueM ¢oH Mwuseca,
rapaMeTpbl KOTOPOUl BbIpaXKalOTCsl Yepe3 COOTBETCTBYIOIIME MapaMeTpbl (YHKIIMU
4acToThl BenbleK. [IpeasapuTenbHble pe3ynbTaThl aHanusa 3apucumoctu P /P ~k
B paMKax TaKoro noaxoia OOHaJeXUBAIOT.

4. 3akawuenue. Vcnonb3ys maHHble opOurtanbHOi obcepBaropuu TESS,
MPOBEACHO MCCIeI0BaHUe HauboJiee aKTYBHBIX BCIIBIXMBAIOIIMX 3B€3/1, ITOKA3aBIIMX
no 100 u Gonee Bcmblliek 3a nepuoa ¢ utoysg 2018 mo oxrsa6ps 2020rT.

B pesynbraTe ObUT MpoOBeAEH MOAPOOHBIM aHAIU3 KPUBBIX OJecKa BCeX 3BE3[
C 1IeJIbl0 BbISIBICHUS (DU3UUYECKUX OCOOEHHOCTEH Yy OTAENbHBIX 3Be3d. JIuiub
HeOOoJIbIIIas YacTh 3TOTO aHAJM3a Halllla CBOE OTpakeHWe B JaHHOI pabore.

Boimn onpenenieHBI IepUOIBI OCEBBIX BPAlLllEHW 3Be3M, TIPHUYeM T 9-T 3Be3l
BIiepBbIe. [1py 3TOM UCMOIBL30BATUCH JBa B3aUMOIOTIOMHSIONIMX alroputMa - Jlomba-
Ckaprna u BLS. C nomoipbto BLS mist Bcex 3Be3n Obuta omnpenesneHa MpoaosKu-
TEJILHOCTD "TIIATO" TIIYOOKOTO MUHUMYMA, KOTOpasi CONEPKUT OIpeAeIeHHYI0 MHMOP-
MallMI0 O KOMIIAKTHOCTHM pacrpeiesieHrs 3Be3MHbIX MSITeH BAOJb AOJTOThI 3BE3/bI.

BeruncieHHble TIepHOABI OCEBBIX BpallleHWI OBLIM MCIOJIb30BaHBI IS
OIpeneIeHNST TTapaMeTPOB TIEPUOTNIECKON /ITIMKIMUECKON TTePeMEHHOCTH YacTOTHI
BCIBILIEK BCIBIXUBAIOIIMX 3Be3M. [1oyyeHbl COOTBETCTBYIOIIME TTEPUOANYECKIE
byHKIIMY 9acToTHl BembiieK. [leprnonsl (pyHKIIMI 4acTOTHI BCITBIIIEK OKA3aJIMCh
OJM3KMMHU K TIeprodaM OCEBBIX BpallleHMit 3Be3m. [locTpoeHBI TeopeTHiyecKue
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pacripeneIeHusT BCIBIIIEK Mo (a3aM, KOTOpbIe CpaBHEHBI ¢ aHAJIOTMYHBIM Ha0JII0-
JaeMBIM paclipeejieHreM BCITBIIIEK MTpU JaHHOM meprone. g Bcex 6e3 MCKITIo-
YeHMsT 3Be3] OTO CpaBHEHME (C ITOMOIIBLIO KPUTEPUS Xz) CBUICTEILCTBYET B
TTOJTb3Yy TEPUOINYHOCTA YACTOTHI BCIBIIEK. [lojydeHa 3aBUCHMMOCTh MeXOy k
MMapaMeTpoM TTepUOANYECKIX (PYHKIIMIA YACTOTHI BCITBIIIEK W OTHOCHUTEJTBEHBIMU
MIPOIOKUTEIBHOCTIMI "TIIaTO" TIyOOKOTO MHWHWMYyMa 3Be3II.

IpenrmonoxeHoO, YTO CXOXECTh MEePUOINYECKOM (DYHKIIMN YaCTOTHl BCITBIIIIEK
¢ (byHKIIMEN YIIIOBOTO pacrpeneneHns ¢oH Mmu3eca cKopee BCero He CiIydaifHa,
YTO JAeT YMEPEHHYIO0 HaJIexXAy Ha TO, UTO paclipelesieHHe MATeH II0 JTOJTOoTe
BCIBIXMBAIOIINX 3Be31 MPEACTABISETCs YIIIOBEIM pacrpeneieHreM GoH Mwuseca,
MMapaMeTphl KOTOPOil MOXKHO OIpeAelINTh Yepe3 COOTBETCTBYIOIIME MapaMeTphl
(DYHKLIMM 9aCTOTHI BCIIBILLIEK.

ITonpo6GHO 00Cy:KneHa ABOMCTBEHHOCTh 3Be3abl CD-56 1032. OmnpeneneHbl
BEpOSITHBIE TIEPUONBI M aMIUTATYIbI OTHCIbHBIX KOMIIOHEHTOB 3BE3[IHI.

Bropakanckas actpodusmdeckas obcepBatopusi UM. B.AmbGapiymsiHa
HAH Apmennu, e-mail: aakopian57@gmail.com

PERIODICITY OF FLARE FREQUENCY OF ACTIVE
FLARE STARS DETECTED BY TESS

A. A AKOPIAN

TESS data was used to study active flare stars, finding 100 or more flares between
July 2018 and October 2020. The main objectives of this study were analyzing light
curves, determining axial rotation periods, and identifying the physical features of
flare stars. The corresponding periodic functions of the flare frequency are derived
and checked for possible periodicity matching the star's rotation period. The flare
frequency functions correlated closely with the stars' axial rotation periods. Theo-
retical phase distributions of flares are constructed and compared with a similar
observed distribution of flares for a given period. For all stars without exception,
this comparison (using the Xz criterion) argues in favour of the periodicity of the
flare frequency. It is assumed that the distribution of spots along the longitude of
flare stars can be represented using by the von Mises angular distribution, the
parameters of which are determined through the corresponding parameters of the
flash frequency function. The binarity of the star CD-561032 is discussed in detail.

Keywords: flare stars: frequency of flares: periodic variability: binary star CD-
561032: von Mises distribution
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[TOIMMEPEYHBIE TPAAUEHTDBI ITPOAJOJIBHOTIO
MATHUTHOTO I10JIA B AKTUBHbBIX OBJIIACTAX C
PA3HBIM YPOBHEM BCIIBIIIEYHOM
[MPOAYKTUBHOCTHA. I. METOAbI BBIYMCIIEHNA U
INMHAMUKA BbIGPAHHBIX TTAPAMETPOB

10.A. ®YPCAK

TMoctynuna 20 wions 2023
Ipunsara k meuatu 28 HosOpst 2023

3amavya MCCIeoBaHUs - M3ydyeHWe AMHAMMKMA IapaMeTpoOB, OIMKCHIBAIOIIUX TOMEPEYHYIO
COCTaBJISIIOLIYIO TPAaIMEHTa MPOJOIbHOIO0 MATHUTHOIO nois VB, B akTMBHBIX obOnactsax (AO) c
pa3HbIM YPOBHEM BCIIBILIEYHOW MPOAYKTUBHOCTU. MCronb3ysl JaHHbIE, TOJydYeHHbIE MHCTPYMEHTOM
Helioseismic and Magnetic Imager (HMI) na 6opty Solar Dynamics Observatory (SDO), mpoananu-
supoBaHbl 75 AO 24-ro 1MKIa COMHEYHOM AKTUBHOCTU. [ BBIMMCIEHUA BEIMYUHBL V| B,
MPUMEHEHBI JIBA MOJIXOa - COBPEMEHHbII M KJIACCUUECKUiA. B KaxKIoM ciydae orpenesaeHbl mapaMeTphbl,
onuceiBaromne BenmauHy VB, B AO. JIna coBpeMeHHOro rozaxona 31o cpeanasa VB, mo AO
BemuuHa - (V| B ) W cpeiHsas BeiuuMHa V| B, B OKPECTHOCTM TOYKM C MAKCUMAJbHBIM €TO
3HaueHueM - {(maxV B_), Iis KJIacCMYECKOro MOAXO[a - MAaKCUMANbHOE 3HaueHue V B, mexay
napamMu mateH B AO - max(V BZ)SP. N3yyeHa nuHammka BBIOpaHHBIX MAapaMETPOB 3a BpEMs
MOHUTOPUHTA KaXI0i U3 obnacteil aHanu3upyemoii Beioopku. [lTokazaHo, yto: 1. Pazdbpoc 3HaueHMit
BeMuuHbl (V| B ) HeOOIbLIONH (118 NONABIAIOLIETO OOJbLIMHCTBA HCCIEAyeMbIX obiacTeit
Haxonutes: B npenenax 0.08-0.12 Tc km™') u Mano pasnuuaeTcs Uit o0lacTeil ¢ HU3KOl U BBICOKOIL
BCHbIIEYHO MPOAYKTUBHOCTLIO. 2. UncieHHble 3HaueHus napameTpa max (V| B,) U ero AMHaMMKa
B MOIABJISIIOLIEM OOJBIIMHCTBE PACCMOTPEHHBIX ClIydyaeB OoJibllie B 001acTsIX ¢ 0ojiee BBHICOKMM
YPOBHEM BCITBILLIEYHOM MPOAYKTUBHOCTH. 3. UuciaeHHble 3HaueHust napamerpa max(V BZ)_YP U ero
JIMHAMUKa OoJiblile B 00JacTsIX ¢ 0ojiee BBICOKMM YPOBHEM BCIBILIEYHOM MPOAyKTUBHOCTU. 4. B
AO NOAA 11283 3adukcupoBaH CTaGUIbHBIA PocT BeanuuHbl max (V, B.) =~ NpuGIM3UTENbHO 32
194 1o Havaja pa3BUTHs MEPBOM M3 CEPUM BCIBIIIEK BBICOKMX PEHTICHOBCKHMX KJIACCOB.

KimoueBbie cnoBa: Coarye: akmusHble 004acmu: 6CNbIUEHHAS AKMUBHOCMDb.
MaeHUmHoe none: epadueHmsl MAeHUMHO20 NOAS

1. Beedenue. Kak ormeuan A.b.CeBepHblil, 1axe "MPOCTeiillee pacCMOTPEHHE
OajlaHCa DHEPrUM MMOKAa3bIBA€T, YTO BHYTPM CONHEYHOI aTMOChephl HET IPYroro
MCTOYHMKA SHEPTUU BCIIBILIEK, KPOME SHEPIUM MarHUTHOTO mosst” [1]. UMeHHO
[TO3TOMY WU3y4eHHE MATHUTHBIX Iojieil Ha COJIHIE, X DBOJIOILMUS, SBISETCS
MEPBbIM, M, HECOMHEHHO, HEOOXOAMMBIM IIATOM B MCCIEIOBAHMM aKTHBHBIX
MIPOLIECCOB U SIBJIEHUIA, HAOTIOAEMBIX B COMTHEYHOM atMocdepe. U xoTst onucanue
HECTALIMOHAPHBIX IpolieccoB B atMocdepe CoJHIA B TEPMUHAX SIEKTPHUECKOTO
TOKa 4acTo SBISIETCS 0oiee MHMOPMATUBHBIM, YeM B TEPMUHAX MATHUTHOTO ITOJIS
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[2] (TTOCKOMBKY BJEKTpUUYECKME TOKM TECHO CBSI3aHbl C HEIMOTeHUMATbHBIMU
MAarHUTHBIMU TIOJISIMU), CJAeAYyeT 3aMEeTUTh, YTO MH(OPMALIUIO 00 2JIEKTPUUECKUX
TOKAX HEBO3MOXHO MOJIYUUTh 0e3 HaJeXKHBIX M3MEPEHUII MAarHUTHBIX MOJIEH.

IlepBble M13MEpPeHNsI MATHUTHBIX TIOJICH B COTHEUHbIX MSTHAX ObLUTA BBIMOJTHEHbI
Ix.D.Xoitom B 1908r. ¢ UCMOIb30BaHUEM CHEKTpOrpapuIecKux JaHHbBIX OallleH-
HOTO COJIHEYHOTO Tejieckorna obcepBaropuu MayHTt-Buiicon [3]. B nanbHeiiiem
BO3HUKJIa HEOOXOAMMOCTh M3MEPEHUsI U 0oJjiee ClabblX MAarHUTHBIX mojieil. OmHaKo
MepBble MOMBITKU MOAOOHBIX M3MEPEHWI, BBINIOJHEHHBIE C MPUMEHEHUEM
(otoanexkTpuueckux metonoB JIk.D.XainoM u kosuteramu B 1933r., ycnexom He
YBEHYAJIHCh.

IIpoGaema n3mMepeHnsT ciaabbIX MarHMTHBIX nojieii Ha CoJjiHLe ObUIa pelieHa
I'.babkokoM B 1952r. ¢ coznanuem ¢oToaniekTpuueckoro Maroutorpada [4]. Yepes
HECKOJIBKO JIET aHAJIOTMYHBIN MpUOOp ObLT CMOHTUPOBAH Ha OAllIEHHOM COJTHEYHOM
tesieckone KpbIMcKoli acTpodu3ndeckoil odcepBatopuu [5], a yXe K cepenuHe
60-x romoB XX B. MarHuTorpadsl MOSIBUIMCh BO MHOIMX KPYITHBIX 00CEPBaTOPUSIX
U HayYHO-UCCIEA0BaTeIbCKUX MHCTUTYTaX, 3aHUMaolIuxcs usyyeHrneM CoJiHLa,
takux kak UBMUPAH |[6], Ilynkosckas obcepsatopusa [7], Cu6lI3MUP [8],
obcepBaropus Knaiimakc [9], obcepBatopusi Kutr-Tluk [10] u np. Havanoce
CUCTEMAaTUYEeCKOe M3ydeHHe MarHUTHBIX ToJjieil B atMocdepe CosHIIA.

Bo Bropoit monoBuHe 50-X rOogoB XX B. Ha OCHOBE OOIIMPHOro HaOJIIo-
JlaTeJIbHOTO MaTepuaia actpoHoMamMu KpbIMCKO# acTpodur3nyeckoi oocepBaTopuu
ObUI cIejaH BBIBOA O TECHOM CBSI3W MATHUTHBIX IIOJIE C HECTallMOHAPHBIMU
npolieccaMyd B cojiHedyHoi atMmocgepe [11,12 m np.]. Ilepen mcciiemoBaTeassMu
BO3HMKJIA 33[a4a MOMCKA MapaMeTPOB MarHUTHOTO TTOJIsI, KOTOPhIE MOXKHO OLIEHUTD,
He Tnpuberast K CJIOXHBIM MaTeMaTUUYeCKUM BBIYMCICHUSIM, U B TO K€ BpeMsl JIETKO
CBSI3aThb ¢ JMHAMUKOW BCIBIIIEYHON MPOAYKTUBHOCTU aKTUBHOI obnactu (AO).
HauGomnee npocTbIMU U3 3TUX MAapaMETPOB SABJISTIIOTCS: HANPSKEHHOCTh MATHUTHBIX
MoJIeil OTHEAbHBIX TSITEH B TIpPYIIe, CJIOXHOCTb MarHUTHOW KOH(pUrypauuu,
MMPOCTPAHCTBEHHAsI OPUEHTAMSI W CJIOXHOCTh JIMHUMW pasfeiia IOJSIPHOCTEH
MarHUTHOTO TIOJII, CyMMapHbIii 0e33HaKOBbIii MarHUTHBIM TMOTOK AO u np.
Heckonbko 0Gosee CIOXHBIM MapaMeTpOM B BBIUMCICHMU SIBJSETCSI TPagueHT
MPOAOJBHOIO MarHUTHOro mojisi. CiaeayeT OTMETUTD, YTO 3[1€Ch PeUb UJET TOJBKO
O IOINEPEYHON COCTABIAOLLEN TPaJUeHTa IIPOAOILHOIO MArHUTHOTO ot V | B,
ITOCKOJIbKY, HeCMOTpPsST Ha co3maHue elle B 60-x rogax XX B. MHOTOKaHAJTbHBIX
BekTOp-Marnurorpados [13,14], mogapisioniee OOJBIIMHCTBO MHCTPYMEHTOB IS
ucciaenoBanys CoHIIA JaXe CErOAHS OCYILIECTBIISIIOT M3MEePEHMSI MAarHUTHBIX ITOJIei
TOJIBKO Ha OJIHOM YPOBHE COJIHEUHOI aTMocdepbl, MPEeUMYILIECTBEHHO B ¢hoTochepe.
JIvie HeMHOTME UCCaea0BaTeIbCKME PadOThI, YaCTh KOTOPBIX TeopeThueckue [15-
17], conepxar nHdOpMaI1IO O BeJTMYMHAX BEPTUKATbHON COCTABISIONICH IpaneHTa
MPOIOJBLHOr0O MarHuTHoro moJjs [18,19].
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B konue 50-x romoB XX B. TpymIoi KpbIMCKMX acCTPOHOMOB BO TJlaBe C
A.b.CeBepHbIM ObUTM M3ydeHBl V | B, W WX JMHAMUKA Mepel COTHEYHBIMU BCTIBILIKAMU
U MOCJIe HUX. BBUIO OTMEUeHO, YTO "BCIIBIIIKY BO3HUKAIOT B HEUTPAIBHBIX TOUKAX
(0bnacTsIx) MAarHUTHOTO MOJISI TPYIIIT TSITEH MPY 3HAYMTETLHOM TPaIUeHTE TT0JIST BO3JIe
otux Touek" [20]. B 1959r. Ha ocHOBe HAKOIJIEHHOro HAOIIOAATEIbHOTO MaTepHaia
ObLT IPOM3BE/ICH CTATUCTUUECKUIA aHAIM3 ¥ O0HAPYKEHO, UYTO MOILHBIC BCIBIILICYHBIC
MPOLECCHl BOBHUKAIOT B O0JIACTSIX C TPAIUEHTOM IPOJAOJBHOIO MATHUTHOTO TIOJIS,
npeBbILLatom 3HadeHue 0.1 Tckm™ [21]. DT pe3yssTaThl Mo3ske ObUTH MOATBEPKICHBI
B psine vccnenoBaHuid [22,23 u ap.]. TecHas CBSI3b BBICOKMX I'Pali€HTOB MarHUTHOTO
TTOJISI ¢ MOILHBIMU 3PYNTUBHBIMU COOBITUSIMU B aTMocdepe CosHiia ObUla 0OHapy»keHa
U TI0 pe3y/ibTaTaM HaOMIOACHWI B APYyruX o0cepBaTOpusix, HarpuMep, B MemnoHCcKoit
[24,25]. B xoHue 70-x romoB XX B. MOPOroBoe 3HAYEHUE TpaareHTa IMPOAOJIbHOTO
MarHutHoro noJjist B 0.1 I'c kM™' ObUIO 3a/10k€HO COBETCKMMHU aCTPOHOMAaMHU KaK OIWH
U3 MMapaMeTPOB, MO3BOJISIIOLINX CAENIAaTh JOCTATOYHO TOYHBIN (C OMpaBAbIBAEMOCThIO
6osee 80%) mPOrHO3 BCIbILLIECUHOM NpoayKTUBHOCTH AQO ¢ 3a61aroBpeMEHHOCThIO
1-3 gua [26,27].

CoszgaHHbIe B MOCHeIHEe BpeMsI MHCTPYMEHTBI JJIsI U3MEPEHUST MarHUTHBIX
nosieit Ha CoJtHile, 0COOEHHO HaXOMSIIMECS B KOCMUYECKOM MPOCTPAHCTBE, 001aaatoT
LIEJIBIM PSITIOM TTPEMMYILECTB MO CPaBHEHUIO ¢ MarHuTorpacaMy paHHUX MOJEei.
B nepByio ouepeab - BO3MOXHOCTbIO KPYIJIOCYTOUHOTO MOHUTOpUHTa CoJIHLA C
BBICOKHMM ITPOCTPAHCTBEHHBIM M BpeMEHHBIM paspelieHreM. Tak, eci pa3peliaroiast
cuna marHutorpada babkoka coctaBisuia mopsiaka 38" x 70", marHuTorpada
KpbiMckoit actpodusuyeckoit obcepBatopun - 15"x30", UTO COOTBETCTBYET
momaar 11000 x 22000 kM Ha ypoBHe doTtochepsl CosHlia, To, HalpuMep, COBpe-
MeHHbIT MHCTpyMeHT Helioseismic and Magnetic Imager (HMI) [28] Ha OopTty
Solar Dynamics Observatory (SDO) [29] uMmeeT npocTpaHCTBEHHOE pa3pelleHre
Ha YpPOBHE COJIHeUHOM oTocdepn! mopsnka 0".5 (=360 KM), a CIEKTPOIIONISPUMETP
SOT-SP/Hinode [30] - mopsaka 0".3 (=220 km).

[aHHasg cTaTbsl SIBJASETCA JIOTMUECKUM IMPOJOLKEHMEM pPabOT KPBIMCKUX
aCTPOHOMOB BTOPOI MOJIOBUHBI XX B., TTOCBSILEHHBLIX TpagUeHTaM IPOIOJILHOTO
MarHUTHOTO TIOJISI, U HENaBHO OIMYOJMKOBAaHHOIO aBTOPOM HccienoBaHust [31].
3aech cTaBUTCS 3a7ada KpPaTKO pacCMOTPETh CYLLIECTBYIOIIME METOAbI BHIYMCICHUS
V| B,, OlpenenuTh napaMmeTphl, XapakTepu3yollre B KaKIOM Cilydae BeJTUUMHY
V|, B, W uccienoBaTb AMHAMUKY BbIOpaHHBIX MapaMeTpoOB Ha CTATUCTUYECKU
3HayMMol BeIOOpKe AO.

2. Jannvie HabarwOenuii. Pabora BBIOJIHEHA HAa MarHUTOrpaduuecKux
JanHbIXx nHCTpyMeHTa HMI/SDO, noctymHbix Ha caiite Joint Science Operation
Center (JSOC). IlpocTpaHCTBeHHOE pa3pellieHre MHCTPYMEHTAa, KaK OTMEYEHO
BhIme, - 0".5 (Tmopsaka 360 KM Ha ypoBHE COJIHEUHOH (hoTocdepnl), BpeMEeHHOE
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paspellieHre B 3aBUCMMOCTH OT TWMAa AaHHBIX - 45 wiu 720 c. 3aech UCIOIb30BaHbI
SHARP (Spaceweather HMI Active Region Patch) [32] MarHuTorpammbi
MPOCTPAHCTBEHHOTO PACIIPEEIeHNsS] BEPTUKAIBHONW KOMIIOHEHTHI B, BEKTOpa
MarHUTHOTO T0J1s1 B hoTocdepe (LUIMHAPUYECKUE KOOPAMHATHI, CepUsl JaHHBIX
hmi.sharp_cea 720s) ¢ BpeMeHHBIM pa3pelneHueM 720 c.

JlOTIOJIHUTENTBHO WCIIOJIb30BaHbl JAHHbIE CIIyTHMKA MOHMTOPHWHIA ITOTOJIbI
GOES-15 0 moToKe peHTIeHOBCKOTO M3JIyJYeHHs B AMAma3oHe IIMH BoiaH 1-8 A
Ha opbutTe 3eMau (DOCTYIHBI Mo aapecy https://satdat.ngdc.noaa.gov/sem/goes/
data/full), uHdopmauusi o HanboJsiee MOIIHBIX BCIbIIIKAX, 3a(PUKCUPOBAHHBIX B
aHaJIM3UPYEMBIX 00JIaCTSIX, JOCTYITHAsI Ha UHTepHeT-pecypce https://www.Imsal.com/
solarsoft/latest_events_archive.html.

Hns ananuza otodpanbl 75 AO 24-1o 1MK/Ia COJTHEYHOM aKTUBHOCTU. OCHOBHbIE
KpUTepUU oTOOpa obmacteil cienymwoiiue: 1) AO gokHa ObITb M30JMPOBaHA OT
JIpyrux obnacteii (1.e., Ha SHARP-marHurorpamme moykHa MpUCYyTCTBOBATH TOJBKO
onHa o0;1acTb ¢ yHUKaTbHbIM NOAA naeHTHdUKaTOpoMm); 2) o0sacTb AOKHA ObITh
JIOCTATOYHO pa3BUTa, UMesI CyMMapHbIil 0€33HAKOBbIIA MAarHUTHBIN IMOTOK HE HMXE
5-10% MKkc, a Takke MMEThb XOTs Obl OJHO MSATHO C MaKCUMAaJILHON aOCOIOTHOMN
HANPSCKEHHOCTBI0O MAarHUTHOTO TTOJIST 3a BCe BpeMs MoHUTOpuHra AQ He HIKe
1600 I'c. 1o BOTIOIIMOHHOMY CTaTyCy, YPOBHIO BCITBIIIEYHOM MPOTYKTUBHOCTH U
WHBIM KPUTEPUSIM 00JIACTU HE OIpaHUYMBAJIUCE.

Kparkas nngopmanus 06 AO uccienyemoii BBIOOPKU NpeacTarieHa B Tabm.1. Bo
BTOPOM CTOJIOLE yKa3aH HoMmep obnactu mo NOAA kiaccuduKauuu, B TPEThEM -
Bpemsi ee MoHUTOpUHTA. C 1ebI0 MUHUMU3ALWU OIIMOOK B BIYMCICHUM BEJTUYUHbBI
V| B., oOycinoBieHHbIX 2(GGEKTOM MOPOEKUMU, MOHUTOPUHT KaxXAOW W3
aHanusupyeMbix AO orpaHMYMBAJICS BpEMEHHBIM MHTEPBAJIOM HAXOXICHUS e¢ B
npeaeax +35° OTHOCHTENBHO LIeHTpallbHOTO MepuanaHa (3-5c¢yr). B yeTBepTrom
CT0JI01Ie yKa3aH PeHTIeHOBCKUI Kjacc W jJara HabjtoaeHus Haubojiee MOIIHOMN
BCIIBILLIKY, 3a(pMKCUPOBAHHON B aHAIM3UPYEMOI 00J1aCTU 3a BpeMsl ee HaXOXICHUS
Ha BugumoM aucke ComHna. Ooo3Hadyenne "00.0" B yeTBepTOM CTO/I01IE O3HAYAET,
yTo B uccaeayeMoii AO 3a Bce BpeMs € HaxOoXIeHMsT Ha BUuaAMMoM aucke CojiHia
BCIBILLIEK/CYyOBCIIbIILIEK HE 3a(pMKCUPOBAHO.

3. Hpu.MeHﬂeMble Memo0dbl 8blHUCACHUS aAHAIu3upyemblx napamenpoe
U OCHOB6HblE pe3yabmanisl.

3.1. CospemenHbili n00X00 K GblMUCACHUN NONEPEUYHOU COCMAas-
aawuweld epaduenma npoodoabHO20 MASHUMHO020 hoasA. TlepBwlil mOmXon
K BBIYMCJIEHUIO BEJIMYUHBI V 1 Bz MO2KHO Ha3BaTb COBPEMCHHBIM. Z[JIH €To pcajinu-
3alln HCO6XOI[I/IMBI MaFHI/ITOI’[)ad)I/I‘ICCKI/Ie JaHHBIC pacCIIp€acjICHUA BepTHKaHbHOfI
Bz KOMIIOHEHTBbI BEKTOpa MAarHMUTHOTIO ITIOJIA Ha 3aJaHHOM YPOBHE COJIHEUHOI
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Tabauua 1

BA3OBbBIE ITAPAMETPBI UCCIIEAYEMBIX AO

Ne ni/m Howmep Bpemss MoHuTOpMHTa HauGonee momrHas
obnactn AO BCTIBILLIKA
(NOAA)

1 2 3 4

1 11092 01.08.2010-15.08.2010 C3.2 01.08.2010
2 11131 06.12.2010-10.12.2010 B5.3 03.12.2010
3 11133 08.12.2010-12.12.2010 C2.3 14.12.2010
4 11158 12.02.2011-15.02.2011 X2.2 15.02.2011
5 11232 05.06.2011-09.06.2011 C1.8 02.06.2011
6 11261 31.07.2011-03.08.2011 M09.3 04.08.2011
7 11263 02.08.2011-05.08.2011 X6.9 09.08.2011
8 11283 04.09.2011-07.09.2011 X2.1 06.09.2011
9 11302 27.09.2011-30.09.2011 X1.9 24.09.2011
10 11305 29.09.2011-02.10.2011 M3.9 02.10.2011
11 11343 11.11.2011-14.11.2011 MI1.1 09.11.2011
12 11391 07.01.2012-10.01.2012 C2.2 13.01.2012
13 11420 16.02.2012-20.02.2012 B5.3 27.02.2012
14 11429 07.03.2012-10.03.2012 X5.4 07.03.2012
15 11476 09.05.2012-13.05.2012 M35.7 10.05.2012
16 11515 01.07.2012-05.07.2012 X1.1 06.07.2012
17 11520 10.07.2012-14.07.2012 M2.1 10.07.2012
18 11618 20.11.2012-23.11.2012 M1.6 27.11.2012
19 11711 04.04.2013-07.04.2013 C1.7 03.04.2013
20 11748 18.05.2013-21.05.2013 X1.2 15.05.2013
21 11777 24.06.2013-27.06.2013 M2.9 21.06.2013
22 11823 19.08.2013-22.08.2013 C1.4 23.08.2013
23 11836 31.08.2013-04.09.2013 C8.3 30.08.2013
24 11861 11.10.2013-14.10.2013 C8.5 18.10.2013
25 11872 19.10.2013-22.10.2013 00.0

26 11875 21.10.2013-24.10.2013 X1.0 28.10.2013
27 11890 07.11.2013-10.11.2013 X3.305.11.2013
28 11899 17.11.2013-20.11.2013 MI1.1 23.11.2013
29 11936 27.12.2013-30.12.2013 M9.9 01.01.2014
30 11944 06.01.2014-09.01.2014 X1.2 07.01.2014
31 11949 12.01.2014-16.01.2014 C1.3 14.01.2014
32 11968 01.02.2014-05.02.2014 M3.8 04.02.2014
33 11974 10.02.2014-13.02.2014 M3.7 12.02.2014
34 11991 02.03.2014-05.03.2014 MI1.1 28.02.2014
35 12002 12.03.2014-15.03.2014 M1.7 10.03.2014
36 12014 24.03.2014-27.03.2014 M1.7 20.03.2014
37 12061 15.05.2014-18.05.2014 C2.1 26.05.2014
38 12075 27.05.2014-31.05.2014 00.0

39 12090 15.06.2014-18.06.2014 00.0

40 12109 07.07.2014-10.07.2014 C6.5 13.07.2014
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Tabauua 1 (Oxonuanue)

1 2 3 4

41 12121 26.07.2014-29.07.2014 C2.2 25.07.2014
42 12149 26.08.2014-29.08.2014 M1.2 22.08.2014
43 12158 09.09.2014-12.09.2014 X1.6 10.09.2014
44 12192 22.10.2014-25.10.2014 X3.124.10.2014
45 12205 08.11.2014-12.11.2014 X1.6 07.11.2014
46 12222 30.11.2014-04.12.2014 M1.8 01.12.2014
47 12236 15.12.2014-19.12.2014 C2.8 12.12.2014
48 12253 03.01.2015-06.01.2015 M1.3 04.01.2015
49 12261 13.01.2015-17.01.2015 00.0

50 12268 27.01.2015-30.01.2015 M2.1 29.01.2015
21 12297 11.03.2015-14.03.2015 X2.2 11.03.2015
52 12305 25.03.2015-29.03.2015 C8.7 25.03.2015
53 12320 06.04.2015-09.04.2015 M1.4 08.04.2015
54 12339 10.05.2015-13.05.2015 M1.9 06.05.2015
55 12348 17.05.2015-21.05.2015 00.0

56 12367 15.06.2015-19.06.2015 M3.8 21.06.2015
57 12371 20.06.2015-23.06.2015 M7.9 25.06.2015
58 12381 07.07.2015-10.07.2015 M1.7 06.07.2015
59 12396 06.08.2015-09.08.2015 C5.4 07.08.2015
60 12403 22.08.2015-25.08.2015 M5.6 24.08.2015
61 12421 23.09.2015-27.09.2015 C9.4 27.09.2015
62 12443 02.11.2015-05.11.2015 M3.7 04.11.2015
63 12470 17.12.2015-21.12.2015 C4.6 18.12.2015
64 12473 25.12.2015-30.12.2015 M4.7 23.12.2015
65 12480 10.01.2016-14.01.2016 Cl1.7 15.01.2016
66 12494 05.02.2016-07.02.2016 C5.2 04.02.2016
67 12529 12.04.2016-16.04.2016 M6.7 18.04.2016
68 12544 13.05.2016-16.05.2016 C3.4 15.05.2016
69 12615 02.12.2016-05.12.2016 M1.2 29.11.2016
70 12644 27.03.2017-30.03.2017 M5.8 03.04.2017
71 12673 02.09.2017-05.09.2017 X9.3 06.09.2017
72 12674 03.09.2017-06.09.2017 C5.2 30.08.2017
73 12680 14.09.2017-17.09.2017 C3.0 12.09.2017
74 12699 09.02.2018-12.02.2018 C8.1 07.02.2018
75 12741 11.05.2019-14.05.2019 C2.0 15.05.2019

aTMocdepbl BEICOKOTO TTPOCTPAHCTBEHHOTO paspeliieHus. s pacyeTa BeTUINHBI

V| B, ucnonb3yercd dhopmya:

2 2
Ox oy

IMpousBoaHble 0B,/0x W 0B,/0y paccuuTaHbl ¢ MpUMEHeHHEM (opmyI
MPUOIKEHHOTO BBIYMCIICHUS. 31eCh MCIOJIb30BaHa (opMyjia BEIUMCICHUS IIPOM3-
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BOIHOM II0 MATHA TOYKAM (HI/IKCCJ'IaM Ha MaFHI/ITOI‘paMMG)Z

Fg) = =Lt 21) 48 (xo + 1) =8 /(o= )+ /5o~ 2)

124 ’ &)
€ X, - THMKCEN, B KOTOPOM HEOOXOAMMO BBIYUCIUTH 3HAYEHUE NIPOU3BOIHOM, A
- war auddepeHUUpOBaHus, pPaBHbIA B HallleM cjayyae IPOCTPAaHCTBEHHOMY
paspemieHuo nHctpymenta HMI/SDO. BenunuuHa rpagveHTa MarHUTHOTO TIOJIST
BBIYMCIIeHa B equHUIIAX ['ckM!. Be16op okHa muddepeHIIMpoBaHus B TSTh TOYEK
00yCIOBJIEH TeM, UTO TIpY IrcpepeHIMPOBAHUM 110 MEHBIIIEMY KOJUYECTBY TOUEK,
MoJy4yaeMble pe3yJibTaThl OYAYT CUJIbHO 3alllyMJIeHbl, a quddepeHInpoBaHue Mo
0oJibllIeMy KOJMYECTBY TOUEK MPUBEIET K MOTEPE YACTU 3HAYMMON MH(pOpMalnu.

Peanuzanys rnepBoro nojaxoja rno3BoJisieT NOCTPOUTh A€TATU3UPOBAHHYIO KapTy
pacnpeneneHus] BEJIUYMHBL V | B, Ha 3aJaHHOM YPOBHE COJIHEYHOU aTMocdepsbl.
ITpuMep 1og0OHOM KapThl, BHIYMCIEHHBIM Ha OCHOBAHWMM JAHHBIX O MPOCTPAHCT-
BEHHOM pacnpeaeseHun Ha ypoBHe dorocdepsl ConHLa B, -KOMIOHEHTHI BEKTOPa
MarHuTHOIO MoJisl, MpeacTaBieH Ha puc.l. ZKupHoil Genoli KpMBOW Ha pUCYHKE
0003HaueHbl rpaHulibl AO (Macka bitmap, mocTaBisieMasi ¢ MakeToM MarHUTorpa-
¢duuecknx manHBIX MHCTpyMeHTa HMI/SDO) Ha mnpsmoyrompHoit SHARP-
MarHutorpamMe. [lapaMeTpbl, ONMUChIBAOIIME MONEPEYHYIO COCTABRIISIIONIYIO TPaIeHTa

ARI11158
2011.02.14 22:00UT

270°137 Mm

ARIT1158
2011.02.14 22:00UT

270137 Mm
G km

Puc.1. Beepxy - marHurorpamMma BEPTUK&JIbHOM B, COCTABIAMIIENH BEKTOPa MArHUTHOTO
ot oomact NOAA 11158 ananm3upyemoit BeIOOpKU. BHU3Y - KapTa pacrnpenefieHUs] BeJIMINHBI
V| B_, BBIYKUCIEHHas C TPUMEHEHUEM COBpeMeHHOro mnoaxona. KupHoit 6eoil KpuBoi
0003HavYeHbl rpaHulbl AQO.
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MPOIOJILHOTO MAarHWTHOIO IIOJIsI, BBIYMC/SUIMCHh TOJIBKO B ITMKCEJIaX, JeXKallnX
BHYTPH XVPHOU Oeioii KpUBOW.

B kxauecTBe mepBOro IapaMeTpa, OMNMCHIBAIOLIETO I'PAAUEHT IIPOAOJIBHOIO
MarHuTHOTO Mo, Obuta BbiOpaHa cpeaHsia nmo AO BenuyuHa V| B, :

>V B.) ...
<VJ_ BZ> _ ( L z);,_/,bztmap , (3)

N bitmap

[J€ YUCIUTEIb ApOOU MPEACTABISIET COOON CyMMY 3HAYEHUI BEIUYUHBI V | B. B
KaKIIOM IMUKCesie BHYTPY Macku bitmap, a 3HaMeHaTesIb CONePXKUT 00I1Lee KOTMUYECTBO
MMUKCEJIEN B MacCKe.

TMapamerp (V, B.) BbIYMCICH UIst KaK10i AO aHATM3MPYeMOii BRIGOPKU 1 ISt
KaXJ0i MarHMTOrPaMMBbI 32 BpeMsI MOHUTOPUHTA o0nacTi. BpeMeHHbIe U3MEHEHUS
BEJIMUUHBI (V n BZ> COIOCTABJIEHBI B KaXIOM CJIy4ae ¢ JUHAMUKON BCIBIILIEYHON
npoayKtuBHocT AQO. HeckonbKO TUMWYHBIX TpaUKOB BPEMEHHBIX BapualUit
BEJIMYMHBI <V n BZ> npeacrarieHbl Ha puc.2 u puc.3. Ha puc.2 nokazaHa auHamMuKa
napamerpa (V, B.) s Tpex AO ¢ HU3KOIi aKTHBHOCTBIO, HA PHC.3 - JUIsi TPex
obyacTeil ¢ BBICOKOW aKTUBHOCThIO. Takke Ha rpadukax IoKa3aHa JAWHAMUKa
CyMMapHOro 0e33HaKOBOro0 MarHMUTHOI'O IMOTOKa (cepast ABOMHAsI KpUBasl) M TaHHbIE
kocmmueckoro armapara GOES-15 o 1moToke peHTIeHOBCKOIO M3ITyYeHMS B TUAIla30He
IIiH BosH 1-8 A Ha opGute 3eMiu (TOHKAsI yepHask KpBasi). YKa3aHbl PEHITEHOBCKIE
KJ1acchl HauboJsiee MOUIHBIX BCIIbIIIEK (peHTreHoBckoro kiacca M1.0 u Bblie),
acCOLMUPOBaHHbIX ¢ uccieayemoit AO 3a BpeMsi e€ MOHUTOPUHTA.

M3 rpacdukoB mpeAcTaBAeHHBIX Ha pUC.2 U pUC.3 BUIHO, UYTO BEJIMYMHA
<V n BZ> MaJio pasjnyaeTcs UId 00jacTeil ¢ HU3KOM M BBICOKOW aKTUBHOCTBIO.
OOBSICHUTH 3TO MOXHO TE€M, YTO MapaMeTp (V n BZ> SIBJISIETCS 3aBUCHMBIM OT
wiowagd AO (cM. BelpaxeHue (3)).

Eue onHuM mapaMeTpoM, KOTOPBI MOXET XapaKTeprU30BaTh MONEPEYHYIO COCTaB-
JISIOLIYIO TpaJueHTa MPOJAOJbHOIO MAarHUTHOTO TIOJIS, SIBJISIETCSl €6 MaKCUMAaJIbHOE
3HaueHue. OMHaKO K JaHHOM XapaKTepUCTUKE HYXKHO OTHOCUTBLCSI KpaliHE OCTOPOXKHO:
YUYUTEIBas], 4TO IIAT AvichPepeHITMPOBAHMS COCTARISAET Hopsaka 360 KM (ITpocTpaHCT-
BeHHoe paszpeiieHue HMI/SDO), B oTnenbHbIX caydasx MakCMMalbHOE 3HauYeHUE
BEJIMYMHBL V| B, MOXET HaXOAMTHCSA B MPOCTPAHCTBE MEXAY IOBYMS COCEAHUMU
MUKCEJIAMU € OJTM3KMMU 3HAYEHUSIMA BEJTMUMHBI TIOTMIEPEYHOM COCTARIISIIONIE TPaieHTa
MPOJIOJIbHOTO MarHUTHOTO TIOJIsl. YUMTHIBAsi JAHHOE 0OCTOSITEILCTBO, ObLIIO TIPUHSITO
pellieHre clieaTh MapamMeTpoM, OIMKChIBAIOILIMM TONEPEUHYIO COCTABRIISTIONIYIO TPaieHTa
MPOJOJBLHOTO MAarHUTHOTO TTOJISI HE MAKCUMAJIBHOE 3HAYEHUE TPAIMEHTa, a CPETHIO
BEJIMYMHY TpalvieHTa MPOIOJILHOTO MATHUTHOTO MOJISI TTMKCEJIOB, OKPYXKAIOIIMX MUKCEST
C MaKCHMaJIbHBIM 3HAYEHUEM BEJIMYMHBI V | B :
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Puc.2. IluHaMuKa BEIMYMHBI <V N BZ> (uepHast XupHast KpuBasi) it obmacteii NOAA 12480,
12494 w 12674 aHamu3MpyeMoOil BBIOOPDKM C HW3KOM BCIBIIIEYHOW aKTUBHOCThIO. Cepoii JBOMHOM
KPHMBOI TIOKA3aHbI BPEMEHHBIE BapHallii CyMMAapHOTO GE33HAKOBOTO MAarHMTHOTO ITOTOKA OOJIaCTH,
TOHKOIf YEPHOM KPUBOM - TMOTOK PEHTIeHOBCKOro manmydeHusi CoNlHIIA B AMAna3oHe JTMH BOJMH 1-
8 A na opbute 3emmu (110 JaHHBIM KocMuyeckoro anmnapata GOES-15). Topu3oHTalbHbIE LITPHXOBbIE
JIMHUM Pa3HOW MHTEHCHBHOCTU O0O3HAYAIOT YPOBEHb PEHTTEHOBCKOTO M3IYYEHHS, COOTBETCTBYIOIIIA
BCIbIIKe peHTreHoBckoro kiacca C1.0 (awxkusist), M1.0 (cpemnsist), X1.0 (BepxHsis).
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L€ X, Y - KOOPAUHATHI ITUKCEIa ¢ MAKCUMAJIbHBIM 3HAYEHUEM BEJIMUMHBL V | B, .

Bennunna <maxV n BZ> BBIYMCIIEHA 1T Kaxknoil AQ aHaIM3NpyeMOoid BBIOOPKH
U UIST KaXIOil MarHMTOrpaMMBl 3a BpeMsl MOHUTOpMHIa oOyiactu. BpemeHHEIE
W3MEHEHMSI TTapaMeTpa <maxV n BZ> COITOCTaBJICHBI B KaXXIIOM ClIydae ¢ JUHAMUKOMN
BCIbIIEYHOU TTpoayKTUBHOCTU AQO. TunuuHbele rpadukyu BpeMEHHbIX Bapualuit
napametpa (maxV, B.) JUIsi TpeX OGJNACTeil aHAIM3UPYEeMOi BEIGOPKH ¢ HU3KOI
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5 - 42
0.0 rM2.3 IM2.4 | X1.1 1 ] 1 | X1.1 1 ] 0
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[Hara, 2015/UT

Puc.3. To ke, uro 1 Ha puc.2, Ho i obmacreit NOAA 11890, 12192 u 12297 ananusupyeMoi
BBIOOPKHM C BBICOKOM BCIBILIEYHOM MPOAYKTUBHOCTBIO. B KaxIoM cilyyae yKazaHbl PEHTI€HOBCKUE
KJIacChl HamboJjiee MOILHBIX BCIBILIEK, aCCOLMMPOBAHHBIX ¢ Hccaenyemoir AQO.
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Ha puc.4, Ui TpexX obJIacTeil ¢ BICOKOW aKTHBHOCTBIO

- Ha puc.5. Ha rpadumkax mokazaHa TUHaAMHWKa CyMMapHOTO 0e33HaKOBOTO Mar-
HUTHOTO TOTOKa (cepast ABOMHAs KpWBas) M JaHHbIE KOCMWYECKOTO armapara
GOES-15 0 moToke peHTIeHOBCKOTO M3JIyJ4eHHs B AMAma3oHe IIMH BoiaH 1-8 A

Ha opOute 3emiau (TOHKas

qyE€pHaia KpI/IBaf{). YkazaHsbl PEHTICHOBCKHUE KJIaCChl
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Puc.4. lunamMuka BeIWYUHBI

Dara, 2017 /UT

<max v, BZ> (uepHast XupHasi KpuBas) mist oomacreit NOAA

12480, 12494 u 12674 aHanu3upyemoii BEIOOPKU ¢ HU3KOI BCIBIIIEYHOM aKTUBHOCTHIO. OCTalbHbIE
0003HaYeHUs] T€ Xe€, YTO M Ha pucC.2.
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HauboJiee MOIIHBIX BCIbILIEK (pPeHTTeHOBCKOTO KJlacca M1.0 u BhIlIe),
acCOLMMPOBAHHBIX ¢ HccaeayeMoit AO 3a BpeMsi ee MOHMTOPUHTIA.

Kak cnenyer u3 rpacdukoB, MpeiacTaBIeHHbIX Ha puc.4 U puc.5, BeIUYMHAa
<maxV n BZ> SgBisieTcs1 0ojiee MHPOPMATUBHOI, YeM <V N BZ> . JleicTBUTEBHO, B
MOJABJISIONIEM OOJIBIIMHCTBE PACCMOTPEHHBIX CIYy4YaeB, B OOJIACTSX C BBICOKOM
BCTIBILLIEYHOU aKTMBHOCTBIO 3TOT MapaMeTp MMeeT 0oJiee BbICOKME 3HAYEeHUS U

<maxV, B,>, l'c km'!

<maxV, B,>, I'c km

<maxV, B,>, l'c km'!
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Puc.5. To ke, uro 1 Ha puc.4, Ho s obmacreit NOAA 11890, 12192 u 12297 ananusupyeMoit
BBIOOPKM C BBICOKOM BCIIBILIEYHOM MPOAYKTUBHOCTBIO. B KaxXIoM cilyyae yKazaHbl PEHTI€HOBCKUE
KJIacChl HamboJjiee MOILHBIX BCIBILIEK, aCCOLMMPOBAaHHBIX ¢ Hccaenyemoir AO.
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OpeTeprcBacT Ooisiee CYHICCTBEHHbBIC BPEMCHHbLIC Bapualliu, 4€M B 001acTIx ¢
HU3KOM aKTUBHOCTBIO.

3.2. Knaccuueckuii nodxo0 K GblMUCAEHUN NONEPEeUHOU COCMABAS-
rowel epaduenma Npooo0AbHO20 MACHUMHO020 NOoAs. Bropoi momxom K
BBIYMCIIEHUIO BEIMIMHBI V | B, - Kiaccuueckuil. [lockonbky MarHuTorpadsl paHHUX
MoJiesieil UMeIM CYLIECTBEHHO 0ojiee HU3KOE MPOCTPAHCTBEHHOE paspelleHue, yeM
COBpPEMEHHBIE MHCTPYMEHTHI MIOTOOHOTO KJIacca, MOCTPOUTh AeTAIM3UPOBAHHEIE
KapThl TIPOCTPAHCTBEHHOTO pacIipeieIeHNS TTOIePeYHOM COCTABIIIONIEH TpaIreHTa
MPOIOJIBHOTO MarHUTHOTO MMOJIs1 ObUTO HEBO3MOXKHO. B Takux yCcIoBUsIX BeIMUYMHA
V| B, BbIUHCISAETCS MeXAy napamu nsiteH B AO (XO0JMaMu MAarHUTHOTO TIOJISI)
Kak abCOJIIOTHOE 3HAY€HKWE Pa3HOCTU MaKCUMAaJIbHbIX (MMHMMAaJbHBIX) 3HAYEHUI
HAMPSDKEHHOCTH MarHWTHOTO TIOJSL B MATHAX B, B, , DasleleHHOe Ha
pPacCTOSTHUE MEXITY TOUKAMU ¢ MAKCUMAITbHBIMU (MUHUMAIbHBIMU ) HAMPSKEHHOCTSIMU

2 2
MarHuTHOIO IIOJIAA B 3THUX IIATHax rE\/(xi—x/) +(yi—yj) .

B

zimax Bz_jmax‘

V, B, = - = )

\/(xi_x_/) +(y,-—y_,-)

ITyctb umeercs Hekast AO, B KOTOPOUl MOXHO BbIAEIUTh HECKOJIBKO MSATEH C
CWJIHHBIMI MarHATHBIMU TIOJIIMU (pric.6). MarHuTHOe TI0JIE B IIATHE TTOAPa3yMeBaeTCst
CWIbHBIM, €CJIM MaKCUMaJTbHasl €ro HarnpsDKeHHOCTD (abCOMOTHOE 3HaUeHKe) TIPeBbIIIIaeT
1600 I'c. DT0 3HAUYEHHME IOMYYEHO CICAYIOLIMM O0pa30M: OTCEKAIOTCSI MATHUTHBIE
MOJIsI, KOTOPblE HWXE YABOCHHOIO 3HAY€HWS MAarHWTHOTO MOJISl, TUIIMYHOTO JUIS
nojyreHu pazsutoro mnaTHa (+8001c). MoxHO ObUIO Obl TOCTYMUTL UHAYE: OTCEUYb
MarHuTHbIE ToJIst ¢ a0comoTHbIM 3HaYeHueM Hrpke 1000 ['c (MMHUMaTbHOE MarHUTHOE
T0JIe B pa3BUTOM IISITHE). B TakoM ciyyae, TOMMMO OCHOBHBIX TSITEH, 3aHUMAIOLLMX
3HAYMTENIbHYIO TUTOILAb, MbI TIOTYYWIA Obl M OOJIBIIOE KOJTMUYECTBO MEJIKMX CTPYKTYP.
3areM MoTpedoBaIoCh ObI OTCEYb MEJIKME MSTHA, IJIOIIAIb KOTOPbIX MEHbBILIE HEKOTOPOTO
rnopora B n nukceneidr. OMHako B TaHHOM Cllydae cpasy ke BO3HUKAET BOIPOC O TOM,
Kakoe MMHUMAJTbHOE KOJIMYECTBO MUKCeNel JOKHO 3aHUMATh TISITHO, YTOObI BO3HMKJIIA
HEOOXOAMMOCTh €ro ydeTa MpU BbIUMCIEHMM TpaadeHTa MAarHUTHOTO MOJSI U Kak
apryMEeHTUPOBaTb UMEHHO 3TOT MOPOT.

Boigenus otnenbHbie nigTHa B AO, gajgee HEMocpeaCTBEHHO MpHUCTyIaeM K
BBIUYMCJIEHUIO TPAIUEHTOB MEXIY KaXXI0i Mapoi MATeH, MCIOb3ysl BbIpaXXeHUE
(5). 3HavanbHO paccUMThIBAEM IPAIUMEHThI MPOIOJBLHOTO MATHUTHOTO MOJIST MEXITY
MEPBBIM MATHOM M IOCIEAYIOLIMMH (Y€PHbIE CTPEJIKM Ha BEpXHEil MaHeau puc.6),
Jajgee - MeXIy BTOPbIM MSITHOM U TOCJEAYIOLIUMM (TEMHO-CEepble CTPEJKU Ha
BepXHell nmaHeau puc.6) u T.0. O4eBUIHO TaKxe, 4yTo V| B, (1 - 2)5 V,B, (2 - 1) ,
vV, B.(1> 3)5 V,B.(3—> 1) u 1.4. [losTOMy BemuMHa MONEPEYHON COCTABIIAIO-
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1LIel TpaAreHTa MAarHUTHOTO TOJISI MEXITY MATHAMM B TAKMX CITyYasiX pacCUMThIBAIACH
TOJILKO OJWH pa3.

IMonyyns mig MarHuTOrpaMMbl ucciaenyeMoil AO 3HauyeHUd BeIW4uH V| B,
IUTSL BCEX Tap MATEH, U3 COBOKYITHOCTH 3HAUEHUI BeJIMYMHBI V | B, BbBIOMpaeTCs
MaKCUMaJIbHOE (0003HAYMM €ro Kak max (V 1 B, )Sp) IS JAHHOTO MOMEHTA BpeMEHU.
ITapamerp max (V L B, )Sp BBIUMCIIAETCS U Kaxnoi AO aHaIM3upyeMoil BBIOOPKU
3a BeCb BPEMEHHOI MHTEepBaJl €6 MOHUTOpUHIA. Jlasee cTpouTcs rpaduK BpeMEHHbBIX
Bapualyii BEIMYMHBI max (V 1 B, )Sp . IIpumMepnl Takux rpadMKoB MpeacTaBIeHbl HA
puc.7 (m1s Tpex objacTeil aHAIM3UPYEMOI BEIOOPKU C HMU3KOUM aKTMBHOCTBIO) U
puc.8 (st Tpex obsacTeil ¢ BBICOKOM aKTUBHOCTBIO). Takke IMOKaszaH IOTOK
PEHTIEHOBCKOTO M3JIyUeHMs B QMara3oHe IIMH BOAH 1-8 A Ha opOute 3emiun
(4yepHas TOHKas1 KpuBasl, JaHHbIe KocMudeckoro ammapata GOES-15). Yka3zanbl
PEHTIeHOBCKME KJIacChl HanboJjiee MOLIHBIX BCIbIIIEK (PEHTTEHOBCKOTO Kjlacca He

2011.02.15 08:00UT *“ARI11158

270°137 Mm

Puc.6. Beepxy - cxema padotsl IDL-Kona, O3BOJISIIONIETO BBIYUACIATH MTONEPEYHYI0 KOMIIOHEHTY
rpagyeHTa IMpOLOJbHOIO MAarHUTHOIO MOJSI MEXIY NapaMu MSTeH (XOJIMaMU MarHUTHOTO IOJist)
B AO, mpuMeHssl KJIACCUYECKHiIl TOAXON K BBIUMCICHUIO TPaiMeHTa MarHUTHOro mois (Goiee
JIeTaJbHO CM. TeKcT). BHu3y - pesynbraT padotsl IDL-koga mo BbIAEAEHUIO XOJMOB MAarHUTHOTO
nojisi Ha Tpumepe MarHutorpammbl obimactu NOAA 11158 Ha momenT Bpemenu 08:00UT 15
despans 2011r. CeeTabIMU KOHTYpaMU Ha KapTe 0003HAauyeHbl 00JacTU C abCONIOTHON HAMpPSIKEeH-
HOCTbIO MarHutHoro mojsi Beie 1600 I'c.
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Huxke M1.0), accolimnpoBaHHbIX ¢ UccaeayeMmoir AO 3a BpeMsl e MOHMTOPYHTA.

AHanusupys rpacduku, MpeacTaBieHHble Ha puc.7 U pUC.8, MOXHO CKa3aTb
CJeayIolIee:

1) Benuunna max(V BZ)Sp B 00JaCTSAX ¢ HU3KOW aKTUBHOCTBIO MEHBIIE,
yeM B 00JIaCTSX C BBICOKOM BCIBIIIEYHON aKTUBHOCTBIO.

2) Junamuka senmumHel max(V, B, )Sp B OOJIBIIMHCTBE PACCMOTPEHHBIX
ciyyaeB OoJiblile B 00JIaCTSIX C BBICOKOI aKTMBHOCThIO. Ha rpadukax puc.8 MoxxHO
3aMETUTh BeCbMa CYIIECTBEHHbIE CKAYKM BEJIMYMHBI max (V . B, )Sp , KoTopbIe,
BEPOSITHO, OOYCJIORIEHBI 3BOMIOIMEN MarHUTHOTO 1ojisi B AO. TTonobHble M3MEeHEeHUsT
MOTYT OBbITh CBSI3aHbI JIMOO C pacmaaoM OJHOIO M3 ABYX IMATEH, MEXIY KOTOPbIMU
MporpaMma paHee oIrpejesisyia MaKCUMaJIbHOEe 3HaUeHWE rpalleHTa MarHUTHOTO
TIOJISI, ¥, COOTBETCTBEHHO, TePEX0 Ha MHYIO IMapy IATeH (B 3TOM cIyJae HalJro-
JaeTCsl CKauKOOOpa3HOE YMEHbIIEHUE BEIMUMHBI max (V 1 B, )Sp Ha rpaduke), 1
K€ BCIUIBITUEM HOBOTO MAarHMTHOTO MOTOKA C TOCTaTOYHO BBICOKOUN HAMPSIKEHHOCTBIO
MarHMTHOTO MOJIs1 BOJM3KM OIHOIO U3 MSITEH (B TaKOM cilydae HabIoaaeTcs CKauyko-
obpa3Hoe HapacTaHWe BEJIMYMHBI max (V 1 B, )Sp ).

KpaitHe nHTepecHbIM cTajio oOHapyxeHue s obmactu NOAA 11283 (cwm.
puc.8) BpeMeHHOI 3a1epXKr B 194 Mexay cTaOMIbHBIM HapacTaHWEeM BEJIMYMHbI
max (V L BZ) Y HayaJIOM Pa3BUTHS BCIBILIKU PEHTIEHOBCKOro Kiacca M5.3, nepBoit
M3 CEPMU MOIIHBIX BCIBIIIEUYHBIX IpoleccoB. B mpennimyieit padote [31] Ommskue
pe3yabTaThl ObUIMA MOJIyYeHbl Takke mjist obnacteir NOAA 11158 u 12673 (3mech
BpeMeHHasl 3aJepxKKa cocTapisiia 23-254). DTOT pe3yabTaT TaKKe XOpOIlIOo Coria-
CyeTcsl ¢ NaHHBIMM, TMOJYYEHHBIMU TMPU M3YYEHUU JIOKATbHBIX BEPTUKATbHbBIX
9JIeKTprUUeckux TOKoB [33]. Takum 0O6pa3oM, MOXKHO CZeJiaTh BbIBOJ O XapaKTEPHOM
BpeMeHu mopsiaka 18-204, KoTopoe, BEpOSITHO, HEOOXOAMMO JJIsI HAKOIUICHUS
9HEPIrMM HEeMOTeHUMAbHBIX MAarHUTHBIX TOJIEH 1 ee mepenayu B BepXHUE CJIOU
coiHeuHoit atMocdepsbl. [ToaydeHHBIN pe3ybTaT MOXET ObITh MCIOJb30BaH KakK
MPEAUKTOP POCTa BCIBIIIEYHON aKTUBHOCTU AO B KpaTKOCPOYHOM (C 3abiaro-
BPEMEHHOCTBIO TOPSIIKA CYTOK) MPOTHO3¢ KOCMUYECKOM MOTO/bI.

4. Bbi600bl u ob6cyxcoenue. Ha craTUCTHUECKU 3HAYMMOM BBIOOPKE U3 75
AQO 24-ro uMKiIa COJHEYHOW aKTUBHOCTMU, OOJIalalOlIMX pPa3HbIM YPOBHEM
BCIIBIIIIEYHOM TIPOMYKTUBHOCTH, OIIPENeSieHbl IapaMeTphl, XapaKTepU3YIOIIne
BEJIMYMHY TOTEPEYHOI COCTABJISIIOLIEH TpaaueHTa MPOA0IbHOI0 MarHUTHOTO MOJIS
V| B,, u3y4eHa nx IMHaMMKa 3a BpeMsa MoHuTopuHra AO. IlomydeHsl cnenyromye
pe3yJbTaThl:

1. Cpennsig mo AO BennuuHa V| B, W ee TMHaMKKa Majo pa3inyaeTcs IJist
o0JiacTeil ¢ HU3KOIM U BBICOKON aKTMBHOCTBIO: /ISl TIOAABISIOLIETO OOJIBIIIMHCTBA
obyiacTell aHaIU3UPyeMOl BBIOOPKU AaHHBINA MapaMeTp HaXOAWUTCS B AUAINa30HE
3HaueHuit 0.08-0.12 I'c km'. Tloay4yeHHBII pe3yJbTaT MOXHO OOBSICHUTH
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3aBUCHMOCTBIO BETMYNHBI <V L BZ> ot mromanu AQO.

2. Cpennsst BenvuuHa V| B, B OKPECTHOCTH €r0 MaKCHMAJIbHOTO 3HAYEHUS
(maxV n BZ> A ee OWHAMUKA B TOJABJISIONIEM OOJBIIMHCTBE PAaCCMOTPEHHBIX
ciayJaeB GoJbIlle B 00JACTSIX ¢ 00Jiee BHICOKMM YPOBHEM BCITBIIIICYHON MPOIYK-

TUBHOCTH.
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Puc.7. Junamuka BeanuuHsl max (V| BZ)W (yepHast XupHast KpuBasi) mist obnacteii NOAA
11391, 11777 n 12381 aHanu3upyemoii BBIOOPKM C HU3KOU BCIBIIIEYHONW aKTUBHOCTBIO. OcTaibHbIe
0003HAaYeHUsI Te Xe, YTO WM Ha puc.2.
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3. YucrneHHble 3HAUYEHUS BEIWUYMHBI V | B, MeXIy MSTHAMU <maxV n Bz>sp
W ee AWHAMHUKA B TIOAABISIONIEM YKCIIE PACCMOTPEHHEBIX ciydaeB OOJIBbIIIE B
0o0acTsax ¢ 60j1ee BBICOKMM YPOBHEM BCIIBIIIEUHOM MPOIYKTUBHOCTH.

4. B oo6mactu NOAA 11283 n3ydyeHue TMHaAMUKH I1apaMeTpa <maxV n BZ>
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Puc.8. To ke, uro 1 Ha puc.7, Ho misa obmacteir NOAA 11283, 12158 u 12371 aHanmusupyeMoit
BBIOOPKM C BBICOKOI BCIIBILLIEYHON MPOMYKTUBHOCTHIO. B KaxnoMm ciydae ykazaHbl PeHTI€HOBCKUE
KJ1acChl HanboJiee MOIIHBIX BCIBIIIEK, aCCOUMMPOBAHHBIX ¢ uccaeayemoit AO. [l obmactn NOAA
11283 uHTepBaj CTaOMJIBHOIO HapacTaHUs BeluyuHbl max (V| BZ)SP OTMEYEeH Ha Tpaduke cepbiM
LIBETOM.
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MO3BOJIMJIO OOHAPYXUTh BPEMEHHYIO 3aIepKKY Topsiaka 194 Mexay cTabuibHbIM
HapacTaHUEM BEJIMYMHBI <maxV n BZ>SP Y HAYaJIoOM pa3BUTHSI TIEPBOM (PEHTTEHOBCKUIA
Kiaacc MS.3) U3 cepur MOIIHBIX BCIIbILLIEK.

ABTOp TIpM3HATEICH KOJUIeTaM T10 MCCIIeA0BATeIbCKOM TPYIINE, COTPYTHUKAM
Otnena ¢usuku ConHua u cojgHeuHoit cucteMbl KpAO PAH B.M.AGpameHKo,
A.C.Kyuenko, O.K.Kyuienko, A.B.XKykosoit, A.A.ITnotHukoBy, P.A.CynelimaHoBOM
u JI.B.JIuTBuIIKO 3a OOCYyXIeHUE Pe3yJbTaTOB, MOJYYEHHBbIX B paboTe. ABTOpP
OylaroJapuT peleH3eHTa 3a MPOSIBJICHHBIN K paboTe uHTepec. PaboTa BbINOMIHEHA
pu nonaepxxke MunoopHaykn (HUP Ne1021051101548-7-1.3.8).

Kpreivmckas actpodusnueckas obcepBaropusi PAH, Pecryonmka KpbiM,
Poccust, e-mail: yuriy fursyak@mail.ru

TRANSVERSE GRADIENTS OF A LONGITUDINAL
MAGNETIC FIELD IN ACTIVE REGIONS WITH
DIFFERENT LEVEL OF FLARE PRODUCTIVITY. L.
CALCULATION METHODS AND DYNAMICS
OF SELECTED PARAMETERS

Yu.A FURSYAK

The aim of this work is to study the dynamics of parameters describing the
transverse component of the longitudinal magnetic field gradient V, B, in active
regions (ARs) with different levels of flare productivity. The data obtained by the
Helioseismic and Magnetic Imager (HMI) instrument onboard the Solar Dynamics
Observatory (SDO) was used to analyse 75 ARs of the 24th cycle of solar activity.
To calculate the value of V| B,, two approaches are applied - modern and classical.
In each case, the parameters describing the quantity V, B, in the AO are
determined. For the modern approach, these are the V B, AR-averaged value
(V, B.) and the V B, average value in the vicinity of the point with its maximum
value (maxV n BZ> , for the classical approach is the maximum value between pairs
of spots in the AR <maxV L BZ>S . The dynamics of the selected parameters during
the monitoring time of each of the ARs of the analyzed sample was studied. It
is shown that: 1. The scatter of (V n BZ> values is small (for the vast majority of
the studied ARs it is within 0.08-0.12G km™) and differs little for ARs with low
and high flare productivity. 2. Numerical values of the parameter (maxV n BZ> and
its dynamics in the overwhelming majority of cases considered are greater in ARs
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with a higher level of flare productivity. 3. The numerical values of the parameter
<maxV L BZ> and its dynamics are greater in ARs with a higher level of flash

productivity. 4. In AO NOAA 11283, a stable increase in the value of (maxV, B,)

S

sp

was recorded approximately 19 hours before the development of the first of a series
of high X-ray classes flares.

N AW N =

N N

10.
11.
12.
13.

14.
15.
16.
17.
18.
19.

20.
21.
22.

23.

Keywords: Sun: active regions: solar flare activity: magnetic field: magnetic field
gradients
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"Dunkle Materie” (DM) came from unexpected cosmological observations. Nowadays within
our solar system, diverse observations also defy conventional explanations, like the main physical
process(es) underlying the heating of the different solar atmospheric layers. Streaming DM offers
a viable common scenario following gravitational focusing by the solar system bodies. This fits as
the underlying process behind the solar cycle, which was the first signature suggesting a planetary
dependency. The challenge, since 1859, is to find a remote planetary impact, beyond the extremely
feeble planetary tidal force. We stress the possible involvement of an external impact by some
overlooked "streaming invisible matter”, which reconciles all investigated mysterious observations
mimicking a not extant remote planetary force. Unexpected planetary relationships exist for both
the dynamic Sun and Earth, reflecting multiple signatures for streaming DM. The local reasoning a
la Zwicky is also suggestive for searches including puzzling biomedical phenomena. Favourite DM
candidates are anti-quark-nuggets, magnetic monopoles, dark photons, or the composite "pearls".
Then, anomalies within the solar system are the manifestation of the dark Universe. The tentative
streaming DM scenario enhances spatiotemporally the DM flux favouring conditions for direct DM
detection or extracting energy from the not-so-invisible as anticipated dark sector.

Keywords: planetary relationship: dark sector: invisible matter: gravitational focusing

1. Introduction. The discovery of "Dunkle Materie" (DM) by Fritz Zwicky
came from unexpected cosmological observations. Today we know that our
Universe is dominated by a mysterious DM. Its name is synonymous with the
widely used definition, namely: DM does not emit or absorb or reflect electro-
magnetic radiation, making it difficult to detect. Following the reasoning of this
work, this definition is misleading. Because, as we present here, several counter-
examples might be caused by DM, while, at first sight, contradicting the definition
of DM. Our working hypotheses are: Planetary (and solar) gravitational effects on
the non-relativistic "invisible massive particles” can be focused on solar and
planetary atmospheres (Fig.1). They also might interact "strongly”, i.e., they can
have a large cross-section with normal matter and radiation; such DM constituents
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interact already in the outer atmosphere. Therefore, the screening by the upper
atmospheric region is significant, strongly suppressing possible signals in deep
underground experimental sites.

With time, a planetary alignment with an incident invisible stream will repeat
provided the stream lasts much longer than the corresponding planetary periodicity.
Often, an observed periodicity reflects either a single planetary orbital period or
a synod of two or more planets, resulting in a signal enhancement. For example,
the 11 years solar cycle coincides with the well-established synod of Jupiter-Earth-
Venus. This probably not random coincidence was suggestive for the streaming
DM scenario as it was proposed in [1] and underpinned by several follow-up
signatures in solar and terrestrial observations along with long series of medical
data on diagnosed melanomata (a type of skin cancer) [2-7]. A planetary
correlation of any observable is then the novel signature for the dark sector, even
though there is not a remote planetary force beyond the extremely feeble and
smooth tidal force. Fortunately, for the streaming DM scenario, the gravitational
deflection of an invisible stream depends inversely proportional to its velocity
squared [8]. This favors enormously non-relativistic speeds like the ones widely
assumed for the constituents of the dark Universe (v~ 0.001c).

This scenario makes also any exo-solar planetary system of potential interest,
since, as for the solar system, they also consist of orbiting gravitational lenses being
probably appropriate to gravitationally focus constituents from the dark sector
(whatever they are made of). After all, gravitational lensing depends considerably
on the velocity of particles. In fact, even the Moon can focus DM particles on
the Earth with velocities up to about 400 km/s covering thus a large fraction of
the DM phase space [3,9,10]. Notice, throughout this work we often refer to
"invisible matter", to distinguish it from the widely used DM which mainly refers
to the celebrated candidates like axions and WIMPs.

The planetary gravitational lensing effects within the solar system become
enormous only if invisible matter consists, at least partly, in the form of streams.
Interestingly, recent cosmological considerations [11] arrived at a very large
number of "fine-grained" DM streams in our Galaxy (up to ~10'"). Thus, to
explain unusual or anomalous observations in our vicinity, we also converge on
the existence of streaming "invisible matter" (see e.g. [1,3]). Notice that an
invisible streaming scenario is suggested also by cosmological considerations
[11,12], which are founded on a different reasoning. A posteriori we conclude that
both findings, namely anomalous observations within the solar system, or the
cosmological "fine-grained" axion streams, while they are based on a different
logic, both converge towards streaming DM, or invisible matter that includes also
other theoretically not yet foreseen candidates from the dark sector.
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Fig.1. Schematic representation of gravitational focusing effects of a DM stream by the solar
system. (Top) gravitational focusing by the inner solar system. In this configuration, the galactic
center is on the right side and in the opposite direction of the incident invisible stream; (Bottom)
the free-fall effect of incident low-speed streams may dominate planetary gravitational focusing
towards the Sun since the flux enhancement increases with (v ___/v with v being the

2
escape incident) 3 escape
escape velocity from the Sun and v, the initial particle velocity far away from the Sun. The

flux towards Earth can also be gravitationally modulated by intervening planets. The Moon focuses
particles towards the Earth with an incident velocity near the Moon up to ~400 km/s [3,8-10].

2. Some striking signatures. The underlying idea behind this work goes
along with the reasoning used by Zwicky that has led to the discovery of DM
on cosmological scales. Namely, in the last ~160 years, starting with the quasi
ubiquitous 11 years solar cycle, several unexpected energetic observations within
the solar system defy conventional explanation (see e.g. [3]). This could be due
to the dark Universe [1], whose manifestation at small scales has been overlooked.
Driven by observation, we converge on a class of "invisible" particle candidates
from the dark sector, which could interact with a large cross-section with normal
matter and are different than the parameter phase space for axions and WIMPs
following failed direct searches since a few decades. In fact, we conclude that
although axions or WIMPs are not fitting in, they remain inspiring.

Thus, the striking mysterious heating of the solar corona with its unnatural
step-like temperature inversion, the unpredictable solar activity, the dynamic
Earth's atmosphere, and other observations might all arise from otherwise invisible
streams giving rise to spatiotemporally strong flux enhancements due to gravita-
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tional lensing effects, within the solar system, by one or more solar system bodies,
including the Sun [3]. The underlying dark constituents can be of diverse nature,
being eventually theoretically not yet introduced, which makes their identification
even more challenging (see below).

Energetic observations include the unpredictable flaring Sun, its irradiance, and
more generally Sun's dynamical behavior [3,13] as it is manifested by the widely
accepted proxy for the dynamic Sun using the solar radio line (F10.7) at 10.7cm
wavelength. The most energetic planetary relationship is the Sun's size variation
during one solar cycle [13] by about 1km, with the relative size variation being
at the level of ~10°. Of note, the required energy to lift 1 km thin layer of the
photosphere (p ~107" gram/cm?®) by 1km, is enormous (~10*ergs). In addition,
a remarkable planetary dependence of the Sun's elemental composition is observed
[3,14], which makes a widely discussed issue more of a riddle within known
physics; this resembles the planetary relationship observed for solar EUV irradia-
tion above ~20eV photon energy, which is another manifestation of the otherwise
still mysterious solar corona heating [15]. Similarly, the elemental magnetic bright
points on the solar surface also show planetary relationships [3]. R.Wolf (1859)
with his sunspots observation (see [3] and [7] therein) was the first to suspect
a planetary cause behind the workings of the Sun [1], though with the underlying
process remaining elusive within known physics.

In addition to the otherwise unexpected planetary relationships of various solar
observables, also several nearby terrestrial anomalous phenomena occur in our
upper atmosphere, which is known since the 1930s. For example, what is the
mechanism behind the ionosphere's dynamical behavior that shows also unex-
pected planetary relationship [2]? To put it differently, why is there annually about
25% more atmospheric ionization around December than six months apart around
June? This anomaly is known since 1937 [16]. We recall two extraordinary facts
about the ionosphere: (A) The ionosphere is the most outer terrestrial region that
is directly exposed to outer space. Then, any "invisible" constituents from the dark
Universe may appear first up there, if they interact with normal matter with a
large cross-section (see e.g. [17]). Interestingly, this is still possible for DM
constituents following recent publications [17]. Therefore, this requirement is not
invented here just to support the assumed scenario of this work. In contrast, we
recall that the deep underground direct DM searches address extremely feebly
interacting DM particles due to the screening of "strongly" interacting dark
constituents by the overhead Earth's layers including its atmosphere. (B) Some
cross-disciplinary observations of societal relevance, while the ionosphere is oc-
casionally also involved:

1) The not randomly appearing Earthquakes [14,18], probably happen by
accumulating energy deposition inside the Earth, triggering finally an Earthquake,
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occurring somehow similar to the aforementioned solar radius variation over
relatively long-time intervals. Apparently, it is not necessary for the invisible
stream(s) or clusters (see e.g., [19,20]) to provide spatiotemporally confined the
entire energy liberated during an Earthquake. Though, it can be the external trigger
for an Earthquake to occur. Remarkably, during the largest Earthquakes, also the
ionosphere's plasma state changes over long distances as has been observed by the
orbiting GPS satellites that continuously register the ionospheric plasma for self-
calibration purposes [18].

2) Melanoma diagnoses [4-6] show planetary relationships following Mercury's
88 days orbital period. The observed periodic modulation of daily diagnosed
melanoma cases strikingly coincides with the lunar geocentric sidereal periodicity
of 27.32 days [6]; both periodicities point at a cause of exosolar origin, which
fit-in the tentatively predicted streaming invisible matter scenario [1].

Of note, the aforementioned observations have a common feature. Namely,
they all show an otherwise unexpected planetary relationship, while there is not
some remote planetary force to cause any of the unexpected observations. With
time, more and more results emerge following this kind of out-of-the-box
approach. This might allow us to finally corner the microscopic nature of the
suspected stream(s), being not as "invisible" as it is widely thought to be [3].

Moreover, following the reasoning underlying this work, it is interesting to find
out whether similar behavior is encountered in exo-solar planetary systems [21].
With near-Earth exoplanetary systems, one might be able to establish also there
similar "exoplanetary” relationships, or even also a cross-correlation with the
dynamical behavior of our solar system. Such observations have the potential to
expand our horizon within our Galaxy as well as towards the dark Universe,
validating the actual working hypotheses behind such a scenario.

In this work, we pinpoint a simple feature as the common signature behind
such observations within the solar system. For example, the widely discussed dark
sector constituents with a velocity around ~0.001 c, while being in the form of
streams, can be efficiently gravitationally focused or deflected within the solar
system [1,2,12,19,20].

3. Energy source and dark matter direct detection. The observations
made with long series of data have established also socially relevant results
[4-6]. Recently P.Sikivie proposed DM axions as a potential source of clean energy
[22]. Though, using the present constraints on axion interaction strength with
normal matter as determined by the CAST experiment [22,23], the expected profit
is quite small. However, following the diverse peaking planetary relationship for
several observables [3,13,14], this proposal deserves further attention, since DM
dominates over normal matter in the Universe.
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Noticeably, we consider here generic not yet identified DM constituents being
eventually more appropriate than axions as a clean energy source. Among the
already multiply established planetary dependencies with solar and terrestrial
observables [3], some might lead us to spatiotemporally optimum conditions
allowing to extract efficiently considerable clean energy. Earth-related time win-
dows of opportunity might be fixed annually, while other planetary peaking
relationships can be spread during a year and be more profitable.

We recall that occasional streaming DM flux enhancements due to gravity
effects by the solar system bodies can be several orders of magnitude, i.e.,
amplification factors of up to about 10° to 10°* seem realistic [8,11,24] for reaching
a significant converted energy density. For example, in January in the northern
hemisphere, the annually peaking stratospheric temperature has been observed live
[25,26]. Also, probably more planetary relationships may be discovered, which can
be of practical use for energy conversion.

Interestingly, NASA has developed scientific balloons (see [27-30]) which can
stay for months in the upper stratosphere with a payload of up to a few tons.
This is encouraging for the present reasoning since planetary relationships have
already been observed for the upper stratosphere's temperature [7] and the
ionosphere's degree of ionization [2]. For the stratosphere [7] a strong peaking
planetary relationship has been observed using the orbital positions of Mercury
and Venus. In fact, combining Venus and Mercury's orbital positions, a clear
peaking relationship for stratosphere's temperature variation in early January in the
northern hemisphere [7], might pave the way to:

a) perform DM searches in the upper atmosphere [7,25] contrary to the widely
preferred underground searches, and

b) investigations proposed here aiming to establish the optimum conditions to
extract energy from occasionally much more invisible matter in the Earth's
atmosphere.

The possible use of the upper stratosphere in January as a possible converter
of DM to energy is just one example. Future investigations could provide additional
places in the atmosphere of potential interest, firstly to search directly for DM,
and secondly to extract energy from the dark Universe. Thus, planetary lensing
or Earth's gravitational self-focusing have the potential to enhance temporally the
local DM flux by up to several orders of magnitude thus providing new perspectives
for DM detection and possibly even an alternative clean energy source.

4. Summary. Observationally driven, we conclude here that a planetary
relationship can be a key signature pointing on its own at exosolar impact for
a certain observable. So far, the only viable common explanation we have for a
plethora of observations with diverse behavior combined with an otherwise un-
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expected planetary dependency is the gravitational focusing of streaming "invisible"
matter from one solar system body to another one, including the Sun and the
Moon. We tentatively identify the assumed streams with constituents from the dark
Universe, interacting eventually also with a large cross-section with ordinary
matter. Now, we only can speculate about the possible particle candidates which
are already suggestive for more new searches of otherwise unexpected planetary
relationships.

Implications in ongoing or future DM experiments are obvious. Therefore, we
urge all experiments searching for direct DM signatures, to perform a statistical
re-analysis following the reasoning underlying this approach, or modify their data
acquisition procedure accordingly for future measurements [3]. If a planetary
dependency is found also in direct DM searches, this will strengthen the concept
of "invisible streams" in our vicinity, which can be formed by tidal forces in our
galaxy or other neighboring galaxies. Probably, most invisible streams are cosmo-
logical in origin [11].

We are aiming to widen the appearance of such new signatures being probably
still hidden also to other observations. One day one might decipher the properties
of the invisible stream(s). Along these lines of reasoning emerged also the medical
observations made with long series of data of cancer diagnoses (= melanoma) [4-6].
Surprisingly, the main two planetary signatures appeared so far in medicine are:

1) The 88 days orbital periodicity of Mercury using mean monthly data from
the northern hemisphere (USA) [4], which have been independently confirmed
[5]. However, the author did not give the appropriate attention to his analysis,
which confirmed our previous results, and this is even for most cancer types, and

2) The sidereal geocentric lunar periodicity (=27.32 days) using daily mela-
noma diagnoses data from the southern hemisphere (Australia) [6]. Interestingly,
following the planetary scenario and the possible signatures that already have been
observed [1-3,13,14,18], the underlying stream(s) can only be exosolar in origin
if the periodicity is sidereal since it refers anyhow to a reference frame fixed to
remote stars (i.e., outside our solar system). Of course, a DM stream is of cosmic
origin, even if it happens to be trapped by the solar system during its birth. Also,
this last scenario is of no minor importance for direct DM searches, or for indirect
ones following astrophysical/cosmic observations.

In short, a wide diversity of signatures showing also planetary relationships may
allow us to identify the otherwise "invisible" components of the dark Universe.

Finally, some favored "invisible candidates" following the observations made
thus far, are:

a) Anti-Quark Nuggets (AQNs) as they have been invented in 2003 by Ariel
Zhitnitsky [31] (see also [32-35]). These peculiar objects are inspiring many
investigations spanning from the origin of the solar corona heating mystery to the
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direct detection of fast axions.

b) Magnetic monopoles as their interaction with the ubiquitous magnetic fields
make different energy deposition scenarios of potential interest.

¢) Dark photons, as they can even resonantly convert to real photons if the
local plasma density fits in the rest mass of the hidden photon. Contrary to axions
or axion-like particles, the kinetic mixing between real photons with hidden sector
photons does not require a magnetic field as a catalyst, and this makes them
attractive.

d) Pearls [36,37]. A quantitative investigation as it has been undertaken for
the AQNs would clarify whether these composite particles also fit in, at least some
of the observations made so far, starting with the mysterious solar corona heating,
the unpredictable solar flares, and the entire dynamic and mysterious Sun.

e) Some other constituents to be invented yet, this remains always an option.

5. Conclusion. The expected signal amplification due to gravitational focus-
ing effects by the solar system bodies including the self-focusing effects by the
inner Earth [9,10,24] by orders of magnitude might bring the necessary break-
through not only for the direct DM detection. The interaction strength with
normal matter would be large [17], and also only it could open the way for a
substantial and clean energy source.

The most inspiring particle constituents fitting in several observations are
AQNs, magnetic monopoles, and dark photons. Though, more emerging candi-
dates, like the pearls, should be investigated whether they fit the reasoning of this
work. Thus, insisting anomalies/mysteries within the solar system might be the
unnoticed manifestation of the dark Universe, and they deserve further attention
aiming to identify their elemental composition and properties.
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HOBBIE "TUNIAHETAPHBIE CJIE[bI" TEMHOU
BCEJIEHHOMU

K.3UYTAC!, BAHACTACOIIYJIOC!, A APTUPUY!, . KAHTATOPE?,
C.UETUH?, ATAPAUKNOTUC!*, X. XAPAJTAMBYC?, M.KAPY3A®,
A.KPUMAIXN’, M.MAPYIAC!*, AMACTPOHUKOJINCE,
K.OMKOHOMY?, K.035031YMAH?, 10.K.CEMEPLIUJINUC",
M.UATPU!, U.UATPUC!

IMonstue temHoit matepun (DM) BBeneHO I OOBSICHEHUS HEOXMIAHHBIX
PE3YIbTaTOB KOCMOJIOTMYECKMX HabmoneHuii. B HacTosiiee BpeMsl pa3Hble SIBIEHMUS,
HabJo1aeMble B Hallleil COJTHEYHOI CUCTeMe, TakKe He TOIA0TCs TPaIulMOHHBIM
OOBSICHEHUSIM, HAITPUMEDP, OCHOBHbIE (DU3UYECKUE TPOIIECCHI, JIeKalMe B OCHOBE
HarpeBa pa3JIMYHbIX CJI0€B CojiHeUHoU aTMochepbl. KoHuemnius nmotokoB DM ¢ ux
Nocyeaytoueid rpaBUTalMOHHON (hoKycuMpoBKOil Tenamu CoOTHEYHON CUCTeMBbl
npeaiaraeT XU3HeCoCOOHbIM OO CLeHapUid U151 TOHMMAaHMST TaKUX SIBJICHUN.
B03MOXHO 3TO OCHOBHOW IIpOLIECC, OTBETCTBEHHbBIM 3a COJTHEUYHbIE LUKIIbI, Y
KOTOPBIX ObUIM OOHApyXkeHbl TEepBble MPU3HAKU 3aBUCHMOCTU OT IMapaMeTpOB
maaHer. Yxe B 1859r. Obuta mocTaBieHa 3aJaya HAWTU ynajdeHHOe TUlaHeTapHOe
BO3IENCTBUE, OTJIMYHOE OT UPE3BbIUAHO Ca00¥ MJaHeTapHOU MPUJIMBHOMU CUJIBI.
MpbI nogyepKrBaeM BO3MOXKHYIO MPUYACTHOCTb BHEIIIHETO BO3ACCTBUSI HEYYTEHHOTO
"MOTOKa HEBUIMMOM MaTepuu”, UTO COTJIacyeTcsl CO BCEMU 3araJJOuHbIMU HabJoe-
HUSIMU, paHee MCCIeJOBaHHBIMU C MPUBJIEUEHUEM HECYILECTBYIOIIEH yaaleHHON
MJIaHeTapHOU cwiibl. MHOXeCTBO ciefoB "MoTokoBoi" TM MposBISIIOTCSl B pa3HOTO
pola HEOXMIAHHBIX CBsI3aX, Kak AuHamuuyeckoro CosiHIA, Tak U U 3emiu. B
YaCTHOCTH, paccyxaeHue B ayxe LIBUKKW HaBOAUT Ha pa3MbILIJIEHUS O MOUCKE
3araJloyHbIX OMOMEIUIIMHCKUX sBieHui. [IpeamnourureabHbIMU HocuTeassmMu TM
SIBJISIIOTCS - KPYINUIbl aHTUKBAPKOBON MaTepuu, MarHUTHbIE MOHOIMOJIU, TEMHbIE
doTtoHBI WM cocTaBHBIE "XeMUYyXUHBI'. TakuMm 00pa3oM, aHOMaJIMM BHYTPHU
CoJIHEeYHOU CHUCTEeMbI SIBJSIOTCSI MPOSIBICHUSIMU TeMHoUl BcenenHoit. HesiBHBIM
ClieHapuii MOTOKAa TEMHOW MaTepuu pacuIvMpsieT MPOCTPAHCTBEHHO-BPEMEHHOE
pacnpejiesieHMe TEMHOW MaTepuu, co3laaBas JydlllMe YCIOBUS [JIs1 TPSIMOIo
OOHapyXeHUsI WIM M3BJICUEHUS] DHEPTMM U3 paHee HEAOOLIEHEHHOIo TeMHOTIO
cekTopa. IIpemiokeHHbIN MpeaBapUTeIbHbINA ClieHApUiA TIpearnoiaraeT yCuaeHue
MPOCTPAHCTBEHHO-BPEMEHHOTO MOTOKA TEMHOI MaTepuu, co3aaBasl yCIAOBUS IS
MPSIMOTO OOHAPYKEHUST TEMHOM MaTepuy WIW U3BJICYEHUS] SHEPTUU 13 HEBUAMMOTO,
Kak Mpearnosarajioch, TEMHOIO CeKTopa.

KiroueBbie cioBa: niaaHemapHsle ONHOWEHUA: meMmMHbLiL cekmop: Hesuoumoe
eeuiecmeo. epasumayluoOHHoe qbo;cycupoeaﬁue
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The whole article deals with the analysis of the cosmic model of Ruban's space-time in the
context of a bulk viscosity impact in the form of Ricci dark energy within the framework Brans-
Dicke theory. We believe that outer space is filled with dark matter and viscous Ricci dark energy
(VRDE) under the pressureless situation. The velocity and rate at which the Universe is expanding
are presumed to be proportional to the coefficient of total bulk viscosity, is in the form,
€+ & dla+&,idla, where £ , & and &, are the constants. To solve the RDE model's field
equations, we utilize the relation among the metric potentials and also the power-law relation among
the average scale factor a(?) and scalar field ¢. To examine the evolutionary dynamics of the
Universe, we investigate the deceleration parameter ¢, jerk parameter j, EoS parameter o, ,
Om(z) , stability of the obtained models through the square speed of the sound vf, o, -0,
plane, statefinder parameter planes (r, s) and (g, r) and presented via graphical representation. By
the end of the discussion, VRDE model was found to be compatible with the present accelerated
expansion of the Universe.

Keywords: Ruban's metric: Brans-Dicke theory: viscosity: dark energy: Ricci dark
energy

1. Introduction. One of the most fundamental questions in modern theo-
retical cosmology is, whether the genesis of the Universe was singular or non-
singular. This question is equivalent in asking if the Big Bang theory or the Big
Bounce theory actually describes the evolution of our Universe. Naturally thinking,
the initial singularity described by the Big Bang theory, is a mentally more
convenient description, since we can easily imagine a zero sized Universe, with
infinite temperature and energy density, and also in which all fundamental
interactions are unified under the yet unknown same theoretical framework.
Moreover, no one can actually exclude a cyclic cosmological evolution, in which
the Universe never shrinks to zero [1,2]. However, modern advanced cosmology
is assumed to have begun in 1917 with Albert Einstein's publication of his last
correction to General Relativity (GR) in his article "cosmological considerations
of the general theory of relativity" [3]. Even over a century, this theory still exists
as a valid theory with modifications and exhibits a prominent role in the study
of the cosmos. However, for over years, various experiments have unveiled
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intriguing new secrets of the Universe, looking deep into space with unprecedented
clarity and uncovering the latest advancements in studies about the cosmos
[4-6], finding many astonishing facts from the measurement of Supernovae type
Ia accompanied by Cosmic Microwave Background Radiation (CMBR) and the
large structures [7,8] substantiating that the Universe is in its accelerated expansion
state. Two essential components that drive this expansion and the characterization
of the cosmos are dark matter (DM) and dark energy (DE). We can pronounce
that, DM, which covers about 26% of the total matter density, is accountable for
the structure formation and the clustering of galaxies [9-12], whereas DE forming
69% of the cosmic energy with negative pressure is responsible for the accelerated
expansion of the Universe and the remaining part of the cosmos is related to the
baryonic (visible) matter.

Despite the awareness of the remarkable success of standard cosmology, it is
yet unable to resolve the significant issues that include finding the best DE
candidate. There are two ways to describe dark energy models. One is a fluid
description [13-15] and the other is to describe the action of a scalar field theory.
In the former fluid description, we express the pressure as a function of p (in
more general, and other background quantities such as the Hubble parameter H).
On the other hand, in the latter scalar field theory we derive the expressions of
the energy density and pressure of the scalar field from the action. The basic
candidate for DE can be the cosmological constant A, which is associated with
the energy vacuum with stable pressure and energy that can be distinguished by
the (EoS) ®, =-1 [16]. The various cosmological observational data supports the
A cold dark matter (ACDM ) model, in which the cosmological constant A plays
a role of dark energy in general relativity. At the current stage, the ACDM model
is considered to be a standard cosmological model. However, the theoretical origin
of the cosmological constant A has not been understood yet [16]. However, two
frequent issues "fine-tuning” and "cosmic coincidence" are being faced. Here, the
fine-tuning issues call attention to the variation among the theoretical and the
observable value of vacuum or cosmological energy constant, whereas the hassle
of coincidence is the co-occurrence of DM and DE. A number of models for
dark energy to explain the late-time cosmic acceleration without the cosmological
constant has been discussed by Bamba et al. [17]. To reduce the persistent
cosmological problem and justify the accelerated expansion, some alternative
models are suggested by either modifying the right side of field equations of
Einstein by considering the specific energy-momentum tensor T, forms, which
includes quintessence [18], K-essence [19], Chaplygin gas model [20], holographic
DE [21,22], new agegraphic dark energy [23] etc., or modifying the left side of
field equations of Einstein, we derive the modified gravity that include f (R)
gravity [24] and scalar tensor theories [25]. The pioneering research on scalar-
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tensor theories has been carried out by Brans and Dicke [26] to include Mach's
principle into gravity which is known as Brans-Dicke theory (BDT).

A pragmatic theory of gravity, BDT is predominantly a gravitational theory
in which its field is described by the tensor field, which is ascertained by the
distribution of mass energy in the Universe and replaces the gravitational constant.
This theory has initially put forward in the 1960s as a variant of GR. Contrary
to GR, BDT can indeed satisfy all current gravitational experiments and also
illustrate intuitively, without the addition of DE to the expansion of the Universe
[27-30]. Obviously, as the parameter o — o, GR is retrieved from BDT which
summons the BDT as universality to GR. Hence, to assure its free fall generality
(Equivalence principle), an uncomplicated modification to GR is made maintain-
ing a pure metric relation of matter and gravity [31]. The planetary system
observational measure [32] and the phenomenon of accelerated expansion of the
cosmos [33] certainly accounted for replacing the gravitational constant with
$=1/8nG and connecting ¢(s) to gravity with a constant ©. Also, CMB and
large scale observational data [34-37] uphold this theory making it stronger than
GR with a dynamical framework, that evokes huge curiosity in present-time
cosmology. Prasad et al. [38] have studied constraining Bianchi type-V Universe
with recent H (z) and BAO observations in BDT of gravitation. Hatkar et al. [39]
have worked on viscous holographic dark energy in BDT of gravitation. Shaikh
[40] has studied viscous dark energy cosmological models in BDT of gravitation.
Koyama [41] has studied testing BDT gravity with screening by scalar gravitational
wave memory. Sharif and Majid [42] have studied extended gravitational decoupled
solutions in self-interacting BDT. Singh and Soibam [43] have studied anisotropic
models with generalized hybrid expansion in BDT of gravity. Hou [44] has studied
gravitational memory effects in BDT. Roy et al., [45] have discussed some
characteristics of the accelerated expansion of the Universe in the framework of
BDT. Sharif and Majid [46] have studied the effects of charge on decoupled
solutions in self-interacting BDT. Tahura et al. [47] have investigated the con-
nection between gravitational-wave memory effects, asymptotic symmetries, and
conserved quantities in Brans-Dicke theory and computed the field equations in
Bondi coordinates to define a set of boundary conditions representing the asymp-
totically flat solutions. Santhi and Babu [48] have studied axially symmetric VRDE
in BDT of gravitation. Santhi et al. [49] have investigated some Bianchi type
viscous holographic dark energy cosmological models in the BDT of gravitation.
BDT has been explored by many cosmologists in the framework of DE [50-52].

However, the DE has always been a mysterious component in the study of
the Universe. A thought has been given for considering DE as a consequence of
quantum gravity, such that, the core idea of quantum gravity - the "Holographic
Principle" becomes an essential part of resolving the DE issue. In recent years,
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there has been a significant attempt to reconcile vacuum energy density to the
holographic theory of quantum gravity. This en routes to a proposal of a new
DE model: the holographic dark energy (HDE) [53], on the basis of the
holographic principle of quantum field theory [21,22,54], relating the ultraviolet
(UV) cutoff A to the infrared (IR) cutoff L. Assuming the Hubble length as IR-
cutoff, Li [55] has suggested HDE as p, =3¢’M L, taking L as the IR-cutoff,
M, :(SnG)_l/ ? as the Planck mass on a reduced scale and ¢ as a definite
constant. As discussed earlier, the fine tuning issue is also solved by the HDE
model as suggested by Li [55], but creates an incorrect EoS of DE. The IR
interface correspondence with the Universe's large-scale structure and the UV
interface is correlated to the energy of the vacuum. A wide range of HDE models
are proposed recently based on the IR-cutoff options, such as event horizon. IR-
cutoff in terms of event horizon has been considered by Li et al. [56] to study
the Universe's expansion. The corresponding model, however, faces challenges of
causality violation.

Subsequently, Gao et al. [57] implemented an HDE model where they
reversed the Ricci scalar curvature to replace the future event horizon and named
it the "RDE model". The energy density for RDE is given by

pu =3a(fr+2 1), (1)
where o and H are the density parameter (without dimensions) and the Hubble
parameter respectively. It has been learned that this model overcomes the causality
problem and addresses the coincidence problem. A phantom-based consolidating
perspective to the early and late Universe cosmology was put forward by Nojiri
and Odintsov [58]. Further, the authors have proposed a generalized HDE wherein
infrared cutoff is determined by combining the FRW parameters: Hubble constant,
particle and future horizons, cosmological constant, and Universe lifetime (if
finite). Gao et al. [57] have suggested the use of Ricci DE that can be interpreted
as a form of holographic DE, with the reciprocal of Ricci scalar square root as
its infrared cut-off. Whenever the vacuum density emerges as a parameter of
independently stored energy, it may be consistent with present astrophysical
findings. The VRDE model was discussed by Feng and Li [59], who believed that
the linear barotropic fluid and RDE are bulk viscosity. They have also discussed
about the outcome of some principles on cosmic evolution, the RDE model with
a more general form of bulk viscosity. Dixit et al. [60] have studied a model for
modified holographic RDE in the gravitation theory of BDT. Chakrabarti et al.
[61] have studied the bulk viscous pressure in scalar fields and holographic RDE
considered in the modified gravity framework. Kumar and Singh [62-65] have
studied VRDE model with matter creation, exact solution and observational tests;
the generalized second law of thermodynamics in VRDE; RDE model with bulk
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viscosity and have also studied observational constraints on VRDE model. Santhi
and Babu [66] have studied Kantowski-Sachs VRDE model in Saez-Ballester
theory of gravitation.

As revealed by the current investigations, the transition phase has a vital part
in explaining the growth of the space. We have studied viscous models and
observed that they help in understanding the phase transition and hence can be
a possible candidate for DE. Some of the authors [64,67] had a detailed study
regarding the effects of bulk viscosity in HDE model. According to thermody-
namics [68-70], it is observed that viscosity has a role to play as DE in our
Universe. A constant bulk viscosity or otherwise called constant DE along with
dark cold matter can be considered one of the simplest principles of the kind.
A widely investigated way is taking the bulk viscosity as a Hubble parameter with
a linear function, that is closely aligned with the observed late-time acceleration.
Our article focuses on RDE model along bulk viscosity, aspiring from the research
of Feng and Li [59], Singh and Kumar [64] and Cataldo et al. [71]. We extended
Singh and Kumar's work with a generalized form of bulk viscosity coefficient,
which is further examined analytically and performs reasonably well when com-
pared to observational data. Many authors [72-77] have researched homogeneous
and non-homogeneous viscous cosmology. The Universe evolution through a
cosmological model with bulk viscosity was studied by Ren and Meng [78].
Discussion of the phase transition of the viscous early Universe was done by
Tawfik and Harko [79]. Singh and Kumar [80,81] have inspected different features
of viscosity in f (R,T) gravity taking Hubble horizon as IR cutoff. Nojiri and
Odintsov [82] have introduced the DE Universe EoS with inhomogeneous, Hubble
parameter dependent term that comes from time dependent viscosity considerations
and modification of general relativity. Capozziello et al. [83] have investigated the
effects of viscosity terms depending on the Hubble parameter and its derivatives
in the DE equation of state. Various explanations can be used to justify the analysis
of non-perfect fluids. In spite of various macroscopic physical systems, such as
the large-scale structure of matter and radiation of the cosmos, which resembles
perfect fluids, we could not eliminate the various components of DE, whose origin
is not known.

For a number of reasons, in a classical cosmological scenario, an inhomo-
geneous exact solution of Einstein's field equations for an imperfect fluid is
necessary to be obtained; among them, one is connected to the existing entropy
of the Universe. It is already recognized that, the rate of entropy generated from
a non-adiabatic procedure in an originally homogeneous backdrop appears to be
inadequate to comprehend the high entropy per particle of the Universe [84,85].
By assuming the spatial homogeneity, which is believed to be reasonable in an
averaged sense, cosmological elucidation to Einstein's field equations is broadly
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determined [86]. However, it turns out to be inappropriate on galactic and smaller
scales; hence, a broad category of inhomogeneous models is compared with
homogeneous ones. To be fully addressed, any detailed concerns, to give an
example like, star system origination or the intricate composition of black-body
radiation, should finally be directed to such inhomogeneous models.

Ever since Szekers learned that the Universe is filled up with extraterrestrial
or cosmic dust [87], much concentration has been given to inhomogeneous cosmic
models [88-93]. Also, in recent times, the Szekers space-time is expanded by
proposing a recent radioactive constituent and an electromagnetic field [88].
Tomimura and Waga [94] have observed that whenever space-time gains symme-
try, self-consistent solutions are possible if an electrostatic field is added as a source
term for the Szekers metric of class II, reducing the Szekers metric to the
inhomogeneous basic form as initially contemplated by Ruban [95]. In this article,
we establish the exact solutions in the constitution of Rubans metric. Lima and
Nobre [96] have studied the electromagnetic field model in Rubans's Universe.
Also, the thermodynamics of the Ruban's Universe and inhomogeneous two
cosmological models is investigated by Lima and Tiomno [97,98]. Tomimura and
Waga [94] have derived reliable solutions for Ruban's space-time with dust,
radiation, and electromagnetic field and Mete et al. [99] investigate the cosmo-
logical model of Ruban's with a significant source of stress in the general relativity.
The energy-momentum distribution of the Ruban's Universe in GR and teleparallel
gravity is studied by Aktas [100]. Recently, Santhi and Naidu [101] have studied
Renyi HDE in a scalar tensor theory with Ruban's Universe.

Taking some inspiration from the above mentioned explorations, we have
engrossed our research on Ruban's cosmological model with VRDE in BDT of
gravitation. This article is further studied in the following sections. Section 2 deals
with the derivation of BD field equations for Ruban's line element in the presence
of RDE. In section 3, the solutions for these field equations for k =-1,0,1 are
found. Section 4 is devoted to the physical parameters of our model, and we
conclude our article by summarizing the results in the final section.

2. Metric and field equations. In an approach to understanding the
structure of the Universe, here we consider Ruban's space-time [95] whose metric
takes the following form:

ds? = di*— 0 (x, 1) x> R2(¢) v+ ndz? ), )
where
. siny if k=1
h(y)=@= y if k=0 3)
b sinhy if k=-1

and k shows the curvature parameter of the homogeneous 2-spaces x and ¢. Opting
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Qz(x,t): Qz(t), in (2), LRS Bianchi type-I, III and Kantowski-Sachs space-times
are obtained. This model is a special form of Szekers Universe [96], which
represents the inhomogeneous and anisotropic Universe. The volume V, average scale
factor a(?) and the Hubble parameter H of the Ruban's space-time are defined as

V =[a(t)} = OR?h, 4)

a
H=—. (5)

The action of BDT in the presence of matter with Lagrangian L _ in its canonical
form is given by

S:J.d4x _g[_q)ﬁ-'_%vu(bvud)—i_LmJ! (6)

where ¢ is the BDT scalar field depicting the Newton constant's inverse, which
is permissible to shift with space-time, ® is the scalar curvature, o is the BD
constant. Varying the action in Eq. (6) w.r.t. the metric tensor g,, and the scalar
field ¢ we procure the field equations as:

Guv = —87'5(1)_1 THV - (D(I)_z[d),pd),v - %gpv ¢,K¢)Kj - ¢_l (d)p;v - gpv ¢:E) (7)
and
o =8n(3+20)"'T, (8)

where G,, =R, —R g, / 2 is an Einstein tensor, 7, is the stress energy tensor
of the matter and ® is the dimensionless constant.
The energy conservation equation is given as

T =0, ©)
is a outcome of Egs. (7) and (8).
For a viscous fluid, the energy momentum tensor [102] is considered as
Tuv = (pm +pde)uuuv+ﬁde(guv+uuuv)’ (10)
where p, and p,, are the energy densities of VRDE and DM, respectively. In
Eckart's [103] first order thermodynamics, the effective pressure p, of VRDE
is given by
ﬁde=pde_3E.>H5 (11)
where H is the Hubble parameter and & is the bulk viscous coefficient. From
Eq. (10), the field Egs. (7) and (8) for the line element in Eq. (2) are as follows:

2R R «x 9¢_2+2R¢+§__8n(pde—3gf1)

R R R 29 R o (12)
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O, RO R o0 ¢(0 R| ¢_ 8nlp,—35H)
0 rR0TR 29 oo RSy o (13)

& R_2 £ (Dd) ¢ Q 2R 81 (pm+pde)
RQ+R2+R2 2 ¢? d)(Q RJ o ’ (14)

O 2R) -
{65

Moreover, the energy conservation equation gives:

oo =P+ Pae ~3pu— 36 H)). (15)

. ) 2R
pm+pde+3(g+7RJ(pm+pde+(pde_3§H)):o' (16)

Here, the overhead dot denotes differentiation with respect to # and «=-1,0,1.

3. Solutions of the field equations. Here we consider the system of four
independent field equations (12)-(15) with seven unknowns namely R, O, p,, &,
P, Pgs and 6. To get a deterministic solution, we choose three plausible
physical conditions.

(i) The shear scalar o proportional to scalar expansion 0 [104,105], giving
a relationship between the metric potentials as

0= (xR)'” , 17)
where m is a positive constant and m=1 (i.e., 0<m<1 or m>1).

(ii) The scalar field ¢ as a function of average scale factor a [106], i.e.,

b=doa", (18)
where ¢,, and »n are constants.
(iii) We assume a parameterized bulk Viscosity such as [78]

=8 +&— +&2 - (19)
where §,, & and &, are the constants.
Now from (12), (13) and (17), (18) we derive the below equation
R (3+3m+nm+2njf22 K
R 3 R*  R*(1-m)
Three probable scenarios for k¥ =—1,0,1, when substituted in Eq. (20) are obtained
and discussed in the following subsections.

3.1. Model I. If «x=0, then by solving Eq. (20), we get
R=(ylet+c)" @1

where ¢, and ¢, are integration constants and y=(9+6m+2nm+4n)/3.

=0. (20)
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From Egs. (17) and (21), we have

0=x"(ylet+ )" (22)

and the scalar field ¢ is given by
o=, (xm/3yl/3 (Y(tcl +¢, ))(%m)/y )” : (23)
Hence, from the above expressions of R and Q, the metric (2) takes the form
ds? = di* = x*" (y(c,t+ ¢, )" dx® = (y(eyt+ ¢, ) (dy2+ yzdzz). (24)
The volume V, average scale factor a and the Hubble parameter H are obtained as
v =x"y(ylee e, ) (25)
a=x"Ry" (y(ze,+ ¢, ))(2+m)/3y , (26)

_al2+m)

3y(tc1 + cz) ' (27)

From Egs. (10) and (27), we get the energy density of VRDE as

_l[acf(2+m)(4+2m—3y)j_

Pde = 3 yz(tcl+ ‘) )2 (28)
The energy density of matter is
— (DI
P = 144ny2(tcl+cz)2 . 29y

The effective pressure is obtained as

e+ e, ) 62 ool =2 2 367 = (20 e 2)n* - 54)
(e +c, ) 1G0

The viscosity coefficient is

@1(2"”")01 & 012(2+m)

E=¢,+ .
‘ 3y(tcl+cz) 3y(l‘cl+cz )2 (3D
The proper pressure is obtained as
[ —
* 3TE(IC1+ c, )3y2 . (32)
3.2. Model II. If =1, then the Eq. (20) for n=-3 yields,
ky, .
R ="2sinh(k,t+ k).
k1 (kyt+ ;) (33)
" Because the expressions for the functions ®©, (i=1, 2, ..., 18) are too long, they are not given

here. One can find them in the archived article :2311.00736(gr-qc].
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Fig.2. Plot of proper pressure p, versus redshift z.

From the Eqgs. (17) and (33), we have

1

Q0 =x" [’;—2 sinh (k, -+ k, )] ,

and the scalar field ¢ is given by

b=

k, sinh (k,t+ &y )J(M)

Gox™" (Sin y)71 [ X
1

(34)

(35)

Therefore the metric (2) from Egs. (33)-(34) is acquired the following form:
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1 1

m 2 2
ds® = dt* - [xm (% sinh(klt+ ks )j ] dx*— (% sinh(klt+ ks, )j (dy2 + (sin y)2 dz* ) (36)

Further V, a and H are defined as

i si h(k k ) m+2
V= x" [Ll”s] siny, (37)
ky
) (m+2)/3
1
L _ kil 2)c§th(k11+ k) (39)

From Egs. (10) and (39), the energy density of the model is given by
Pue = [— 1+ %(m—i— 2)cosh2(klt+ ks )] k} (m+ 2)occosech2 (k1t+ A ) (40)

The energy density of matter is given as
q)3

P = L 6mk? sinh® (ky+ ky)siny (41)
The effective pressure is

_ o,

Pae = (42)

16nk; sinh6(k1t+ k3)siny .
The viscosity coefficient takes the form

= = =k =0.094; k3=0.91 /7

—0.095: k.= /7
0.033 | |——k,=0.095; k=095 Vs
=-memk =0.096; k,=0.99 A
J
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pde

0.029 ¢

Fig.3. Plot of energy density of VRDE p, versus redshift z.
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- 3cosh?(kyz+ k3 )& + &, k sinh(k,z+ k3 )(m+ 2)cosh(kyt+ ks )— &, k2 (m+2)— 38,
3sinh? (k,t+ k; ) (43)

The proper pressure is
— cDS
3k, sin ysinhé(k1t+ k3) '

Pae (44)

3.3. Model IIll. If «=-1, then from the Eq. (20) for n=-3, we obtain

k
R =—sinh(k,t+k, ),
5 (kgt+ kg ) (45)

and using Eq. (45) and Eq. (33), we get

4
The scalar field ¢ is given by

0=x" (’;—5 sinh(k,t+ kg )] . (46)

Jeg sinh(k,t+ kg )J‘('””) @

0=px" (sinhy)“(
ky
With the help of R and Q, the metric (2) takes the form as

m 2 2
ds* =dt*~ [x'” [l’i—S sinh(k,+ kg )J J dx*— [175—5 sinh(k,+ kg )J (dy2+ (sinh y) dz* ) (48)

4 4
The expressions of V, a and H are given by

ks sinh(kyt+ kg ) )"
V:xm(—5 p il J sinhy, (49)
4
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. (m+2)/3
a=x" 3(—k5 sinhlit )J (sinh )", (50)
k,

7k (m+ 2)0(;th(k4t+ ké)' -
From Egs. (10) and (51), the energy density of the VRDE model is given by

Pe = (— 1+ %(m+ 2)cosh? (k,t+ kg )] ki (m+ 2)acosech? (kyt+ kg ). (52)

The energy density of matter is given by
cD6

P = 48m ks sinh4(k4t+ ké)sinhy ' (53)
the effective pressure as

_ o,

P = Gk sinh® (kyt+ kg )sinh (54)
the viscosity coefficient as

3cosh? (kyt+ kg )& + &, ky sinh(kyt+ kg )(m+ 2)cosh(kt+ kg )— &, k2 (m+2) -3¢,
== 3sinh? (kyt+ ko) » 53)
and the proper pressure is given by
30,
Pae = 87k; sinh ysinh® (k4t+ ké) ' (36)

The ordinary matter species namely baryons and radiation; and the DE are
two incomparable quantities as DE possess the negative pressure that accelerates
the expansion of the Universe by restraining the gravitational force. We have

Yy ’
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Fig.5. Plot of energy density of VRDE p, versus redshift z.
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plotted the energy density of VRDE p,, versus redshift z for three models with
respect to the values of ¢, ¢,, k, k,, k,, k in Fig.1, 3, 5 respectively and we
can observe that the curves of p, varying in the positive region throughout the
evolution of the Universe against redshift z, which indicates the Universe
expansion in an accelerated way. Fig.2, 4, 6 respectively represent the trajectories
of proper pressure p,, against redshift z for all three models with different values
of ¢, ¢, k,, k;, k,, and k.. We observe that the path of the proper pressure for
three different values of ¢, ¢, k, k,, k,, and k traverse in negative region. Here,
the occurrence of the Universe's accelerated expansion can be implied from this
negative pressure in the BDT.

Also, Egs. (24), (36) and (48) represent Ruban's VRDE models in BDT of
gravity for k=0, 1 and -1 (i.e., models I, II & III) respectively along with the
above discussed and following properties.

* The expansion scalar 6 and shear scalar o for the models I, II and 111
respectively given as

O R L 1({&,, 0
0==<+2- ==Y H -
Q+ R ° 2(?{ " 3]’ (57)
9=Cl(2+m), 2_ cf(m—l)zzj (58)
Yiey+c,) 3(y(te,+¢,))
2 2 2
0 = (m+ 2)k, coth(k i+ k,), o2 =*icom kit s Jom- 1) (59)

3
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o2 k? coth? (k,t+ kg )(m—1)

0 = (m+2)k, coth(k,t+ k), 3 (60)
* The anisotropic parameter of the models I, II and III is same and is given by
2
1 &(Ho-HY  2(m-1)
neg ) °
p=l1 (2+m)

It is noted that for all three models, the physical quantities 0, o> and H tend
to infinity at t=—-c,/c,, t=—k;/k; and t=—k/k, respectively, and the scale
factor of the models, as well as the spatial volume vanishes. However, these
parameters become constant as ¢ —> oo and the scale factor, as well as volume tend
to infinity as time increases. Therefore, this summarizes that the models show
expansion with zero volume in the beginning period and further expand to
infinitely large V w.r.t. cosmic time ¢ (Gyr). As A4, =0 for all three models,
thus the models are anisotropic throughout the evolution of the Universe.

4. Analysis of geometrical parameters. This segment of the work looks
through the expanding behavior of the cosmos by studying well known astronomi-
cal parameters like the deceleration parameter ¢, jerk parameter j, r-s plane,
q-r plane, EoS parameter ®,,, o, -, plane, the stability of the model vZ,
and om-diagnostic for the constructed VRDE models which are in Egs. (24), (36)
and (48).

* Deceleration parameter: The deceleration parameter (DP) is defined as

_ad

q= _d_z’ (62)
that depends upon the scale factor and its derivatives, which can be considered
to explain the transition phase of the cosmos and it basically computes the
expansion rate of the cosmos. Whenever the DP shows the positive curve, it
indicates the decelerated expansion of the Universe. Whereas, the negative curve
implies that there is an accelerated expansion of the cosmos, and at g = 0 there
exists marginal inflation. For the constructed models I, II & III the DP takes
the values as:

3y
=—-1
24m (63)
qg=-1+ 3(m+ 2)sech2 (k1t+ k, ) , (64)
q =—1+3(m+2)sech? (kyt+ k). (65)

The behavior of the deceleration parameter ¢ is addressed in Fig.7, 8 against
redshift z for models II & III with different values of k,, k,, k,, and k.. The
path of the curves for the deceleration parameter travels from the early decelerated
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phase to the present accelerated phase of the Universe agreeing with the recent
astrophysical calculations, whereas the deceleration parameter for model I is
independent of time and Santhi and Naidu [101,107,108] have obtained constant
deceleration parameter in the literature.
+ Jerk parameter: A dimensionless cosmic jerk parameter is obtained by the third
derivative of the average scale factor w.r.t. cosmic time #, which is given by
j:aZf =q1+29)-L- (66)

1.5 1 [= = —k,=0.094; k=091
— kl=0.095‘, k3=0.95
..... k,=0.096; k;=0.99

Decelerated Phase

o
- = =k,=0.0997:k =0.97;
2  |——k,=0.0998;k=0.98;
=-=-=k,=0.0999;k =0.99;
1.5+
1 L
o Decelerated Phase
051 ]
0 Transition Line
Accelerated Phase
0.74 Py
0.5+ 0761 L % 1
-0.78 %
L . 018 -0.14 . L .
0 1 2 3
z

Fig.8. Plot of DP ¢ versus redshift z for Model III.
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Cosmic jerk can be accounted for the transition of the Universe from decelerating
to the accelerating phase. For various models of the cosmos, there is a variation
in the transition of the cosmos, whenever the jerk parameter lies in the positive
region and the negative values of DP [109]. The investigations of Rapetti et al.
[110] have shown that for a flat ACDM model, the value of jerk becomes unity.
The jerk parameter for models I, II and III is given by

_(=3y+2+m)(2+m-6y)

2 2
(2 + m)
- = —k,=0.094; k=091
0.99 1 : — & ,=0.095;k,=095| |
\\ = > Ka=U.
\\ -.--_k1=0.096; k3=0.99 E
~
0.97 + N
A
A Y
A Y
— N
0.95 | 0.995 s
\
\ >,
0.994 .
\
\ >,
0.93 L 0.993 \\
\
-0.18-0.16-0.14-0.12 AN
LN
091 | . . . M
-0.5 0 0.5 1 1.5
z

Fig.9. Plot of jerk parameter j versus redshift z for Model II.

0.9 r

0.7 r

Fig.10. Plot of jerk parameter j versus redshift z for Model III.

S
0.975

0.97

-0.18-0.16-0.14-0.12

- -k4=0.0997;k6=0.97;

—-—-—k,=0.0999:k =0.99;

k,=0.0998:k =0.98; | 7

z

(67)
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sechz(k1t+ k3), (68)

j=1- sech? (kyt+ kg ). (69)

(m+ 2)2

The plots for jerk parameter j against redshift are represented graphically in
Fig.9, 10 for models I & III with different values of k, k,, k,, and k respectively.
It can be analyzed from the plots that the jerk parameter for both the models
differ in the positive regions and approaches one in near future as z — 0, whereas
jerk parameter for model I is independent of time.

08 |_k1=0.094; k3=0491“
|
0.4
) 0r
-0.4
|
-0.8
0.92 0.94 0.96 0.98 1

r
Fig.11. Plot of r - s plane: Model II.

T T T T T

8 || ——K,=0.0999: =09 |

_
—~

0.7 0.8 0.9 1
r

Fig.12. Plot of r-s plane: Model III.
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+ Statefinder parameters: A recently developed geometrical diagnostic is this
statefinder pair (r, s) given by Sahni et al. [111] and Alam et al. [112] who have
proposed for the purpose of distinction among the various DE candidates. This
is a sensitive and geometrical diagnostic pair that is essential to discriminate and
study the diverse DE models and hence help us interpret cosmic acceleration. This
geometrical pair is represented as (r, s), and are formulated as

a r—1
= F and s= m
The r-s plane helps to analyze several cases of the model incorporating different

(70)
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Fig.13. Plot of ¢ - r plane: Model II.

T iy -y - - -
ACOM Line i : :| k,=0.0997:k, =0.97
| | o
1 I 1=
0.9} -
. = s
| e ]
b I g [
lw lg
I I
N 0.8 |2 5 ENE
- 15 E
E < 2
. g B B
@ i
0.7 +° ~ S h:
| | I
| | |
| I I
| | I
0.6 1 1 1 .
-1 0 1 2
q

Fig.14. Plot of ¢ - r plane: Model III.
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parameters and spacial curvature components. For different models of DE, we have

different evolutionary trajectories in r-s plane as for (r, s) = (1, 0) we obtain

ACDM model and (r, s) = (1, 1) relates to SCDM model. The statefinder

parameters (r, s) for our VRDE models I, II and III are obtained as
Ly +24m)@em=6y) 2y

(2+m)2 T 24m (71)
2m
r=1- sech?(kt+ky); s= ,
m+2) C (m+ 2) (cosh? (ky+ k; )~ 2m— 4) (72)
Im 2 2m
r=1-———-sech (k t+k ); s = )
(2 T (e 2 cosh? (k) 2m— 4) (73)

The trajectories of r-s and ¢-r planes are plotted to evaluate different DE models.
The quantities g, r and s are model independent because they depend only on
a and its derivatives of higher order. Hence this approach doesn't need under-
standing of gravity theory. Here, the steady state (SS) model is represented by
(g, »=1(-1, 1) and the SCDM model is represented by (g, r) = (0.5, 1).

To understand the phase transition of the Universe, we have constructed the
plots of r-s and ¢g-r planes. Fig.11 and 12 represent the statefinder pair (7, s)
for models II and III respectively. It could be interpreted from these figures that
the models start their evolution from the quintessence and phantom region and
reaches the ACDM model (for r=1, s=0). Fig.13 and 14 for models II and
III respectively are the plots of g-r plane. It can be seen from the figures that
the path of ¢g-r plane shows a signature change from negative region to positive
region i.e., the trajectories are traveling from radiation dominated era, passing
through the matter dominated region and transition line then reaching the de-
sitter phase of the cosmos.

* EoS parameter: To classify the phases of the inflating cosmos, viz. transition
from decelerated to accelerated phases containing DE and radiation dominated eras,
the EoS parameter ®, can be broadly used, whose expression is given as
Ou = Pue/Pae - 1t categorizes various epochs as follows:

Decelerated phase:

- stiff fluid o, =1,

- the radiation dominated phase 0<w, <1/3 and

- dust fluid phase or cold dark matter o, =0.

Accelerated phase:

- the quintessence phase —1<w, <-1/3,

- cosmological constant/vacuum phase ®, =-1 and

- quintom era and phantom era o, <-1.

The EoS parameter for the obtained models are given by
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— q)9
Oge = 96(tc1 +c, )rtcl (2 + m)(x(m— 327+ 2) ’ (74)
— (I)l()
Wge = 4 . 4 5 ' s (75)
K sinh® (kyt-+ & oLk, (me+ 2)(= 3/2 -+ (m+ 2)cosh? (ky 1+ k4 ) sin
D 2
1 (76)

®,, = .

“ k2 sinh® (kyt+ kg Yok (me 2)sinh y(-3/2 + (me+ 2)cosh? (kyt+ )

Fig.15 represents the plots of EoS parameter o, against redshift z for three
models respectively with various values of ¢, ¢,, k,, k;, k,, and k.. Here, we observe
that from the Fig.15 for model-1, the trajectories of ®,, travel from quintessence
to phantom region, by crossing the phantom divided line, showing the quintom
like behavior of the Universe and whereas, for model II and III, it is observed
that the path of o, completely varies in the quintessence region representing the
quintessence nature. Planck collaboration data 2018 given by [113] for the EoS
parameter, are consistent with the results of our models, where the limits of EoS
parameter are given as follows:
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031 Fig.15. Plot of EoS parameter o,
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0.60
~1.56*0%
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~1.58%031

(Planck +TT + lowE)

(Planck + TT, EE + lowE)

(Planck + TT, TE, EE + lowE + lensing)
(Planck + TT, TE, EE + lowE + lensing + BAO).

()] =

57080

~1.047315

®, - o, plane: Cadwell and Linder [114] have suggested the o, - ®),

plane (where ' signifies differentiation w.r.t. In a) to interpret the accelerated

expansion regions of the cosmos and to analyze the quintessence scalar field for

the first time. For various values of ®,, and o/, , the plane describes two distinct

areas. The plane is described as the thawing zone for o), >0 when o, <0 and

the freezing region for ®), <0 when ®, <0. Also, the ), expression for
models I, II and III is given as

O = 2 77
de 96(tc, + ¢, Jue, (2 + m)a(m—3/2y +2) (77)
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0);1 — CD13 ,
K2 sinh® (k4 ks ) mouk? (m+ 2 sin ycosh(kyt+ & (- 3/2.+ (m+ 2)cosh? (ke + )|~ 7S

W= = .
k2= 3/2+ (- 2)cosh (kyt+ ke ) &2 sinhi*(kyt-+ kg Jmomt 2 sinhy coshlkyr+ kg) ()

Fig.16 depict the plots of ®, -/, plane for all three models with various
values of ¢, ¢, k,, k,, k,, and k,, respectively. It is observed that for models I
and 11, the o, -®), plane is mainly characterized in freezing region (o), <0,
®,4 <0); whereas for model-111, the trajectories vary in both the freezing and
thawing region. Ultimately, the trajectories in the above mentioned figures rep-
resent the current cosmic expansion in an accelerated manner.

* Om-diagnostic: To discriminate among different phases of the Universe viz.
the ACDM for non-minimally coupled scalar field, quintessence model and
phantom field, through the trajectories of the curves; a tool introduced by Sahni
et al. [115], called as om-diagnostic, plays a vital role. The trajectories of Om-
diagnostics determine different eras, such as, a positive trajectory determining
phantom DE era, whereas the negative trajectory indicates the quintessence DE.
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£ - Fig.17. Plot of Om(z) versus redshift z.
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The om-diagnostics is defined as
H(z)-H}
Hg((uz)3 —1) '
Hence, for models I, 1T and IIT we obtained the Om(z) expression as
e (m+2) x 2ym/(m+2) 2v/(m+2)(1 n Z)ﬁv/(m+2) —9H? agy/(m+2)

9 Hzal "1+ 2) -1 ’ 1)

(m+ 2) k2 (kz 6/(m+2)+ k2 (1 + 2)6/(m+2) 2mf(m+2) (siny>6/m(m+2))_ 9k12ag/(m+2)H§

9Kz "2 (1+2) -1)
(

Om(z) = (80)

Om(z)

Om(z)=

" (82)

(m N 2) kz(kf g/(m+2) + kz(l JrZ)é/ (m2) 2m/(me2) (510 )6/m (m+2) ) 9 kfag/(mz) 1?2
9k2af (142 1)

The plot of Om(z) against redshift z for all three models are depicted in
Fig.17. It can be seen that the trajectories of the parameter in all three figures

Om(z)

> (83)
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differ in the negative region, showing the behavior as quintessence DE.

* Stability analysis: To examine the stability of any DE model, we utilize the
squared speed of sound vf. The models with vf, <0 show unstability where as
models with vf >0 show stability. Hence, the vf is determined as follows [116]:
2 _ Pae

’ pde

where p, and p, are the differentiation of pressure and density of DE w.r.t.
cosmic time ¢ respectively.

The squared speed of the sound for the models I, II and III is given by

2 cDIS

v : (84)

Ve 576(tc,+ ¢y )y (m=3y/2 +2)c,(2+ m)a”’ (85)

Vi = 2P +Pyy) 6

k) sinh® (kyt+ ky ) mouk, (me+ 2)(2 m+1)sin y cosh(k,z+ k3 ) ’ (86)
20

vi . (87)

k3 k2 ma(m+ 2)(2m+1)sinh ysinh® (k,t+ kg Jcosh(kt+ kg )

To determine the stability of the obtained models I, II and III, the squared
speed of sound vf, against redshift z is plotted in Fig.18 for the values of ¢,
¢,, k,, k;, k,, and k, respectively. The models represent an unstable behavior of
the Universe as the trajectories are varying in the negative region.

5. Conclusions. In this paper, we have analyzed the field equations of BDT
for VRDE in Ruban's space-time. After the evolution of the field equations to
acquire the scale factor and other cosmological parameters, three possibilities are
identified for x« as 0, 1 and -1. For all three obtained models, we have plotted
the trajectories for various parameters against redshift z to scrutinize the behavior
of the cosmos.

The constructed models which are mentioned in Egs. (24), (36) and (48) are
anisotropic and expanding as t—>o . The DP ¢ of the models for k=1 and
-1 traverse from the decelerated phase of the past to the accelerated phase of the
present. The jerk parameter of the models with k=1 and -1 traverse in the
positive region and j—1 in near future as z — 0. However, for model I, the
DP and the jerk parameter are independent of time. For models II and III, the
statefinder pair has ACDM region and also has quintessence and phantom regions
in their transition, whereas for model I, the pair (7, s) is independent of time. The
trajectories of ¢-r plane shows a signature change from negative region to positive
region (i.e., the trajectories are traveling from radiation dominated era to matter
dominated region) and finally reach the de Sitter phase of the Universe. The EoS
parameter for k¥ =0, the Universe shows quintom-like behavior, as the path of o,
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travel from quintessence to phantom region, and for k =1 and -1, it represents
the quintessence nature by completely varying in quintessence region. The o,, - ®),
plane for the models I and Il has mainly characterized in freezing region and
for model III the trajectories differ in both freezing and thawing regions. Even-
tually, by the analysis of o, - ®), plane we can conclude that the expansion of
the cosmos, in the present times, is in an accelerated manner. The trajectories
of the square speed of sound v? vary in the negative region depicting an unstable
behavior of the Universe. And finally the study of Om(z) diagnostics says that
the DE models represent the quintessence behavior, as the three models have the
negative values of Om(z). Therefore, our models show an anisotropic behavior
with the accelerated expansion phenomenon, justifying the ongoing research
around the globe.
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KOCMOJIOTUYECKUE MOJEJIU BA3KOW TEMHOM
OHEPIT'MNU PNUYYU B TEOPUU BPAHCA-IIUKKE

M.B.CAHTH!', T.YUHHAIIINAJIAHAWAY!?, C.LI.MAIOXY!

CraTbhsl MOCBMIIEHA aHAIU3Y KOCMMYECKON MOIEIN MPOCTPAHCTBA-BpeMEHU
PyGana B KoHTeKcTe BO3AEHCTBUSI OObeMHON BSI3KOCTU B (hOpME TEMHOI SHEPruu
Pruyuyu B pamkax teopum bpaHca-/Iukke. MBI cuuTaeM, YTO BHEIIHUI KOCMOC
3al0JIHEH TeMHOUM Matepueid U BsI3KOWM TemMHoU »Hepruei Puuyuum (VRDE) B
YCJIOBUSIX OTCYTCTBUS AaBieHus. [Ipenmonaraercsi, YTO CKOPOCTb U PaCIIUPEHUSI
BceneHHoil mponopiliMoHadbHbl KO3MGUIMEHTY o0lIeif 0ObEeMHOU BSI3ZKOCTH,
KOTOpBIit uMeeT BUL &, +& dfa+&,dfa, toe &,, & u &, - KOHCTaHTHL. st
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pellieHus1 ypaBHeHuit nosst Moaenu RDE ucnonb3oBaHa CBSI3b MEXIY METPUYECKUMU
MOTEHIMalaMU, a TaKXe CTelEHHOE OTHOIIEHUE MEXIy CPeIHUM MaclITaOHbIM
K03 GUIIUEHTOM a(f) U CKaISIpHBIM TiojieM ¢ . [ M3ydyeHus 3BOJIOLMOHHOMN
IuHaMUKU BceneHHOU WcciaepoBaHbl W MpeacTaBieHbl B rpadUyeckoM BUJE
rapaMeTphl 3aMeUIeHUs ¢, MapaMeTp pbIBKaA j, TapaMeTp YpaBHEHUSI COCTOSIHUS
0,4, Om(z), CTaOWIBHOCTb IOJIYYEHHBIX MOZEIEH C IOMOIUBIO IUArPAMMBI
"KBaIpaT CKOPOCTHU 3BYKa V>, ® de - Ol » AMATPAMMBI TTAPAMETPOB OINPEACTUTENS
cocrosaHust (r, s) u (g, r). 3akmoueHo, yto Moaeab VRDE coBmecTuma c
HBIHEITHNM YCKOPEHHBIM paciipeHreM BceneHHOIM.

KntoueBwie cinoBa: mempuxa Pybauna: meopus bpanca-/lukke: éa3xocmo: memnas
9Hepeus: memras sHepeus Puyuu
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