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CLASSIFICATION OF FLAT SPECTRUM RADIO
QUASARS BY OPTICAL ACTIVITY TYPES
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We have carried out a spectral classification by the activity types for a subsample of blazars
from the BZCAT v.5 Catalogue, namely the Flat Spectrum Radio Quasars (FSRQ) candidates,
designated in the catalogue as BZQ subtype objects. The classification is based on the Sloan Digital
Sky Survey (SDSS) homogeneous medium-resolution optical spectroscopy and along with the
standard BPT-type diagnostic diagrams, we have applied our newly introduced fine classification
scheme with subtypes of quasars and considering many more features. Out of 1909 BZQ objects,
618 having SDSS spectra were classified, resulting in 445 broad-line QSOs, 19 narrow-line QSOs,
138 broad-line Seyferts, 8 narrow-line Seyferts, and 2 Emission-line galaxies without a proper
classification. We have calculated the absolute magnitudes and luminosities for all objects to
distinguish QSOs from Seyferts, as defined by the Catalogue of QSOs and Active Galaxies, -22".25
separation limit. This way 148 objects changed their BZCAT subtypes between BZQ to BZG, and
also 6 BZQ objects to BZU.

Keywords: radio quasars: activity type: classification

1. Introduction. Among the Active Galactic Nuclei (AGN), the most
interesting are blazars with combination of two subtypes: a) BL Lac (BLL) objects
and b) special types of quasars (QSO): Optically Violent Variable (OVV) and
Highly Polarized Quasars (HPQ). A blazar is characterized as a very compact
quasar, associated with a presumed Super Massive Black Hole (SMBH) at the
center of an active giant elliptical galaxy. Blazars are the most energetic objects
in the Universe [1]. The object BL Lac was originally discovered by Hoffmeister
[2] as a variable star, and later it was identified by Schmitt [3] as an extragalactic
source, and BL Lac type objects were assigned as one of the AGN types. They
are characterized by significant optical variability, optical continuous spectrum
without or with very weak absorption or emission lines, and they have radio
emission. Their radio emission is typically also variable and polarized.

Massaro et al. [1] presented the blazar catalogue BZCAT v.5, where the objects
are divided into 4 types: BZB (Lacertids, BL Lac or BLL), BZQ (Quasars, namely
Flat Spectrum Radio Quasars, FSRQ), BZG (Galaxies), and BZU (Undetermined
class). Table 1 shows the distribution of the types of blazars from the BZCAT
catalogue.
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Table 1

DISTRIBUTION OF THE TYPES OF BLAZARS FROM
BZCAT CATALOGUE

N Type Number %

1 BZB BL Lac 1151 323

2 BZG Galaxies 274 7.7

3 BZQ Quasars 1909 53.6

4 BZU Unclassified 227 64
All 3561 100.0

In our earlier papers we studied and classified BZU and BZG objects [4,5].
This paper is devoted to detailed spectral classification of type BZQ blazars from
the BZCAT catalogue, the most numerous group. We aim at classifying all objects
by activity types, as well as rearranging BZCAT types to have more homogeneous
grouping.

2. Studied data. For our investigation, we have selected BZQ objects from
BZCAT catalogue. We have picked out 1909 QSO candidates from Table 1, which
make up our investigation data. 618 out of the 1909 BZQ objects have optical
spectra in the SDSS [6]. For these objects we have carried out a detailed
classification using the SDSS spectra.

Using the data from various catalogues and data bases VCV-13 [7], NASA/IPAC
Extragalactic Database (NED) and SDSS [6], we have clarified the optical classi-
fication of these objects prior to our classification. We list these data in Table 2.

As it can be seen from Table 2, some objects do not have detailed optical
classification, e.g., some were classified as galaxies because in optical images they
have an extended shape. The table presents optical classification for all BZQ objects
from SDSS, VCV-13 catalogues and NED database.

The measurements of the SDSS spectra are very often based on lines at the
noise level and of low quality. As a result, automatic measurements lead to some
misclassification. Thus, it is necessary to carefully check the spectra at all
wavelengths and to decide which measurements should be used for further study.
The lines which are used in the diagnostic diagrams are especially important ( Hj3,
[OI11] 5007 A , [OI] 6300A , Ha, [NII] 6583 A, and [SII] 6716+6731A) [8].

3. Optical classification for activity types. Mickaelian et al. [9] have
introduced a new optical classification scheme (https://www.bao.am/activities/
projects/21AG-1C053/mickaelian/). In this paper we have carried out optical
classification using this method. To guarantee the best accuracy and consider all
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Table 2

DISTRIBUTION OF TYPES OF OPTICALLY CLASSIFIED BZQ
OBJECTS FROM BZCAT CATALOGUE

Classes/Subclasses SDSS images | VCV-13 | NED

S1/S1.0 - 25 10
S1.2 - 6 3
S1.5 - 6 2
S2 - 2 -
Sin - 5 1
S? - 1 -
BL - 5 3
QSO - 499 102
HP QSO - -

BAL QSO - - 10
HP (High Optical Polarization) - 17 -
AGN - 23 2
Galaxy 27 - 5
Star 591 - -
Flat-Spectrum Radio Source (FSRS) - - 459
Gigahertz-Peaked Sources (GPS) - - 3
Total 618 589 601

possible details, we classify the objects in several ways and then consider all
obtained types and subtypes:

- By the 1st diagnostic diagram (DD1) using line intensity ratios [OIII]/HB
vs. [OI]/Ha.

- By the 2nd diagnostic diagram (DD?2) using line intensity ratios [OHI]/HB
vs. [NII}/Ha .

- By the 3rd diagnostic diagram (DD?3) using line intensity ratios [OIII]/HB
vs. [SII]/Ha .

- By comparison and using the Ist, 2nd and 3rd diagnostic diagrams
simultaneously.

- By eye (considering all features and effects). Very often, the diagnostic
diagrams do not give full understanding for all objects and only eye can reveal
some details.

For these objects in the spectra, the lines Ha and HB were mainly absent
(due to redshifts), so we made a classification only by the visual method.



8 A.M.MICKAELIAN ET AL.

Table 3

CLASSIFICATION OF BZQ OBJECTS USING THE SDSS SPECTRA

Classification Number %
QSO 348 56.31
QSO01.0 28 4.53
QSO01.2 41 6.63
QSO01.5 26 421
QSO01.8 1 0.16
QSO01.9 1 0.16
NLQI1.0 3 0.49
NLQI1.2 10 1.62
NLQI.5 6 0.97
S 86 13.92
S1.0 10 1.62
S1.2 12 1.94
S1.5 20 3.24
S1.8 7 1.13
S1.9 2 0.32
S2.0 1 0.16
NLS 1 0.16
NLS1.0 1 0.16
NLS1.2 2 0.32
NLS1.5 4 0.65
Em 2 0.32
Star 1 0.16
Unknown 5 0.81
Total 618 100.00

In Table 3 and in Fig.1 we show our spectral classification for 618 BZQ objects
using the SDSS spectra. It is clear from Table 3 and Fig.2 that these objects are
mostly classical QSOs (about 56.31%) and other QSO subtypes (almost 17.8%).

After our new classification, 327 (52.91%) of 618 have not changed their
optical class, and 291 (47.09%) of these objects have changed their optical class.

Table 4 shows our detailed classification of the 10 BZQ objects using the SDSS

spectra (the full list will be available in electronic form in VizieR).
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Fig.1. The new classification of the BZQ objects using the SDSS spectra.

Table 4

LIST OF THE 10 BZQ OBJECTS CLASSIFIED USING THE SDSS
SPECTRA (the full list will be available in VizieR)

BZCAT name Old class New class M L
BZCAT | SDSS | VCV-| NED | Activity |BZCAT| SDSS [x10" L,
13 type class r

SBZQ J1254+1141 | BZQ | Star | QSO | FSRS | NLQI.0 | BZQ | -24.94 | 309.61
SBZQ J0059+0006 | BZQ | Star | S1.5 |Sy 1.5 | NLQI.2 | BZQ | -23.98 | 128.48
SBZQ J0948+0022 | BZQ | Star | Sin | FSRS | NLQL.5 | BZQ | -22.78 | 42.36
SBZQ J1105+0202 | BZQ |Galaxy| AGN | FSRS | NLS1.2 | BZQ |-22.05 | 21.75
SBZQ J1644+2619 | BZQ |Galaxy| Sin | FSRS | NLSL.5 | BZQ |-21.10 | 9.00
SBZQ J1252+6451 | BZQ |Galaxy| SI1 | Sy 1 S1.0 | BZG | -22.23 | 25.57
SBZQ J2308+2008 | BZQ | Star | QSO | FSRS | S1.5 | BZG |-22.22 | 25.32
SBZQ J1631+4927 | BZQ |Galaxy| AGN | FSRS | S1.8 | BZG |-22.20 | 24.76
SBZQ J0748+2400 | BZQ | Star | HP | FSRS S2 BZG | -22.07 | 22.00
SBZQ J1506+3730 | BZQ |Galaxy| S2 | FSRS | S1.8 | BZG |-20.19 | 3.89

4. Absolute magnitudes and Iluminosities. Having information on
magnitudes from SDSS, we have calculated absolute magnitudes for BZQ objects
using Eq. (1).

M =m+5-5logL— f(z)—Am(z), (1)
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where L is the luminosity distance as defined by [10]:

L:MI[(1+2)3QM+QATO'SLZZ Q)
Hy =+
z is the redshift, f=2.5(1-z)"" the k correction, Am(z) is a correction to k
considering that the spectrum of quasars is not strictly a power law of the form
Scv® (a=-0.3, [7]).
The following values were taken for the cosmological constants in the calcu-
lations:

Q,, =029, Q, =071, H,=7lkms"/Mpc.

Having absolute magnitude, we counted luminosities for BZQ objects from
blazars catalogue using Eq. (3).

L=2512""M [ (3)

where Ly and M are the luminosity and the absolute magnitude of the Sun
(Lg =3.83-10% erg/s, Mg =4.83). Data on absolute magnitude and luminosity
can be found in Table 4.

Some objects, at the beginning, using only optical spectra, were classified as
Seyfert type, but after the calculation of absolute magnitudes we changed their
class, if their absolute magnitude is smaller than -22.25 (the luminosity is higher).
As a result, 1 NLQ changed to NLS, 1 NLQ1.0 changed to NLS1.0, 1 NLQ1.2
changed to NLS1.2, 3 NLQI1.5 changed to NLS1.5, 8 QSO changed to S
(Seyfert), 9 QSO1.0 changed to S1.0, 12 QSOI1.2 changed to S1.2, 19 QSO1.5
changed to S1.5, 7 QSO1.8 changed to S1.8.

5. Results. We selected BZQ objects from BZCAT catalogue (Table 1). 618
of the 1909 BZQ objects have optical spectra in the SDSS. For these objects we
have carried out a detailed classification using the SDSS spectra. In this paper
we have carried out optical classification using method given by [9]. Our optical
classification results are given in Table 3 and 4.

In Table 3 and in Fig.1 we show our spectral classification for 618 BZQ objects
using the SDSS spectra. It is clear from Table 3 and Fig.2 that these objects are
mostly QSO (about 97%). 432 (69.9%) out of 618 have not changed optical class,
only 186 (30.1%) of these objects have changed their optical class.

Some objects changed their class after estimation of absolute magnitudes
(-22.25 limit between QSOs and Seyferts). As a result, 1 NLQ changed to NLS,
1 NLQI1.0 changed to NLS1.0, 1 NLQI1.2 changed to NLS1.2, 3 NLQI1.5 changed
to NLS1.5, 86 QSO changed to S (Seyfert), 9 QSO1.0 changed to S1.0, 12 QSO1.2
changed to S1.2, 19 QSOI.5 changed to S1.5, 7 QSO1.8 changed to S1.8.

Having this new information on the optical classification we suggest to change
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the classification of some objects in BZCAT, given by [1]: for 148 BZQ objects
to BZG and for 6 BZQ objects to BZU (1 object classified as "star”, 5 objects
classified as "unknown").
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KITACCUOUKALIMA PAINOKBA3APOB C
[NIOCKUM CIEKTPOM 10 TUIIAM
OIITUYECKOU AKTUBHOCTHU

A.M.MUKAEJIAH, A.B. ABPAMAH, I'M.ITAPOHAH,
I'AMUKAEJAH, AT.CYKNACAH, B.X.MKPTUAH

IIpoBeneHa criekTpajibHasI KiaccUUKaus KaHAWUIATOB B PamMOKBa3aphl C
ockum criektpoMm (FSRQ) u3 karanora BZCAT v.5, 0603HaueHHbIe B KaTajiore
Kak 00bekThl oaTuna BZQ. Kiaccudukaiiusg ocHoBaHa Ha ONTUYECKOM CIIEKTPO-
CcKoIuu cpeaHero paspelneHus CiioaHOBCKOro Hu@poBoro o63opa Heba (SDSS),
1 Hapsioy cO CTaHIAPTHLIMU JUArHOCTUUECKMMM auarpamMamu BPT-tuna npumeHeHa
HeIaBHO BBEIICHHAS aBTOPaMM CXeMa TOHKOM KiTacCH(UKAIIMK C TIOATUIIAMU KBa3apoB
U y4eTOM MHOrux Apyrux ocobeHHocteit. M3 1909 BZQ 006beKTOB Kiaccuduiim-
poBaHbl 618, KoTOpeie MMeEIOT creKTpbl SDSS, B pesyibrate yero mmeeM: 445
KBa3apoB C LIMPOKUMU JMHUAMU, 19 KBa3apoB ¢ y3kumu JuHusMu, 138 CelicdepToB
C LIMPOKUMU JUHUSIMU, 8 CelihepToB C Y3KUMM JIMHUSIMU U 2 DMUCCUOHHBIE
rajlakTuky. PaccyuTaHbl abCONIOTHBIE 3BE3IHbIE BEIWYMHBI M CBETUMOCTU JUIS
BCeX O0BEKTOB, UTOObI OTIMYUTH QSO OT ceilepTOBCKMX TajlaTMK, KakK 3TO
OITpenesIcHO KaTaJoroM KBa3apoB M aKTUBHBIX TAJIAKTUK C TIPEACIIOM pa3neIeHUs
-22™25. B pesynbrare, 148 o6bekToB M3MeHWIM cBoil BZCAT moarum mexmy
BZQ u BZG, a 6 oonexroB ¢ BZQ na BZU.

KrtoueBblie cinoBa: paduokeasapwl: mun aKmueHoCmu: KAAccugukayus
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dotomeTpuyeckre U crieKTpaibHble HabmoaeHus 7 3Be3n WC u WO nocnenoBaTebHOCTEN
BoinoHsuiuch B AOU®D B 2021-2022rr. Ha ocHOBe MpoBeaeHHBIX HAOMIOAEHUI MOTYyYeHbl OLEHKU
6necka o0bekTOB B (punbTpax BVRc M abcosoTHBIE MOTOKM M3JYYyeHUs] B OMUCCUOHHBIX JIMHMSIX.
3apervcTprpoBadbl M3MeHeHus 6necka WR 121 B mpemenax 07.1 - 0™.15. M3MeHeHUsT MTOTOKOB B
SMUCCHOHHBIX JIMHUSIX OOHapyKeHBbI B CIEKTpaxX HeCKOJIbKMX o0bekToB: WR 4, WR 5, WR 121
n WR 128.
KntoueBbie cioBa: nepemennvie 36e30vl: Boavgha-Paiie 36e30vb1: homomempus:

cnekmpogomomempus

1. Bsedenue. ®oroMeTpruecKue YW CIEKTPAJIbHbIE HAOIIONEHMS TPYIIIbI
3Be3n Bombda-Paiie BEmMomHIMCE B AcTpodm3mdeckoM WHCTUTYTe M. B.I.Mecen-
koBa B 2021-2022rr. Lleab paGoThl - ITOUCK CIIEKTPaJIbHONM M (POTOMETPUYECKOI
aKTUBHOCTU 3TUX O0BEKTOB. B mporpammy HaOMOAEHUI BKJIIOUEHBI 3BE3/bI
YMEPEeHHOU SIPKOCTH, GOJIBIIMHCTBO M3 HUX ciabee 10™ B dwibrpe V. B manHoit
CTaThe TMPUBOIATCS Pe3yJbTaThbl, MojayyeHHble nis1 3Be3n WC u WO nocneno-
BateabHOCTe. CNMCOK 00BEKTOB (Tab.1), onucaHue HabOAeHU U 06paboTKuU
JIAaHHbIX MIpUBeAeHbI B paznese 2. B pasnene 3 npencraBieHbl pe3yabTaTbl: OLIEHKHU
BVRc, N0TOKOB M31y4eHUSI B 9MUCCUOHHBIX JIMHUSAX U 9KBUBAJEHTHBIX IIUPUH
npocpuneit tuHui. O0CYyXaeHUE MOJyYEHHbIX JAaHHbIX MPEICTaBIeHO B pa3nene 4.

2. Habawdenus u obpabomka odauubix. CrieKTpajbHble HaOIIOICHUS
npoBoawauch B 2021-2022rr. Ha 0.7-m Teneckomne A3T-8, ycTaHOBIEHHOM B
O6cepBatopun Kamenckoe Ilnaro Acrpodusmyeckoro mHeturyta um. B.I.Decenkosa
(ADUD). Ucttonb3oBaics criekTporpad ¢ audpakmnoHHoi pemeTtkoit 400 mTp/
MM, IMprHa BxomHo# mmenm 10". B kadgectBe metekTopa mcmnoib3oBanrach [13C-
kamepa SBIG STT-3200 (2184x 1472, 6.8 Mkm). PoTOMeTpUYECKHE HAOTIOACHUS
BBHIITOJIHSUIMCH Ha 1-M Teneckome Carl Zeiss Jena, pacnonoxeHHOM Ha TSHB-
Illannckoit acrpopmsndeckoit odocepBaropun (TLILIAO) ADPU®D. Mcmonab3oBaics


http://doi.org/10.54503/0002-3051-2024.77.1-13
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Tabauya 1
CIITMCOK MCCIEAYEMBIX OBPBEKTOB

HasBanne Sp o (2000) 5 (2000) Hpyroe
o0beKTa Ha3BaHUe

WR 4 WC5+? 02 41 11 56 43 50 HD 16523

WR 5 WC6 02 52 12 56 56 07 HD 17638
WR 121 WC9D 18 44 13 -03 47 57 MR 90
WR 125 WC7ED+O9III 19 28 15 19 33 21 MR 93
WR 142 W02 20 21 44 37 22 30 [KW97] 45-49
WR 143 WC4+0B? 20 28 22 38 37 18 HD 195177
WR 154 WC6 22 27 18 56 15 12 HD 213049

Habop ¢wibTpoB Astrodon BVRc. bonee mnoapobHoe omnucaHue mnpouesypbl
HabJoJeHU 1 00pabOTKM JAaHHBIX MpeIcTaBiAeHbl B mepBoil yactu [1].

3. Iloayuennvie pe3ysbmamoi. B Hally mporpaMmy HMCCIEIOBaHUN OBLIO
BKTIoueHo 6 3Be3n WC TmociemoBaTeIbHOCTH M omHa 3Be3ma WO. PesynbTarhl
(potomerpuueckux HabmoneHuit 3Be3n WC u WO nmanbl B Ta6ia.2. B nepBom
cToiblie yKa3aHO Ha3BaHME O00bEeKTa, ero Kjaccudukauus U oaeck B puabTpax B
n V u3 actpoHoMmyeckoit 0a3pl maHHBIX SIMBAD. Ilocienyromine cTOJIOIBI
colepKaT AaThl, IoJIMaHcKue aaThl U 3HadyeHuss BVRc.

Tabauya 2
OLHEHKHW BJIECKA 3BE3d WC 1 WO
HaszBanmue oObekTa Hara JD-2400000 B \% Rc
Ha0ONEHUIA
1 2 3 4 5 6
2021-01-27 59242.13 9.98+0.06 | 9.88+0.05 | 9.2840.07
WR 4 WC5 2021-11-22 59541.29 9.98+0.05 | 9.88+0.06 | 9.2510.06

B=10.34 V=9.99 [2] | 2021-12-01 59550.23 9.99+0.06 | 9.88%+0.05 | 9.32+0.05
2022-01-27 59607.08 9.99+0.05 | 9.88+0.06 | 9.25+0.05
2022-02-04 59615.07 9.99+0.06 | 9.88+0.06 | 9.31+0.06

2021-11-22 59541.29 | 10.61£0.03 | 10.23+0.08 | 10.28+0.11
2021-12-01 59550.24 | 10.62%0.02 | 10.30+0.05 |10.35+0.10

WR 5 WC6 2021-12-09 59558.26 | 10.58+0.02 | 10.24+0.05 | 10.1910.11
B=10.86 V=10.41 [4] | 2022-01-27 59607.13 | 10.58+0.03 | 10.25+0.08 |10.14+0.09
2022-02-04 59615.12 | 10.61£0.02 | 10.24+0.07 | 10.16+0.09
2022-11-27 59911.14 | 10.64%0.01 | 10.2940.06 |10.18+0.00

2022-06-18 59380.35 | 13.39£0.02 | 11.84+0.06 |11.53%0.10

WR 121 WC 9 2021-07-23 59419.22 | 13.30+0.08 | 11.8440.05 | 11.53+£0.09
B=13.34 V=11.98 [3] | 2021-07-31 59427.24 | 13.200.04 | 11.77£0.06 | 11.43+0.08
2022-04-28 59698.33 | 13.24%0.04 | 11.80+0.05 | 11.52+0.01
2022-05-23 59719.41 | 13.304+0.03 | 11.814+0.04 | 11.52+0.04
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Tabauua 2 (Okonuanue)

1 2 3 4 5 6

2021-09-06 59464.27 | 14.34%0.09 | 12.74+0.03 | 11.86+0.01
WR 125 WC 7+09111 | 2021-07-24 59420.38 | 14.34%0.07 | 12.76x0.03 | 11.90£0.08

B=14.83 2022-06-05 59736.27 | 14.32%0.09 |12.76+0.04 | 11.8710.02
2022-12-02 59917.03 | 14.2710.08 | 12.74+0.02 | 11.94+0.02

2021-08-10 59437.23 | 14.38%0.02 |12.90+0.01 | 12.62+0.01

WR 142 WO 2 2021-09-01 59459.26 | 14.3710.02 |12.90+0.01 | 12.62+0.01
B=14.39 V=12.99 [5] | 2021-10-07 59495.09 | 14.36%0.02 |12.9110.04 | 12.60£0.01
2022-11-10 59894.06 | 14.34%0.01 |12.95%0.04 | 12.5710.01

WR 143 WNS5+O5V-III | 2021-07-25 59421.28 | 12.59%0.04 | 11.45+0.04 | 11.8610.01
B=12.67 V=11.46 [4] | 2021-09-03 59461.32 | 12.58+0.04 | 11.4610.09 | 11.8610.01

2021-10-12 59500.29 | 11.04+0.06 |10.99+0.04 | 10.67+0.06
2021-11-05 59524.16 | 11.09£0.05 | 11.02+0.04 |10.79+0.06
2021-11-21 59540.08 | 11.08%0.05 |11.03+0.03 |10.76x0.06
2021-12-01 59550.15 | 11.08%0.05 | 11.02+0.03 | 10.67+0.09

WR 154 WC 6 2021-12-16 59565.03 | 11.09+0.05 | 11.03+0.03 | 10.81+0.06
B=11.71 V=10.99 [3] | 2021-12-29 59578.12 | 11.08%0.05 | 11.031£0.04 | 10.76+0.06
2022-01-21 59601.07 | 11.08%0.05 | 11.08+0.06 | 10.81+0.06
2022-01-27 59607.07 | 11.07£0.05 | 11.07+0.06 |10.76x0.06
2022-11-27 59911.13 | 11.08%0.05 | 11.08+0.06 |10.74+0.06
2022-12-02 59916.06 | 11.08%0.05 |11.07+0.06 |10.7210.06

WR 4 (HD 16523). 310t 06bekT npuHamiexkxur WC5+? tumy. @oromeTpryeckast
MEePEMEHHOCTD C IepuoaoM P=4.3 nHs Obula 0OGHApyXeHa aBTopaMu paboThI [6].
3aperucTpupoBaHHbIe U3MEHEHUST Mpoduieli SMUCCUOHHBIX JUHUI B Tpenesax
(~1.2%) okazanuch HEIOCTATOUHBIMU ISl BKIIIOUEHUSI OOBEKTA B CIIMCOK KAHIUIATOB
tuna CIR [7]. JIBoiicTBeHHas1 mpupoaa oObekTa Obula MOATBEepKAeHa B padbote [8].

CpaBHeHME HaIIMX Pe3yJIbTaToB, MonydeHHBIX B 2021-2022rr., ¢ maHHBIMHA
KaTajiora [2] TokKaszaso yBeJIWdeHUe SIpKOCTH oObekTa B ¢umiabrpe V Ha 0™.3. B
Ta6,1.3 1 3a MPUBOAATCS 3HAYEeHMsl aBCOTIOTHBIX MOTOKOB B IKane 1072spr/cm’c
1 9KBUBAJEHTHBIX LIMPUH 3MUCCUOHHBIX JUHUNA. TOYHOCTb ompeaeaeHust ITUX
rmapameTpoB cocrapisieT 15-20%.

3aperucTpupoBaHbl BOJIHOOOpa3Hble (hIyKTyallMM 3MUCCUOHHBIX MOTOKOB B
koH1e 2021 - Havane 2022rr. DTU U3MEHEHUSI MOTYT OBITh CBSI3aHbI C OPOUTATILHBIM
BpallleHMEeM 3BE3IHBIX KOMITOHEHTOB 1, CIIEIOBATeIbHO, C BApHAINSIMUA MOIITHOCTH
3BE3THOTO BeTpa.

WR 5 (HD 17638). D10T 00BEKT OTHOCUTCS K TocienoBatesbHocT WC6.
M3MmepeHust TydeBbIX CKOPOCTEN He MOATBEPAWIM €ro ABOMCTBEHHYIO mpupoay [8].
[penpimyiime nccaenoBaHus MpoGuiIeii SMUCCMOHHBIX JTMHUM TaKKe He BBISIBUIN
MpU3HAKOB TepeMeHHocTH [7]. Hawm pesysbraTsl: motoku B mikaite 1072spr/cm’c



16

J.H.KOHIAPATBLEBA U N1P.

Tabauya 3

ITOTOKN M3INYYEHUA N SKBUBAJIEHTHBIE ININMPUHBI
DMUCCUOHHBIX JUHUN B CIHEKTPE WR 4

ITOTOKN M3JIYYEHUA N SKBUBAJIEHTHBIE ININMPUHBI
DMUCCUOHHBIX JIMUHUN B KPACHOW OBJIACTHU CIEKTPA WR 4

?»(A) Honsr| 2021.01.03 2021.12.10 2021.12.29 2022.01.27 2022.02.05]2022.10.12
Fabs | EW | Fabs | EW | Fabs EW | Fabs | EW | Fabs | EW | Fabs | EW
4619 CIII
CIV | 218 [1174]| 260 |1100 | 289 | 1156 | 321 |[1123| 323 | 964 | 239 |1065
4650
Hell
4780 o1v 2.7 16 | 2.8 10 4.4 19 4.0 15 3.0 10 | 2.4 | 11
ClV
4860 | Hell 20| 12 | 2.5 10 3.2 15 3.3 13 24 (9.1 ] 25 13
4930 | OV 2.6 11 2.5 12 2.8 11 2.9 11 | 2.0 | 11
5017 | CIV | 3.1 19 | 4.1 16 5.3 24 6.3 25 4.4 16 | 3.2 16
5280 | OVI 5.6 20 8.8 38 9.5 36 6.5 | 11
5411 | Hell 4.7 18 5.1 23 7.1 26 6.6 23 | 5.5 | 21
5469 | CIV 8.4 35 8.2 33 10 38 9.3 32
Hell
5595 CIV 10 37 14 54 15 56 15 46
Tabauua 3a

MA)|Honml| 2021.11.28 | 2022.11.01 | 2021.11.28 | 2022.11.01 | 2022.09.02 [ 2022.11.01
Fabs | EW |Fabs | EW | Fabs | EW | Fabs | EW | Fabs | EW |Fabs | EW
Hell
6560 CIV 23 | 110 | 21 103 19 103 | 23 110 | 21 | 103 | 19 |103
CIII
6744 cl 41 | 185 | 37 185 | 32 182 | 42 185 | 37 | 185 | 32 | 182
7060 | CIV | 26 | 129 | 27 135 | 23 128 | 26 129 | 27 | 135 | 23 | 128
PV e | 79 |39 |73 |45 |66 | 36 | 79 | 39| 73 |45 |66 | 36

U 3KBUBAJICHTHBIC ILIUPUHBI SMUCCUOHHBIX JIMHUW NIPUBEICHBI B Tab1.4. CpeZ[HHH

TOYHOCTH 3HaueHui cocrasiger 15-20%.

WR 121. 3Be3ma otHocutca K mocienoBaTeabHocT WCY9. Kak m MHorue
JIpyryue yriaepoaHble 3Be3bl IMO3IHUX THUIIOB, OHA MMEET IIbLJIEBYID OO0OJIOUKY,
KOTOpast MOXET BbI3bIBATh KOJICOAHMS YPOBHSI OJlecka 13-3a U3MEHEHMS TTONIOIICHUSI.
Hnsg WR 121 mogobHoe cobbiThe mpousonuio B 1990r. ABTropbl paboThl [§]
TIPEATONIOXKIIIN, YTO HabTiogaeMoe Toraa ociiabieHue 61ecka oobekTa Ha 0™.8 B
¢uapTpe V OBIIO BBEI3BAaHO OOpa3oBaHWEM ITBIJICBOTO 0OJaKa Ha Jiyde 3peHUs.
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Tabauya 4

ITOTOKM M3JIYYEHUA N SKBUBAJIEHTHBIE IINMPUHBI
OMUCCUOHHBIX JTUHUN B CHEKTPE WR 5

MA)| Homsr [2021.01.03 [2021.01.09 |2022.01.27 |2022.02.05| 2022.09.02| 2022.10.12| 01.11.2022,
Fabs |[EW |Fabs | EW | Fabs [EW| Fabs | EW | Fabs | EW | Fabs [EW | Fabs |[EW

4340 [Hell,CIV| 2.8 | 24

4444 (CIII,CIV| 2.8 |23

4515+

4540 CIII,Hell| 3.5 | 32 3.5 |25

4650

4686 CIV,Hell| 129 |1129 158 (965 168 |1120 128 [1100

4780 |CIV,0OIV| 1.5 |15 1.7 |11 | 1.7 | 11 1.7 | 15

4860 [Hell,CIV| 1.8 | 18 2.1 |14 22 | 14 1.9 | 16

4940| Hell 0.8 |8.5 1.2 89| 1.5 | 6.0 1.1 |6.0

5017 |CIV,Hel| 2.5 |25 27 (17 ] 3.0 | 19 2.5 |21

5260 |CIII,OIV 38 |21 | 5.4 | 38 3,5 |32

5411 [Hell,CIV 6.1 [ 34| 58 | 39 4.7 | 34

5460 CIV 5.8 [32] 64 | 43 5.2 |39

6560 |Hell,CIV 22 | 111 16 | 98 16 |115

6744 |CIII,CII 36 | 185 29 180 28 185

7060 |CIV,Hel 20 [ 112 17 | 120 16 |123

Bo Bpems Haitvx HabmoneHuit B 2021-2022rr. u3MeHeHus Ojecka He TpeBbILIaIn
0™.2 u 007 B ¢umpTpax B m V, coorBerctBeHHO. B Tabm.5 m 5a cobOpaHBI
pe3yabTaThl HAIMX CHEKTPAJIBbHBIX HAOMIOMEHUWI: IMOTOKM M3IYYCHUS B IIKale
10" apr/cM> ¢ ¥ SKBUBAJIEHTHbIE IIMPUHBI SMUCCHMOHHBIX JUHUI. TOYHOCTDH

Tabauya 5

[NOTOKH U3INYYEHUA U B5KBUBAJIEHTHLIE IIMPUHBI
OMUCCUOHHBIX JUHUM B CHEKTPE WR 121

X(A) Honnl 2021.08.11| 2022.05.08 | 2022.06.07| 2022.06.29 | 2022.07.16
Fabs | EW | Fabs | EW | Fabs | EW| Fabs | EW | Fabs | EW
4656 Clv 2.1 76 | 2.3 80 3.6 79 20 77 2.5 78
4686 CIV,Hell| 08 23 | 07 23 0.8 20| 0.6 22 09 23
4860 CIV,Hell| 03 10| 0.3 90 | 0.3 80| 02 8.2 0.2 8.2
4921 Hel 0.1 80| 0.2 79 | 03 82| 0.2 8.1 0.3 10
5016 CIV,Hel | 0.6 19 | 0.8 29 0.8 33 07 22 0.7 22
5141 CII,ClI | 1.1 27 1.2 33 14 34 1.3 34 13 4
5250+5270 CIII 0.6 14 | 0.8 22 0.8 20 | 0.7 19 0.7 15
5305 CIII 02 | 43| 02 43 | 02 | 49| 02 5.0 0.2 4.0
5411 CIV,Hell| 02 | 45| 03 6.9 0.2 8.0 0.3 6.9
5471 ClvV 03 | 66| 03 7.0
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Tabauua Sa

ITOTOKN M3INYYEHUA N SKBUBAJIEHTHBIE IINMPUHBI
OMUCCUOHHBIX JIUHUN B KPACHOM JIMATIA30HE JUIMH
BOJIH B CIIEKTPE WR 121

MA)| Honn 2021.08.07 2022.04.28 2022.06.04 2022.06.26
Fabs EwW Fabs EwW Fabs EwW Fabs EwW
6580 |CII,Hell 7.5 109 8.8 113 8.6 110 7.3 108
6678 Hel 2.1 31 22 29 2.6 35 2.0 29
6732 | CII,CIII 5.0 64 49 64 4.2 63
6780 | CII,CIII 39 43 39 50 38 48 37 48
7037 | CIII 1.6 23 2.3 25 2.6 24 2.3 25
7065 | CII,Hel 3.1 45 3.7 42 37 46 2.6 44
7122 CII 1.5 21 1.6 21 1.6 19 1.3 17
7234 CII 14 210 19 220 19 214 14 201

oIpeeeHus mapamMeTpoB coctanisieT 15-20%. 3aperncrpupoBaHbl HEPETYISIPHBIE
M3MEHEHHS TTOTOKOB B 3MMCCUOHHBIX JTUHUSX B mpenenax 20-30%.

WR 125 - s10 nBoiiHasg 3Be3gHast cucrema WC7+O9IIl. Ona spisieTcs
UCTOYHUKOM 3KECTKOIO PEHTTCHOBCKOTO M3JIYYeHUS M, CJIEIOBATEIbHO, MOXKET
00J1agaTh aKKPELIMOHHBIM AUCKOM BOKPYT KOMIIAKTHOM 3Be3abl. Kpome Toro, mist
JAHHOTO OOBEKTa XapaKTePHbI MEPUONNYSCKHUE TTOBBILLIEHUS MOLITHOCTH M3TyYeHUSI
B PEHTICHOBCKOM, Bu3yasibHOM U MK nuama3zoHax BOJH, CBSI3aHHBIE C IIPOXOAaMU
nepuactpa [9]. TeM He MeHee, HaOIIOOEHUS aBTOPOB PabOTHI [6] He BBIIBUIN
CIIeKTpaJIbHbIX U3BMEHEHUI.

Hamm pesynbTaThl mokasbiBatoT, uto B 2021-2022rr. Giieck 00beKTa ObLI
Boiie Ha 0.5 B ¢mibTpe B mo cpaBHeHMIO co 3HayeHueM U3 0a3sbl SIMBAD.
B Ta6m.6 m 6a maHBl pe3yNbTaThl HAIMX CIEKTPaJIbHBIX HAOJIIONEHWI: TTOTOKH
usnydeHus B wkage 1072 apr/cm’c M 3KBUBAJIEHTHbIE LIMPUHBI SMUCCUOHHBIX
JHuii. TOYHOCTE omnpenesieHnus mapaMeTpoB cocTapisaeT 15-20%. HabmonaeMbie
KoJIeOaHUSI SMUCCUOHHBIX TIOTOKOB HE BBIXOAWIM 3a TpeAesibl yKa3aHHbBIX MOrpeli-
HOCTE M3MEpPEHUIA.

Tabauuya 6

[NOTOKHN U3INYYEHUA U BKBUBAJIEHTHLIE I PUHBI
OMUCCUOHHBIX JTUHUMN B CHEKTPE WR 125

AMA)| Uonn 2021.06.13 2022.06.07 2022.06.29 2022.07.15
Fabs EwW Fabs EwW Fabs EwW Fabs EwW

4540 | Hell 0.2 19 0.2 20

4660 |CIV,Hell 2.3 315 2.1 319 2.3 310 2.0 320
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Tabauua 6a

ITOTOKM M3JIYYEHUA N SKBUBAJIEHTHBIE IINMPUHBI
OMUCCUOHHBIX JTUHUN B CHEKTPE WR 125

MA)| Honnl 2021.06.20 | 2021.07.24 | 2022.06.15 | 2022.06.25 | 2022.06.26
Fabs | EW | Fabs EW | Fabs | EW | Fabs EW | Fabs | EW

6560 |CIV,Hell | 2.1 60 | 20 69 | 18 60 1.9 57 1.9 62
6748 | CIIL,CIV | 2.1 56 | 20 65 | 20 65 | 20 58 20 59
7065 | CIV,CII 22 55 | 22 57 | 18 54 | 17 51 1.8 53
7254 0.2 39 0.2 37 | 0.1 39

WR 142. 3Be3na oTHocUTCS K TTocieaoBaTebHOoCTH WO?2. DTo 0HA 13 caMbIX
TOPSIYMX CpeAU U3BECTHBIX rajakTiiyeckux 38e31 WR (T*~200000 K, [10]). O6beKTbI
5TOT0 TUIIA pacCMaTPUBAIOTCS KaK BBICOKOTEMITEpaTypHOe paciuupeHue kKiacca WC
[11] m mo mporHo3aM, MOTYT B30pBaThCsl, KaK CBEPXHOBBLIE THUIA IC B TeueHuUe
HECKOJIbKUX ThicsaY JjieT [12]. TlosiBleHre DOMOIHUTENbHBIX MUKOB B MPOMUIISIX
osmuccuoHHBIX JMHUA CIII, 4659 A 00BsACHAETCA HEOTHOPOTHON CTPYKTYPOIA
3Be3gHoro Berpa [10].

Tabauya 7

I[TOTOKHN U3INYUYEHUA U B5KBUBAJIEHTHLIE IIMPUHBI
HSMUCCUOHHBIX JTUHWUN B CIIEKTPE WR 142

AMA)| Honn 15.07.2022 16.07.2022 01.09.2022
Fabs EwW Fabs EwW Fabs EW
4660 | CIV 2.8 300 30 300 32 290
4940 oV 0.2 21 02 18
5280 | OVI 0.6 43 0.6 43 0.7 4
5440 | CVI 04 18 04 19 04 20
Tabauua 7a

ITOTOKM M3JIYYEHUA N SKBUBAJIEHTHBIE IINMPHUHBI
HMUCCUOHHBIX JIMHUN B KPACHOM OUWAIIA30HE AJIMH
BOJIH B CIIEKTPE WR 142

MA)| Honnl |20.06.2021|24.07.2021 | 07.08.2021 | 21.07.2022 | 25.07.2022 | 02.09.2022
Fabs |EW | Fabs| EW |Fabs| EW | Fabs | EW | Fabs | EW |Fabs | EW

6560 |Hell,CIV| 34 |137 | 3.6 [ 125 | 3.7 | 137 | 34 | 133 | 34 | 136 | 32 | 127
7065 Hel 45 147 |1 45| 145 | 40 | 140 | 40 | 143 | 38 | 144
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Tabauua 7a (IIpodoaxcenue)

MA)| Houbl 13.09.2022 25.09.2022 01.10.2022 01.11.2022
Fabs EW Fabs EW Fabs EW Fabs EW

6560 Hell,CIV 32 125 34 120 33 126 35 122

7065 Hel 3.6 127 3.7 128 3.6 122 37 116

Bo Bpemst Halmx HaGoaeHUI O1ecK 3Be3bl OCTABAICS CTAOUIbHBIM. 3HAUYEHUS
MOTOKOB U3/TydyeHus B 1Kate 10™>9pr/cM’c 1 SKBUBAIEHTHBIX LIUPUH SIMUCCUOHHBIX
quHuii B cniektpe WR 142 npuBenenbl B Tabu.7 u 7a. ToOUHOCTh omnpeaeseHus
rmapamMeTpoB cocTaBisger 15-20%. Bapmanuy 3Tux 3HaYeHWI HE BBIXOOWIM 3a
Mpeaesibl OrpelIHOCTH.

WR 143. O6bexT oTHOCUTCS K nocienoBaTeibHocTu WC4+0B. Bo3moxxHas
JNIBOMCTBEHHAsl MpPUpPOJa ITOro O0ObEKTa HEOAHOKPATHO 0OCyxXaalach MHOTUMM
apropamu. MHdpakpacHble HAOIIOAEHYS BbISBUIM HATWYME SMUCCUOHHBIX JIMHUMI
HI u Hel [13]. 3naunTenbHas mepeMeHHOCTb JiydeBbix ckopocTeit RV (11.214.2
KM/C) OblIa oOHapyxeHa B pabore [14], HA OCHOBe 3TOro ObLI ClejaH BBHIBOI,
YTO BTOPHIM KOMITAHBOHOM B 3TOU CHCTeMe sBiseTcsd B-3Be3ma, 1 MMEHHO OHa
OTBevaeT 3a HabmogaeMyto oToMeTpruUecKyo nepeMeHHocTh [13].

Haluy pesy/bTaThl - MOTOKM 3MMCCUOHHBIX JTUHMI B 1kaie 10" apr/cm’c u
SKBUBAJICHTHBIE ILIMPUHBI TIPUBEIEHDBI B Ta0J1.8. TOUHOCTDH OIpeneieHus: mapaMeTpoB
coctaBisier 15-20%. HebGonpimoe yBeIMYeHWE ITOTOKOB M3IYYCHUS] B JIMHUSIX
3aperucTpMpoBaHoO B KoHIe 2022r.

WR 154. 3Be3na orHocuTcs K nocneaosarebHoct WC6. JIBoiiCTBEHHAST IIpUpoIa
00beKTa He monTeepauiack. Mccnenopanusi mokasanu, yto BOKpyr WR 154 pacrio-

Tabauya 8

[NOTOKHN U3JIYYEHHUA N BKBUBAJIEHTHBIE IIMPUHBI
DMUCCUOHHBIX JTUHUN B CIHEKTPE WR 143

MA) Honer  2021.07.082021.07.24 2022.07.15(2022.07.17 [2022.07.20| 2022.09.01) 2022.09.02

Fabs| EW|Fabs|EW | Fabs| EW|Fabs | EW |Fabs| EW| Fabs| EW|Fabs| EW
4656, CIILCIV,
4686 Hell 22 | 710] 20 [650 23 (680
4921 Hell 0.6 | 2106 |20 0.6 | 21
5016 ClvV 0515106 | 16
5250+5305 CIII 1.2 | 2513 |27 1.3 30
5411+5470 (Hell+CIII 1.5 24 1.7 | 28
6560 Hell 4.0 [40|4.7 |51 4.8 | 42 5.3 | 44
6740 CIII 9.7 198 ]9.8 {100 12 {106 12 | 110
7065 CIV Hel| 9.2 |98(9.196 9.2 |112 11 {106
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Tabauua 9

ITOTOKM M3JIYYEHUA N SKBUBAJIEHTHBIE IINMPUHBI
OMUCCUOHHBIX JUHUMN B CIHEKTPE WR 154

AA) HoHbl 2022.07.16| 2022.07.17 | 2022.09.01] 2022.10.12 | 2022.10.13
Fabs | EW | Fabs | EW | Fabs| EW| Fabs | EW | Fabs | EW

4540 Hell 2.7 27 | 254 | 28 | 244 | 30 2.30 30
4656 CIIL,CIV| 9 | 960| 90 970 | 8 | 990| 92 930 78 990
4686 CIV,Hell
4780 CII 1.0 12 1.0 12| 09 9 0.9 12
4861 CIV,Hell| 1.2 15| 1.1 14 1.0 12| 1.1 11 1.0 15
4921 Hell 0.8 11 | 09 12 0.8 11| 0.8 9 0.8 11
5016 CIV Hel| 17 21 | 17 21 1.6 19| 15 16 1.5 19
5141 CIL,CIIT | 20 23| 1.9 24 19 2| 18 19

5250+5305 CIII 2.6 32| 26 32 22 27 | 22 28 2.3 30
5411 CVI,Hell| 22 27 | 22 26 22 27 | 22 26 22 25
5471 Clv 24 27 | 24 28 2.5 29| 24 26

Tabauua 9a

ITOTOKN M3INYYEHUA N SKBUBAJIEHTHBIE IINMPHUHBI
OMUCCUOHHBIX JUHUN B CIEKTPE WR 154

MA)| Hons |2021.12.01/2022.07.18 | 2022.07.20| 2022.07.21 |2022.09.02 [2022.10.06

Fabs |EW | Fabs| EW |Fabs| EW | Fabs | EW | Fabs | EW |Fabs | EW
6580 | HelI,CII | 9.0 | 90 10 | 96 10 99 10 1051 99 | 9 | 92 | 86
6748 | CI,CIII 16 |172| 17 | 174 | 16 | 173 17 189 | 14 | 145 | 15 | 151
7065 | CIV,Hel | 12 (167 | 12 | 154 | 13 | 154 12 146 | 11 |163 | 12 | 152
7260 CIII 45 | 51 36 | 45 | 37 | 46 4.0 53 | 46 | 60 | 45 | 60

JlaraeTcsl TYMaHHOCTh ¢ pa3Mepamu (15x 10 mapcek) [15]. CpaBHeHUe pacCTOSIHUIA
0 TyMaHHOCTU U 10 WR 3Be3nbl moaTeepxaaeT (pU3NUECKyI0 CBSI3b MEXKIy HUMU.

Hamuy HabmoaeHus CBUAETENbCTBYIOT O CTAOMILHOM Osiecke o0bekTa B 2021-
2022rr., HO cpaBHeHMs C KartajioroM [3] moxkasamu, uro B 2021-2022rr. 0OBEKT
ctan sipye Ha 0™.6 B ¢pwnbpTpe B. Hamm pe3ymbTaThl - MOTOKM 3MUCCHOHHBIX
AuHMI B 1Kaige 107?3pr/cM’c U 9KBUBaJIEHTHBIE IIUPUHBI IPUBEAEHbBl B Ta6J1.9
" 9a. TodHOCTh OmpeneeHNsT mapaMeTpoB coctapister 15-20%.

®parmeHTH criekTporpaMm 3Be3n WC mociienoBaTeIbHOCTH TIPUBOISTCS Ha
puc.l. CooTBeTCTBYIOIIME YMCIEHHbIE JaHHbIE O CMEKTpax ucciaeayembix WR
3Be31 OydyT IpencTaBieHbl Ha caiite ADUD.
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Puc.1. Cnekrporpammbl 3Be3n WC mocnenoBatenbHocTd. Och X - IIKajla JUIMH BOJIH, OCh

4. Obcyacoenue u 6b1600bl. IpoBeneHbl (HOTOMETPUUECKUE U CIIEKTPATbHbIE

HaboaeHus1 Tpynnbl 3Be31 Bosnbda-Paiie. bbuin 3apernctpupoBaHbl U3MEHEHUS
orecka 00bekta WR 121 (AB =0".15). Haium pe3yabrathl CpaBHUBATUCH C JaHHBIMMU,
nosryaeHHbIMA B 2000-2014rr. B dmubtpax B m V B katanorax [2-4]. 3aperucr-
pupoBaHo yBenrmueHue 6;i1ecka WR 4 m WR 5 ma ~0".2-0".3 B ¢unbrpe B u
Ha 0™.1-0"15 B ¢mwibrpe V. Jiaa oorekToB WR 125 u WR 154 nosydeHsl
3HAYUTEJIBHBIE PACXOXKIEHMS C KATATOXHBIMU JaHHBIMU ( AB ~ 0™.5). Bo3MOXHBIE
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MPUYUHBI TTOAOOHBIX PACXOXIESHUI: MEPeMEHHOCTb O0bEKTa, OLIUOKY, CBI3aHHbBIE,
HaIpuMep, ¢ TIOTOAHBIMM YCJIOBUSIMU, a TaKXKe MCIIOJb30BAHME aBTOPAMM Pa3HbIX
HabopoB (puabTpoB. 3Be3nbl Bonbda-Paile uMeoT ciekTpajbHble 0COOEHHOCTH -
MOIIIHbIE BMUCCUOHHBIE JUHUU. BKJag 3TUX JUHUI B perucTpupyemblil OJeck
3aBUCUT OT KPUBOH CIEKTPATIbHOM YYBCTBUTEIBHOCTU HCIOJIb3YeMOro (puibTpa.
Mpbl poBesiv HeOOJIbIIOE UCCaeq0BaHKe ISl TOrO, YTOObl CPaBHUTH PE3YIbTAThI
cnektpodoromepun ¢ ¢pmwibTpamMu Johnson-Cousins UBVRc n Astrodon UBVRc.
IMocnennuit Ha®op (UIBTPOB ydyacTByeT B Haluux HaOmogeHusX. CHeKTpbl
HecKobKMX WR 3Be3n 13 Halllero CImcKa, MoJiydeHHbIE B IIIMPOKOM IUAIIa30HE
utH BoaH (3500-7500 A ) [16], 661 0O6paboOTaHbI ¢ UCIIONb30BaHNEM KO3Gh K-
LIMEHTOB TIPOMYCKAHUSI YITOMSIHYTBIX BbILlI€ (DUJIBTPOB, CIIEKTPAIbHON YyBCTBUTEIb-
Hoctu I13C kamephbl U ¢ yueToM MOoIJoleHus1 B 3eMHOM atMocdepe. KoadduimeHTb
MPO3PayHOCTU P(k) obutn TosydyeHbl gis1i TIHIAO, Bo3myuiHbie mMacchl M (z)
NPUHUMAJIMCh I MOMEHTa KyJIbMUHauM oobekra. Criektp Bern [17] ncmosans3o-
BaJicd B KauecTBe craHiapTa. s npumepa Ha puc.2 npuBoautcs: criektp WR 142
BMECTe ¢ KpMBBIMU MPOMYCKaHUST (DUILTPOB.

B 1a61.10 mpuBeneHbl 3HaUeHMST TTOKa3aTeIeii LIBETa 3Be3/1, MOJIyYeHHbIC MPU
WCIIOJBb30BaHUU JIBYX HaOOpoB (uibTpoB. Pa3zHOCTh 3THX MapamMeTpoOB MOXKET
npocturath 0™.2. [171s TiepeBofa MHCTPYMEHTATBHBIX 3HAYEHMI 01ecKa B MHTepHALNO-
HajbHYIO cucteMy Johnson-Cousins MBI MCITOJIB30BaJIM YpaBHeHMsT U3 [18], moiry-
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YEHHBbIE IO HAOMOACHUSIM CTAaHAAPTHBIX 3BE31 C TOBOJBHO "TIAAKUMM" CIEKTPaMU.
B 4yacTHOCTM, OCHOBOI ypaBHEHMI CIYXMUT 3aBUCUMOCTb MEXIy WCTUHHBIM
(KaTajlo>XHbIM) M HaOJItogaeMbIM TToKazatesiMu 1BeTa (puc.3). JlaHHbIe, MOoTyYeHHbIe
g Bonbd-Paite 3Be31, MMeroT 00bIION pa30poc TOUYEK M IUIOXO COOTBETCTBYIOT
3aBUCHMOCTHU, TTOCTPOEHHOM /11 HOPMAJTbHBIX 3Be31. CTpOUTh MOJOOHYIO 3aBUCHMOCTb
crieuanbHo 1 Boabd-Paiie 3Be3n He MMeeT cMbicia, Tak KaK MHTEHCUBHOCTHU
SMMCCUOHHBIX JIMHUI B MX CHEKTpax M3MeHsIoTcs co BpeMeHeM. [lonoOHble
JIOTIOJIHUTEIbHbIE OIIMOKW MOTYyT BO3HMKATh MpPU CPaBHEHUM peE3yJIbTaTOB,
MOJYYEHHBIX C pa3HO# anmapaTypoil. OmHako arnepTypHas (poToMeTpusi OCTaeTcs
3(hDEeKTUBHBIM MHCTPYMEHTOM [UIS1 M3YYeHUsT TIEPEMEHHOCTH OOBEKTOB.

Tabauya 10

CPABHEHME PE3VYJIbTATOB CIIEKTPO®OTOMETPHU,
MMOJIYYEHHBIX C PASHBIMU ®UJIBTPAMU

O0BeKT Johnson-Cousins Astrodon
B A" B-V B \Y B-V
WR4 10.08 9.81 0.27 10.21 9.88 0.33
WR121 13.05 11.84 1.19 13.20 11.80 1.40
WR125 14.36 12.76 1.60 14.34 12.82 1.42
WR142 14.344 12.95 1.39 14.36 13.10 1.26
WR143 12.49 11.13 1.36 12.63 11.20 143
WR154 11.39 10.89 0.50 11.47 10.93 0.54
!
1.5 . o
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CriekTpajibHble HAOIIOAEHUS BBIMIOJIHSUIMCH CO CIIEKTPaJbHBIM pa3pelleHueM
1.1 A /muKcenb, HEZOCTATOYHBIM U MCCIEAOBAHUA TPOMWIE SMUCCUOHHBIX
muHU. OCHOBHOHM IHENBIO MPOEKTa OBLIO OIpemeeHNe ITOTOKOB M3IYyYeHUS B
SMUCCUOHHBIX JUHUSX. JIJIs1 OOJIBIIMHCTBA UCCIEIOBAaHHBIX 3Be3/ HaOJI01aeMble
U3MEHEHUs] IOTOKOB B SMMCCUOHHBIX JIMHUSIX HE BBIXOAWUJIU 3a Mpedesibl OLIMOOK
n3MepeHnii. JIOBOJIBHO BBICOKME 3HaUeHUs TTorperrHocTeit (15-20%) obycioBIeHB!
TeM, 4TO B psie 00bekToB (WR4, WRS) criekTp OyKBaabHO 3allOJIHEH MHOXECTBOM
CJ1a0bIX OBMUCCUOHHBIX JIUHUM, U OMIPEAeIUTh UCTUHHBINA YPOBEHb HEMPEPHIBHOTO
CIIEKTpa JOBOJLHO TpyaHO. IlIMpoKue KpbIibs 3MUCCUOHHBLIX JIMHUN B JIPYroit
rpynme 3Be3n (WRI121, WRI125, WR142, WR143 u R154) Takxke cokpallaror
Y4acTKU CBOOOJHOIO KOHTMHYYMa W TIpUBOAST K OOJIBIIMM OLIMOKAM Mpu
ornpeaejeHuU NMoTokoB usnydyeHus. B cnektpax WR4 u WRS 3apeructprpoBaHbl
3HAYUTEJbHbIE BOJTHOOOPa3HbIe BapUALIMU TTIOTOKOB B SMUCCUOHHBIX JIMHUSX (10
30%) v SKBUBAJIEHTHBIX IUPWH, T.€. U3MEHsIaCh UMEHHO MHTEHCUBHOCTH SMUCCHUOH-
HbBIX JIMHUIA TMPU JOBOJIBHO CTAaOMJILHOM YPOBHE KOHTUMHYyyMa. B criekTpe oObekTa
WRI121 3apeructpupoBaHbl U3MEHEHUsI MOTOKOB U3JIYYEHMSI, COMTPOBOXKIAEMbIC
HeperyJsipHbIMU KoyiebaHusiIMU Ojiecka. K coxkajeHuio, HalllM CIIeKTpajJbHbIE U
doTOoMeTpHrUecKHe HAOIIOACHUS MPOBOAUINCH HECUHXPOHHO, TaK KaK COOTBETCT-
BYIOLLIME TEIECKOIbI PACIIONIOXKEHBI HA pa3HbIX 00CEPBATOPUSIX C Pa3HBIMU TTOTOIHBIMU
YCJIOBUSIMU. DTO OOCTOSITESILCTBO 3aTPYIHSIET BBIOOP WCTOYHUKOB IE€PEMEHHOCTH.
DTO MOTYT OBITh M3MEHEHHsI TTOMIOIICHNS Ha JIyde 3peHUsI, YBeIMIeHNe TUIOTHOCTH
3BE3IHOr0 BeTpa, (PIYyKTyalMsi CKOPOCTU MOTEPU MACChl WU TOpsSUMe MsITHA Ha
MOBEPXHOCTU 3BE3/IbI.

C TOuKM 3peHMsI BO3MOXKHOI reHeTU4YeCKol cBsa3u 3Be3n WR co BcnbllKaMu
CBEPXHOBBIX HAMOOJIBIINI UHTEPEC MPEACTABISIIOT 00BEKThI, B KOTOPBIX MPOUCXOIST
Takue T1o0albHbIe MPOLIECCHl, KAK YBEIMYEHUE MACChl BEIlIeCTBAa B 30HE 3BE3IHOIO
BETpa U 3HAUUTEJIbHBIC U3MEHEHUSI CKOPOCTU TTOTEPU MACCHI.

IIpennaraemas sBomonnoHHas nociaegoBaTeabHOCTh O-Of-H-rich WN-LBV-
H-poor WN-H-free WN-WC-SN BoeiaBuraer 3e3nbl WC Ha IlepeIHMiA TIJIaH
cpeay BO3MOXHBIX SBOJIIOIMOHHBIX MPeaIIeCTBEHHUKOB CBEPXHOBBIX 3Be3l SN.
OnHako cieyeT yYuThIBaTh, YTO (DOTOMETPUYECKasl U CIIeKTpabHas IIepeMEHHOCTh
MHorux WC-3Be3n CBsI3aHa C HaJUUYMeM MOIIHON TIbLIeBOW KOMITOHEHTHI.
@parMeHTHl MBLUTN TIPU TIPOXOKICHUHN 10 JIydy 3peHMS BBI3BIBAIOT HAOMIOMaeMble
U3MEHEHUSI SIPKOCTU U HMHTEHCUBHOCTM SMUCCUOHHBIX JMHUI, HE BIUSS Ha
OOIIYIO CTPYKTYPY OOBEKTA.

JIBOliHBIE CUCTEMBI C OOJBILINM 3KcLEeHTpucuTeToM opouthl (WRI125) aBistorcs
MEePCIEeKTUBHBIMU C TOUKM 3pPEHMS] WX CBSI3U CO BCIBILIKAMU CBEPXHOBBIX.
M3meHeHUe pacCTOSTHUSI MEXKIy 3Be3MHBIMU KOMIIOHEHTAMU BbI3bIBACT (DIyKTyallU
CKOPOCTHU TTOTEPU MACCHI U MEPECTPOMKY 30HBI 3BE€3MHOIO BeTpa. B aTx oObekTax
MPpU MPOXOKACHUU TepruacTpa HabJI0JaeTCsl MOBBILLIEHHAS aKTUBHOCTh BILIOTH JI0
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OPYNTUBHLBIX IIPOLCCCOB. He HUCKIIOYCHO, 4YTO TaKHE€ OOBEKTHI HAXOASATCS Ha
3aBEPIIAIOIIECY CTAIUM SBOJIIOLMU 3BE3[ C HaYaJbHBIMU MaccamMu 40-60 M@ n B
TECYCHMUEC HECKOJIBKMX TbhICAY JIET IIPEBPATATCA B CBEPXHOBBIC.

Hccnenosanue ¢pmvHaHcupyercss KomutreToM HaykKu MUHUCTEpCTBA 00pa3oBaHUs
u Hayku Pecnybnuku Kazaxctan (mporpamma Noe BR20280974).

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

WR 152 in the WRI stars

IIPUJIOXKEHUFE
ERRATUM K cratbe [1]
Printed Must be
1 | Abstract, 4th row WR 120, WR 151, and WR 1, WR 120,

WR 151, and WR 152

2 | Page 487, 7th row from
the bottom of section 2

CCD Alta F16M
(4096x4096, 9m) were used

CCD Alta F16M
(4096x4096, 9m) was used

3 | Page 487, 3th row from
the bottom of section 2

standard IRAF and
MaximD1-6 standard

IRAF and MaximD1-6
standard

4 | Page 500, 9th row
from the top

also contains segments of
free continuum

also reduce segments of
free continuum

5 | Page 500, 12th row
from the top

but did not clearly follow
their tendency

but clearly follow
their tendency
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PHOTOMETRIC AND SPECTRAL STUDY OF THE
GROUP OF GALACTIC WOLF-RAYET STARS. II.
WC AND WO SEQUENCES

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

Photometric and spectral observations of 7 WC and WO stars were carried

out at the FAI in 2021-2022. On the base of observations we obtained estimates
of the brightness of objects in the BVRc filters and absolute fluxes of radiation
in the emission lines. Changes in brightness within 0™.1-0".15 were detected in
WR 121. Changes in the emission-line fluxes were detected in the spectra of
several objects: WR 4, WR 5 and WR 121.
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CTPYKTYPbl MATHUTHOI'O T10JIA XUMHWYECKHU
MEKVYJIAPHBIX 3BE3/. I. HD 57682, HD81009

10.B.TJIATOJIEBCKM I

Iocryrmmna 16 HosOopst 2023
IMpunsara x nmeyatn 7 mapra 2024

Ha ocHoBe nuTepaTypHbIX AaHHBIX O BEJIMYMHAX MATHUTHOTO IOJISI TMOCTPOEHbI MOJAEIU
MarHMTHOTO TIOJS MAarHUTHBIX 3B€3l pasHbIX TUMOB MekyasipHocty HD 57682, HD81009 u
MOJIy4eHbI MapamMeTpbl UX MarHuTHoro mosis. Y HD 57682, kak u y ApYrux ropsiaux oObEKTOB,
O0OHApYXMUBAIOTCSl pa3anyus (GU3MUECKUX YCJIOBUN B OOJIACTM MArHUTHBIX 9KBATOPOB U B 00JIACTH
0JIM3 MarHUTHBIX TOJIIOCOB, KOTOpbIE MOKa He mojnarTcs uHTeprperaunu. 3sesna HD81009 no
CBOMM CBOICTBaM SIBJISIETCS TUIMYHBIM TIpeAcTaBuTeeM MarHUTHbIX 3Be3n SrCrEu-tuma, kpowme
ee JIBOMCTBEHHOCTH.

KitoueBble cioBa: macHumuoe noje: neKyaspHole 36e30bl

1. Bsedenue. B naHHO#i paboTe MbI MPOJOJIKAEM BBIMOJHEHHME OOJBIION
MPOTpPaMMBblI 10 UCCIIENOBAHMIO CTPYKTYP MarHUTHBIX MOJIEH XUMWYECKU MEKYJISIPHBIX
3Be3n (CP) Ha OCHOBaHMM MCIOJbL30BAHUSI OMYOJIMKOBAHHBIX IOCJENIHEE BpeMsl
M3MEpPEHU MPOAOJbHOIO Mojisi Be (WM CpeIHUX TOBEPXHOCTHBIX BEJIWYMH BS).
Hecmotpsi Ha TO, 4TO B 3TMX paboTax OOBIYHO MPOBOAMTCS TOAPOOHBIN aHaIM3
TOJTYYEHHBIX JaHHBIX, TOMOTHUTEIbHOE M3YYEHNE UX MAarHUTHBIX CTPYKTYP C Halllei
YHUKAJIbHON METOIMKON MO3BOJUT IOMOJIHUTh U YTOUYHUTh TU JaHHBIE. DTO BaxKHO
TaKxXe TeM, YTO MapaMeTpbl MArHUTHOTO MOJIsI MOJTyJatoTcsl ISl BCEX 3Be3M C €AMHOM
MeTonuKOoM. KpoMe Toro, cylliecTBeHHO MOMOIHSIETCS CIYMCOK MapaMeTPOB U BEJTMUMH
CpeTHETo MOBEPXHOCTHOIO MAarHUTHOTO MOJIsI Bs M YTOUHSIIOTCSI CTPYKTYPbl MAarHUTHOTO
nossg. Metoayka MoieIMpoBaHusI MOAPOOHO onucaHa B padotax [1-3]. OHa ocHoBaHa
Ha MPEIIoJIOXKEHUM TUTIONbHON CTPYKTYpbl MarHUTHOIO ITOJISI, KOTOpasi peaibHO
(hopmupyeTcs B MAarHUTHBIX 3Be3/1aX B Ipoliecce 3Boourr. OMbIT MOASTUPOBAHUS
(okoso 140 3Be3m) Moka3bIBaeT, YTO Jake B TeX CIIydasix, KOraa CTPYKTYpPbl OTJIMYAIOTCS
OT LIEHTPAILHOTO IUIOJIA, OHU MMEIOT Apyrue (POpMbl - TaKMe KaK CMELLEHHBIA
M3 LIEHTpa 3Be3/bl JUIOJb, WIK B 00jiee CIOXHBIX CIIydyasxX Kak pe3ybTaT IBYyX-
Tpex Aunojieir BHyTpU 3Be31bl. OCOOEHHO BaXKHbI B CTATUCTUUECKUX MCCIEIOBAHMSIX
CpeHUE TOBEPXHOCTHbIE BEJIWYMHBI MArHUTHOTO TOJs1 Bs, WCIONb3yeMble IpU
WCCIEAOBAHUSIX Pa3HOro pona 3aBUcHMocTeil. K coxkajieHuio, He 4acTo MMeeTcs
BO3MOXKHOCTb MOJEIUPOBATh CTPYKTYpPbl MarHUTHOTO MOJISI MO JAEWCTBUTEJBHO
XOPOIIIMM JaHHBIM.
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2. 36e3d0a HD57682 (0). BenunHa cpeaHEro TOBEPXHOCTHOIO MarHUTHOTO
nmoJist Bs y 3Toii 3Be31bl HEM3BECTHA, MTOBTOMY €€ OLIeHKa MpeacTaBisieT coboit
3HAUMUTENbHBIN MHTepec. Kpome Toro, 3se3ma OTHOCHUTCS K MaJIOU3yYEHHOMY
KJIacCy TOpSAYMX MarHUTHBIX 3Be3n O-TuMa, KOTOPbIX B MOCIEIHEe BPEMsl 4acTo
MPUYUCTISIIOT K ceMeNCTBY XuMuiecku TnekyasipHbeix (CP) 3Be3n, ¢ 6ojiee BHICOKUMU
TeMITepaTypaMu.

BeauunHbl MpononbHO KOMITOHEHThl MATHUTHOTO MOJII Be MarHUTHOM 3Be3/Ibl
HD57682 B pasnbix (pazax @ mnepuonga BpallleHUS IPUBOAATCI B pabote [4].
CpenHsisl TOYHOCTh omnpejesieHUuit Be paBHa o =126 I'c. OHU OLIEHUBAJIUCH MO
CIIEKTPOTIOIIPUMETPIISCKIM HM3MepPEeHUsIM BBEICOKOTo paspelneHus (R = 68000)
MyJIbTUIMHeNWYaThiM criocodbom (LSD) [5]. TeM He MeHee, HagO MMETh B BUIY,
YTO B OTJIMYME OT M3MEPEHUI IO JMHMSAM Bomopoda U reiaus [6,7], uaMepeHuUst
MAarHUTHOTO MOJISI IO JIMHUSIM METaJJIOB TTOABEPXKEHBI BIUSIHUIO HEPABHOMEPHOTO
pacropeaeseHUsI XMMUYECKUX BJIEMEHTOB MO MOBEPXHOCTU 3Be3/bl. OOBIYHO 3TOT
5¢@eKT BIUgeT Ha aMIUTUTYIy U3MEHEHWI MAarHUTHOTO T10j1s1. Pu3nuecKue mapa-
METphI 3Be31bl, B3dThle M3 [4,8], mpuBeneHsl B Ta0i. 1.

Tabauya 1
OCHOBHBIE IMTAPAMETPbBI UCCJIIEJOBAHHbBIX MATHUTHBIX 3BE3/]

HD Tun Te, K| Mb | logg | R/Rg logt, T M/Mg | Bs,Ic | R/Rz

57682 0) 35000 | -7.3 | 40 7 7.3 17 212 1.21
81009 | SrCrEu | 8120 | +1.4 | 3.98 23 8.90 22 8378 1.40

Hcnonbsyst popmyiay v=>50.6R/P, nojy4aeM 3KBaTOPUAIbHYIO CKOPOCTh 3BE3/Ibl
v=6.4KM/C, OTKy/a yroJI HaKJIOHA OCU BpalllieHUsT K JIydy 3peHus i=47°. BemmunHa
vsini =4.6 kM/c 1 mepuon BpameHus P=63.6 cyt B3aTel u3 [4]. [loay4eHHBII
yroja OJUM30K K OLieHKe i~ 60°, momydyeHHoil B [4]. st ymoGcTBa cpaBHEHMsI
pe3yJabTaTOB aHajIM3a MBI MCIIONB30BAIM B AalbHelilieM yroa i= 60°. Metomom
TMOCJIEIOBATEIbHBIX PUOIVDKEHUIA MoTydeHa MOJIe/b, KOTOpasl OKazaaach LIEHTPATbHBIM
JIAMOJIEM, C TITapaMeTpaMu, MPUBEIEHHBIMU B Ta0s.2. 31ech Bs-BeJIMUYMHA CPEeTHETO
MOBEPXHOCTHOTO MAarHWTHOTO TI0JisI, Bp-BeJIMYMHA TOJISI HA MAarHUTHBIX IOJIOCaX,
AA, R - cMelieHue OWIONS W3 LEHTpa 3BE3bl, o - YTOoJ MEXIY OCbIO AUIIOJIS
1 TUTOCKOCTBIO 2KBaTOpa BpallleHWsI, /-HAKJIOH OCH BpallleHHWS K Jydy 3peHUs.

Tabauya 2
IMMAPAMETPbHI MOJAEJEN MATHUTHOTIO TTOJIA

HD Bs, Tc Bp, Tc AA, R | a, rp. i, Tp.

57682 212 +323 0.0 8 60
81009 8378 +20672, -9396 +0.13 16 16:
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IMapameTpbl MomenIU MOAOUPAUCH TaK, YTOOBI pa3IUyue MOIECIbHBIX U HU3ME-
PEHHBIX BeJIMUMH Be B pasHBIX ha3ax mnepuoia BpaileHus ObuM MeHbllle 3c. Ha
puc.la Toukamu 0003HaYeHa HaOmonaemasi pa3oBasi 3aBUCMMOCTD Be(CD) , CIUIOIIHOM
JuHuein - MomenbHas. Ha puc.lb mokazaHa MopefbHasi 3aBUCUMOCTb CPEIHETroO
MMOBEPXHOCTHOTO MarHUTHOIO TOJIS Bs (cD), 13 KOTOPOW TOJIy4aeTcsl CPEAHSS BEJTIMUMHA
Bs=212Tc. BaxHeillumnii mapaMeTp - yroja MeXIy OCbI0 IUMOJIS U TIJIOCKOCThIO
SKBAaTOpa BpallleHWs B Haweid momenu o =8°, B pabore [4] o =11°, BeauumHa
JocTaTOYHO OnM3Kasl Halleit oueHke. Ha puic.2 rmokasaHa cxema OpUEHTALIMU AUTIONS
B 3Be3ne HD57682. 11ITprxoBbIMY JIMHUSIMKA OFPAaHMYEHA 006/1aCTh MATHUTHOIO SKBATOPA,
YepHbIMU TOJIYKPY:KKaMU 0003HAa4YeHbl MarHUTHbIE Tooca. OCHOBHOE 3amMeuyaHue
COCTOUT B TOM, UTO B [4] mpemiaraeTcsl BeJIMUMHA MATHUTHOIO TMOJSI HA MAarHUTHBIX
nomocax Bp=880Tc, Torga kak y Hac Bp= 1323 Tc.
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Puc.1. Uamenenne maruutHoro nojst HD57682 ¢ (asoii reprona BpallleHUsI. a) 3aBUCMMOCTD
MPOAOJIbHOrO Mojisi Be(®); TOUKM - M3MEPEHHbIE JaHHbIE, CIUIOIIHAsI KpUBas - MoJeJbHas. b)
MOJEJIbHASI 3aBUCUMOCTb CPEJHETO MOBEPXHOCTHOro moiyst Bs(d).



32 [O.B.IVTATOJIEBCKU

0,

Puc.2. OpueHTaiusi OWTOJBHOIO MarHMTHOro mojst B 3Be3ne HDS57682.

Ha puc.3 mokaszaHa 3aBUCUMOCTb pacrpee/ieHus MAarHUTHBIX 3Be3[ 10 yIjaM
o, Ha Kotopoi 3Be3na HD57682 naxonurca B auamnasone ymioB o =0—20°, 4o
SIBJISIETCSI TUIIMYHBIM UISI MATHUTHBIX 3Be3 [9]. MajaocTh BEIMYMHEL o, SIBISIETCS
XapaKTepHbIM CBOMCTBOM MAarHUTHBIX 3Be3J U OOyC/IOBJIeHA IMOTepeli MOMEHTa
BpallleHUsI Yepe3 CWIOBBIE JUHUM OKPYXKAIOIIMX OOJIAKOB Ha PaHHUX 3Tarax
SBOJTIIOLVH.

CTpyKTypa MarHUTHOTO TOJISI - LEHTPaJIbHbIN AUIOJb, BCTpeyaeTcs y Oojee
YyeM ITOJIOBUHBI MATHUTHEIX 3Be3/] U OOBSCHSETCS, MO-BUAMMOMY, TEM, YTO OHU
copMUPOBANIUCH U3 OMHOPOIHOIO MO CBOCH CTPYKTYpE POAUTEIHLCKOTO HAMAarHu-
YEeHHOTO TIPOTO3Be3MHOTo objaka [9]. BaxHbIM cBoiicTBoM 3Be3nsl HID57682
SIBIISIETCSI €€ OTHOCUTEJILHO Majiasl BEJIMUMHA Bs, 4TO XapaKTEepHO IJIsI MATHUTHBIX
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Puc.3. PacmipeneneHne MarHWUTHBIX 3Be3N IO YIJIaM O .
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O-3Be3n [10]. DTo BUIHO U3 puc.4, TIe MokasaHa 3aBUCUMOCTb CPEIHET0 MarHUTHOTO
MOJIsl 3Be3] pa3HOro TUIMA TEKYJSIPHOCTH OT TeMIlepaTypbl (OT Macchl). 31aech
O-3Be31bl 0003HaYeHBI 3Be3n0ukamMu. Bospact 3Be3npr HD57682 logt oLieHuBacs
mo 3aBucumoctu logf(R/Rz), npuseneHnHoi B [10], toe R/Rz - paauyc JaHHOI
3Be3/Ibl OTHOCUTENILHO ee¢ paguyca Ha ZAMS.

6 T T T T T T T T T T T T T T
| SrCrEu i
4r + ++ Si b
8) L |
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:. r  Si+ H T
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o I He-r ]
2 — -
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Puc.4. 3aBucuMocCTb CpeHUX MOBEPXHOCTHBIX BEJMYMH MAarHUTHOIO MOJs Bs OT TeMIreparyphbl
(maccer). 3Be3mouku - o0bekThl O-Tuma.

Ha ocHoBaHuM pe3ysibTaTa MONEIUPOBAHUS IEpeMEHHOW sMuccuu Ho y
HD57682 B pabote [4] coenaH BBIBOI, YTO 3TO M3JIyYeHUE TE€HEPUPYETCS U3
ONTUYECKH TOJICTOTO, CIUTFOCHYTOTO PACIIPEACICHUSI MATHUTO-YICPKUBAEMON TUIA3MBI,
KOTOpasl pacrpeneseHa BIojb MarHUTHOTO akBaTopa. OmHako u3 puc.l B padote
[4] xopouio BMAHO, YTO MakKCUMaJlbHasi UHTEHCUBHOCTb 9MUCCUU BO3HUKAeT B
®=0.02, T.e. B MOMEHT IIPOXOXICHUS IOJIOXUTEIbHOIO MAarHUTHOIO MOJIOca
yepes LIEHTpaIbHbIM MepuauaH (puc.la, b). CrnenoBatebHO, SMUCCHUSI MAaKCUMaTbHA
B 00J1aCTM MarHUTHOTO TIOJIFOCA, & HE Ha MarHUTHOM 3KBaTope. BTopoii Makcumym
(HeckoJibKO OoJiee ciiabblif) mpoucxoauT B @ = 0.45, coBmagaroluii ¢ MOMEHTOM
MPOXOXIECHUS OTPULIATEIBHOTO MarHUTHOTO TOJTIOCA YEPE3 LIEHTP BUAMMOTIO JTACKA.
M3-3a HaKJI0OHA OCU AMIIONS 00JaCTh OTPULIATELHOTO MOJIIoca BUJIHA XYXe, YeM
o0JtacTh nmoyioxkuTeabHoro. B @ = 0.3, u ocobeHHo @ = 0.72, HabmonaroTcs 00JacTu
OXe K MarHUTHOMY 9KBAaTOpy, 31ech aMuccus ciadee. CoBeplIEHHO OYEBUIHO,
YTO 3MUCCUOHHBIE 0OJIACTU HAXOASITCS BOKPYT MATHUTHBIX TOJIIOCOB, TA€ OCOOEHHO
CUJIbHBIN BeTep. DKBUBaJEHTHAsl IIMpWHA JUHUU Hy OoJiblie B MarHUTHBIX
MoJriocax, Kak 3TO BUIHO Ha puc.8 B padorte [4].

W3 puc.8 B pabore [4] BumHo, uro crekrpanbHbie muHuu CI114056, Hel4713,
Hel4921, Hel6678, NI114634, Hel4713, CIV5801, CIV5812, Hy, Hel4471, Mgll4481,
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NII14523, SillI4552, Ol14801 nMmeroT MakKCMMadbHYI0 MHTEHCUBHOCThL B @ =0 .
DTO 3HAYUT, YTO OHU KOHLIEHTPUPYIOTCS Ha MOJOXUTEIbHOM MarHUTHOM ITOJIOCE,
KOTOPBIi B 3TOI (ha3e HAXOAUTCI Ha LIEHTpPaJbHOM MepuauaHe. B To ke BpeMs
ymarmn CIV5801, CIV5812 makcumanbHel B @ =0.5. B aroit ¢dase momycdepa ¢
OTpULIATEeIbHBIM MarHUTHBIM TIOJIEM BUIHA XyXe, 4yeM Toycdepa ¢ MoJOXKUTEIbHBIM
MAaTrHUTHBLIM T1oJieM B @ =0, HO Jy4llle BUAEH MarHUTHBINM 3KBaTop. BepositHee
Bcero JmHuUM CIV5801 u CIV5812 dopmupyloTcsd Ha MarHMTHOM 3KBaTope.
INocrmenHee yTBepXIeHWE YCWIMBAETCS, €CU TPUHATH yron [=47°, a He 60°.
PaccmarpuBast moapoOHO JyueBBle CKOPOCTU JIMHUIT OCHOBHOM T'PYIIIIBI 3JIEMEHTOB
[4], MOXHO TIpOCHEANTh, KaK XMMHYECKOe "MSATHO" BBIXOAUT M3-3a TOPU30HTA,
MPOXOJUT uYepe3 LIEHTPaJbHBIA MEpUAUAH M, 3aTe€M, YXOOUT 3a TOpU30HT. UTo
kacaercst auHuid CIV5801 u CIV5812, To mpu 3HaYMTEIbHOM pa3bpoce Touek,
KOTOpPBI HabogaeTcs Ha 3aBUCUMOCTSIX, TPYIHO YTO-TM00 MOHATh. Heobxonumbl
HOBBIE U3MEPEHUSI.

YuuThIBast pe3yabTaThl MPEIbIAYIINX UCCICIOBAHNI, MOXHO YTBEPXKIATh, UTO
TUMIUYHBIM CBOMCTBOM MarHuUTHbIX O- u He-r 3Be3n sIBIseTCSI CUIbHBII BeTep
[11] Ha MarHUTHBIX MOJIIOCAX, TIe MaKCHMMalbHasl HAMPSKEHHOCTh MAarHUTHOTO
TOJISI TAKXXE CMOCOOCTBYET CUIbHOM Mrpdy3un XMMUUECKUX 3JIEMEHTOB. B pesynbrare
BO3HMKAIOT CHJIbHbIE XMMWYECKME aHOMaJIUM B OJM3MOJIIpHOI obnactu [12-14].
KoHILieHTpalyst HEKOTOPhIX XUMUUYECKUX 3JIEMEHTOB MPOUCXOAUT TaKkKe B 0071aCTU
MarHuTHoOro 3KBaropa [15-17], rae cuioBble JMHUKU TOPU3OHTATIBHBI K TIOBEPXHOCTH.
Cy1iecTByeT 3aBUCUMOCTb XMMUYECKUX aHOMaJIUI OT BeJIMYMHBI MAaTHUTHOTO TIOJIS,
CBSI3aHHAsl ¢ TeM, UTO MArHWUTHOE II0Jie TMOAABJISIET TYpOYJIeHTHOCTb, obJjerdast
nuddys3uo xumuueckux aneMeHToB [18,19].

3Besga HD57682 gpigeTcd TUIMWYHBIM IPENCTABUTEIEM MArHUTHBIX 3BE3[I
O-tnma. Hanmpumep, crpykrypa noBepxHocty O-3Be3a61 HD37022 Toxe menmTces
Ha IB€ OCHOBHBbIE O0JIACTU IO CBOMM CBOMCTBAM - BOKPYTI' MAarHUTHBIX ITOJIIOCOB
1 Ha MarHuTHoM skBartope [12]. ¥ HD37022 smuccust Ho 1 Hell4686 cuibHee
B MarHUTHBIX TOJIOCAX, cjlabee B AKBaTOpuajibHOI obiactu. Takum oOpa3oM, y
HD57682 u y HD37022 sMuccroHHOe 007aKO (GOpMUpPYETCS HAa MATHUTHBIX
nomocax [12]. Touyno Tak ke BemyT cebs O-3Be3nbl HD149438 m HD191612
[12]. OG6mmii BBIBOI - BOJM3M MarHMTHBIX moiocoB O-3Be3n dopMupyercs
pa3peskeHHasl SMUCCUOHHAsT 000JI04KA, TOIIA KaK 9KBaTOpUAIBbHAS 00JIaCTh TUIOTHAS,
U eclii TaM (POPMUPYETCS IMUCCUSI, TO B MEHbILIEl CTEIeHU.

Ha marauTHbIX Tromocax HD57682 mmawu mormomenuss Ho m He wmeror
MaKCHMMaJIbHYI0 MHTEHCUBHOCTh (CM. puc.8 B pabote [4]). Takum obpa3om, JTUHUU
rorjoleHus Bogopona u resust B HD57682 BenyT cebsl IpOTUBOIIOIOXKHO TOMY, YTO
Haomomaetcst y HD37022, y Kotopoil KkBUBaIeHTHAs IMprHa Hoo MMHMMabHA B
® =0 u makcumanbHa B @ = 0.5 [20,21]. B 3Be3ne HD57682 HemoHsiTHAa cUTyaLyst
C JIy4eBOI CKOPOCThIO, uaMepeHHoi o JuHusiMm H 1 He (cm. puc.8 B [4]): B ® =0,
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T.€. B MOMEHT IPOXOXKIECHNST BOIOPOTHOIO 1 TeIMEBOro "TIITHA" Yepe3 LIEHTPaTbHbIA
MepHuavaH, JydeBas CKOPOCTb MaKCUMaJIbHa, XOTSI OHa JOJDKHA ObITh paBHa 0.
Heob6xonnMbel JOMOTHUTENbHBIE HAOTIOAECHU .

3. HDS1009 (SrCrEu). 3Be3na uHTEpecHa TeM, YTO OTHOCHUTEIBHO HeEe
BBIMTOJITHEHO HEOObIYHO MHOro (39) u3MepeHMii MarHuTHoOro Tmojs Bs mo
pacuIeIUIeHUIO CIIEKTPaIbHbIX JJUHUI B HEMOJISIPU30BaHHOM criekTpe [22]. Takum
00pa3oM, B HallleM pacIlOpsDKeHUH OKa3bIBaeTCsl OOTaThI M HaNeXKHBIM MaTepHal,
MTO3BOJISTIONINI YBEPEHHO M3YYUTh CTPYKTYPYy MAarHUTHOTO MOJIs 3Be3nbl. [ormo-
HUTEJIbHO K 3TOMY MMeEETCS P M3MEPEHUIl MPOMOJLHOIO Mojisi Be B pa3HbIX
(hazax nepuona BpaiieHus B [23], BBIMOJHEHHOIO MO JMHUAM METaII0B. Takum
00pazoM, B 000X CTydasix He MCKITIOYEHO BIMSHIME HEPAaBHOMEPHOTO pacIpele/IeHIS
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Puc.5. U3menenne marnutHoro monxss HD81009. a) 3aBUCMMOCTh CPEQHErO MOBEPXHOCTHOTO
nosiss Bs(®); TOUKM - M3MEpEeHHbIe JaHHbIe, CIUIOLIHAsI KpWBas - MojejibHas. b) 3aBUCUMOCTb
MpOAOJbHOrO Moyt Be(®d); TOUKM - M3MEPEHHbIE NAHHbIE, CIUIOLIHAsI KPUBAas - MOMAEJbHAsl.
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XUMMYECKUX BJIEMEHTOB MO MOBEPXHOCTU HA U3MEPEHMSI, BbI3BIBAIOLIETO OOBIYHO
HEKOTOpOe yBEJIMYEHUE aMIUIMTYIbl u3MeHeHuit. Habmogaemblie dha3oBbie 3aBK-
cumoctu Bs(®) n Be(®) Ha puc.5a, b 0603HaueHb Toukamu. K coxaneHuio, Ha
3aBUCUMOCTU Be(CD) CJIMIIIKOM OOJIBIIION pa3dpoc AaHHBIX, YTO BBI3BIBAET HEYBE-
PEHHOCTb MPU UX UCIIOIb30BaHNKU. Heobxoarmble HaM mapaMeTpbl MPeNCTaBIEHbI
B Ta6su.1, onm B3aTHl U3 [8,23]. Ilepuon BpaumieHus 3Be3abl paBeH P=34cyr. K
COXAJIEHUIO, HEU3BECTHA BEJIMUMHA VSini, MO3TOMY HET BO3MOXXHOCTH OMPEIETUTD
TaKOM BaXHEUILWI MapamMeTp, KaK YroJl HakjJIOHa [ 3BE3dbl K JIy4dy 3pEHUs
Habmonarensi. B pabore [23] npeanonaraercs vsini=2.8kM/c. Ho B HalleM cityyae
3TO MOXHO CI€JaTh Ha OCHOBaHUM MojaeaupoBaHus. [Ipyu nmpaBuiIbHOM BbIOOpE
MapaMeTPOB MOJENIEN ¢ UCMONIb30BAHUEM 3aBUCUMOCTEM Bs(CD) u Be(®) nomken
HOJYYUTHCHI OAUHAKOBBIN Yroi i.

B ¢aze ® =0.5 3aBUCUMOCTD Bs(CI)) Oosiee ocTpas, a B ® =0 - OGoisee Tymad,
YTO SBJSIETCS NMTPU3HAKOM CMELIEHUS AUTIONI B 3Ty CTOPOHY. [loaTOMy OMHUAM M3
BaXKHEWIIIMX MapaMeTPOB, KOTOPbIM MPUXOAUTCS MOAOUpPATh, SBISETCS BeIUYMHA
cMeneHus1 aumonst A A , uamepsiemast B JoJsIX paauyca 38e3nbl. [1pu MonempoBaHUmn
MAarHUTHOTO TOJISI IO 00EUM 3aBUCUMOCTSM [UJISI CEPUM YIJIOB i 32 TIPaBUJIbHBIN
MPUHUMAETCS, TOT YTOJI, IPYM KOTOPOM 3aBUCMMOCTH HAWJTydllIMM 0Opa3oM COBMaAaloT
C HaOJIOJaeMbIMU 3aBUCUMOCTSIMU. TakuM crocoOOM Mbl MOJYYMJIU (pa3oBbie
3aBMCUMOCTHM, MOKa3aHHbIe Ha pUC.5a, b cIUIOIIHON JTuHUel. Takue 3aBUCUMOCTH
MOJIydeHBbI IIPU IMapaMeTpax, NPMBEICHHBIX B Tab1.l, BenuumHe yriaa i= 16 u
CMELLEHUN AMIOJS BIONb OCU A A =+0.13 R, . Ciienyer 3aMeTuTb, YTO B Pe3yJbTaTe
MAaJIOTO yTJia i MOCTOSIHHO BUAHA Tojycdepa ¢ MOJI0XKUATETbHbIM 3HAKOM MarHUTHOTO
I0JIs1, KaK 3TO BUAHO 13 puc.6. 11ITprixoBoii MHKEH orpaHr4eHa 06J1aCTh MATHUTHOIO
9KBaTOpa. DTO OYEHb HEBBITOAHAS OPUEHTALMS [UISl MOJTYYEHUS MOAEIN, TTIOTOMY
YTO BOZHUKAET CJIMIIIKOM MaJIasi aMIUIMTY/Ia U3MEHEHNS] MAaTHUTHOTO TTOJISE U OOJTBIION
pa3dpoc ToueK Ha (hba30BOM 3aBUCUMOCTU Be((D), MPUBOIAIINI K HEYBepeHHOM
Monenu. PakTuieckn HabmoAaTelb BUAAT 00JacTb MarHUTHOIO 3KBaTopa, IIe
CUJIOBBIE JIMHAW TOPU30OHTATbHBI K TTOBEPXHOCTU 3BE3/bl U MPOMOJIbHAS KOMIIOHEHTA
Be cnaba. PaccmoTpuM cxeMy pacriosiokeHus aunosisi BHyTpu 3Be3nbl HDE1009
(puc.6). INomoxuTeTbHBI MATHUTHBIM TIOMIOC BPAIIIAETCsl BOKPYT ITOJIFOCA BPAIEHWS
MPaKTAYECKN 0€3 U3MEHEHUSI HAIPSDKEHHOCTU Bs. BekTop Be ToXe MpaKTU4eCKU
HE MEHseT HU 3HaKa, HU BeJUYMHBbI. B 3TOM COCTOMT TPYIHOCTb MU3MEpPEHUI W,
0CO0eHHO, MojaenupoBaHus. CuTyalusl TaKoBa, YTO, M3ydyasl 00JacTb MAarHUTHOTO
5KBAaTOpa, Mbl JOJDKHBI TIOJIYYUTh MPEACTABICHUE O PACIHPEACIICHUM MAarHUTHOTO
TOJIS 1O BCel TMTOBEPXHOCTU U BHYTPU 3Be31bl. TOIbKO MPEANoaoKeHe MAarHUTHOTO
JIATIONS TIO3BOJISIET IPUOIU3UTELCS K MPAaBUJIBHOMY pellleHWI0. MojenibHast BeJIMYMHA
Bs=8378Tc oka3anachk JOCTaTOYHO OJIM3KOM K cpeaHeit BeamunHe Bs=84011c u3
pabotsl [22] (pa3znuuue Bcero 231°c). BennurHa MarHUTHOTO TMOJISI HA MAaTHUTHBIX
nomocax Bp=+20672Tc n - 9396 I'c. Cronb CWIbHOE pa3INYKe MPOUCXOIUT
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BCJIEICTBUE 3HAYUTEJILHOTO CMEIICHWS JUTIONS B CTOPOHY TOJIOXUTEIBHOTO MOHO-
nosst. OOUH 13 BaXKHEUIIMX MOJYYEHHBIX NTapaMeTpPOB MOIEIM 3TO Majblil yroj
o =16° (Yyroa MexXmay OChbIO IUTIONS Y TITIOCKOCTBIO 9KBaTOpa BpallleHMsT), KOTOPBIN
MO BeJMYMHE COOTBETCTBYET TMIIMYHOMY CBOMCTBY MarHWMTHBIX 3Be3n (puc.3).
OOpauraet Ha ce0s1 BHUMaHUE OTJIMYHOE COOTBETCTBUE HAOIIONEHUN UM MOMIEIU Ha
3aBUCHMOCTH Be(d)) U IJIOXO€ - Ha 3aBUCHMOCTH Be(d)). B nocnennem ciyyae
MOXHO TOBOPUTh O COOTBETCTBUM TOJILKO 8 cpedrem, HO He 1o ¢dopme. B pabote

-+

Puc.6. OpueHTanusi IUMOJBHOTO MarHUTHOro moss B 3Besne HD81009.

[22] MoxenbHas1 3aBUCUMOCTD Be(CD) TOXE 3aMETHO OTIMYAeTCsl OT HAOJII0JaeMON.
Beliie MBI mipearoiaraii IpUUMHY HETOUHBIX U3MEPEHNI Be, KpoMe TOro MOXKET
OBbITb BJIMSHME HEPAaBHOMEPHOIO paclpeIeeHUs] XUMUYECKUX 3JeMEHTOB IO
roBepxHocTH. [locimenHsst mpuarnHa Hanbojiee BeposATHA. YTou i=2°.8, ToMydeHHBII
B [23], CMJIbHO OTJIMYAeTCS OT HaIllero pe3ysabrata = 14°, m03TOMy 3aBUCUMOCTD
Be(d)) JUI1 JAHHOWM 3BE3Abl CIEOYET NEPEMEPUTD.

3HauUTEeIbHBIN UHTEpPEC TIPEACTaBIIsIET TOT (PaKT, uTo ABokiHast cuctema HD81009
COCTOUT MPAKTUYECKN M3 OMWHAKOBBIX 3BE3II TI0 MAacce W TeMIIepaType, HO TOJIbKO
omHa 13 Hux marHutHas [23]. [IpobaeMa (opMUpPOBAHUST U 3BOJIOLMU CIAOXKHBIX
CHCTEM paccMaTrpuBaiach B pabote [24]. 3mech MOXET Urparh pojib HEOTHOPOIHOCTh
POAUTEILCKOTO TPOTO3BE3MHOrO 001aKa, KOTIa OfgHa 3Be31a chopMUpOBaliach U3
HaMarHMyeHHoro parMeHTa, a apyrast HeT. Bo3MoxkeH BapuaHT, KOraa BTOPUYHbIA
KOMIOHEHT BCJIEACTBUE OBICTPOTrO HAYaJlbHOTO BpallleHWSI HE CMOT IMPeoaoJeTh
WU3BECTHBII Oapbep JIsi MarHUTHBIX 3Be31 P> 1 cyT. Bo3pact HD81009 oueHuBancs
mo 3aBucuMoctu logt(R/Rz), npuBeneHHoit B [10], toe R/Rz - paauyc 3Be3Ibl
OTHOCUTEIBHO ee paguyca Ha ZAMS. 3Be3ma HD81009 TMnuuHbIT MarHUTHBII
XUMMYECKU TIeKyJISIpHbIi 00beKT SrCrEu-Tumna.

DKBaTOpUAIbHAS CKOPOCTh 3Be3Abl paBHA v=>50.6R/P=3.4xMm/c, a u3 i=14°
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caenyeT vsini=0.82km/c. Cronb Malias BeJIMYMHA Vsini 00yCI0OBIeHA MeIJIeHHBIM
BpalllecHNeM W TTOJIIPHOM OpUeHTAaIleil 3Be3/bl.

4. 3akarwuenue. VicciaenoBaHbl JBe MArHUTHBIE 3BE3MIbI, HAXOMSILUECS B
KpaiiHMX TOYKAaxX TeMIEPaTypPHOI MOCIEA0BATEIbHOCTY MATHUTHBIX 3Be3l. O-3Be3na
HD 57682 umeeT CTpyKTypy LIEHTpaJbHOIO OUITONs. Majasi BelMYMHA yrjaa o
SIBJISIETCS] TIPU3HAKOM IOTePY MOMEHTA BPAILlEHUST C yYacTUEM MarHWTHOTO MOJIs.
Manas BeavurMHa Bs SIBJISIETCS XapaKTEPHOW YE€pTOW MArHUTHBIX 3BE3[. DMUCCUS
B CHEKTPaJIbHbIX JIUHUSX, YCUJIEHWE XMMCOCTaBa B OJU3MOJSPHBIX 00JACTSIX
xapakTepHbl 1151 MarHUTHbIX CP-3Be3n O u He-r TunoB. DMuccuoHHoe 001aK0 Ha
MarHUTHBIX TOJtocax HabGJoJaeTcsi Uy APYTUX TOpSTYMX MarHUTHBIX 3Be3nd [12].
O06JsiacTh MarHMTHOTO 3KBaTOpa 60Jsiee Xoa0aHas U (POTOMETpUYECKU Oojiee TeMHasl,
ec/iv TaM (hOPMUPYETCS SMUCCHSI, TO B MEHBIIIEH CTENEHU. YUUThIBAs pe3yJbTaThl
MIPEIBITYIINX UCCIETOBAaHN, MOXHO YTBEPXKIATh, YTO TUITMIHBIM CBOMCTBOM Mar-
HuTHbIXx O- u He-r 3Be3n sBisieTcsl cuibHBIM BeTep [11], rme HampsokeHHOCTb
MarHUTHOTIO MOJII MaKCUMaslbHa. KOHIIEHTpalysi HEKOTOPbIX XMMMUYECKUX 3JIEMEHTOB
MPOUCXOIUT TakKe B 007aCTM MarHWTHOTO 3kBatopa [15,17], rae cuaoBble JUHUU
TOPM30HTAILHBI K TTOBepXHOCTH. CyIIECTBYeT 3aBUCIMOCTh XUMIWIECKIX aHOMATII
OT BEJIMYMHBI MAarHUTHOTO MOJISI, CBSI3aHHAs C TeM, YTO MarHUTHOE I0Jie ToaBIIsIeT
TypOyJE€HTHOCTb, obJsieryast nuddy3uto xumuueckux asemeHToB [18,19].

Bropast u3 uccnenosannbix 38e31 HD81009 rmeeT cTpyKTypy MarHUTHOIO TTOJIS,
CMEIIEHHOro U3 LIEeHTpa MarHUTHOTO AUNOJs. M3-3a HEBBITOAHON OpUMEHTAIIMU OHA
BUIHA TIPEVIMYIIIECTBEHHO CO CTOPOHBI MAarHUTHOTO 3KBAaTOpa, HabmomaeMast a3oBast
3aBUCUMOCTD Be((D), MO-BUIMMOMY, CHJIbHO MCKaxeHa. MaTepecHo, uro HD81009
9TO JBOIMHAsI CUCTeMa, KOTOpasi COCTOUT MPAKTUYECKU M3 ONMHAKOBBIX 3BE3l IO
Macce U TeMreparype, HO TOJIbKO OfHa M3 HMX MarHuTHas [23]. Takue cucteMbl
MOTI'YT BO3HUKATh JIMOO 13-3a HEOAHOPOIHOCTU MAarHUTHOTO TMOJIsI B POAUTEIbCKOM
MPOTO3BE3MHOM O0JIaKe, KOIja ofHa 3Be31a chopMupoBaiach U3 HAMarHMYEeHHOTO
(parmenTa, a apyrasg HeT. Bo3MoOXeH BapuaHT, KOrga BTOPUYHBIA KOMITOHEHT
BCJEACTBME OBICTPOrO HayaJibHOIO BpallleHUs HE CMOT MPEeo0JieTb W3BECTHBIN
Oapbep I MarHUTHBIX 3Be3d P> 1 cyT.

ITonpoOHBIN aHaIM3 UCCIEeNOBAaHHBIX 3Be3/1 OyAeT MpeacTaBlieH B Cleaylolieit
CTaThe.

CreuuanbHas actpodusuueckast obcepsaropuss PAH,
Poccust, e-mail: glagol@sao.ru
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MAGNETIC FIELD STRUCTURES OF CHEMICALLY
PECULIAR STARS. I. HD57682, HD81009

Yu.V.GLAGOLEVSKIJ

Based on literature data on magnetic field values, models of the magnetic field
of magnetic stars of different types of peculiarity HD57682, HD81009 were
constructed and the parameters of their magnetic field were obtained. HD57682,
like other hot objects, exhibits differences in physical conditions in the region of
the magnetic equators and in the region near the magnetic poles, which are not
yet amenable to interpretation. The star HD81009 in its properties is a typical
representative of SrCrEu-type magnetic stars, except for it's the binar system.

Keywords: magnetic field: pecular stars
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Ha ocHoBe nuTepaTypHBIX MaHHBIX O BEJMYMHAX MATHUTHOTO TTOJISI TIOCTPOCHBI MOIETH
MarHUTHOTO TMOJISI HECKOJIBKMX MarHUTHBIX 3BE3M PA3HBIX TUITOB MEKYJISIPHOCTH U MOTYYEeHBI apaMeTphl
MarHuTHOro Mmojist. Cpeny ropsiurMx OOBEKTOB OOHAPYKEHBI Pa3TNIisl GU3MUYECKUX YCTIOBHMIA B 00IaCTH
MarHMTHBIX SKBATOPOB M B 0O0JACTH OJIM3MAarHUTHBIX MOJIOCOB, KOTOPBIC TOKA HE ITOIAIOTCS MHTEP-
MpeTaruu.

KitoueBble cioBa: maeHumuoe noqe: neKyaspHole 36e30bl

1. Beeodenue. [lanHast cTaThs SIBISIETCS TIPOAOIKEHUEM TIPEIBIAYILEH pabOThI
[1]. Mbl ocyiiiecTBsieM OOJIBIIYIO TTIPOrpaMMy MCCEN0BaHUST CTPYKTYP MAarHUTHOTO
MOJIsI XMMMYECKHU TIEKYJISIPHBIX 3BE31 BO BCeM Auaria3oHe temreparyp, T.e. SrCrEu,
Si+, Si, He-w, He-r, O-00bexkToB. Cpeayt HUX IMOKA TUIOXO M3y4YeHbl MarHUTHBIC
O-3Be3nBl W B TIpoIlecce WX HCCIAeAOBAaHUS YacTO BO3HHMKAIOT BOIIPOCHI M3-3a
HEIOCTAaTOYHOTO KOJMYECTBA M TOYHOCTH HaOMIOHaTeIbHBIX JaHHBIX.

2. HD98088 (SrCrEu). 3sMepeHust POIOIbHON KOMIIOHEHTHI MATHUTHOTO
moJist 3Be3nbl HD98088 B pasHbIX (hasax mepuoja BpalleHUs Be(d)) B3SITHl U3
pa6or [2,3]. Yacte u3dMepeHunii Be MmoyiydeHBI KJIaCCUYECKHMM criocodoM [2] 1o
doTorpadpuueckuM criekTpam (cpeaHsss 6 =88 I'c), yacTh MO CIIEKTPOIOJISIPU-
METPUYECKAM U3MEPEHUSIM BBICOKOTO paspelieHns (R=68000) MyTETHIIMHEAYaTHIM
crnocobom (LSD) [3] (cpennsis o =225 I'c). Takum oOpa3oM, B 000MX Clydasix
MoJie U3MEPSUIOCh TI0 MHOTUM JIMHUSIM METAJUIOB, B PE3Y/IbTaTe YErOo BO3MOXKHO
OIpelIeINTh BIUSIHUE HEPABHOMEPHOTO PacIpeaeeHUs] XMMUYECKUX 3JIEMEHTOB T10
MOBEPXHOCTU Ha aMIUIMTYAY (hba30BOM 3aBUCUMOCTHU Be(@).

[Nepuonp! Bpawuenus 3se3npl HDI8088 P=5.9cyT, vsini=100xm/c, R =3.15R,
B3aTEl U3 [3,4]. Tlo dopmyne v=50.6R/P monydaem v=27 km/c. I[Ipn Takux
YCJOBUSIX OKa3bIBaeTcsl, 4To sini> 1. OueBUAHO, 4TO MO0 paauyc, MO0 BeJIUUMHA
vsini HeBepHbIe. B 3TOM COCTOMT HeKOTOpast HEYBEPEHHOCTh MOJIyYeHHON MOJIEIIN.
B paGote [3] nmpuHaTO Hamboiee BepOsITHOE 3HAYEHME yIjia i= 68°, KOTOpOe MBI
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Tabauya 1
IMAPAMETPBI MOJAEJENU MATHUTHOTIO TT1OJIA

HD Bs, I'c Bp, I'c AA, R o, Tpamgyc i, Tpamyc

98088 1100 +1657 0.0 10 68

182180 2439 +1657 0.0 9 52

221218 2769 +5818, -3161 +0.1 18 68

318107 14600 +32348 -17595 +0.1 20 13
Tabauya 2

IMAPAMETPbI MOJAEJIEM HD98088, TOCTPOEHHLIX T1O
JAHHBIM PA3HBIX ABTOPOB

Bs, T'c Bp, I'c B,, Tc o, Tpamyc
Hamra monens mo [2] 1110 +1657 - 18
Haiia mozgens no [3] 1100 +1697 - 10
Mogenp u3 [3] - - 3580 15

TakKe ucrnojb3yeM. [lapaMeTphl MmoydyeHHOW HaMy MOJEJU MpUBeneHbl B Tabs.1,
IJle JaHbl: CpeiHee MOBEPXHOCTHOE MarHUTHOE moJie Bs, BeIMYMHA MarHUTHOTO
MOJIsI Ha MAarHUTHBIX TOJ0cax Bp, cMelleHue AUMOJS W3 LEeHTpa 3Be3nbl A A,
€CJM OHO HaOjIoAaeTcs, Yroj HakJIOHa OCU JUMOJsg K TUIOCKOCTM 3KBaTopa
BpalllEeHUsI o, W Yrojl HaKJIOHAa OCU BpallleHMs 3Be3bl K JIy4y 3peHUs] HaOmoaaTenst
i. Ha puc.l Toukamu noka3zaHa HaOiwogaeMasi (a3oBasi 3aBUCUMOCTb Be((D),
CILIOLIHOW JIMHUEHN - MofenbHas. Paznuuusa Mexay M3MepeHHbIMU JaHHBIMU U
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Puc.1. U3menenune marnutHoro mojis HD98088. Touku - M3aMepeHHbIC NaHHBIC, CILIOIIHAS
KpUBasg - MOJIEJIbHas.
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MOJIEILHOM 3aBUCUMOCTBIO He MpeBbllliaeT 3¢ . B Tabi.2 mpuBeaeHbl mapaMeTphl
MozeJsie, MOJIyYeHHBIX HAMH OTAELHO 1Mo m3MepeHnsM babkoka [2] n doiapcoMa
[3], a Takke mapaMeTpbl MOJENIN, MoJyYeHHbIe B pabote [3]. Hamu nBa pesysibrara
JIOCTATOYHO OJIM3KUE, YTO BHI3bIBAET YBEPEHHOCTh B MOJYYEHHBIX JaHHBbIX. Harm
MOJIeJTN, TIOCTPOeHHBIE 0 JaHHBIM ba6bkoka m DonrbcoMa, COOTBETCTBYIOT LIEHT-
panbHOMY aunoto ¢ A A=0.0. CTpyKTypa UEHTPaJIbHOIO AWUMOJSI B MAarHUTHBIX
3Be3Max SIBISETCS TUIIMYHOM, TakuxX 3Be3n okojiao 60%. B pabore [3] Toxke
MPEANOJIAraeTcsl CTPYKTypa MarHUTHOTO TOJIST HIEHTPAJILHOTO JUATIONS, HO MIPU 3TOM
Hekad BeanunHa B)=3580I'c cuibHO OTIMYAeTCs OT HaluuX Bs U Bp BCIEnCTBUE
UCIIO/Ib30BaHKs Apyroi, a uMeHHo (D+Q+0Oct) moznenu. [lapamerp B, He cpaBHUM
C HAlIMMU JAHHBIMU TIOTOMY, 4TO OH B (D+Q+Oct)-Moaenun NMpakTUYeCKd He
umeeT uzndyeckoro cMbicaa [5]. Takoi BeAUMUYMHBI HU BHYTPM 3BE3[bl, HU Ha
ee moBepxHocTH HeT. Ilapamerp B, aBisgerca KospduuueHTOM B Gbopmyle,
onuckiBawlleil opmy dazoBoit 3aBUCUMOCTU. B TeueHHe HEKOTOPOTO BpeMEHU
pa3HbIe aBTOPbI MBITAJIUChL OMUCATh (Pa30Bbie 3aBUCUMOCTU Be(CD) C TIOMOIIIbIO
chepruyeckux rapMOHUK - AUIIOJSI, KBaApPYMHoJisl, OKTymoass u T.a. ONbIT psaa
HcclieoBaTeNieil, B TOM YMCJIe UM Halll, MOKa3bIBaeT, YTO MAarHUTHOE I0Jieé BHYTPU
3Be3Ibl M Ha MOBEPXHOCTU JOCTATOYHO XOPOILIO OMMCHIBAETCS (POPMYIION MATHUTHOTO
JUMOJISI, KOTOPbIA MOXKET HAaXOAUTHLCS B JIIOOOM MeCTe€ BHYTPHU 3BE3Ibl U MOXET
ObITh HAKJIOHEH K TIUIOCKOCTM B2KBaTopa BpallleHUs Ha Jo0oi yroa o . Yron
HaKJIOHa OCH JMTIONIS K TJIOCKOCTU 3KBaropa BpailieHus1 B Haieir Mmoaenu HD98088
okazaicsd o =10°, y @onmbcoMa o =15°. Ha puc.2 mpencTaBiieHa cxeMa MOIETN
HD98088, 13 koTopoil BUAHO, YTO TOJSIpHbIC OOJACTW MPU BpAILLCHUU 3BE3IbI
MPOXOIST MOYTH Yepe3 LIEHTP BUIAUMOIO JUcKa. Takas GaronpusTHas OpUEHTALIAS
3Be3Ibl M MArHUTHOTO JUIOJSI B HEHM SIBISIOTCS OMHON M3 TPUYMH CJ1aboro

Puc.2. OpueHTtanuss OWITOJILHOTO MarHUTHOro Iojisg B 3Besne HID9808S.
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paccestHMSI ToueK Ha ¢pa3oBoit 3aBucuMoctu puc.l. IlTpuxoBoit auHuel 0bo3HaUeHA
o0JiacTh MarHuTHOro 3kBaTopa. Kak BugHO 13 puc.3 B pabote [1], 3Be31a nomamaer
B aWamna3oH yrioB o =0-—20°, KOTOpBIA SBISETCA TUITMYHBIM I MAarHUTHBIX
3Be3n. Bospact 3Be3nbl logr=28.87 B Tab1.1 oueHMBaiicsa mo 3aBucumMoctu logt(R/Rz),
MpuBeIeHHOM B [6], tme R/Rz=1.81 - pamnyc 3Be3bI OTHOCUTEIBHO €€ paanyca Ha
ZAMS [4]. Takum obpa3oM, 3Be3na MpoBeia Ha [J1aBHON TOCaen0BaTEIbHOCTH
yKe OOJIBILIYI0 YacTh CBOEH JKM3HMU.

MarnutHas 3Be3na HD98088 sipisieTcst uieHOM CIEKTPOCKOMMYECKU ABOMHOM
CHUCTEMBI, B KOTOPOW BTOPMYHBI KOMITOHEHT siBisieTcsl Am-3Be3noii. M3BecteH
pSA ciIydaeB CIIEKTPaIbHO JBOMHBIX THHa Ap+Am. B pabote [7] aHanm3upylorcs
Takre cucteMbl. Cpean MetaumaeckKux Am-3Be3n mouty 100% SBisStoTes CITeKT-
PaJIBHO-IBOMHBIMH, XOTS Cpear Ap-3Be3/ TakKnx 00beKToB MeHble 20%. SdcHoctn
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Puc.3. U3menenne marHutHoro mojigs HD182180. a) 3aBMCMMOCTH IIPOmOJBHOTO most Be;
TOYKM - W3MEPEHHbIC AaHHbIe, CIUIOLIHAs KpUBasi - MoJesibHas. b) MoesibHas 3aBUCUMOCTb
CpeIHero MOBEPXHOCTHOTO TmoJis Bs.



MATHUTHBIE T1OJIA XUMMWYECKHW MEKVYJIAPHBIX 3BE3/. 11 45

B OTHOIICHUHU TIPOMCXOXICHUS cUCTeMbl Ap+Am moka HeT. He MCKmoYeHo, 4To
BCJICACTBUE KpaifHell HEOMHOPOIHOCTH ITPOTO3BE3MHBIX O0JIAKOB OMMH KOMITOHEHT
copMupoBaicsd N3 HAMAarHUYEHHON YacTh 00JIaKa, a IPYyroil U3 TOi, B KOTOPOI
TTOJIHBIM BekKTOp B ~0 I'c. BoaMoXeH BapuaHT, Korma Am-IpoTo3Be3na MMenna
CJIMIIIKOM BBICOKYIO HAYaJbHYI0 YIJIOBYIO CKOPOCTb M HE CMOIJIa IIPEOIOJIETh
KPUTHYIECKYIO CKOPOCTh Ve, TIpM KOTOPOil BO3HMKAET BHYTPEHHSIST HECTAOMIBLHOCTD,
paspymatonias 1ose. [loka HeT JaHHBIX O BO3MOXHOM BJIMSTHMM TECHBIX JBOMHBIX
Ha 2BOJIIOLIMI0O MAarHUTHOTO TMOJIS.

3. 36e3da HDI82180 (He-r). 3Besnsi tuna He-r u O cocTaBisiior
TTOATPYIIIY CPeIV MarHUTHBIX 3BE3I, MMEIOIIYI0 HEKOTOphIe OOIIMe CBOMCTBA.
MarnutHoe 1ojie Be nojiyueHo B [8] MocpeacTBOM MHOTOJMHENYAaTOro aHajau3a
LSD [9], moaToMy mpUXOAUTCS Y4eCThb, UTO (a3oBasi 3aBUCUMOCTD Be(d)) MOXKET
ObITh 3aMETHO MOJBEpKeHA BIMSIHUIO 3((deKTa HepaBHOMEPHOTO pacIpeaesieHns
XMMUWYECKUX 2JIEMEHTOB, TIpexe Bcero Ha amruiutyay. 3se3na HD 182180 uHTepecHa
T€M, YTO OHa OTHOCHUTCSI K Haubosee ObICTPhIM pOoTaTOpaM Cpeir MarHUTHBIX 3BE3I
1 HAXOOUTCS Ha TPaHUIlE BOSHUKHOBEHUST BHYTPEHHNX HECTAOMILHOCTEM, KOTopast
BO3HUKaeT npu P<1cyt, pa3pyllaolimx MojouaaaibHoe MarHuTHoe noje. ITo aTomy
CBOWCTBY OHa OTHOCUTCSI K HHTEepecHbIM oObekTaM. I[lepuon BpaiieHus
P=0.52cyr, R=3.9R,, vsini=300xkm/c [8], otkyna mo copmyne v=50.6R/P
nonyyaeM v=379km/c u yron i=52°. ABropbl pabothl [9] maror 38° < i< 86°
ITO3TOMY MBI MCIIOJIB30BAIM HAIlly OLIEHKY = 52°, KoTopasl SIBISICTCS CPEIHUM
3HaYeHMEM U3 3TUX olieHOK. KonnuecTBo usmepeHuit Be maso (puc.3a), mosTomy
MbI UCITOJIb30BAJIM MOJIEJIb LieHTpaJibHOro aunoiiss A A =0.0. MeromoM mnocjieaoBa-
TEJbHBIX MPUOIMKEHUI TOCTUraeTCsl CTPYKTypa, MPU KOTOPOMl BbIUMCIEHHAs U
HabronaeMast (pa3oBble 3aBUCMMOCTM pa3iMyaroTcsl He Oojiee yeM Ha 3G BO BCeX
Toukax (Tabs.l). Yron HakioHa ocu AMIONS K IJIOCKOCTM 3KBaTopa BpallleHUs B
Hallell MOIEJINA OKa3aIcs HEOONBIINM, o =9°, 4yTO TUMUYHO I MATHUTHBIX 3BE3[
(cM. puc.3 B pabore [1]). Hama MeToauka mo3BoJjisieT Ha OCHOBaHMU TOJTyYEHHOMU
MOJIEJTA BBIYMCIUTH HE TOJIBKO 3aBUCUMOCTD Be(CD), HO U Bs (CD) , TIpEICTaBICHHYIO
Ha puc.3b, U3 KOTOpOi CpedHssl BeJIMYMHA BaxkHeilero mapamerpa Bs=2439Ic.
CTpyKTypa MarHATHOTO IIOJISI He BEI3BIBA€T O0COOOTO MHTEpeca, MPAaKTHYECKA OHa
Takasl e, KaKk Ha CXeMe puC.2, TOJIbKO OOpaTHBIMU 3HAKaMM.

MeTtonyka BeryncaeHnss MaruuTHoi Moxen HID182180 B pabote [8] Takast xe,
Kak B [3], T.e. ucnoansyercs (D+Q+0O)-Monenb. ABTOpbl BbIOpaIM BapuaHT LIEHT-
PaIbHOTO QMIONA, KOTOPBIA JaeT MapaMeTp HANpPsKEHHOCTU nons B, He cobma-
JAIOLLUIA 110 cMbICIy HU ¢ Bs, Hu ¢ Bp [5]. I1o ux manHbM 3Be3ga HD182180 nmeer
B,=13-17«I’c, npuyeM Takux BEJIMYMH B 3BE3/IE, KAK MbI YX€ TOBOPWIM, HET HU
Ha TIOBEPXHOCTHU, HU BHYTPU, 3TOT MapaMeTp CAYXKUT KO3(PGULIMEHTOM B (hopMyJie,
onuchIBaollei (hazoByIO 3aBUCUMOCTh Be(CD). DTa BeJIMYMHA CUJIbHO OTJIMYAETCs OT
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Haimx omneHok Bs=2439Ic u Bp=13787I'c, kak 310 BUAHO U3 Tabj.l.

CaoiictBa 3Be3apl HD182180 (He-r) untepecHo cpaBHuth ¢ HD37479 (He-r)
[10], 6mskoi o Macce. B oGenx 3Be3nax 06JacTb MAarHUTHOTO 3KBaTopa (hOTOMET-
pudecku Oojiee TemHas1, 3mech Be=(01I'c, 6113 MarHMTHBLIX MOJIOCOB sIpKas [8].
IIpennonaraercsi, yto Ha MarHUTHOM 3KBaTope HID37479 HakarmBaroTcs XUMU-
YeCcKUe 3JIEMEHTHI KaK B JIOBYIIKE, MHTEHCUBHOCTb CIIEKTPAIBbHBIX JTUHUI YBEIIH-
YUBAETCsI, TIOIVIOLEHNE CTAHOBUTCSI 3HAYUTEIbHBIM, SIPKOCTD IT0SICa BIOJIb MATHUTHOTO
sKBaTopa yMmeHblaetcs [9,11]. B 1o xxe Bpems y 3Be3npl HD37479 B (hase nmpoxoxkaeHUst
MAarHUTHOTO 3KBATOpa Yepe3 BUOUMBIIA LIEHTP IUCKA HAOTIONAeTCss MAKCUMYM SMUCCUU
[9], a B HD182180 smuccust HabaogaeTcsl B 00JacTU OJM3MarHUTHBIX MOJI0COB. B
MarauTHbIX nomocax HD182180, xak ob6kiuHO y 3Be3n Tuiia He-r, Betep Makch-
MaJIbHbIN, 000J104Ka yBeIUYeHHas. TakuM o0pazoM, HabmonaeTcst (hyHIaMeHTaIbHOE
pamuue B TOoBeldeHUU IByX He-r 3Be3nm, XoTs TemmepaTyphl Mx paBHbI 22530 K
(HD37479) u 17000 K (HD182180), T.e. paznuuue He CTOJb BEJIUKO.

Pasnnune cBoiictB HabmogaeTcs y 38e3n HDS57682 (O, 35000K) [1] u HD37022
(0, 39350 K) [12], koTOpBIe SBISIIOTCS TUIMMYHBIMU MPEACTABUTEISIMU OOBEKTOB
O-tuma. Ha MarautHeIX TTomocax HD57682 muanm noromenns Ho 1 He mMetor
MaKCUMaJIbHYI0 UHTEHCUBHOCTD (cM. puc.8 B padore [4]). Ho y 3Be3nst HD37022
JIMHUY TOIJIOILIEHUSI BOIOPOAA U TeIUsl MaKCMMaJIbHbl HA MAarHUTHOM 3KBatope [12].
CrpykTypa nmoBepxHocTH 3TUX O-3Be3]1 10 OCHOBHBIM CBOMCTBAM TOXeE AEJSTCS Ha
JIBE XapaKTepHbIe 001aCTH - BOKPYT MATHUTHBIX TIOJIIOCOB M HA MATHUTHOM 3KBaTOpe
[1]. ¥V obenx 3Be3nm smuccusga Ho u Hell 4686 cuibHee B MarHUTHBIX MOJIOCAX,
cmabee B 9KBaTOpUAIBHONM o6acTh. ToyHO Tak ke BeayT ceds O-3Be3ns HD191612
u HD149438 [13]. OOmmii BbIBOA - BOIM3M MarHUTHBIX TOJIOCOB TOPSYMX Mar-
HUTHBIX 3Be3l (opMHUpyeTCsl pa3pekeHHasl, SMUCCMOHHasl 000JIouKa, TOraa Kak
BKBaTOpUaibHasl 00JacTh IJIOTHAs U TeMHasl. PaccMarpuBasi OTKIIOHEHUsI CBOICTB
3ge3n HD37479 (He-r) u HD37022 (O), cuutaem HeOOXOAUMBIM B Oymyiiem
HU3YyYUTh UX 3aHOBO C MPUMEHEHUEM 0oJjiee TOUHON METOAMKU U3MEPEHUIA.

OtHocuTenbHbIl paguyc 3Be3abl HD182180 R/Rz=1.37 Mbl olieHMBaeM Ha
OCHOBaHUM nOaHHbBIX B [4]. Bospact logf= 8.1 mnosiyyaercss mo 3aBUCMMOCTH
logt(R/Rz) Imist 3Be3n ¢ COOTBETCTBYIOLIMM pPaglycoM, MPUBEAEHHON B [6].

4. HD221218 (He-w). VI3MepeHus1 MarHUTHOTO TIOJIsT Be BBITIOJIHEHBI B
pa6orte [14]. Onn npenacrasiaeHbl Ha puc.4 Toukamu. CpenHss ommbka o =121 I'c.
Ilepuon BpaiueHust 3Be3abl P=2.64 cyt, BenuuuHa vsini=35xkm/c [12], oTkyna
IoJIydaeM 35KBaTOPHAIBHYIO CKOPOCTb 3Be3nbl v = 50.6R/P=37.7km/c U yroia
i=68°. Haira Momesib, 5T0 IMIOJIb, CMEIICHHBIN BIOJb OCH Ha BenmuuuHy +0.1R,,
MIpUYeM IUIIOb HAKIOHEH K IIOCKOCTH SKBaTOpa BpallleHus Ha yroia o =18° (st
cpaBHeHUs1 B padore [14] o =9°), KoTOpbIi (POPMUPYET MATHUTHOE IIOJE€ HA
nomocax Bp=+5810Tc u -3161I'c (ta6n.1). B pabote [14] yrBepKmaeTcs, 4TO
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MarHUTHOE T0JIe B OCHOBHOM JIUMOJIBLHOE, B 3HAYUTEJILHOW CTEIIEHU HE OCECUMMET-
pUYHOE, C HAPSCKEHHOCTHIO TTOJIT HAa MarHUTHEIX Torocax £9635 'c 1 ¢ MarHuTHOM
OCBIO, TTOUTH TIEPIICHANKYJISIPHOIM OCH BpallieHHUS. DTa BeJIMYMHA MOJIST 3HAYUTETLHO
OTJIMYAETCSl OT HAIIETO pe3yJibTaTa, a HeOOJBILIOK Yrol o , KaK U B HallleM cyJae,
MO BEJIMUMHE COOTBETCTBYET TUITMUHBLIM MarHUTHBIM 3Be3faM (puc.3 B padote [1]),
KOTOpPBIE TOTEPSIM MOMEHT BpalllcHUS HA PaHHUX CTAgUSIX SBOJIIOLMU ITyTeM
"MarHUTHOro" TopMOXeHusl. CxemMa MoJIOXKEeHUS MAarHUTHOTO AUIIOJNS, TTOJTydYeHHast
MO HalMM JaHHBIM, ToKa3aHa Ha puc.5. Kak u B ciayyae 3Be3nbl HD98088
MOJISIPHBIC O0JIACTU MPU BpallleHUU 3BE3IbI MPOXOAAT BOIM3U LIEHTPA BUAUMOTO
nucka. IltpuxoBoit 1uHuUel o603HaYeHa 001aCTh MArHUTHOTO 3KBaTopa. biaro-
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Puc.4. UsmeHenune marHutHoro mojist HD221218.

Puc.5. OpueHTanust OUIIOJBHOIO MarHUTHOrO moiyisi B 3Be3me HID221218.
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MPUATHAS OpUEHTALIMST 3Be3[bl OTHOCUTEIbHO HAOMIoAaTeNsl SIBISIETCSI OMHOM U3
MPUYMH CcJaboro paccesiHUS ToYeK Ha (a3oBoii 3aBucuMocTU puc.4. CuiibHast
MepPeMEHHOCTDb TTpoWIeil IMHUI METAJUIOB, KOTOpasi AEMOHCTPUPYETCS B paboTe
[14], mpuBOAUT K TIPEATOJOXKEHUIO O IMSITHUCTOM pacnpeneieHUu XUMUYeCKUX
5JIEMEHTOB, MO3TOMY HE HCKIIIOYAETCSI UX BIMSIHME HA BEJIWYUHY MOJTYYEHHBIX
napameTpoB. Bospact 3Be3apt HD221218 paBen logr=8.0-8.2, oH onpeneyeH 1o
JaHHBIM paboThl [6]. Benmumna R/Rz=1.11 [4] Toka3biBaeT, 4TO 3Be3da Ha
nuarpamme ['epiimnpyHra-Peccena Haxonutcs Boau3u ZAMS. Takum ob6pa3oM, B
5TOM pasielie MBI TTOJIYYUId OoJiee OIpeaesieHHOe TPEACTABIEHUE O CTPYKTYpe
MmaruuTHoro nonst HD221218, yem 310 moisiyueHo B [14].

5. Modeav HD318107 (Si+). [lapamerpbl 3Be3/1bI B34Thl U3 padot [4,15].
Ha ocHoBaHuM 3THX maHHBIX vsini=7kMm/c, R=2.12Ry u P=9.71cyr, oTkyna
17000 T | — T T T T — | — | — T
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Puc.6. WiamMeHenue mpoaonbHoro MaruutHoro noist HD318107. a) 3aBucumocts Bs(®), b)
3aBUCUMOCTb Be(D) .
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ompefeliseM 3KBaTOPUAIbHYIO CKOpPOCTh 3Be3nnsl v = 50.6R/P=11KkM/c, 3aTeM
i=139°. OgHako B HaIlleM CiTydae MMeEIOTCs IBe (pa3oBble 3aBUCUMOCTH Be(@) [15]
u BS(CD) [17], moaTOoMy yroii i Mojy4yaeTcsl Mpu MOAEIMPOBAHUU aBTOMATUYECKMU.
Takoit MeTon siBIIIeTCS Gosiee TOUYHBIM. Ha pric.6a ToukaMu mokasaHa M3MepeHHast
3aBUCHMOCTb Bs(®) (cpeamsis BenmunHa Bs=14372T¢) 1 MozenbHas, OKa3aHHast
CIUIOLIHOM JuHuei (cpenHsis BeaumumHa Bs= 14600 I'c). Ha puc.6b To Xe mist
3aBUCUMOCTU Be(d)). O06e Moaenu MOTYYMIUCh TIPY OXHOM M TOM ke yrie i=13°
(mnst cpaBHeHus, B [15] i=22°. BemmuwHa i, TaknM 0Opa3oM, 3HAUYHUTEITHHO
OTJINYAETCs OT TOM, KOTOpasi BBIBOAUTCS U3 vsini=7KM/c. OmbOouHbI 10O vsini,
Jmbo R. Ins MomenupoBaHUS IO Be(CD) MbI HCIOJIb30BAIM U3MEPEHUSI, BbINOJ-
HEHHbIE MO JMUHMSIM 3Keje3a, KaK 9TO Mbl BCerja HejiaeM, CUMTasl, YTO OHO
pacripezieJieHO 0 MOBEPXHOCTU Oosiee paBHOMEPHO, YeM, Hanpumep, Nd u apyrue
peaKO3eMeNTbHbIE 3JIEMEHThI, KOTOPble OOBIYHO KOHLIEHTPUPYIOTCSI BOKPYT MATHUTHBIX
nomocoB. K coxajleHu1o, CyIIECTBYIOT TOJbKO HECKOJbKO HM3MepeHuit Be, HO
yepe3 U3MEPEeHHBIE TOYKM HEBO3MOXHO ITPOBECTH KaKylo-ITnOo KpuBylo. ITosaTomy
rnapaMeTpbl MOJEIU MOAOUPATUCh TaK, YTOObl HabIIOZaeMble U TEOPETUUYECKUE
BeTmunHbl Be(®) Oblmu 0dunakoevie 6 cpednem. HabmoneHus Nal0T CPETHION0
BesnuuHy Be=3830TIc, Mmoaenb npuBoauT Kk Be=3400Ic. DToro mocrarouyHo,
YTOOBI 3a(MKCUPOBaTh MOIYIeHHBIN yroi i=13°. Ha puc.6b BUIHO, KaKMM ITOJDKHO
ObITb U3MEHEHUE Be(CD) Ha camoM jejie. OHO BeJIMKO M3-3a CMEIICHUs AUIIOJS
Baosb ocu Ha +0.1R,. B Tabiu.l mpuBeaeHbl MapamMeTpbl MOAENU, a CTPYKTypa
MarHMTHOTO MOJISI TToKa3aHa Ha puc.7. 3Be3la BUIHA CO CTOPOHBI IOJIOCA BpallleHUST
W MarHUTHOTO 3KBaTopa. M3-3a mMajioro yria i MOCTOSSHHO BMAHA mojycdepa ¢
TTOJIOXKUTETLHBIM MarHUTHBIM TTOJIeM (IITPUXOBOM JTMHME 0003HaYeH MAarHUTHBIN
9KBATOpP). DTO BUAHO TakKe Ha 3aBUCUMOCTHU Be(CD). Maias BeMyrMHa & MPUBOIUT

_|_

Puc.7. OpueHTanuyst OWIMIOJIBLHOrO MarHuUTHOro mojst B 3Besne HD318107.
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Tabauuya 34
HOBAA MOJEJIb HD318107
3HaK AA, R | Hoarora, A | upota, & a Bs, I'c Bp, I'c
MOHOTIOJS | JWTIOJNS rpamyc rpamyc rpamyc
- +0.1 320 -20 20 14600 -17595
+ 140 +20 +32348
Tabauya 3B
CTAPAA MOJIEJIb HD318107
3Hak AA, R | Hoarora, A | llupora, & a Bs, I'c Bp, T'c
MOHOTIOJSA | JUTIONS rpamyc rpamyc rpamyc
- +0.1 0 -5 5 14345 -19462
+ 180 +5 +33365

K TOMY, 4TO Bs MeHsieTcsl ciabo, Bcero Ha 17%. CToib HeBBITOMHAS UTST M3MEPEHUIA
MAarHUTHOTO TIOJISI OpPMEHTAIMs MO OTHOLICHMIO K HaOmoAaTelllo MPUBOIUT K
CJIMILIKOM OOJIBbLLIOMY pa30pocy ToueK Ha (ha30BOil 3aBUCHUMOCTU U, KaK CJIeICTBUE,
K HEyBEpEHHOU MOJeu.

Bemmuumae i=13° cooTrBeTcTBYeT Vsini=2.47 kM/c. 7151 cpaBHEHUS TTONTYYeHHBIX
JAHHBIX B Tab1.3 TIpUBeIeHBI TTapaMeTphl cTapoil Momeu [16], mocTpoeHHO o
IpyruMm uzmepeHusM B [17]. OHU ogHOro Mopsiaka U MOATBEPXKIAOT APYT Apyra.
ITo xoH(puUrypanuy MarHUTHOIO IOJS U IPYyruM mapamerpam 3sesna HD318107
OTHOCUTCS K TUIIMYHBIM MarHUTHBIM 3Be3aaM Si, SrCrEu Tunos nexkyasipHOCTH.
Yrom o Man, B mpefenax o =0-—20°, 4TO TUITMYHO IJIST MATHUTHBIX 3Be31 (CM.
puc.3 B pabote [1]).

B pa6orte [15] npuBonutcs cTpykTypa MarauTHoro 1onsg HD318107, nomyyeHHast
n3 npennoioxenus (D+Q+0)-monenu. Tam TipuHAT yroa = 22° ITOBOJLHO
GJIM3KMIA K Halllel OlleHKe. YTON MeXIy OChIO BpallleHUsI U OChIO AUTIONS B = 65°,
T.e. o0 =90—-f=25°, MpakKTHMYECKHN COBITaJacT C HaIlleil olleHKoM. [lajee aBTOpHI
MPUBOIST TOJSIPHBIE BEIUUYMHBI MAaTHUTHOTO 10151 Bd, Bg, Boct, KOTOphIe TOJy-
YaloTcs BCaeACTBUE npuMeHeHus u3BectHol (D+Q+0)-monenu, mapaMeTpbl KOTOPOi
HeJIb3sl CpaBHUBATh C Hallleil OMHOMMUIIONBHONM MOAEJbIO, T.K. OHM MMEIOT APYroi
CMBICJI, KaK ye TOBOpWJIOCH BhbIle. YTo KacaeTcst (popMbl 3aBUCMMOCTU BS(CD),
MpemIoXKeHHo! B [15], To oHa He MojydyaeTcsl B HallleM Ciaydyae HM TMPU KaKux
ycaoBusx. Takyo ¢opMy MOXHO OOBSICHUTH IIPEAIONOXKEHHEM IBYXIWUIMOJIbHOM
KoHburypatyu. st yTouHeHUs1 MOIETM HEOOXOMMMbI AOMOTHUTESIbHbIE, 00Jiee TOUHbIE
U3MEPEHUSI.

Bospacr 3Be3nger HD318107 pasen logtr= 7.8, oH omnpeaeiaeH IO IaHHBIM
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pabotel [6]. Benmnmunua R/Rz=1.10 [4] moka3biBaeT, 4TO 3Be3la Ha IHarpaMMme
I'epummpynra-Peccena HaxomuTes BOJM3M 1ojockl ZAMS. TakuM obOpa3oMm, B
5TOM pa3zesie Mbl TaKKe TOYIWIN 0ojiee OIpeaesieHHOe IIPeICTaRISHUE O CTPYKTYpe
MaruuTHoro nonst HD221218, yem 310 TosiyueHo B [14].

LleHHOCTH JaHHOTO pasiena COCTOUT B MOJydeHUU Oojiee TOUHOro, YeM paHee,
MPEICTABICHNUSI O CTPYKTYpE 3BE3Ibl U ee MapamMeTpax.

6. Obcyxucdenue u 3axkarwueHue.

1. B aByx pa6orax (I u II) Mbl paccMOTpean CTPYKTYpbl MAarHUTHOTO TOJIS
5-TW 3Be€3[ pa3HOIo TUIMA MEKYJSIPHOCTU U TeMIIepaTyphl, a TakKe ONpEeAeTIHIN
CTPYKTYpy M TIapaMeTphl MarHUTHOTO 1ojist. OCHOBHBIE (hU3WUYECKUE TaHHBIC U
M3MEPEHMSI MAaTHUTHOTO TIOJISI B3ATHl M3 JIMTepaTyphl. Halra 3amaya 3akimroganach
B TMOJYYEHUM TMapaMeTpPOB MATrHUTHOIO TOJSI KaXTOW 3Be3lbl M TEepBUYHON
WHTEpIpeTauun (HU3MYECKUX CBOUCTB BBIOPAaHHBIX 3BE31 B pPa3HbIX 00JacTsIX
MMOBepXHOCTU. Bo Bcex cirydyasix HaM ymajioch mogo0paTh ImapaMeTpbl MOIETHN Tak,
yTOObI pa3IUYue MeXAy MOIEIbHBIMU (Da30BbIMU 3aBUCUMOCTIMU Be(CD) u
HaOJIIofaeMbIMM M3MEPEHUSIMU He TpeBbllaio 3. OObIYHO MbI MOJb3YeMCS
TaKUM KpuUtepueM otdopa Mozeneit. OCHOBHbIE TTPOOJEMbl, KOTOPble BOZHUKIIN B
pe3yjbTaTe MHTEpNpeTaldyi MOJEIMPOBAHUS, CBSI3aHbl C HEOJIAromnpusTHON
OpHMEHTAIIed MATHUTHOM CTPYKTYPHI TI0 OTHOIIECHHWIO K HaOIIOmaTeN o, a TaKKe
0COOEHHOCTSIMM (DM3MIECKHX YCIIOBMI HA MATHUTHOM 9KBaTOpe M BOKPYT MATHUTHBIX
nosmocoB. M3 paccCMOTpeHHBIX B NaHHOK paboTe HaOMI0JATEbHbIX NaHHBIX U
MMOJTYIeHHBIX MOJEeil BUTHO, KaKhe OOBEKTHl HYXHTAIOTCS B TOTOJHUTEIHHBIX
n3MepeHnsix. K coxanxeHno, He 9acTO Mbl MeeM BO3MOXHOCTh MOJEIUPOBAThH
CTPYKTYpPbl MArHUTHOTO MOJISI TIO JEMCTBUTEIBHO XOPOIIUM JaHHbIM. OTHOBPEMEHHO
MBI aHAJIU3UPOBAJIN PE3YJIBTaThl MOIEINPOBAHNS MAaTHUTHBIX 3BE31 C TTIOMOIIIBIO
(D+Q+0)-Monenu.

2. PaccMoTpuM pe3ysibTaThl MCCIENOBaHUSI MAaCCUBHBIX SMUCCUOHHBIX 3BE31
O u He-r tunmoB HD57682 [18,19] u HD182180 [8] mo pesyabraTam paGor 1
u II. ¥V Hux cTpykTypbl MarHUTHOro MoJisi, KaK U (pU3MYeCKHe MNapaMeTpbl
SIBJISIIOTCSI. TUMWYHBIMM 11 MAarHUTHBIX 3Be3ld. 3BE3[Abl UMEIOT OOOJIOYKH, B
KOTOPBIX TEHEPUPYETCS SMICCHS B IMHUSIX BOIOPONA, TeJUS M APYTUX XUMUIECKIX
3JeMeHTOB. MaKcuMaibHasl UHTEHCUBHOCTh amuccuu B HD57682 Bo3Hukaer B
MOMEHT TPOXOXKIEHUS MOJOXUTEIHbHOTO MATHUTHOTIO TOJII0CA Yepe3 LIEHTpabHbIN
MepUIvaH, T.e. SMUCCHOHHAS 00J1aCTh HAXOAUTCSI BOKPYT MarHUTHBIX ITOJIIOCOB,
rae BeTep MakcuMmaibHbI. Tak ke BemyT cebst O-3Be3nnl HD37022 [19] u
HD191612 [11] (Ta6n.4). ITon neiicTBMEM BeTpa BO3HHUKAIOT CHJIBHBIE XUMUYECKUE
aHOMAJINM BOJM3M MarHUTHBIX IIOJIOCOB. HeKoTophle XMMHYECKHE 3JIeMEHTHI
KOHLIEHTPUPYIOTCA BAOJb MarHMTHOro sKBaropa. OOLIMI BbIBOA - BOJU3U
MarHuTHbIX nomocoB O- u He-r 3Be3n hopMupyeTcs pa3pexeHHasi, SMUCCUOHHAs
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Tabauya 4

MMOBEAEHUE CHEKTPAJIbHBIX IMUHUMN HA MATHUTHbIX
I[NOJIOCAX 1 MATHUTHOM B5KBATOPE

3Be3ga HD | Tun T 7 K DMuccus Makcumym WA H, He| Ref.
37022 (0] 39350 B momtocax Ha marH. skBartope [19]
37479 He-r 22530 Ha wmarH. skBarope | CJ0XHO OIpeneanTb [21]
57682 (0] 35000 B momocax B momocax [18]
182180 He-r 17000 B momocax B momocax [8]
191612 (0] 35000 B mnomtocax Ha marH. skBartope [13]

000J104Ka, MPU 3TOM SKBaTOpHaIbHAsl 00JaCTh OKA3bIBAETCSI OTHOCUTEIbHO TIOTHOM
U XOJIOMHOM. BO3MOXHO, HA MarHUTHOM B3KBATOpPE CKAILIMBAIOTCI XUMUUYECKHE
BJIEMEHThI KaK B JIOBYILIKE, UHTEHCUBHOCTb CIIEKTPAJIbHbIX JUHUI YBEINUMBACTCS,
MOIIOIIEHUE CTAHOBUTCSI 3HAYUTEIBHBIM, SIPKOCTD T0sICa BIOJb MAarHUTHOTO 3KBaTOpa
ymeHbliaercsd [20]. MuHMMabHBINA OJeCK MPUXOAUTCI Ha MarHUTHBIA 3KBaTop,
rae Be=0Ic u MuHUManbHasl BelnurMHa sMuccun Ho . B To ke BpeMs y 3Be3abl
HD37479 [21] MmakcuMyM 3MMCCUUM T€HEpUpPYyeTCsl Ha MarHUTHOM 3KBaTope. Ho
Hallle MHEHME COCTOMT B TOM, UTO HAOIIOIATEIbHbBIC JaHHbIE HEOCTATOYHO HANEXKHBI
U HEeOOXOIVMBI JOMOJIHUTEIbHbIE HAOMIOACHUS 3TOW 3BE3/bI.

B MarnutHbIX noymocax 3Be3n HD57682 [18] 1 HD182180 [8] skBuBasieHTHAS
mprHa JuHun Hy m muamit He MakcuManbHa. DTO CBOMCTBO ITPOTHUBOITOIOKHO
ToMy, uTo Habmomaerca y HD37022 [19] m HD191612 [11], y KOTOpBIX 3KBH-
BaJICHTHAs IMprMHa Hoo MuHMMalbHa B @ =0 ¥ MakcumajapHa B @ =0.5. [dag
BBISICHEHUS MPUYMH YKA3aHHOTO Pa3iuyus U B JTaHHOM CJydae TaKKe HeOOXOIMMBI
JIOTIOTHUTEIbHBIE HAOTIOAEHMSI.

Cnenyioliee HeroHsaTHOoe y HD57682 [18] saBIeHMEe 3aKII04aeTCs B TOM, 4TO
JIy4eBBIE CKOPOCTH, OIIeHEHHBIe 1Mo JuHMsIM Hy m He, B MOMEHT HaxoXIeHUs
BOJOPOJHOTO U TeIMeBOro "MsITHA" B LIEHTPE 3Be3[bl MaKCUMAaJIbHbIE, XOTS OHU
JOJKHBI OBITh paBHbI HYJIIO.

3Besga HD37479 [21] uMeeT CI0XHYIO MOBEPXHOCTHYIO CTPYKTYpy U MpHU
HEIOCTaTOYHOM HaOJtoJaTeIbHOM MaTepralie HEBO3MOXHO 10 KOHLIA BBIICHUTH
(uznyeckue ycaoBUsI HAa TTOBEPXHOCTH.

3. PaccmotpenHsbie 2 3Be3nbl HD81009 u HD98088 siBnsgioTcss TUMMMYHBIMU
npeacraButeasmMu MarHUTHbIX CP 3Be3n SrCrEu-tuma, 3a MCKiIlOYeHUEM MX
JIBoiicTBeHHOCTU. [loka HeT 1OoCTaTOUYHO yOeIUTENbHBIX JAaHHBIX 00 0COOEHHOCTSIX
X TIPOMCXOXIECHUS W DBOJIIOLNU.

4. Tloutu Bce pacCMOTPEHHBbIE OOBEKTHI HA pacIpeneaeHU MarHUTHBIX 3BE3[I
mo ymam o (N (oc) MomnajaT B AMana3oH o =0-20°, 4To TMMWYHO I Mar-
HUTHBIX 3Be31 (CM. puc.3 B cTathbe [1]). Manas BelMuuMHa o SBISIETCS TPU3HAKOM
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TOTO, YTO TTOTepst MOMEHTA BpallleHHs TTPOM30IIlia Y HAX B pe3yibTare "MarHUTHOTO"
TOPMOXEHUsI Ha paHHMUX 3Tamax sBomonuu. Popma (a3oBoil 3aBUCUMOCTH
COOTBETCTBYET MOJIEIN LIEHTPATLHOIO JUTIOJS WIIM C1a00 CMELIEHHOTO M3 LIEHTpa
3Be3Ibl TUTIONS, YTO HabmomaeTcsd y 6ojiee 4eM TOJIOBUHBI MAarHUTHBIX 3Be3, U
OOBSICHSIETCSI, TTIO-BUANMOMY Te€M, 4YTO OHM C(hOPMHUPOBAIINCH U3 OMHOPOIHOTO TT0
CBOEM CTPYKTYPE POAUTEIHLCKOTO HAMATHUYEHHOTO IMPOTO3BE3IHOr0 00IaKa.

5. YuuThIBast BLIBOIBI TIPEIBIIYIIETO pa3aeiia, PacCCMOTPUM TTOJIOXKEHNE N3yYeHHBIX
3Be3 Ha pacnpeneiaeHnn logP-logBs Ha prc.8, OTMEYeHHBIX OETBIMU KPYsKKaMHU.
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Puc.8. 3aBUCMMOCTD TIepHOAa BpalcHUS 3BE30 OT BEJIMYMHBI MarHUTHOTO Tmoist Bs. Beble
KPYXKHU - 3Be3Ibl, M3yYCHHbIC B 3TOM pabore.

Oxka3bIBaeTCsl, YTO OHW HAXOMASITCS Cpelu OOIlel MacChl MarHUTHBIX 3B€3/, KpOMe
HD57682, xoropast BpallaeTcsl CIMILIKOM MEIUICHHO JIs1 €€ MarHuTHoro mnoss. He
HCKJIIOYEHO, YTO YXX€ Y POAUTENbCKOW MPOTO3BE3[bl BpallleHUE ObUIO CIMIIKOM
cnabbiM. 3Be3nsl HD81009 u HD318107 HaxomsiTcst B ITpaBoii YacTu pacipene/eHUs
logP-logBs, xoTopas TipeAcTaBisieT coboit npodnemy. [Ipy npeanosoxeHuu, 4To
MoTeps MOMEHTAa BpallEHUS] MATHUTHOM TMPOTO3BE3Ibl MPOVCXOAUT MPU y4aCTUU
MarHUTHOTO MOJIsT, CEAYET OXKUIaTh, YTO CYLIECTBYET 3aBUCUMOCTD ITEpUO/a BpallleHUsT
OT BEJIMYMHBI MarHUTHOTO Tojid. JlefcTBUTEbHO, JieBas 4YacTh PHMC.8 OTBevaeT
3TOMY IpeanoiokeHuto. Ho nmpaBasi yacTb B TAKOM CiIydae OKa3bIBaeTCsl HEMOHSITHON
- YeM CUJIbHEe MoJjie, TeM ObICcTpee BpalliaeTcs 3Be3na. MoxKHO MpennoaoXuTb, 4YTO
TIPY OYeHb CHJILHOM ITOJIe 00J1aKa, OKPY:KAIOIINe MarHUTHYIO TIPOTO3BE3My, HAUMHAIOT
BpalaTbCsl BMECTE C MPOTO3BE3I0i U Mepeaaya MOMEHTa BpallleHUsT ocjlabeBaeT.

CreuuanbHas actpodusuueckass obcepsaropuss PAH,
Poccusi, e-mail: glagol@sao.ru
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[O.B.IVTATOJIEBCKU

MAGNETIC FIELD STRUCTURES OF CHEMICALLY
PECULIAR STARS. II. HD98088, HD182180,
HD221218, HD318107

Yu.V.GLAGOLEVSKIJ

Based on literature data about the magnetic field values, models of the magnetic
field of several magnetic stars of different types of peculiarity were constructed and
the magnetic field parameters were obtained. Among hot objects, differences in
physical conditions have been discovered in the region of the magnetic equators
and in the region near the magnetic poles, which are not yet amenable to

interpretation.
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Keywords: magnetic field: pecular stars
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Paccmotpensl cBoiicTBa 1utaHeTHOU cucteMbl TOI-784, B KoTopoii 3emiienogo0Hasl IjiaHeTa
oOpallaeTcss OKOJIO MaJIOAKTUBHOM 3Be3/Ibl COJTHEYHOro TUMa. ApxXxuBHbIe u3MepeHust oiecka TOI-
784 B V-punbTpe u3 6a3bl maHHBIX ASAS 4 He MO3BOJSIOT HAaWTH JOCTOBEPHBIC YKa3aHUSI Ha
MepeMeHHOCTh Osiecka BCJEACTBME BpallleHUs, a TakKXe Ha LUKIUYECKYIO [OJITOBPEMEHHYIO
MepeMeHHOCTb 00beKTa. Bo3aMoxKHasi olieHKa BeJIMUYMHBI MEepuoja BpaleHMs] 3BE3bl COCTABJISIET
Prot/sini = 41.7 + 11.4 cyr. Bo3pacT cuCTeMbl COIJIaCHO SMIIMPUYECKUM THUPOXPOHOJIOTUYECCKUM
COOTHOLLEHUSIM paBeH 7.8 + 3.4 Miip JieT. YCTaHOBJIEHA CPEe/IHSISl BeJIMUMHA MapameTpa XpoMochepHoii

akTUBHOCTH logR’,, = -4.99, KOTOpast COOTBETCTBYET YPOBHIO MaJOAKTUBHBIX 3BE3/l C aHATOTMYHBIMU

nokazareaMu 1Beta (B- V) u 6amska K conHeuHoMy. Panuyc mnanersr TOI-784 b pasen 1.93 R,
macca - 9.67 M, ee cpenHss TIOTHOCTD - 7.4 r/cM’ (TU1aHeTa sIBIsieTcsl KaMeHKcTol). OLeHKa MoTepy
BelecTBa atMocdepoii 1wraHetel TOI-784 b Oblma moiiydeHa MO amnIIPOKCMMALIMOHHON dopmyrie,
COOTBETCTBYIOILIC MOJIEIN TOTepU atMOc(epbl ¢ OrpaHUYEHHMEM IO dHEpruM. PacueTsl mokasau,
UTO TIOTepsI BEIECTBA aTMOC(hepsl IUIaHeTHI cocTaBsieT 4.7 -10° r/c. CpaBHUTEIbHO HU3KAS BeJIIUMHA
MoTepu BelllecTBa aTMocdepoil IMaaHeTbl, HECMOTPs Ha BBICOKYIO 3(D(dEKTUBHYIO TeMIlepaTypy
atMocepbl 3Be3bl M OJIM30CTh TJIAHETHl K 3Be3le, BEPOSITHO, CB3aHAa C HMU3KUM YPOBHEM
AKTUBHOCTH 3BE3[Ibl.

KittoueBpie citoBa: 36e30bi: AKMUGHOCHb: NAMHA: d)omomempuﬂ: NnepemerHHocmo.

naaHeniHsvle cucmemanl: aI’HMOCd)epr IK30naanem

1. Beederue. Aropsl [1] coobIIMIM O TIONTBEPKAEHUN TPAH3UTHOM TUIAHETHI-
cynep3eMiii, OOHapy>XeHHOI ¢ TToMolblo kocMuueckoii Muccuun TESS, Bpaiato-
LIeiicss BOKPYT 3Be3Ibl COJTHEYHOro TUMa clekTpajibHoro kiacca G HD 307842
(TOI-784). Ilepuon obpailieHUs TUTAHETHI paBeH 2.8 CyT, 10 U3MEPEHUSIM JIyUYeBOM
ckopoctu (RV) ObUlO ycTaHOBIEHO, YTO ee Macca cocrapisieT 9.67 x (0.83 -
0.82) Mg,. Taxxe OblTa OTKPHITA TUIAHETa-KAHIUAAT HA BHEIIHEN OopOuTe, KOTOopasi,
CKopee BCero, He SIBIISIeTCS TPaH3UTHOM. BemmumHa rmeprona obpalieHus TIaHeThI-
KaHAMIATa COCTaBIseT mpuoau3uTeabHo oT 20 1o 63 cyT, Ipu 3TOM COOTBETCT-
ByIOLIME MoJyaMIuiuTyabl RV, Kak oxwumaercsi, MOTYT BapbUpoBaTbes OT 3.2 1o
5.4m/c, a macchl - ot 12.6 no 31.1 Mg,. Panuyc mnaneTsl b (HaliieHHOI METOIOM
TpaH3uToB) nMeeT 3HadeHue 1.93 £ (0.11-0.09) Ry, 4TO MPUBOINT K CpenHen
mwiotHoct 7.4+ (1.4-1.2)r/cM’, B npennonoxenun, uto TOI-784 b aensercs
KaMeHMcToi TutaHeToit. CorsacHo 1, Ha muarpaMMe "pamuyc - WHCOJISIIINS TTAHeThI
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o0obekT TOI-784 b pacnoyiokeH Ha Kpar TakK Ha3bIBaeMOM "HOJMMHBI paguyca'.

HMnuTepec kK mumanetHoit cucteMe TOI-784 oOycioBiieH TeM, 4TO B Hell 3emiie-
MoJo0Has IUIaHeTa OOpalllaeTCss OKOJIO 3Be3[bl COJTHEUHOIO THIIa, KOTOpas 110
MpeaBapuTeIbHbIM OLIeHKaM [1], siBsieTcsl JOCTaTOYHO MaIOaKTUBHON. OTMETHM,
YTO UCCIEeI0BAHUS OOJBIIMHCTBA 3Be3[I, ITPOBEeACHHbBICE HAMU paHee (cM. [2-4]), Kak
MPaBUJIO, BBITOJHSINCH AJISI CUCTEM C TOCTATOUHO BHLICOKOM aKTUBHOCTBIO POIM-
TEJIbCKOU 3BE3MbI.

2. Ilposerenus akmuenocmu TOI-784. Cornacuo [1], addexTuBHas
TeMmIiepatypa 3Be3nbl paBHa 5558 + 100 K, yckopeHue cuibl TsoKecTu logg =4.48
+0.10, panuyc R/Rg =0.907 £0.017, cBeTuMoCcTb L/Lg =0.119£0.013 u macca
M/Mg=0.91%0.10 . O6bext TOI-784 otoxnecTieH ¢ ucrounukom Gaia EDR3
5251941573573934080, ero mapautakc coctapisier m (mas) = 15.4833 +0.0108.

ABtopel [1] paccmoTpenu 963 apxuBHBIX u3MepeHusi Oiaecka TOI-784 B
V-bunbrpe no 6aze naHHbIX ASAS 4 (HauuHas ¢ 21 nekadps 2000r. mo 3 nekabps
2009r.). Ilo mpuHATOI aBTOpaMu MeETOAVKE ObLIM OTOOpaHbl 883 BEJTMYMHBI,
OTHECEHHBIE K KiaccaM A 1 B, KOTOpble TpEeACTaBISIOT M3MEpPEHUsS CaMOTo
BBICOKOTO KauecTBa. Pe3ynbTaThbl BHITIOJTHEHHOTO aBTopamu [1] nepronorpaMMHOTO
aHajau3a MokasaHbl Ha puc.l. Beln caenaH BbIBOO 00 OTCYTCTBUU IMEPEMEHHOCTH
Osiecka BCJIEACTBYE BpallleHMSsI, KOTOPBIM MO3BOJISIET MPEANonaoXuTh, yTo TOI-784,
BEPOSITHO, SIBJISIETCS MAJOAKTUBHOW 3BE3IOU, HA MOBEPXHOCTA KOTOPOW B 3TIOXY
HaOJIIOEHU I MSITHA MPAKTUYECKU OTCYTCTBOBIU. OTMETUM, UTO JaHHbIE, MPeaCTaB-
JIEHHBIE Ha pHC.], TakKe yKa3bIBaIOT Ha OTCYTCTBUE HMUKIMIECKOM TOJTOBPEMEHHOM
MePEeMEHHOCTH O0BEKTA.

-2 T T T
-3
] °
x 4
o
-5
6F L e . !
0.0 0.5 1.0 1.5 2.0
B-V

’

Puc.1. Inarpamma logR',, - mokasarenb usera (B - V). Temublii cumBon coorsercteyer TOI-
784, cBeTyible CUMBOJIBI - IaHHBIE KaTtajora [5], Topu3oHTalbHAsK JTUHUS - COOTBETCTBYET 3HAUYEHUIO
rnmapamerpa logR'HK st CoyiHIIA B CITOKOMHOM COCTOSTHUU (CM. TEKCT).
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Hcrnonb3yst olleHKU paauyca 3Be3bl U OLIEHEHHOMW O CHEKTPATbHBIM HabJTI0-
JIEHUSIM CKOPOCTH BpallleHUsl vsini, aBTophl [1] mpuBenun onpeaeaecHUe BEIUYMHbI
BO3MOXKHOTO TIEpHOIa BpallleHUs 3BE3IbI, KOTOPHIN paBeH Prot/sini=41.7+11.4
cyT. Bo3pact cucteMsl ObUT OLieHeH B [1] ¢ MOMOIIBIO SMITMPUYECKUX TUPOXPOHOJIO-
TMYECKMX COOTHOLLIEHUI U cocTaBui 7.8 £ 3.4 Mipa jieT. MoXHO caeniaTh 3aK/II0YeHUE,
yTo, ckopee Bcero, TOI-784 mpuHamiIexXuT K YUCAY 3B€3l COJHEUYHOIO THIIA,
JIOCTaTOYHO CTapbIX U MaJJOAKTUBHBbIX.

ITo cnektpam, noaydyeHHbIM ¢ Planet Finder Spectrograph (PFS) cnekrporpacdom
6.5-meTpoBoro Teneckona Magellan 11 Clay, aBropel [1] ompenenwin 3HaYeHMsI
TNOKa3aTeJisl 3Be3HOIM aKTMBHOCTH MapameTpa S, , u3MepeHHoro no juHusaM Call H
u K (6p10 paccMoTpeHo 13 crnekTporpamm, coaepsKallluxX yKazaHHble JuHuu). K
COXAaJICHUIO, MAJIOe YMCIIO U3MEPEHUI He MOIJIO JaTh MHMOPMALIMIO O BO3ZMOXHOI
LIMKJIMYECKOM aKTUBHOCTHU (MJIM KaKOH-TMOO TTepeMeHHOCTH BooOlle). B koHeuHOM
urore B [1] 66110 MOIYYEHO, YTO CPeIHAA BeJIMYMHA apaMeTpa logR', paBHa -4.99.

Ha puc.1 npusenena nuarpamma logR', . - nokasatens usera (B- V). Cperibie
CHMBOJIBI - JaHHBIe Karajora [5], a TeMHbIil KpyXoK - TOI-784. 'opu3oHTaibHas
JIMHUS COOTBETCTBYET 3HaueHMIO mapameTpa logR’, nis ConHia B CIIOKOMHOM
COCTOSTHUM. MOXHO CIeIaTh BBIBOA O TOM, UTO YPOBEHb XPOMOC(HEPHOIM aKTUBHOCTU
TOI-784 6a130K K XapaKTepHOMY [JisI MaJJOAKTUBHBIX 3BE3ll C aHAJIOTUYHBIMU
nokasarejisiMu 1Beta (B- V), npu 3ToM caM ypoBeHb IPaKTUUECKU COBMAAAET C
conHeyHbiM (ana Connua logR’,, =-5.021, cm. B [5]).

[IpencraBnsieTcss MHTEPECHBIM COMOCTABUTh JAHHBIE O BeJIWYMHE logR',, mis
TOI-784 u3 [1] ¢ pe3yabTaramu U3 [6] 0 pacIpeneieHUy BEJIMYUH 3TOTO ITapaMeTpa
IUIst 3Be3q criekTpanbHoro kiacca G. CorsacHo [6] 310 pachpene/ieHre MMEeT 1Ba
WJIM, BO3MOXHO, TPU MUKA ¢ MaKCUMyMaMu IJig BeJUW4YWH mopsiaka -5.00dex y
MaJIoaKTUBHBIX 3Be3d U -4.50 dex - y akTuBHBIX. Jlons1 akTMBHBIX G KapjaMKOB
cocranigeT okosio 20 npoiieHToB. TOI-784 mpuHamIeXXUT K MaJIOAKTVBHBIM 3BE31aM
CIeKTpaJIbHOro Kitacca G, 4MCIIo KOTOPBIX 110 JaHHEBIM [6] mocturaeT ~80 TPOLIEHTOB
B MX BBIOOpKE.

Pesynbratel 0 BenmmuuHe mapamerpa logR’,, u aktusHocT TOI-784 u3 [1]
TpeOyIOT JajbHENIIEero YyTOUYHEeHUsI, He MCKIIOYEHO, UYTO 3Be3/da SIBJIsSIeTCS JIMOO
JENCTBUTENIbHO KpaiiHe MaJOaKTUBHOM, JIMOO HAXOAWUTCS B COCTOSIHUM CBOE
MOHMXEHHON aKTUBHOCTU (CBEIEHUS O BO3MOXHOM LIMKJIMYECKOU MePeMEHHOCTH
XpoMochepHOl aKTUBHOCTH 3Be3/bl, KOTOpass MOXET CKa3aThCsl Ha pe3yjabTaTax
MPOBOIUMBIX HAMU OLICHOK, OTCYTCTBYIOT).

3. Ilomepsa eewecmea ammocgepor TOI-784 b. Kax ykasbiBamoch
Boillie, TOI-784 b gBasgeTcsd TaaHETON TUIA Cymlep3emysl C Maccoil mopsiaka
M =9.67 M g wn 6onpiioi noiyoceto opouts! 0.038a.e. CornacHo [1] sk3o0mnaHeTa
MPENOI0KUTETbHO MOXET CONEPXaTh B 000JI0UKE HEOOJIbIIOE KOJTUYECTBO JETYUMX
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BELIECTB C TsDKENbIMU MojieKynamu, Takumu kak H,O wmm CO, Bmecro H/He.
OTBeT Ha BOIPOC O MPHUCYTCTBUM y TulaHeThl octatouHoil H/He obGomoukm He
sgceH. OgHAKo, eClI TIaHETa BCe XXe C TeUeHUEM BpPeMeHM TepseT CBOI aTMocdepy,
TO JJT TIOCYETa TaKOM MoTepr Oe3 IeTaTbHOTO MOIEIMPOBAHUS CUCTEMBI MOXHO
ITONPoOOBATh MUCIIOIH30BaTh alIPOKCUMAIIMOHHYIO (DopMyITy (CM., Harpumep, [7,8]),
OOBIYHO HAa3bIBAEMYlO, KaK MOJENIb IMOTepH aTtMocdepbl C OrpaHUYEHHEM I10
SHepruu. B 3Toif Momenu mpearnonaraeTcs, 4YTo MOTOK XKecTKoro Y D-manyyeHust
TTOTJTOIIAETCST B TOHKOM cCJioe pammyca R IJe ONTWYecKas TOJIIWHA ISt

. (Y
3Be3AHbIX XUV-(OTOHOB paBHa eaWHUIIE, U BKJIIOYEH yuyeT NpWIMBHOIO 3(dexrTa:

dM, &y Py R, Ry

dt— GM,K,.@€) 0
TOE €y, - NapaMeTp 3(P¢hEeKTUBHOCTH HArpeBa (&, =0.2+0.1 LA MWHU-
HENTYHOB U Cymep-3eMeib); G - IpaBUTALMOHHAs IMOCTOSHHAs, F, - MOTOK
XUV-(}poToHOB; Rp - paguyc IJIaHETHI; Mp - Macca IUIaHeTHl; R, - pamuyc

nontomennss XUV-doronos; K, (&,) - npwiuBHBIA napamerp. IlompobHocTu
WCIIOJb30BaHUS COOTHOLIEHUS (1) MOXHO HAWTM BO MHOTMX JIMTE€PaTypHBIX
HUCTOYHMKAX, B TOM 4ucie B [7-9].

OcHoBHbIe n1aHHbIe 0 TiaHeTe TOI-784 b 6blv B3gThl U3 [1]. [L1s BbIUMCIIEHUI
no ¢opmysie (1) Hy>XHbI OLIEeHKU BeanuyuHbl - (1motoka XUV-dotoHoB). s aToit
1L1eJIM HaMU ObUTM UCHOJIb30BaHbl aHATUTUYECKHE 3aBUCUMOCTH, Moxy4yeHHbIe B [10],
CBA3BIBAIOILME BeNMM4UHy F,  1OTOKa u mapamerp logR', 1is 3Be31 CHEKTPaIbHBIX
kinaccoB or F mo M. Kak ykaspiBasiock B [1], TOI-784 sBnsieTcss D0CTaTOYHO
MaJIOAKTMBHOM 3BE3[0U COJTHEYHOTro TUMa (CM. BblilIe). PacueTsl M0 COOTHOLIEHUIO
(1) mokasanu, uTo TOTepsl BellecTBa aTMochepsl cocTaBseT 3HaueHue 4.7-10% r/c
st BemunHbl logR',, =-4.99. CpaBHUTENEHO HU3KAs BEJIMYMHA TOTEPU BELIECTBA
aTtMocephbl TIAHETHI, HECMOTPST Ha BBICOKYIO 3(D(MEKTUBHYIO TeMITIepaTypy arMocdephl
3Be31bl (crekTpajibHOro kijacca G) u GAM30CTh TJIAHEThl K 3BE3/€, BEPOSITHO,
CBsI3aHa C HU3KKUM YPOBHEM aKTUBHOCTM 3Be3/ibl (BesinurHa noroka XUV-doroHoB
paBHa 7.8-10% apr/c).

4. 3akawuenue. PaccMoTpeHbl cBoiicTBa TutaHeTHO cuctembl TOI-784, B
KOTOPO#l 3eMJIeNoJ00HAasl TlaHeTa oOpalllaeTCs OKOJIO MaJOaKTUBHOW 3BE3bl
cojHeuHoro Turna. ITo apxuBHbIM U3MepeHUusiM 6iecka TOI-784 B V-¢punbrpe u3
6a3nl JaHHBIX ASAS 4 aBTOpHI [1] cieany BHIBOABI 00 OTCYTCTBUU NEPEMEHHOCTH
OjJecka BCIEICTBUE BpallleHUsI, a TakxXe 00 OTCYTCTBUMU ULUKIUYECKON
JIOJITOBpEMEHHOM TepeMeHHOCTU obbekTa. CornacHo [1], Bo3MOXHast BeIUUMHA
repuoaa BpallleHus1 3Be3abl cocTaBisieT Prot/sini=41.7+11.4 cyt. Bo3pact cucteMbl
COIJIACHO BMITUPUYECKUM TMPOXPOHOJIOIMYECKUM COOTHOIIEHUSIM paBeH 7.8 + 3.4
mJpa aeT. B [1] Obuia mojiydeHa cpelHsisl BeIMYMHA MapaMeTpa XpoMochepHoi
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akTuBHOCTH logR’, = -4.99. OHa COOTBETCTBYET YPOBHIO, XapaKTEPHOMY LIS
MaJIOAaKTUBHBIX 3Be3/] C aHAJIOTMYHBIMU TToKa3atessmMu LBeTa (B - V) u npu 3tom
NPAKTUYECKU COBHAmaeT ¢ conHeyHbM (ana Comnua logR',, =-5.021).

CBolicTBa MIaHeTHl b 1 BTOPOro MpearnojaraeMoro KaHauaata cucreMbl TOI-
784 mpusenensl B Ta6na.8 B [1]. Pammyc mmanetsl b paBeH 1.93 Ry, macca -
9.67 M, ee CpeaHsis TUIOTHOCTb - 7.4T/cM’ (IIaHeTa SABIAETCA KAMEHMCTOIA).
PesynbraThl u3 [1] ObLIM MCHOAB30BaHbI AJI1 OLICHKU MOTEpU BelllecTBa aTMOC(hepoit
miaHeThl TOI-784 b. B HalreM ucciemoBanmy ObUIa IpYMEHEHa arTpoKCMMAaIIMOHHAs
dopMyia, COOTBETCTBYIOILIAS MOIEIU ITOTEPU aTMOC(Ephl ¢ OrpaHUYEHHEM IO
SHepruu. st BbIYMCIEHUH 10 yKa3aHHOW (GopMysie OLEHKU BEIMYUHBL F -
(morok XUV-(hoTOHOB) ObUIM YCTaHOBJIEHBI MO aHAJWTUYECKON 3aBUCHMOCTH,
ceaspiBaloleil F,, u mapametp logR’,,. PacyeTsl mokasanm, 4To MoTeps BEILECTBA
armocdepsl coctasisieT 4.7-10° r/c.

ABTOpHI [1] BBIMMCIIUIY TTOKA3aTeIM TPAaHCMUCCUOHHOI criekTpockonuu (TSM)
u smuccuoHHoi crnekrpockonuu (ESM) nnsa mmanetrst TOI-784 b, ucnosb3ys
ypaBHeHus (1) u (4) u3 [11]. [Nonyyennsie 3HaueHUss TSM u ESM paBHBI 36.2
" 6.8, cooTBeTcTBeHHO. OHM HaXOAATCS HUKE MOPOTOBOrO 3HAYEHUSI, peKOMEH-
JnoBaHHOTO B [11] mnag meseil BbICOKOKAUYEeCTBEHHBIX MCCENOBaHUI aTMocdep
raHeT ¢ paguycoM 1.5-10 Ry , HamprMep, ¢ KOCMAYECKUM TesieckornoM JIxeimca
V3602 (JWST). Tem He MeHee, JUIIb TOCeAyIOlIMe HaOMIOAEHUS BHICOKOM
TOYHOCTH MOTJM OBbI JaTh BO3MOXHOCTb YCTAHOBUTH, UTO IUIAHETA COXpaHUJIA
HeOOJIBIIION OCTaTOK MepBUUYHON aTMocdephl. [Ipu 3ToM He McKiIo4yaeTcs (CM. B
[1]), uro mnanera TOI-784 b MoxeT comepkaTb HeOOJbIIOE KOJUYECTBO JETYUUX
BELIECTB C TSKEAbIMM MoJeKyaamu, TakuMu Kak H,O wmm CO,. Hakowneun,
OTMETUM, 4TO aBTOPHI [1] TakKe HALUIM B CUCTeMe IIaHEeTy-KaHAWIATa, BBISIBICHHYIO
B pe3yJibTaTe IpoBeacHHBIX HaOmoneHuir RV. ToyHOCTh OLIEHKM MapaMeTpOB
BTOpOM IIJIAHETHI HEBBICOKA - MEPUOIHI e OOpallleHUs] MOTYT BapbUpPOBAThCS OT
20 mo 63 cyT, a Macca ot 12 g0 31 Mg. C yyeToMm TOro, YT0 MUHUMaJlbHasl Macca
BeJIMKa, KaHAUAAT, BEPOSITHO, SIBJISIETCS TJIAHETON TUIMA HEMNTYH.

HccrenoBaHne BRIIOJHEHO B paMKax IpoekTa "McciaenoBaHue 383 C DK30ILIa-
HetamMu" 1o TpaHTy [IpaBuTtenscrBa PP mist mpoBemeHUST HAYIHBIX UCCIICIOBAHMIA,
MPOBOJAMMBIX MOJ, PYKOBOJACTBOM BeaylIUX yuyeHbIX (cormamenue N 075-15-2019-
1875, 075-15-2022-1109).

Vupexnenne Poccuiickoii akamemum Hayk, WMHcTuTyT actpoHommu PAH,
Mocksa, Poccus, e-mail: igs231@mail.ru
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ACTIVITY OF TOI-784 AND MASS LOSS OF ITS
PLANET ATMOSPHERE

[.S.SAVANOV

The properties of the TOI-784 planetary system in which a super-Earth planet
orbits a low-activity solar-type star are considered. According to archival measure-
ments of the TOI-784 in V-filter from the ASAS 4 database the brightness variability
due to rotation as well as the cyclic long-term variability of the object were not
established. A possible estimate of the rotation period of the star is
Prot/sini =41.7 £ 11.4 days. The age of the system according to empirical
gyrochronological relation is 7.8 = 3.4 Gyr. The average value of the chromospheric
activity parameter logR’,, =-4.99 has been established, it corresponds to the level
of low-activity stars with similar color index (B- V) and is close to the solar one.
The radius of the planet TOI-784 b is 1.93 R, the mass is 9.67 M, its average
density is 7.4g/cm’ (the planet is rocky). The estimation of the mass loss by the
atmosphere of the planet TOI-784 b was obtained by the approximation formula
corresponding to the energy-limited model. Calculations have shown that the mass
loss value is 4.7-10% g/s. The relatively low value of mass loss by the planet's
atmosphere, despite the high effective temperature of the star's atmosphere and the
proximity of the planet to the star is probably due to the low level of star activity.

Keywords: stars: activity: spots: photometry: variability: planetary systems: exoplanet
atmosheres
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Paccmorpenbl cBoiictBa tutaHeTHoO# cuctemMbl TOI-1422, B KOTOpoil nBe TUIAHETHI TUIA
HEINTYH BpalAIOTCs BOKPYI MaJIOAKTMBHOM 3BE3/IbI COJIHEYHOro THUIMA OKOJIO 5 Mipa Jjer. PaHee
HamMu OBbUI TMPOBEACH aHaIU3 TPOSIBJICHUI akTMBHOCTM 3Be3nbl TOI-1422, HaiimeHbl yKa3aHUs Ha
CYLLIECTBOBAHUE BO3MOXHBIX IMKJIOB aKTMBHOCTM M DPAaCCMOTPEHbI OLIEHKM BeJIMUMHBI Tiepuoma P
BpallieHust 3Be3nbl. BHytpeHHsisi 1uiaHeta TOI-1422 b oTHOCUTCS K TUITYy TOPSIYMX HENTYHOB, OHA
BpalllaeTcsl 10 OpOMTE C TEPUOIOM OKOJO 13 CyT M MMeeT paBHOBecHylo Temreparypy 7Teq,b = 867 K.
[To BBIMOJIHEHHBIM pacyeTaM IO MOeIM MoTepyu atMocdepbl ¢ orpaHudeHrMeM 1o sHepruu mist TOI-
1422 b 6bUla HailIeHa BeTMYMHA OTTOKA BemectBa atmocdepsl 9.4-10° r/c. BHewHss ruianera
cuctembl TOI-1422 ¢ Takke MOXET pacCMaTPUBATLCS KaK FOpsiYMid HEMTYH, OHA UMeeT OpOMTaJIbHBIM
nepuon 29.3 cyt, ee MUHMMAabHas Macca, Mc sini, coctabnser 11.1 M, a paBHOBECHas TeMIlepaTypa
Teq,c = 661 K. Ins ouenku paguyca TOI-1422 ¢ HamMu ObLJIO MCIOJB30BAHO SMIMPUYECKOE
cootHolreHue M - R. HaiineHo, uTo moTepst BelecTtBa atMocdephl rraHeTsl TOI-1422 ¢ cocraBiseT
7.8-10” T/c ¥, ¢ y4eTOM MOTPELIHOCTEH e¢ I1apaMeTpOB, OHA MOXET HAXOMUTBCS B AUAMIA30HE OT
6.1-10"t/c mo 9.7-107 r/c.

KittoueBble clioBa: 36e30bl: AKMUBHOCMb: NAMHA: ¢0momempuﬂ: NepemerHHoCmb.

nAaHemmHsvle cucmemol. amjwocd)epbt JK30naaHem

1. Beedenue. T1naHeTsbl TUIIA HEMTYH TIPEACTABIISIOT CO0OI OMUH M3 OCHOBHBIX
THUTIOB 3K30ITUIaHET U 00JIamar0T XMMHUKO-(U3NUECKIMA XapaKTepUCTUKaMU, HaXOms-
IIAMKCS MEXIy KaMEHUCTBIMU TUTAHETAMM U TTAHeTaMU - Ta30BBIMM TMTaHTaMU
(cMm., Haripumep, [1]). ABTopsl [2] rcchaenoBanu sK3oruiaHeTy - KaHaumara TOI-1422 b,
TPaH3UTbl KOTOPOU ObUIM OOHapyKeHbl KocMuueckuM TesaeckornoMm TESS ¢ nenbio
MOATBEPXKACHUS €€ TUIaHEeTApHOW TPUPOIbl U HaXOXAEHWs ee CBOMCTB. B [2] Obuin
MpeCTaBIeHbl Pe3Yy/IbTaThl JOIOJIHUTEIbHbBIX HAOMIOAEHWI 3TO 3Be3bl C MOMOILBIO
cnektporpadpa HARPS-N B TeueHue 1.5 yier mis G6ojiee TOYHOTO OMNMpeneaeHust
U3MEHEHUI ee JIyueBOW CKOpPOCTU. BBIMOJHEHHBbIN aHaJu3 TMO3BOJIMJI YTOUHUTH
OCHOBHBIE TTapaMeTphbl 00LEKTa M 0XapaKTepHr30BaTh CBoMcTBa IiaHeThl TOI-1422 b.
Kpome Toro, 6pu1M BbICKa3aHbl TIPEAIIONOXKEHUS O HAIMUMM Ha OoJjiee yaaJeHHOMU
op6ute Bropoi uiaHeTbl TOI-1422 ¢ ¢ Maccoil HenTyHa, KOTopasl He Obljia 0OHapy-
>KeHa Ha KpuBbIx Oiecka TESS (BeposiTHO, OHa He SIRISIeTCSl TpaH3UTHO#). BHYTpeHHSIs1
manera, TOI-1422 b, obparaercs no opoure ¢ riepuonoM 12.9972 £ 0.0006 cyt u nmeer
paBHOBecHy0 Temmeparypy Teq,b=867 =17 K. Ilo oueHke [2] pamuyc IUIaHETHI
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Rb=3.96 (+ 0.13,-0.1 1)R@ , Macca Mb= 9.0(+ 2.3, - 2.0)M@ , T.€. TUIAHETY MOXHO
OTHECTU K TUMY TOPSAYMX HENTYHOB. ABTOPHI [2] MpeANoOXUIM, UYTO Y ITOM
IUIAHETHI CYILLIECTBYET OOLIMPHAsI ra3oBas 000JI0UKa, OKPYKAIOIIas SIAPO ¢ Maccoit
okoJto 10% -25% ot ob6iieit MaccHl TIaHeThl. KaHauaaT Ha BHEIIHIOI TUTAHETY,
TOI-1422 ¢, umeet opobutanbHblil nepuod 29.29 (+0.21, -0.20) cyr. Ero mMmunu-
ManbHast Macca, Mc sini, coctasnsieT 11.1 (+2.6, -2.3) M,,, paBHOBECHas TeMIiepaTypa
Teq,c =661 £ 13 K m, cregoBaTelbHO, B clyyae TOOTBEPXKIECHUS, OH MOXET
paccMaTpuBaThCsl Kak ellle OOMH ropsturii HenTyH. OTCyTCTBUE TOJHOTO Habopa
HeoOXonuMbIX AaHHbIX Wi TaHeTbl TOI-1422 ¢ He mo3Boiauiao Ham B [3]
MOJYYUTh CBEICHUSI O MOTEPe BelllecTBa ee aTMOC(hEpOii.

B Hacrosiieit paboTe Mbl pacCMOTPUM HAaHHBIE O HOBBIX COOTHOILICHMSIX U
KaauOpoBKax IS MacC M PaJAuyCOB BK30IIAHET M HCIOIb3yeM IOJIydeHHEIE
pe3yJIbTaThl IS OLIEHKM IToTepu BeulecTBa aTMocdepsl miaaHeTsl TOI-1422 c.

2. OcHosHble ceolicmeéa u npossieHus akmuenocmu TOI-1422.
Kaxk m B Hamem uccienoBannu [3], ocHoBHBIe TTapameTphbl TOI-1422 ObUM B3STHI
u3 [2]. Ee addexTBHas TeMmeparypa cocrapiser 5840 £62 K, norapudm yckopeHust
cuisl Tsokeety logg=4.41+0.11, pamuyc R/Rg =1.019£0.14 , cBetuMocTb L/Lg =
=1.116 £0.037, macca M /M © =0.981%0.06 . 3Be3na JOCTATOYHO CTapasi, €e BO3pacT
paBeH 5.1 £ 3.9 mapn netr. Ilapannakc TOI-1422 (uctrounuk Gaia EDR3
1920333449169516288) cocrapinsier m (mas)=6.4418 £0.0138.

ITo manHBIM MHOTOJIETHErO (poToMeTpryeckoro oo3opa Kamogata Wide-field
Survey (KWS) (HaGmoneHnust B punbtpax V u Ic) Hamu Obul MpOBeneH aHAINU3
nposisaeHnii aktuBHoct TOI-1422 B [3]. Ha ocHOBEe MOCTPOEHHBIX CHEKTPOB
MolHocT Wi 6mecka TOI-1422 HalineHbl yKa3aHWS Ha CYILIECTBOBaHME BO3MOXKHBIX
LMKIOB akTUBHOCTH 1650 - 1680 cyT (buunbtpel V u Ic) u 2450 cyr (puiabtp V).
ITo nutepatypHbiM olleHKaMm mis TOI-1422 cnemyet oxupatb, yTto Tepuon P
BpallleHUs1 3Be3dbl JexXUT B uHTepBaje 27 (+19, -8)cyr. OTMeTuMm, 4TO Ha
MOCTPOEHHOM CITeKTpe MOILIHOCTU [3] B MHTEpBaj, XapaKTepU3YIOLIUI BepOSTHBIN
TIepHOI, BPaIlleHHsI 3BE31IbI, TToTagaeT Habop MMMKOB, CPeIy KOTOPBIX JOMUHUPYIOIIM
saBseTcsa nuk o P=32cyr (HaGmomeHusi B duiabtpe V).

Kak ykasbiBanioch B [2], TOI-1422 gBnsieTcsd O1OCTAaTOYHO CTapoul 3Be310i C
Bo3pacToM oKoJio SMipa JeT. [To oueHke [2], BeJIMUMHA MoOKa3aTessl 3Be3IHOMN
XpOMOC(EPHOI aKTUBHOCTH 3BE31bl MHAEKCA logR',,, NI3MEPEHHOTO IO JIMHUAM
Call H u K B cnekrpax, nonydeHHbix ¢ HARPS-N, paBHa -4.95 + 0.03. Oto
3HAUE€HWE B LIEJIOM COTJacyeTcsl C MpeamnosioxeHueM [2] O TOM, UTO 3Be3na
cormocTaBuMa Mo Bo3pacty ¢ CoJHIIEM M ee aKTUBHOCTb JIMIlIb HEMHOTO BbIIIE
conneunoit (st Comnua logR', =-5.021 [4]). Onnako, cienyeT UMETh B BUIY,
YTO TI0OKa MBI HE pacIrojiaraéM TOYHBIMU CBEICHUSIMU O IIMKIMUECKOM TIepeMEHHOCTH
XpoMoc(epHOll aKTUBHOCTM 3Be3/bl, KOTOPbIE MOTYT MPUBOAMTH K pa3dpocy B
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oueHkax BenuuuH logR',,. Tlpu 5TOM BO3MOXHO, 4TO Habmonenus TOI-1422
MOIIM OBITh BBITIOJHEHBI, KOTMa 3Be3[a HaXoIWiIach B MUHUMYME CBOell XpOMO-
cepHOIl aKTUBHOCTH.

3. Ilomepa eewecmea ammocpepor TOI-1422 c. Panee B [3] Mbl
BbinojHUIM ucciaenoBanue TOI-1422 b. CornacHo [2,3], oHa siBisSieTCs TJIaHETON
TUIAa HENTYH C Maccoil mopsinka M =9Mg ¥ OOJBIIONW TONYyOChIO OPOWUTHI
0.108a.e. ITo ouenke [2] miotHocTs TOI-1422 b cocTapnser okosno 0.8r/cM™, oHa
6sm3ka K ruiotHocTd CaTypHa M HUXKe, YeM Yy OOJIbIIMHCTBA 3K30IJIaHET B 3TOM
nuanasoHe Macc. [lnaHeTa pacrosioxeHa OIbKe K BEpXHEMY JIEBOMY YTy AvarpamMMbl
Macca-paauyc, 4To, COIIacHO [2], AenaeT ee Oo4YeHb MOXOXEW Ha 3K30IUIaHEThI
Kepler-36 ¢ u Kepler-11 ¢. TOI-1422 b MoxeT 06jagaTh OOLIMPHOI ra30BOI
000J10UKOI, OKpYXKamllleil MaccuBHOE sapo. Oxugaercs [2], 4yTo MaccoBast 10s
3TOi 000104KK cocTaBUT OKOJIO 10-25% ot 0611eit Macchl IUIAHETHI, €CIU TOJIBKO
paHee yacTb ee aTMochepbl He Obla YHeceHa 3Be3qHbIM BeTpoM. [Ipupoaa stoi
OOLIMPHOI 000J0UKU TPeOyeT JajibHEMNIlero u3yyeHusi, Ckopee BCero, MeToaaMu
TPAH3UTHOM CIEKTPOCKONMH. DK30IUIAHETa THUTIA TOPSIETro HENTYHA ¢ TeUeHUEM
BpEMEHHU MOXET TepsITh CBOIO T'eJMeBO-BOXOPOMHYIO aTMocdepy. g moacdera
roTepu BeulecTBa M, (dM » / dt) (6e3 meTajibHOrO MONEIMPOBAHUS MPOLIECCOB B
CUCTeMe 3Be3lla - IIaHeTa) B HallleM HMccliefoBaHuM [3] ucnoJib30Bajlach 4acTo
IpUMeHseMasl alpoKCUMalMoHHas ¢popmyria (cM., HampuMmep, [5,6]), 0ObIMHO
Ha3blBaeMasl B JUTepaType, Kak MOJeb MoTepu aTMochepbl ¢ OrpaHUYEHUEM 10
SHEPIuu.

B sT0it Momenm mpearnoaraeTcs, 9To MoTok Xectkoro UV-m3nydeHus TOIIo-
1IAaeTcsl B TOHKOM cJioe paauyca R Ie oNnThYecKasi TOJIIMHA JUIST 3BE3IHBIX

xXUV?
XUV-hOoTOHOB paBHa €IMHMIIE W BKJIIOUEH yyeT MPUIMBHOTO 3(dekTa:

2
de N € yur T Fyyy R, Ryyy

i MK ) M
TI€ €y, - NapameTp 3(G@EKTUBHOCTU HarpeBa (&, =0.2+0.1 W19 MUHU-
HENTYHOB W Cymep-3eMeib); G - IpaBUTALMOHHAs IMOCTOSHHAs, F, - MOTOK
XUV-(}poToHOB; Rp - paguyc IJIaHETH; Mp - Macca IUTaHeTl; R, - pamuyc

norsowennst XUV-dortoHos; K, (F,) - npuauBHBIA mapamMeTp. IloapobHocTH
WCIIOJBb30BaHUS COOTHOIIEHUS (1) MOXHO HaWTM BO MHOTMX JIMTE€paTypHBIX
WCTOYHMKAX, B TOM uuciae B [5-7].

Bremnsia mnanera cuctemsl, TOI-1422 ¢, umeeT opOuTaibHbiil Tiepuon 29.29
(+0.21, -0.20) cyr, ee MumHMManbHasg macca, Mc sini, cocrasiuster 11.1 (+2.6,
-2.3) Mg, a paBHOBecHas Temiieparypa Teg,c=661=x 13K u, Takum obpasom, oHa
TaKXXe MOXET paccMaTpUBaTbCd Kak Topsiuuit HenTyH. s OLleHKM paauyca
TOI-1422 ¢ Hamu OBLIO MCIIOJAB30BAHO 3MIIMPUUYECKOE COOTHOLIEeHue M - R,
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MpeacTaBiIeHHoe B [8], KOTopoe ObLIO MOJIyYeHO Ha OCHOBE TILATEbHO OTOOPaHHOM
BuIOOpKM M3 1053 monrBepKAeHHBIX 3K3omiaHeT n3 apxuBa NASA Exoplanet. B
[8] mpuBOOSTCS SMNMPUUYECKUE CTETIEHHBIE COOTHOILLEHUS MEXIy MapaMmeTpamMu -
Macca, paguyc U TeMreparypa sk3oriaHeT (M- R-T). ABropsl [8] mpeamnoaraior
HaJTM4Me TpeX Pa3IMYHbIX PEKMMOB COOTHOIICHUH i1 M - R, KOTOpbIe He SIBISIIOTCS
HenpepbiBHBIMU. Haubonee ynauHasi Moiesb BKIOYaeT cooTHoluleHus M-R-T, B
KOTOPBIX UMEIOTCS pa3phIBbI IUIS1 3aBUCUMOCTH Y KAMEHMCTBIX TUIAHET U JICASTHBIX
TUTAHTOB (HENTYHOB), HENITYHBI M TA30BbIE TUTAHTHI (FOMUTEPhI) pa3ae/icHbl Pa3phbIBOM
Maccel npu M =115+19M,. Iloka3aHO, 4YTO PEXUM CKaJWCTBHIX TUIAHET
COOTBETCTBYeT cooTHoweHnio M ~ R™**%% g 10 Bpemst Kak mwis IUTaHeT THMA
HentyH M ~ R***%%?  JIng jonutepoB COOTHOLICHNE NMeeT Gosiee CIOXKHBINA BHJL
M ~ ROV, 0355002 * phe Teg - paBHOBecHast TeMmmepatypa IUIAHETHL. DTO
03HayaeT, YTO B clyyae OOHapyXKEHHBIX K HACTOSIIIIEMY BpeMEHHU IUIaHeT TuIa
IonuTepa, BEPOSITHO, TOJILKO PaBHOBECHASI TeMIiepaTypa oOecrieurnBaeT HaaeKHYIO
OLIEHKY MAacCHI.

Kpome Toro, B [8] 6bUTO TTOKa3aHO, UTO I TUIAHET TUIA HENTYH MOXET OBbITh
HCTIOJTB30BaHO Gosiee TpocToe cootHoteHue (cM. (5) B [8]) Buma R/Rg = k(M /M @)B.
B stom cnyuae mapametpsl k= 0.53+0.05 u B=0.68+0.02. IlpumeHssi 3TO
COOTHOILIEHUE, Mbl CMOTJIM TTOJY4YUTh, 4TO paguyc TOI-1422 ¢ cocraBasier (2.72
1 0.40) Ry, .

s Beraucnennii mo gpopmysie (1) Hy>XHbI OLEHKM BeIMYUHbL F,, - (IIOTOKA
XUV-dotoHoB). s 3Toil 1eau, Kak U paHee B [3], HAMU ObUIM MCIOJIb30BaHbI
AHAJIMTUYECKUE 3aBUCUMOCTH, TIOJyYeHHbIE B [9] U cBA3BIBaIOLIME BEMUUUHY F
notoka u mnapamerp logR',, nna 3Be3N CIEKTPANIbHBIX KiaccoB oT F go M.
BenuunHa notoka XUV-dotoHoB paBHa 1.3-10%® spr/c. Kak ykasbiBanoch B [3],
TOI-1422 saBasieTcsi 4OCTATOYHO MaJOaKTUBHOM 3BE3A0M COJHEYHOTO THUMA (CM.
Takke Bbile). Pacuersl o cooTHoleHuto (1) mokaszaiau, 4To MoTeps BelllecTBa
atMocdepsl cocTapisieT 7.8-107 T/c a5 BeIUUMHBI logR',,=-4.95. OtmeTuMm, 4TO
C YYETOM TOTpEelIHOCTe! MapaMeTpOB IJIaHEThI, TIPUBEACHHBIX B [2] U MOJYyYeHHBIX
HaMM BBIlIE, BeJIMUMHA OTTOKA BEIIECTBAa IS aTMOC(ephl IUIAHETHI C MOXKET
HaXomUThesl B AuamasoHe oT 6.1-107 r/c go 9.7-107 r/c.

PaHee BbIMOJIHEHHBIC HAMU pacyeThbl MO cooTHolIeHUIo (1) mas atMochepbl
TOI-1422 b nokasanu, yTo MOTepsl €lo BelllecTBa paBHa 9.4-10° r/c. OHa 3HauM-
TeJibHee, YeM y muiaHeThl ¢. CpaBHUTEIbHO HM3Kasl BeJIMUMHA MOTEpU BelllecTBa
atMocdepsnl 1aHeTsl TOI-1422 ¢, HecMOTpST Ha BBICOKYIO 3G (MEKTUBHYIO TeMITe-
patypy armocdephbl 3Be3/bl (CreKTpaibHoro kiacca G), OTHOCUTENbHYIO 0JM30CTh
IUIaHeTHl K 3Be3ae (HalmOMHUM, YTO PACCTOSIHUSI OO TIJIaHET COCTAaBJSIOT BCETO
0.108 a.e m 0.185a.e.), BeposiITHO, CBsI3aHA C OOJIblICH €€ YAaJeHHOCTbIO OT
POIOUTENLCKOM 3BE3IbI, MO CPABHEHMIO C IUIAHETOM b, a Takke ee MEHBIIUM
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pamuycoM. Ecim nmomectuth miaHety TOI-1422 ¢ Ha paccTossHUE OT pOAUTEILCKOM
3Be3/1bl, COOTBETCTBYIOIIEE TIJIaHeTe b, TO MOXHO TOJYYUTh, UYTO B TAKOM CJIy4yae
BejmMurHa M, coctaBur 2.4- 10® Tr/c, T.e. IOYTH B 4 pa3a MEHBIIIE, YeM YCTAHOBJIEHO
ans TOI-1422 b.

HaxkoHel, cienyeT uMeTh B BUILY CAEMYIOIIMI UCTOYHUK HEOIPEneIeHHOCTH B
BeJIM4YMHE M, - TIpY OLIEHKaX OTTOKa BewlecTsa Wisl miaHeTel TOI-1422 b Hamu
ObLTM KMCIOJIb30BaHbI JaHHBIE O paguyce M macce u3 [2], a ISl IJIaHeThl C - ee
Macca B3sITa COIJIacHO [2], a paguyc - IO CTaTUCTUYeCKOM 3aBucuMocty u3 [8]. Kak
yKasbIBaJIOCh, TuiaHeTa TOI-1422 b MoxeT ob61agaTh 0OLLIMPHON ra30Boi 000JI0UYKOM,
OKpyXarouieii MaccuBHoe siapo. Ee pamuyc, ycTaHOBJAGHHBIN B [2], MpeBOCXOAUT
CTaTUCTUYECKYIO OLIEHKY JUISI TIJIaHET C aHAJIOTMYHOI MacCOi, MO COOTHOLLEHUSIM U3
[8] pammyc nomxeH cocTaBnATh 2.4 Ry . IIpu Takoil BenuunHe paguyca IJIaHETHI b
OTTOK BelllecTBa M3 ee atMocdepbl okaxercs: Bcero 1.9-10°T/c u Gymer, xoTd 1
0oJibllle, HO Y€ COMOCTaBUM C BEJIWYMHON M, ISl TIJIaHETHI C.

loss

4. 3axarwuernue. PaccMOTpeHBI CBOICTBa TutaHeTHOM cructeMbl TOI-1422, B
KOTOpOI JBE TIJIaHETHI TUITA HENTYH OOpaIaloTCsI OKOJIO MaJOaKTUBHOM 3BE3IbI
cosHeyHoro Tuna. ITo maHHBIM MHOTOJIETHEeTO (hoToMeTpryeckoro oo3opa Kamogata
Wide-field Survey (KWS) Hamu B [3] ObUT npoBelicH aHAIU3 MPOSIBIICHUI aKTUBHOCTH
TOI-1422 u HaiineHbl yKa3aHUsI Ha CylLIECTBOBAaHME BO3MOXKHBIX LIMKJIOB aKTUBHOCTH
1650 - 1680 cyt (puabrpel V u Ic) u 2450 cyr (dunstp V). BepostHo, mepuon
P BpaieHus 3Be3abl JieXXUT B uHTepBajie 27 (+19, -8) cyr. TOI-1422 saBnsiercst
JIOCTAaTOYHO CTAapOi 3BE370M C BO3PACTOM OKOJIO 5 MIIPH JieT. BemmunHa mmokas3aresst
ee XpoMoc(hepHOI aKTUBHOCTH MHAEKca logR’,,, uamepenHoro no auHuam Call
H u K B cnekrpax, noaydyeHHbIx ¢ HARPS-N, paBHa -4.95.

BrytpenHss niaHera TOI-1422 b oTHOCUTCS K TUITY TOPSTYMX HENITYHOB, OHA
obpalliaeTcs o opoUTe C MEPUOIOM OKOJIO 13 CyT M MMeeT paBHOBECHYIO TEMITEPATYpy
Teq,b=2867 K. Panuyc ninanersl Rb=3.96R,, a Macca Mb=9.0M . [1o BbImON-
HEHHBIM HaMM pacueTaM II0 MOJIEIHM TOTepr aTMocdepsl ¢ OrpaHUYCHHEM II0
sHepruu mig TOI-1422 b OGbuia HaliieHa BeJMUMHA OTTOKA BelllecTBa aTMOC(hepbl
9.4-10% r/c. BHewHsis rtaHeta cuctembl, TOI-1422 ¢, uMeeT OpOUTAIbHBII
nepuon 29.3 cyT, ee MUHMMaJbHag Macca, Mc sini, coctasmger 11.1Mg, a
paBHOBecHas Temneparypa Teq,c=661 K. OHa Takke MOXET pacCMaTpUBaThCs KakK
ropstunii HentyH. st ounenku pagnyca TOI-1422 ¢ Hamu OBIJIM MCITOJIb30BaHBI
SMITUPUUYECKUE COOTHOLLIEHUS A1 M- R, npeactaBieHHbIe B [8]. PacueTsl mokazanm,
4TO MOTEPs BelllecTBa aTMocdephl TUIAHETHI ¢ cocTapasieT 7.8-107 I/C U, C y9IeTOM
MOrPelIHOCTe MmapamMeTpoB IJIAHEThl, OHa MOXET HaXOMUThCS B IMANa3oHe OT
6.1-10" r/c no 9.7-107 r/c.

HccrnemoBanme BHITIOJIHEHO B paMKax IpoekTa "McciaemoBanue 3Be3n ¢ 9K30-
TuIaHeTaMu'” 110 TpaHTy IlpaBurenserBa PO mis nmpoBeaeHUsT HayIHBIX WCCIEIOBaHUIA,
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MASS LOSS OF THE ATMOSPHERE OF THE
PLANET TOI-1442 ¢

E.S.DMITRIENKO!, I. S. SAVANOV?

The properties of the TOI-1422 planetary system in which two neptune-type
planets orbit around of low-activity solar-type star with the age of about 5 billion
years are considered. Earlier we analyzed the activity of the star TOI-1422 and
found indications of the existence of possible cycles of activity and considered
estimates of the rotation period of the star. The inner planet TOI-1422 b belongs
to the type of hot neptunes with a period of about 13 days and an equilibrium
temperature of Teq,b=867 K. According to our calculations based on the energy-
limited atmospheric loss model for TOI-1422 b mass of atmospheric outflow was
found to be 9.4-10® g/s. The outer planet TOI-1422 ¢ can also be considered
as a hot neptune with orbital period of 29.3 days, minimum mass Mc sini is
11.1 Mg and the equilibrium temperature is 7eq,c=661 K. For the radius estima-
tions of TOI-1422 ¢ we used the empirical M - R ratio. It was found that the loss
of matter in the atmosphere of planet TOI-1422 ¢ is 7.8-10" g/s and, taking into
account the errors in the planet's parameters, it can range from 6.1-107g/s to
9.7-107 g/s.

Keywords: stars: activity: spots: photometry: variability: planetary systems: exoplanet
atmosheres
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Three new carbon C stars was confirmed among the sample of the Late-Type Stars candi-
dates, selected on the Digitized First Byurakan Survey (DFBS) spectral plates. The 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 colleagues using the 1 m Schmidt telescope of the Byurakan Astrophysical
Observatory and resulted in discovery of 1517 UV-excess (Markarian) galaxies. FBS spectral plates
have been used long period to search and study faint LTS (C-type and M-type stars) at high
Galactic latitudes. In this work we present Gaia DR3 photometric data, spectra, light curves,
distances, high above/below Galactic plane, radial velocities (RV), and other important physical
characteristics from the modern astronomical catalogues for three new confirmed DFBS C stars.
The confirmation is based on Gaia DR3 BP/RP low-resolution spectral database. In our previous
studies of the DFBS plates, these objects were presented as LTS candidates. One of the new
confirmed objects is N-type C star, which is a Mira-type variable. Two remaining objects, are early
CH-type giants at high Galactic latitudes. Most probably they present binary systems.

Keywords: catalogs-stars: carbon stars: surveys: Gaia data

1. Introduction. The First Byurakan Survey (FBS, or Markarian survey),
was the first systematic survey of the extragalactic sky. This objective-prism (op)
low-resolution (Ir) survey was carried out in 1965-1980 by Markarian and
collaborators using the 1 m Schmidt telescope of the Byurakan Astrophysical
Observatory (BAO, Armenia) and resulted in discovery of 1517 UV-galaxies [1].
FBS spectral plates have been used for a long time to search and study faint Late-
Type Stars (LTS, M-type and C (carbon) stars) at high Galactic latitudes [2].
All FBS spectral plates have now been digitized, resulting in the creation of the
Digitized First Byurakan Survey (DFBS) database [3]. Its images and spectra are
available on the web portal in Trieste (on-line at https://www.ia2-byurakan.oats.inaf.it).
All DFBS plates are analyzed with help of analysis softwares FITSView and
SAOImage ds9. 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 [4] (CDS VizieR Catalogue J/MNRAS/489/2030/catv2). This
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visualization allows to detect very red and faint C and M stars candidates close
to the detection limit in each plate [5]. Candidates of N-type (Asymptotic Giant
Branch-AGB) C stars and M-type giants, for which very short spectra is visible
on the DFBS plate, no C, and TiO molecule absorption bands are detectable.
Moderate-resolution slit spectroscopy was carried out for thirteen candidates, con-
firming the C-rich nature of them [6]. Several of such candidates could be M
dwarfs also [5].

Meanwhile, a huge amount of such faint candidates detected on the DFBS
plates, remained to be confirmation of spectral types [5]. To classify LTS
candidates, we use Gaia DR3 BP/RP Ir spectroscopic database, which allows us
to confirm the spectral types for candidates very easily. In our previous paper (first
in this series [7]), we present some very important data for newly confirmed CH-
type, N-type stars, and M giants. We also report on a large number of new M
dwarfs confirmed in the Gaia DR3 database. In this paper (second in this series)
we present data for three additional LTS candidates, confirmed C stars in Gaia
DR3 spectroscopic database.

This paper is structured as follows: Section 2 introduces the Gaia DR3 spectra
for three new confirmed DFBS C stars. Section 3 present Gaia DR3 important
data for these objects. Phase dependence light curves for new objects is presented
in Section 4. Section 5 recalls the main results obtained for objects and provide
concluding remarks and future works.

2. Gaia DR3 Spectra. The European Space Agency (ESA) mission Gaia
(Gaia Collaboration [8]), has already released three catalogues to the astronomical
community, of increasing richness in terms of content, precision, and accuracy.
Researchers from many branches of astrophysics have shown great interest in the
published data, leading to the publication of more than 6000 papers based on Gaia
data. With respect to previous Gaia Early Data Release 3 (EDR3) [9], Gaia Data
Release 3 (Gaia DR3 [10]) 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 (CDS VizieR Catalog
1/355/gaiadr3). Time-averaged mean spectra covering the optical to near-infrared
(NIR) wavelength range 23300 —10500 A are published for approximately 220
million objects (Catalog 1/355/spectra). Most of these objects are brighter than
G=17.65mag [11]. M-type stars can be detected very easily in the Gaia DR3
Ir spectral database 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 , and C stars
display strong Swan bands at 4383, 4737, 5165, and 5636 A of C, molecule [7].
Table 1 presents three DFBS candidates confirmed as C stars, it gives the DFBS
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Number, the Gaia 1/355/gaiadr3 source name, other association in SIMBAD
database, and our spectral type determination (C-N or C-CH-type). Fig.1 presents
Gaia DR3 Catalogue BP/RP Ir spectra for objects of Table 1.

Table 1
DFBS LTS CANDIDATES CONFIRMED CARBON STARS
DFBS number Gaia DR3 source Other associations in Sp. type
name SIMBAD database
J055944.18+473700.8 198083449311963392 NSVS 4490482° C-N
J174725.28+301231.5 | 4597258364288414976 C-CH
J182708.82+274303.9 | 4585675254107197440 C-CH

Note to Table 1: The object DFBS J055944.18+473700.8 as variable object, were included
in Catalogue NSVS (Northern Sky Variability Survey [12], SIMBAD CDS Catalog 11/287/
skydot/). In Extended catalog of NSVS Red AGB Variable Stars, found in the NSVS Database

[13], CDS Catalog J/other/OEJV/87/catalog), this object classified as Mira-type variable.
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Fig.1. Gaia DR3 BP/RP Ir spectra for
objects Table 1 in the 336-1020 nm range.
The absorption band-heads of C, molecule in
the range 450-570 nm is indicated.
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3. Gaia DR3 photometric data. Distances and absolute magni-
tudes. Table 2 presents Gaia DR3 catalogue key data for new confirmed C stars
and their hight above/below the Galactic plane. The distance estimation is based
on Gaia DR3 trigonometric parallaxes (absolutely the same value of parallaxes,
as presented in Gaia EDR3 catalogue). Therefore, we used the distance information
from Gaia EDR3 by Bailer-Jones et al. [14].

Table 2

SOME IMPORTANT GAIA DR3 DATA FOR THREE NEW
CONFIRMED C STARS

DFBS G-band [BP-RP | RV (km/s) r (pc) M (G) Z (pc)
Number mag | Color mag

J055944.18+473700.8| 13.45 | 3.03 | -33.70(£0.99) [9170.0(£900) | -1.40(0.5) |1857(£200)

J174725.284301231.5| 13.30 | 1.44 |-351.18(%0.92)|6690.0(%400) |-0.80(%0.02) [2953(%-300)
J182708.82+274303.9( 12.77 | 1.49 |-130.77(%£0.38)|7541.0(%600) |-1.61(£0.02) | 2309(£90)

4. Variability. The object DFBS J055944.18+473700.8 is classified as Mira-
type variable by Usatov & Nosulchik [13]). Phase dependent light curve for this
object is available in "ASAS-SN Variable Star Database” [15,16] (on-line at https:/
/asas-sn.osu.edu/variables/, DFBS J055944.18 + 473700.8 = ASASSN-V
J055944.17+473700.7, V. =14.98 mag, P=296.6646d). Fig.2 shows ZTF (Zwicky

mean

Transient Facility) [17] light curve for N-type C star DFBS J055944.18+473700.8.
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Fig.2. Zwicky Transient Facility light curve for DFBS J055944.18+473700.8 (available on-line
at https://irsa.ipac.caltech.edu?missions/ztf.html). X-axis presents the period in Julian Data and
Y-axis presents ZTF g-band magnitude. The observational identifier is 745107100000050 ( P = 307 d).

Fig.3 shows ZTF light curves for DFBS J174725.28+301231.5 and DFB
J182708.82+274303.9.
Gaia DR3 and Transiting Exoplanet Survey Satellite (TESS) Input Catalog-
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Fig.3. ZTF phased light curves in R-band for DFBS J174725.28+301231.5 (Obs. id is
1680211300008908) and for DFBS J182708.82+274303.9 (Obs. id is 63721100007586). For
DFBS J182708.82+274303.9 the variability in r-band with amplitude Am = 0.3 mag is evident.

V8.2(TIC-8.2,[18], VizieR CDS Catalog 1V/39/tic82) indicates 2 objects in the
5 arcsec search radius around DFBS J182708.82+274303.9. In Table 3 most
important TIC-8.2 catalog data are presented for objects of Table 1.

In Gaia DR3 database very close object to DFBS J182708.82+274303.9 is
Source 4585675254107401984, for which G=18.76 mag. TIC-8.2 catalogue identifier
for this faint object is 1686925212, T'=18.06 mag. If this object is gravitationally
bound, i.e. it is a physical companion of DFBS J182708.82+274303.9 at the same
distances, its G-band absolute magnitude can be estimated M(G) = +4.4. Such
magnitudes characterized dwarfs late F-subclasses. In Gaia DR3 database no

Table 3

SOME IMPORTANT TIC-8.2 CATALOG DATA FOR THREE
NEW DFBS C STARS

DFBS Number | TIC Number | 7"mag | 7, (K) | Radius (Ry,) | Lum. Class
J055944.18+473700.8 | 440391815 11.94 | 3379.0 84.277 Giant
J174725.28+301231.5 18637876 12.59 | 4447.0 29.253 Giant
J182708.82+274303.9 | 235769793 1203 | 44350 38.959 Giant
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BP-RP color information is available for this object, to predict spectral type. High-
angular-resolution CCD observations is required to resolve the faint, close com-
panion.

5. Summary and future works. Carbon stars are peculiar and rare objects
compared with normal stellar objects, and they are excellent kinematic tracers of
the Galaxy [19]. They can be used as distance indicators. Rotation curve of the
Milky Way has been studied based on C stars with radial velocities in many
literature [20]. In this paper, we just focus on Gaia DR3 BP/RP spectral
confirmation and studying LTS candidates, detected on DFBS spectral plates. We
have demonstrated the power and excellent opportunity of the Gaia DR3 spectral
database for this task. We report the belonging of the three LTS candidates to
the group of C stars and we present Gaia DR3 low-resolution spectra in the range
3360-10200 A . DFBS J174725.28 +301231.5 and DFBS J182708.82 + 274303.9
are CH-type C stars, with large radial velocities (RV =-351.18 km/s and RV =
-130.77 km/s) at high Galactic latitudes. A most of the CH stars are known to
be binary systems [21,22]. High-angular-resolution CCD observations is required
to resolve the faint close companions, also study in more detail, particularly
kinematic study, and their location in the galactocentric XYZ system, will allow
to understand the origin of such high velocity CH stars at high latitudes. The
object DFBS J055944.18+473700.8 is Mira-type variable with period P ~307 day.
The list of all Gaia DR3 spectroscopically confirmed new DFBS LTS candidates,
reported as supplementary (value-added) catalog to the Second Edition of the
"Revised And Updated Catalogue of The First Byurakan Survey of Late-Type Stars"
[4], will be presented in SIMBAD VizieR database very soon.
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OLUM®POBAHHBIN TTEPBBIMM BIOPAKAHCKHWIM OB30P
HEBA. 3BE3bl KAHAUIATHI TMO30HUX
CIEKTPAJIBHBIX KJIACCOB. HOBBIE
MOATBEPXIEHU. 11

K.K.TUTOAH!, K.C.TUTOAH!, A.CAPKUCCUAH?, M.MEDTA?,
C.BEKKWM?, 5.KAPAIIETAH?, ®.1.PAXMATYJJIAEBAS, I''P.KOCTAHAAH!

Tpu HoBble yriaeponHbie C 3Be3Ibl ObUIM MOATBEPXKISHBI Cpead KaHAUAATOB
3Be3[I MO3AHUX CIIEKTPAIBHBIX KJIACCOB, OTOOPAHHBIX HA OLUM(PPOBAHHBIX IIACTUHKAX
ITepBoro bropakanckoro O63opa (DFBS). DFBS - sto omudpoBaHHast Bepcus
ITepBoro bropakanckoro O63opa (FBS) mim MapkapsiHoBckoro oo3opa. FBS sisnsiercst
MEePBbIM CHUCTEMATUUYECKUM BHErajJlakTMueckuMm 0030poM. OH ObUT OCYIIECTBIEH
MapxkapssHoM M ero KojureramMu B 1965-1980rr. ¢ OOBEKTUBHOM TMPH3MOM C
ucroiab3oBaHueM 1-m Teneckona IlIMmuara BropakaHckoii acTpodusnueckoit
o6cepBaTtopur (BAO) u yBeHuasicst oTKpbiTieM 1517 ranaktuk ¢ UV-HU30BITKOM,
Ha3BaHHBIX TajakTukaMu MapkapsHa. [Tnactniku o63opa FBS mwmTenbHOe BpeMs
HCITOJIb30BAIMCh JJIs1 OMCKA U U3YYEHMS CJAaObIX 3BE3/ MO3AHUX CIIEKTPaJbHbIX
tunoB (LTS, M u C (yriaeponHble)) Ha BBICOKMX TaJlaKTMYECKHX 1IUpoTax. B
JaHHo# pabote Mbl ipuBoauM Gaia DR3 ¢doroMerpuueckue gJaHHbIE, CIIEKTPHI,
KpUBbIe OjiecKa, pacCTosiHUSI, paauaibHble ckopoctu (RV) u gpyrue BakHbIe
(pusyecKre XapaKTePUCTUKUA U3 COBPEMEHHBIX aCTPOHOMMYECKUX KATAJIOTOB IS
Tpex HoBbix DFBS C 3Be3n. IloaTeBepxxaeHue ocHoBaHo Ha Gaia DR3 BP/RP
CIIeKTpaIbHBIX 0a3ax JaHHBIX. B HallMX MpeablAyIMX UCCASI0BAHUSIX 3TU OOBEKThI
ObUIM TIpeacTaBiaeHBI KaK KaHauaatel B LTS. OmHUM M3 HOBBIX TTOATBEPXKICHHBIX
o0bekToB, 310 C 3Be3ma tuma N. JBa ocraBmmxcsd obObekTa gpisiiorcs CH
ITMTaHTaMM B BBICOKMX TaJaKTUYECKUX IMpoTax. CKopee BCero, OHU TPEICTaBsIioT
JBOWHBIE CHUCTEMBIL.

KntoueBbie cnoBa: kamanoeu-36e30bi: yeaepodHsie 36e30bl: 0630pbl: danuble Gaia
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Pabora siBasieTcsl yacTbio MCClEIOBaHUSI, MOCBSILIEHHOTO M3YyYE€HWIO TPaJMEHTOB MPOAOJIHLHOIO
MarHUTHOIO TOJISI B aKTUBHBIX obOsactsix (AO) ¢ pa3sHbIM YPOBHEM BCIBILIEYHON MPOLYKTUBHOCTH.
BbImoHEeH cTaTMCTUYECKUIA aHAIM3 MapaMeTPOB, ONMKCHIBAIOIIMX MOMEPEUHYIO0 COCTABRIISIIOLLYIO TPaIMeHTa
NPOJOILHOIO MarHuTHoro nonst VB, B AO: cpeaHeil Mo o061acT BEeJIMYMHBI MOMNEPEYHOM COCTaB-
JISIOIICH TpajiieHTa MPOJOJIbHOIO MAarHUTHOro mojst (V B ), cpeiHeil BeiuuuHsl V B B
OKPECTHOCTU TOYKM C MAKCUMAJLHBIM €ro 3HaueHueM (maxV B g, MaKCUMAaJIbHOTO 3HAYCHMSI
V, B, wmexny napamu nsreH B AO max(V, B.) . Jlnd BbruC/IeHMSt 0GO3HAYEHHBIX NapaMeTPOB
KCMOJIb30BaHbl MarHUTOrPaMMbl B_ -KOMIIOHEHTbl BEKTOpa MarHWTHOTO MoJisi Ha ypoBHe dotocdepbl
ConHua, nonyyaemble MHCTpymeHToM Helioseismic and Magnetic Imager (HMI) Ha Gopty Solar
Dynamics Observatory (SDO). Cratuctuyeckass BbIOOpKa comepXuT B cebe maHHbie o 75 AO.
YcpeaHeHHbIe 3a BpeMsi MOHUTOPHMHIA BEJUUMHBI aHATU3MPYEMBIX TapaMeTpOB COIMOCTABJIECHBI C
YPOBHEM BCTIBIIIEYHON TipomykTuBHOCT AQO (BcmbiieuyHbiM uwHaekcoMm, FI). Tlokaszano, uro: 1.

3aBucumoctb (V| B ) - FI (uepToil cBepxy 00O3Ha4Y€HO YCpPEJHEHHE IO BPEMEHM MOHMTOPMHIA

AO) xBanpatuHas ¢ KoahduumenTom Koppensauun k=0.54, a pa3opoc 3Ha4YeHuit BeM4IUHEL (V| B,

HeOObIION (U1l TMOAABJISIIOLIETO OOJBLIMHCTBA HUCCIEAYeMbIX 00JlacTeil HaxOomUTCs B Ipenesaax
0.08-0.12Tcxm™") u kpaitHe Mano pasiuyaeTcs IS OOJMACTeil ¢ HU3KOM U BBICOKOIM BCITBILICYHOI
HPOJYKTUBHOCTBIO, UTO MOXHO OOBACHUTL 3aBUCUMOCTBIO BeIMuMHbl (V B, ) or miowam AO.

2. 3aBucumocts {maxV B ) - FI kBaswmHeiiHas ¢ KoadduuueHToM Koppeasiuuu k=0.61. 3.

3asucumocts max (V| B) = - Fl nuneitHas ¢ kosdduumentom Koppessiumu k=0.63. 4. BbispieHb

P
. -1
TOPOTOBbIE 3HAYEHUS AHAIM3MPYEMBIX MapaMeTpoB: M BeamumHel (V| B )>0.078 T'cxm™, mia

BEJIMYUHBI <maxVL B_,>2 0.983 TcxM', wis mapamertpa max(V, B))  20.118 I'cxm™. Tpu Gonee
HU3KUX 3SHAUYCHUAX aHaAJIM3UPYCMBIX IIapaME€TpOB HU B OI[HOfl u3 obiacreit BI)IGOpKI/I BCIIBIIIIEK
PEHTITEHOBCKMX KJaccoB X He (PUKCHUPOBAJIOCH.
KimoueBrsie cioBa: Coaruye: akmusHbie 004acmu: 6CNbIUEHHAS AKMUBHOCMDb.
MaeHuUmHoe none: epadueHmsl MAeHUMHO20 NOAS

1. Bsedenue. JanHas paboTa SBISIETCS COCTABHO YacCThIO 6ojiee KPYITHOTO
HCCIIEIOBaHUS, TTOCBSIIEHHOTO U3YYEHUIO TPAJeHTOB MPOJ0JbHOIO MarHUTHOTO
MoJst B aKTUBHBIX 001acTsaX (AQO) ¢ pa3HbIM YPOBHEM BCIIBIIIEUHON MPOTYKTUBHOCTH
1 JIOTUYECKUM TIPOIODKEHUEM PabOThI, pe3yIbTaThl KOTOPOM OITyOJIMKOBAaHBI B
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nepBoil yactu cratreu [1].

B 2022r. aBTOpOoM OBIIM TIOJIy4eHBI IpeABapUTEJILHBIE pe3yabTaThl: Ha
Hebosb11I0M BbIOOPKE M3 13 AO ObLIM onpeesieHbl MapaMeTpbl, KOTOPbIE XapakTe-
pU30BaIM BEJIMYMHY MOINEPEUYHOM COCTaBISIOLIEH TpaaueHTa IMPOAOJIbHOTO
MarHuTHOro moisigs V|, B,, W3y4eHa WX AWHAMHKa Ha BPEMEHHOM HHTepBaje
MoHutopuHra AO, ToiTy4eHbl KpUTUYeCKre (IIOPOroBbie) 3HAYEHMST ITUX ITApaMEeTPOB
[2]. 3nech aBTOp cTAaBUT meped coboii 3aauy Ha CYLIECTBEHHO OOJIbIIEM CTaTHUC-
THYeCKOM Matepuaie (aHanuupyrorcst 75 AO 24-1o LMKJIa COTHEYHO aKTUBHOCTH)
MOATBEPAUTD JIMO0 CKOPPEKTUPOBATh MOJIyUeHHBIE paHee Pe3yJIbTaTHhl.

2. lannvie HabaoOenuil. Pabora BBIIOJHEHA C UCIIOIb30BAHUEM JAHHBIX
uHctpymeHTta Helioseismic and Magnetic Imager (HMI) [3], ycTaHOB/IEHHOTO Ha
06opTy KocMHu4ueckoro amrmapara Solar Dynamics Observatory (SDO) [4], koTopble
noctynHbl Ha caite Joint Science Operation Center (JSOC) mo aapecy http://
jsoc2.stanford.edu/ajax/lookdata.html. I1pocTpaHcTBeHHOE pa3pellieHre MHCTPyMEHTa
HMI/SDO - 0".5 (=360 kM Ha ypoBHe (otochepbl CosHia), BpeMEHHOE pa3pe-
LIeHWEe MCIOoJb3yeMbIX naHHbIX - 720 c. Mcnoab3oBanel SHARP (Spaceweather
HMI Active Region Patch) [5] MmarHuTOrpaMMbl IMPOCTPAaHCTBEHHOTO pacipeaeieHus
BEPTUKAJIbHOI KOMIIOHEHTHl B_ BEKTOpa MarHWTHOro nous B (otocdepe (LMIUH-
JIpUYeCcKre KOOpAUHATHI, cepusi JaHHBIX hmi.sharp cea 720s).

JIOTIOJIHUTENIbHO MCMOJIb30BaHa WHMOpMalLMsl O TUME aKTUBHOU 006jacTu
COMIacHO MarHuTo-mopdonornyeckoi kiaccudukaimu (MMK) AO, pazpabotaHHO#
B KpAO [6-8], Bcbiireunom mnHaekce AO (flare index, FI [9]), mocTtymHbIe 1m0
ampecy https://sun.crao.ru/databases/catalog-mmc-ars, "HQoOpMaLMsI 0 HanboJsee
MOIIHBIX BCHBIIIKAX, 3a(DMKCUPOBAHHBIX B aHAJM3UPYEMbIX 00JacTsX (IaHHbIE
B34THI C caiita https://www.lmsal.com/solarsoft/latest events_archive.html). B ciydae
orcytctBUsl B Katajjore MMK AO wuHbopManMu O BCIBIILIEYHOM WHIEKCE,
HEOOXOAMMbI€ BBIUMCIECHUS OCYIIECTBISUIMCh aBTOPOM CaMOCTOSITEJIbHO C
HCTIONIb30BaHMEM MAaHHBIX WHTepHeT-pecypca https://www.lmsal.com/solarsoft/
latest_events_archive.html.

I cTaTUCTUYECKOro aHajau3a MCITOJb30BaHbl AaHHBIE TeX ke 75 AO 24-to
LIMKJIa COJIHEYHOU aKTMBHOCTU, UTO U B [1].

OcHoBHas nHdopMalus 06 ucciaeayeMbix AO npencrasieHa B Ta0. 1. YkazaHbl
HoMep obiacTu o NOAA kiaccudukaluy (BTOpoi cToj0el] TabJaulIbl), BpeMsl ee
MOHMUTOpPUHTra (TpeTuid crojbeir). YeTBepThbiii cTOAOEI] TAOJUIIBI COAECPXKUT
uHdopmanmio o Tune AO cormacHo MMK: Ul - oauHOYHbBIE TIITHA 6€3 3HAYMMBbIX
MarHUTHBIX 00pa3oBaHMil B OKpecTHOCTH; U2 - msATHA ¢ MEJKMMU TsITHaMu/
ITOpaMy pa3HOM MOJISIPHOCTH, CKOHIIEHTPHPOBAHHBIMK Ha TPAHUIIAX CYTIePrpaHyJIs-
LIMOHHON SYeMKM WM pacCeTHHBIMU BOKPYT OCHOBHOTO ITITHA; Al - pery/sipHbIe
(T.e. MOAYUHSIIOIIMECS] OCHOBHBIM 3aKOHOMEPHOCTSIM IJIOOAJIBHOTO TMHAMO - 3aKOHY
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Tabauya 1

ITAPAMETPBI MATHUTHOTI'O TT1OJIA U SJIEKTPUYECKUX

TOKOB B MCCIEAYEMBIX AO

Ne| Homep Bpema Tun | FI1 |Imomans g_VlBZ> <maxViBZ max(V, B.),,
o0nact MOHMTOPHWHTA AO 1o AO, N, | F'ckm?! Tcxm! I'c xm!
(NOAA) AO MMK TTUKC.

1 2 3 4 5 6 7 8 9

1| 11092 |01.08.2010-15.08.2010f B1 | 0.702| 136727 | 0.066 0.756 0.017
2| 11131 |{06.12.2010-10.12.2010| U2 |0.145| 126776 | 0.091 0.781 0.001
3| 11133 |08.12.2010-12.12.2010| U2 | 0.192| 100438 | 0.068 0.704 0.007
4| 11158 [12.02.2011-15.02.2011| B2 |59.255| 98747 0.105 1.296 0.331
51 11232 105.06.2011-09.06.2011| U2 | 0.368| 97435 0.065 0.734 0.001
6| 11261 |31.07.2011-03.08.2011| B3 [28.678| 177574 | 0.096 1.644 0.533
71 11263 {02.08.2011-05.08.2011| B2 |[63.469| 113906 | 0.100 1.424 0.337
8| 11283 [04.09.2011-07.09.2011| B2 |45.605| 195992 | 0.087 1.045 0.206
91 11302 (27.09.2011-30.09.2011| A2 |78.788| 248417 | 0.090 1.931 1.008

10 11305 |29.09.2011-02.10.2011| Al | 6.370| 116448 | 0.075 1.119 0.085

11| 11343 |11.11.2011-14.11.2011| U2 |0.733| 167175 | 0.071 0.686 0.016

12| 11391 |{07.01.2012-10.01.2012| A1 | 0.300| 160036 | 0.090 0.899 0.084

13| 11420 |16.02.2012-20.02.2012| B1 | 0.038| 65083 0.070 0.677 0.008

14| 11429 |07.03.2012-10.03.2012| B2 |[70.892| 259881 | 0.116 1.552 0.482

15| 11476 |{09.05.2012-13.05.2012| B3 |[30.554| 250373 | 0.114 1.786 0.444

16| 11515 {01.07.2012-05.07.2012| B2 [79.723| 218173 | 0.116 1.561 0.443

17| 11520 |10.07.2012-14.07.2012| B3 |13.383| 670758 | 0.102 1.633 0.296

18| 11618 |20.11.2012-23.11.2012| B3 | 6.751| 165853 | 0.093 1.344 0.218

19 11711 |04.04.2013-07.04.2013| A1 | 0.170| 272155 | 0.077 0.776 0.043

20| 11748 |18.05.2013-21.05.2013| B3 |15.976| 152667 | 0.078 1.232 0.495

21| 11777 |24.06.2013-27.06.2013| U2 | 2.231| 156624 | 0.067 0.658 0.001

22| 11823 |19.08.2013-22.08.2013| U2 | 0.100| 128293 | 0.068 0.795 0.006

23| 11836 |31.08.2013-04.09.2013| U2 | 1.288| 252750 | 0.067 0.900 0.049

24| 11861 |11.10.2013-14.10.2013| BI1 | 6.888| 181001 | 0.084 1.085 0.199

25( 11872 |19.10.2013-22.10.2013| U2 | 0.001| 34452 0.073 0.756 0.036

26| 11875 |21.10.2013-24.10.2013| A2 |26.823| 236139 | 0.097 1.438 0.471

27| 11890 {07.11.2013-10.11.2013| A2 |55.630{ 295070 | 0.096 1.510 0.631

28| 11899 |17.11.2013-20.11.2013| U2 | 3.846| 389635 | 0.070 1.401 0.004

29| 11936 |27.12.2013-30.12.2013| B2 |18.500 175148 | 0.094 1.050 0.138

30| 11944 (06.01.2014-09.01.2014| B2 [34.986| 606592 | 0.089 1.404 0.485

31| 11949 (12.01.2014-16.01.2014| A1 | 0.100| 195143 | 0.070 0.786 0.053

32| 11968 [01.02.2014-05.02.2014| B2 |[11.756| 277975 | 0.097 1.271 0.128

33| 11974 {10.02.2014-13.02.2014| B2 |22.659| 217301 | 0.099 1.406 0.473

34| 11991 |02.03.2014-05.03.2014| B2 | 6.018| 132407 | 0.094 1.350 0.365

35( 12002 |{12.03.2014-15.03.2014| A2 |[9.575| 150461 | 0.090 1.061 0.173

36| 12014 |24.03.2014-27.03.2014| B1 |[4.900| 215467 | 0.084 0.952 0.078

37| 12061 [15.05.2014-18.05.2014| A1 |0.243| 98130 0.073 0.715 0.005

38| 12075 |27.05.2014-31.05.2014| U1 [0.001| 52558 0.066 0.666 0.001

39| 12090 [15.06.2014-18.06.2014| A1 | 0.001| 81860 0.074 0.660 0.000

40| 12109 [07.07.2014-10.07.2014| B1 |2.546| 170211 | 0.102 1.042 0.081
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Tabauua 1 (Oxonuanue)

1 2 3 4 5 6 7 8 9
41| 12121 |26.07.2014-29.07.2014 | B1 | 0.480 [189190| 0.077 0.812 0.061
4212149 |26.08.2014-29.08.2014 | A2 | 7.022 (200521 | 0.067 0.873 0.058
431 12158109.09.2014-12.09.2014 | B1 |12.998 (169590 | 0.095 0.983 0.118
44112192 ]22.10.2014-25.10.2014 | B3 [101.644 (642762 | 0.120 1.733 0.335
45 (12205 |08.11.2014-12.11.2014 | B2 | 47.154 |237053| 0.091 1.626 0.554
46 | 12222 |30.11.2014-04.12.2014 | A2 | 10.654 |203536| 0.100 1.107 0.112
4712236 | 15.12.2014-19.12.2014 | U1 | 0.200 [103247| 0.091 0.766 0.014
48| 12253103.01.2015-06.01.2015 | A2 | 7.830 (222371| 0.095 1.306 0.186
49| 12261 |13.01.2015-17.01.2015 | U1 | 0.001 (498842 | 0.080 0.958 0.097
50| 12268 |27.01.2015-30.01.2015 | B2 | 7.607 |243552| 0.086 1.046 0.095
5112297 | 11.03.2015-14.03.2015 | B3 |46.318 (201527 0.095 1.784 0.792
52| 12305 |25.03.2015-29.03.2015 | B1 | 1.327 |305399| 0.077 1.224 0.114
53112320 | 06.04.2015-09.04.2015 | B2 | 6.415 (290701 0.078 1.027 0.174
54112339 {10.05.2015-13.05.2015 | B2 | 8.793 |338826| 0.102 0.996 0.145
55112348 |17.05.2015-21.05.2015 | U1 | 0.001 | 45014 | 0.065 0.718 0.031
56 | 12367 | 15.06.2015-19.06.2015 | A2 | 11.150 |254671| 0.099 1.154 0.112
57112371 (20.06.2015-23.06.2015 | B1 | 18.828 |200325| 0.101 1.178 0.185
58 | 12381 07.07.2015-10.07.2015 | A1 | 5.253 [123153| 0.088 1.074 0.088
59| 12396 | 06.08.2015-09.08.2015 | A2 | 2.931 (141725 0.113 1.162 0.181
60 | 12403 | 22.08.2015-25.08.2015 | A2 | 30.097 |267332| 0.114 1.617 0.319
61| 12421 {23.09.2015-27.09.2015 | B1 | 1.736 | 83931 0.078 0.945 0.061
62 | 124431 02.11.2015-05.11.2015 | B2 | 11.844 |259683| 0.098 1.157 0.160
63112470 | 17.12.2015-21.12.2015 | U1 | 0.644 (257603 0.083 0.824 0.068
64| 12473 |25.12.2015-30.12.2015 | B2 | 9.019 (172338 0.108 1.168 0.149
65| 12480 | 10.01.2016-14.01.2016 | Al | 0.232 | 96851 0.073 0.770 0.013
66 | 12494 | 05.02.2016-07.02.2016 | B1 | 1.773 | 71474 | 0.084 0.989 0.095
67 | 12529 | 12.04.2016-16.04.2016 | A2 | 8.102 |231350| 0.097 1.131 0.071
68 | 12544 | 13.05.2016-16.05.2016 | A2 | 1.808 | 75401 0.093 1.073 0.160
69| 12615 (02.12.2016-05.12.2016 | A2 | 4.608 | 93638 | 0.088 1.056 0.089
70 | 12644 | 27.03.2017-30.03.2017 | A2 |19.272 | 90932 | 0.090 1.018 0.106
71112673 (02.09.2017-05.09.2017 | B3 [223.858 (103291 0.102 1.490 0.467
72 (126741 03.09.2017-06.09.2017 | A1 | 0.757 [199944| 0.093 1.035 0.112
73112680 | 14.09.2017-17.09.2017 | U2 | 0.231 | 42603 | 0.061 0.737 0.023
741 12699 | 09.02.2018-12.02.2018 | Al | 1.300 | 96411 0.089 1.086 0.094
75112741 | 11.05.2019-14.05.2019 | U2 | 0.154 [109790| 0.065 0.866 0.056

Xaiina, 3akoHy JI>Kosl, mpaBuTy JOMUHUPOBAHUS JIMIMPYIOLIETO MSITHA) OUIOISIpHbIE
TPYIIbI MATeH 0e3 AebTa-CTPYKTYp; A2 - peryysipHble OUTIONU, coaepKalliue Majble
(10 CpaBHEHMIO C JIMAMPYIOLIMM MSITHOM) AEJIbTa-CTPYKTYphl; Bl - OuronsipHble
IPYMNIIbI TISITEH C HAPYLLIEHUEM XOTsI Obl OMHOM U3 BbIILIEYKA3aHHBIX 3aKOHOMEPHOCTEN
mobanbHOro nuHamo; B2 - obmactu, cocrosiiiye u3 HECKOIbKIX OAMHAKOBO HaIlpaB-
JIEHHBIX OuMojiet, a Takke 00JacTh ¢ JOMUHUPYIOLLENH AesibTa-CTpyKTypoil; B3 -
MHoromnossipHbie AO, cocTosilMe U3 HECKOJIbKUX MPUOJIM3UTETbHO PAaBHOLICHHBIX
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TSATeH 00enX MOJISIPHOCTEN, PAcOOXKEHHbIX MPOU3BOIbHO. ITAThIN cTONOEN TaO ML
- BenbleyHblid HaeKe (FI) - mapamerp, XapakTepu3yoluii BCIbILIEYHYIO TPOIYK-
tuBHOCTh AQ. CormacHo [9], Benbieunsii nHAeke paBeH 1.0 (100.0) eciu 8 AO
eXeJHEeBHO IMPOMCXOAUT OJHA BCIbIIIKA peHTreHoBcKoro kiacca C1.0 (X1.0).
BenvuunHa FI BelumcrisieTcst 3a Bce BpeMsl HAXOXKIACHUST 00J1aCTU Ha BUIMMOM JIMCKeE
CosiHua. B mectom cronblie coaepXutcsd uHbopMalius O TUIolaad, 3aHUMaeMoM
AO (TouHee - o konuuecTBe nukceieit Ha SHARP-MarnurorpaMMme BHyTpU Macku
bitmap, rmocrapisieMoil ¢ MarHuTorpachuyeCKMMu TaHHBIMU UHCTpyMeHTa HMI/
SDO, koropas o6o3HayaeT cooctBeHHO rpaHulibl AO). Ilocnengnue Tpu croabdia
TabIMLbI coaepkaT UH(OPpMAIMIO O BeJMYMHAX [TapaMeTPOB, XapaKTepU3UPYIOLIUX
BeJIMYMHY V | B, B UCCIEMYeMbIX OOJIACTSIX - YCPEAHEHHYIO 32 BPEMsI MOHUTOPHUHTA
(ycpeaHeHue Mo BpeMeHU 3[eCh 0003HAUaeTCsl YUEPTOM CBEPXY) CPEIHION BEJUUYMHY
{ﬁ (cenbMoiil cToNOEI), YCPEAHEHHYIO 32 BPEeMSI MOHUTOPMHIA CPEIHIO0
BEJIMYMHY B OKPECTHOCTH €ro MaKCUMaJbHOTO 3HAYEeHUS <maxV L BZ> (BocbMO¥
CTOJI0EI) Y YCPEAHEHHYIO 32 BpeMsi MOHUTOPUHTA 00JIACTU MaKCUMAJIbHYIO BEJIMUMHY
V| B, Mexay natHamu B AO max(V . B, Lp (neBAtelii cTosbew). [eranbHo 3TH
rapaMeTpbl IIpoaHaIu3MpOBaHbl HUXE B pasaene 4.

3. Buiuucaenue aunaauzupyemuix napamempog. MeTOmbl BBIYUCICHUS H
MIpUMEHsIEMbIE ITOOXOObI IOApOOHO omnucaHbl B [1]. Takum oOpaszom, 3mech
MPUMEHEHBI JBa MOAXOAA K BBIYUCIECHUIO BEIWYUHBI V| B, - COBPEMEHHBI,
TpeOyIoIMii MarHUTOrpachuyecKux JaHHBIX BBICOKOTO MPOCTPAHCTBEHHOIO pa3pe-
MIEHUS 1 TIO3BOJISIIONINI CTPOUTD ETATM3UPOBAHHBIC KapThI MIPOCTPAHCTBEHHOTO
pacrpeneneHus BeJIMYUHbBL V | B, Ha 33aJaHHOM YPOBHE COJHEYHOW aTMOCOhEepHI,
B PacCMOTPEHHOM 3leCh ciyyae - Ha ypoBHe ¢dortochepbl ConHua (mpumep
MoJo0HOM KapThl cM. puc.l B [1]), U KJlacCUMYECKUI, KOTOPBIN TTPUMEHSIICS €1e
B MEpPBBIX paboTax, MOCBIIICHHBIX TaHHOW TeMaThKe. BBIUMCIEHUS BEIMYMHBI
V| B, ¢ IpUMEHEHHEM COBPEMEHHOT'O MOAXOAA BHIMTOJHEHBI C UCTIOJb30BaHUEM
BbIpaxkeHuit (1) u (2), KJaccuuyecKoro Moaxoja - ¢ UCMOJb30BaHUEM BbIPAXKEHUS
(5), mpeacraBaeHHbIX B [1].

B pamkax kaxmoro nmojaxona ObUIM ONpenejeHbl MapamMeTpbl, ONMUCHIBAIOLINE
BeJIMYMHY V| B,. ]I COBPEMEHHOIO MOAXOAa 3TO cpefHssa 1o AO BeIWYMHA
MOMNEPEYHON COCTABJISIONIEH TpaAueHTa MPOAOJbHOTO MArHUTHOTO TMOJIs (V n BZ>
(cm. Beipaxkenue (3) B [1]) u cpenHss BenuunHa V | B, THKCeNel, OKPYXKaIOIINUX
TOYKY C MAKCUMAaJIbHBIM 3HAYCHUEM TPAIUEHTA (maxV 1 BZ> (cM. BeIpaxeHue (4)
B [1]). u1g Kiiaccuueckoro moaxona rmapaMeTpoM, XapaKTepyu3vpyloluM BeJTUUUHY
V| B,, Obl1 onpeiesieH MaKCUMaJIbHBIN TPaAUeHT MEXIy MapaMu MsATeH (BepHee

- MexJy XoIMamu MarHutHoro nons) B AO max(V, B, )Sp.

4. Pezyasvmamul. YcpenHeHHbIE 32 BpeMs MoHUTOpuHra AO (CM. TpeTuit
crosibelr Tabs. 1) BeTMYMHBI <V 1 BZ> , <maxV N BZ> "u max(V 1 B, )Sp MPEACTABJICHBI,




82 I0.A.®YPCAK

COOTBETCTBEHHO, B CEIbMOM, BOCBMOM U JIEBSTOM CTOJIOLIAX TaOIMIIbI, a pe3y/IbTaThl
COIOCTABJIEHUS TaHHBIX MApaMEeTPOB CO BCIbIIEYHBIM MHACKCOM AQO Moka3aHbl Ha
rpadukax puc.l, puc.3 u puc.4.

4.1. Cospemennblit N00X00 K 8blHUCACHUIO NONEPEUHOU COCMABAAIU el
epaduenma npoodoabHO20 MACHUMHO20 NOAS: CMAMUCMUYECKUU aHaAAU3
U OCHOBHblE De3Yabmambl. 3aBUCUMOCTb MEXIY BEIUYUHAMU <V N BZ> n FI
npeacranieHa Ha puc.l. Ha BepxHem rpaduke 3nech U ganee Ha puc.2-4 CUMBOJIaMU
pa3HOIo 11BETa OTMEUYEHBI 00JIACTU C Pa3HOM BCIIBILLIEYHON TPOMYKTUBHOCTBIO (ITyCThIMU
KPY>KOUKaMM OTMeYeHbl 00JIaCTU, B KOTOPbIX HEe HAOII0NA0Ch BCHBILLIEK PEHTTe-
HoBckoro kjacca C1.0 u Bblllie, CEpbIMU KPY>KOUKaMU - 0OJIACTU CO BCIbILLIKAMU

100 |- o : [ S | C l 1 Bes Benbiwek /cy6BCnbiuex
r k=0.54i0.09‘ 1 Bcnbiwku knacca C
80 r \ . 1 Bcnbiwku knacca C+M
r \ 1 Bcnbiwku knacca C+M+X
C [ ]
_ 60 - | . * N
w i : o e ]
40 - ‘ o 7
C | %~ ° 1
20 -
0 - ,
E - L . ]
L L
r 1 AO tuna U1/U2
— (] —
100 4=0.54+0.09! 1 AO tuna A1/A2
r | 1 AO tvna B1
80 ¢ ! * 1 AO na B2/B3
L [ ]
60 - | ® . ~
— r o |
b i ‘ o e y ]
40 - | . / ]
F [ > 1
20
0
T S B
0.06 0.08 0.10 0.12 0.14

<VLBZ>, Fcku

Puc.1. I'padvku 3aBUCUMOCTH MEXJIY YCPEIHEHHOW MO BPEMEHUM MOHUTOPUHIA CpeaHeid Mo

AO BeIMYMHOM MONEPEYHOM COCTAB/IAIOIIEH IPaqUeHTa MPOMNOIBHOIO MarHUTHOrO nonst (V, B,
U YPOBHEM BCIIBIIIEYHOI aKTUBHOCTU 0obOiactu (BembliieyHsiM nHAeKcoM) FI. Ha BepxHewm rpaduke
CHMBOJIAMU DPa3HOTO 1[BE€Ta 3aKOAMPOBAH PEHTTEHOBCKWIA KJlacC HauOoJiee MOILHOI BCHBILIKH,
3aperucTpupoBaHHoil B AO, Ha HxHeM - Tunl AO comtacHo MMK. BepTukaiabHbIM ITYHKTUPOM
C JUIMHHBIM LITPMXOM OTMEYEHO KPUTUYECKOE (IIOPOroBOE) 3HAYEHME BEIMYMHBI (V| sz. Beptu-
KaJIbHOM XMPHOM 4epToil oTMedeHo mosioxeHue obmactu NOAA 12673 ¢ FI = 223.858.
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xiacca C, rTemMHo-cepbiMi - AO, B KOTOPBIX, IOMUMO BCITbIIIEK Kitacca C 3adpukch-
pPOBaHBI BCHBIIIKU PEHTTEHOBCKOTIO Kjiacca M, YepHbIMU KPYyXKOUKaMU - 00J1acTH,
B KOTOpPBIX 3a(UKCHUpOBaHA IO KpailHeil Mepe OJHA BCIHBIIIKA PEHTIEHOBCKOIO
knacca X1.0 u Boie). MHdopMalivio o Hanbosee MolrHoM Benbilke B AO 1 jare
ee HaOMIoJAeHNST MOXKHO TTOCMOTPETh B UeTBepTOM cTosiOLe Taoa.1 B [1]. Ha HibkHeM
rpaduxke puc.l u ganee Ha puc.2-4 3akoaupoBaHbl TUnbl AO cornracHo MMK:
MyCThIMU KPY>KOUKaMu oTMeueHbl oosactu tuna Ul/U2, cepbIMM - 006J1aCTH TUIIA
Al/A2, temHO-cepbiMu - AO Tuna Bl, yepHbIMU KpyXoukKamu - obnactu tuna B2/
B3. YepHoii xupHoii yepToii Ha BepxHel abcimce rpadukoB pyc.l U Mocieayommx
pUCYHKAX OTMeYeHO MecTonosoxeHne oonacti NOAA 12673 - oHa UMeeT BBICOKUIA
BenblnedHblid uHaeke (FI, . =223.858), BcaenctBue 4ero IEMOHCTpaLMs OTOM
TOYKM YXYAIlIaeT HOPMaJIbHYIO YUTAOEIbHOCTh TPaUKOB.

Kak BuaHO M3 rpaduKoB, MpeacTaBIeHHBIX Ha puc.l, 3aBUCMMOCTh <V N BZ> -
FI He nuHeitHas, a KBaapaTuyHasi, ¢ KOdMGUIIMEHTOM KOPPeIsIuY, paCCYUTAHHOTO
METOIOM HauMEHbIIIMX KBaaparos, k=(0.54. ObpaiiiaeT Ha ceOs] BHUMaHUE OTHOCUTEJILHO

T T T 1 L B
100 :_k=0.1 o011 . _: Bes Bcnbiwek /cybBcnbiluek
L | 1 Bcnbiwku knacca C
80 L I °e 1 Bcnbiwku knacca C+M
[ : . 1 Bcnbiwkun knacca C+M+X
60 o . 7
™ [ ! o ° 1
L | J
40 | . . ]
: | i L] ° :
[ ]
200 % e R 7
0
| L L . L
T T T S T T o T ] o A0 twna u1/U2
[ [ ] —
100 1 k=0.190.11 1« AO tna A1/A2
80 H | . 1 = AO tvna B1
C I ° ] «AO Ttvna B2/B3
L | ]
60 o . s
(T 3 I o ® ]
40 L | H
C ' oo ¢ 1
L | L4 ° i
20 ° oo’ -
L LN _— e a
0
r L | L | L L L | L L L | L L L 1
0 2 4 6 8

N 5
Nar» 10° nukcenb

Puc.2. I'papuku 3aBucuMocTu Mexmy obiueit ruionanpio AO (KoJIMYecTBO MUKCENei BHYTPU
Macku bitmap, N) u BcmbledyHbiM umHAEKcoM (FI). O6o3HaueHust Te ke, 4To U Ha puc.l.
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MaJIblii pa3dpoc TOYEK IO TOPU3OHTATBHOM OCH - UTst GombiuHCTBA AO HCCTeyeMoit
BBIOOPKM BETMYMHA (V | BZS HaxomuTest B nipenenax 0.08-0.12Tc kM. HeGosbluoi
pazdpoc 3HAYEHUIA BEIUYUHBI (V | BZ> 00yCJIOBJIEH €€ 3aBUCUMOCTBIO OT TUIOLIAAN
AO. B To xe BpeMms, BCHbIIeYHasd MPOAYKTUBHOCTb AQ IOCTaTOYHO C1abo
3aBUCUT OT €€ IUIOLIAAM - BCTPEYAlOTCsl KaK KOMIMAKTHbIE OOJACTH C BbICOKOM
aKTUBHOCTbIO, TaK W KPYMHbIE; B TO e BpeMs Oojibliive no momaan AO He
BCerna SIBJSIOTCSI MCTOYHUKAMU BCIBILIEK BBICOKUX PEHTIEHOBCKUX KJIACCOB.
HJocTaToyHO HAIJSIAHO 3TO IPOAEMOHCTPUPOBAHO Ha TpacduKax puc.2, rie
MpeAcTaBieHa 3aBUCMMOCTb BCITBILLIEYHOTO MHAEKca OT ruioiaan AO (KoauyecTsa
MUKcese B Macke bitmap).

OTcyTCTBYE BBICOKOU KOPPENSIMUA MEXIY aHATU3UPYEMbIMU MapaMeTpaMu Ha
rpa¢ukax puc.l 1 puc.2 H1 KoM 00pa3oM He 03HAYaeT OOHOBPEMEHHO OTCYTCTBHUE
B HMX LICHHOM IJIs1 aHaiu3a nHbopMauu. BeaencTsue Toro, yto aHaauM3upyemast

- T T T T T ]
100 |~ 4 =0.61+0.07 - Bes acnbiwek /cy6acnbiluek
- I 1 Benbiwku knacca C
80 - : -] Bembiwku knacca C+M
C | ] Bcnbiwku knacca C+M+X
60 N | N
T - I 1
L Y i
40 - | ._ .
- 1 [ -
8 . ~ 1
20
0
E . . .
—— —
r AO tvna U1/U2
100 — [
: k=0.61%0.07 | AO Tuna A1/A2
80 r | AO Ttuna B1
C ‘ AO Tvna B2/B3
L |
60 - | .
T s [
L [ ]
40 |- ‘
N e hd il
20
0
N T S S
0.5 1.0 1.5 2.0 2.5

<maxVLBZ > , Tckm™!

Puc.3. 3aBucMMOCTb MeXIy YCPEOAHEHHOW IO BpeMEHM BEJIMYMHON CpeAHEedl BeJTUYMHBI
MOMNEPEYHOM COCTABJISIIOLIEH TpaueHTa MPOJOJbHOIO MAarHUTHOTO TOJISI B OKPECTHOCTH TOUYKM C
MaKCHMMaJbHBIM 3HayeHMeM TrpaaueHta (maxV , B ) u BcnblwedHbiM uHAekcom (FI) AO.
O0603HaYeHMST T€ Xe€, YTO M Ha puc.l.
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T — ; —
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Puc.4. 3aBUCHMOCTD MEXIY YCPETHEHHOM MO BPEMEHM MaKCHMaJIbHOM BEIMYMHOM MOTEPeYHOM

COCTABJIAIOLIEH TPaJMEHTa MPOOILHOTO MAarHUTHOIO MO MeXay natHamu B AO max(V, B)
n BcrbleyHbiM uHIEKcoM (FI) AO. O6Go3HayeHUs] Te Xe, 4TO M Ha pwuc.l.

BBIOOPKA JIOCTATOYHO OOIIMPHA, TPAbUKH MO3BOJISIIOT OLIEHUTD MOPOTOBbIC 3HAYCHUST
rnmapameTrpoB (V| B.) u N g - TIDW TIPEBBIIUEHUN JAHHOW BeIWYMHBI B AO MOTyT
(buKCcHpPOBATHCS BCMBILIKM Haubosiee BICOKMX PEHTIEHOBCKMX KJIAaCCOB, a B clyyae,
€CJIM 3HAUEHUSI ATUX MapaMeTPOB HIXE MOPOTOBbIX, CIEAYET OXUIaTh Ooee HU3KOM
BCHBIIIEYHON MPOAYKTMBHOCTU obiactu. M3 rpadukoB puc.l um puc.2, a takxke
JIAaHHBIX TabJ.1, cleayeT, 4YTo MOPOrOBOE 3HAYECHUE JIJIST BEIUYUHBI ﬁ pPaBHO
0.078 Tckm', mst Bemmumubl N,, - ~10° mukceneii.

3aBUCUMOCTD <maXV N BZ> - FI nokazana Ha puc.3. Kak u 1jis1 3aBUCUMOCTHU
<V n BZ> - FI, 3nech anmpokcumManust KBaipaTuyHasi ¢ KoaddUIIMEHTOM KoppeJisiiyy
k=0.61. HTEpecHO OTMETUTD, YTO AIPOKCUMALIMS JUHEHHON QyHKIMEH TaeT
KO3((MULIMEHT KOPPENSILIMA OYeHb OJIU3KUIM 10 CBOEMY 3HAUEHUIO K KOI(PULIMEHTY
KOpPpeJsILMY TPy almpoKCUMalUM KBaapaTUYHON dyHKuueil. Takum obpazom,
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3aBUCHUMOCTb <maxV 1 BZ> - FI MoxHO cunTtaTh KBasuiaumHeiHoi. bojee BbicOKast
KOppeJISILMSL MEXIy BeTMYMHAMU <maxV N BZ> u FI mo cpaBHeHMIO ¢ KOppesuuei
Juis mapel (V| BZ> - F1 roBopuT 0 npaBWIIBHOCTM BBIOOpA BEJIMYMHBI {maxV | B,
KaK IapamMeTpa, ONMCHIBAIOLLIETO MONEPEYHYI0 KOMITIOHEHTY IPafveHTa ITPOJOIBHOIO
MarHUTHOTO IOJIS.

Jutst Bemauabl (maxV | B, ), KaK i JUIst IapaMeTpoB <V N BZ> u N, ucxons
U3 JAHHBIX pHUCc.3 U Tabs.1, MOXHO OMNpeIeNUTh OPOroBOE 3HAYEHUE, KOTOPOE
paBHo 0.983Tckm.

4.2. Knaccuueckuii nooxo0 K 6blMUCAEHUI0 NONEPEeHHOU COCMABAAIUel
epaduenma npoodoabHO20 MACHUMHO20 NOAS: CMAMUCMUYECKUL AHAAU3
U OCHOBHble pe3yabmambi. B pamkax mpuUMeHEHUST KJIACCHUYECKOTO TOIXOMa,
OCHOBHBIM TapaMeTpoM, KOTOPBII OMHCHIBaeT BEJIUYMHY V| B, ObUT TIPUHST
MaKCUMAJIbHBII TpanueHT Mexy nstHamu B AO max(V | B,) . Ipaduxu 3asucu-
moctit max(V B, Lp - FI npencrasnensl Ha puc.4.

31ech BUIHO, YTO 3aBMCHMMOCTD max(V . B, Lp - FI mmneiinas, ¢ xoaddnu-
nureHToM Koppensuuu k=0.63. Kak u B ciiyyae ¢ mapamMeTpaMi, ONMKMCHIBAIOIIMMU
MTOTIePEeYHYI0 KOMITIOHEHTY TpaareHTa MPOI0JILHOIO0 MarHUTHOTO TIOJISI B paMKax
COBPEMEHHOTO TOIX0a BbIYMCIICHNUs TAHHOI BEIMYMHBI, NTapametp max(V, B. ),
TaKKe UMeeT MoporoBoe 3HauyeHue, papHoe 0.118TckM™', 4To 6M3KO K 3HAYEHUIO
B 0.1Tckm', onpeneseHHOMY COBETCKUMHU acTPOHOMAaMH ellie B KoHue 50-60-x
romax XX B. [10-12].

sp

5. Bvi6oowl u o6cyncoenue. Ha cratucTuyecku 3HaYMMOM BBIOOpKE U3 75
AO 24-10 1MKJ1a COTHEYHOU aKTMBHOCTH, 00JaalolIX Pa3HbIM YPOBHEM BCIIbI-
IIEYHON MPONYKTUBHOCTU, MPOU3BEAEH aHaJIu3 MapaMeTpOB, OIMCHIBAIOIINX
BEJIMYMHY TONEPEYHON COCTaBJISIONIEN rPageHTa MTPOJ0JIbBHOTO MAarHUTHOTO TTOJIST
V| B,, NOATBEPXAEHbl U NOIMOJHEHbI PE3yJbTaThl, MOJYYEHHBbIC paHee [2] Ha
CYLIECTBEHHO MEHbIIIEM CTaTUCTUYECKOM Marepuaiie. ClesaHbl CIeAyIOlIe BbIBOIDI:

1. OrtcyrcTByeT JMHeHHash 3aBUCUMOCTb MEXIY YCPEeIHEHHOW 3a BpeMs
HaOJI0IeHUs CcpeaHen BSJIMYMHON TIOTIEPEYHOM COCTABJISIOLICH TIpaineHTa
MPOAOJABHOTO MarHUTHOTO nojst (V| B,) u BenblliedyHbiM uHaekcoMm (FI) AO.
HenuHeiiHpiit xapakrep 3aBUCMMOCTM W HU3KUIA KO(POULIMEHT KOppeasuuu
(k=0.54) st apel mapameTpoB <V N BZ> - FI oObsicHsIeTCS TeM, YTO BeJIMYMHA

V,B,) sasngerca ¢yHkuueir mmow@aau AO, B TO BpeMs, KaK BEJIWYMHA
BCIbILIEYHOTO MHAeKca AO OT IJIONIAAM HEe 3aBUCUT. 3aBUCUMOCTBIO OT ILIOIIAIN
MOXHO OOBSICHUTb U CPAaBHUTEJIbHO MaJiblii pa3dpoc B BeJIMUMHE <V N BZ> a1 AO
C HU3KOWM W BBICOKOW BCHBILIEYHOU MPOMYKTUBHOCTHIO: IUISI TTOHABJISIIONIETO
OOJIBLIIMHCTBA 00JIaCTEN aHATU3UPYEMOU BbIOOPKHU JTAHHBIN MTapaMeTp HAaXOAUTCS B
nnanasoHe 3HayeHuit 0.08-0.12Tckm™.

2. CylecTByeT KBa3WIMHENRHAsA 3aBUCMMOCTb MEXIY YCPEIHEHHOI MO BpeMEHU
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BEJIMUMHON CpeTHE BeJIMUMHBI MOTMEPEYHOI COCTaRIISIIONIEH TPaAleHTa MPOAOILHOTO
MAarHUTHOTO TTOJISI B OKPECTHOCTY TOYKM MaKCMyMa BEJIMYMHBI TpaiieHTa ( maxV | B,
1 BenbiieyHbiM uHAeKcoM AO (FI) ¢ koaddunmentom Koppemsiuuu k= 0.61.

3. CyulecTByeT JIMHEHAas/KBa3WIMHEHAsT 3aBUCMMOCTb MEXIY YCpeTHEHHOM
MO BpeMEHU MaKCUMaJbHOW BeJTUYMHON MOMEPEeYHO COCTaB/SIONIE IpairueHTa
MPOMOJIBLHOTO MAarHUTHOTO TOJII MEXIy IATHaMU max(V | B, Lp U YpOBHEM
BembieuHoi mponyktuBHOCTH AO (FI) ¢ koaddummentom koppensimn k=0.63.

4. CraTUcTUYECKUIl aHAJIU3 MO3BOJISIET HAWTHM MOPOToBble 3HAUYEHUS IMapa-
METPOB, OIMMCBIBAIOIINX TTOTIEPEUYHYIO0 KOMITOHEHTY TpaaeHTa TPOIOJIBHOTO Mar-
HUTHOTO TOJIS:

a. i ycpenHeHHOW 10 BpeMeHM cpeireil o AO BEJIMYMHBI MOMEPEYHON
COCTaBJIAIOLLEN TPAAUEHTA IPOIOJILHOIO MATHUTHOTO T10JIS <V 1 BZ> >0.078 Texm™;

0. ng ycpealHeHHOM MO BPEMEHU CpeaHeil BeJIUYMHBI MONepeyHol cocTaB-
JIIOIIEN IpagueHTa MPOAOJbHOI0 MATHUTHOTO TOJSI B OKPECTHOCTH €ro MaKCH-
MaJIbHOTO 3HaueHus (maxV, B.)>0.983 Tckm'';

B. s ycpeaHeHHOM IO BpeMEHU MaKCUMaJIbHOW BEJMUYMHBI MOMEePEeYyHOMR
COCTaBJISIIONIEH TpaareHTa MPOJOJbHOIO MATHUTHOTO TOJIs MEXIy MsiTHaMu B AO
max(V, B.) >0.118 Texm .

[1py 3HaYEHMSIX aHATM3UPYEMBbIX NTapaMeTPOB, HIDKE KPUTUIECKUX, HU B OJHOM
13 obsacTeil aHAIU3UPYEMON BBIOOPKM BCHBIILIEK PEHTTEHOBCKUX KJIACCOB X HeE
(puKcHpoBaioCh.

ABTOp TIpU3HaTeNIeH KoJljleraM Io MCCAea0BaTeIbCKOM IpyIlne, COTPyAHUKAM
Otnena ¢u3ukn ComHua u cojiHeyHoi cuctemMbl KpAO PAH B.M.AbGpameHko,
A.C.Kyuenko, O.K.Kyuenko, A.B.XKykosoit, A.A.ITnotHukoBy, P.A.CyneliMmaHOBOM
u J1.B.JIuTBuIIKO 3a OOCYyXIeHUE Pe3yJbTaTOB, MOJYYEHHBbIX B paboTe. ABTOpP
OylaromapuT pelieH3eHTa 3a MHTepec K padore. Pabora BbIMoHEHA MPY MOAIEPXKKE
Muno6prayku (HMAP Ne1021051101548-7-1.3.8).

Kpreimckas actpodusnueckas obcepBaropusi PAH, Pecryommka KpbiMm,
Poccust, e-mail: yuriy fursyak@mail.ru
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TRANSVERSE GRADIENTS OF A LONGITUDINAL
MAGNETIC FIELD IN ACTIVE REGIONS WITH
DIFFERENT LEVEL OF FLARE PRODUCTIVITY. II.
STATISTICAL ANALYSIS

Yu.A.FURSYAK

The work is part of a study devoted to the study of longitudinal magnetic field
gradients in active regions (ARs) with different levels of flare productivity. Here,
we performed a statistical analysis of the parameters describing the transverse
component of the longitudinal magnetic field gradient V|, B_ in the active regions
of the AR: the AR-averaged transverse component of the longitudinal magnetic
field gradient <V N BZ> , the average V, B, in the vicinity of a point with its
maximum value (maxV, B.), the maximum value of V, B, between pairs of
spots in the AR max(V | B, )Sp. To calculate the indicated parameters, we used
magnetograms of the B, component of the magnetic field vector at the level of
the solar photosphere obtained by the Helioseismic and Magnetic Imager (HMI)
onboard the Solar Dynamics Observatory (SDO). The statistical sample contains
data on 75 ARs. The values of the analyzed parameters averaged over the
monitoring time are compared with the level of the flare productivity of the AR
(flare index, FI). It is shown that: 1. The dependence <V 1 BZ> (the overline
indicates the averaging over AR monitoring time) - FI is quadratic with the
correlation coefficient k= 0.54, and the spread of values of the values <V N BZ>
is small (for the vast majority of the studied ARs, it is within 0.08-0.12G km™)
and differs very little for ARs with low and high flare productivity, which can
be explained by the dependence of the value of (V n BZ> on the AR area. 2.
Dependence <maxV 1 B, ) - Fl is quasi-linear with correlation coefficient k=0.61.
3. Dependence max(V A Lp - FI is linear with correlation coefficient k=0.63.
4. The threshold values of the analyzed parameters are revealed: for the

ﬁ >0.078 Gkm™, for the <maxV L BZ> >0.983 Gkm™', and for the parameter
max(V, B_ ) - 0.118 Gkm™. At lower values of the analyzed parameters, the X-
class X-ray flares were not recorded in any AR of the analyzed sample.

Keywords: Sun: active regions: solar flare activity: magnetic field: magnetic field
gradients
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In this composition of plasma with negative dust charge, new classical distribution of nonthermal
ions and Cairns distributed electrons, both supersonic and subsonic only rarefactive solitons are
found to exist. It appears to conclude that the solitons cease to exist at the increase of c¢. The
supersonic (M = 1.4) rarefactive solitons considerably and concavely increase from small amplitude
with the increase of the ion to dust density ratio Q for various values of temperature o . The
concave but increasing growth of amplitude of the rarefactive solitons for all M (>1) exhibits its
distinct character. Smaller the Mach number (e.g., for M= 1.2), smaller is the amplitude of the
solitons throughout the range of v, (ion drift). The amplitudes of the rarefactive supersonic solitons
are found to increase at the increase of the non-thermal parameter B for all » (=n,,/n, ). The
dynamical scenario of this model indicates that the mass of the dusts should decrease in the plasma
to generate higher amplitude solitons.

Keywords: solitary waves: Caims distributed electrons: new classical distribution of ions

1. Introduction. The new domain of plasma physics relating to dusty
plasmas has been studied extensively in the past decades. Dust grains acting as
negatively charged (in general) are plentifully exist in planetary rings, in interstellar
medium, neighborhood of stars and in earth's atmosphere. In addition to the
normal components of ions and electrons, heavier dust grains are seen to play
significant role in the formation of nonlinear waves in space plasma. The
investigation of nonlinear waves in the form of dust ion acoustic waves (DIAW)
has attracted a big deal of attention in the field of plasma physics because of their
application in various theoretical as well as laboratory works [1-4].

It has been found that the presence of static charged dust grains in plasma
can generate extremely low frequency dust acoustic wave [5] in absence of magnetic
field and can modify [6] the existing wave spectra. The fluctuations of dust charge
are found to act as damping source to dust acoustic waves. Many results (with
minor corrections) of negative ion plasmas can be adapted to dusty plasma for
its low frequency behaviour when the wave length and the inter-particle distance
are much larger than the grain size. By means of distribution of immobile dust
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particles in plasmas, creation of spatial in homogeneity can be seen in interpreting
the low frequency noise enhancement observed by the Vega and Giotto space
probes in the dusty regions of Halley's Comet.

Dust acoustic waves (DA) propagating [5] linearly as a normal mode and
nonlinearly as supersonic solitons of either positive or negative electrostatic
potentials in a dusty plasma have been studied with inertial charged dusts and
Boltzmann distributed electrons and ions. Many authors [7-10] have investigated
DIAW's under various plasma compositions. In the study of nonlinear dust acoustic
waves [11], large amplitude rarefactive as well as compressive solitons are reported
to exist in an un magnetized dusty plasma with the effects of vortex-like and non
thermal ion distributions. In a similar approach following Cairns distribution [12]
with sufficient non thermality in the ions and negative charges on the dust along
with electrons [13], the existence of both positive and negative solitary structures
was investigated in some parameter space. Besides, taking the non thermal
parameter in the non thermal distribution of ions as variable, DA solitary waves
are studied in dusty plasma [14] with the help of pseudo-potential method. DA
solitary waves through Zakharov-Kuznetsov (ZK) equation [15] in obliquely
propagating magnetized dusty plasma with mobile negatively charged dusts, two
temperature maxwellian ions and non inertial electrons have also been investigated.
The authors [16] have also found that the features of the DA waves are significantly
modified by different parameters like external magnetic field, relative ion and
electron temperature ratio and number densities of two population ions. Besides,
[17] have studied basic characteristics of non planar dust ion acoustic Gardner
solitons (GSs) by considering a dusty plasma consisting of non-inertial negative
static dust, inertial ions and two population of Boltzmann electrons with two
distinctive temperatures. They have found that different electron temperatures can
significantly modify wave dynamics. In this investigation, the authors [18] have
found DA shock waves in a dusty plasma consisting of charged mobile dust,
maxwellian ions and two distinctive temperatures of non-extensive electrons by
deriving Burgers equation. The results obtained in this study [18] agree with the
results of [17]. Rarefactive solitons in magnetized non thermal dusty electronegative
plasma have been reported [19] in which width is shown to decrease at the increase
of EO whereas the amplitude is reported to remain unaffected.

The nonlinear DIAW and DIA shock waves implicitly related to Korteweg de
Vries-Burger (KdVB) equation due to non-adiabatic charge variation of dust
particles have also been studied [20]. Further in IA waves in dusty plasma, the
troughs of the first sinusoidal pulse is found to become shallow and Mach speed
of the peak in the oscillation is shown experimentally [21] to decrease when
negatively charged dusts are mixed in the plasma. DIA solitons in dusty plasma
with high energy-tail electron distribution have also been established [22].
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In our present investigation we have found dust ion acoustic waves with negative
potentials only and the results are in agreement with the new classical distribution
of ions [23]. The DA solitary waves and cnoidal (periodic) waves were investigated
[24] by using the bifurcation theory and the effects of the self-gravitation and the
polarization forces on the soliton amplitudes were also studied. The dynamical
motions of ion acoustic waves [25] in an magnetized plasma with superthermal
electrons is studied by employing direct approach of bifurcation theory of planar
dynamical systems. Recently, using the KdVB equation DA solitary and periodic
waves were investigated [26] in magnetized self-gravitating dusty plasma. Mamun
[27] studied the nonlinear DAWs and he showed that the presence of positively
charged dust grains causes the coexistence of both positive and negative solitary
potential structures. Further in the reviews by [28] with many references to the older
literature, the details about various aspects of dusty plasmas can also be found. Very
recently, it was shown that the region of existence of large amplitude both rarefactive
and compressive DA solitons is determined by polarization force parameter, change
ratio and the Mach number [29]. Also the authors [30] have derived the effect of
polarization force (PF) and nonthermality parameter in the formation of cnoidal
structures, with the help of KdV equation in unmagnetized dusty plasma. None-
theless, many investigations have been done and numerous number of papers which
cannot be cited together. In this manuscript, the basic equations of the mobile dusts,
non-thermal ions, Cairns distributed electrons and the Poisson equation are included
in section 2, energy integral is derived in section 3, conditions of existence of
solitary waves are established in section 4, discussion containing the results is
included in section 5. Lastly, it is followed by references.

2. Basic equations of the model. The basic equations governing this
model of plasma are described as follows:
For negatively charged dusts,

aﬂ_i_a(ndvd) 0

ot ox M
ovy, ovy od
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or  “ax  “ox @

For ions,
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For the electrons, we consider the Cairns distribution
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e = (1= B0+ B0 Jexp(s). )
where B=4s/ (3 s+ 1) with s being non-thermal parameter which are supplemented
by the Poisson equation,

d* ¢
dx?
We consider the system of equations (1)-(6) in non-dimensional form by
normalizing densities by the equilibrium ion density #,, velocities by the dust-acoustic
speed C, = (kT, /my, )1/ ?, distances by the Debye length A, = (T, / 4rm, e’ /2,
electrostatic potential ¢ by k7,/e and time by the A,,/C, following the
procedure adopted by the authors [13].
Introducing the new coordinate m defined by n =4k x—M¢ and integrating
under the boundary conditions n, =ny,, n;, =n,,=1, n,=n,,, v, =0, v;,=v,
(ion drift) and ¢$=0 at n—> o, we get from equations (1)-(5) and (6),

M
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n = o1~ B+ B Jexp(0). (11)

X

Following the new distribution of ions [23] with ¢ (: Vo —kﬂ}to , Egs.(10)
can be expressed as
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3. Derivation of energy integral. Substituting the results of n, n, and
n, from equations (8), (10) and (11) in equation (13), we get
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2 . 2 1/2
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truncating the terms of order O(¢4) and higher than it from equation (12) subject
to the conditions Qc*—o>1 and small ¢<1.
Multiplying both sides of the above equation by d¢/dn, we get
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We get the energy integral after integration as
2
1(d
E[d_m +7(9)=0, (14)

where
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Equation (14) is the energy integral and V(cb) given by (15) is the Sagdeev
potential.

4. Conditions for the existence of solitary waves. The necessary
conditions for the existence of localized solitary wave solutions can be obtained
by studying the behaviour of the potential V(d)) near ¢$=0, and ¢=4¢, , where
¢,, is the maximum value of ¢ i.e., the amplitude of the solitary wave pulse.
For solitary wave solutions, the required conditions are

r(9)="(9)=0, at $=0,V(s,)=0 (16)
and V(p)<0 between ¢=0 and ¢=¢,,. (17)

Setting V(d)m): 0, we can obtain the nonlinear dispersion relation for amplitude
b, as
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This gives the amplitude ¢,, of the solitons. Now expanding V(d)) by Taylor's
series expansion near ¢$=0 and ¢=¢,, we get

m
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From the expression (19), we observe that the solitons will exist subject to (17) if
2
Mo ZaM40 1
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Using the relation n,,+z,n,,=1, so that n, /n,, =r with n, =r/(r+ z,) and
Ry :1/(r+ zd), above condition can be put in the form

T (l43p)| ! >0.
(”+Zd)kf( ) [(”Jrzd)Mz (ch—oc)kf @D

For ¢, >0, the expression of the parenthesis of equation (20) must be
negative and for ¢,, <0, it must be positive.

5. Discussion. In this composition of plasma with negative dust charge, new
classical distribution of non-thermal ions and Cairns distributed electrons, both
supersonic and subsonic only rarefactive solitons are found to exist. The generation
of rarefactive solitons is observed due to very small fluxes of negative charges into
the dust particles of the plasma in support of even higher ion temperature o [23].

The increase in the drifting effect (inherent in ¢ for small Q=0.25) of the
nonthermal ions enforces to decrease the amplitude of the supersonic rarefactive
solitons for »=0.55, a=0.15, B=0.5, z, =2 and k, =05 (Fig.1). It appears
to conclude that the solitons cease to exist at the increase of c¢. This rightly and
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Fig.1. Sagdeev potential 7 (¢) versus amplitude ¢ of rarefactive solitons for fixed values of
0=025, r=0.55 a=015, =05, z,=2, k=05 and M=14, M=13, M=12, M=1.1
corresponding to ¢=15.7 (dotted dashed line), ¢ =5.9 (dashed line), ¢ =6.1 (dotted line), ¢=16.3
(solid line).

mathematically justifies the truncation based on ¢ in the distribution of non-
thermal ions. Further, smaller the drifting effects of ions, better is the scope for
generation of rarefactive solitons moving with higher Mach number. Otherwise,
higher drift of the massive ions in the plasma (associated with small dust charge
number z, =2) results smaller amplitude rarefactive solitons which move with
small mach number (>1).

012} V(o)
0.10
0.08
0.06
0.04

0.02 -

03 TS <02 _ T [ s
""""""" -0.02+

Fig.2. Sagdeev potential V' (¢) versus amplitude ¢ of rarefactive solitons for fixed values of
0=0.15, r=055, a=0.15, =05, z,=2, k. =0.25 and M=0.8, M=0.7, M=0.6, M=0.5
corresponding to ¢=15.3 (dotted dashed 11ne) c=35. 7 (dashed line), ¢=6.1 (dotted line), ¢= 6.5 (solid
line).
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In conformity with the generating results of only rarefactive solitons for various
drifting effects inherent in ¢ of Fig.1 (M > 1), the small amplitude rarefactive
subsonic solitons are seen produced for all Mach numbers M=0.8, 0.7, 0.6, 0.5
(<1) when 0=0.15, r=0.55, a=0.15, p=0.5, z, =2 and k. =025 (Fig.2).
These amplitudes are found much smaller (quite explicit in the measure of
magnitudes for ¢=15.7 in both the figures) than those of Fig.1. At the highest
value of ¢=6.5 (otherwise for the highest value of ion drift) corresponding to the
smallest Mach number M=0.5, the rarefactive solitons appear to vanish. The
drifting effect of the non-thermal ions is found to play the distinctive role in this

B.C.KALITA ET AL.

plasma scenario rather than the number of dust charges z,.

B —>
0.4

Fig.3. Growth of rarefactive solitons amplitude with respect to B for fixed values of Q=0.25,

r=0.50

M=14, a=0.15, z, =2 and k = 0.45.

r=0.55

0.55

0.2 3

o
l 0.4+

-0.6

Fig.4. Growth of rarefactive soliton's amplitude with respect to Q for fixed values of r=0.45,
M=14, B=0.5, z, =2, k, =0.45 corresponding to o =0.15 (dashed line), o =0.25 (dotted line)

and o =0.35 (solid line).
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The amplitudes of the rarefactive supersonic solitons are found to increase at
the increase of the non-thermal parameter B for all »=0.45, 0.50, 0.55 when
a=0.15, 0=0.25, k,=045 and z, =2 (Fig.3). The non-thermal distributions
of drifting ions [19] serve as a booster for the parameter ¢ (due to truncation)
to the growth of high amplitude rarefactive solitons in support of . Further the
small number of dust charge z, =2 also justifiably helps the solitons to move
at supersonic speed M=14.

The supersonic (M = 1.4) rarefactive solitons considerably and concavely
increase from small amplitude with the increase of the ion to dust density ratio

Drift vy —>
9.5 11.5 13.5 15.5
0 . . . . . . .
-0.2 1
b i
\L 0.4-
-0.6 1
-0.8-

Fig.5. Amplitude profile of rarefactive solitons with respect to ion drift v, for fixed values
of 0=0.15, r=0.55, =025, B=05, z, =2, k. =0.5 corresponding to M= 1.4 (solid line),
M= 1.3 (dashed line), M= 1.2 (dotted line).

Drift vy ——>
9.5 11.5 13.5 15.5

Fig.6. Amplitude profile of rarefactive solitons with respect to ion drift v, for fixed values
of 0=0.15, r=0.55, =025, p=05, z, =2, k =0.25 corresponding to M= 0.8 (solid line),
M=10.75 (dashed line), M=0.7 (dotted line).



100 B.C.KALITA ET AL.

Qfor r=045, =05, z, =2, k. =045 for various values of a (Fig.4). In the
lower range of Q (Fig.4), slightly distinct amplitude of rarefactive solitons are seen
produced at the increase of o =0.15, 0.25, 0.35 to some extent. But for high
amplitude rarefactive supersonic solitons this distinction disappear when Q in-
creases, since for the existence of rarefactive solitons the number dust charge is
very small, so increase in Q basically means increase in ion density. Otherwise,
increase in non-thermal ion density appears to produce rarefactive solitons of same
amplitude for different temperatures o .

The amplitude variation of rarefactive solitons with ion drift vo corresponding
to supersonic Mach number M=1.4, 1.3, 1.2 is nicely represented (Fig.5) for

o —>
0.1 0.2 0.3 0.4 05
0.3 ' . . , . . . .
_0‘35 | Q=O‘30 -----------------------------------------
(I) ...........................
l Q=0.35 L
PR IR
Q=0.40
-0.45-

Fig.7. Growth of rarefactive solitons' amplitudes with respect of o for fixed values of r=0.45,
M=14, =05, z,=2 and k =0.5.

Fig.8. Profile of amplitude of rarefactive solitons with respect to M for fixed values of »=0.55,
v, =85, a=025, =05, z, =2, k=0.5 corresponding Q= 0.35 (solid line), Q= 0.25 (dashed
line), Q0 =0.15 (dotted line).
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fixed values of the other parameters 0=0.15, »=0.55, B=0.5, z, =2, k,=0.5.
The concave but increasing growth of amplitude of the rarefactive solitons for all
M (>1) exhibits its distinct character. Smaller the Mach number (e.g., for M=1.2),
smaller is the amplitude of the solitons throughout the range of v,.

Almost similar growth pattern of amplitudes of rarefactive subsonic solitons with
respect to ion drift v, (8.5<v, <15.5) is reflected (Fig.6) for all values of the Mach
number M=0.8, 0.75, 0.7 when Q=0.15, r=0.55, a=0.25, p=0.5, z,=2,
k.=0.25. For subsonic speeds of solitons only the amplitudes are found to be slightly
higher than those of Fig.5. To speak the truth, there is no basic difference of the
characteristic results of Fig.5 and Fig.6 except in magnitudes of the rarefactive solitons.
Of course, corresponding to higher drifts, this difference marginally narrows down for
all M. For fixed values of the ion to dust density ratios, the amplitudes of the
rarefactive solitons are seen to linearly decrease at the changes of temperature o
(Fig.7) when r=045, =05, z,=2, k., =05 and M= 14 (supersonic). Of

V(o)

1 |
. 1.0 F
zd=3x “ \L [

0.5

-0.8 06 04 -0.2 0.2

Fig.9. Sagdeev potential V' (¢) versus amplitude ¢ of rarefactive solitons for fixed values of
0=025 r=045 a=015, B=0.5, k,=0.18, ¢=-5.56667 and M= 1.2 corresponding to the
different values of z, =2, 3, 4, 5.

course, the amplitude increases at the increase of Q (Fig.7) subject to constant variation
always. For each mass ratio Q=1.5, 2.5, 3.5, the amplitudes of the rarefactive solitons
are found to increase with M under slight nonlinearity for fixed values of the
parameters v, =8.5, r=0.55, a=0.25, $=0.5, z, =2 and k, =0.5 (Fig.8). The
increase in the number of dust particles results in the decrease of the amplitude of
the solitons that is clearly shown in Fig.9. This dynamical scenario indicates that
the mass of the dusts should decrease in the plasma to generate higher amplitude
solitons. This present study could be of interest in laboratory as well as space plasma
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where non-thermal electrons interacted with dust grains in presence of ions (new
classical distribution of ions [23]).
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INTBIJIEBBIE NOHHBIE AKYCTUYECKHWE COJIMTOHHBIE
BOJIHBI B IIVIASME C SJIEKTPOHAMUAU C
PACITPEAEJIEHUEM KOPHCA M HOBbLIM

KIIACCMYECKHUM PACITPEAEJIEHUEM MOHOB

b.4.KAJIUTA!, P.KAJIUTA?, C.JAC

B mmasme ¢ oTpuLaTeNbHBIM MHLUIEBBIM 3apsSiIOM C HOBBIM KJIACCUYECKUM
pacropejelieHMeM HETeIJIOBBIX MOHOB U 3JICKTPOHOB ¢ paclpeneieHueM KapHca,
KaK CBEPX3BYKOBBIX, TaK M JO3BYKOBBIX, CYILIECTBYIOT TOJbKO pa3pexXeHHbIE
COMUTOHBI. [lo-BUIMMOMY, MOXHO CAelaThb BHIBOJA, YTO COJIMTOHBI IepecTaloT
cylllecTBOBaTh Mpu yBeauueHuu c. Cepx3ByKoBble (M = 1.4) paspexeHHbIe
COJIMTOHBI C MAJIOM aMILIUTYAOM 3HAYMTENIbHO U TI0JIOT0 YBEJIMYMBAIOTCS C POCTOM
OTHOILEHMS TUIOTHOCTA MOHOB K TUIOTHOCTH MM Q IS Pa3IMYHBIX TEMIIEPATyp
o . [Tosorblii pocT aMIUIMTYAbI Pa3peskeHHBIX COJIMTOHOB 1151 Bcex M (>1) umeer
CBOI OTUET/IMBBIN XapakTep. Uem MeHblle uynciio Maxa (Hanpumep, ipu M=1.2),
TeM MEHbIIE aMIUIMTyJa COJMTOHOB BO BCEeM MAuarna3oHe Vv, (apeiid MOHOB).
OG6HapyXeHO, YTO aMILTUTYAbl pa3peskeHHbIX CBEPX3BYKOBBIX COJUTOHOB PACTYyT C
yBeJIMYEHMEM HETETUIOBOTO MapameTpa B st BeeX r (=n,q/n; ). JNHAMUYIECKMit
CLIEHApUIi1 3TOM MOAENIM YKa3bIBAaeT HA TO, YTO MAacca MBUIM JOJIKHA YMEHBIIATHCS
B IJ1a3Me JIJisl TeHepalluu COJMTOHOB 00Jiee BBICOKON aMILIUTYIHI.

KiroueBnie cioBa: cosumonHbie 6OJ/IHbL DNEKMPOHbL  C pacnpedeﬂeﬁuem K:—)pHCCZ.'
HOB0€ Kaaccuveckoe pacnpeae/leﬂue UOHOB
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The paper deals with the investigations of the behaviour and physical acceptability of the
spatially homogeneous and isotropic FLRW space-time filled with pressureless matter and Rényi
holographic dark energy under the Hubble's IR-cutoff in the framework of f(7, B) gravity. We have
calculated some cosmological parameters to study the astrophysical consequences of the constructed
model. We discussed their behaviour during the cosmic evolution, in particular, the statefinder and
EoS parameters. It is found that the constructed Rényi holographic dark energy model travels from
Phantom, ACDM, and lastly enters & remains in Quintessence dark energy era with the increase
in redshift.

Keywords: f (T , B) gravity: Renyi holographic dark energy: Hubble's cutoff: redshift

1. Introduction. Cosmology aims to comprehend the universe on a large
scale. Over recent years, one of the greatest challenges faced by cosmologists is
to explain the nature and mechanism of cosmic acceleration [1-3], which has been
confirmed by some observational data such as type la supernova [4-7], baryon
acoustic oscillations (BAO) [8], weak lensing [9] and large scale structure (LSS)
[10-12] etc. One of the key issues in modern cosmology and high-energy
theoretical physics has been determining the phenomenological explanation of
cosmic acceleration [13]. The dark energy (DE), which makes up 68.3% of the
exotic component and possesses negative pressure, is what drives the expansion
of the universe [14-17]. Modified theories of gravity offer an alternate way to study
the cosmos and its accelerating expansion. A few suitable properties of modified
theories of gravity are found in [18]. With modifications to the Einstein-Hilbert
action, several researchers have constructed many cosmological models in modified
theories of gravity, including f (R) gravity [19-24], f (T ) gravity [25-30], f (R, T )
gravity [31-33], f (T, B) gravity [34-36] etc. A comprehensive overview of modified
theories of gravity was already given by Nojiri et al. [37]. Recently, Shankaranarayanan
and Johnson [38] discussed modified theories of gravity: why, how and what. Also,
Olmo et al. [39] provided the models of stellar structure in modified theories of
gravity with their challenges and lessons.
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The holographic dark energy (HDE), one of numerous dynamical DE models,
has recently emerged as a viable tool for investigating the DE conundrum. The
proposal was based on the quantum properties of black holes, which have been
extensively researched in the literature [40,41] to study quantum gravity. The
particle horizon [42], Hubble's horizon H™' [43,44], conformal-age-like [43],
Granda-Oliveros [46,47], Ricci scalar radius [48] and event horizon [49] are the
different kinds of /R-cutoffs that have been used in HDE models in explaining
accelerating cosmic expansion which is compatible with the present astronomical
data. Presently, to discuss various cosmological phenomena, the Rényi, Tsallis and
Sharma-Mittal HDE models have been proposed [50,51]. These HDE models have
been examined under different /R-cutoffs by many eminent researchers [52-55]
etc. Recently, Nojiri et al. [56,57] showed that barrow entropic DE and different
faces of DE like Tsallis entropic DE, the Rényi entropic DE, and the Sharma-
Mittal entropic DE all can be regarded as different candidates for the generalized
HDE family, with respective holographic cutoffs. Additionally, Nojiri & Odintsov
[58,59] proposed the generalized HDE model where the /R-cutoff is identified with
the combination of the FRW universe parameters like the Hubble rate, particle
and future horizons, cosmological constant, the universe lifetime (if finite) and
their derivatives.

In recent studies, many cosmologists have constructed Rényi HDE models in
different modified gravity theories. Recently, Bharali and Das [60] constructed a
modified Rényi HDE cosmological model in f (R,T) theory of gravity. Also,
Wankhade et al. [61] developed Rényi HDE cosmological model in [ (R) gravity
with Hubble's /R-cutoff. Alam et al. [62] examined Rényi HDE and its behaviour
in f (G) gravity. Bhardwaj et al. [63] established Rényi HDE models in teleparallel
gravity under Hubble's cutoff etc.

In this paper, we have taken up our study of the cosmological model in the
framework of f (T, B) gravity. The f (T , B) gravity has been established by
Bahamonde et al. [64] as the precise relationship between very popular [ (R) and
f (T) gravity. In this new theory, the boundary term B is taken into account,
which is the difference between the Ricci scalar R and torsion scalar 7 given by
R=-T+ B. This relation between R, T and B is regarded as one of the basic
equations of general theory of relativity and its teleparallel equivalent. Bahamonde
et al. [65] explored the validity of laws of thermodynamics, and Zubair et al. [66]
derived the energy constraints for de Sitter (exponential), power-law, ACDM and
Phantom models, in the framework of f (T , B) gravity. Bahamonde and Capozziello
[67] adopted the Noether symmetry approach to study dynamical systems and
explored cosmological solutions. Capozziello et al. [68] derived gravitational waves
(GW's) for [ (T, B) gravity and obtained the different polarization states of GW's.
Paliathanasis and Leon [69] investigated the dynamics of f (T,B) gravity in a
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spatially flat Friedmann-Lemaitre-Robertson-Walker (FLRW) universe, by apply-
ing the approach which is more general than that of Hubble's normalization and
they found that Minkowski space-time as an exact solution for the field equation
described by a stationary point. Rivera et al. [70] explored the possibility of using
cosmographic parameters in terms of the derivatives of scale factor as tools for
investigating the behaviour of cosmological models in f (T,B) gravity.

Motivated by the above discussion, in this paper, we investigate the physical
acceptability of the Rényi HDE model in [ (T, B) gravity under Hubble's /R-cutoff
by considering the scale factor obtained by Pawar et al. [71]. The paper has been
organized as follows: In section 2, we present the general framework of f (T,B)
gravity in brief. The metric and field equations are given in section 3. In section
4, we obtain the solutions of field equations. We discuss the physical acceptability
of the f(7, B) Renyi HDE model under Hubble's /R-cutoff in section 5. At the
end, conclusions are presented in section 6.

2. The framework of f(T, B) gravity. In this section, we discuss the
basic notions of f (T, B) gravity and its field equations as per the description given
in [64,67].

The action for f (T,B) gravity is given as

Szj‘e[—f(;B)+Lm}d4x, (1)

where f(7, B) is the function of the torsion scalar T and of the boundary term
B=20,\eT* )/e. L is the matter Lagrangian, k* =8nG, G is the Newtonian
gravitational constant, and the speed of light ¢ is taken as 1. Here e represents
the determinant of tetrad, [efl] ie., e= ‘efx‘ = E ; Ty 1s the torsion vector given
by Ty = T;g, where the torsion tensor T,ff; is the antisymmetric part of Weitzenbocks
connection Wys =0, ¢; defined as

ToiB :WoiB_W[;a :a(x e[é_aﬁ eéﬁ (2)

The contorsion tensor is the difference between the Levi-Civita and Weitzenbocks
connection and is defined by

K, = - T4 3. ®

A new tensor, S;‘ﬁ , is constructed from the torsion and contorsion tensors for
a better understanding of the definition of the scalar equivalent to the curvature

scalar of Riemannian geometry as follows,

o 1 [od o o
SYB ZE(KYB_éY Tﬁ_55T ) 4)

The torsion scalar 7 which is similar to the scalar curvature R in GTR is defined
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by
T=S"T}. (5)
The scalar curvature R and the torsion scalar T are connected by the relation,
R=-T+B. (6)

By varying the action given in the equation (1) w.r.t. the tetrad field, the field
equations are obtained as

2e8VIV f,=2eV OV, fy+eBfy 55 +4el0, fy+0, f7)Sh+ 4} 0, (esH )1y
— def, T S™ — of 5 =16me @, @
where O =eé O is the standard energy-momentum tensor.

3. Metric and field equations in f(T, B) gravity. We consider the
spatially flat FLRW line element in the form:

ds? = dr*— a®(¢)[ax? + dy?+ a2, ®)

where a(f) is the scale factor of the universe.
Then the set of diagonal tetrads related to the metric (8) is

et | = diag[1, a(t), a(e), a(e)], )
The determinant of a matrix (9) is
e=a’(t). (10)

The components of field equation (7), the Ricci scalar R, the torsion scalar T
and boundary term B, for the line element (8) are calculated in [65-67] as

—3H2(3fB+2fT)+3HfB—3HfB+%f=k2p, (11)
—(3H2+H)(3f3+2fT)—2HfT+fB+%f=—k2p, (12)
R=-T+B=12H*+6H, (13)

T=6H?, (14)

B=6(r+3m2), (15)

where H =a/a is the Hubble's parameter and the overhead dot represents the
differentiation w.r.t. the cosmic time .

We consider the matter distribution as a combination of pressureless matter
and isotropic DE in the form

0,5 =0 102, (16)

where @)E;g) and @&%E) are the energy-momentum tensors of pressureless matter
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and isotropic DE, respectively, given by
Ol =p,, ity (17)

®E£E) = (PDE + pDE)uocuB_ Ppe&ap > (18)

where p,, is the matter-energy density, ppr and ppp are respectively the energy
density and pressure of HDE fluid, u® = (0, 0,0, 1), where u® is the four-velocity

vector of the fluid with u®u, =1.
The EoS parameter of HDE is defined as

V4
Opg = BE (19)
PpE
Parameterization of the energy-momentum tensor of dark energy G)&%E ) leads to
®gl§E) = [1’ ~(opg )x’ —(0ps )ya —(ops )Z] PpE » (20)

where (o DE)x , (0pg )y, (0pg )Z are the directional EoS parameters on x, y and
z axis respectively.

Then the field equations (11) and (12) with the energy-momentum tensor (16)
(for k* =1) become

. ) 1
=3HB fy+ 2 fr )+ 3H = 3Hf 5+ — S = (P P ), 21
. ]
—(3H2+H)(3f3+2fT)—2HfT+fB+§f:_(DDEPDE’ (22)
We consider the f (T,B) gravity model of the form [34,67] as
f(T,B)=aB"+BT", (23)

where o, B, m and » are constants.

For this model it was already shown in [72] that for m <0, the Friedmann
equations will be affected mostly in the accelerating late-time universe, whereas
the same situation will be for m >0 at early time, when boundary contribution
is zero.

By the use of (23), the field equations (21) and (22) becomes

~3H*{3maB" "+ 2nBT"" |+ 3m(m—1)a HB">B-3ma HB""
+%(0LB’”+BT”):pm+pDE (24)
- (3 H+ H)[3m(me_1+ 2n BT"—‘] —2n(n=1)BHT" T+ m(m—1)(m—2)a. B" B

+ m(m— l)aB’""ZZ?+%(0LB”’+ ﬁT")z—mDEpDE. (25)
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Using (14) and (15) in (24) and (25) we obtain

m—

o + P = —3atm—1)(6)" 1+ 302)" {(H+ 3H2J - mH(fi+ 6HH)}

(26)
+3p(1-2n)(6)"" H*"
: S\ 5 L
—OpgPpE :O‘(6)m71(m—1)<1‘.1+3[-[2)”’—3 m(H+3H )“<H+61—']h;+6H' ) 3
+m(m—2)(F+ 6 11 ) —3(H+3H2) a7

—B6) " (2n- 1)H2"‘2(2 nH + 3H2).

4. Solutions of the field equations. In order to solve the field equations
completely, we consider the power law relation of an average scale factor a as
described by Pawar et al. [71] as

2 1/2p
a=|t*+= 28
3] e

where A and p are constants.
Using (28), the metric (8) becomes

2 2 (2, A I/H[ 2 2 2]
ds“=dt"—|t"+—| |dx"+dy°"+dz"|. (29)

il
The metric potential of this model assumes a constant value at r/=0 and do not
vanish for any f and u>0, A>0. Hence the model is free from any type of
singularities for finite values of #.

Now, we define and calculate some cosmologically important physical and
kinematical parameters.

The spatial volume V is

2 3/2p
V=a3=[t2+gj : (30)

The average Hubble's parameter H is
1

a t
H=—(H+H,+H))=%= :
3( 1 2 3) a ut2+k

(1)

where H, H,, H, are the directional Hubble's parameters.
The mean anisotropy parameter A  is

1&(H, Y
4, ==Y|=L-1| =0,
" 3;[11 j 52)
because H=H=a, for i=1, 2, 3.

The expansion scalar 0 and the shear scalar o

are respectively, obtained as
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o _~gy 3t
e:”‘“_3H_m2+x’ (33)
2.3 4 w0
0" =2 4,H" =0. (34)
The deceleration parameter ¢ is obtained as
_q dl a 1 A
e T T 59

The expressions (28), (30), (31), (33) and (35) show that the a, V, H, 6 and
g are all time-dependent. The scale factor, spatial volume and deceleration
parameter have non-zero constant values, whereas Hubble's parameter and expan-
sion scalar have zero values, at r=0. Thus the universe starts to expand with a
very small constant volume which increases with time, which is very clear from
Fig.1. Furthermore, from expression (35) it is observed that the decelerating or
accelerating phase of cosmic expansion depends upon the values of A and p.
We obtained the accelerating expansion of the universe for (u —1)t2 <X\. The graph
of the deceleration parameter versus cosmic time is depicted in Fig.2. It is observed
from the figure that ¢ ~—1 for =0, and it increases with time and becomes
constant at nearly -0.5 (approx.), which shows the accelerating expansion of the
universe throughout the evolution.

From the above respective expressions the Hubble's parameter and the expan-
sion scalar seem to be decreasing functions of cosmic time. Additionally, the mean
anisotropy parameter and the shear scalar are zero throughout the evolution of
the universe, which describes that the universe is isotropic and shear-free.

On solving (26) and (27) with the use of (31), we obtain the matter-energy
density and the EoS parameter of DE in terms of the energy density of DE in
the form.

800000

400000

Fig.1. Variation of a spatial volume V vs cosmic time ¢ for un=0.5 and A =0.005.
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Deceleration parameter

-1.07

0 2 4 6 8 10

Fig.2. Variation of a deceleration parameter g vs cosmic time ¢ for p=0.5 and A =0.005.

2m m=2 2
Pm="Ppr —3a(6)m_1(t2+&J {lz'wz(iz_lﬂ (m+ 1){%'”2(%_1]}
I3 [ [ [ [ [ [

_ ) N (36)
—m(m—l)z—i[(l—é]f—%(l—l]t }+(n+l] B(_26) 12”(t2+&J
B 1 plon) 2) p” 1l
m-3 —2m
mDE:_L{a(6)ml{lz+t{iz_l] (m&] fl—1)om-2)
PpE u nooH) u u
2
{(-2)-2(-2) +m<m_1>g{g+tz(iz_iﬂ
i TR Tt uweop 37

« [(3 —pu? e+ 2apr (Bu—4)+(1-p )}‘2]_3(% l){% +t2(iz _lJ:l}

ne —2n
3 B(6)n—1 t;izz [tZ n &J {2 n(2 n— 1)(12 —ﬁ] + 3(2 n+ 1)t_22:|} :
M W woH g

Diagnostic statefinder parameters:
The pair of state finder parameters {r, s} is defined in [73] and their values
are obtained as follows:

31-2
r= ai[3 =(1—u)(1—2u)+¥, (38)
_ =1 2| (2u=3)urt+301-2p)
T 3(g-1/2) 3{ (2u-3)* =22 ' (39)

For different DE models, the different sets of values of the pair are mentioned
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-  For ACDM model: (r=1, s=0),

- For SCDM model: (r=1, s=1),

- For HDE model: (r=1, s=2/3),

- For CG model: (r>1, s<0),

- For Quintessence model: (r<1, s>0).

Fig.3 depicts the variation of state finder parameter s versus cosmic time ¢
for u=0.5 and A =0.005. It is observed that the parameter s lie between 0.1
and 0.35 throughout the evolution of the universe. However, for the above
mentioned values of A and p we get the value of a parameter »=0 for all 7.
Thus the model so derived here is the Quintessence model.

In the next section, we consider Rényi holographic DE as a candidate of DE's
and discuss the physical acceptability of the corresponding model under Hubble's

IR-cutoff.
0.3 F 8

02} / :

0 2 4 6 8 10
Fig.3. Variation of statefinder parameter s vs cosmic time ¢ for p=0.5 and A =0.005.

5. Physical acceptability of Rényi HDE model with Hubble's IR-
cutoff. The energy density of Rényi HDE formulated in [74] is as follows:
2

3d -1
PoE =H(1+ﬂ5L2) (40)

with the constants d and &.

Here, we consider the candidate for the /R-cutoff as Hubbles horizon i.e.
L=H".

So from (40), the Rényi HDE density under the Hubble horizon cutoff is

obtained as
3d°H? 5"
Ppe = 87 1+? : 41)
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Now we use the relation between the average scale factor and the redshift z , which
is given by

a=(1+2)". (42)

The equations (28) and (42) yield the time-redshift relation as
t=p 22y -] (43)
Thus, with the use of (43), we obtain the Hubble's parameter in terms of z as
H=p? (1+ 2)2” [u(l + 2)72“ - k]l/z : (44)

Using (44) in (41), we get the energy density of Rényi HDE under Hubble's cutoff
as

_3d%y” (L4 a2y o)

P
. 8 | mopd + (14 2)™ [u(l +z) - k]

(45)
The graphical behaviour of the energy density of Rényi HDE under Hubble's /R-
cutoff versus redshift for the appropriate choice of constants is depicted in Fig.4,
in which it is observed that the energy density of Rényi HDE increases with an
increase in redshift throughout the evolution.

From (36) and (37), with the use of (43) and (45), we obtain the energy
density of pressureless matter and the EoS parameter of Rényi HDE under the
Hubble's cutoff respectively as

T T T T T T T T T T T T T T T T T

20 1
15 + 1

10 .

pDE

Fig.4. Variation of Rényi HDE density with Hubble's /R-cutoff vs redshift for d=2, p=0.5,
A =0.005 and 6=6.
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=—30L(6)m ];,L_Sm(l+z 4m“[7\,},t+ —u)(;,t(l+z)_2“ —k)]m_z
m+1 [7\.].1-}-(3 p)(p(l+z) )]
+z) M- ) +B(6)"(n+%]p_3”(l+z)4”“ (46)
2 -a)-3u-1)

3d°p” (1+2) [ 1+2) x]z
(1+Z y 8n o + (l+z [1+Z k]

-8n {nfi;f +(1+2)™ [M(l +z) - k]}

3 | (12l o)

Opg =

oc(_6)”“1 u_3(”’"1)(l +z)tm [u B-p)1+z) > +a2p- 3)]m_3
[ 4mlm=1)m-2)p? a2 <2l =3)f1+2) > 223 2@)?
:+6m(m—1) ( B-p)1+2)* +1(2p- 3)

e WA uw} S+ - )+ -3

T(u—1)x
2n(2n-1par - (1 +2) )}
—3(2n+ 1)(x —n(1+ z)‘z“)

(47)

X

—p(6)! u—3(n—l) (142)" (H (1+2)2 - x)n1|:

The graphical behaviour of the EoS parameter of Rényi HDE density with
Hubble's /R-cutoff versus redshift for the appropriate choice of constants is shown
in Fig.5. From the figure it is observed that we live in a phantom-dominated

-1

(DDE

Fig.5. Variation of EoS parameter of Rényi HDE density with Hubble's /R-cutoff vs redshift
for d=2, n=05, A=0.005, =6, a=0.1, p=0.01, m=0.001 and n=1.
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universe since the constructed model corresponds to ®,; <-1 for —-1<z<-0.25.
Later on, it is also observed that w,, =—1 for z=-0.25 which demonstrates that
the universe passes through ACDM epoch and lastly for all —0.25 <z the universe
enters in Quintessence era i.e. ®,; >—1 and remains in the Quintessence DE
region, since the EoS parameter lies in —0.90 < w,; <—0.82 which is relatively
close to ACDM region. These observations are fairly supported by [60,62,75,76].
For a late epoch the statefinder diagnostic parameters validated the observation.

6. Conclusions. In this work, authors have investigated the behaviour of the
Rényi HDE model in f (T , B) gravity under the Hubble's /R-cutoff by considering the
power law form of an average scale factor obtained by Pawar et al. [71]. We have
considered the spatially flat FLRW cosmological model and the f (T, B) =aB"+BT"
gravity formalism. The physical acceptability of the model has been checked with
the help of statefinder diagnostic and the EoS parameter of the model. The values
of some physical and geometrical parameters and their graphical behaviour with
time and redshift are obtained.

From the expressions of cosmological parameters and their graphical behaviour
at p=0.5 and A =0.005, it is observed that the constructed model starts to expand
with a very small constant volume which increases with the increasing cosmic
time. The model experiences an accelerating expansion throughout its evolution.
It is observed that the model is isotropic and shear-free. The values of diagnostic
statefinder parameters (<1, s>0) confirms the constructed model is in Quin-
tessence region.

The energy density of Rényi HDE model under Hubble's /R-cutoff is found
to be increasing with an increase in redshift throughout its evolution. Furthermore,
from the observations of the EoS parameter it is been found that initially, we
live in a phantom-dominated universe, later on for a short period the universe
passes through ACDM epoch and lastly, it enters and remains in the Quintessence
DE era in which the values of EoS parameter are relatively close to ACDM
region, which is as expected from the statefinder diagnostics parameter. The results
so obtained are fairly supported by [60,62,75,76]. Thus the derived Rényi HDE
model of the universe under Hubble's IR-cutoff in f(T,B) gravity is found
physically acceptable.
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OU3SNYECKAA TTPUEMIIEMOCTD FOJIOTPA®UYECKON
MOIEJIIN TEMHOMW SHEPI'MHU PEHbBU I1PU OBPE3KE

XABBJIA B I'PABUTALUUN f(T, B)

H.T.KATPE!, K.ITABAP?, A.K.JABPE?

Cratbs TIOCBsIIIIeHa MCCSIOBaHUIO TIOBEICHUST U d)PISPI‘ICCKOfI IPpUEMJICMOCTH

MPOCTPAHCTBEHHO OMHOPOIHOTO M M30TPOITHOTo mpocTpaHcTBa-BpemMeHn FLRW,
3aIlOJTHEHHOTO MaTepueii 6e3 marieHus U rojorpaduueckoit TeMHol sHeprueil PeHbu
npu MK-nopore Xab0i1a B pamMkax rpaBuTauvud f (T, B). PaccunTtaHbl HEKOTOpPBIE
KOCMOJIOTUYECKHE MapaMeTphbl IS U3y4eHusT acTpo(pU3MUECKUX CIEACTBUI TTOCTPOSHHOMN
Monenu. O0cyXnaeTcss UX MOBENEHWE B XONE 3BOJIOLUM, B TOM YHUCIIE, TapaMeTphbl
onpeaenuTesisl COCTOsIHMS U napameTpbl EoS. O6Hapy»keHo, YTo MOoCTpoeHHast rojiorpa-
(uueckast Momenb TeMHoM 3Heprun PeHbn "myrtemectsyer” 3 Pantoma, ACDM 1,
HaKOHell, BXOMUT U OCTaeTCsl B 3pe TeMHOI 3Hepruu KBUHTACCEHLIMY ¢ YBeTMYEHUEM
KPacHOTO CMELICHUSI.

— e = e e e e e
NV AW~ OY XTI R WD —

KiroueBbie cioBa: epasumauyus f (T ,B), eonoepaghuueckas memHas 3Hepeust
Penvu, obpezanue Xabbaa, kpacroe cmeujeHue
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For the perturbative model of a plane gravitational wave on a flat background of Minkowski
space-time, electromagnetic radiation from a charged cloud in the field of a gravitational wave,
detected by a remote observer, was found. It is shown that the charge density in the cloud does
not change, and the radiation is generated by currents induced by the gravitational wave. The angular
distribution of the radiation is obtained. If the refractive index of the cloud medium is greater than
unity, Cherenkov-type radiation is generated.
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1. Introduction. Currently, significant research efforts are being made to
develop methods for direct detection of gravitational waves. These efforts culmi-
nated in the successful registration of gravitational waves and the beginning of a
new scientific field of research - gravitational wave astronomy [1-3]. However,
direct detection of long-length gravitational waves faces certain difficulties. This is
especially true for primordial gravitational waves, which can have long wavelengths
and also correspond to the equations of modified theories of gravity [4-10].
Therefore, the study of the alternative models for detecting gravitational waves that
make it possible to observe gravitational waves by indirect methods is relevant.
In particular, a number of works are devoted to the interaction of gravitational
waves with electromagnetic fields and with charged particles. The basic idea is that
gravitational waves can accelerate charged particles, which should result in elec-
tromagnetic radiation. The methods for calculating this radiation and, accordingly,
the calculation results are very different. In one of the first works devoted to this
topic [11], a method of successive approximations for solving Maxwell's equations
for a point charge in the field of a spherical gravitational wave was proposed. A
similar method is used to evaluate the interaction of a charged particle with a
plane gravitational wave [12]. It has been shown that charged particles can
transform the energy of a gravitational wave into electromagnetic radiation. Boughn
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[13] has solved the Maxwell equations for a point charge in the metric of a plane
gravitational wave, expanding the electromagnetic field potential into spherical
harmonics. The coefficients of this expansion are analysed using numerical
methods. It is shown that the total radiation intensity summed over harmonics
diverges. Methods for eliminating this divergence are proposed. The emission of
a relativistic point charge colliding with a plane gravitational wave was studied by
Sasaki and Sato [14] also using the method of successive approximations. It is
shown that a charge radiates into a narrow cone in the direction of its motion.
And again, in the direction of propagation of the gravitational wave, the intensity
of the charge radiation diverges. As we can see, most authors encounter difficulties
associated with divergences of various kinds when calculating the electromagnetic
field of a point charge in the metric of plane gravitational wave. A number of
papers are related to the construction of integrable exact models of gravitational
waves, including models of primordial gravitational waves [15-20].

In this paper, we study the electromagnetic radiation of a continuously
distributed charge in a cloud of dust or plasma, which is affected by a plane
gravitational wave. The gravitational wave deforms the cloud in a known way. It
is shown that the charge density in the cloud does not change, but the deformation
of the cloud induces periodically changing currents that generate electromagnetic
radiation. The properties of this radiation were studied depending on the dielectric
constant of the cloud medium. It is shown that, under certain conditions, a
gravitational wave can induce Cherenkov radiation from a plasma cloud.

2. A cloud of charged particles in the gravitational wave. Let a
plane gravitational wave incident on a cloud with uniformly distributed charge. We
take metric the gravitational wave in the form

g™ =" +h", h<<l, (1)
h" =a"" exp (iKG x“), (2

where n" is the Minkowsky space metric and "’ is the wave amplitude. In
the transverse-traceless gauge «"¥ can be written as

00 0 O

o = 00 a b O 3)
0 b —a O
00 0 O

for a wave travelling in the x’ -direction.
Let us consider the deformation of a charged cloud under the influence of
a gravitational wave. We will assume that the cloud is of cylindrical shape and
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the axis of the cylinder coincides with the direction of wave propagation. The time
dependance of the particles positions we find as solution to the geodesic equation
with 4-velocity u"

du”

dr
In the same coordinates as used in (3), let them be &V, the solution to geodesic
equation reads u’ =&" :(c, 0,0, 0). Hence, the space 3-vector & (i=1, 2, 3) is
constant. Next, we introduce the spatial coordinates ¢, which represent the physical
separation of nearby particles in the gravitational wave (see for example [21])

+F:Gu“uc’=0. 4)

i i 1 i .
¢'=¢ +5hk<§k, ik=1,23. (5)

For simplicity, we will assume that the gravitational wave is polarized so that in
the tensor (3) b=0. Substituting % into the last equation, we find that in the
plane orthogonal to the wave vector of the gravitational wave, the particle
coordinates, expressed in units of length, vary as [21]

¢! =gl[l—%com(ct— §3)}, (6)
¢? =§{1+%cos1¢(ct— g )} , (7
g=g @®)

The constant vector &= (&1, g2, &3) labels the initial position of the particle,
ct=&" is the time coordinate. The vector field of particle velocities has the form

v :%m(é’;l, -ﬁz,O)sin K(ct— <:3). (©))

Accordingly, the electric current density in the cloud is equal to j= pv . Variation
of the charge density in the cloud we find from the continuity equation [22]

(-2) "0, =g j*)=0, (10)

where g is the determinant of the metric tensor. Eq. (3) shows that g differs from
minus one by terms of second order of smallness in 4. Hence, up to the first
order in A, the continuity equation reads
div(pv)+a—p=0. (11)
ot
We look for a solution for p in the form of a Fourier series expansion in time.
As a result, we get p=const.
Thus, the effect of a gravitational wave on a cloud is that the charges are
displaced in a plane orthogonal to the direction of propagation of the wave, the
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charge density does not change, but the current distributed in the cross section
of the cloud is induced according to the law (9). This alternating current can be
expected to generate electromagnetic radiation.

If we restrict ourselves to the first order approximation in /4, then the further
calculation of the electromagnetic field produced by currents and the propagation
of electromagnetic waves can be carried out as for the flat space with the metric
Ny - This can be seen, for example, from the following reasoning. Maxwell's
equations in a gravitational field can be written as equations in a material medium
with a certain dielectric and magnetic permeabilities [22]. These characteristics of
the medium are expressed through the determinant of the metric tensor. However,
as we have already noted, the determinant of the metric tensor (1) is equal to
minus one up to terms of order A*. Therefore, in the linear approximation in
h, Maxwell's equations in the metric (1) coincide with Maxwell's equations in flat
space.

3. Radiation from the charged cloud. At large distances from the region
where the radiation is generated, the electric field of the radiation is set only by
the vector potential A(r,t) [22]

E=(Axe)xe, (12)

where e is the unit vector in the direction of radiation, the dot denotes the time
derivative. The vector potential is determined by the current density at a delayed
moment in time

1 .. R, reve
A_CROI’{’ ¢ e ]‘W' (13)
Here R, is the distance from the center of the cloud to the observer, Jg is the
dielectric constant of the medium in the cloud, r is the radius vector of the volume
element dV. We wrote the fraction R /c without dielectric constant, because we
believe that R, is much larger than the size of the cloud and the radiation
propagates from the cloud to the observer in a vacuum.

Let us represent the vector potential in the spherical coordinate system (R,
0, ¢) as A:(AR,AQ,A¢). Obviously, 4, is not included in the formula (12),
so it is enough to calculate 4, and 4. The current density components in the
spherical coordinate system are equal

Jo = J; cosBcosd + j, cosBsing, (14)
Jo =—Jisind+ j, cosd. (15)

Substituting the current density j=pv into equation (13) in accordance with
equation (9) and integrating over the volume, we obtain
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2nary cosd Lo .
Ay = 2 in| —(1-ncos0) e J,(z),
* R, wn(l—ncos)sind [2c ( )} 2(2) (16)
4,=0, z= 0)1:”0 sinf. (17)

Here J, (z) is the Bessel function, n :\/E is the refractive index, r, and L are
the radius and the length of the cloud respectively. We see that the frequency
of radiation is the same as the frequency of gravitational wave.

When integrating over volume in equation (13), we have neglected the variation
of the cloud surface with time. The amplitude of this variation is proportional
to h, however, the current density j(t) is already proportional to 4. So the
pulsation of the cloud surface adds a second-order correction to the integral.

It follows from (12) that E, =—4,, E,=0. Finally, we calculate intensity
of radiation as time-dependent intensity averaged over period

nea’r, sinz[sz (1 -n cose)}
c

2n? sin29(1 - ncose)2

To facilitate the analysis of the obtained result, we denote by mn, the
dimensionless radius of the cloud in units of the gravitational wave length and
by n the length of the cloud in the same units. The cloud volume V can also
be expressed in dimensionless units.

ﬁ:iEZROZ =

2 18
10 an J5 (z) (18)

1y ® Lo 2
=, =——, V=nm .
M 2nc Ny 2nc Ly (19)

Then the radiation intensity will take the form

dl 8’ c’a’V? Sil’lz[TCT]H(l —ncose)]
dQ  n®w'sin’0 11|2|(1 —ncosd)

J; (21‘CT]J_ n Sine). (20)

The factor ¥? in the numerator of this expression indicates that the radiation
in the cloud is generated coherently. This is a consequence of the fact that the
gravitational wave excites currents in the cloud in a consistent manner. Another
consequence of this fact is the modulation of the angular distribution along the
angle 0, which is reflected by the square of the sine in the numerator. In other
words, the radiation pattern is, generally speaking, multi-lobed. There is no
radiation in the direction of propagation of the gravitational wave (6=0), since
at 6 — 0 the square of the Bessel function tends to zero as 6%.

As can be seen from equation (16), the radiation is polarized in a plane passing
through the cloud axis and the point where the observer is located. This is a
consequence of the fact that we considered a polarized gravitational wave. Naturally,
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in the general case of a monochromatic gravitational wave, electromagnetic
radiation will have elliptical polarization.

Note, that the angular distribution of intensity contains a factor 1-#ncos0 in
the denominator. If the index of refraction is greater than unity (n> 1), then the
radiation is of Cherenkov radiation type. This could be expected because the
gravitational wave propagates in the cloud faster than the speed of light in this
medium. However, unlike the Cherenkov radiation, expression (20) remains finite
at 1-ncos6=0. And only at L —»>, as can be seen from equation (18), the
angular distribution of radiation degenerates into a delta function. Radiation in this
case is confined within the Cherenkov cone with the opening angle 0., such that
cosO, =n"" and propagates outward at the angle 0..

4. Discussion. We considered a very simple model of the interaction of a
gravitational wave with charged matter in order to identify the basic properties of
the resulting electromagnetic radiation during the collective motion of charged
particles. In the papers cited in the introduction, only radiation of individual
charged particles was studied.

Since we were mainly interested in the mechanism of electromagnetic radiation
and the properties of this radiation, we do not discuss here the issue of how
widespread clouds of plasma, dust or gas with an uncompensated electric charge
are in interstellar space. We only note that extensive regions with separated charge
can appear at the front of a shock wave during a supernova explosion, in relativistic
jets and in the vicinity of neutron stars if the star’s rotation axis does not coincide
with the magnetic axis. Also the dust clouds cannot be neglected because dust
particles and electrons move in the gravitational field with the same acceleration,
but he grains of dusty clouds can carry a significant electrical charge [23,24].

In a highly rarefied cloud, when the distance between charged particles is
greater than the radiation wavelength, the particles emit incoherently. In this case,
even a cloud that is neutral on average will generate radiation [13].

The results obtained here are obviously not applicable for opaque clouds when
the frequency of the electromagnetic wave is less than the Langmuir frequency
of plasma oscillations.

5. Conclusion. A perturbative model of radiation from a charged cloud in
a plane gravitational wave is considered. Electromagnetic radiation from a charged
cloud in the field of a gravitational wave, recorded by a remote observer, was found.
It is shown that the charge density in the cloud does not change, and the radiation
is generated by currents induced by the gravitational wave. The angular distribution
of radiation has been found. It is shown that if the refractive index of the cloud
medium is greater than unity, Cherenkov-type radiation is generated.
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SJIEKTPOMATHUTHOE M3JIYYEHUE 3APAXEHHOIO
OBJIAKA, THAYIINPOBAHHOE TUUIOCKOU
I'PABUTALTMUOHHOWN BOJIHOU

B.A.9I1IT!, K.E.OCETPHUH!2

Hns nepTypOaTMBHONW MOZAEIU TJIOCKOM rpaBUTALIMOHHON BOJHBI Ha IMJIOCKOM
(hoHe mpocTpaHcTBa-BpeMeHU MUHKOBCKOIO HaiIeHO 3JIEKTPOMarHUTHOE U3TyYeHre
3apSLKEHHOTO 00J1aka B MOJI€ TPAaBUTALIMOHHOM BOJTHBI, PETUCTPUPYEMOE YIATIEHHBIM
HaOmomareneM. IlokazaHo, YTO IJIOTHOCTh 3apsiga B OOJake He MEHSEeTCd, a
U3ITy4YEeHUE TeHEPUPYETCA TOKAMU, WHAYIIUPOBAHHBIMU IT'PABUTALIMOHHOM BOJHOM.
ITonydyeHo yrnoBoe pacripeneneHue usnydeHus. [lokazaHo, 4To eciu mokasaTelb
MpeJIoMJIeHUsT cpelbl objiaka OoJsblie €IWHUIbI, TO Te€HEPUPYETCS HU3IyYeHUE
YEPEHKOBCKOTO TUIIA.

KitoueBble C0Ba: epasumauyuoHHas 60AHA: 3apsANCeHHOe 004aKO0: nAas3ma:

21eKmpoMasHUmHoe usny4eHue: uziyuenue Yepenkosa
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