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INVESTIGATION OF THE RADIO PROPERTIES
OF A LARGE HOMOGENEOUS SAMPLE OF INFRARED GALAXIES

Abrahamyan H.V., Mickaelian A.M., Paronyan G.M., Mikayelyan G.A.
Ambartsumian Byurakan Astrophysical Observatory (BAO), Byurakan, Armenia

Having 145,902 infrared galaxies from IRAS PSC/FSC we distinguished 3505 sources, which have
optical spectra in SDSS DR14 and have radio fluxes at 1400 MHz (NVSS/FIRST). Investigation of
these sources show that only 13% of them have classification for activity types. We compare fluxes in
infrared, radio and optical ranges and as a result we obtain ratios F(radio, FIRST)/F(60 um, IRAS) =
0.014, F(radio, FIRST)/F(100 um, IRAS) = 0.0061, F(radio, FIRST)/F(u-band, SDSS DRI14) = 0.35
and F(radio, FIRST)/F(g-band, SDSS DR14) = 0.38.

1. Introduction

Optical identification of IRAS sources revealed that IRAS Point Source Catalogue
(PSC) and Faint Source Catalogue (FSC) contain many quasars and other active galactic nu-
clei (AGN), late-type stars, planetary nebulae (PN), variables, etc. To be able to effectively
use the IRAS catalogues containing many common sources, it is desirable to have a joint cata-
logue of all IRAS point sources with improved data on the basis of both databases and build
samples of the abovementioned types of objects for their further studies. However, the cross-
correlation of catalogues is a tricky task, since many associations of sources are relative and it
is not always clear what sources from one database coincide with another database. IRAS
PSC and FSC catalogues were created in 1986 (IRAS PSC) and 1989 (IRAS FSC), and pro-
vide information of fluxes at wavelength bands 12, 25, 60 and 100 pm. IRAS PSC contains
245,889 sources and IRAS FSC contains 173,044 sources at galactic latitude |b| > 10°.

Table 1. Main characteristics of IRAS-PSC, IRAS-FSC, AKARI-IRC,
AKARI-FIS and WISE catalogues.

Catalogues [RAS-PSC IRAS-FSC AKARI-IRC AKARI-FIS WISE

Year 1986 1989 2010 2010 2012

Wavebands (j1m) 12, 25, 60, 100 12, 25, 60, 100 9,18 65, 90, 140, 160 34,46, 116,226, 1.25, 1.65, 2.17
Wavelengths (jLm) 8-120 8-120 6.7-25.6 50-180 2.6-28

Resolution (") 40 20 0.3 0.3 05

Sensitivity (Jy) 0.25,0.25,04, 1.0 0.1-05 0.05,0.12 ~0.55 0.00008-0.006

Sky area All-sky |b| = 10° All-sky All-sky All-sky

Coverage (%) 96 83 94 98 99

Source number 245,889 173,044 870,973 427,071 563,921,584

For our investigation we cross-match these two catalogues. To combine the common
sources, we count errors of coordinates for all sources. Each source in these catalogues has
coordinate errors. We did a cross-correlation between IRAS PSC and FSC and considered er-
rors for each source; we took those identifications having positional errors between the
sources not exceeding 3¢ (which corresponds to 99.73% probability). For that, in frame of the
Armenian Virtual Observatory (ArVO), we created a software through which we made cross-
correlations (Knyazyan et al., 2011) [1]. To obtain information about fluxes in other IR bands
we did cross-correlation using the same method with AKARI-IRC All-Sky Survey Point
Source Catalogue [2], AKARI-FIS All-Sky Survey Bright Source Catalogue [3] and used Vi-
zieR for AIIWISE catalogue [4] having very accurate positions. We give in Table 1 the main
characteristics of the catalogues IRAS-PSC, IRAS-FSC, AKARI-IRC, AKARI-FIS and
WISE, including the number of sources. WISE also gives 2MASS point source J, H, K data

[4].
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Though IRAS sensitivity is much smaller than that of WISE and may also be worse than
that of AKARI (however, AKARI fluxes are not always reliable), IRAS provides data for
longer wavelengths absent in WISE; this is especially useful for extragalactic studies. That is
why IRAS data still remains helpful.

Given that there are 73,770 common sources from IRAS-PSC and IRAS-FSC, the IRAS
PSC/FSC Combined Catalogue contains 345,163 sources. This is the number of IRAS all-sky
survey point sources (not counting the Serendipitous Sky Survey, IRAS-SSC [5]. As men-
tioned, 73,770 sources have data from both IRAS-PSC and IRAS-FSC. To ensure the reliabil-
ity of our identifications, we give in Fig. 2 a comparison of the fluxes of these common
sources from IRAS-PSC and IRAS-FSC. At 12, 25 and 60 um fluxes very well coincide,
however for 100 pm (and for some sources also at 60 um) we see larger deviations probably
due to poor flux measurements at 60 and 100 um, especially in IRAS-PSC. The discrete limits
on the diagrams appear due to flux limits in PSC catalogue at 12, 25, 60 and 100 pm (0.25,
0.25, 0.40 and 1.00 mJy respectively) and in FSC at 100 pm (1.00 mJy).

Luminous Infrared Galaxies or (LIRG's) are galaxies with luminosities, the measure-
ment of brightness, above 10'' L. LIRG's are more abundant than starburst galaxies, Seyfert
galaxies and quasi-stellar objects at comparable luminosity. Infrared galaxies emit more ener-
gy in the infrared than at all other wavelengths combined. A LIRG's luminosity is 100 billion
times that of the Sun.

Galaxies with luminosities above 10'2 L., are Ultra-Luminous Infrared Galaxies
(ULIRG's). Many of the LIRG's and ULIRG's are showing interactions and disruptions. Many
of these types of galaxies spawn about 100 new stars a year as compared to ours which spawn
one a year, this creates the high level of luminosity. More luminous than ULIRGs are the
HLIRG, Hyper-Luminous Infrared Galaxies. The most luminous class are the ELIRG, Ex-
tremely Luminous Infrared Galaxies.

Infrared galaxies appear to be single, gas rich spirals whose infrared luminosity is creat-
ed largely by the formation of stars within them. However, some galaxies' luminosity come
from an Active Galactic Nucleus (AGN). These AGNs reside in compact regions at the cen-
tres of galaxies and have higher than normal luminosity. The emission of the AGN has been
observed in the radio, infrared, optical, ultra-violet, X-ray and gamma ray wavebands. These
types of galaxies were discovered in 1983 with IRAS. In some cases, an LIRG's luminosity
may come from starburst, the creation of stars, and also an active galactic nucleus.

These galaxies contain more energy in the IR portion of the spectrum, not visible to the
naked eye. The energy given off by LIRG's is comparable to that of a quasar, which before
was known as the most energetic object in the universe.

There are 145,902 (42.3%) “galaxies” [1], which are in fact candidate galaxies to be
checked by their optical images and other parameters. In this work we investigate this sample
to create a large list of genuine IRAS-selected galaxies. Having the largest sample, we can
achieve the best understanding on many properties of IR galaxies.

2. Cross-correlation of IRAS-PSC and IRAS-FSC

In catalogues IRAS-PSC and IRAS-FSC, for each source we have positional errors
given as Minor and Major axes, which relate to the orientation of the satellite during the
observations. For crosscorrelations, we used Major and average axes positional errors for each
object. We created a software through which we made crosscorrelations. This software
(http://arvo.sci.am/crosscorrelation/crosscor.html) allows considering positional errors for
each source individually and we have taken identifications having coordinate differences
between counterparts not exceeding 3o (calculated using both sigmas from PSC and FSC). As
a result, we obtained 73,770 identifications when using the Major axes and 72,777 when
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using the average errors. To avoid losing identifications, finally we build our Catalogue using
identification by SemiMajor axes [1].

Some sources have two or more associations. For these sources we take associations
using the following criteria:

1. the first (nearest by distance) association is taken, if the second one (and others) is 3
times farther than the first one (these are the best identifications and we call them
Category 1). We have 58,296 (79%) such associations.

2. in case of positional ambiguity (when the genuine association is not clear as in
Category 1), we take those associations having close fluxes (coincidence within 20%)
and quality flags indicating the same nature of objects. We call them Category 2
associations and we have 10,488 (14%) such cases.

3. the first (nearest by distance) association is taken, if the second one (and others) is 2
times farther than the first one (weaker criterion giving worst identifications). We call
them Category 3 associations and we have 4901 (7%) such cases.

In Figure 1 we can see main page our software, which we used.

Cross-correlation page

Please upload catabegs to correlate those with each siber or with availlable oa the server catalogs. You must read peguirements for oploaded canabegs
before sbartimg 3 correlatisn,

Biowia Bitrmma

@  IRASPSC - s IRASFSC -

@ By RMS - 30 sgma By Radeas (asciec) 100

Subme Cusry
Figure 1. Cross-correlation software.

3. Infrared galaxies from IRAS PSC/FSC

In catalogues IRAS-PSC and IRAS-FSC, for each source we have positional errors giv-
en as Minor and Major axes, which relate to the orientation of the satellite during the observa-
tions. For cross-correlations, we used Major and average axes positional errors for each ob-
ject. We created a software through which we made cross-correlations. This software allows
considering positional errors for each source individually and we have taken identifications
having coordinate differences between counterparts not exceeding 3¢ (calculated using both
sigma from PSC and FSC). As a result, we obtained 73,770 identifications. The IRAS
PSC/FSC Combined Catalogue contains 345,163 sources [1].

For our IRAS PSC/FSC Combined Catalogue we give the probability of classification
for each source into “star” or “galaxy”. For this purpose, we used fluxes and quality flags
from IRAS and other catalogues.

If an IRAS source is confidently identified with AKARI-IRC and there is no match in
AKARI-FIS, then in all probabilities the object is a star, and if an IRAS source is detected in
AKARI-FIS without a record in AKARI-IRC, then in all probabilities the object is a galaxy.
For brighter sources, when all records are available, we use the IR colours, i.e. we follow the
change of the flux from shorter to longer wavelengths; in case of a decrease it is a high proba-
bility star and in case of an increase it is a high probability galaxy. We can in fact estimate the
type of all sources based on IRAS flux and quality flag data, as well as on AKARI and
WISE/2MASS measurements. If all data show the same type of object, then we give it as a
genuine one, and if there is an ambiguity, we give the most probable type with a flag. In
Fig. 2, for a possible star and a galaxy we built spectral energy distributions (SED) based on
our collected data from NIR 2MASS JHK to FIR IRAS and AKARI. The star is IRAS
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00012+7614 = IRAS F00012+7614 and the galaxy is IRAS F00041-3446. These sources were
chosen as examples because they are very typical for stars and galaxies. The star is TYC
4492-1689-1 (V = 10.43) and the source chosen as a galaxy is also the radio source NVSS
J000639-342943.
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Figure 2. ‘‘Star’’ (IRAS 00012+7614 = IRAS F00012+7614) and
“‘Galaxy’’ (IRAS F00041-3446) SEDs based on 2MASS, WISE, AKARI and IRAS photometric data.

Wavelength (micrometre)

There are 145,902 (42.3%) candidate galaxies. To understand which optical types have
IR galaxies and answer some questions in optical area we must cross-correlate with SDSS,
USNO A2.0, USNO BI1.0, GSC 2.3.2, MAPS, APM, RC3, RNGC and with other catalogues
in optical area.

Having information from WISE we build color-color diagrams for infrared galaxies
(Figure 3). Along with the vast majority of objects located in main loci, there are many others
spread mainly to the right side. Most probably, these redder objects are those having strong
stellar population and larger peripheries and are detected in WISE as red objects.
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Figure 3. Color-color diagram using WISE catalogue

4. Radio properties of infrared galaxies
Having 145,902 (42.3%) candidate infrared galaxies and for understanding their radio
and optical properties we cross-corelated with NVSS [7], FIRST [6] radio catalogues and with
SDSS DR14 [8] optical catalogue. For results we have 6514 infrared sources have optical
identification from which 3505 have radio identification. For 3505 sources we have radio
fluxes in 1400 MHz. Having that we build distribution of fluxes (Figure 4).
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Figure 4. Distribution of fluxes at 1400 MHz.
Our sources have radio fluxes in 1.2+3500 mJy (average = 10.69 mly). For our 3505 in-

frared galaxies using catalogues SDSS DR14 (information of redshift) and FIRST (infor-
mation of fluxes) we build graph which shows us how fluxes are related to redshift (Figure 5).
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Figure 5. Redshift vs. flux in 1400 Mhz.
So, for understanding which type infrared galaxies is radio galaxies we cross-corelated
our infrared sources with SDSS DR-14, VCV-13 and NED. In table 2 we can see only 13% of
3505 infrared/radio galaxies which have spectra in SDSS DR 14 have classification.

Table 2. Classification of infrared/radio galaxies.

N Type Number

1 Sy, Syl, Sy2 326

2 HII 12

3 Blazar 7

4 QSO 100

5 Unknown 3060
Total 3505
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We plan to next work do classification these sources.

Having information of fluxes of our source in infrared, radio an optical area we com-
pared that. So, we have F(radio, FIRST)/F(60um, IRAS) = 0.014, F(radio, FIRST)/F(100um,
IRAS) = 0.0061, F(radio, FIRST)/F(u-band, SDSS DR14) = 0.35 and F(radio, FIRST)/F(g-
band, SDSS DR14) = 0.38.

5. Conclusion

The comparison of catalogues IRAS PSC and FSC opportunity to us divided 145,902
(42.3%) infrared sources which are candidate of galaxies. Using SDSS DR14, FIRST and
NVSS catalogues we distinguished 3505 sources which have spectra from SDSS DR14 and
have radio fluxes in 1400 MHz. 3505 sources have spectra but only 13% of these sources
have classification.

By comparison of the average fluxes of these sources we have F(radio, FIRST)/F(60
um, IRAS) = 0.014, F(radio, FIRST)/F(100 pm, IRAS) = 0.0061, F(radio, FIRST)/F(u-band,
SDSS DR14) = 0.35 and F(radio, FIRST)/F(g-band, SDSS DR14) = 0.38.
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HCCJEIOBAHUE PAJIMO CBOMCTB
BOJIbIION OJJTHOPOJHOM BIBOPKA HH®PAKPACHBIX T'AJTAKTHK

Aopamsin A.B., Mukaensn A.M., Ilapousin I'.M., Muxkaensu I'.A.
bropaxanckas Acmpogusuueckan Obocepsamopusi HAH PA um. B. Ambapyymsana, Apmenus

Nwmes 145,902 undpakpacupivu ranakTuk U3 IRAS PSC/FSC [1], mbl Beimenuan 3505 UCTOYHUKOB,
KoTopble uMeroT onTtuueckue crnekTtpsl B SDSS DR14 u umeror paguonoroku Ha 1400 MI'ng
(NVSS/FIRST). UccnenoBanue 3THX HCTOYHUKOB MTOKA3bIBAET, YTO TOJNBKO 13% M3 HUX MMEIOT Kitac-
CU(HKALMIO N0 TUINAaM aKTUBHOCTH. MBI CpaBHWIN MOTOKHA B MHPPAKPACHOM, PaIHO M ONTHYECKOM
Jquamna3oHax u nonyuwin cooTHomenus F(pamuo, FIRST)/F(60 pm, IRAS)=0.014, F(paawo,
FIRST)/F(100pm, IRAS) = 0.0061, F(pamuo, FIRST)/F(u- monoca, SDSS DR14) = 0.35 u F(paawmo,
FIRST)/F(g-nonoca, SDSS DR14) = 0.38.
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MEK3BE3/ITHASA ITIOJIAPU3ALIUA B 110XY GAIA

Bapusona B.B.l, Nabun B.B.2’3’4, IIpoxonbeBa M.C.z, Cen A.K.S, I'ynra p.°
'BAC um. Byoennozo, Canxm-ITemep6ype, Poccus
’Criery, Cankm-Ilemep6ype, Poccus
'I'AO PAH, Canxm-Ilemep6ype, Poccus
‘CII6rYAII, Canxm-Ilemep6ype, Poccus
5YHueepcumem Accam, Cunuap, Unous
SIUCAA, ITyne, Hnous

Meosiczge30nas noaapuszayus, Gbl136aHHAS B3AUMOOCICTNEUECM KOCMULECKO20 USTYUEHUS C MENC36E30HOU
HbLIbIO, AGIAEMCS 8ANCHBIM UCHMOYHUKOM UHDOpMAayuu o Nuliu u MasHumuulx noasax. llapannaxcol
36e30, nosasuswuecs neoasro 6 Gaia DR2, no3gonsiom uzeiekams U3 NOJAPUZAYUOHHBIX OAHHBIX O0-
nee noauyio ungopmayuio. Cogpementoe UCnoab308anue maKux OAHHuIX O UCCAeO008AHUS NBLIU 80
BHEWHUX 4ACMAX NIOMHBIX 001AK08 Mbl WIIOCMpUpyem Ha npumepe enobynvl B5. Ha npumepe pac-
CMOMpPeHUsT NONAPUSAYUOHHBIX Kapm oKpecmuocmetl 2n00yavt B227 ¢ yuemom gpomomempuuec-xux
oannvix u napannaxcos Gaia mvl 06cyscoaem HOBbIN NOOX00 K UZYYEHUIO KPYHHOMACUWMAOHBIX Mde-
HUMHBIX NOJIEl.

1. BBenenune

Mesx3Be3iHas TONSpHU3AIMs, T.C. MOJSAPU3ANUsS H3ITYUCHHs JAICKMX OOBEKTOB MEXK-
3BE3/THOM TIBIIBI0O HA JIyde 3pCHUs, — BAXHBIM MCTOYHUK WH(OpMAIUU, KOTOPHIH, C OTHOMN
CTOPOHBI, CYLIECTBEHHO IOTOJHSET CBEIECHUS O KOCMHUYECKUX MbUIMHKAX, JaBa€MbIE MEX-
3BE3HBIM MOIJIOMICHUEM, C IPYTOM — 1aeT CBECHUS O MEK3BE3HBIX MATHUTHBIX MOJISIX.

B nmepBom ciyuae HabmrogaeMasi BOJIHOBAsl 3aBUCUMOCTh TOTJIOIMEHUs A(A) ¢ kioye-
BBIM MapaMeTpoM Ry MOTOJHSAETCS BOJTHOBOW 3aBUCHUMOCTBIO CTENEHU mojsipusanuu P(A) ¢
napaMeTPaMHu Ay U K, XapaKTepU3yIOIUMU MOJI0OKEHHE MAaKCUMyMa U IIUPUHY KpUBOU P(4).
OnHOBpEeMEHHOE PAaCCMOTPEHHE 3TUX TPEX MapaMeTpPOB CYLIECTBEHHO Cy)KaeT 00JIacTh 3Ha-
YeHUH OCHOBHBIX MOJICJIbHBIX MApaMEeTPOB aHCaMOJIsA MBUIEBBIX YacTull (CM., Harpumep, [1]),
XOTsl HEKOTOPYIO HEONPEEICHHOCTh BHOCUT HE COBCEM IOKA MOHSATHBIA MEXaHU3M OpHEHTa-
MM KOCMUYECKHUX MBUTMHOK MarHUTHBIM 1OJeM [2].

Bo BTOpOM citydae, MOCKONbKY, O-BUIUMOMY, OOBIYHO OPHUEHTALINS MEXK3BE3AHbBIX IbI-
JUHOK MPOUCXOJUT TaK, YTO HAIpaBJICHUE JIMHEMHOW MOJIIpU3AIMU NPSIMO MPOILIEIIIETO Ye-
pe3 HUX M3Iy4YeHUs MapaiiebHO HAMpaBIECHUIO MarHUTHOTO IOJI, MEX3BE3/(Hasl MOJsSpU3a-
IIUSl UCTIONIB3YETCS ISl KapTorpadupoBaHUs MOJEH, a AUCTIEPCHs] BEKTOPOB MOJIIPU3ALNAN —
JUJISL OTICHKHY CHUITBI moJiek [3].

B nanHo#i paboTe MbI WITIOCTPUPYEM COBPEMEHHOE MCIOIb30BAHUE MEXK3BE3THOH I10-
JASpU3aly B 000MX CIydasx: MPU UCCIEIOBAHUU MBUIM BO BHEUIHUX YaCTAX IJIOTHBIX 00Jsa-
KOB Ha mpumepe riao0ynsl Barnard 5 (B5) u mpu paccMOTpeHUU MeX3BE3IHBIX MAarHUTHBIX
MoJICH Ha TIpUMepe HAOMIOACHUH MOJSIpU3aIlMK B HaMpaBieHUH o0ynsl B227. B m.2 Mbl pe-
3I0MHPYEM MMEIOIIHECs CBEIEHUS O MBUICBOW COCTABISAIOUICH TTI00Y U 00CYXKIaeM pe3yiib-
TaThl HALIETO MOJSIPUMETPUUECKOr0 HMCCIIEeI0OBAaHUS MBI BO BHEIIHUX 4YacTAX riao0yinsl BS.
B 1.3 paccmaTpuBarOTCS UMEIOIINECS AeTaabHbIe MOJMSIPU3AMOHHBIE KapThl HEOOIBITNX 00-
nacteit HeOa M OOCYXXIAIOTCs pe3yibTaThl KapTorpadupoBaHUs OOJACTH BOKPYT TIIO0YIIBI
B227, matomue ¢ ydetom mapamiakcoB Gaia DR2 HOBBIE CBEICHHS O TaJaKTUYECKOM Mar-
HUTHOM ToJie. B 3aKiTioueHuN pe3toMUPYIOTCS IOJTyYeHHbIE PE3yIbTaThI.
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2. HccnenoBanue NblJIM BO BHEHNIHUX YACTSX IJIOTHBIX 00J1aK0B

2.1. I'nooynet boka u ux nsinesas cocmaesnauwian

I'moGynsl boka — MaioMacCUBHBIE, KOMIIAKTHBIE, CPABHUTEIBHO W30JIMPOBAHHBIE MOJIE-
KyJIIpHBIE 00JIaKa, KOTOpBIE SIBISIOTCSI MECTOM OOpa3oBaHUs 3BE3] conHedHOM macchl. [lo-
CKOJIBKY psJi BaXKHBIX aCIEKTOB Ipoliecca 3Be3/1000pa30oBaHus BCE el HE SICEH, TaKUe IJIO-
OyJIbI IPEACTABIAIOT COOOW yAOOHbIE JIAOOPATOPUH ISl JETATBHOTO U3YUYEHUS! JAHHOTO IpO-
necca.

HccnenoBanust 17100yl MPOBOAMINCH PAa3HBIMH METOJAMM: Ta30Basi COCTABIISAIOLIAS
U3yyanach IOCPEICTBOM HaOJIOAEHUI B pa3iIMUYHBIX MOJIEKYJSAPHBIX JUHUAX U jguHMK HI,
IbIIEBAst COCTABJIAIONIAs] — HOCPEICTBOM HAOIIOICHUH MOTJIOMEHHS U MOJISPU3ALUU U3ITyYe-
HUSI (POHOBBIX 3BE3M, TEIUIOBOTO (MOJSAPU30BAHHOTO) HM3IIyUeHHs NMBUIM B Janékoil mHpa-
KpPacHOM U CyOMMIJUITUMETPOBOM 00JIaCTSX, a TAKXKE PACCESHHOIO MbUIBIO U3TYUYESHHUS.

HecMmotpst Ha mosyuyeHHbIe TaKUM 00pa3oM JaHHbIE, JJIs PEIIeHUs: MpoOIeMbl 3BE3/10-
oOpa3oBaHus TpeOyroTCs 0oJiee eTalbHble CBEAEHUS O TECOMETPUH M CUJIE MArHUTHBIX TMOJIEeH
B OKPECTHOCTH M BHYTpPH IJI00YJ M, 0COOEHHO, O CBOWCTBAxX MbUIM B HUX. [I0CKOIBKY MIBLIb
TECHO CBSi3aHa C JPYIMMU KOMIIOHEHTaMHU MEX3BE3AHOM cpenbl, U3yueHue e€ CBOMCTB AT
UHPOPMALIUIO 0 (PU3NIECKHUX YCIOBHUSIX B TII00YIIaX M UX SBOJIIOLUH.

Ha ceropusinuii 1eHb €CTh MHOTO CBUJETEILCTB TOTO, YTO IMbIIEBbIE YACTHUIIBI B IIOT-
HBIX OO0JIaKax, BKJIFOYas TJIO0YIIbI, 3HAYUTEIHHO OTIMYAIOTCS OT TeX, KOTOPBIE HAaXOMIATCS B
muddy3Hoi Mex3BE3nHOM cpene. Hanpumep, Foster u ap. [4] oOHapyXuiu CBsI3b MEXKAY Ia-
pamMeTpoM Ry U MOTJIOEHNEM Ay 111 yMEPEHHBIX ONTUYECKUX TOJILIMH U UHTEPIPETUPOBAIH
ee Kak ClIe/ICTBHE pocTa MBUIMHOK B oOnakax. B pabotax [5, 6] moka3zaHo, 4TO paccesHHbIN
CBET U CyOMMJUIMMETPOBOE H3JIyYECHUE MBUIM CBUICTENLCTBYIOT 00 M3MEHEHMU €€ CBOMCTB
(BKJIIOUAs YBEJIMUEHHE CPETHEr0 pa3Mepa YacTHIl) C pacTyLed ONTUYECKON TOIIMHON BHYT-
pu MoJiekysipHoro o0iaka. Taxke Ha OTHOCUTEIBHO OOJIBLINE YAaCTUIBI YKa3bIBAET aab0Oeo,
HaOmroaBmeecs B nojocax ot U o I B [7]. Ioasipuzanus usimyueHus 3Be31, pacinoloKeHHbIX
3a obmakom IC 5146 u HabGmronaBmmxcs B OmmxaeMm MK nmanasone, mpesmonaraer 3HaYH-
TENbHBINA POCT YacTHIl B ciosix ¢ Ay > 2.5 3B. Ben. [8]. Fanciullo u ap. [9] mokazamnu, uTo 3BO-
JFOIHSI TIBUIMHOK B MOJIEKYJISIPHBIX O0OJakax HeoOXoanMa W it OOBSICHEHUS MOJSPU3ALNH,
Ha0Jr01aeMol B BUIUMOM M CyOMHJUIMMETPOBOM JIMana3oHax. DTH U Mo00HbIe UM HaOJIro-
JaTelbHbIE CBUAETEILCTBA ABOJIIOIMU MBUIM B IJIOTHBIX 00JIaKaX JOMOJHSIIOTCS CETOAHS TEO-
pPETHUECKUMHU pacueTaMy Takou 3Boitonuu (Hampumep, [10, 117).

Otmerunm, 4TO Bce 3TH HaOmogaeMble (P (GEKTHI 3aBUCIT HE TOIBKO OT pacHpeesICHHs
IBUIEBBIX YACTHIL IO pa3Mepy, a CPETHUM pa3Mep 4acTHll, XOTs U SABJISETCS OCHOBHBIM Mapa-
METPOM, HO HE €IMHCTBEHEH — JApPYyTHEe MapaMmeTphl 3aJaud MOTYT UIpaTh CYIIECTBEHHYIO
poib. IlosToMy Ui mOHUMMaHMS CBOWCTB MbUIM B OOJlakax TpeOyrOTCs JONOJIHUTENIbHBIE
HaOJII0JaTeNIbHbIE JaHHbBIE, HAIIPUMEp, CBEACHUS O JIJIMHE BOJIHBI MakCHUMyMa MOJSpU3aluu
Amax, KOTOpAsi MOKET JaTh BaXKHYIO JIOTIOJIHUTEIbHYIO HH()OPMAIIUIO O CPEAHEM pa3Mepe Ibl-
JIEBBIX YaCTUL.

OpHako 3a mociegHee JecsITuieTHe ObUIO COENIAaHO KpailHe Mano HOBBIX M3MEpPEHHi
ATOTO MapaMeTpa B HAINPaBICHUH MOJEKYJSIpHBIX oOmakoB. Hampuwmep, Funciullo u mp. [9]
paccMaTpuBaiM MoOJsIpUMeTpudeckue naHHble 3 padotel 2007 1. [12], B KOTOpOii, B CBOIO
ouepeib, B OCHOBHOM HCIIOJIb30BAJIUCH OOJIee paHHUE HAOIIOJEHUS APYTUX aBTOpoB. Takas
CUTYyallMsl CKJIaJbIBA€TCsl, IJIaBHBIM OOpPa30M, U3-3a TOTO, YTO gy MOXKET OBITh HAJEKHO
OIIPENIEIIEHO TOJIBKO IS 3BE3/ C HE OYEHb OOJIBIINM MOMIOIIEHUEM Ay B 001ake, T.e. 3TO HE
naetT uHdopMaru o 6osiee MIOTHBIX OOJIACTSIX, KOTOPBIE Ka3aJlUCh €AMHCTBEHHO HMHTEpec-
HbIMU. OJTHAKO, paHee MapaMeTP Auq OBUI ONpEAeNeH ISl MPUMEPHO COTHHU JIy4el 3peHHS,
INPOXOALINX Yepe3 pa3IuuHble MOJIEKYJIsIpHbIe obsaka uin AM(GQy3Hyr0 MEK3BEZIHYIO Ccpe-
ny (cMm., Hanpumep, [13]). [lomyueHHbIe 3HaUEHUS MOKa3add HEKOTOPYIO KOPPEISIHUIO C OIl-
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TUYECKOW TOJIIIUHON BHYTpU obOsaka (4y), HO 3aBUCUMOCTH JIJIsl Pa3HbIX 00JIaKOB OKa3ajaach
HECKOJIBKO CABUHYTHIMHU BEPTUKAIBHO IPYT OTHOCUTENBHO ApyTa [14].

OTMmeTuM, YTO pacCMOTPEHHBIE MOJIEKYJISIpHbIE 00JIaKa OTIMYAOTCS OT INI00YJI TEM, YTO
NOCJIETHUE SBISIIOTCS 0oJiee M30JUPOBAHHBIMH, KOMIIAKTHBIMU M 00pa3yIOLUMMH TOJIBKO Ma-
JoMaccuBHBIE 3Be3bl. [Toka mapameTp Ayq,y OBLT OIEHEH JIUIIb I OJTHOM r1o0yibl BS, HO ¢
Oonpmmmu omrOkaMu (cM. moapoduee [15, 16]). 3amerum, 4TO STOT MapaMeTp MOXKET ObITh
Ha/&KHO ONpENEeseH JUIIb JUIs Talo W BHEHIHUX CIIOEB II00ysa (LEHTpalbHbIE MX YacTH
CJIMIIKOM MaJjibl U HEMPO3payHbl), HO €CTh MPU3HAKU TOTO, YTO CBOMCTBA MBUIM B ATUX CJIOSX
JIOJDKHBI OBITH Takke crienuduaeckumu (cM., Hapumep, [7, 10]).

Hwxe, ncnosnp3yst MHOTOLBETHYIO MOJISIPUMETPHIO 3BE3/1 B HampaBieHUU BS u naHHbIe
ACTPOMETPUYECKHX, (DOTOMETPUUECKUX U CHEKTPaTbHBIX 0030pOB HeOa, MBI OOCYIUM CTPYK-
TYpY MEX3BE3THON Cpelbl B JaHHOM HAlpaBJI€HUU U MOIY4YMM HOBOE CBUAETENHCTBO TOTO,
YTO MBUIEBBIC YaCTUIIBI BO BHEIIHUX YAaCTSAX STOU TI00YIIBI HIMEIOT Cienn(hUIECKHe CBOWCTBA.

2.2. Pe3ynomamul HaO1100eHUIl U uX 00CyyHcoeHue
Mpbl BBIMOTHWIN MOJSpPUMETpUUECKUE HAOTIOJCHUS HECKOIbKUX IECSITKOB 3BE3[ B
okpectHOCTH T100ynel BS Ha 2.6-m 3TII u 1.25-m A3T-11 KpAO B monocax UBVRI (cwm.
noapo6nee [17]). IlomydeHHsie pe3yabTaThl ObUIM JOTIOJHEHBI JaHHBIMU W3 JAPYTHX paboT
TSt OoJiee HAJIEKHOTO OIpeieeH sl 3aBUucuMocTu P(A) u ee mapameTpa Ay, OKOHYaTETHHBIS
pe3ynbTaThl AJ WUTIOCTPALMU MIPUBEACHBI HA pHC. 1, TlIe MOKa3aHbl HOPMUPOBAHHBIE CTETe-
HU TIOJSIPU3AIMK I BCEX 3BE3J B 3aBHCHUMOCTH OT HOPMHPOBAHHOH [IMHBI BOJHBI M all-
npokcuMupyromias kpubas CepkoBckoro miis ee mapamerpa K = 1 (toukn), 1.2 (mynkrup), 1.5
(IUTPUX-IIYHKTHUD).

CnekTpasibHble KJIacChl Ha-
ONFONIaBITNXCS 3BE3J] MPUHUMAIHCH
- . cormacio HDE [18], LAMOST DR2
[19] u pabore [20], ocHOBaHHOI Ha
L6 1~ ! m HaOMoeHUsAX B BuibHIOCCKOM (ho-
- . Tomerpuuecko cucreme. Ilapan-
N JaKChl ONpPENEeISUINCh U3  JaHHBIX
i Gaia [21]. CornacHo [22], Bugumoe
oo . MOTJIOLIEHUE OIIEHUBAJIOCh U3 COOT-
T womenns Ay = 1.1 E(V-K,), rne V
u K; Opanmuck M3 pa3HbIX 0030pOB
- Heba, a COOTBETCTBYIOIIME HCTHH-

i 1 HBIE 1[BE€Ta — U3 paboThI [23].
[Tockonpky HE TONBKO IbLIb

04 08 i 16 BO BHEIIHUX CJOSX 00JaKa MOMXKET

Puc. 1. Bece nannbie ans B5 1 annpokcuMupyonue JaBaTh 3HAYUMBIA BKJIaJ B HaOIIo-
kpuBble CEpKOBCKOIO (CM. TEKCT). AacMOC MCK3BC3THOC MOTTIOMCHNE U
MOJISIPU3ALMIO, PACCMATPUBAIOCH

pacripesieieHle TOTJIOMEHNusT Ay U BEKTOPOB MoJisipu3anu P kak B KapTHHHOM TUIOCKOCTH,
Tak U ¢ paccrosHueM d. Ham ananu3 mokaszan, 4To Uil OTHOCHUTEIHHO BBICOKOITMPOTHOMN
rno0ynasl B5 (I = 161°, b = —17°) cnexyeT NpUHAMATh BO BHUMAHUE JIMIIL 2 CIIOS: OJIMKaii-
i (d ~ 150 nk), SBASIOUIMiicS MpoAobKeHnEM KoMIuiekca obnakoB B Temnblie, u Oonee yaa-
nennsli (d ~ 300 1K), mpuHAIeKAINH KOMIUIEKCY o0akoB B Ilepcee u BKIIIOYArOMmuUi 1I10-
oyny B5 (cm. mogpob6nee [17]). IIpu 3TOM MOXXHO CUMTaTh MEPBBIA CIOW OJAHOPOIHBIM C
Ay =0.8", Py = 0.8%, 0 = 50° u 3aBucuMocThio P(1), onuceiBaeMoii kpuBoii CEPKOBCKOIO ¢
Amax = 0.56 MkMm. crionb3ys 3TH pe3yNbTaThl U TaHHBIEC JUIS 3BE3, PACIOIOKEHHBIX 3a IJIO-
Oymoii BS, COOTBETCTBYIOIIMM BBIUMTAHUEM BKJIAJIa TIEPBOTO CJIOB MBI ONpenes i Ay , Oy u
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P(1), cBsi3anHbIE TONBKO ¢ TI00ys0M. [lomaras, kak 0ObIYHO, 4TO B TII00YIE A(A) = const, MbI
paccuuTany MOJeIbHBIC 3aBUCUMOCTH O(A) Asst 3Be3[ 3a riio0ynoit. OHU OKa3aluCh B COTJIACHH
¢ HaOJIFOTaEMBIMH, YTO TTOATBEPAMIIO HaIy IBYXCIOWHYIO MOJIEIb Cpe/Ibl B HarpaBieHnu BS.
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Puc. 2. Pactipesenenue noruoiienus B oonactu BS (BHewHuii KOHTYp — A= 3", BHYyTpeHHUI —
Ayp=5") n nabmonasnecs 38e3161 S1—12 (Touku). Uncna 0KOJIO TOYEK — HalIeHHBIE 3HAUCHMS
Ay ¥ Aoy , @ TAKKE PACCTOSIHAE 10 3BE3]IBI.

[TomyuyeHHbIE Pe3yIbTATHI MOKA3AIN KOPPEISIIHUIO 3HAYCHUHN Ajgy, CBA3AHHBIX C TBUIBIO
B II00yJe, ¢ ONTHYECKON TONIMIMHON (Ap) MpOCBEYMBAEMON YacTd TIIOOY’IBI (CM. puc. 2).
Kpome sToro, mMpl Hanuiu, 4to ciou ¢ Ay = 2-3 3B. BeNl. XapaKTEpU3YIOTCS 3HAUYECHUSMU
Amax = 0.6-0.8 MKM, B TO Bpemst Kak i 1u¢dy3HONH MEX3BE3AHOM cpeibl B HANPaBJICHUU Ha

B5us CTOPOHE OT HEC IO JAHHBIM AJId HECCKOJBKHUX 3BC3J] MBI IMOJTYYHIIN /lmax =

0.52—

0.58

MKM. Takum 00pazom, 3HAUCHUS Ay, HAWJICHHBIE HAMU 7S TI00YJbI BS, CBUIETENBCTBYIOT
0 CHerM(pUIESCKIX CBOMCTBAX MBIITMHOK BO BHEITHUX CIIOSIX TII00YJ M COTJIACYIOTCS C JTAHHBI-
MU, TIOTYYEHHBIMU APYTUMHU CLIOCOOaMHU Uit 00Jiee MAaCCUBHBIX MOJIEKYJISIPHBIX 00JIaKOB.

3. Bapuanuu Me:xX3Be3HOM NMOJISIPU3ALNHU

B KAPTHHHOH MJIOCKOCTH H € PACCTOSTHHEM

3.1. onapuzauyuonnwvie kapmot u Gaia DR2
[TepBbIii TOCTATOYHO OONBIIONH 0030p MEXK3BE3AHOM MOJIPH3AINH, BKIFOYABIIHA OKOJIO
1800 3Be3x, MO3BONMUI TMOCTPOUTH MOJSPHU3AIMOHHYIO KapTy Hamiei [amaktuku (pacmpe-
JIeJICHUE BEKTOPOB MEK3BE3THOM MOJISIPU3AlMU B KapTUHHOM T10ckocTH) [24]. Kapra BeIsiBU-
7a obnactu Heba, XapaKTepu3yeMble PETyJIIpHOM OpHEeHTallMe TOISPU3AIMOHHBIX BEKTOPOB,
U HEPEryJSIPHYI0O OPHEHTAIIMI0O BO MHOTHX OOJIACTSX B TaJaKTHUYECKOW IUIOocKocTH. bomee
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O3 THSIST KOMITHJISIINAS TTOJISIPU3AIMOHHBIX MaHHbIX Juisi 5500 3Be3x B [25] nama Goinee ymopsi-
JIOYCHHYIO0 KapTy, 0cOOEHHO /IS 3B€3]] Ha paccTossHuM d > 1 Kk [26].

Ananoruusslif 3pQexT npocaexuBaeTcs s MOIIPU3ALMOHHBIX KapT MEHbIIUX 00J1a-
creit neba. Hanpumep, a1 okpectroctei ro0yiast B227 (1= 191°, b =—0.5°) nannsie aus 21
3Be3/Ibl [27] TOKa3bIBAIOT OONBIIYIO JUCIIEPCHIO TOJIIPU3AIMOHHBIX BEKTOPOB, TOTJA Kak
HaOmronenus okoso 120 3Be3x B [28] Aar0T MPaKTUYECKH IayCCOBO paclpeieieHue MO3UIH-
OHHBIX YIJIOB CO cpeanuM 3HadenueM O = 170° (B ramakruueckux xkoopauHatax 0g = 20°) u
HEOOJBIINM CPEIHEKBAIPATHIECKUM OTKIIOHEHUEM o(6) = 8°.

VYHuKanabHas KOJUIEKIHMS JETaNbHBIX MOJIAPU3ALMOHHBIX KapT HEOONbIIUX YacTei Heba
nonydeHa B nuccepranuu [29] (em. takke [30]). Ona Brirouaet kapthl pazmepom 20'x20' Bo-
kpyr ~20 TeMHBIX 001aK0B U3 Karamora BHR [31] B o6mactu [ = 255-350° u |b| < 5°. KapTel B
nonoce I, Bxmouanu ot 100 mo 1000 3Be3n u B ocHoBHOM (Oonee 80%!) mokas3wiBanu pery-
JSIpPHOE MOBE/IEHUE MOJIIPU3ALMOHHBIX BEKTOPOB (TayCCOBO PacIpeieIeHUEM CO CPEIHEKBAI-
paTHYECKUM OTKIOHeHHEM Topsaka 5—13°). TloaspusanioHHbIe KapThl, MOJTYYEHHBIE IPYTH-
MU HCCIIEIOBATENSIMU (HANpUMEpP, UHAMMCKUMH acTpoHoMamu B [32,33]) mMeHee JeTallbHbI
(06b1yHO cymiecTBeHHO MeHbIe 100 3Be3x).

OueBUIHO, YTO YaCTh OYEHb CIAOBIX 3Be3[, HaOmomaBmIUXCsA B [29], momkHa OBITH
oueHb yaaneHHOW. [TockonbKy BO BHYTpeHHEH 4acTu (IJIOCKOCTH) ["alakTHKU MOTIONIEHUE
OBICTPO BO3pPACTaeT C PACCTOSIHUEM H, COOTBETCTBEHHO, BKJIaJ B HaOJIOaeMyl0 MOJSpU-
3alMI0 aJeKuX 3Be3[l, KaK KaKeTcs, JOJDKHA JaBaTh MbUTh Ha OONBIINX PACCTOSHUSX, SBHO
BbIpaYKEHHAs! PEryJISIPHOCTD KapT [29] mpencraBisieTcs: TPYIHO 0ObSICHUMOM.

Huxe MBI JOTIOTHUM MOJSIpUMETPUYECKUE TaHHBIC, MOTy4YeHHbIE B [28] A O0nbIIoro
yHuclla 3B€3l B OKPECTHOCTH II0Oyinsl B227, pesynpraTamu Hamux (POTOMETPHUUECKHUX
HaOmoneHuil u ganHbpIMU Gaia U cAenaeM Ha OCHOBAHHUHU ATOTO BBIBOJIBI O MBUIEBON COCTaB-
JSIFOIIEH 3TOW TIOOYJBI M O TMOBEACHUH KPYITHOMACIITAOHOTO MAarHUTHOTO IOJIE B 3TOM
HaIpPaBIICHUU.

3.2. Pe3yniomamul HaO1100eHUIl U UX 00CyHcOeHue

doromerpuueckre HaOMIOACHHUSI HECKOJBKUX COTEH 3Be3]] B OKPECTHOCTH TJI00YIIBI
B227 6pun ipousBenensl Ha 2-M Teneckorne [UCAA B Unauu B monocax BVR u o6pabora-
HBI 10 cTaHAapTHOW Meronauke. [lomydeHHble pe3ysbTaThl OBLUIM JOIMOJIHEHBI JaHHBIMH W3
pa3nuyHbIX (HOTOMETPUUECKUX 0030pOB Heda.

Jlst oLleHKH TOTJIONIeHUsI Ay 10 3BE€3J MBI BBINOJIHUIN UX (OTOMETPUUYECKYIO (CIEK-
TpajbHYyI0) Ki1accupukanuio. [loToku n3nyuenus, HabmogaeMsle B monocax cucreM Johnson,
Sloan, 2MASS u ap., u mapamtakcel Gaia MOATOHSIUCH C YUYETOM OITMOOK HaOJI0ICHHA Ba-
pUaIUsSMU IBYX MapaMeTpOB — IMOTJIOMIEHUS Ay U CHEKTPAILHOTO Kiacca Sp, MUHUMU3UPYS
HEeBs3KYy. Pa3nenenne Ha 3Be3lbl TJIAaBHOM MOCIEI0BATEIbHOCTH U TUTAHTHI B OOJIBIIMHCTBE
CIIy4aeB yAajaoCh MPOBECTH, UCTIOIB3YS MOJSIPUMETPUUYECKUE TaHHBIC W CBEACHHUS O CPEIHEM
3aKOHE MEX3BE3HOTO TMOTJIOMICHNs B JaHHOM HampasieHuH (cMm. nogapoOnee [34]). [Tpume-
HEHUE MOAX0/Ia K 3Be3/laM C U3BECTHBIMU Ay U Sp MOKa3aio, 4TO MOTPEIIHOCTh MOJIy4aeMOi
OIleHKU Ay OOBIYHO cocTaBisieT mopsiaka 0.3 3B. Bed.

OObenuHEHNE TMONMYYCHHBIX HaMU pPe3yJbTaTOB C JaHHBIMH JETAbHBIX TOJS-
pUMETPUYECKUX HAOIIOACHHH, OITyOJIMKOBAaHHBIX B [28], TO3BOIIIIO C/AENIaTh 2 BBIBOJA.

Bo-niepBbIX, MBI OOHAPYKUJIM CTPAHHOE pacIpe/efieHHe 3HAUCHUN mapaMeTpa Ayqy BO-
KpyT TI00ymbl (cM. puc. 3). Jisg HECKONBKUX 3BE3], PACIOJIOKEHHBIX B CTOPOHE OT sjIpa
B227 (manpumep, okojio camoil JieBoM ‘“‘meTiu’ ¢ o ~ 6"7.9", & ~ 19°35"), MOy YHIIHCh
HEOXXMIAHHO OOJIBIITHE 3HAYCHUS Aygy ~ 0.7 MKM. Y1 HA000pOT, 115 3BE3/1, TPOCBEUMBAIONINX
rodyny (Hanmpumep, B o0JacTu o ~ 6"7.4™ & ~ 19°30"), HaGMOAIOTCS OOBIYHBIC ISt -
(by3HON MEX3BE3THOM CPeIbl 3HAYCHUS Apgy = 0.5—0.6 MKM.
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Puc. 3. [onsipuzanms 38e31 B 061acti B227 1 KOHTYpBl HHTEHCHUBHOCTH
TETJIOBOTO M3Ty4eHus mblH (1o gaHHBIM Herschel).

Bo3MokHOE 00BsICHEHHE STOMY — 3aMeTHasl Bapualysi CBOMCTB MbUIM B HEUTPaJIbHOM
rajo rio0ynbl. BaKHO OTMETHTB, YTO BCe HAOIIOAABIINECS 3BE3/bI PACIIONOKEHBI HA PacCcTo-
STHUM, OOJIBIIIEM pacCcTOSHUS 10 o0naka, koTopoe paBHO ~400 ik [28].

Bo-BTOpBIX, MBI HAIIUTK, YTO MTO3UIIMOHHBIN YTOJ MOJSAPU3ALUH § TIOYTH HE MEHSETCS B
3aBHCHUMOCTH OT PacCTOSIHUA d 10 3B€3[Ibl, XOTS BUAMMOE IMOIJIOIIEHUE C POCTOM d 3aMETHO
Bo3pacTaeT. Ha Bepxueil manenu puc. 4 Mbl BUIMM, 9T0 pazopoc O He Benuk (~10°) u cpennee
3Hauenue 6 cnabo MeHsercs ¢ poctoM d, coctasiss ~170° mpu d ~ 600 1k, ~175° npu d ~ 1
kK u ~170° mpu d > 1.5 xnk. Ha HukHel maHenu puc. 4 NpuBeIeHA 3aBUCHMOCTD MOTJIO-
meHust Ay OT paccTOSTHUSL d COIJIACHO HAIIMM OLEHKaM (TOYKH) M HEJaBHUM TPEXMEPHBIM
KapTaMm pacnpezaenenus mnorjomienus B ['amakruke [35-37] (kpuBsie). OTmMeTum olriee co-
rJlacue HaIlMX Pe3yJIbTaTOB C JaHHBIMU JAPYTUX aBTOPOB.

3ameTum, uyTo OoJiee AeTaNbHOE PAaCCMOTPEHUE pactpeeNIiCHHs IOTIIOUICHUS B HAIIPaB-
nenun B227 no nanubIM nocneaneit pabotsl Lallement u ap. [37] mokasbIBaeT cyiiecTBoBa-
HUE 4-X TIOTJIONIAIOIINX CIoeB: 1) mpomomkenus komiuiekca obmakoB B Tenbie (d ~ 100 1k,
Ay ~ 0.6™); 2) BemectBa, cBs3aHHoro ¢ accoumanueit A Ori, Bka. B227 (d ~ 400 nx,
Ay ~ 0.3™); 3) BemecTBa, cBA3aHHOro ¢ acconmarmeii Mon OB2 (d ~ 900 nk, Ay ~ 0.7™);
4) BemecTBa, CBA3aHHOIO ¢ accouuanueit Mon OB2 (d ~ 1.5 knk, Ay ~ 1.5™).

TakuMm 00pa3zom, HECMOTPS Ha 3aMETHBIN pocT Ay ot 0.5 10 3 3B. BEI. C POCTOM pPaccTo-
sHus B uHTepBase d ot 600 1o 2000 nK, NO3ULMOHHBIN Yroi BapbUpyeTCs JIUILIb B MpeJenax
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ot 160 no 180 rpan. M3 BO3MOXHBIX 00BICHEHHI 3TOTO HabtoAaTebHOTO (hakTa Hanmbosee
BEPOSATHBIM Ka)KeTCs creruduieckas OpHeHTalUs KPYIMHOMACIITaOHOTO (perysipHOro) ra-
JAKTUYECKOr0 MarHUTHOTO TOJSl B HAllPaBICHUU aHTH-LEHTpa ['alakTUKU Ha pacCTOSIHUSIX
d <500 nk u d > 1 knk. Hanpumep, B OmkHel 30He 1oJie MPUMEPHO NEPHIEHIUKYIISPHO JTydy
3peHus, a B lajdbHel — MpUMEPHO MapajljiesibHO eMy. MeHee BEepOsITHBIM 00bSICHEHUEM IPei-
CTaBJISIETCS MIPEATOIOKEHHE 00 OYeHb CIIA0BIX CUCTEMATUYECKUX M3MEHEHHSX HAIpaBICHUS
ATOTO MoJis Ha MacmTabax ~0.5—1 Kk, TOCKOJIbKY Jyd 3peHus B ctopoHy B227 mepecekaer
MOTJIOIIAIOIIEE BEIECTBO, CBSI3aHHOE C Pa3HBIMHM acCOIMAIUSIMU M, CJIEIOBATEIbHO, CKOpEe
BCEro, MojBepriueecs ux BozaeiicTButo. [locneqnee oObIYHO MPUBOAUT K 0OpPA30BAaHUIO HE-
JUHEWHBIX MPOTSHKEHHBIX CTPYKTYp mouist, moao0HbIX Loop I, monspuzanuoHnyo KapTy Ko-
TOpOW MOXHO HalTu B [38].
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Puc. 4. Bepxussa nanens — 3aBUCUMOCTD MO3UIIMOHHOTO yriia 6 OT pacCTOSHUS 10
3Be31bl d. HuowcHssa naneib — 3aBUCUMOCTD TIOTIJIOMICHUS Ay OT PacCTOSHUS:
TOYKH — HaIlIN OIICHKH, KPUBbIE — TaHHBIE U3 padoT [35—37].
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3amMeTuM, 4TO MPOSCHUTH CUTYAIHIO, T.€. AaTh OOBICHEHHE YacTO HAOII0JaeMbBIM PEry-
JIIPHBIM MOJAPU3AIIMOHHBIM KapTaM, BO3MOXKHO, CHOC06€H aHaJINn3 HaH60nee JACTAJIBHBIX U3
HUX, TIPUBEJIEHHBIX B auccepranuu [29]. Bo-mepsbix, yacth BHR-001makoB pacnonoxeHa B
IJIOCKOCTH [ aJlakKTUKH, B XOPOIIO U3yYEeHHOM HAIIPaBJICHUU IIOYTH HA €€ LEeHTp. Bo-BTOPBIX,
HanOoJiee MOApPOOHBIE KapThl U3 [29] BKIIOYAOT COTHHM 3BE3] W, CIEAOBATEIIBHO, TOJDKHO
6BITI: BO3MOXXHBIM HAACKHO HNPOCICAUTH BapHUallUW MO3UIUOHHOTO YyIJIa IJIA HAJICKUX 3BC3[Q
CO 3HAYUTEIILHBIM MTOKPACHEHUEM.

4. 3akia04eHune

[Tapannakcel, npeactaBiennbie B Gaia DR2, mo3Bomnsitor 6ojee MOTHO MCHOIb30BaTh
HAOJIOZCHUST MEK3BE3HON MOJSPU3ALMH JJISI JUATHOCTUKH KOCMHUYECKOW MBbUTA U MarHUT-
HBIX ToJIel. MHOTOIIBETHBIE MOJSIPUMETpUYECKHE HAOTIOACHNS 3B€3/] B HAIMIPABJICHUU TI100Y-
nel boka B5, nomonHeHHBIC JaHHBIMU 0030poB HebOa, BKIovas (Gaia, MO3BOJIMIIN OTPEICIIUTh
BKJIaJ] TJ100YJbI B HAOMIOJaeMYI0 TIONISIPU3AIUIO U ClIeTaTh BBIBOA 00 OTHOCUTEIHHO OOIBIIIOM
pa3Mepe MbUIEBBIX YaCTHUIl YK€ BO BHEMIHUX CJOSX BS, 4TO moka HE UMEET TEOPETHUECKOTO
0o0bsicHeHUs1. POTOMETpUYECKUE U TONSIPUMETPUYECKUEe HaOmoeHus 0oee COTHU 3Be3l B
HaTpaBJIeHUHU TI00YIBI B227 moka3anu, 9To MO3UIIMOHHBIA YToJl HE MEHSIETCS C POCTOM pac-
CTOSIHUS 0 3B€3[, BIUIOTh A0 2 KIK, U, COOTBETCTBEHHO, C POCTOM MOTIJIOMIEHUS Ay A0 3 3B.
BeJI. DTOT HAOMIOJATeIbHBIN (QakT naeT HHpopMaIuo 00 OPUEHTAIIUH PETYJIIPHOTO MarHUT-
HOTro noJig ['anakTuku.
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INTERSTELLAR POLARIZATION IN GAIA EPOCH
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2St.Petersburg University, St. Petersburg, Russia
*Main (Pulkovo) Astronomical Observatory, St. Petersburg, Russia
“University of Aerospace Instrumentation, St. Petersburg, Russia
JAssam University, Silchar, India
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The interstellar polarization phenomenon arisen due to interaction of cosmic radiation with interstellar
dust is an important source of information on dust grains and the magnetic fields. The stellar parallax-
es recently presented in Gaia DR2 allow one to extract now more detailed information from the polari-
zation data. A contemporary usage of such data to study the dust grains in outer regions of dense
clouds is illustrated on the example of the globule B5. Consideration of the polarization map of a field
around the globule B227 with taking into account various photometric data and Gaia parallaxes is used
to discuss a new approach to study large-scale magnetic fields.
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MOJAEJIMPOBAHUE KPYITHOMACIHITABHBIX CTPYKTYP
COJIHEYHOM KOPOHBI

Kopoaskosa O.A.
I'nasnas (Ilynkosckas) acmponomuueckasn oocepsamopus PAH, Canxkm-Ilemepoype, Poccus

IIpednooicen memoo pacuema KPYRHOMACUMAOHBIX MASHUMOCMAMUYECKUX COTHEUHBIX KOPOHATLHBIX
cmpykmyp, obaaoarowux ocesoli cummempuei. Ilpocmpancmeennvle pacnpedenenus 0agieHus,
RIOMHOCMU U MEeMNepamypbl NIA3Mbl 8 SMUX CHMPYKMYPAX HAXOOSMC N0 3A0AHHOU UBHAYATIbHO
cmpykmype Masuumnozo nois. Bea paccmampusaemasn macnumonaazmennas KoHgueypayus nozpy-
JICEHHA 8 2UOPOCMAMUYECKYIO COTHEUHYI0 KOPOHY, 3a0asaemyro modenvio Avreet & Loeser [2008]. Ha
OCHO8e pa3paboOmMaHHO20 Memooa NpedNod’CceHad MOOelb NOISAPHOU KOPOHATbHOU Obipbl. Tepmoduna-
Muueckue napamempul MoOeauUpyemoli KOPOHAIbHOU ObiPbl OKA3LIBAIOMCS OAU3KU K HADII00AeMbIM.

1. Beenenue

Kopona siBisieTcst BHenHelH 0007109K0M coJTHEUHOM aTtMocdepsl. Pactipenenenue miasz-
MBI B HEl CMJIbHO HEOJTHOPOJIHO U OMPEACIAETCS CTPYKTYPOU M HANPSKEHHOCTHIO KOPOHAIb-
Horo maruutHoro noss. Ha6monenus CoiHia B pa3HbIX Juana3oHax JUIMH BOJIH MOKa3alld,
YTO JIJI1 KOPOHBI XapaKTEPHO HAJIMYUE JIBYX BUJIOB IJIA3MEHHBIX CTPYKTYP: C 3aKPHITOM U OT-
KpPBITOM MarHuTHOM KoH$urypanuen. K mepBoMy THITy OTHOCSTCS Takue OOpa30BaHUsS Kak
KOPOHAJIbHBIE METIH, apKa/lbl, IINIEMOBUJIHBIE CTPYKTYPHI U T.II., KO BTOPOMY — KOPOHAJIbHbIE
JBIPBI.

Koponanbasie apipsl (KI) HaOmromar0TCsI B PEHTTCHOBCKOM UAINa30HE KaK O0O0JAcTH
MOHMKEHHOM cBeTUMOCTH. CrcteMarnueckoe n3ydenue KJ[ Haganoce B cepeaune 70-X rogoB
XX B. mocne 3amycka opOuTanbHoi cTaHIMU «SKylaby, mo3BoNuBIIeH MONTYYUTh TOIPOOHBIE
caunMku CoiHila B peHTreHe u ynbrpaduonete [1, 2]. KopoHanabHbIe IBIPHI SABISIOTCS UCTOY-
HUKOM BBICOKOCKOPOCTHOT'O COJIHEYHOT'O BETpA [2], U MX U3yUEHUE, HECOMHEHHO, BAXXHO JUIS
MpeCcKa3aHusi KOCMUYECKOH MOro/ibl U TeOMarHuTHOM akTuBHOCTH. Ha ConHlle npakTuyecKu
BCEr/Ia MPUCYTCTBYIOT JBE KOPOHAJBHBIC ABIPHI B MOJISIPHBIX 00JACTSX, OJHAKO B MEPHO]
MakcUMyMa coliHeyHOM akTuBHOCTH KJ[ MoryT HabmionaThCs M Ha HU3KUX MIMPOTaX BOIHU3U
HKBaTOpA.

Ha ceronHAmHni 1eHb NPUHATO CUYATATh, YTO KOPOHAIBHBIE JBIPHI MPEICTABISIOT CO-
0011 06nacTy MIa3Mbl OHWKEHHOW TeMIlepaTyphl U IJIOTHOCTH. Ha BBICOTE HECKOJIBKUX Jie-
CATKOB ThICAY KWJIOMETPOB HaJ noBepXxHOCThI0 ConHia temneparypa B KJ[ oka3piBaercs 3Ha-
yuTenbHO HIbKe okpyxkaromend (Ha 200-500 teicsy K) [3, 4]. Hacuer mnoTHOCTH NaHHbBIE
HAOIO/IEHUI pacXoAsaTCs, HO OOBIYHO OHA TOXKE MPUHUMAETCS HMKE TUIOTHOCTH HEBO3MY-
LICHHOU KOPOHBI.

KopoHnanbHble IbIphl SBISIOTCS HauOosiee KPyMHOMACIITAOHBIMU aKTHBHBIMH 00pazo-
BanusaMu Ha CollHIE; 3aHMMaeMas MMH INIONAJb MOXKET cocTaBlIaTh mo0 20-25% Bcel cou-
HEYHOH nmoBepxHocTU. Kpome Toro, 3T0 JOATOKUBYIIUE CTPYKTYPBI: YACTO OHU HAOJIIO1AI0T-
Csl Ha MPOTSDKEHUH HECKONIbKuX 00opoToB Comuia. Bpems xuszau KJ[ Ha MHOTO mOpsaKkoB
IIPEBBIIIAET BPEMSI YCTAHOBJIEHUS] PABHOBECHS B CUCTEME, IIOATOMY JJII UX ONHUCAHMS IPUEM-
JIEMO UCTOJIb30BaTh MPUOIKEHUE MATHUTHOW THIPOCTATUKHY.

Heo0OxoaumMocTh MOCTpOEHHUSI TEOPETUUECKUX MOJIETEeH COMHEUHBIX CTPYKTYp C LIUPO-
KUM Ha0OpOM TapameTpoB OOYyCIIOBJIEHA OONBIIMM pa3HOOOpa3reM HaOIrofaTeNIbHBIX JaH-
HBIX. MHOTHE 00JaCTH CONIHEYHOU (DU3UKU HYX AAIOTCS B HAIMYMM JOCTATOYHO aJI€KBATHOMN
¢usnueckoil Mogenu uzyuaemoro oowvekra. Tak, Hanpumep, MI'JI-MoznenupoBanue B HaCTO-
SIIMA MOMEHT SIBJISIETCS OCHOBOM COBPEMEHHON KOPOHAJIBbHOW TEIMOCEMCMOJIOTUH, TIIE MO
KOJIe0aTEIBHBIM CBOWCTBaM 00BEKTa BOCCTAHABIMBAIOTCS €TI0 TapaMeTPhI.
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MonenupoBaHue CIIOKOWHBIX KOPOHAIBHBIX CTPYKTYP OTHOCHUTEIBHO HEOONBIINX pa3-
MEpOB, B YaCTHOCTH, COJHEYHBIX MPOTyOepaHieB, onucaHo B [5, 6]. B manHoii paboTe Mbl
IpPEICTaBIsIeEM METOJ pacdyeTa MarHUTOIMJIPOCTATUYECKUX OOpa3oBaHU, pa3Mep KOTOPBIX
cpaBHUM c pazMepamu CoJHIA, U IPUBOAUM aHAJIUTHUYECKYIO MOJEIb MOJISIPHON KOpOHAJIb-
HOM JBIPBI.

B crathe uzBectHoro acrpodusuka Low B.C. [7] mpoBoaunock MoenupoBaHue HEKO-
TOPBIX TUIOB KPYNHOMACIITAOHBIX MarHUTOCTATUYECKMX COJHEYHBIX KOPOHAIbHBIX CTPYK-
TYyp, U paccMaTpUBajcs BONpoc 00 ux yctohunBocTH. OAHAKO AJIS pacyeTa MarHUTHOTO TOJIS
aBTOPOM HCIIOJIB30BATIOCH TOMOIHUTEIBLHOE MPEAIIOI0KEHUE O OJUTPOINYECKON 3aBUCUMO-
CTH JIaBJICHUS IUIa3MBbI OT €€ INIOTHOCTH.

[Ipemuiaraemerii HaMu METOJ CBOOOICH OT MOJ0OHOTO poxaa Tumore3. B ero ocHose ne-
KUT UAEs, NPEAJIOKEHHAs B [8]: IO U3BECTHOM T'€OMETPUN MAarHUTHOT'O IOJI HAXOAATCS J1aB-
JIeHHE, TUIOTHOCTh M TEMIIEpaTypa B KaXI0H TOUKe Ha4YaJIbHOW PaBHOBECHOW KOH(UTYpPAIIUH.
Takum obpazom, ams Tr000M 3a1aHHOM Hamepe MarHUTHOW CTPYKTYpPBI, BIMCAHHOMN B HEBO3-
MYILEHHYIO COJIHEYHYIO KOPOHY, Mbl UIMEEM BO3MOXXHOCTh TOYHO PacCUMTHIBATh PABHOBEC-
HbI€ 3HAUEHUS TEPMOAMHAMUUECKUX [TaPaMETPOB 3TON CTPYKTYPbI, HE HCIIOJIb3Ys KaKUX-JIH00
IPEIIOJIOKEHNH 0 MEXaHU3Max MepeHoca Termia B Heil.

2. TeopeTnueckuii pacuer
PaccmoTpuM 3anady pacdera mapaMeTpoB ILIa3MBbl Ul aKCUAIbHO-CUMMETPUYHOMN paB-
HOBECHOW KOH(UTYpAIUH, PACTIOIOKEHHOW B THAPOCTATHUECKOM COJIHEYHOH aTMocdepe nmpu
HaJIMYUU OJHOPOJHOIO IOJISI CUIIBI TSDKECTU. AKCHaJIbHAss CUMMETPHUs MOIpa3yMeBacT NHBA-
PUAHTHOCTb OTHOCHUTEJIBHO NMPOU3BOJIBHBIX IOBOPOTOB CUCTEMBI BOKPYT OCH 3a/IaHHON KOH-
¢urypanuu. Knaccuueckas cucreMa ypaBHEHUH MarHUTHOW TMPOCTaTUKU UMEET BHL:

-vp+i[mt§x§]+p-§(?)=o, (1)
4
divB = 0, (2)
p=PRL (3)
y7,

3neck p-g(r) — cuia TSHKECTH, p — IUIOTHOCTh, P — naBneHue, B — Hanps>KeHHOCTh MarHUT-

Horo moiist, T — Temmeparypa, R — yHUBepcaibHas Ta30Basi MOCTOSTHHAS, || — MATHUTHASI TIPO-
HHUIIAEMOCTb.

Cucrema (1)—(3) HenosiHa, Konu4ecTBO Hen3BecTHHIX GyHkumi (p, P, T, B) Ha ogny
NPEBOCXOJUT KOJIMYECTBO YPAaBHEHHH, — HE XBaTaeT ypaBHEHUs nepeHoca sHepruu. Orcrona
CJIEIIyeT, YTO JUIS PEUICHUs TIOCTABJICHHOH BBIIIE 3314l MBI BBIHYKICHBI UCIIOIH30BATh JI0-
NOJTHUTENbHBIE 3aBUCUMOCTH. Yalle Bcero B KaueCcTBE TAKOH 3aBHCHMOCTH BBICTYIAET CBS3b
JaBJICHUS OT IUIOTHOCTH. OJHAKO AAHHBIA MOIXO] MOXKET NMPUBECTH K OMIMOKAM U PE3KOMY
CYKEHHIO KJlacca MOJIy4aeMbIX PABHOBECHI, €CIM HE K MOJIHOMY MX OTCYTCTBHIO. CTOUT Io-
HUMATh, YTO TIEPEHOC PHEPTUHU B COJTHEUHBIX CTPYKTYpaX TOCTATOYHO CIIOKEH U 3aBEIOMO HE
OTMCBIBACTCS MPOCTHIMU (popMysiaMu. MBI ke IpeuiaraeéM B KaueCTBE HAYaJbHOTO YCIOBUS
3aJ]aBaTh MAarHUTHYIO CTPYKTYpPY COJHEYHOrO O0Opa3oBaHWs, ONMUPAsICh HA IMPEICTAaBIICHUS,
NOJYYEeHHbIEC U3 HAOII0IaTEIbHBIX TAaHHBIX.

Bribepem cdepudeckyio cucreMy kKoopawHaTt 7,6, . BBenem (QyHKIMIO MarHUTHOTO

notoka 4 u QyHkuuO €, OMPENENAIONIYI0 IIEKTPUYECKUH TOK BIOJIb MEpHAMAHA, Tak,
yTo A(r,0 ):—J-O B,sinOrdr; Q(r,0 ):—4ﬁc_ljo J,SinOrdr. CormacHo (2), KOMIIOHEHTBI

HAIIPAKCHHOCTU MAIrHUTHOTO ITOJIS BBIPA3ATHCA CICAYOIHUM 06pa30M:
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B,=- ! G_A Br=21 8_A 4)
rsin@ or r sin@ 00

TopounanpHas koMnoHeHTa 1ot B, Oy et onpenensaTbes Toabko GyHKIUeH
Q

B = . 5
?  p.sind ®)

C yuetom (4) cuctema (1)-(3) cBOaUTCSA K CIIEAYIONIEH TPOHKE YpaBHEHUMN:

2 2 2
61244_%8121 cos 0 aA la(Q(A)) —47zr2sin26’a—P, )
ot 1 06* r*sind 89 2 04 04
OP(r,A
pr.0)=-~ LA, ™)
g or
u-P
T = . 8
e (8)

[TomuepkHEeM, YTO BBUAY HAJIWYHS aKCHATBLHOW CUMMETpUU (Q sBIseTCsS (YHKIMCH, 3a-
BUCSIIICH TOJIBKO OT MarHUTHOTO MOTOKa A: Q= Q(A4) =r-sin8- B, .

VYpaBuenue A(r,0) = const onpeaensier KOHQUTYpaLUIO MarHUTHBIX CHJIOBBIX JIMHUN B
MEPUIMOHAIBHOM TUIOCKOCTH. YpaBHEHHE (6) MOKHO HANpsSMYIO MPOMHTErpUpPOBaTh IO A,

(buKCUpys TIpH 3TOM 7 Kak mapameTp. Tak Kak dA = a—Aa’ a—Aa’ 0= O_Ad 6, T0 pakTUYECKU

or 00 00
MBI JIOJDKHBI BECTH UHTETPUPOBAHKE 10 KOOpAUHATE O

0 0 2 2 2
OP oA, _ lf 1 o4 {8A 1 0’4 cosf o4 189}9‘

—_— — ¢ — +_ —_ _+_
08A 00 47zr205in2(9 00 | or* 106> r*sin0of 2 o4

)

B dopmyie (9) HekoTOpble ciaraeMble B PaBOM 4acTH yA0OHO MPOUHTETPUPOBATH IO
qacTaM:
|6’

Q*de,

f 1 692d QO?

& cos O
— 0= j
o 2sin” @ 00 2 sin’ 9|

sin’ 6

200000 2 2sint0\ 00 sin> 0\ 96

r

1? ’dod 1 1 (6Aj +chos9(az4j2d9
0

B pesynbrate momyuum Gopmyiy A pacueTa JaBlIeHHs IUIa3Mbl B J1I000# Touke pac-
CMaTpUBaeMOW MarHUTHOW KOH(UTYpaIIUHU:

P(r,0)=P (r)—ipm%(r 0), (10)
6
o [ 2 foos0 24 1 82A8A 1 1 (é4)
mag = r*sin’® @ 7'|.sin3 o _2] sin’ @ ar 0 #* sin? o %
0 0 0

JlaBnenne paBHOBECHOUM BHELIHEH KOPOHBI P, B (10) 3a1aHO aHATUTHYECKONW MOJEIBIO COJI-
HewyHo atmocdepsr [9, 10].

3Has JaBJIeHUE, PACCUUTAEM IUIOTHOCTH Iia3Msbl 1o ¢opmyse (7). [Ipu stom Heobxo-
JTUMO UMETh B BUAY, 4TO B (7) MaBiieHHE JOHKHO OBITH MPEJCTaBICHO KaK (PYHKIUS mepe-
MEHHBIX 7 M A.

s mro6oit nuddepenupyemoit GyHKIMH, B TOM Yuciie U i P(r, 6), cipaBe B
CJICYIOUINE YTBEPIKICHUS:
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OP(r,0) _ OP(r,A) 24 0P(r,A)

: (11)
or or or 0A
OP(r,0) _ 04 oP(, A). (12)
00 00 04
[Tpeobpaszyem dopmyiny (11) k Bugy:
OP(r,A) _OP(r,0) 04 OP(r,A) (13)
or or or 04
Jlns Hax oK ACHUS % ucnonssyem (10), (12):
OP(r,A) 04 _oP(r,0) _ 1 1 .692_2chosé?+2§22c050+
04 06 06 87 | r’sin®@ 060 r’sin’@  r’sin’ @
(14)
2 P404, 2 o4 A 2cosd (04Y
Y aig 22 An T dein A0 A deaal Aanl |
resin"@ or- 060 r'sin"@ 060 060" r'sin’ @\ 00
0A
CokpaTuB MpaByIo | JIEBYIO YacTh ypaBHeHUs (14) Ha 20 MOy YHM:
OP(1,A) 1 1 aoy 1 0’ A 1 0°A  2cos@ 04
Y Y t S et A e aeoa gl (1)
0A 4z | 2r'sin“@ dA r'sin"@ oOr° r'sin"@ 06 r'sin" @ 06

C yuetom (7), (13) u (15) m1st IIIOTHOCTH B UTOTE UMEEM:
1
P(1.0) = Po(r )+, (1,0), (16)
4rg

3/1ech MIOTHOCTh PABHOBECHOW BHEIIHEW KOPOHBI .y TAKXKE 3a7aHa Moenbio [10] , a
0P, (1.0) 1 04 (04 N 1 0°4 cos@ 04 N 1dQ°
s or rrsin@ or \ ot 1 00° r’sin@0o0 2 dA
[To u3BECTHBIM AABJICHHUIO U IUIOTHOCTHU IIa3Mbl MOXKHO PAaCcCUUTATh €€ TeMIIepaTypy Mo
dopmyie (8).
TakuMm o0pa3om, Halla 3ajla4a CBOJUTCS K CIEAYIOLIEMY: ONUpasch Ha HaOIOaTeNb-
HBIC JaHHBIE, BEIOpATh TaKOW BUJ MAarHUTHBIX CHJIOBBIX JIMHUH, T.€. MOA0OpaTh Takue (QyHK-

nn A 1 £, 9ToOBI TapaMeTpPhl MJ1a3Mbl, TTosrydaemble U3 ypaBHeHui (10) u (16) Obutn OM3KH
K HaOJIF01Ta€MBIM.

3. MoaesupoBaHue NMOJAPHONH KOPOHAJIbHOM AbIPbI
OueBHUIHO, YTO MOTEHIHMAIBHOE UM OECCHIIOBOE MArHUTHOE I10JI€ HE BBI3BIBACT BO3-
MYILICHUI JaBJICHHs U IUIOTHOCTHU B OKpyXKarolen cpene. T.e. s TakuX I0JIEM MarHUTHBIE
nob6asku B dopmynax (10) u (16) oOpamarorcst B HyJIb, a camu (OPMYJIbI CBOIATCS K:
P(r)=P_(r); p(r)=p,(r). llpu MOAeIUPOBAaHUU CUJIOBBIX CTPYKTYp JIOTMYHO B KadeCTBE

OCHOBBI BBIOMPATH TOJIE, OJIM3KOE K MOTCHIUATHLHOMY I 0€CCHIIOBOMY, MOIUDUIIUPYS €r0
M0J1 YCJIOBUSI IIOCTaBJICHHOM 3aauu.
Jl1s mocTpoeHuss MOENIN NOJIAPHOM KOPOHAJIBHOM IBIPBI MBI PYKOBOJCTBOBAJIUCH ClIE-
TYIOIUMHU COOOpakeHUSAMU TIpH BeIOOpE PyHKINN A(T,0):
1) marauTHas 100aBKa K MOTEHIHUAIBHOMY PEIICHHUIO JIOJDKHA B MEPBYIO OUEpeb BHO-
CUTh U3MEHEHMSI HA MAaTHUTHBIX IOJIF0OCAX, B 00JACTH OTKPBITHIX CHUJIOBBIX JIMHUMU, U
MMETh OIPAaHUYEHUE T10 IIUPOTE;
2) MarHuTHas J100aBKa JOHKHA BECTH K 3aMETHOMY HOHMKEHHUIO TEMIEPATyphl U IJIOT-
HOCTH B pacCMaTpUBaEMOW KOH(PUTypaIHH.
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PaccmoTtpumM creayronnyto MoTeHIManbHy 0 KoHpurypamuo, npuasaB GyHKIuio 2 = 0:

B,-R.?-sin’* @
A(r,0) =070 T 7 (17a)

2:(4)
©
3peck R, — paguyc Connua, B, — gorocdepnoe MarHnTHOE 10JI€ HA MOIIIOCE; ¥ U3MEHUM €€,
BBE/Isl CWJIOBYIO 100aBKYy B MPUIOJISIPHYIO 00JIaCTh, ONpeeIsieMyto yrioM O:
0<0<6,,4
0, <0<, A4-(1-0.02-cosd)’
A| — COOTBETCTBYET MOTCHIIUATBLHOMY pactpenencauto (17a).

Bun MarHWTHBIX CHIIOBBIX JIMHUE 33JJaHHOTO HAMH DaclpeleseHHs IpEeICTaBIeH Ha
puc. 1.

A(r,0) = (17b)

& 0
-1
Puc. 1. Bun MarHuTHBIX CHJIOBBIX JTUHUH pactpenencHus (17b)
B MEPHUIUMOHAIBHON IUIOCKOCTH, IIOJIy4aeMbld H3 YCIOBUSA
-2 A(x,z) = const. [Ipunsaro By=5 I'c.

Mamas cuiioBasi 1006aBKa HE BHOCUT CyIIECTBEHHOTO BKJIaJa B TEOMETPUIO MAarHUTHOTO
noJist (Ha puc. 1 XopoIio BHIHO, 4TO A0 BBICOT 2 paauycoB CoJiHIIa CUJIOBBIC JIMHUU HA TIO-
JII0Cax OCTArTCA HC3aMKHYTBIMU, YTO COOTBCTCTBYCT YCJIIOBUSAM Ha IMOBCPXHOCTH MCTOYHU-
Ka), OJIHAKO BUJIOM3MEHSET MOBEICHNE TEPMOJMHAMUYECKHX MapaMeTpoB. Pe3ynbTarsl Homy-
YEHHBIX PaCIpeesIeHUI IIIOTHOCTU U TeMIIepaTyphl s HcCelyeMoi KoH(Urypauuu npes-
CTaBJICHBI HA pUC. 2 U puc. 3.

1.4 x 10°
i,
12 % 10%
o 7. % 108
_ Lx10% —
2 5] <
= 8.x m_—_ § 6. % 10°
6. % 107 =
4% 107 R~ 5 x 0P
2. % 10° .
)l 4. % 10°
0
0
30 2

40
r [Mm)]

60
Qdeg] 90 60

Puc. 2. TpexmepHbIii TeMIIepaTypHBId TPO(UIb U TPEXMEPHBIH MPOQHIL MIIOTHOCTH MarHUTHOTO
pacnpenenenus (17b). B oboux cimyuasx nmpunsaro By =5 Ic.
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B paccmarpuBaemMoM pacripefieieHM MarHUTHOTO MOoToka A(T,0) eIMHCTBEHHBIM CBO-
OOIHBIM MapaMEeTPOM SIBJISICTCS 3HAYCHHE HAPSHKEHHOCTU (POTOCHEPHOr0o MarHUTHOTO TIOJIS.
Ha puc. 3a, 3b, 3¢ mokasano, 4to oT BbiOOpa B( 3aBUCHT pa3HHUIIa TeMIIepaTyp MEXAYy KOpo-
HAJIbHOW JIIPOM M HEBO3MYILEHHON COJHEYHOM aTMmocdepoii. M3BecTHO, 4TO Ha MOJIOCaxX
MarHuTHoe noJje ciaadoe. B Hamiel Mozieny 1EMOHCTPUPYETC, YTO JaXe MPU MaJICeHbKOM I10-
ae (Bp =3 I'c) mbl HaOmonaeM >pPeKT MoHMKEHHUs TeMIepaTypbl B IPUIIOISPHOM 001acTu, a
npu By =8 ['c TeMneparypa KOpoHaIbHOM ABIPHl OTIMYAETCS OT TEMIEpPaTypbl PABHOBECHOMN
BHeIHel kopons! 6osee yeM Ha 400 000 K. Ilpu nanpHeiimemM yBeJINYEeHUH MAarHUTHOTO T10-
JIs1 TeMIepaTypa pe3Ko MajaeT BHU3, U TaKasi MOJIENb [IEPEeCTaeT UMETh (GU3NUYECKUN CMBICIL.

Ha puc. 2 Taxxe npeacTaBieHO pacnpeAeseHHs IIOTHOCTH CUIOBOM MarHUTHOW KOH-
¢urypamun. B cpeaneM mMbl HaOMI01a€M MaJIeHNE TUIOTHOCTH Topsiaka 12%.

14 x 10 14 10%

12 % 10° 12 % 10

L. x 10 1 x 10

2 8. x 10° 2 g x 10°

T ex10® P 6 x 104

4.% 10° 4 % 104

2. % 10° 2 % 164

o 30 co 9{]30 r[Mm] 0 " o 9.0@0 r [Mm]
Q [deg] Q [deg]
a) b)
14 % 10°
12 % 10°
1. x 10%
z 8% 10°
T 6 10™]
4. % |05—_
2. % 107
] T 0 r [Mm]
0 30 60 90
Q [deg]
c)

Puc. 3. BeicoTHBIN TeMIIepaTypHBIH POoQHIs> MAaTHUTHOTO pactpenenernuns (17b) mpu pasHoMm BeIOOpe
HarpsHKeHHOCTH poTochepHOro MarHUTHOTO MoJIs Ha oocax: a) Bp=3 T'c, b) By=15T'c, ¢) By=8 I'c.

4. 3ak/04eHHe

Pa3zpabGortan croco0 pacdera KpyNMHOMACHITAOHBIX OCECUMMETPUYHBIX MArHHUTOCTATH-
YECKUX COJHEYHBIX KOPOHAIBHBIX CTPYKTYp. IIpocTpaHCTBEHHBIC pacmpeeicHHs] TePMO/IN-
HAMHYECKUX TTapaMeTPOB TUIA3MbI B 3TUX CTPYKTYpax: JaBJICHUE, TUIOTHOCTh U TEMIIepaTypa
HAXOATCS 10 33JaHHON M3HAYAIIbHO CTPYKTYpPE MAarHUTHOTO MoJis. J[aHHBII METOA HCIOJb-
30BaH JJIsl TIOCTPOCHUST MOJISNIN TOJISIPHOM KOPOHAIILHOU AbIpHI. [loirydaemble pactpeaesieHust
TEPMOJUHAMHYECKHUX TMapaMETPOB B paccCMaTpUBaeMON KOHPUTypanuu OJU3KH K HaOIroaae-
MBIM.
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>

CALCULATION OF A LARGE-SCALE MAGNETOSTATIC STRUCTURES
IN SOLAR CORONA

Korolkova O.A.
Central (Pulkovo) Astronomical Observatory of Russian Academy of Science, St. Petersburg, Russia

To understand the nature of coronal activity and develop the technique of the predicting its behavior, it
is necessary to have, as a basis, a certain set of theoretical models of different magnetoplasma struc-
tures. We present here the theoretical calculation of large-scale magnetoplasma solar coronal struc-
tures with axial symmetry in a spherical coordinate system. Our method allows obtaining analytical
solution of the space distributions of pressure, density and temperature for an equilibrium state of any
given magnetic configuration embedded in hydrostatic solar corona. The solution was applied to con-
struct a model of a polar coronal hole. The thermodynamic parameters of the coronal hole in this mod-
el are close to the observed ones.
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HCCIEJOBAHMSA JIBOMHBIX 1 KPATHBIX KAPJINKOB
B BJINKAUIINUX OKPECTHOCTAX COJIHIA

Kyauxosa A.M.
Thasnas (Ilynxoeckas) acmponomuueckas oocepeamopus PAH, Canxkm-Ilemepoype, Poccus

Honnoyennoe uzyuenue nonyaayuu oausxux k Connyy xapauxog (D<50 nk) neeozmodicHo cebe npeo-
cmasums 06e3 u3yueHusi BONPOca 0 CMAMUCIUYECKUX C8OUCMBAX KOMNIEKCa 0BOUHbIX cucmem. Bo-
NPOC NOUCKA MAKUX CUCTeM aKmyaieH u 6 Konmekcme eepuguxayuu peauszog muccuu Gaia (8 Gaia
DRI umeemcs depuyum 060tinbIx cucmem ¢ pazoenenuimu menee 4 yenoevix cekyno). Heaunetinocmo
ogudiceHUst homoyenmpa modicem Oblmb 0OHAPYIHCEHA NYMEM BbIAGIEeHUS CIAMUCMUYECKU 3HAYUMBIX
pasauyuil. coOCMBEHHbIX 0BUIICEHULL, ONPeOeleHHbIX HA KOPOMKOU U OAUHHOU 8peMeHHbIX bazax. B
oanHoll pabome cobcmeeHHble 0BUICEHUsT ONPeOeNsIUcy Ha ochoge nyakosckux I13C-nabniodenuti 6
KOMOUHAYUU C OAHHBIMU COBPEMEHHBIX YUPPOBbIX 0030p08. B npocpammy exnouensvt HOMeHYuaibHO
onuskue 36e3061 ¢ 1 >300 mas/yr. U3 1308 36e30 121 obnapyoicuna npuznaxu osovicmeennocmu. 8 ca-
MbIX ApKUX 36€30 npoepammsl Habmooanuce na BTA CAO PAH u 2.5 mempogom meneckone KI'O
TAUL] MTI'Y memodom cnexn-unmepghepomempuu. B pezynomame mpu 36306l yeepeHHO pazoeisi-
romest Ha komnonerwmul (J1158+4239, J0259+3636 u J1451+5147E). Bedymca OanvHetiwiue HaOi0-
OeHus 07151 U3yyeHUs OpoOUMAIbLHO20 OBUIICEHUSL.

1. BBenenue

Lenp gaHHOTO HCCIEAOBAHMS COCTOUT B MOMCKE JABOMHBIX M KPATHBIX CUCTEM CpEIu
MaJIOMAaCCHBHBIX KapJIMKOB COMTHEUHOUM okpecTHOCTH (Ommke 50 mk ot Connia). MoTuBamms
JUTSE IOJJOOHOTO TIOMCKA CBOAMTCS K HEOOXOAUMOCTH YBEIMUEHUS TOYHBIX OMpEAeICHUI Macc
M-KkapiauKoB paad yTOYHEHHS TapaMeTpPOB CTAaTUCTUYECKUX 3aBHUCHUMOCTEH Macca-
cBeTuMocTh [ 1], macca-paauyc [2]. Kpome Toro, 6ombiioe 3HaueHNE UMeeT HabOp CTaTUCTUKU
JUISL U3Y4YEHUS paclpeaeseH!il TBOMHBIX CUCTEM MO OTHOILEHUIO MacC KOMIIOHEHT, 10 opOu-
TaJIbHBIM MapaMmeTpaM U T.1. OIUH U3 KIIOYEBBIX BOIPOCOB — YTOYHEHUE 3aBUCUMOCTH JIOJIU
JBOMHBIX CUCTEM OT MAacChl INIABHOTO KOMIIOHEHTA. JTU CBEJICHUSI BaXKHBI JUIsI TECTUPOBAHUS
KOCMOTOHHYECKUX Mojenei [3].

Eme onuH acmekT wcciienoBaHuil B JaHHOM OOJIACTH CBsI3aH C MPOOIEMOM, BOSHUKIIEH
IIPU aHAIIM3€ JTaHHBIX B KocMuueckoM mpoekte Gaia. [Tocne myOnukaiuu nepBoro penusa [4]
0Ka3aJ0Ch, YTO YCIEIIHOCTh BBISIBICHUS IBOWHBIX CHUCTEM PE3KO CHMKAETCS MPHU YIIIOBBIX
pasnenenusx menee 4”. Kpome Toro mnst ObICTphIX 3Be3AHBIX cucTeMbl (L >100 mas/yr) B
nepBoM penuse (Gaia UMEIOTCs MPOoOJIeMbl KPOCC-UACHTU(PUKAIIUA 00BEKTOB. ITO JIeJaeT aK-
TyaJIbHbIM Pa3BUTHE METOJOB JCTEKTUPOBAHUS CPABHUTEIBHO TECHBIX ABOMHBIX CUCTEM Me-
TOIAMU HAa3€MHOW ONTHUYECKON aCTPOMETPHHU.

B nanHoit paGore peub moiger o crnenupuIeckoM METOE BBISIBICHUS TaK HA3bIBAEMBIX
AN-TBOMHBIX 3B€311. Bo BTopoM paszene gaercst KpaTKoe ONMMCAHUE UJIEH TIOUCKA, B TPETHEM U
YETBEPTOM COOOIIACTCSI O BBHIMOJHEHHBIX HAONIONCHUSIX, HUCIIONB30BAHHBIX TAHHBIX COBpE-
MEHHBIX IU(PPOBBIX 0030pOB HEOa M METONAX OMPEACIICHHs] KOOPAUHAT U COOCTBEHHBIX JIBH-
XKEeHH. B msaToM maercst kpaTkasi XapakTepUCTHKA CIEKI-UHTEPPEepOMETPUICCKUX HAOIIO/IEe-
HUH, U IPUBOASTCS UX PE3YJIBTATHI.

2. Ap-aBoiiHbIC
CyIecTBYIOT pa3HbIE METO/BI BHISBICHUS IBOMHBIX CUCTEM, OCHOBAHHBIE HA ACTPOMET-
pudecKux, GOTOMETPUYECKUX, CIIEKTPOMETPUUECKUX HaOMoAeHUsIX. TpaIullmOHHbBIN MOAX0/]
JUTSL aCTPOMETPUYIECKUX M3MEPEHUI CBS3aH C BHISBICHHEM B3aUMHOTO OPOUTAIILHOTO JBUXKE-
HUS KOMITIOHEHT WJIM Bapualuid TOJIoKeHUs (OTOIEHTpa Ha 6a3e OONBIIOTO psija HaOIrome-
Huil. CoOCTBEHHBIE NBIDKEHUS MIPH 3TOM HE HCMONb3yloTcs. Puc. 1 maer mpencraBieHue o0
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ujiee METO/A BBISBICHUS MPU3HAKOB HETMHEHHOCTU ABMKEHUS (POTOLIEHTpa MyTEeM CpaBHE-
HUSl COOCTBEHHBIX JIBWIKCHHI, TTOMYUYEHHBIX HA JOJTOM M KOPOTKOW BpeMeHHoi 0Oa3e. Peun
UJET O CUTYyalllH, KOTJa 3Be3/1a He pa3pelaeTcsi Ha KOMIOHEHTHI IpU MOTyYeHUH U300paxe-
HUl 00bryHBIMU MeTOAamu [13C-acTpoHOMHUU.

y, arcsec
005 0 005 0.

inst

L I

-0.1

I TN TN T U T Y ) I A T O A |

6 4 2 0
X, arcsec

Puc. 1. Otinune KBa3UMIHOBEHHOTO COOCTBEHHOTO JBM)KEHUS (POTOLEHTPA OT CPEIHETO.
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Puc. 2. VHTerpanpHble pacupeaeneHus BETHYUHBI F 111 pa3HOTO Yuclia KaJpoB.,
HCITOJTb30BAHHBIX VIS BEIYMCIICHHUS COOCTBEHHBIX IBMKEHHM (cieBa n = 6, cipaBa n = 10).

DTOT moaxoA ucmoyib3oBan Buien B padore 1999 roma [5]. UToObl OTIIMUNTE 3BE31BI,
JTBOMCTBEHHOCTh KOTOPBIX OOHAapYy»XeHAa HA OCHOBE PACCMOTPEHHOW WJECH, aBTOp HA3Bal HMX
Ap-nBoitHBIMH. B opuruHaipHOM paboTe peub HAET 0 ApKHuX 3Be3fax karajgora FK6. Mer co-
Y9I MHTEPECHBIM MOMPOOOBATh JAHHBINA aITOPUTM JUIS 3a7a4l BBISIBICHUS MaJlOMAaCCHBHBIX
JIBOMHBIX 3Be37] B OokpecTHOCTsAX CoinHia [6]. Marematnuecku meron BuiieHa cBoauTcsa K
CPaBHEHHMIO PAa3HOCTH KBa3UMIHOBEHHOTO M KBa3HCPEAHETO COOCTBEHHBIX NBIKEHHH (ALL) C
B3aHMHO} OLIMOKOH MX ompeneneHus. Kpurepuii crpoutes Tak: F>= (Aua/s“a)er (Aps/eys ),
rae Ay, Alls — Pa3HOCTU COOCTBEHHBIX JBIKEHUI MO KOMIOHEHTAM, A €, €5 — UX OIIMOKH.
TpyaHOCTB CBsI3aHa C TE€M, YTO OYEHb HEMPOCTO BhIpaboTarh 3HadeHue F, mpu kotopom Ap
MOJKHO CUMTATh 3HAYUMOU MO CpaBHEHHIO ¢ ommOkaMu. Emie ogHa mpobiema — HU3Koe Kaue-
CTBO TIPUBSI3KU COOCTBEHHBIX JBW)XCHHH B pa3HbIx karajorax k cucteme HCRF. B pa6ore [7]
MBI TOMBITAIUCH TPEONOJIETh ITH TPYAHOCTH. BO-TIEPBBIX, MBI BBIYHCIWIA COOCTBEHHBIE
JBUKEHUS 3aHOBO, OMHPAsCh TOJBKO HAa U3MEPEeHHE (DOTOLEHTPOB UX N300paKEHU Ha CHUM-
kax 003opoB DSS, SDSS, WISE, 2MASS. Bo-BTopbIX, IPOBEIN YUCICHHOE MOJCIUPOBAHUE,
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JUI BBIPAOOTKU 3HAYEHWH MMOPOroBOro 3HadeHus F [y pasnuyHbIX pacnpeeneHuil HaOuo-
JICHUI 110 BPEMEHH U JJIsl pa3Horo uncia Habmonenui. Kak Bunno u3 puc. 2, 3Hauenus F 3a-
BUCST OT YHCJIa OTAEIbHBIX HAOMIONEHHUH M CXOIATCS K 3HaueHHIo kputepus Buiena npu
OonpuioM uucne HaOmoneHui. s moucka ObLTM BBIOpaHbBI 3BE3/bI C BEITUYMHOW MOJHOTO
cobctBeHHOTO ABMXKEeHUS, npeBocxonsmen 300 mas/yr. Takue 3HaYeHUST COOCTBEHHBIX JIBH-
KEHUH XapakTepHbl Juis HanOosee Onmu3kux K COJHIYy MaJOMacCHBHBIX KapJIMKOB, YTO IO-
BBIIIAET BEPOSITHOCTh YCIEIIHOTO AETEKTUPOBAHUS ABOMCTBEHHOCTH. TakuM oOpa3oMm B ¢u-
HAJIBHBINA CIIMCOK MporpaMMel nonanu 6omnee 1300 3Be3.

3. Ha6monenust Ha HopmanbHoMm acTporpade

Oxka3asioch, 9TO COBpPEMEHHBIE ITU(POBBIE 0030phI HeOAa HE 00CCICUMBAIOT HYKHOTO
YHClia TOYEK U1 KOPPEKTHOTO BHIYMCIICHUS! KBa3UMTHOBEHHBIX COOCTBEHHBIX JBIKeHUH. [1o-
ATOMY JJIsl HAIIETO aHajn3a ObUTM BBIMIOJIHEHBI JTOTIONHUTEIbHBIE HaOmoneHuss Ha Hopmais-
HoM actporpade Ilynkosckoii o6cepBaropun (D = 330 mm, F = 3500 mm). Onu Benuch B me-
puon ¢ 2008 mo 2015 rox. UcnomezoBanuch [13C-kamepsr S2C (pabGouee mone — 18x16
arcmin npu macmrtade 900 mas/pix) u SBIG ST-L-11K (pabouee nmone — 35%23 arcmin, Mac-
mrab — 530 mas/pix). Ha puc. 3 mokazaHo pacmnpeaeseHue 3Be3/1 MPOTrpaMMbl B IKBATOPHAITb-
HBIX KOOpJMHATaX.

—45

—90

Puc. 3. Pactipenenenue 38e3/1 mporpaMMel 1o HeOecHoOU cdepe.

4. O6padoTKa JaHHBIX

Kpome nynkoBckux [13C-kaapoB, ucnonb3oBaiuch CHUMKH u3 0030poB SDSS DR12 2
[8], 2MASS 3 [9], WISE 4 [10] u STScI DSS 5 [11] (ckans! muiiactunok [Tanomapckoro 0630-
pa He6a POSSI-O u POSSII-J). [lns annpokcuMariy BceX N300pakeHUH MPUMEHSIICS METOJT
shapelet-paznoxenus [12].

[TpousBoauiace peayKius Bcex KaapoB Ha cuctemy omnopHoro [13C-kanpa, B ponu Ko-
TOPOTO HCIIONIb30BAJICS CHUMOK, TMony4deHHbIH Ha HopmanbHOM actporpade. B pesynbrare
OBLIM MOTY4YEHbI KBA3UMIHOBEHHBIE M KBAa3UCPEIHNE COOCTBEHHBIE IBMKEHUS JUIS KaXKJI0M U3
6onee yem 1300 3Be3n mporpaMMbl Ha ypoBHE TouHOCTH 4 mas/yr. B utore mist 121 3Be3nbl
BBISIBJICHBI 3HAYMMBbIE Pa3HOCTH KBA3UMIHOBEHHBIX U KBAa3UCPEIHUX COOCTBEHHBIX JBUKECHUM.

5. Cneki-unrepgepomMerpruyecKkue UccJIeI0BAHNS KAHIUIATOB
N3 121 xanauaara Hamu ObUTH BEIOpaHb! 20 HanbosIee MEPCIEKTUBHBIX 3BE3 IS 1alTb-
HEUIINX CHEKI-UHTePPEPOMETPUICCKUX UCClenoBaHui. BoceMb W3 HHUX momanv B QUHAIb-
HYIO IIpoTrpaMMy cCrieKiI-unTepdepomMerpudeckux HadmoaeHuit Ha Teneckonie BTA CAO PAH.
C 2015 roma HabmioneHUs! O JAHHOM MporpaMMe MPOBOISATCS PEryisipHO. J{OMONMHUTENBEHO
9TH 3Be3/1bl Habmomanuch Ha crekia-noiasipumerpe KI'O TAUII MI'Y [13]. B pesynbrare uc-
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CJIEAOBaHUN YyJAJOCh pa3lleIuTh HAa KOMIIOHEHTBHI TpU 3Be3nbl. [lepBoii u3 HUX cTana
J1158+4239 [14]. CooTBeTcTBYIOIIME N300pakeHUs IPUBEICHBI Ha puUC. 4.

B2015.828

0.2 arcsec 800/100 nm

Puc. 4. Cresa: cnexin-unrepgeporpamma J1158+4239, nonyyennas nHa BTA CAO PAH.
Cnpasa: COOTBETCTBYIOIIEE BOCCTAHOBICHHOE H300pakeHne ABOHHON cucteMbl J1158+4239.

CpenHeB3BELICHHBIE OLEHKHM IIapaMeTpOB Mapbl TakoBbl: p = 286.5 £ 1.2 mas,
0 = 230.24 + 0.16° ma smoxy B2015.88248. PasHocTh Onecka 3Be3a Haphl COCTaBWIIA
Am = 0.55 + 0.03 (puneTp: nentpanbpHas AnuHa BoiIHB — 800 HM, momymupuHa — 100 HM) U
Am = 0.9 + 0.1 (¢unsTp R). Onenkn macc kommnoHeHT - 0.42 Mo u 0.36 Me.

B nacrosimee Bpems mpomomkarorcst Habmonenus J1158+4239 nns usyuenust opOu-
TabHOTO JBIDKeHUA. [logTBepkleHa ABOMCTBEHHOCTH emie aByX 3Be3d: J0259+3636 u
J1451+5147E. Ilocneanss 3Be31a SBISETCS KOMIOHEHTON IMPOKOW MAphI, AJI KOTOPOH MOKa
HE BBISIBIICHO opOuTansHOoe nBrkeHue. [Ipu pasnenernn 50 arcsec mapa xapakTepu3yercs Kak
3Be3bl C OOIIMM COOCTBEHHBIM IBMKEHHEM. TakuM o00pa3oMm, ¢ OOJbIION yBEpEHHOCTHIO
MOYKHO TOBOPUTH 00 OOHApy>KEHWUU TPOWHON CUCTEMBI: CPABHUTEIBHO TECHAas Tapa ILTIOC
yIaJeHHas KOMIIOHEHTA.

6. 3aki10ueHne

B pesynbrare peanuzanuu MyJKOBCKOM IMPOrpaMMbl O U3YUYEHUIO 3BE3[ C OOJIBLIMMU
COOCTBEHHBIMH JIBIKEHUSIMU HAMOONBIIUN yCleX AOCTUTHYT B BOMPOCE TMOUCKA JTBOMHBIX
CUCTEM CpE€IM MaJIOMAaCCUBHBIX KapJluUKOB. MeTox BbISBICHUS AU-IBOMHBIX, pa3paOOTaHHbII
Bunenom, Obu1 yCcTelHO aAanTUPOBAH AJSl Cliydas Ca0bIX 3Be3] C OOJIBIIUMU COOCTBEHHBI-
MU JIBVDKCHUSIMHU.

[Tpu3Haky HENMHEWHOCTH ABMKEHUN 1o HeOecHoi cdepe ObLIM OOHapyskeHbl y 121
OJIM3KOTO Kapiiuka B 30HE CKJIOHeHUH oT +30° mo +70°. BoNbIIMHCTBO 3THX 3BE37] OKa3aIUCh
CIIMIIKOM CNAOBIMU ISl TEKYIIUX CHEKI-UHTepdepoMeTprudeckux HabmoneHuid. M3 BochMu
3Be3, MoNMaBmuX B (GpuHANBHYIO mporpammy HaOmonennii Ha BTA CAO PAH koMmoHEHTHI
0oOHapyKeHbI Y TPEX 3Be3/I.

Takum o0pa3oM MeTox Ap-JABOWHBIX BIIOJHE COCTOSITENICH Il W3ydeHUs aHCamOis
JBOMHBIX KPaTHBIX CUCTEM B COJHEYHOU OokpecTHOCTH. OH Mmo3BoJIsieT 000CHOBAaHHO BBHIOPATH
0OBEKTHI IS JATbHEHUIIIET0 U3yYeHHUS METOIaMHU aCTPOHOMHUH BBICOKOTO pa3peIeHHs.

3a momomis B pabore aBTop Omaromaput M.FO. XoBpuuesa, a Tak ke HaOmromarenei
Hopmansnoro actporpada, BTA CAO PAH u 2.5-metpoBoro teneckona KI'O TAUII MI'Y 3a
MIPOBEJICHUE CHEKI-UHTEPPEPOMETPUICCKIX HAOIIONCHU U 00pabOTKy WX PE3yJbTaTroB, B
yactHocTu: E.H. CokoBa, B.B. JIpsiuenko, /I.A. PacteraeBa, A.C. beckakorona, }O.}O. bane-
ry, b.C. Cadononra, A.B. Jlonguna, O.B. Bo3HsikoBy.
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STUDIES OF DOUBLE AND MULTIPLE DWARFS
IN THE SOLAR NEIGHBOURHOOD

Kulikova A.M.
Pulkovo observatory, St. Petersburg, Russia

Complete investigation of neighbour dwarfs population requires an analysis of statistical properties of
binaries and multiply systems among them. Search of these systems is conditioned by necessity of fu-
ture Gaia mission releases verification (deficit of binaries with separation less than 4 arcsec is re-
vealed). Nonlinearity of photocenter motion could be detected with revealing of statistically signifi-
cant differences between proper motions constructed as long-term and as short-term. In this work both
sorts of proper motions were calculated on the basis of Pulkovo observations in combination with data
of modern digital sky surveys. Potentially close stars with p > 300 mas/yr have been included into tar-
gets list. Signs of nonlinearity have been detected for 121 cases of 1308 target stars. Speckle observa-
tions were performed for 8 brightest stars with the BTA SAO RAS and the 2.5-m telescope of CMO
(SAI MSU). Binary nature of 3 of them have been confirmed (J1158+4239, J0259+3636 and
J1451+5147E). Speckle observations of these stars are continued for detection and analysis of orbital
motions.
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AP®POBOM I[POBHO-E[I/I(I)(I)EPEH]_[I/IPYIOEHI/Iﬁ OUJIBTP
JJIs1 CBEPXBBICTPOU OHEHKH JIYYHEBOU CKOPOCTHU
IHOTEHIHHUAJIBHO OITACHBIX JJIAA 3EMJIM ACTEPOUIOB

Jlepuyk 10.A., KoBasenko WU.I'., 3axapuenko B./I.
Boneoepaockuil cocyoapcmeennviii ynugepcumem, Boneoepad, Poccus

Ipeonooicena cxema pabomol yugposo2o 0pobro-oughghepenyupyrowezo purompa (JAP). Quromp
MOdHCem NPUMEHAMbCS 8 PAOUOTOKAYUOHHBIX CUCTNEMAX CBEPXObICIPO20 ONpedeneHuUsl IyUeablx CKo-
pocmeti 6bICMPOOBUANCYUUXCSE ONACHBIX Ot 3emau acmepoudos. Peanuzosan aneopumm, ucnonv3yio-
WUl KOHEYHO-PA3HOCIMHYIO ANNPOKcCUMayuio unmezpana Jluyeuins npousso0HoU nopsaoka s Ha 0OHO-
POOHOUL U HEOOHOPOOHOU OUCKPEMHBIX CEMKAX. Y31bl HeOOHOPOOHOU CemKU Onpedensiomes no gop-
MYnam Keaopamyp Hauevicuiell cmeneHyu moYHocmu, 071 OOHOPOOHOU CemKU UCTIOAb3YIOMCS CXeMbl
unmezpuposanus Hoiomona-Komeca, a maxoice yenmpuposannas cxema npsimoye0ibHUKOS.

Pa3paboTka cpencTB MpOTUBOAEUCTBUSA acTepouIHO-KoMeTHOM omacHocTH (AKO)
Ha3zBaHa OOH npuopuTeTHON 3amauei, CTOSIIEH Mepes YeI0BeYeCTBOM. B pamkax pa3sBuTHs
Mmep npotuBoaeiicTBus AKO BaxkHelel sBiIseTcsl MoJ3ajjaya COKpallleHNs BPEMEHHBIX 3a-
TpPaT Ha OINpeAeJeHHE CKOPOCTeH OBICTPOJBMKYIIMXCS KOCMHUYECKUX TeNl MpU MOMOLIH
CBEPXIUIMPOKOMOJIOCHBIX CUTHAJIOB, MO3BOJISIOIIMX 30HIMPOBATh OOBEKTHI Ha OOJBILIOM pac-
CTOSIHUM C BBICOKOM TOYHOCTBIO. DTO HEOOXOAMMO [yl TOTO, 4TOOBI OIEHUTh HapamMeTphl
JBY)KEHUS acTepOUa Ha MOCIEAHEM dTame cOMmKeHus. B ciydae, korja acrepous Bpaaer-
Csl WIN KyBBIpKaeTcs (COBEPILAET BPAIIEHUS MO TPEM B3aMMHO NMEPHEHIUKYJSPHBIM OCSIM C
HECOpa3MEepHbIMU YacTOTaMU), OIUIEPOBCKUI curHai ymupeH. [1o moioxeHuto neHTpa Ti-
KECTHU CIIEKTpa onpeAesseTcs JydyeBas CKOpocTb o0bekTa [1].

st cBepXOBICTPOTO OIMpPEIEIICHUS TyUEBBIX CKOPOCTEH OBICTPOIBMIKYIIUXCS OTTACHBIX
uis 3eMJIM acTepouzioB B pabore [2] NpeanokeHO HCIOoJIb30BaTh IpOOHO-TU(depeH-
mupytomuit puneTp (JAD) mopsaka 1/2, uMiynscHast XapaKTEpPUCTHKA KOTOPOTO ObLIa BbI-
BezieHa B pabotax [3, 4]. Pabota ¢uibTpa OCHOBaHA Ha BBIYMCICHUU IPOOHOM MPOM3BOIHON
JInyBusuist mopsaka 2 Kak CBEPTKH B PEKHMME OHJIAMH MO Mepe MOCTYIUIEHUS BXOJHOIO CHUT-
Hana x(t'),

D"*x(t) = j-x(t')h(t—t')dt' , (1)

C UMITYJIbCHOM XapaKTepUCcTUKoi A(¢) ¢unbrpa [2, 3]

1] 80 o (t)
h(it)=1 - , 2
© A}g%)«/; Ji+ At 2(t+At)3/2 @

rae o(t) — nenbra ¢ynkuus Jupaka, o(t) — pynkuus Xepucaiina. [lo HaiineHHO# mpou3BoOa-
HOI1 mopsiika 2 OT JOIUIEPOBCKOrO CHI'HAlla BOCCTaHABIMBAETCS LIEHTP TSXKECTH (), CIIEKTpa

OTPaXXEHHOTO CUTHaJsIa 6osiee OBICTPBIM CIIOCOOOM IO CPABHEHMIO CO CTAHIAAPTHOM MPOILETy-
poOii crieKTpalibHOM 00paboTku curHana [2—4]:
! 2
[[D"x) ] dt
17
Oy =" ©)

j [x(0)] dt

)
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3JIeCh fy — Hayajo OTCYETa CUTHaya. BBIMIPHIII B CKOPOCTH MO CPABHEHHUIO CO CTaHIAPTHOM
MPOIEAYPO CIEKTPATLHOTO MpeoOpa30BaHMs CUTHATA MOXKET COCTABIISATH 0 6 MOPSIKOB [2].

[lenpto qaHHOM PabOTHI SABIAETCS MOCTPOSHUE ONTUMAIILHOTO aJITOpUTMA PaOOTHI UG-
poBoro JIJI®. Ilog onTUManbHOCTBIO MOHUMAETCS BBIYMCIEHUE IPOOHOI NMPOU3BOAHON OT
MPOU3BOJIBHOTO CUTHAjJA ¢ MaKCUMaJIbHONW TOYHOCTBHIO MPU MHUHHUMAJIbHOM KOJHYECTBE BBI-
YUCIIUTENBHBIX OTIEpaIlnii.

B pabote npennoxxensl aBe Bepcuu padboThl ¢puiasTpa: 1) ¢ 3a7aHHBIM KOHEYHBIM Bpe-
MEHHBIM MHTEpBajIOM T IpHUeMa CUTHaia U 2) ¢ IpOU3BOJIbHBIM He(PUKCUPOBAaHHBIM BPEMEH-
HBIM MHTEpBaJOM. {715 mepBoro ciiydasi HOCTpPOEHA KBaJpaTypa HAUBBICIIEH CTENEHU TOYHO-
ctu tuna [aycca-Kpucroddens, mogodpana cooTBeTCTBYIOIIas CHUCTEMa OPTOTOHATBHBIX

MHOTOWIEHOB (,(?) ¢ BecoBou (yHkimen W (t)= MpeACTaBIIsIONIed co0ol cTe-

(t+At)3/2 ’
MIEHHYIO YacTh UMITYJIbCHOM XapakTepucTuku (2). s Bropoit Bepcuu GuibTpa, aHaJIOTUIHO
pabote [5], mpuMeHeHa cxeMa CKBO3HOT'O CuUeTa, OCHOBAaHHAas Ha LEHTPHUPOBAHHOM cxeme
PSIMOYTOJIbHUKOB.

[TokazaHa CXOAMMOCTH MPOLEAYPHl YHCIEHHOTO IpoOHOro auddepeHIpoBaHUs Ha
npuMepe (QyHKIUHU, aHATUTUYECKOE BBIPAKEHUE MOJYIENO0N MPOU3BOAHOMN Ui KOTOPOH U3-
BecTHO. ['paduk YHCIEHHOTO BBIYUCICHHUS TMONYLENIONH MPOU3BOIHOW 3TAaJOHHON (YHKIUU
(cunHycC), M KOTOPOW M3BECTHO AHATUTUYECKON BBIPAKEHUE TMOJIYIEIOW MPOU3BOIHOM, IO
KBaJIpaTypHbIM (opMyniaM, cOOTBeTCTBYOIUM (1)—(2) anst pa3nu4HbIX KOHEYHBIX 3HAYCHUN
At, npuBeieH Ha puc. 1.

0.5 *:;:
x(t) 0

-0357

0 1 2 3 4 5 6

Puc. 1. I'paduky npuOIMKEHHOTO 3HAYEHUS IMONYLENOM NpOoW3BOAHOW Mg (QyHKOMM (IIyHKTHD,
MITPUX-TIYHKTHP, IITPUX U IUIMHHBIA MITPHUX), TOCTpOoeHHBIE M0 dopmyrnaMm (1)—(2), cCOOTBETCTBEHHO,
mis At = 107"; 107 10°; 10 u rpaduk momyuenoil mpoM3BOJHOMN, BHIYHCICHHON aHATHTHUECKH
(crutorrHas TUHUSA).

Hecmotps Ha TO, 4TO KBaJpaTypbl HAUBBICIIEH CTENIEHW TOYHOCTH MUHUMU3HUPYIOT He-
BA3KY, IIPOCTBIE CXEMBbl THIA CXEMbl NPSIMOYTOJIBHUKOB yJIOOHEH 1 mpuMeHeHus B (puib-
Tpax, MOCKOJBKY HE TpeOYIOT ampHOpHON WHGOpPMAIMKA O TPOTOJKHTEIBHOCTH CHTHAJIA.
Kpowme Toro, kBazipaTypa HauBBICIIEH CTENEHU yA00HA Ul IPUMEHEHUs, KOT/1a YUCIIO Y3JI0B
KBaJIpaTypbl HEBEIUKO (O HECKOJbKUX IECSITKOB). DTO OIpPaHUYMBAET €€ HCIOJIb30BaHUE
CUTHAJIaMU ¢ HEOOJIBIIMM YHCIOM OCHMIUIALMA. B TO ke BpeMs peanbHbIM JOIIIEPOBCKUN
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CUTHAJI IIPU XapaKTepHOU ATUTEIBHOCTH uMnyibca 7~0,1 ¢ U MpOCTPaHCTBEHHOM pa3pelie-
HUM 10 JTydy 3penust Ar = 30 M J0oKeH coaepxats nopsaka ~10° orcuero curuana. Takum
oOpa3omM, npu mnpakTuueckoil peanuzauuu JIJIP ucnonab3oBaHHe KBaJpaTypbl HauBBICIIEH
CTEIMEHN TOYHOCTHU HeleIeco00pa3Ho.
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DIGITAL FILM-DIFFERENTIAL FILTER FOR SUPER-QUICK EVALUATION
OF RAY SPEED POTENTIALLY DANGEROUS FOR THE LAND OF ASTEROIDS

Levchuk Y.A., Kovalenko I.G., Zakharchenko V.D.
Volgograd State University, Volgograd, Russia

A scheme for the operation of a digital fractional-differentiating filter (DDF) is proposed. The filter
can be used in radar systems for ultrafast determination of the radial velocities of fast-moving aster-
oids dangerous for the Earth.Assuming that the filter calculates the fractional Liouville derivative of
order !4, folding the input signal x (t) online as it arrives. In the present study, the digital DDF algo-
rithm is implemented, using finite-difference approximation of the Liouville integral of the derivative
of order /2 on a homogeneous and non-homogeneous discrete grid. The nodes of the inhomogeneous
grid are determined by the quadrature formulas of the highest degree of accuracy, for the homogene-
ous grid, the Newton-Cotes integration schemes are used, as well as the centered scheme of the rec-
tangles. The convergence of the procedure of numerical fractional differentiation is described on the
example of a function, the analytic expression of a half-integral derivative for which is known (sine).
Despite the fact that quadratures of the highest degree of accuracy minimize the discrepancy, simple
schemes such as the scheme of rectangles are more convenient for use in filters, since they do not re-
quire a priori information about the duration of the reflected signal.
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XPOMOC®EPHBIE TEJTECKOIIBI
BAUKAJBCKOM ACTPO®U3INUYECKON OBCEPBATOPHUMU.
HOBBIN CBET

Jlonresa JI.C., Kymrans I'.HU., [Ipomun B.A., CkomopoBckuii B.1.
Tpudonos B.J1., Xumuu B.A., Yynpakos C.A., Pupcros C.B.
HUnemumym Conneuno-semnou ¢pusuxu CO PAH, e. Upxymck, Poccus

Xpomocghepnvlii meneckon AGNAEMCs BANCHHIM UHCHMPYMEHMOM 015 HAOTIO0AMENbHOU NPOSPAMMDYL
CONIHEYHO20 NAMPYIUPOBAHUS, A MAKJiCe O/ NPOBeOeHUs HAYYHbIX ucciedosanull. balikanvckaa acm-
pogusuueckas obcepsamopus (bAO) umeem 08a meneckona 0 HAOAOOEHU 3a XPOMOCGhHepoll No-
HO20 COTHEUHO20 OUCKA C UHMEPPEPEHYUOHHO-NONAPU3A-YuoHHbIMU Punvmpamu (UT1®) ¢ nunusx Ho
u KCall ¢ paspewenuem oxono 1". I[locae 35 niem nadnooenuii na menecxonax bAO neobxooumo oOvi-
JI0 YIAYYUUMb XAPAKMEPUCIMUKY PAOOYUX MENeCKON08, KOMopble ONpeoesiomcst KaKk OnmuKol meje-
cKona, max u, 2agHbIM 00pa3oM, napamempamy ROAAPUSAYUOHHBIX CTYREHell, HA KOmopble Haldza-
I0MCcs O4eHb cmpocue 0onycku. buviiu paccuumanst u U320MoGIeHbl HOGbLE AUH3bL OIS 3ANUCU U300-
padicenuii Ha T13C-kamepol. [Ipoussedena 3amena norapu3zamopos, co30aHbl HO8ble NOAAPUSAYUOHHBLE
cmynenu HUIID u npedsapumenvhovle y3xononochvle unmepgepenyuontuvle unompuol 01 Ho u KCall
meneckonos. Pazpabomanvl npeyusuonHvle Memoovl ONMUYECKOU NOAUPOBKU KPUCTHATLIUYECKUX NAd-
CMUH U NPOBedeHO UX Mmecmuposanue 60 epems obopabomku. Paspabomamnst xpomocgeprvie Ho-
Hanpasasowue coiHeuno2o cunonmuyeckozo meneckona (SOLSYT). Paccuuman u pazpaboman wiu-
poxononocuwiii 0.404 Ho UTI®D. IIpedcmasnenvt cnekmpanvhvie napamempot UT1D.

XpomocghepHvle meneckonvl — UHCTPYMEHTHI IJIs1 IPOBEAEHUS HAOIIOJEHHUM MO mpo-
rpamme cayx0b1 ConHIa ¥ HAay4yHBIX uccienoBanuil. B baiikanbckoit acrpodusndeckoit 00-
cepBatopun (BAQO) pabortaroT nBa Teneckona s HaOIIOACHUH XpoMochephl TIOJTHOTO TUCKa
Connna ¢ uHTepdepeHunoHHo-noaspu3aunoHbiMu  punsrpamu (UI1P) B naunusx Ho u
KCall.

Xpomochepubliit Teneckon Ha nuHUIO Ha Okt paspadoran B 1980 r. HaGmronenus Be-
JTyTCSl C Y3KOMOJIOCHBIM HMHTEP(EPEHIIMOHHO-TIONApU3aiioHHbIM prtbrpom (UIID)  dupmsl
Berhard Halle. Teneckon npeaHa3HaueH 11l HCCIEIOBaHUN BCIBIIIEK, aKTUBHBIX 001acTeil U
ToHKOH cTpyKTypbl Comuna. 1o 1999 roma m3o0pakeHuss perucTpupoBainuch Ha 80-MUILIH-
MeTpoBoil poromnénke, a 3atem Ha [13C-kamepe. Teneckon Ha nuauto KCall, BBen¢HHbIN B
sKkcIuTyaTanuio B 1995 roxy, ucnonb3yeTcst U 3aAad ONpeAesieHUs] MOJIHON0 MarHUTHOTO
notoka Ha aucke ColHIa, UCCIEeNOBaHUs CyneprpanyIauuoHHbIX sueek [1]. B 2003 r. Obiia
IpOBE/IeHAa MOJICPHM3AINS, CBSI3aHHAs C IMEPEXOJOM PErHCTpaluu H300pakeHui ¢ ¢oro-
TIEHKHW Ha kamepy Sony [2]. B Tabnuie 1 ykazaHbl OCHOBHBIE XapaKTEPUCTUKU TEIECKOMOB U
ux UID.

OnTuyeckre CXeMbl TENECKOMOB [3] BKIIOYAIOT: T€ICOOBEKTUB (TIONOKHUTENbHAS U OT-
pUIaTeNbHas JIMH3BI) U JIMH3Y TOJs. JTa CUCTeMa CTPOUT mepBUUHOE n3o0paxenne CoHIa
TeneneHTpuaeckuM myukom BHyTpu UIID. Jlnsa reneckoma Ho mepedpachiBarommii 00beKTHB
NEPEHOCUT JICHCTBUTEIbHOE M300paxeHne n3 puiabprpa Ha Matpuity. B teneckone KCall stot
O0BEKTUB CTPOUT JIEHCTBUTENBbHOE M300pakeHNE BXOJHOM anepTypbl HA OOBEKTHBE KaMEphl
Sony u MHHUMOe u300paxkeHne COJHIA, KOTOpOE SBISAETCS ACUCTBUTEIBHBIM IJII KaMephl
(puc. 1).

3a IMTENBHBIA CPOK AKCILTyaTanuu TeseckonoB BAO Bo3HUKIA HEOOXOIUMOCTH BOC-
CTAaHOBUTH XaPAKTEPUCTUKU TEJECKOMOB, KOTOPHIE OMPEAETSIOTCS U COCTOSHUEM ONTHKH H,
[JIaBHBIM 00pa3oM, napaMeTrpamu nossipuzannoHHbix cryneneit UII®. Jns oboux Tenecko-
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Tab6smua 1. Xapakrepuctuku teneckonoB Ha n KCall u nx UI1O.

Teneckon Ha Teneckon KCall
JuaMeTp riaaBHOT0 00BEKTHBA, MM 180 180
DKBHUBAJICHTHOE (POKYCHOE PACCTOSTHUE, MM 5432 5154
HeBunneTtupoBaHHOE 1OJI€ 3pEHUSI, YTII. MUH. 34 34
Teopernyeckoe NpOCTPaHCTBEHHOE PA3PELLIECHUE, YTII. CEK 0,92 0,55
Honymupuna nonockt UMD, A 0,45 0,54
Vraosoe none UIID +2,5° +2,5°
CeetoBoii auameTp cronsl UT1D, mm 28 30
Cwmemtenne nonockl UII® no crexrpy, A +0,5 +0,3
TeneobvekTus
-~ Nunsanona  UN® M306p.ConHya  MepebpacbiBatowwymit
AN N | r ) 06LEKTUB
I| " Buix. 3p.
-} ===
i
a) M3C -matpuua

_EI _e}— ' ‘ 6) kamepa Sony

Puc. 1. Ontrueckas cxeMa XpoMoc(epHBIX TEJIECKOIOB Ha criekTpaibabie TuHuN Ha (a) m KCall (6).

a)

Puc. 2. Caumku ComHila, mosyuyeHHbIe Ha Teneckonax bBAO
B muHuAX Ho 6563A ot 8.08.15 (a), KCall 3933A ot 23.05.18 (6).

OB OBUIM pacCYMTaHbl M U3TOTOBJICHBI HOBBIE MEPECTPAUBAIOIINE OOBEKTUBBI JAJIs1 pETUCTpa-
uu n3o0pakennit Ha [13C-kamepax. [Iposeaena npodunakruka UIID: 3aMeHEHBI Hapy KHBIE
HOJISIPU3ATOPBI U MONSAPU3ATOPHI BHYTPH CTOIBI, TOCTENIEHHO BBILBETIINE OT COJTHEYHOIO M3-
Jy4YeHHs], YCTPAHEHO 3aKJIMHUBAHHWE MEXaHH3Ma CMEIICHUS IOJIOCHI MPOMYCKAHUS, U3TOTOB-
JIeHbl HOBBIE MpEBAPUTENbHbIE Y3KOIMOJOCHBIE HHTEP(HEPEHIIMOHHbIE (DUIBTPBI B3aMEH BbI-
TOpeBIIMX OT HarpeBa B myuke. Moaepuuzauusa Ha-teneckona BeinmonHena B 2015 r. [4], Te-
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neckomna KCall B 2018. Ha puc. 2 nmpuBeaeHsl npuMepbl n3o0pakennit CoIHIIa mocie Moaep-
HU3aLlUU TEJIECKOIOB.

Ymo maxoe HUIID? NuTepdepeHIIMOHHO-TIOISIPU3AIUOHHBIA (QUIBTP SBISETCS BaXK-
HeHIel 4acTpio XpoMOoCc(hEepHOTo TENEeCKONa M CIIYKUT JUIS BBIJICJICHUS Y3KOI MOJIOCH CIeK-
Tpa. Ero mapaMeTpsl: 1jiMHA ONTUYECKOW CTOIBI, CBETOBOM THAMETP U YIJIOBOE TOJIE, — ONpe-
JIeIISIOT pa3peraronyio CliocOOHOCTh Teneckona [5].

NIID [6] mpeacTasisieT co0oit HAOOP MOMAPUZAMMOHHBIX CTYINEHEH, COCTOSIIUX W3
KPUCTAJUIMYECKUX JBYNPEIOMISIONIMX IJIACTUHOK MOCJIEIOBATEIbHO YABOCHHON TOJIIUHBI,
MOMEIICHHBIX MEXIY MOspu3aTopamu (puc. 3a).

00=—=0 01§ Oo—~o00
-
A

a) 0)

LI LYYy

B) r)

Puc. 3.VnTepdepeHINOHHO-NONSIPU3ALHOHHBINA GUIBTP:
a) Habop MOJIAPHU3ALMOHHBIX CTyIeHel 0) pacnpesaeneHne GOopMbI OIPU3AINU B ClIEKTpe 1-0if cTy-
MIEHU JI0 MOJISIpU3aTopa U Mpo(UIIb MPONyCKaHus (KaHABYATBINA CIIEKTP) 3TOU CTYIICHH; B, T) KaHaBYa-
ThI€ CTIEKTPBI ¥ PO MM NPOITyCKaHUs OTACIBHBIX CTyNIEHeH U Bcero Habopa.

NN S

[TnacTuHKHM BBIpE3aHbl MapaJlIeNbHO KpHUcTaorpaduueckoil ontudeckoit ocu. Ocu
IJJACTUHOK pacrojararoTcs noj yriom 45° k ocam noisipuzaropoB. [Ipu mpoxokaeHun cBeTa
4yepe3 MONIIPU3AIMOHHYIO0 CTYIIEHb B KpUCTaule 00pa3yroTcs ABa OPTOTOHATBHO TMOJSPHU30-
BaHHBIX JIy4a ( 0- U e- JIy4H) C pa3HOCTBIO X0/1a, KOTOpas OIpenessieTcs TONIMHON KpucTania
¥ BEITMYMHON TOKa3aTeNell NBYINpelioMiIeHUs .. B 3aBUCHMOCTH OT BETWYMHBI PA3HOCTH XOJa
dbopma monsApu3auyd  HU3ITYYEHUS U3MEHSIETCS MO CIeKTpy (puc. 30), mO3TOMY B pe3yabTare
CIIO)KEHHUSI KONeOaHW B IUIOCKOCTH MPOITyCKaHUS TOJSPU3aTOpa HA BBIXOAE M3 CTYNEHU B
criektporpade HabmomaeTcss KaHaBYaThIi criekTp (puc. 3B). Habop u3 HECKONBKUX CTyTEHEH,
KaX1asi U3 KOTOPBIX BABOE TONIIE MPEABIAYIICH, (GOpPMUPYET MOCIEIOBATEIHHOCTD Y3KHX
MaKCUMYMOB, IIUPHUHA KOTOPBIX OMPEAENseTCs TONIMHONW caMOl TOJICTOM IUIAaCTUHKH, a pac-
CTOSIHME MEX]ly MaKCHMyMaMU — TOJIIIMHON CaMOM TOHKOM IUIACTUHKH (puc. 3T).

Pezynupyemvie u wuporxoyeononvie cmynenu MIID. JIns peryJIupoBaHUsS MOJIOKEHUS
MOJIOCHI TIPOMYCKAHUS IO CIIEKTPY TMEPE]] BBIXOMHBIM IMOJIIPU3aTOPOM CTYIIEHU YCTaHABIIUBA-
I0T YE€TBEPTHBOJIHOBYIO TUIACTHHKY (pHIC. 4a) mox yrmioMm 45° K KpUCTAUTMYECKOMN IJIacTHHE.
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YeTBepTHBOJIHOBAs IUIACTUHKA MPEBPAIlaeT KPYTOBYI0 U SJUIMINTHYECKYIO MOJSPHU3ALIIO
(puc. 40) B MMHEHHYI0, OPUEHTUPOBAHHYIO TIOJ Pa3HBIMU yTiiaMu (puc. 4B) K TIIOCKOCTH TIPO-
MyCKaHMsI BBIXOIHOTO TMOJIsipu3aropa. Bpaienue 3Toro nonsgpuzaropa NpuBOIUT K CMEIICHUIO
MOJIOCHI MPOIYCKaHUA 10 cuekTpy (puc. 4r) [7].

KPHCTAJLI M 4

a) H]m\\ﬂ
S

5) —oCG (10 Oo—

B) e | e

/
r) 4
=

L XX

Puc. 4. Perynupyemslii 21eMeHT ¢ A/4 TIIACTHHKOMW: a) cXeMa PeryJIupyeMoro JIeMeHTa; 0) pacipee-
JICHHE MOJIIPU3ALMU 110 CIIEKTPY Mepes HOoIIPU3aTOpOM; B) paclpeiesieHIe IOoJIIpU3aluy OCIe BBe-
JeHus A/4 TUIACTHHKY; T) CMEIleHHE TI0JIOCHI POIYCKaHMsI ITPU BPaIlleHUH MOJSpU3aTopa.

Pa3HocTh X071 B KpUCTAJUIMYECKOM CTYIIEHH 3aBUCHT OT yTJla NAJEHUsI CBETOBOIO JIy4a.
Jlst mydei, nagaronux HaKJIOHHO B MJIOCKOCTH ONTHYECKOW OCH KPUCTATIITUUECKON TJIaCTUH-
KM, JBYIPEIIOMJIEHUE CTYIIEHU YMEHBIIAETCS, U MAKCUMYM IIPOIYCKaHUs CTYIIEHH CMEIaeT-
Cd B CHHIOKO CTOPOHY cmekrtpa. s Jiyded, maJarouux HAKJIOHHO B IEPIECHAUKYISPHON
IUIOCKOCTH, MAaKCUMYM IPOIMYCKaHUs CMEIIAETCs B KPACHYIO CTOPOHY. UTOOBI yBEIUYUTH yT-
JIOBOE€ TIOJIE CTYINEHHU, KPUCTAJUTMUECKas IJIACTUHKA pa3/eliieTcsl Ha JBE YacTH, ONTHYECKUE
OCH KOTOPBIX pa3BopaunBaroTcs Ha 90°. Mexay HUMU yCTaHABJIMBAETCS MOJTYyBOIHOBAA IJ1a-
ctuHka (puc. 50). lluprHa MonoCk MpPOMyCKaHUS COCTABHOW CTYNMEHU COXPAHSETCS, a CMe-
LIEHUE TTOJIOCHI I HAKJIOHHBIX JIyYel YMEHBIIAETCS B HECKOIBKO pa3. YBEIUUYEHHUE YTIIOBO-
ro TMOJIA CTYNEHU WJUIFOCTPUPYETCS KOHOCKOMMYECKOW KAPTUHON MPOCTOW M HIMPOKOYIOJIb-
HOM CTYIIEHH Ha pucC. 5.
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VYrinoBoe moje MpOCTOW CTyHNEHH OrpaHMYMBAETCS TUepOojiaMu, a MoJie IIUPOKO-
YTOJBHOM CTYNEHU CTAHOBHUTCS KPYTOBBIM U JJisi CTYNEHEW M3 ONTHUYECKOTO KaibIuTa (HC-
JIAHJICKOTO HINaTa) yBenuuyuBaetcs B 4.4 pasza 1 uHuu Hao.

noaspuratop KPUCTALT yoqgmiarop  1/2 Kpaer. 112 kpiter.
M2

3 AN NN

s I | SN

CaCos3 CaCO3 A/2 CaCO3

a) 0)

Puc. 5. Yrinosoe none crynenei UI1O:
a) IpocTasi CTyNEHb; 0) MIMPOKOYTOJIbHAS C TIOIYBOJIHOBON IJIACTUHKOM.

Ilpu uzeomoenenuu NONSIPU3ALMOHHBIX IACTUHOK ctyneHed UIID u3 kpucramwios, B
0COOEHHOCTH M3 OINTHYECKOTO KaJIbIIUTA, 00JaJaromiero OOJBIINM TOKa3aTeleM IBOWHOTO
IPEIOMIICHUS, IPEIBSIBIIAIOTCS OUYEHb JKECTKHE TPeOOBaHUS K COOIIOEHUIO TaKUX MapaMeT-
POB, KaK TOJIIWHA, TUIOCKOCTHOCTH, IJIOCKOMAPAIIICTFHOCTH U ONTHYECKOH OJXHOPOIHOCTH
Kpuctamos. [Ipu mpoxoxaeHnH cBeTa pa3HOCTh X0/1a M0 JBOMHOMY IPETOMIIEHHUIO B Pa3HBIX
y4acTKax TUIACTUHKU J0HKHA ObITh B mipeaenax 0,05 M.

[Tpeum3noHHbIe ONTUYECKHE TEXHOJIOTUU U METOAbI KOHTPOJS HapaMeTpoB CTYyIEHEH,
paspabotannsie B UC3®, no3BONSIOT BbIAEPkKATh TAKUE CTPOTHE OMYCKH U U3TOTOBUTH HO-
Bbl€ KPUCTAJUIMYECKHE CTYNEHHU, YTOOBl 00ECIEeUnTh «HOBBIN CBET» CTAPbIM U HOBBIM TeJe-
CKOTIaM.

[Tpr M3roTOBIEHUM IUIACTMH M3 ONTHYECKOrO KalbLIUTa HE yJaBajloch HAWTH OITH-
MaJIbHBIA PEXUM 00pabOTKH M JOCTHYBL BBICOKOH IUIOCKOCTHOCTH TOBEPXHOCTH TUIACTHHOK
U3-32 HEOJAMHAKOBOI'0 KO3(PUIMEHTa TEIIOBOIO PACHIMPEHUS KPUCTAIIIOB IO Pa3IHMYHBIM
HANpaBJICHUSM, YTO MPHUBOAMIO K aCTUTMAaTHYHOMY HCKPHBIICHHIO MOBEpXHOCTH. [loaTomy
CTYNEHHM W3 ONTHUYECKOIOo KaJbIUTa 10 HEIAaBHEr0 BpeMeHM oOpabaThIBAIMCh BpyuHyro. B
NC3® 6b11 pazpaboTaH TEXHOIOTUIESCKHIA MTPOIECC ONITUIECKON 00paboTKH, TPH KOTOPOM HE
BO3HHMKAET aCTUTMAaTUYHOE UCKPUBJIICHHE MOBEPXHOCTEH KPUCTAIIMUECKUX TIACTHH, TaK Kak
B TIporiecce 0OpabOTKH yCTpaHSETCs pa3HUIA TEMIEPaTyp MEXIy BEpXHEH M HWKHEH Io-
BEPXHOCTSIMH 00pabaTeiBaeMoii miacTuHbl. [101MpoBKa KPUCTAJUIMYECKHUX TUIACTHH BEJETCS B
cermapaTrope Ha MEJIKOSYEUCTOM MOJIUPOBATLHUKE, OOMIBHO CMOYCHHOM 3MYJIbCUEH ¢ ammas-
HBIM MUKponopoukoM. [ToaupoBanbHbIil HHCTPYMEHT JIeNaloT U3 MaTepualla ¢ BEICOKOW TeM-
NepaTypOIPOBOTHOCTHIO (Masblii KOA(MOUIIMEHT JIMHEHHOTO PacCIIUpEHUs] U OOJbIIasi TEIUIo-
IPOBOJHOCTH) C A4YeikamMu pazmMepoM He Oosiee 1-2 mMM. [lonupoBasibHbIE STYUEHKN 3aHUMAIOT
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TaKyIo XK€ TUIONIa/lb, KaK M TEIJIOOTBOAAIINE KaHABKH (pHC. 6). sl yBeTuYeHUS TEIUIO0T 1A~
YU KPUCTATMYECKUX IUIACTHH, a TAaKXKe IS YCTOMYHUBOTO yACpKAHUS TIOCKOCTHOCTH TOJIH-
poBaJbHUKA, a, CIIEOBATEIbHO, W TUIACTHHOK, HAa SYEHKH MHCTPYMEHTA TMOJUPOBAIBHHUKA
HAHOCST CcJIOM cMOJIbl TOMIMHON 0.1-0.2 MM, TOCTaTOYHBIM TOJBKO JJIsi 3aKPETUICHUS! TOJIH-
poBabHBIX 3epeH. [ToBepXHOCTh HHCTpYMEHTA (sS/UeeK) Tepel HAHECEHUEM CMOJIBI Ha STYEHKH
oOpabatbIBaeTcs 10 00mIeH TIOCKOCTHOCTH B 1—2 MHTep(EepeHIMOHHBIX KOJIbLA. Y CTOMYH-
BOCTh PE&XKHMa MOJMPOBKH IS MOJYUYCHUS TUIOCKHX IMOBEPXHOCTEH KPUCTAINTMYECKHUX TIJIa-
CTHUHOK OTPEACIISIETCS COOTHOIICHHWEM IUIOMAACH MOJUPOBAIbHUKA, CEmapaTropa, OKOIIEK
cemnapaTopa Jyuisi 00padaThIBaéMbIX IJIACTHHOK M MOAOOPOM PEKHUMa MPUBOJIOB IITMTUHACIS U
IOBOJKA ONTHYECKOr0 CTaHKA.

Puc. 6. CxemMa 10BOIOYHOT'O CTAHKA:
1 — T9EUCTHIN CMOJITHON TTOJIMPOBANIBHUK, 2 — cermapaTop, 3 — oOpabdaTeiBacMast TUTACTHHKA.

Konmpone TonmuHel (OTHOCUTENbHBIN) KPUCTAIUIMYECKUX MIACTUHOK MPOBOMAT 1O Ka-
HABYAaTOMY CIIEKTPY MpomyckaHus. YToObl B Mmporecce JOBOAKH MOBBICUTh TOYHOCTh U3MeEpe-
HUM B3aMMHOIO IIOJOXKEHHS IIOJIOC KaHABYaTOrO CIEKTPA IBYX CTYIIEHEH, MCIOJIb30BaJICs
KOHTPOJIb, IIPU KOTOPOM CIIEKTPbI IPOIYCKaHMs IUIACTUHOK (ONOPHON M MOJATOHAEMOH CTYy-
IIEHEW) PEerucTpUPYOTCsS HE3aBUCHUMO U OJHOBpPEMEHHO. CXeMa OTHOCHTEIBHOIO KOHTPOJIS
ONITUYECKOM TOJIIMHBI IBYX IUIACTMHOK Ha CIIEKTporpade mo KaHaB4YaTOMY CHEKTpY IMoKa3a-
Ha Ha puc. 7. KonTponupyemass u onopHasi IJIACTUHKHA yCTAaHABJIMBAIOTCA B MapallIeIbHbIN
IyYOK C OPUEHTALMEN ONTHYECKUX OCEil o yriioM 45° Apyr OTHOCUTEIBHO JIpyra, a ux Io-
JspU3aTopsl (C COOTBETCTBYIOLIEH IJIACTUHKAM OpPHEHTAIMEeN IUIOCKOCTU IPOITYyCKaHUs)
YCTaHABJIMBAIOT HAa Pa3HOIl BbICOTE. B KauecTBe Takux MOJSPU3ATOPOB HUCIIOJIB3YETCS IMOJISA-
pHU3aLMOHHAs MO3aMKa — JIBE€ BIUIOTHYIO PACIIOJIOKEHHBIE MapajulebHbIE TPO3PaYHbIE MOJIOC-
KU MOJIIPOUIHON IJIEHKH C IJIOCKOCTBIO IIPOMYyCKaHUs Moj yriom 45° npyr k apyry. Omnop-
Hasl ¥ KOHTPOJMpYyeMas IJIACTUHKU OKa3bIBatOTCsA 3()P()EKTUBHBIMU B Pa3HBIX MOJIOCKaX MO3a-
UK, ¥ TIO9TOMY B (POKAJILHOU IJIOCKOCTU CHEKTporpada OZHOBPEMEHHO HAOIIOJAIOTCA IPYT
IOJl IPYTOM KaHABYAThbIE CHEKTPBI IPOIYyCKaHMs KaK OIMOPHOM, TaK U KOHTPOJIUPYEMOMU IuIa-
CTUHKHU. KOHTPOJIb TOJIIMHBI — U3MEPEHUE B3aUMHOTI'O PACIOIOKEHNsI KaHAaBUYaThIX CIIEKTPOB
— TIPOU3BOAMTCS BU3yaiabHO uiu ¢ moMotisio [13C-kamepsl. Tak kak o0a criekTpa HaOIrOAA-
IOTCSI OJHOBPEMEHHO, OTIa1aeT HEOOXOJUMOCTh B TEPMOCTATUPOBAHHUH IIIACTUHOK, €CJIM OHU
M3rOTaBIMBAIOTCA U3 OJHOTO MaTepuaa.
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TUTACTHHKH BX. IIETb
OCBETHTENH MO3aMKa  KOIIHMATOpD HUII®  obnexTum crnekTporpada

{ § FEF

KaHaBYaATEIH
MO3aHKa CIIEKTp

i
A

Puc. 7. Kontpons Ha cnekrporpade tommuasl miactuHok UID B npouecce nx noBonku. CTpenkamu
[IOKa3aHO HaNpaBJCHHUE MJIOCKOCTH KOJICOAHUH B MOJAPOMIHBIX IOJIOCKaX MO3aMK U OPUEHTAIMS OIl-
TUYECKHUX OCeH KPUCTAIITNYECKUX IJIACTHHOK.

Hoeuvuii xpomocghepnoiii meneckon ons euda-uckamens COJICHTa. B Hactosiee BpeMs
BeayTcs mycko-HanagouHbsle pabotel COJIneunoro CHunontuyeckoro Teneckorna, mpeaHa-
3HAQYEHHOTO JJIS TIOJyYCHHSI TTOJITHOBEKTOPHBIX MarHUTOrpamMM MojaHoro aucka CoHia ¢ pas-
pelieHrneM nopsiaka 2-x yrioBbix cekyHA [8]. B kauectBe runa-uckarens mist COJICUTa Obin
pa3paboTaH XpoMoc(EepHBIA TEIECKOIN ¢ MOHOXpoMaTH4YecKuM (uibTpom Ha nuHHi0 Ho ¢
TONYIUPHHOI Toock! npomyckanus ~0,38A.

I'un-uckarensd (puc. 8) nMeet TeneoObeKTHB auamMerpoM 120 MM, THH3Y TOJIA, 32 KOTO-
PO ycTaHOBJIEHBI HHTEP(PEepEeHIIMOHHO-TIONsApU3aoHHbIN GuasTp (UIID-1M) Ha muano Ho
C mpeaBapuTeIbHBIM HHTepdepeHmonHbM punbTpoMm (MD) u [13C-kamepy st peructpa-
1y n3o0paxkenus. J{uamerp uzodpakenus: ConHila Ha Kamepe okosio 20 M.

Bx. ap. TeneobbekTus
| T NuHza nona . Wng MepebpacbiBakoLwMii
- ; | | obbekTue

T— \ |
| r
. Waobp. ConHua

e ——

Puc. 8. OnTuueckas cxema TelleCKONa ruaa-ucKaTes.

[Ipenmonaranock, 4To B KauecTBe MOHOXpomaTopa OyaeT ucnoib3oBaThess Ha-Qpuibtp
turna ®abpu-Ilepo, nocrasnennsiit komnanuei Day Star (CILIA) B 2015 r. Oxgnako uccieno-
Banus ¢unbtpa Day Star, Beimonnennsie B UC3® [9], mokaszanu, 4To €ro CeKTpaabHbIe Xa-
PaKTEPUCTUKH HE COOTBETCTBYIOT 3aJjaHHBIM TPeOOBaHMSIM, U YCTAHOBKA (PUIBTPA B XpOMO-
c(epHBIii TeTecKon HeOMyCTUMA: MOMyIMPUHA TI0JI0CH! IPOMyCKaHUs, HoMuHanbHas 0,38A,
(axTuecku pacmmpena 10 ~0.63A, HeoTHOPOAHOCTH TOJIOCH TI0 TIOBEPXHOCTH (UILTPA Ta-
KOTo ke mopsaka (puc. 9). J[nrHa BOJTHBI MaKCUMyMa TMOJIOCHI IPOMYCKAHUs U3MEHSIETCS 110
noJro 3perns. Kak okazanoch, cimoasHoi npomexyTok @abdpu-Ilepo-punbprpa umeer ckauku
TOJIILIMHBI IO CTIAMHOCTH.

[TosTOMy OBLIO TPHUHATO pelIeHHe pa3padoTaTh CHENHMAIbHO JUISl THIA-HCKATEeNs
COJICUTa y3KOIMOJOCHBIA HIMPOKOYTOJBHBIM  HHTEP(HEPEHIIMOHHO-MOISIPU3AIMOHHBII
¢GunbTp: paccuuTaTh M HM3rOTOBUTH Y3KOMOJOCHYIO HIMPOKOYTOJBHYIO 4YacTh ONTHYECKOMN
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KPHUCTANINYECKOM CTOMBI (GUIIBTPA U3 ONTUYECKOIO KaJbIIUTA) U BKJIIOYUTH B CTOIYy HECKOJIb-
KO KBapLEBBbIX U KaJbIUTOBBIX CTYIEHEW M3 MMEBIIErocs B HameM pacnopspkennn UIO-1,
usrotosyieHHoro JIOMO B 1957 roay ansa Cayx6s1 Connana. [enmukom UIID-1 no cBoum xa-
paKTepuCTHKaM He ObLI MPUTOJIEeH JUIS pa3padaTbIBAEMOT0 TEIEeCKOIa.

[
I — | S— —

3287.20

Puc. 9. Tpu crexTpa HONOCH NPOIMYCKaHUS, MOMYYEHHBIE B TPEX YYacTKaxX ITOBEPXHOCTH (UIIBTpa
DayStar (L= 6563A). Ha kakaoM criekTpe: cileBa— mojoca (GuibTpa, CIipaBa — ONOPHAs SMUCCHOHHAS
nMHUSA TeficnepoBoii Tpy6ku. Jluneiinas qucnepcus — 0,03A/ pixel. Bricora menu ciektporpada 12 mw.

Ha pucynke 10 npencrasnena ontudeckas coopka UIID-1M. Jlecats noisipusavioH-
HBIX cTyneHel ¢puibTpa (I-X) ¢ KpucTaIM4ecKUMU TIIACTUHKAMU U TUIEHOYHBIMU TOJIIpHU3a-
TOpaMHU YCTAHOBJIEHBI B TPEX BTYJIKaX, IOMEUIEHHBIX B TEPMOCTAT, 0OecreunBaronuil pabo-
yyto temnepatypy ¢uibtpa 38,1°C. OnTrueckas cTona BO BTyJKax coOpaHa Ha MMMEpPCHUH
Dow Corning 710, moka3zaTenb npeiaomiieHus kotopoid n = 1,536 paBeH cpeaneMy mokasare-

JIYO IIPCIIOMIICHUS OIITUYCCKUX 3JICMCHTOB (I)I/IJ'IBTpa. HeHTpaJ'ILHaH BTYJIKA COACPIKUT CTYIICHU
UIlD-1.
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T ] " e ] L
i T ' T
! £ i p
{ g il % '
3 ] o o b 1 o0
AMIMSH S S g =l 3| < $ fz
: e file i e o Aldsl ool S | ! [
i =R = =3 i imi; <+ o | at! o ot
i f | i ; 0o
: ‘ ok L B ’
L T N\
ne P N4 N2 P N2 N4 P P B PP P P N4 N2 PP
NINTzE N 210 N T NININININTE N T 21 N e
7 i M | :
gi nonapisarop, P i1"-'“' TBEPTEBOIHOBAR  HII0/IYBOIHOBAA OITTHYECKHIT |iKpHc"[‘3_'|_1Hl|ecN||||
B | TUIacTHHEA A4 || nmacTimka A2 _|Ka.1su|rr _L.ggapu
ol
9:: TONMHHA TUTACTHHOE, MM BPAAKOIHECH BTYIKH ] N, OpHEeHTalHA ocei
<

Puc. 10 . Cxema ontuueckoit cronsl UT1D-1M.
Cewmb cryneneit punptpa (I-1I, VI-X) coamepkaT miaacTMHKH W3 UCIAHICKOTO IIMAaTa,

Tpu crynenu (I11-V) — nnactunky u3 kBapua. Onruyeckas TOJIIIMHA JIACTUHOK UCIAHJICKOTO
mmnara B cTyneHax | u IX He kpaTHa IByM MO OTHOLIEHHIO K ocTaJbHbIM. CTyneHs | ¢ ma-
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CTUHKOW TommuHON 13.2 (2X6.6) MM yCTaHOBJIEHa KaK KOHTPACTHBIM DJIEMEHT, YTOOBI
YMEHBIIUTD «TyXH» ONTHUECKOH CTOMBI Ha paccTosHuu 1.71A. DTu myxu BUIHBI HA CTIEKTPO-
rpamme nosiockl porryckanust UIIPD-1 (puc. 11a). Ita cTyneHs Takke MoJaaBiasieT BTOPUIHBIC
MaKCUMYyMbI CaMOM y3KOIOJIOCHOM cTyneHu [X ¢ miaacTuHkoi 26.4 mwm.

Tpu, cambie ToncThie cTyneHu U3 ucnanackoro mmara (I, I u 1X), dopmupyromme mo-
nocy mpomyckanus nomymmupunoi 0,40A (puc. 116), cienansl mmpoxoyroisHbME. Lupo-
koyrosibHbIie cTynienH I, I u IX — perynupyemeie, mo3TOMY BpallleHUEM BHEIIHUX BTYJIOK OT-
HOCHUTEIHHO HEMOJIBIKHBIX TOJSPHU3ATOPOB MOXKHO CMEMIATh IMOJIOCHI MPOIyCKAHUS ITHX

CTyIeHel U npu paboueil Temneparype puIbTpa TOUHO COBMECTUTH C MAaKCHUMYMOM TPOITyC-
KaHUs OCHOBHOM CTOTIBI.

1.2 —

08 —| 08 —|

04 — 04 —

6558 6560 6562 6564 6566 6568 6558 6560 6562 6564 6566 6568
o R
Sl
VFA A
a) 0)

Puc. 11. ITomocsr mporryckaaus UIID-1(a) u UI1D-1M (6).

Hnst oTpe3anusi coceHUX IIaBHbIX MakCUMyMoB MII®D, oTcTosmux OT HEHTpaabHOH
TI0JIOCHI TPOIYCKAHHUS Ha paccTOSHUU 160A, M 3aIUTHI ONTHYECKOiH CTOMBI OT COTHEYHOTO
U3My4deHus: ObUT U3TOTOBJIEH MpPEIBAPUTENbHBIN HHTEP(PEPEHIIMOHHBIN OTpe3atomuii GuiIbTp,
COCTaBIICHHBIA M3 2-X JAUAJICKTPUUECKUX (DUIBTPOB: Y3KOMOJIOCHBIM KOHTPACTHBIA C LIUPHU-
HO#t Tostockl mpomyckanus 90A (puc. 12) u TennodunsTp. JudIeKTpHUIecKre MOKPHITHS CO-
CTOAT U3 CJIIOEB BeleCTB ¢ BEICOKUM (ZnS) u Hu3kuM (Na3AlF6) mokazarenem mperoMIICHUs.
[ponyckanue GpuiasTpa B A = 6563A cocrasnser 40%.

|
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EEEE
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Puc. 12. [IpenBapuTenbHBIA HHTEPPEPEHITMOHHBIN OTPE3aoNTuil GUIBTP U €T0 CIEKTP MPOITyCKaHUS.
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B tabnuue 2 naHel cpaBHUTENbHbIE XapaKTEPUCTUKU I'MIa-UCKATeNs C JByMsI BO3MOXK-
HbIMH Bapuantamu puinbtpoB: UTID-1 u UTID-1M. Bribpannas cxema Teneckona ¢ UIID-1M
JIOJKHA 00ecrednTh 60iee BRICOKOE IIPOCTPAHCTBEHHOE U CIIEKTPAIbHOE pa3pellieHHE.

Tadauua 2. [lapamerpsl ruga-uckaTens ¢ AByMs Bo3MoxxHbIMU UT1D

[TapamMeTphl ONITHKY TelIeCKOIa-THIa U GUILTPOB NID-1 UTID-1M
CBETOBOI TMaMEeTp TIIABHOTO O0BEKTHBA, MM 63 120
HeBunbetupoBanHoe 1nose 3peHust (YIil. MHH) 32 32
Yrnosoe nojie punbTpa +0,63° +1,3°
TlonymmprHa TTONOCH NpormycKaHus, A 0,64 0,40
Paspemienue Teneckomna B EHTPE MOJs (YIII. CEK) 2,6 1,37

PR
B :

Puc. 13. Baennwmii Bug ¢unstpa UTIDO1M. Puc. 14. bamns u reneckon COJICUT.

B nHacrosimiee BpeMs nposeneHsl 1abopaTopHbie uccienoBanus UIID-1M (puc. 13), Be-
JIETCsl U3TOTOBJIEHUE TPyObI Teneckona ruaa-uckarens. CorpyaHukamu uHctutyta 1 OAO
JIOMO nonspumerp COJICUT (puc. 14) ycranosnen B BAO.

3aki0ueHne
bnaronaps pazsuteiM B UC3® npenn3noHHBIM MeTOaM 00pabOTKH M KOHTPOJIS OTITH-
KA U KPUCTANIOONTHUKH YCHELIHO BBIMOJIHEHA MOJEPHHU3AIMS CTapbIX XpPOMOCHEPHBIX Tele-
CKOTIOB ¥ pa3padaThIBaIOTCS HOBBIE TEIECKOMBI s ccienoBanus CoHIa.

Pabora BeImonHEeHa B pamkax 0a3oBoro ¢puHaHcupoBaHus nporpammsel @HU 11.16.
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CHROMOSPHERIC TELESCOPES OF THE BAIKAL ASTROPHYSICAL OBSERVATORY.
NEW LIGHT

Lopteva L.S., Kushtal G.I., Proshin V.A., Skomorovsky V.I.,
Trifonov V.D., Khimich V.A., Chuprakov S.A., Firstov S.V.

Institute of Solar-terrestrial physics, Irkutsk, Russia

The chromospheric telescope is an important instrument for the observing program of Solar patrol and
scientific research. The Baikal Astrophysical Observatory (BAO) has two telescopes for observing the
chromosphere of the full solar disk with birefringent filters (BF) for the Ha and KCall lines with a
spatial resolution of about 1". After 35 years of observations on the telescopes of the BAO, it became
necessary to improve the characteristics of operating telescopes, which are determined both by the tel-
escope optics and, mainly, by the parameters of the BF polarization stages, to which very strict toler-
ances are imposed. The new reimaging lenses for recording images on CCD cameras were calculated
and manufactured. The polarizers were replaced and new polarization stages of the BF and prelimi-
nary narrow-band interference filters for the Ha and K Ca II telescopes were produced. The precision
methods of optical polishing crystal plates and testing their birefringence during treatment have been
developed. The chromospheric Ha-guide of the Solar Synoptic Telescope (SOLSYT) is designed. The
wide-field 0.40A Ho BF was calculated and produced. The BF spectral parameters are presented.
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CBEPXHOBAA 2017EAW: HABJIIOAEHUA 1 MOJAEJINPOBAHUE

Huxudgopona A.A.l’z, baxkiaanoB H.B.3’4, biauHHHUKOB C.I/I.3’5, Tponukuii I/I.C.z,
Tpounxkas 10.B.%, CaBuenko C.C.2, Bopman I'.A.%, I'pumnna T.C.2
'TAO PAH, Cankm-Ilemep6ype, Poccus
’Canxm-Ilemep6ypeckuii 2ocydapcmeennwiii yuusepcumem, Poccust
 Uuemumym meopemuueckoii u sxcnepumenmanvhoti gusuku, Mockea, Poccus
*Hayuonansnwiii ucciedosamenvcxuii soepuuiii ynugepcumem, Mockea, Poccus
Kavli Institute for the Physics and Mathematics of the Universe, Kashiwa, Anonus
SKpvimckas acmpogusuueckas obcepeamopus, n. Hayunwiii, Poccus

Csepxnosas 2017eaw ovina oonapyscena 14 mas 2017 cooa 6 eanaxkmuxe NGC 6946. Yoobuvie koop-
OuHamvl U OOCMAMOYHASL APKOCHb IMOU CEEPXHOBOU NO3GONUIU NOJYHUMb NOOPOOHBII HAOI00A-
menbHblll psid. bvin nposeden ananuz nNOAYUEHHbIX OAHHBIX U 2UOPOOUHAMUYECKOE MOOETUPOBAHUE 8
naxeme STELLA, paspabomannom C.U. Baunnuxoevim u op. [3, 4].

1. BBenenue

CBepxHOBbIE, TpUHAAJIeKame ko BropoMy tumy ¢ miaato (SNe IIP), sBastorcst Bax-
HBIMH OOBEKTaMM JUIsl U3yUEHUs, MOCKOJIbKY MX MOXXHO HCIOJB30BaTh B KaueCTBE «CTaH-
JApTHBIX CBEUEH» JUIsl KOCMOJIOTHYECKUX ucciaeaoBanuii [S]. Kpome Toro, cBepxHOBBIE Tpei-
CTaBJISIIOT cOOO0M OJIMH M3 3TAIOB HBOJIIOLMU 3BE3]1 U UTPAIOT KIIOYEBYIO POJIb B 000OrameHun
MEXK3BE3/IHOM Cpellbl pa3HOOOpa3ueM XUMUYECKUX AJIeMeHTOB. OHAKO 10 CHUX IOpP OCTaeTCs
HEBBISICHEHHBIM PJT BOIPOCOB, KACAIOIIUXCS HEKOTOPHIX (PU3NUECKUX MPOLECCOB, MPOUCXO-
JSIIAX BO BPEMs BCIBIIIKA CBEPXHOBBIX, H MACChl 3B€3]] — MPEIIIECTBEHHUKOB ITUX 00BEK-
TOB (T.H. «1Ipo0yieMa KpacHBIX CBEPXTUTaHTOBY [6]). i perieHuss TaHHBIX BOIPOCOB HEOO0-
XOJIUMO TOJTy4aTh MOApOOHBIE HAOMIOJaTeNbHBIC JaHHBIE, OTMEYaTh OCOOCHHOCTH (poTOMET-
PHUYECKOTO U CIEKTPAJIBHOTO TMOBEICHUS KaKI0W HaOII0JaeMOl CBEPXHOBOHM, MCCIIEIOBATH
napaMeTpsl MPEICBEPXHOBBIX U MPOJI0JDKATh HAKATUTMBATH WH()OPMAIIHIO.

NGC 6946 — cniupanbhas ranaktuka tana SAB(rs)cd, pacmonoxeHnHas Ha PacCTOSHUH
npumepHo 6 Mk ot Hac [1]. IHTepecHass 0COOEHHOCTh 3TOW TaJlaKTHUKH — 3TO KOJIUYECTBO
CBEpPXHOBBIX, KOTOpOe ObLIO 3aUKCHPOBAHO B HEW A0 HacTosmero MmomeHTta: SN 2017eaw
sBisieTcst aecsatod mo cuety. Ei mpemmectBoBanmu cBepxHoBbie 1917A, 1939C, 1948B,
1968D, 1969P, 1980K, 2002hh, 2004et, 2008S. Ux pacmnonoxxeHue nmoka3aHo Ha puc. 1.

R St
coat - SN200det @ - SRS
L L

o7 gN1ogoKT L L L

Puc. 1. Pacionoxxenue CBepXHOBBIX, HaOmoaapmuxcs B ranaktuke NGC 6946
(et SN 1948B u SN 1969P).
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2. ®oToMeTpuYecKue HalI0aeHNsA U 00padoTKa
HaGmonenust 6putn BeImonHeHb! Ha Teneckomax A3T-8 u LX200 B mepuon ¢ 15.05 mo
02.11 2017 r. O6a Teneckomna obopyaoBanbl uaeHTUYHBIMH [13C-kamepamu ST-7 XME
(SBIG) na ocnose kpucramia KAF-0402ME. Kameps! ocHaieHbl OJIOKOM CTaHAAPTHBIX IIH-
poxonosiocHbIX GubTpoB cucteMbl J[xoncona (U,B,V) — Kasunca (R,I). B Tabmuue 1 npu-
BE/ICHBI OCHOBHBIE XapPAKTEPUCTUKU TEIIECKONOB U X MECTOIOJIOKEHHUE.

Tadauua 1. XapakTepuCTUKH TEIECKOIIOB.

Teneckon A3T-8 LX200

JuameTp rmaBHOro 3epkana 700 mm 406 MM

DOKYyCHOE paccTOsTHUE 2780 MM 4060 MM
[Tosie 3pennus 8.1x5'4 14'3x 9.5

OnTHueckas cxema I'n. poxyc mapabonamueckoro muar — Kaccerpen
3epKasia
[13C-kamepa ST-7 XME ST-7 XME
Pacnonoxenue KpAO, n. HayunsIii, pecr. HUAWU CII6I'Y, 1. Ilereprod
Kpeim

BricoTa 600 M H.y.M. 50 M H.y.M.

[lepBuuHas oOpaboTka HAOIIOAATENBHBIX JAHHBIX (PEAYKIHS KaJpOB C y4eToB bias,
dark, fit flat) ocymecTBisizach ¢ IOMOIIBIO MporpamMm, HanucaHHbix B.M. JlaproHoBsiM [2].
doTtomeTpus npoBoauiIachk 1ByMs criocobamu: B nakere PHOT [2], HanucanHbIM Takke B.M.
JlapnonoBeiM, u B takere IRAF (http://iraf.noao.edu/). Ha puc. 2 npencrasiena obmacTs pac-
MOJIOXKEHUSI CBEPXHOBOM M 3BE3/-CTaHJapTOB, KOTOpbIE ObUIM MCIOJIb30BaHBI MpHU (poTOMET-
puu. B Tabnuue 2 yka3aHbl BEJIMUMHBI 3B€3/1-CTaHAAapTOB B nosiocax B, V, R, 1. Crangapter 2
u 3 ObutK B34THI U3 paboThl mo ucciaenoBanuio SN 2002hh, Tsvetkov et al. [7], BenuuuHa
cranjaprta | HalijieHa C TOMOIIILIO IPUBSI3KH, BbIOTHEHHOU B makere PHOT.
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Puc. 2. Pacionosxenue 3Be37-CTaHIaPTOB U CBEPXHOBOM.
Koopauuatsr SN 2017eaw: R.A. = 20"34™44° 238, Decl. = +60°11'36".00.

B Tabmuue 3 npuBenens! pe3ynbraTsl GpoTtoMeTpun. [lomyyeHHble qaHHbIe ObUTH OMY0-
JTUKOBaHbBI B pabore L[BeTkoB u np. [1] BMecTe ¢ HAOMIOACHUSIMHU Ha APYTUX TEIECKOMaXx.

Tabauna 2. BenuuuHbl 3B€31-CTaHIAPTOB.

Ne B \ R I

1 15.368 14.954 14.698 14.438
2 15.534 14.649 14.146 13.672
3 14.979 13.894 13.237 12.706
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Tab6muua 3. Pesynbratel poromerpun. Jlanusie ¢ TeneckornoB A3T-8 u LX200.

1D Day B ErB) | V [Ex(V) | R | Ex(R) I Err(I)
57890.41 | 2.67 | 13.880 | 0.004 | 12.841 | 0.002 | 12.553 | 0.002 | 12.344 | 0.002
57916.47 | 28.73 | 13.942 | 0.005 | 13.067 | 0.004 | 12.572 | 0.002 | 12.259 | 0.002
57926.46 | 38.72 | 14.253 | 0.005 | 13.171 | 0.003 | 12.630 | 0.002 | 12.317 | 0.002
57942.43 | 54.69 | 14.411 | 0.007 | 13.270 | 0.004 | 12.635 | 0.002 | 12.244 | 0.002
57956.46 | 68.72 | 14.535 | 0.006 | 13.309 | 0.003 | 12.708 | 0.001 | 12.278 | 0.002
57995.36 | 107.63 - - 13.990 | 0.003 | 13.178 | 0.002 | 12.652 | 0.002
57998.36 | 110.63 | 15.727 | 0.016 | 14.195 | 0.004 | 13.348 | 0.002 | 12.801 | 0.002
57999.45 | 111.71 | 15.880 | 0.027 | 14.333 | 0.011 | 13.392 | 0.005 | 12.857 | 0.004
58001.55 | 113.82 | 15.960 | 0.028 | 14.432 | 0.009 | 13.538 | 0.003 | 12.970 | 0.003
58008.38 | 120.64 - - - - 14241 | 0.006 | 13.601 | 0.017
58009.47 | 121.73 - - 15399 | 0.031 | 14.279 | 0.011 - -
58011.44 | 123.70 | 17.076 | 0.048 | 15.539 | 0.024 | 14.433 | 0.009 | 13.832 | 0.007
58013.43 | 125.69 - - 15.625 | 0.024 | 14.520 | 0.007 - -
58014.31 | 126.57 - - 15.565 | 0.017 | 14.544 | 0.007 | 13.874 | 0.006
58019.45 | 131.71 - - 15.740 | 0.019 | 14.637 | 0.010 - -
58020.44 | 132.70 - - - - 14.639 | 0.007 | 13.969 | 0.005
58021.27 | 133.53 | 17.386 | 0.055 | 15.741 | 0.015 | 14.670 | 0.007 | 13.982 | 0.006
58025.38 | 137.64 - - 15.827 | 0.021 | 14.657 | 0.009 | 14.004 | 0.008
58027.35 | 139.61 - - 15.876 | 0.029 | 14.679 | 0.013 | 14.037 | 0.010
58029.40 | 141.66 - - 15.890 | 0.035 | 14.683 | 0.012 | 14.039 | 0.009
58040.36 | 152.63 - - - - 14.813 | 0.010 | 14.179 | 0.006
58049.39 | 161.66 - - - - 14.885 | 0.007 | 14.247 | 0.006
58059.47 | 171.73 - - - - 14.962 | 0.009 | 14.324 | 0.007

CpaBHeHue pe3ynbTaToB Hamled (GOTOMETPUM C AAHHBIMHU, MOJTYYEHHBIMU Ha JPYIHX
tesneckonax [1], mpuBeneHo Ha puc. 3. Pe3ynbrarsl HaOMIOACHUN C Pa3HBIX TENECKOINOB XO-
POLIO COIJIaCYIOTCS APYT € APYTOM.
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Puc. 3. Kpusas Giiecka cBepxnoBoii 2017eaw: 1). Habmonenus na A3T-8 u LX200 (cresa),
2). Bmecte ¢ HaOmonermsIME Ha npyrux teneckonax (Tsvetkov et al., 2017 [1]) (cnpasa).

Ha puc. 4 nokazano cpaBHeHue kpuBoii 6ecka SN 2017eaw ¢ kpuBbIMU OJiecKa Apy-
I'MX CBEPXHOBBIX, MpuHaanexanmx tumy [IP. dopma kpuBoii Oiecka ucciaeryeMoi CBepXHO-
Boi tunmuHa 1ys [IP. ®asa mmaro (y4actok moutu moctosiHHOM cBetumoctr) SN 2017eaw
npogoimkaercsa npuMmepHo 100 cyrok. Jlara makcumyma cetumoctu JD = 2457892.5, nane-
Hue OJiecka mociie miaTo HadyuHaeTcs: okojo JD = 2457980, Hayano TMHEWHOTO ydacTKa Cra-
na 6necka npumepno JD = 2458810 [1].
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Puc. 4. Cpasaenue Gpopmsl kpuBoii 6iecka SN 2017eaw ¢ apyrumu cepxHoBbIMH 11P:
a) SN 2004et, b) SN 1999em, c) SN 2012aw, d) SN 1999¢gi.

3. ITouck Moaen

MonenupoBanue MPOBOJWIOCH C IOMOLIBI0 MHOTOTPYIIIOBOIO  paJdaluOHHO-
runpoanHamudeckoro koga STELLA, xkotopslii Ok paspaboran C.M. BIMHHUKOBBIM U JIp.
[3, 4]. Ay1s BEIYHCIIEHUIA OBLIIO IPUHSTO PacCTOSIHUE 10 cBepxHOBOM D = 6.0 Mk, moroie-
e E(B-V) = 0.30 mag. [1].

Ha oOmwmii Bu KpuBOi Giiecka CBEpXHOBOHM BIIMSIOT TJIABHBIM 00pa3oM TaKHe MapameT-
pBl, KaKk paguyc npeacBepxHoBod R, momHas Macca npencBepxHoBod M, macca *Ni u mHTe-
rpansHas sHeprus B3pbiBa E [8]. B mpomecce mombopa moaenu Oblia BEIYHCIECHA CETKA MOJIC-
Jeil ¢ pa3HbIMU napameTpamu R, M, *ONi, E, mociie 4ero ¢ moMOILIbIo ¢buTtHpoBaHus ObLIa BbI-
OpaHa Mo7enb, HanboJee OIM3KO omuchIBaromas KpuByro Oiecka SN 2017eaw (puc. 5). Ilapa-
MeTpbl JaHHOU Mojenu cienytomue: R = 8§00 RO, M = 23 MO, ®Ni = 0.05 MO, E=2x 10°!
spr. Ha puc. 6 npencraBieHsl Apyrue MOJIENH, TAKKE HETIJIOXO OMMCHIBAIOIINE KPUBYIO Oiecka.

T T T
=181 cat RBOOD M23 Nig05 E204

Magnitude

8L i
x*:20.38 — E —1 —=&

Days
Puc. 5. Mopens, Hauboee OIM3KO ONMMCHIBAIOINAS KPUBYIO Oiiecka cBepxHOBOH 2017eaw.
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Puc. 6. Moxenu ¢ 1pyruMu mapameTpaMu, OJIM3KHe K BRIOPAaHHOH MOJICITH.

4. OcHOBHBIE pPe3yabTAThI

Jnst SN 2017eaw ObutH IPOBEICHBI MOIPOOHBIE (POTOMETPHUECKUE HAOIIOACHNUS, HAYaB-
IIMecss MPAaKTUYECKH cpa3y Iocie MOsBIEHUs cBepxHOBOW. Ilo pesynbraram HabmoeHUN
OBLIM MOCTPOEHBI KpUBbIE OJIECKA, XOPOILIO COIVIACYIOUIMECS ¢ HAOJIOAEHUSIMH, TIOTyYEHHbI-
MU Ha Apyrux teneckomnax. ®opma kpusoil 6imecka SN 2017eaw sBisieTcsl TUOUYHOW ISt
cBepxHOBBIX THna [[P. MonenupoBanue mnokasajio, YTO HAWIy4IIUM OOpa3oM OMNMCHIBAET
KpUBYl0 Onecka Mojenb, KoTtopas umeeT mapamerpsl: R = 800 RO, M = 23 MO,
*®Ni=0.05 MO, E =2x10°" opr.
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SUPERNOVA 2017EAW: OBSERVATIONS AND MODELING

Nikiforova A.A."?, Baklanov P.V.**, Blinnikov S.I.*", Troitsky L.S.?,
Troitskaya Yu.V.2, Savchenko S.S.%, Borman G.A.%, Grishina T.S.?
'GAO of the Russian Academy of Science, Saint-Petersburg, Russia
? Saint-Petersburg State University, Russia
3 Institute for Theoretical and Experimental Physics, Moscow, Russia
*National Research Nuclear University (MEPhI), Moscow, Russia
’Kavli Institute for the Physics and Mathematics of the Universe, Kashiwa, Japan
SCrimean Astrophysical Observatory, P/O Nauchny, Crimea, Russia

The supernova 2017eaw was discovered on May 14, 2017 in the galaxy NGC 6946. Convenient coor-
dinates and sufficient brightness of this supernova made it possible to obtain a detailed observational
series. The analysis of the obtained data and hydrodynamic modeling in the STELLA package devel-
oped by S.I. Blinnikov and others [3, 4] were performed.
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HOMOGENEOUS CATALOGUE X-RAY AGN AND ACTIVITY TYPES
OF GALAXIES SELECTED FROM HRC/BHRC SAMPLE

Paronyan G.M., Mickaelian A.M., Abrahamyan H., Mikayelyan G.
Byurakan Astrophysical Observatory (BAO), Byurakan, Armenia

We have created a general catalogue of AGN selected from optical identifications of X-ray sources
using two sources: Hamburg-ROSAT Catalogue (HRC) and Byurakan-Hamburg-ROSAT Catalogue
(BHRC). Both contain optical identifications of X-ray sources from ROSAT catalogues based on low-
dispersion spectra of Hamburg Quasar Survey (HQOS). HRC used ROSAT Bright Source Catalogue
(BSC) and BHRC used brighter sources of ROSAT Faint Source Catalogue (FSC), thus extending the
sample to count rates (CR) of photons > 0.04 ct/s in the area with galactic latitudes |b| > 20° and dec-
linations 6 > 0° (the area of HQOS). However, HRC and BHRC contain a number of misidentifications
and using the recent optical and multiwavelength (MW) catalogues we have revised both samples ex-
cluding false AGN and adding new genuine AGN. As a result, a new homogeneous complete sample of
4253 X-ray selected AGN was created (ROSAT BSC/FSC AGN). For these sources we retrieved all
MW data from recent catalogues and carried out statistical investigations. An attempt to find connec-
tions between the radiation fluxes in different bands for different types of sources, and identify their
characteristics thus confirming candidate AGNs have been done. We have analyzed X-ray properties
of these sources to find a limit between normal galaxies and X-ray AGN. In this study we carry out
detailed spectral classification of 173 AGN candidates from the Joint HRC/BHRC sample. These ob-
Jects were revealed as optical counterparts for ROSAT X-ray sources, however spectra for 173 of them
are given in SDSS without definite spectral classification. We studied these 173 objects using the SDSS
spectra and revealed the detailed activity types for them. Three diagnostic diagrams and direct exami-
nation of the spectra were used to have more confident classification.

1. Introduction

In this work an attempt was made to create an X-ray selected AGN catalogue and make
its multiwavelength (MW) studies, in order to find connections between the fluxes in different
ranges of electromagnetic waves, which will allow us confirm AGN candidates and in some
cases find new ones.

To ensure the homogeneity and completeness of the sample, only data from ROSAT
catalogues have been taken for X-ray sources.

ROSAT data are mainly listed in two catalogs: ROSAT Bright Source Catalogue (BSC)
[1] and ROSAT Faint Source Catalogue (FSC) [2]. They are clearly distinguished from each
other by X-ray flux expressed in count-rate (CR). ROSAT-BSC contains 18’811 sources,
while ROSAT-FSC, 105’924 sources. Thus ROSAT catalogues contain 124’735 X-ray
sources. Among the identification works, the ROSAT Bright Sources (RBS, [3]) is well-
known (2012 BSC sources with CR > 0.20 and |b|>30° have been optically identified. How-
ever, most of the identified sources come from the Hamburg Quasar Survey (HQS, [4]),
which was used as a basis for optical identifications. Two main projects have been carried
out: Hamburg-ROSAT Catalogue (HRC, [5]) and Byurakan-Hamburg-ROSAT Catalogue
(BHRC, [6]). HRC is based on ROSAT-BSC and contains 5341 sources at |b>20° and 6>0°,
while BHRC is based on ROSAT-FSC and contains 2791 fainter sources (down to CR = 0.04
to have confident X-ray sources) in the same area (3297 objects found).

Among the 5341 HRC optical identifications, 1607 are given as AGN or their candi-
dates and among the 2696 BHRC objects, there are 1614 considered to be AGN or their can-
didates.

We combined these two Catalogues and created a new homogeneous and complete cata-
logue of X-ray selected AGN, which covers all the northern sky limited by high galactic lati-
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tudes ($\0>0°, |b>20°), and with CR > 0.04. After some checks from various available cata-
logs, we have excluded a number of objects and included some missed AGN and finally it
contained 4253 AGN or their candidates. Thus we have obtained the largest X-ray selected
large-area homogeneous complete AGN sample and made possible detailed studies of their
MW properties.

2. Combination of HRC and BHRC and collection of accurate photometric data

In order to avoid further mistakes and errors, before starting the main work, we studied
in details the HRC and BHRC catalogues. For this purpose these two catalogues were cross-
matched with the Catalogue of QSOs and Active Nuclei, Version 13 ([7], hereafter VCV-13).
VCV-13 includes only those objects, which have optical spectra and their spectroscopic stud-
ies confirmed their AGN nature. It contains 168’940 AGN. To complement VCV-13, we also
used BZCAT [8] due to its better completeness for blazars (high probability X-ray sources).
Though at present many new QSOs and other AGN have been discovered from SDSS recent
releases [9] and some other works, however most of them are faint objects and do not strongly
contribute to identifications of more ROSAT sources.

Using VCV-13 and BZCAT, some classification errors were found (sources are genuine
AGN, but were classified as stars or normal galaxies). These numbers of objects are 1024 and
59 from HRC and BHRC, respectively. So the number of optical objects in the catalogue,
which are AGN or their candidates, became 4253, i.e. greater 32% than the simple combina-
tion of HRC and BHRC.

In addition, HRC did not contain data from other catalogues, such as VCV-13, SDSS,
etc. and we have carried out homogeneous search for all available data in various databases,
including non-optical ranges. In order to make final identifications we used all the listed cata-
logues, which more or less guarantee the completeness condition (we have used all-sky or
large-area surveys) and provide many flux measurements at different bands:

e y-ray: FERMI [10], INTEGRAL [11]

e UV:GALEX [12]

e Optical: APM [13], USNO-B1.0 [14], GSC 2.3.2 [15], SDSS DR10 [9];

e [R: 2MASS Point Source Catalogue (PSC, [16]), 2MASS Extended Source Catalogue
(ESC, [17]), WISE [18], IRAS Point Source Catalogue (PSC, [19]), IRAS Faint
Source Catalogue (FSC, [20]);

e Radio: NVSS [21], FIRST [22].

Out of the 4253 HRC/BHRC objects, 3369 sources were confirmed as AGN by means
of optical spectral classifications, the main criteria in VCV-13 and BZCAT, and the rest 884
are left as AGN candidates. Graphs and histograms of the distribution of sources at different
ranges, stellar magnitudes and the data dependence on each other were built in order to distin-
guish AGN and to find AGN or their candidates in the future (see in further sections).

We have carried out cross-correlations of our sample with the recent all-sky and large-
area catalogues from y-ray to radio. To determine the correct search radius for all cross-
correlations and avoid misidentifications, a preliminary identification was made with a large
radius, and then the distribution of distances of identifications was constructed for all sources.
This allowed determine the correct search radius. Figure 1 gives an example of such computa-
tion for APM catalogue. We conclude that objects with distances from the input positions up
to 2 arcsec should be considered as genuine associations, though the real search radii were
taken larger not to miss some genuine associations having larger positional errors.

If during the identification, we had several objects corresponding to the given source,
we selected the source, which was 3 times closer than the second one as a confident identifi-
cation. And if the ratio of distances was smaller and it was not possible to identify a reliable
source, a flag with {:} sign is given, which means a doubtful identification.
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Figurel. Computation of the correct radius of identifications for APM catalogue.

For 173 AGN candidates in our sample there are spectra from SDSS DR10, and we are
planning to carry out a detailed spectral classification thus introducing new AGN or rejecting
some objects (the results of this research will be presented in [23]).

In order to distinguish AGN among all X-ray sources, we need to identify which are the
flux ratio limits that give us opportunity to do this. Graphs and histograms based on the col-
lected data were constructed for this purpose. This will allow finding all observed QSOs and
other AGN in the nearby Universe having detected X-ray radiation and the exact number of
existing X-ray AGN as a fraction of all AGN.

3. Formulae and calculations
To calculate the absolute stellar magnitudes, we use the following formula:

M =m+5-5%Ig(D)—k +Am(z), (1)

where M is the absolute stellar magnitude, m is the visible stellar magnitude, D is the distance
of the source, the k-correction is &k =—2.5*1g(1+2)""* . The values of s, till z < 8.0) were
computed by us.

A m(z) is a correction to k considering that the spectrum of quasars is not strictly a power
law of the form § oc v™*, but is affected by emission lines and by the Ly o forest depleting the
continuum to the blue of Ly a. These corrections were computed in a similar way to [25] us-
ing the mean emission line strengths available at the time (1986), and to [7] using data availa-
ble at the time. These values are in reasonable agreement with those of this last authors who
give these corrections for z < 2.2, and z < 5.

To calculate the distance, we used the following values of the cosmological constants:

Ho=71kms 'Mpc', Q =029, Q, =0.71. )
(See for instance [26-27]).
The luminosity distance was calculated according to the formula:

D, :c_Z*[1+1_2‘]o +1_6Io _63Q§+j0 Zz+2_2%_15(lg ;’4{04'10%1.04'50 23], 3)

where
. di
Gy =—0.565, j,=q,+q;+1 . @)
dx|,

The photometric distance was calculated according to the formula:
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D
D, =—+, )

1+z
where Dy is the luminosity distance and z is the redshift.

4. Description of the ROSAT BSC/FSC AGN Catalogue
We have created the ROSAT BSC and FSC AGN Catalogue containing X-ray selected
3369 genuine AGN and 884 AGN candidates, altogether 4253 objects, all identified from
ROSAT. All information was collected in a catalogue containing y- X-ray, optical, IR and ra-
dio data together with the source identification. This Catalogue is given 175 columns, and is
only available electronically at VizieR.

5. Physical and statistical properties of identified X-ray sources

The Catalogue consists of 4253 X-ray selected AGN, including 3369 confirmed AGN
and 884 AGN candidates. In order to check these objects as AGN and to find new ones, we
have built diagrams of the dependences between various data for these sources, as well as
normal galaxies and stars have been used for comparisons.

As mentioned, preliminarily, X-ray sources in the optical range can be divided into two
different types based on the extension (point sources and extended sources). In turn, each of
these groups can be divided again into two parts, QSOs or stars, and AGN or galaxies, respec-
tively. At the beginning, we have built all graphs and histograms by dividing the sources into
three groups: 1) stars, 2) (normal) galaxies and 3) QSOs + extended AGN. This separation is
done in order to distinguish QSOs and AGN from other classes of objects. We investigate if
the sources selected as AGN candidates, are real AGN.

The cross-correlation with SDSS allowed us obtain homogeneous optical magnitudes
and colors for the optical counterparts. In Fig. 2 we plot SDSS u-g colors against r-1 ones.
This diagram allows distinguish AGN from galaxies and stars; especially stars are very well
separated. In addition, AGN may be divided into two groups, one having bluer colours and
point-like images (type 1 AGN, namely blazars and QSOs) and the other one, having redder
colours and extended images (type 2 AGN). The latter one is due to SDSS measurements of
the galaxies by Petrosian radii (not only the central parts), which means that we take into ac-
count also the redder stellar populations. Galaxies continue their distribution to larger u-g val-
ues and seem to have the same nature. Most probably they might also be hidden AGN, as they
lie in the same area as extended AGN.
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Figure 2. SDSS u-g vs. 1-i color-color diagram for ROSAT AGN, galaxies and stars.
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Firgure 3 gives the distribution of objects by 2MASS H-K vs. WISE W2-W1. While
AGN span a very large range of the 2MASS H-K from -0.2 to 1.4 and the WISE W2-W1
from -1.4 to 0.2, stars typically are located in 2MASS H-K from -0.2 to 0.4 and the WISE
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Figure 3. 2MASS H-K vs. WISE W2-W1 colour-colour diagram for ROSAT AGN and stars.

2MASS H-K (1.662 pm-2.159um)

W2-W1 from -0.2 to 0.2. However, there is a group of stars that occupies the same large
region as AGN. These may be cataclysmic variables (CV), as well as AGN candidates.

The distribution of the 2MASS H-K vs. H magnitudes of the counterparts is displayed
in Fig. 4. The distribution of brightness of AGN class comprising Sy galaxies, QSOs and BL
Lacs spans the range H~13.5"-16.5™ and peaks around H~15". The stellar sources, have a
broader distribution from H~4.5™ to H~16.5™ with a gradual increase and a maximum appear-
ing around H~9™. The fainter "stars” may also appear to be AGN.

R w
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2MASS H-K
Figure 4. 2MASS colour-magnitude diagram for ROSAT AGN and stars.

In Fig. 5 we plot WISE W2-W1 colors against W4-W3 colors. This diagram allows dis-
tinguish AGN from stars (left), and AGN from galaxies (right). Stars typically are located in
WISE W2-W1 from -0.2 to 0.1 and in a large region the WISE W4-W3 from -4 to 0.5. How-
ever, there is a group of stars that occupies the same large region as AGN. These are AGN
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candidates. Galaxies continue the distribution of AGN to larger W2-W1 values and seem to
have the same nature. Except of some, most probably they might also be hidden AGN. Note:
the discrete areas in the distribution of stars appear due to discrete values in WISE magni-
tudes.
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Figure 5. WISE colour-colour diagram for AGN and stars (/eff) and AGN and galaxies (right)
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Figure 6. GALEX colour-magnitude diagram for AGN and stars.

In Fig. 6 we plot GALEX FUV-NUV colour vs. NUV magnitude diagram, which al-
lows distinguish AGN and stars. AGN typically are located in FUV-NUYV colours area from -
0.5 to 1.3 and NUV magnitudes from 22™ to 16™. However, there is a group of stars that oc-
cupies the same region as AGN. These also might be AGN candidates.

In Fig. 7 we plot WISE W2-W1 colour vs. SDSS u-g color. This diagram allows distin-
guish AGN from stars (left), and AGN from galaxies (right). Stars typically are located in
WISE W2-W1 from -0.2 to 0.1 and in a large region by the SDSS u-g from -0.2 to 3. Howev-
er, there is a group of stars that occupies the same region as AGN. These might also be AGN
candidates. Galaxies continue the AGN distribution to larger W2-W1 and larger u-g values
and seem to have the same nature as genuine AGN. Again, most probably they might also be
hidden AGN.

Based on these diagrams, one of the most important conclusion might be the existence
of many more hidden AGN among "normal" galaxies, not showing any features of activity in
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optical spectra. However, accurate calculations and statistics may prove if all X-ray detected
galaxies contain hidden AGN.

WISE W2-W1

WISE W2-W1 (4.6um - 3.35um)
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Figure 7. WISE and SDSS colour-colour diagram for AGN -stars (/eft) and AGN-galaxies (right).

A basic property of AGN is their radio emission, which is believed to be related to the
presence of more or less prominent radio jets emerging from the central engine. Based on the
ratio of radio to optical flux they are separated in radio-loud (blazars, radio galaxies, many
quasars) and radio-quiet (most of other quasars, most of Seyfert galaxies, etc.) AGN. The
studies of radio-loud X-ray selected AGN have been carried out e. g. by [35-37].

In their review on radio-loud AGN [38] quote a fraction of 15-20% of radio-loud AGN.
This fraction increases with optical and X-ray luminosity [39—41] to up to 50%. Due to the
lack of redshifts for most AGN from our sample we cannot investigate the dependence of the
radio-loud to radio-quiet fractions on luminosity. We can, however, obtain at least a general
picture of how they are represented in our Catalogue. In order to obtain radio fluxes for our
AGN sample, we searched in several steps the NRAO-VLA 1.4 GHz (NVSS) and the FIRST
Survey 1.4 GHz catalogues for radio sources positionally matching the optical counterparts
identified as AGN, 930 and 1021 radio sources have been found, respectively, allowing carry-
ing out some reliable statistics.

From the construction of graphs we show that the stars are clearly distinguished from
galaxies in NIR, it can be seen from the graph of distribution of the 2MASS H-K colours vs.
H magnitudes. We also have constructed such diagrams for other 2MASS magnitudes and
colours. E. g., the distribution of AGN spans the range J~14+17.5 and for the stars, the distri-
bution starts from J<15. With this distributions, we can distinguish stars from galaxies, but
bright galaxies are mixed with AGNSs.

More recent studies have shown that galaxies are different from AGN based on X-ray to
IR and optical flux ratios. Thus, if we can identify all the X-ray sources in the optical and IR
ranges, and then construct these relationships, it should be possible to clearly identify sources
that are X-ray AGN.

6. Observing material

As observing material wehad 173 spectra of HRC-BHRC objects from SDSS DR7 [42],
DRS8 and DR9. Spectroscopic redshifts, intensities (assigned as “heights”) and equivalent
widths of spectral lines for 173 of them from SDSS DR7-DR9Y are available. The wavelength
range of all spectra is 3800-9200A, the resolution is R = 1800-2200, signal-to-noiseratio
(S/N) is better than 4 per pixel at g =20.2, redshift accuracy is 30 km/srms, radial velocity
accuracyis typically 5.5 km/s rms. As a rule, most of these spectra have good quality with S/N
ratio better than 5 and only a few spectra are worse.
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As SDSS observations have used the same size of the fiber, most of the resolved galax-
ies appeared to have absorption components and only very few show pure nuclear spectra.
Most typical absorption lines are Mg II 5175A, Na I 5890A and Ballmer lines among which
most important are HP3 absorption components superposed on the emission components com-
ing from nuclei. Due to redshifts in the SDSS spectral range usually following emission line
sappear: [OII] 3727A, HZ/Hel 3889A, [Nelll] 3968A, He [SII] 4069/76A, HS, Hy, [OIII]
4363A, HP, [OII] 4959A, [OIII] 5007A, NI 5198/5200A,Hel 5876A, [OI] 6300A, [OI]
6364A, [NII] 6548A, Ho, [NII] 6583A, [SII] 67164, [SII] 6731A.

Very often SDSS measurements from their spectra are based on very low-quality lines
at the level of noise. These automatic measurements give some artificial numbers that indicate
non-real data. So, one needs to carefully check the spectra along all wavelengths and decide
which measurements should be used for further studies. Especially important are those, which
are being used in the diagnostic diagrams (Hp, [OIII] 5007A, [OI] 6300A, Ha, [NII] 65834,
and [SII] 6716+6731A) [43].

7. Classification Principles
We have used several methods for classification of our spectra;
e By eye examination (taking into account all features and effects)
e By diagnostic diagram using [OIII]/HP and [OI]/Ha ratios
e By diagnostic diagram using [OIII]/HP and [NII]/Ha ratios
e By diagnostic diagram using [OIII]/HP and [SII]/Ha ratios
Classification by eye has been done to compare with the classification by diagnostic di-
agrams and because not all objects appeared on them. Besides, the broad emission line com-
ponent is not taken into account on the diagnostic diagrams, and this may be crucial for the
classification of Seyfert 1.2—1.9 subclasses. Roughly, we distinguish Seyferts from LINERs
by the criteria: [OII[]/HB> 4, and AGN from HII by [NII]/Ho>2/3, [OI]/Ho> 0.1 criteria.
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Figure 8. SDSS spectra for some HRS-BHRS objects, we give examples for each activity type.
a) QSO, b) NLS1.0, ¢) NLS1.5, d) S1.8, ) LINER, f) HIIL
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8. Results of Study of Spectra and Classification

We started studying spectra with identifications of spectral lines. We have used only
lines having intensities 3o over the noise level. HB also appears in absorption on most of
these spectra.We studied the influence of Hf absorption component on the emission one,
which is important for using of the numerical data given in SDSS tables. After identifications
of the emission lines we decided which of them should be used to build diagnostic diagrams.
For 79 emission-line objects, out of 7 lines for each (altogether 553 spectral lines present in
our spectra) we have used only 502 lines (77 Hp, 77 [OIII] 5007A, 70 [OI] 6300A, 71 Ha, 71
[NII] 6583A, 68 [SII] 6717A, 68 [SII] 6731A). As a result, we could build diagnostic diagram
using [OII]/HP and [NII]/Ha ratios for 68 objects and diagnostic diagram using [OIII]/HB
and [OI]/Ha ratios for 64 objects and diagnostic diagram using [OIII]/HP and [SII]/Ha ratios
for 66 objects. In addition, we have identified following spectral lines important for AGN,
which are not given in SDSS tables: [Nelll] 3869A, [Nelll] 3968A, [SII] 4069/76A, Hel
4471A, Hell 4686A, NI 5198/5200A, [NII] 5755A, Hel 5876A, [FeVII] 6087A, Hel 6678A,
Hel 7065A, [Ar III] 7136A, [ArIV] 7237A, [OII] 7319A, [OII] 7329A. More often the for-
bidden lines appear in AGN spectra and permitted lines are stronger for HII galaxies.

We give in Figure 9 the diagnostic diagrams: in the 1% diagnostic diagram we used
[OI/Ha and [OIII]/HP line intensities ratios, for the ond diagnostic diagram [NII]/Ha and
[OII]/HP line intensities ratios, and for the 3t diagnostic diagram we used [SII]/Ho and
[OIIT])/HP line intensities ratios [43].
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Figure 9. Diagnostic diagrams for HRS-BHRS objects constructed from emission line intensity ratios.
From left to right: [OI]/Ha vs [OIII]/HP, b)[NII]/Ha vs [OII]/HB, ¢) [SH]/Ha vs [OIIT]/HP.

On diagnostic diagrams the narrow-line AGN are separated into 3 main groups (HII, Sy,
LINER). In addition, there are objects in intermediate areas, which have been classified as
Composites [43] having both AGN and HII features.

As a result of classificationboth from the diagnostic diagramsand by eye examination of
all spectra, 4 (2.3%) QSOs, 42 (24.3%) Seyfert galaxies, 1 (0.6%) LINER, 6 (3.5%) Compo-
site spectrum objects, 26 (15.0%) HIls, 17 (9.8%) other Emission-line galaxies, and 66
(38.2%) Absorption-line galaxies (possible hidden AGN) have been revealed among these
173 objects.

We give in Table 2 the average parameters for our 162 objects, having definite activity
types. The successive columns list the activity types, numbers, average redshifts, average ab-
solute M; magnitudes, average u-g and g-r colors, and X-ray/opt flux ratios for AGN
(QSO+Sy+LINER), Composites, HIIs, Em and Abs galaxies.

All AGN (Sy+LINER) and Composites together in average have redshift 0.391, which
is 1.8 times higher than that for Hlls. The average absolute magnitude of all AGN and Com-
posites together is M, = -22.18,which is smaller than that for HIIs by 0.39 M,. The average u-
g color for all AGN and Composites together is 0.95 and that for HIIs is 1.15 ™. The average
g-1 color for all AGN and Composites together is 0.52 ™ and that for HIIs is 0.57 ™.
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Table 1. Distribution of the studied 173 objects by activity types.

Activity Type gﬁ;‘;lc)tesr of ActivityType g‘;?;gtesr of
QSO 4 LINER 1

S1.0 1 LINER/Sy 1

NLSI1.0 1 HII/Sy 1

S1.5 3 HII/LINER 4

NLSI1.5 3 HII 26

S1.8 12 Em 17

NLSI1.8 10 Abs 66

S1.9 10 Star 3

NLS1.9 2 UnCl 8

Note, that 41 of our objects have classification in NED. We reclassified these objects as well.

Table 2. Mean physical parameters of HRC-BHRC objects of different activity types.

Activity Type i“ﬁ?:;s <Redshift> | HR1 | M, ug | gr |IgF/Fop)
QSO+Sy+LINER | 47 0.347 -0.09 | -22.11 |0.74 |0.54 |-0.50
Composite 6 0.061 0.16 | -21.32 | 1.19 |0.53 |-0.77
HII 26 0.078 0.13 | -22.02 [ 1.14 [0.56 |-0.92
Em 17 0.126 034 | -2241 [1.74 [095 |-0.83
Abs 66 0.125 049 | -22.55 [2.05 | 1.09 | -0.98

The radial velocities of our sample of objects are between 6800-245851 km/s, the dis-

tances are between 96-5410 Mpc, the M, absolute magnitudes are between -16.68 to -30.36.
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Figure 10. The distribution of combined X-ray count rate (in logarithmic scale)

and SDSS r magnitude vs SDSS r magnitude.

In Figure 10, we give the distribution of objects by 1g(CR)+0.4r vs r. It is especially in-
teresting to consider these ratios for absorption line galaxies to understand if they have hidden
AGN or have X-ray flux due to the integral galactic radiation. The AGN distribution is on a
discrete area between the line A (Ig(CR) + 0.4r = 4.9) and the line B (Ig(CR) + 0.4r = 6.4)

[44].

This way we have found 50 (between line A and B) objects that may be suspected to

have hidden AGN.
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9. Summary and Conclusion

We have built a large homogeneous complete sample of X-ray selected AGN based on
optical identifications of ROSAT sources from HRC and BHRC catalogues and we have cre-
ated the ROSAT HRC/BHRC AGN Catalogue. We have found out that there are 1024 incor-
rectly classified sources in HRC, and 59 in BHRC. The corresponding corrections were done
and these sources were reclassified as AGN, thus increasing the total number of X-ray select-
ed AGN. A general Catalogue of 4253 X-ray selected AGN (CR >0.04) was created. The Cat-
alogue contains 3369 genuine AGN and 884 AGN candidates. The Catalogue covers the en-
tire northern sky at high galactic latitudes 6>0°, |b|> 20°. For all HRC/BHRC AGN, as well as
ROSAT selected galaxies and stars, cross-correlations with MW catalogues have been carried
out in y-, X-ray, UV, optical, IR, radio and various data have been collected from catalogues
of AGN, etc.

According to optical spectroscopy (mainly data from VCV-13 and BZCAT), 3369 of
the sources included in the Catalogue are confirmed AGN, and the rest 884 are AGN candi-
dates seen as AGN from HQS low-dispersion spectra. With the help of various diagrams we
show that they are mostly also AGN. We carried out spectroscopic investigation for those ob-
jects having SDSS spectra.

173 objects appear in this list and we have classified them by activity types using three
diagnostic diagrams and eye examination of the spectra (to be complete in classification of
broad line AGN). Many Seyferts, LINERs, Composites and Starburst have been revealed. We
have applied all possible parameters for fine classification to distinguish between narrow and
classical broad line Seyferts, and to identify all details related to Seyfert subtypes depending
on the strength of their broad components. We have introduced subtypes of NLS1, namely
NLS1.0, NLS1.2, NLS1,5 and NLS1.8 giving more importance to these details. Further ac-
cumulation of statistics may provide possibilities to understand the physical differences.

We have calculated all possible physical parameters of the studied objects: radial ve-
locities, distances, absolute magnitudes, luminosities, etc.

One of the most intriguing class of objects among the X-ray sources are absorption line
galaxies. The brightest ones may just appear in this sample due to their integral high luminosi-
ty, however we find that many such objects have low luminosity and still appear to be strong
X-ray sources. We consider these objects as possible hidden AGN. The optical spectra do not
show any signatures of emission.

The spectroscopic classification and study led to the revelation of many new AGN and
Starburst and our sample contents became more reliable, also taking into account the previ-
ously known objects collected from NED. Out of the 4253 HRC-BHRC objects, 3369 sources
were confirmed as AGN by previous spectroscopic observations, and we have added 173 new
ones (though some were re-classified).

We have constructed X-ray/opt flux ratios diagram to distinguish strong X-ray sources
and hidden AGN. 50 objects prove to be hidden AGN due to their strong X-ray, relatively
weak optical flux and absence of any emission line features in optical spectra. We have also
carried out multiwavelength cross-correlations to follow the SEDs of these objects and under-
stand their behavior also in other wavelength ranges.
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OTHOPOJHBIN KATAJIOT PEHTTEHOBCKHX AGN
N TUIIBI AKTUBHOCTHU I'AJIAKTUK U3 CIITUCKA HRC/BHRC

IMapounsu I'., Mukaenunaun A., AOpaamsin A., Mukaesu I'.
broparanckas Aacmpogusuueckas Obcepsamopus (FAO) BAO, Bropakan, Apmenus

Mps1 co3ganmu 0600ménmit katanor AGN U3 ONTHYECKHH HICHTH(DHUIIMPOBAHHBIX PEHTTCHOBCKHUX HC-
TOYHHUKOB, Ucmob3ysi Hamburg-ROSAT Catalogue (HRC) u Byurakan-Hamburg-ROSAT Catalogue
(BHRC). Oba onn conepkaT onTHYECKHE WACHTH()HUIUPOBAHHBIE PEHTTEHOBCKHUE MCTOYHHUKH U3 Ka-
tanora ROSAT Ha 0ocHOBe HU3KOIMCIIEPCHOHHBIX criekTpoB Hamburg Quasar Survey (HQS). B HRC
ucmob3yroTcs ncrogHukd u3 ROSAT Bright Source Catalogue (BSC), a 8 BHRC ncnons3yrores sip-
kue uctouHukd u3 katanora ROSAT Faint Source Catalogue (FSC), Obuti B3THl T€ UCTOUYHHKH, Y
KoTOphIX ckopocTH cuera (CR) poToHOB > 0.04 ct/s , ranakTudeckas mupoTa |b| > 20° u ckinoHeHue &
> 0° (o6macts HQS). B xoxe padoTts! okazanocs uro katamorsi HRC u BHRC conepxar psig ommoOox,
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UCTIOJIB3YsI TIOCIIETHIE ONTHYSCKAE U MHOTOBOTHOBBIE TAHHBIE, MBI UCIIPABUJIM 3TH KaTaJIOTH, UCKITIO-
yas moxkabie AGN u nobapinsis HoBble ncTuHHBIE AGN. B pesynbpTaTte Oblia co3gaHa HOBasi OJHOPOI-
Hasl TIOJHAast BBIOOPKA, KoTopast cocTouT u3 4253 AGN ¢ peHTreHOBCKHM u3iTydeHue. /st 3TuxX ucrou-
HUKOB MBI COOpaii BCE MHOTOBOJIHOBBIE JaHHBIE U3 IMOCIEAHUX KaTaJIOTOB W IPOBEIM CTaTUCTHYE-
ckre uccinenosanre. [IpoBezena momnpITka HAUTH CBS3M MEXAY TMTOTOKAMH U3Iy4YeHHS B PAa3HBIX ITOJIO-
cax JUI Pa3HbIX THIIOB MCTOYHUKOB M ONPEACIUTh UX XapaKTEPUCTHKH, MOATBEPINB TAKUM 00pa3oM
kaHauaatd AGN. MbI Takke IpoaHaIM3UPOBAINA PEHTTCHOBCKUE CBOMCTBA 3TUX UCTOYHHUKOB, YTOOBI
HaWTH TIpeAesl MEXIy HOPMAaJbHBIMH TalakKTHKaMu B peHTreHoBCcKUM AGN. B aToM mccrmemoBaHmu
MBI IPOBOJMM TOAPOOHYIO CHeKTpabHYyo Kiaccudukanuio 173 xkanauaatoB AGN 13 00beJUHEHHOI
BbI0Opkr HRC/BHRC. DT 00BeKThI OBUTH HASHTH()HUIIMPOBAHBI B ONTHYSCKOM JHMAra30He C pEeHTTe-
HOBckUMH HcTouyHUKaMU ROSAT, u umerot ciekTpbl B SDSS, HO 17151 HUX HE ceNaHbl CIEKTPaIbHbIE
knaccudukaruu. Mel m3yumm SDSS crektpa 3Tux 173 00beKTOB, W BBISBHIN JUISI HUX MTOAPOOHEBIE
TUTBI aKTUBHOCTHU. [ Oosiee TOYHOM KiaccU(UMKAIMU UCTIONB30BAIUCH TPU TUATHOCTHYECKUE JTHa-
rpaMMBbI U UCCIIEIOBAaHUE CIIEKTPOB ITyTeM 00pabOTKH.
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PEAYKTOP CBETOCHJIBI MANGAL C IEPECTPAUBAEMbBIM ®UJIBTPOM
AJI51 MAJIBIX 1 CPEJHUX TEJECKOIIOB

Mepenenunsbin A.E.,' Moucees A.B.,"*” Onapun JI.B.!

! Cneyuanvnas acmpogpusuueckasn o6cepsamopus PAH (CAO PAH), H. Apxuis, Poccus
’Tocyoapemeennviii acmponomuyeckuti uncmumym umenu I1.K. lImepubepea,
MI'Y um. M.B. Jlomonocosa, Mockea, Poccus
SI/IHcmumym xocmuyeckux uccneoosanutit PAH, Mockea, Poccus

H306pasicenus 6 onmuyeckux IMUCCUOHHBIX JTUHUSX SAGNAIOMCS BANCHLIM UCMOYHUKOM UHDOpMAYUU O
PuzUUeCKOM COCMOSHUU UOHUO8AHHO20 2430 6 2ALAKMUYECKUX U GHE2ANAKMULeCKUX MYMAHHOCHISIX.
Oonum u3 pewenutl npodemvl NOLYYeHUs U300pajiceHutl 8 00CMamouno y3kom (wupunou 1-2 Hm)
ouanazome s18IAEMCs NpuUMeHenue cKkanupyrouezo unmepgepomempa Pabpu-Ilepo 6 pesicume nepe-
cmpausaemoeo urempa (tunable-filter). Ha ocnose s3mozo memooda 6 CAO PAH uzeomognen npubop
— MaNGalL (Mapper of Narrow Galaxy Lines — kapmuposujux y3Kux eaiaKkmudeckux aunui). B oan-
HOU pabome npeocmasieHbl XapaKkmepucmuku npubopa, a maxice pe3yibmamsl Nepevix Haba0OeHUll
¢ MaNGal ¢ racceepenosckom ¢hoxyce F/13 memposoco meneckona "lleticc-1000" (CAO PAH) u
@okyce Hecmuma F/8 na 2.5-memposom menecxone Kasxasckoui I'opnoii obcepeamopuu TAUII
Mry.

Jo nenaBuero Bpemenn B CAO PAH B03MOXXHOCTb HAOIMIOACHUS CO CKAaHHPYIOIIUM
unrephepomerpom Dadpu-Ilepo (MPII) Opina peannzoBaHa TOJIBKO B MHOTOPEKHUMHBIX pe-
nykTopax nepBudHoro ¢okyca Ha 6-m Teneckone BTA SCORPIO u SCORPIO-2 [1]. HoBbrii
PEIYKTOp CBETOCHIIBI C IepecTpauBaeMbIM (PHIIBTPOM Ha OCHOBE ckaHupyromiero M®II pasz-
paboTaH IS TEIECKONIOB MaJIO M cpefHel anepTypsl: 2.5-M Teneckona KaBkasckoil ropHOi
ob6cepBaropuu 'TAVII MI'Y u 1-m teneckoma «Ieticc-1000» CAO PAH.

KaptupoBummk y3kux ramakrudeckux JuHui — Mapper of Narrow Galaxy Lines —
MaNGaLl npennaznadaercs s HAOMIOACHUS MPOTSHKEHHBIX OOBEKTOB B BHIOPAHHBIX DMHC-
CHUOHHBIX JIMHUSX. {71 NMAarHOCTUKU COCTOSIHUSI MOHU30BAHHOIO Ta3a BaXHO pA3ICISTh
OJIM3KUE SMUCCUOHHBIE JIUHHUU C Pa3HBIMH YCIOBUSMHU BO30YKIEHUS, TaKUe, KaK KOMILIEKChHI
muauid HP + [OI11]A4959,5007, Ha + [NII] A6548,6583 u ny6ner [SI[JA6717,6730. 1ns aToro
HEOOXOAMMO CHEKTPAIbHOE Pa3peIIeHre OKOJIO | HM ¢ TOYHOH MOACTPONKOW IEHTPaTbHOMN
BOJIHBI MIPOMYCKaHUsI (MIBTpa Ha TpeOyeMylo JMHHUIO, C YYETOM ee Jy4eBOoi ckopocTu. M3-
BECTHBIM pEUICHHEM SIBJSETCS MCIOJb30BAaHUE IEpEeHACTpanuBaeMoro (uiabTpa Ha OCHOBE
ckanupyromero U®IIL. Tlpu sTom ecnu paboTarh ¢ JOCTATOYHO MaJOW BEIMYMHOW 3a30pa
Mexay 3epkasiamu DI, T.e. ¢ HU3kuMHU nopsiakamu natepdepeniuu n = 10-30, To knaccu-
Yyeckas KapTuHa MHTep(HEePEHIIMOHHBIX KOJIEIl BBIPOKIAACTCS B IPAKTHYECKA MOHOXPOMATHYIE-
ckoe TATHO («1aTHo JKakuHoy) [2].

['MaBHBIM OTJIMYKEM OT aHATOTHYHBIX CUCTEM, pabOTAIOIINX HA PsJIe TEIEeCKOMoB [2, 3],
apisiercst ycranoBka UDII He B KOJUIMMUPOBAHHOM IMyYKE ONTUYECKON CUCTEMBI, a B CXOJIS-
mieMcsl OT TeJlecKomna Imydyke Jydyeil. CxemMa Takoro agokaabHOTO PelyKTOpa MpeaiokKeHa
I'. Kyprecom [4] em€ B 50-X TT. mpomnuioro Beka. B onruueckoii cxeme mpudopa ycTpaHEH
KOJJTUMATOp, a BOIM3H (hOKaTbHOU MJIOCKOCTH TeJIecKoIa BBeAeHa JIMH3a o (puc. 1). 3to
MO3BOJIET 3aMETHO PACIIUPUTH TUAMETP LIEHTPAIbHOTO MOHOXPOMATHYECKOI'O MATHA B UH-
TepepeHInoHHoN KapTrHe («msiTHO JKakuHoy). Takum 00pa3oM, IIEHTpaTbHAS ITTMHA BOJTHBI
MOJIOCHI TPOMYCKAaHHsI Majl0o MEHSETCS MO Moo 3peHus. OTMeTuM, 4TO Jerpajanus CIek-
TPaJIBLHOTO pa3pelieHus: 13-3a UCTIOIb30BaHUs “HEKIACCHUECKOI~ CXEeMBbl 3aCBETKH MHTEpde-
pomeTpa He3HAaYuTeIbHa Ha HM3KHX Topsnkax uHtepdepennun (n<30-50), HO cTaHOBUTCA
CYILLIECTBEHHON C POCTOM BEJIMYMHBI 3a30pa MEX/y NIACTUHAMM.
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Puc. 2. IlepectpanBaemsbrii puinbTp. CepbIMU TpaganusiMu 0003HAYEHBI TTPOMUIN MPOIYCKaHUS WH-
tepdepomerpa Dadpu-Ilepo, HACTPOCHHOTO IS HAOIIOACHUS B SMUCCHOHHBIX auHusx Ho, [NII] u B
CcOoCeHEM KOHTHHYyyMe. UepHBIMU JMHUSIMU MOKa3aHbI CICKTa TaJJaKTUKU (KOHTHHYYM+3MUCCUH) H
KpUBasi MPOITYCKaHUS CPEIHETIONIOCHOTO (PUIIBTPA.

Puc. 2 ummocTpupyeT OCHOBHbIE NPUHLHUIIBI pabOThI NepecTpanBaeMoro GuiabTpa JUis
Cilydasi U3y4eHHUS] SMUCCUOHHBIX JMHUAN B TaJlakKTUKE Ha (DOHE HETPEPHIBHOTO KOHTHHYYMA.
TpeGyemsbrit MakcumyM npomnyckanus M®II Beigensiercs cpeqnenonocHbM GunbTpoM. Pado-
unii mopsanok uaTepepeniuu MaNGaL Ha anune BonHbI A = 6563A coctanser n = 21, no-
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ATOMY HJisl BBIJCJICHHS TpeOyeMoil mojiockl AL =A/n B OOJBIIMHCTBE CIy4aeB JTOCTATOYHO
(GUIbTPOB ¢ MHUPUHOK MON0CH 2025 HM.

Pabounii nuama3oH mojydeHHOro (GuibTpa OorpaHuyeH KOd(D(PHUIIMEHTOM OTpaKeHUs
miactud UDIT u cocrasnser 4600-7500 A. Ucnonssyercs UDII npousBoacTBa KOMIAHUM
IC Optical Systems Ltd (BenmukoOpuTaHus) ¢ NMbe303JEKTPUYECKUM CKAaHHMPOBAHUEM THIIA
ET-50, ceeroBeiM auamerpoM 50 mm. Hactpolika u ynpaBieHHe CKaHUPOBAaHUEM OCYIIECTB-
nasercs ¢ momombio koHTposuiepa QS100. ITockombky m00poTHOCTH HHTEphEpOMETpa
F = A\/OA Ha 3a1aHHOM JUTMHE BOJIHBI LIETTUKOM ONPEIEAETCS XapaKTePUCTUKAMU 3e€pKall, TO
MO>KHO yHPAaBISATh HIIMPUHOM MOJOCH! OA, U3MEHSSI PACCTOSHUE MEXAY IUIACTUHKAaMH, T.e. AL.
Cpenusis mupuna noiockl (FWHM) B Hamux HabmiogeHusx cocrasisia 20A, npu Bo3Moxk-
HOCTH €€ M3MEHEHHUS C IOMOIIBI0 KOHTPOILIepa B Auanazone SA = 15+25 A,

OpHO U3 BaXXKHBIX NPEUMYLIECTB HAOIIOAEHUH C TepecTpanBaeMbIM (PUIBTPOM CpPaBHU-
TEJIEHO C PAacHpOCTPAHEHHOW METOIMKOHN MPSMBIX W300paKEHUH B CPETHETIONIOCHBIX (DHiTh-
Tpax COCTOUT B 00Jiee aKKypaTHOM BBIYMTAaHUU KOHTUHHYMA. TO OCOOEHHO Ba)XKHO MPH U3Y-
YEHUN MEX3BE3THON CpEeJIbl TAIaKTHK, T/Ie BKJIAJ] 3BE3IHOTO HACEICHUS B KOHTUHYYM MOXKET
OBITh CYILIECTBEHHBIM.

OO6muii Bu mprubopa ¢ 0003HAYCHIUEM OCHOBHBIX Y3JIOB IPEJICTABIICH HA PUC. 3.

AC-DC npaobpasoeamens
Y¥NpaENAOLWWA KOMNBOTER

3eprano nepebpoca
Wurepdepomerp

Kanwbpopousas namna
Typent

MnaTa ynpaeneHia
SEPKANOM 1 NaMNoA
OfLekTne

Bnok nuranus MN3IC

NuHza nons

M 1]

-
Puc. 3. O0mmii B 1 OCHOBHBIE y31bl Tprbopa MaNGaL.

OcHoBHble xapakTepucTukn MaNGaL:
- U®IT ET-50 IC Optical Systems Ltd
- Penyxrop 1:2.2
- Macmtab n300paKeHHi U 10JIe 3pCHUS:
eiicc-1000: 0.51 "/mukcens u 8.7'
2.5-m KI'O AU 0.33 "/mukcens u 5.6'
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- Kamepa I13C: Andor iKon-M 934 1024x1024, 13x13 Mxm

- Cpennenonocusie pmibTpbl: Edmund optics, FWHM = 25 uwm,
npomyckanue ~ 95%

- MoropusupoBannast USB typens Edmund optics Ha 5 cMeHHBIX
¢dbunsTpoB D50 MM

- Bec mpubopa Bmecte ¢ MUDII (6e3 xorrpomnepa) u [13C: 25 kr

Cucrema oxJaxJaeHUs NMPUEMHUKA HA OCHOBE MPOMBIIIJICHHOTO Yniliepa paboTaer Ha
CIIUPTO-BOJsIHON cMecH U obecnieunBaeT oxnaxaeHue [13C mo temmeparypst —100 °C. Oto
MO3BOJIAET JOCTUYb OYEHb XOPOILIEro IIyMa CUUTHIBAHUS, A0 2.5€-, YTO CPAaBHUMO C IIyMaMu
NPUEMHUKOB, KOTOPHIE MCIONB3YIOTCS HAMM JJISl CHIEKTPaJIbHBIX HaOMIOACHUN Ha 6-M Tene-
ckone BTA, HO yxe 0xJIaXAat0TCsl JKUIKUM a30TOM.

Bcemu snextponnbiMu y3namu MaNGal ynpaBiseT KOMIakTHBIA KOMIIBIOTEP, BCTPO-
€HHBII B Kopiyc npubopa. Padora c [13C, Typenbio, KOHTpOJIEpOM UHTEPPEpOMETPa, MHK-
pokonTposuiepoM Atmel Attiny2313, KOTOpBIH, B CBOIO OYepe/lb, YIPABISIECT 3€PKAJIOM U Ka-
TUOPOBOYHOMN JIAMITON, OCYIIECTBIsAETCS U3 000JI0UKH, peain3oBaHHON Ha si3pike IDL. V3en
KaJIMOPOBKH COCTOUT W3 MHTETPUPYIONICH cepbl U ABYX KaIUOpoBOUYHBIX jami: (1) muHEH-
yaroro cnekrpa He-Ne-Ar mis kanuOpoBKM MIKanbl ATUH BoJMH oT crabuiurpona CI'3C;
(2) «mmockoro mojs» OT HEOObILOH JIAaMITOUKH HakanuBaHus. /{15 BBOAA B IMyUYOK CpeIHENO-
JIOCHBIX (PHIIBTPOB MCHOJIB3YyeTCsl TOTOBOE perienne or Edmund optics: MoTopusnpoBaHHas
TypeJb Ha 5 cMeHHBIX GuibTpoB D50 MM, ynpasisemas yepe3 USB-mopr.
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Puc. 4. llepBrie HaOmoAeHUs ¢ HamuM prbopom Ha Teneckone «lleticc-1000» CAO PAH. Uzo6pa-
skeHus ianerapHoi TymanHocTd NGC 6853 B cimydae, korga nmuk npomyckanus UDII neatpupoBan
Ha sMuccuoHHble muHuK [Olll], Ho u [NII] (BepxHHii psii pUCYHKOB) M KOHTUHYYM PSIOM C JIUHUSIMH
(BHHM3yY ciieBa H B IleHTpe). BHU3y cnpaBa — n3o0paxenne TymanHocTu B auaun OIII] mocne Bprumra-
HUS 3B€3AHOTO0 KOHTUHYyMa
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ITepsbie ucnbitanuss MaNGalL npoBoawnuce Ha meTpoBom Teneckomne «llericc-1000»
CAO PAH B centsi6pe 2017 rona. I[Tpubop ycranaBimBajics B KaCCETPEHOBCKOM (OKyce Te-
neckomna. Ha puc. 4 moka3aHbl MOJTy4YEHHbIE B XOJI€ MEPBBIX TECTOB U300paKEHUsI HU3BECTHOMN
IJIAHETAPHOU TYMAaHHOCTH «l aHTeNby» B CO3BE3AUM JIMCUUKH.

B nos6pe 2017 r. mpubop 01 mpuBe3eH Ha 2.5-M Teneckon KucmoBoackoi 'opHoit
obcepBatopun I'AUILI MI'Y u ycranoBien B ¢okyce Hecmura (cBerocuna F/8). Ormerum,
YTO TPOEKT SIBJISIETCS COBMECTHBIM, Tak Kak nerektop it MaNGal mpuoOperen 3a cuer
cpeacts TAUII MI'Y.

Ha puc. 5 mokazan pe3ynbTar nepBbix HaOmoaeHnd Ha 2.5-M Teneckone KI'O — n300-
paKeHHUs B IMHCCHOHHBIX JHHMSIX Onmm3koil ramaktuku M82 (NGC 3034) ¢ ramakTuyecKuMm
BeTpoM. Jlyisi CpaBHEHHS TPHUBEACHO TakXKe H300paKeHHe C 6-M TeJecKoma B JIMHUIX
Ho + [NII] pmst ato#t ranaktuku, u3 o63opa M.J[. Kapauennesa u C.C. Kaiicuna [5], momy-
YEHHOE 3a CXOJHOE BpeMs CyMMapHbIX 3kcro3uninii. Ha caumkax MaNGaLl 3a cuet mydiei
METOAMKN BBIYUTAHUSA KOHTUHYYMA YJae€TCA MPAKTUYECKU MOJHOCTHIO BBIYECTh HA IMHUCCH-
OHHBIX M300paKECHUSAX BKJIAJ OT 3BE€3JHOT0 HACEJICHUs TajJakThuku. Kpome Toro, B oTiinuue ot
cHuMKa ¢ BTA, noiy4eHHOro no TpaAulIMOHHON TEXHOJIOTHH, HaM YAAaeTCs pa3aeiabHO MOJTy-
YUTh U300paxeHusl B OJM3KUX JIMHUSX C PA3HBIMU YCJIOBUSIMU BO30YKIIEHHUS, UTO BAXKHO IS
JUArHOCTUKHU COCTOSIHMS rasa.

Hoo + cont Ho Texp=500 s
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Puc. 5. M300paxeHus rarakTuaeckoro Betpa B M82, momydueHnslie Ha 2.5-M Teneckorne: Ha (Brimrodas
KOHTHHYYM) U 3MUCCUOHHBIC n300paxenus B nuausx Hao u [NII]. BHu3sy cripaBa — n3o0OpakeHue 3Toi
e oomact B Ho Ha 6-M Teneckone CAO PAH u3 pabotsr [5].
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Takum 00pa3om, U3rOTOBJIEH JOCTATOYHO KOMITAKTHBIM U HAJIEKHBIM MPUOOpP, C TTIOMO-
IIbI0 KOTOPOT'O BO3MOXKHO HaOJI0aTh cliabble MPOTSKEHHBIE O0BEKTH B BRIOPAHHBIX dMUC-
CHOHHBIX JUHUAX. B Hacrosee BpeMs npubop ucnonb3yercs Ha Teneckomnax «lleiic-1000y
CAO PAH wu 2.5-metpoBom Teneckorne KI'O TAUII MI'Y. B cBsizu ¢ gedunurom Habmroaa-
TETHLHOTO BpeMeHH Ha 6-M Teneckorne bTA BO3MOXXHOCTh paOOThI HA MAJIBIX U CPEAHHUX TEJe-
CKOTIax JUIs Hallled TPyNIbl OYeHb aKTyaldbHa. MeToauKa HaOI0JeHUN C IepecTpanBaeMbIM
(GuUIBTPOM MO3BOJISET peliaTh psif 3afayd CeKTPOCKOMUU HU3KOTO pa3pelieHusi, XOTsl CBOJIUT-
cs, IO CyTH, K TOBEPXHOCTHOH ()OTOMETPHM C NMPEUMYIIECTBOM TOJIYYEHHUS JBYMEPHBIX
N300paKeHHI B OOJIBIIIOM ITOJI€ 3PCHHUS.

[Tpubop m3rorosnen B MakeTHbix Mactepckux CAO PAH. ABtopsl Omaronapsr cie-
nytouux cotpynaukoB CAO PAH u TAUII MI'Y 3a nieHHbIE COBETHI U MTOMOIIb: AMHUpXa-
usHa B.P., AdanaceeBa B.JI., [lononosa C.H., bypnak M.A., Komaposa B.B., Ykneuna P.1.,
[Tarckoro H.N.

Pabora BeimonHeHa 3a cueT cpenacts nmpoekra PH® 17-12-01335 «oHnuzoBaHHBIM ra3 B
TaJIAKTHYECKUX JMCKAaX | 3a MpeneiaMu ontudeckoro paguycay; [13C mpuémuank iKon M934
npuoOpeTéH panee 3a cuét cpeacts npoekta PHO 14-12-00041.
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FOCAL REDUCER MANGAL WITH TUNABLE FILTER
FOR SMALL AND MEDIUM SIZE TELESCOPES

Perepelitsyn A.E.,' Moiseev A.V.,"** Oparin D.V.!
!Special Astrophysical Observatory of RAS, Nizhnij Arkhyz, Russia
ZSternberg Astronomical Institute, Lomonosov Moscow State University, Moscow, Russia
3Space Research Institute, Russian Academy of Sciences, Moscow, Russia

Images in the optical emission lines are the important source of information on the physical state of
the ionized gas in the galactic and extragalactic nebulae. One of the solutions to get images in a nar-
row (1-2 nm) range is the Fabry-Perot interferometer working in the tunable filter mode. In SAO RAS
was made a device "MaNGaL" (Mapper of Narrow Galaxy Lines) based on this technique. This paper
describes the main characteristics and results of the first observations with MaNGaL in the Cassegrain
focus F/13 of the 1-m telescope Zeiss-1000 (SAO RAS) and in the Nasmyth focus of the
2.5-m Caucasus Mountain Observatory SAI MSU.
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JANHAMUMNYECKASA 3BOJIOIUA CUCTEMBI
COJIHIIE - IOIIMTEP — CATYPH - YPAH - HEIITYH
HA MHTEPBAJIE BPEMEHMU 10 MJIP/I JIET

Ilepmunos A.C., Ky3nenos J./1.

Ypanvcxuii pedepanvhviil ynusepcumem, Examepunoype, Poccus

Ocpeonennas YuCieHHO-aHATUMUYecKas meopus 0udcenus Osi wemvlpexnianemuou zaoauu Conn-
ye — FOnumep — Camypn — ¥Ypan — Henmyn nocmpoena ¢ mouHocmuvio 00 mpemuve2o nopsoka no mac-
cam naanem. Iamuremonuan 3a0aqu, 3anucauHvli 6 cucmeme Koopournam AHxkobdu, npedcmasieH 8
sude psoa no anemenmam emopou cucmemot Ilyankape. Ocpednenue 2amuibmMoHUAHA NPOBOOUTIOCH
memoodom Xopu-Ienpu. [locmpoenmvie 6 CpeoHUX dNEMEHMAX YPAGHEHUSL QBUINCEHUS UHMESPUPYIOMCSL
memoodom Deepxapma 7 nopsoxa Ha unmepsaie epemenu 10 mapo aem. Paccmompen xapakmep op-
bumanvbHol 260m0YUU. [laHbl OYeHKU MOYHOCMU YUCTEHHO20 UHMEeSPUPOSAHUSL.

1. BBenenue

ABTOpaMHU MOCTPOEHA OCPEJHEHHAsl YMCICHHO-AHAJIMTUYECKAs] TEOpHUs IBMXKCHUS Tpe-
THETO TOPsAJKA MO MaccaM IUIaHET JJIA YeThIpeXIiaHeTHOU 3anauu (N = 4). AnropuTt™m pas-
JIO’KEHUS OCKYJHPYIOIIEro TaMuiibToHUaHa B psij [lyaccona mo snemMeHTaM opOUT moApoOHO
U3JI0KEH aBTOpamu B pabore [S]. 'aMunbTOHMAH 3a1a4n 3aMUCHIBAETCS B KoopauHaTax Sko-
01, HCTIONBb30BaHUE KOTOPHIX Hanbosee yA0o0HO MpU U3yYeHHH OpOUTATIHLHON SBOIOINH TIa-
HETHBIX CHUCTEM, U BhIpaxkaeTcs B Buie psaa [lyaccona mo cremneHsM majioro napamerpa pu u
KaHOHUYECKHM 3JIeMeHTaM BTopou cucteMsl Ilyankape [8]. Manbim mapameTpom 3agauu siB-
JSI€TCsl OTHOLLIEHUE CYMMBI Mace IUTaHeT K Macce 3Be3/bl. /[t ComHeuHol crucTeMbl 3HaUeHNE
MaJioro mnapamerpa MokeT ObITh BbIOpaHo paBHbIM 0.001. Hamuuue Tonmpko OomHOM yrioBoit
NIEPEMEHHOI Cpelu AJIEMEHTOB BTOpPOil cuctembl [lyaHkape, a UMEHHO CpeIHEel JOJITOTHI A,
CYIIECTBEHHO YIPOILAET YIIOBYIO YaCTh pa3yiokKeHus [8]

h=hy+ > A,.u"x" cosmA, (1)
ppm
rae hy — HEeBO3MYIIICHHBIN TaMHJIbTOHHWAH 33J1auyH, Anpm — YHCIIOBbIE KOA(DOUIIMEHTHI psija,
x” — mpousseenne 3neMeHToB IlyaHkape B COOTBETCTBYIOMIMX CTEMEHSX, COSMA IMpeacTaB-
JSCT YTJIOBYIO 4aCThb PA3JIOKCHUA

N N
P _ Psk-4 ZDP5k-3 g9 P5k-2 £ P5k—199P5k —
X = | | L &on 8 my, mA= zmkﬂ’k' (2)
k=1 =1

Onementsl [lyankape Lu A, & u 7, &, u 1, SBIAIOTCS NMONAPHO KAHOHWYECKU COMPS-

JKEHHBIMHU (KaK MOMEHT M COOTBETCTBYIOIIAsi KoopauHara). OTMETUM, YTO Taphl SJIEMEHTOB
&, n u &, 1, TPONOPIHOHATIBHEI COOTBETCTBEHHO SKCIEHTPUCHUTETY (IKCIICHTPUYECKHUE

3JIEMEHTHI) U HAaKJIOHY (0OIMYecKue 3JIEMEHThI) OpOUTHI [8].

OcpenHeHue TaMWIbTOHHMAHA 3a7a4d BBIMOJHSAETCS Metoiom Xopu-lenpu [9] mo
OBICTPBIM MEPEMEHHBIM — CPETHUM JIOJITOTaM A, YACTOTHI KOTOPBIX MPOMOPLHUOHAIBHEI CPEJI-
HUM JBIDKEHHSIM TutaHeT. OcTalbHbIe TIEPEMEHHBIC 3a/1a4H, 0003HAYEHHBIC Yepe3 X, SBISFOT-
Csl MEJUICHHBIMH, TaK KaK YacTOThl MX M3MEHEHMs] MHOT'O MEHBIIE CPEIHUX JBUKEHUH Iuia-
HeT. OCKYJHPYIOIIUM 3JIEMEHTaM X U A COOTBETCTBYIOT cpefHue X u A.

HckmoueHne KOpOTKOMEPUOIUYECKUX BO3MYILEHUIN MO3BOJIIET CYIIECTBEHHO YBEIH-
YUTHh [Iar WHTETPUPOBAHUS YPABHEHWUU JBIDKCHHUSA. AJTOPUTM MOCTPOCHHS OCPEIHEHHOTO
raMmIbTOHHAHA U YPAaBHEHHUM JBHKEHUS B CPEIHUX DJIEMEHTaX JUIsl YeThIPEXIJIaHETHON 3a-
Jlauu pacCMOTPEH aBTOpaMu B pabdote [6].

OcpenHeHHBII raMIJIBTOHUAH 3alMCHIBAETCS B BUJE Psa [0 CTETIEHSM BEJIUYUHBI U
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H(X)=H,+Y p"H,(X), (3)
n=l1
rae H, moiydeHsl ¢ momolibio Metona Xopu-Jenpu. OcpenHeHHbIe YpaBHEHUS JBHKCHUS
CTposiTCS Kak ckoOku IlyaccoHa raMuIIbTOHMAHA U COOTBETCTBYIOIIETO AIIEMEHTA
dx dA
—={H, X}, —={H,A}. (4)
dt dt
[IpeoOpa3oBaHre MEXy OCKYJIHUPYIOIIUMU U CPEAHUMHU AJIEMEHTAMU OCYIIECTBISIETCS ¢ TO-

MOIIBI0 (PYHKIUN 3aMEHBI IEPEMEHHBIX Uy, Vi

X=x+ i D" p'u, (x,4), A=A+ i D"y, (x, ). (5)

n=1 n=1

B paborte [6] monyueH ocpeHEHHBIN raMUIBTOHHAH C TOYHOCTHIO 10 BTOPOW CTEMEHU
M0 MaJIOMy HapaMeTpy U A0 4 CTENEeHH MO SKCIEHTPUUECKUM U 00JINYecKuM daeMeHTaMm [ly-
aHKape. YpaBHEHUS JBUKEHUS B CPEIHUX AJIEMEHTaX MOCTPOEHBI C TOYHOCTHIO 10 3 CTENEHU
no snemeHTam Ilyankape. VccnenoBanue opOHUTanbHOM 3BOJMIONUU TUIaHEeT-rHraHToB Coi-
HEYHOM CHCTEMBbI HA OCHOBE MHTETPUPOBAHUS ATUX YpaBHEHUI MTPOBEACHO B padore [7].

B Hacrosimieit pabote OCKyNHPYIOMIMK TaMUIbTOHHUAH 33aJ]a4M MMOCTPOCH B P 10 Tpe-
ThEH CTENEHM MO MajoMy HapaMerpy U 10 8 CTENEeHH MO SKCLUEHTPUUYECKUM M OOJIMYECKUM
anementaM llyankape. [locne ocpeaHeHHs TaMUIBTOHMAHA TIOTYYEHbl YPABHEHUS IBIKEHUS
B CPEIHUX 3JIEMEHTAX, BKJIIOYAIOIINE SKCLEHTpUUECKHe U o0iarueckue neMeHTsl [lyankape
BILJIOTH JI0 7 CTEMEHU B ClIaraeMbIX MEPBOTO MOPsIKa [0 MAIOMy HapaMeTpy, A0 5 CTEHeHH B
CJIaraéMbIX BTOPOTO MOPSJIKA U A0 | cTENEeHH B cllaraéMbIX TPETHETO MOPSAIKA.

@OyHKIMK 3aMEHBI IEPEMEHHBIX MOCTPOEHBI C TOYHOCTBHIO 10 6 CTENEHU B CIAaraeMbIX
NIEPBOro MOPsAIKA [0 MAJIOMYy HTapaMeTpy U J10 2 CTENEHU B CIaraéMbIX BTOPOTO MOpsIIKa.

Bce aHanuTHueckue BBIKIAAKU TPOBOAMIUCEH C TTIOMOIIBIO CUCTEMBI KOMITBIOTEPHOM al-
reOpsl Piranha [1], kotopas npeacTasisieT coboi smenonrupoBannbiil [lyaccoHoBCKHit TIpo-
neccop. B pasnoskeHnn B CUMBOJIBHOM BUJE COXPAHSIIOTCS BCE MEPEMEHHBIC 33/a4u — dIie-
MEHTBI OpOWT M Macchl miaHeT. YncnoBble KOAQUIMEHTH B ciaraeMbix psnoB [lyaccona
COXpaHEHbI B BUJE PAllMOHAIBHBIX APOOEH ¢ HEIOYHCIECHHBIMU YUCIUTEISIMU U 3HAMeHaTe-
JISIMU, YTO TO3BOJISIET UCKITIOYUTH OMIMOKH OKPYTJICHUS TP BHIYUCICHUSX.

[TocTpoeHHbIe ypaBHEHUSI IBHMKEHHS B CPEAHMX AJIEMEHTaxX JIKaT B OCHOBE, MOCTPO-
€HHOW aBTOpaMH, YHCIEHHO-aHATUTUYECKON TEOPUH TBUKCHUS JJIsl YETHIPEXIUIAHETHOU CHU-
crembl CounHile — FOmutep — CatypH — Ypan — HentyH Ha unTepBasie Bpemenu 10 mipn Jer.

OcpenHeHHBIC YpaBHEHUS JIBIKEHUSI WHTETPUPYIOTCS METOJIOM OJBepxapTa 7 TMOpsI-
Ka [2] ¢ marom 10 000 ner. HavanbHbIe YCIOBHS I YUCIEHHOIO MHTETPUPOBAHMS — MACChI
U KEIUIEPOBCKUE DJIEMEHThl OpOMT IUIaHET-TUraHTOB COJHEYHOH CHCTEMBI OTHOCHUTEIBLHO
cpenHei 3xunTuky U papHoaeHcTBUSA J2000.0 Ha s3moxy 01.01.2000 — B34TBI B COOTBETCTBUU
¢ apemepunoit DE430 [3]. danee 3Tu 37eMeHTHI peodpasyroTcst B aneMeHTsl [lyankape B
KoopAuHaTax SIKoOM M OCpPeAHSIIOTCS C UCHOJIb30BaHUEM (YHKIUI 3aMeHbl MepeMeHHbIX. B
tabmuie | mpuBeIeHBl COOTBETCTBYIOIINE UM CPEIHUE KETUIEPOBCKUE 3JIEMEHTHI OPOUT.

Tabauua 1. CpegHue KerIepoBCKUE 3IEMEHTHI OpOUT IIaHeT-TUraHTOB COIHEYHOW CHCTEMBI B KO-
opanHatax SIKoOW, OTHOCHTENBbHO cpedHel HSKIuUNTUKM u paBHOmeHcTBUs J2000.0 (Ha »moxy
01.01.2000)

IJIaHeTa a,a.e. e 1,° , ° Q,° l,°

HOnutep 5.203466 | 0.0486419 1.303080 273.9010 100.4604 19.9416
CarypH 9.553884 | 0.0554869 | 2.488598 339.2628 113.7157 317.0825
Ypan 19.218525 0.0462976 | 0.773076 98.9293 73.9724 141.0758
Hentyn 30.102814 | 0.0089344 1.775453 277.7343 131.7599 254.8877
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2. OpOuTajbHasi 3BOJIONNSA IVIAHET-TUTAHTOB COJTHEYHOH CHCTEMbI

OBOJIIOLUSA OCPEAHEHHBIX AKCLHEHTPUCUTETOB, HAKJIOHOB, JOJITOT BOCXOJAIIMX Y3JI0B U
apryMeHToB mnepuiieHTpoB opout Onurepa, Catypna, Ypana u Hentyna npencrasieHa co-
OTBETCTBEHHO Ha puc. 1—4 Ha MHTepBaje BpeMEHHU 1.6 MIIH JIET [UIsl TEOPUM IBUYKEHUS TPETh-
€ro MopsKa 1o MaccaM IUIaHeT. DKCIICHTPUCUTETHI U HAKJIOHBI OPOUT BCEX IJIAHET OTINYHBI
OT HyJIsl. ApryMEHTBI IEPULIEHTPOB U3MEHSAETCS LIUKINYECKH C IEPUOANUYECKUM BXOXKIEHUEM
B pexum nmuopauuu. [Ipu stom ans opout FOnurepa u CarypHa 3KCIIEHTPUCUTETHI, HAKJIOHbI
¥ BOCXOJIAIIKE Y3JIbI OPOUT U3MEHSIOTCS B MPOTUBO(DA3e, KaKk U JIMOpaAIi apryMEHTOB MepH-
nentpa. [lokazannpiii Ha puc. 1-4 xapaktep opOUTaTBLHOMN YBOJIIOIMN KaU€CTBEHHO U KOJINYe-
CTBEHHO COXpaHsEeTCsl Ha BCEM MHTepBalie HHTerpupoBanus 10 Mipx jer.

st Goyiee TOYHOTO OMpEACIICHNS TIEPHOAOB U TPEAETIOB H3MEHEHUS SIIEMEHTOB OpOUT
YpaBHEHUS IBW)XCHUS OBLIM JTOTIOJHUTEIHHO MPOWHTETPUPOBAHBI HA WHTEpPBAJE BPEMEHU
100 mute net ¢ marom 1000 et metomom DBepxapra 15 mopsiaka (¢ aBTOMaTHYeCKUM pa3ou-
GHHMEM IIara, TOYHOCTh MHTerpupoBanus Ha mare 10™'"). TIpi MHTErpHPOBAHUM ypaBHEHHI
JBUKEHUSI TPETHETO IMOPSJIKA [0 MaccaM IUIAaHET HE BBISBICHO KAaYECTBEHHBIX pa3ivuuil B
SBOJIIOIIMH 3JIEMEHTOB OPOUT IO CPAaBHEHUIO C TEOPHEH JBUKESHHSI BTOPOTO MOPSIKA.

Ta6auua 2. [Ipenenbl U3MEHEHHUSI U aMILTUTY bl CPEIHUX AJIEMEHTOB OpOUT TutaHeT-rurantoB Col-
HEYHOH CHCTEMBI B paMKaX TEOpUH JBIKEHHUS BTOPOTO (BEpXHUE 3HAYCHUS) M TPEThero (HIKHUE 3Ha-
YEHHsT) TOPSAKOB IT0 MaccaM IUTaHeT

HOnwurep A CarypH A Ypan A Hentyn A
o | O | SO | OO g | D00
| 000 o | 0N | 08| g | 00
o | OO o | OB o | 00 oot | 2R
e | Lo [0S g |0 e |00
o | it ot | 1O e |1 | ome
o | B2 | 99 o0 | 4 e | 7 o
e | et | 1T e |19 | 0 e
a | i | M | S e | B

B tabnune 2, no pesyiabTaraM MHTETPUPOBAHUS YpaBHEHMH JIBUKEHUS Ha MHTEpBaje
BpemeHu 100 MiIH JIeT, AJi1 BTOPOTO U TPETHETO MOPSIIKOB TEOPUU JBUKEHUS TPUBEIEHBI MU-
HUMaJIbHBIE (Min) ¥ MakCUMaJIbHbIEe (Max) 3HaYEeHUs SKCLIEHTPUCUTETOB e, HAKJIOHOB / U J101-
rOT BOCXOZSIINX Y3JI0B {2 OpOUT IUIaHET, a TAKXKE UX aMIUIUTYAbl (amp). B saueiikax TaOauiist
BEpXHee 3HaUCHHE IOJIyYe€HO U3 TEOPUH JBMKEHMS BTOPOTO MOpSJKA [0 MaccaM IUIaHET, a
HI)KHEE COOTBETCTBYET TPEThEMY HOPSAIKY TEOPHH JABMKEHUSA. B KoOHKaX, 0003HAUEHHBIX
A, puBeIeHbl OTHOCUTEIBHBIE PA3HOCTU MEX]y 3HAUCHUSIMU JIEMEHTOB OpPOHUT BO BTOPOM U
TPETbEM MOPSAJIKAX TEOPUH JBHKEHUS. OTMETUM, YTO OTJIMYME 3HAUEHUN AJIIEMEHTOB OpOMUT,
NPUBEJCHHBIX B Ta0JUIE 2, OT MOITYYEHHBIX MO pe3yJibTaTaM MHTETPUPOBAHUS HA HHTEpBAe
BpemMeHH 10 MIIpJ JIeT HE MPEBOCXOAUT BEIMUHHBI IPUBEACHHOTO IPEIOCIEIHETO pa3psaa.
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t, MNIH NeT

Puc. 1. DBoIFOITHNS OCPEAHCHHBIX SKCIICHTPUCUTETOB OPOUT IUIaHET-TUraHTOB COJIHEYHOW CHCTEMEI B

paMKax TeOpWH IBHKEHHS TPEThEro MOopsAKa Ha HHTepBaje BpeMeHH 1.6 MIIH JIeT.

HenTtyH

YpaH

CaTypH

lOnuTep

4 1.6

1.

i

1

8

0.
MJIH neT

0.6

0.4

0.2

i’!

Puc. 2. 3BOIIIOLII/I$I OCpPCIHCHHBIX HAKJIOHOB Op6I/IT IJIaHCT-

W CHUCTEMBI B paMKax

ruradToB COJIHEUHO

TCOPUHN ABUIKCHUS TPCTHETO NOPAJAKAa Ha UHTCPBAJIC BPECMCHU 1.6 MuIH JeT.

HenTyH

YpaH

CaTypH

tOnuTep

MNH neT

&

Puc. 3. DOBoonus OCPETHEHHBIX BOCXOIAIINX Y3JI0B OPOUT IUTaHeT-TUraHTOB COIHEUHOW CHCTEMEI B

pamMKax TeOpWH IBHKEHHS TPEThEro MOopsAKa Ha WHTepBajie BpeMeHH 1.6 MIIH JeT.
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I

T ,
-- CaTypH — YpaH

arf [T )
Ll TI EE S

0.8
{, MJIH neT
Puc. 4. OBomonys ocpeTHEHHBIX apTYMEHTOB NEPUIICHTPOB OPOUT MiIaHeT-ruraHToB ColHeYHOM
CUCTEMBI B paMKax TEOpUH JBHKEHHS TPETHEr0 MOPsAKa Ha MHTepBajie BpeMeH! 1.6 MIIH JieT.

Tab6amua 3. CpaBHeHUE IEPHOJIOB U NPEEIOB U3MEHEHUS OCKYJIHPYIOIIHUX KETNIEPOBCKUX 3JIEMEHTOB
C pe3yJbTaTaMM YHUCICHHOT0 HHTerpupoBanus MeronoMm Koyamna-lltepmepa

Ommrep CarypH Ypan Henrtyn
KII-15 MK-3 KII-15 IK-3 KII-15 IK-3 KII-15 IK-3
€min 0.02180 | 0.02202 | 0.00890 | 0.00765 | 0.00233 | 0.00008 | 0.00183 | 0.00159
Crmax 0.06510 | 0.06603 | 0.08732 | 0.08999 | 0.07412 | 0.07051 | 0.01697 | 0.01656
Camp 0.02165 | 0.02200 | 0.03921 | 0.04117 | 0.03589 | 0.03522 | 0.00757 | 0.00748

T,, met 54765 48450 54765 48450 | 1116247 | 1063830 | 537102 | 540541
Lin, ° 1.09381 | 1.09203 | 0.56061 | 0.55800 | 0.37790 | 0.44568 | 0.78015 | 0.78711
Jinax, © 2.06378 | 2.06584 | 2.60247 | 2.60139 | 2.78446 | 2.71803 | 2.38137 | 2.37096
Lamp, © 0.48498 | 0.48691 | 1.02093 | 1.02169 | 1.20328 | 1.13617 | 0.80061 | 0.79192
1, ner 49128 49188 49128 49188 | 432472 | 433842 | 1867472 | 1869322
Quin, ° 89.717 89.775 67.085 67.396 57.533 61.781 77.158 77.547
Qmax, © | 125540 | 125.690 | 147.910 | 148.036 | 157.501 | 153.420 | 138.256 | 137.846
Qamp, © 17.912 17.957 40.413 40.320 49.984 45.819 30.549 30.149
T, meT 49128 49188 49128 49188 | 432472 | 433842 | 1867472 | 1869322

3. TOYHOCTDH YHCJIEHHOT0 HHTETPUPOBAHUS

VYpaBHEeHUs] JBUKEHMSI B CPEAHMX 3JIEMEHTAX COJAEp)KAaT 3HAUMTEIbHOE YHCIIO Ccllarae-
MbIX (16 ypaBHeHmit mo 5402 ciaraeMbIx B KaxxaoM). J{as yMeHbIICHHs 3aTpaT MAIIMHHOTO
BPEMEHH MHTETPUPOBAHUE ypaBHEHUM JIBMKEHMsI Ha uHTepBase 10 mipa JieT nmpoBOAMIIOCH
METOA0M DBepxapTa 7 MOpsiJika C aBTOMAaTHUECKUM pa30MeHUeM I1ara U yMEHbIIEHHON TOY-
HOCTBIO MHTErPHPOBAHHS Ha mare 10 107,

TOYHOCTh YHMCIEHHOTO HMHTErPUPOBAHMS KOHTPOJIUPYETCS COXPaHEHHEM HHTerpaja
SHepruu cucteMbl. OTHOCUTEIbHAS! TOYHOCTh COXPAHEHUS! MHTErpaja SHEPTUU AJIsl TPEThEro
TOpSI/IKa TEOPHH JABIKeHHs coctasisier 10” Ha nuTepBane nurerpuposanns 10'0 ner.

WuTerpan miomanei mo3BoisieT KOHTPOJUPOBATH TOYHOCTh B3aUMHOTO MOJIOXKEHHS
iockocteil opOuT. IIpu 3TOM z-KOMIIOHEHTa MHTErpala IUIOIAaAed COXpaHsAeTCsl C OTHOCH-
TeNbHON TOYHOCTBI0 10™ IS TPEThEro MOPs/IKA TEOPHH ABIVKCHHS HA MHTEPBAIC BPEMEHH
10" ner. Takoii ypoBeHb OMMOKH B ONPEICICHIHN Z-KOMITOHEHTHI HHTEIPaa IIOMmaeii CBs-
3aH C TOYHOCTbIO UHTEIPUPOBAHUS YPABHEHUN JBUKECHHUSL.
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4. CpaBHeHHue ¢ pe3yJibTATAMHU NPSIMOT0 YMCJIEHHOT0 HHTETPUPOBAHUS

B tabmuie 3 mpoBoAMTCS CpaBHEHHE MOCTPOSCHHOW aBTOpPAMH YHUCICHHO-aHATUTHYE-
ckoii Teopun (I1K-3) Tperbero mopsika mo mMaccaM IUIaHET C pe3yJbTaTaMH, MOJYyYECHHBIMHU
MHTErPUPOBAHUEM YMCIIEHHBIX ypaBHeHUH aBMkeHUs meronoM Koyamia-lltepmepa 15 mo-
psanka (KIL-15), Bxomsmiero B coctaB nporpammbl NBI [4]. Bee 3nauenus B Tabnwuiie 4 qaHbl
JUIsE OapUIIEHTPUUYECKUX OCKYJIHPYIOIIUX 3JIEMEHTOB. HEeKOTOphle OTHOCHUTEIHHO OOJbINNe
OTJINYMS MEX]ly 3HAUCHHUSIMU AJIEMEHTOB, MOJy4YeHHBIX B paMmkax Teopun [IK-3, oT pesynbra-
ToB naBaeMbix Teopue KIII-15 oOBSICHSIIOTCS TeM, YTO MPH MEePEX0Jie OT CPEIHUX FICMEHTOB
K OCKYJIMPYIOIIUM UCIOJIb30BANHUCH (DYHKIIUK 3aMEHbI IEPEMEHHBIX IIEPBOTO MOPSIIKA.

5. baarogapHocTu
Pabora BeimonHeHa npu noanepxkke Poccuiickoro @onga dynnamenTtanbHbix Kccne-
noBaHui, rpanT Ne 18-32-00283 mon_a.
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THE DYNAMICAL EVOLUTION
OF THE SUN — JUPITER - SATURN - URANUS — NEPTUNE’S SYSTEM
ON TIME INTERVAL 10 GYR

Perminov A.S., Kuznetsov E.D.
Ural Federal University, Yekaterinburg, Russia

The averaged semi-analytical motion theory of four-planetary problem the Sun — Jupiter — Saturn —
Uranus — Neptune is constructed up to the third degree of planetary masses. The Hamiltonian of the
problem is written in Jacobi coordinate system as the series in elements of Poincare second system.
The averaged Hamiltonian is received by using of Hori-Deprit method. The constructed motion equa-
tions in averaged elements are integrated by Everhart method of 7th order on time interval of 10 Gyr.
The properties of the orbital evolution are considered. The accuracy of numerical integration is given.
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KOJIBIIA 3BE3/I00OBPA30OBAHUA B SO-I'AJTAKTUKAX

MpomuHa I/I.C.l, Kusizer A.10."*? , Cniib4eHKo o.K.M

"Tocyoapemeennwiii acmponomuueckuii uncmumym um. ILK. [lImepnbepea
MI'Y um. M.B. Jlomonocosa, Mockea, Poccus
?FOsicno-Appuranckas acmponomuueckas o6cepsamopus, Keiinmayn, KOAP
? FOoncnwii Agppurancruii bonvwoii Teneckon (SALT), Keiinmayn, FOAP
! Ousuueckuil daxynemem MI'Y um. Jlomonocosa, Mocxea, Poccus

s nebonvuoil gvibopku earakmuk ¢ Y@O-xonoyamu (NGC 809, PGC 48114, NGC2697, NGC 7808,
NGC 4324) evinonnena obpabomra cnekmpos, NOIYHeHHbIX HA CneKkmpocpagpe ¢ OTUHHOU Wenblo Ha
11-memposom meneckone SALT 6 FOAP. Obwum 01 ucciedo8aHHbIX TUHZOBUOHBIX 2ANIAKMUK 56/~
emcs Haauyue 8 CHeKmpax cunvbhvlx smuccuonnvlx aunuti Ha, [NII], a ¢ nekomopwix ciyuasx u auHuil
[SIl], HB, [Olll]. Bviiu onpedenenvl CKOpOCmu 2a306bix U 36E30HbIX KOMHOHenm eanakmuk. [Iposedén
AHAU3 IKBUBANEHMHLIX UWUPUH DMUCCUOHHBIX JUHULL C UCHOb308aHUeM OuacHocmuyeckux BPT-
ouazpamm, 4mo NO360NULO BbIABUMb MEXAHUSM B030YIHCOeHUs 2a3d HA PA3IUYHbIX YOANEHUAX Om
yeumpos eanakmux. OOnapysicenvl KoIbyeobpasHvle 00aacmu 36e30000paA3068aHUsL 8 OAHHBIX JTUH30-
8UOHBIX eanaxkmukax. Ilpouzeedena oyenka cpedHe2o 803pacma u MEmMAIUYHOCIU 36630H020 HAcele-
HUS KAXHCOOUL 2ANAKMUKU HA PA3TUYHBIX YOANeHUAX OM YEHMPOS8 2alaKmMuK. 3ameueHo, 4mo 8 uccieoy-
eMbIX 2ANAKMUKAX 243, 8 KOMOPOM OeMeKmupyemcs 36e30000pazoéanue (6030yxicoaemviii MOJOObLIMU
38e30amu), umeem OKOLOCOTHEUHYIO MEMALIUYHOCIDb, 020a KAK 36€30bl, PACNONIONCEHHbIE HA meX
Jice YOANeHUsxX Om YeHmpos 2alaKmuK, UMerom MemauiiudiHoCmeb Huxce CoiHeuno2o 3uavenus. Coena-
Hbl OYeHKU meMnos 36e300006pazosanus no nomoxam 8 NUV u FUV (no oannvim GALEX) u smuccu-
onnou aunuu Ho (no cnexmpam, nonyyennwvim na SALT).

1. Beenenue

K JIMH30BUJIHBIM T'aJIJAKTUKAM OTHOCST AHWCKOBBIC TraJJaKTHUKHN oe3 CHHpaJ’ICfI, HUX 4acCTo
KJIacCU(UIUPYIOT KaK TaJJAKTUKU C OTCYTCTBHEM TEKYIIETO 3Be371000pa3oBaHUs (TaKk Ha3bl-
BaEMBbIE NACCUBHbIe TATTAKTHKH). PaHbIlle CUNTANIOCH, UTO B 3THX TaJJaKTHKaX MPOCTO HET Ta3a,
OJTHAKO, TIO3KE B XOJ€ Paauo0030poB B Auckax SO-TaJakTHK CTald 4acTO OOHAPYKHBATh
3HAYUTEIHHOE KOJMYECTBO XOJOAHOTO Ta3a; HO O CHUX IMOp HET €JMHOTO MHEHHUS HacuéT
NPUYHH OTCYTCTBUSI MaCIITAOHOTO 3B€3/1000pa30BaHUs B HUX.

B pesynbrare 0030pa HeOa yibTpaduoNIeTOBBIM KOocMUYeckuM TeneckonmomM GALEX
ObUTO 0OHAPY)KEHO MHOTO JIMH30BUIHBIX TAIAKTHUK C KoJiblaMu B Y @-muamnazone. OCHOBHOU
BKJIaJl B CBETUMOCTb TaJIaKTUKU B Y D-auanazoHe 1ar0T MOJIOJbIe 3BE3/bI (Bo3pacToM A0 200
MJIH. JIET), & 9TO 3HAYUT, YTO MPOIIECCHI 3Be3/1000pa3oBanus B SO-rajakTHKax BCE jKe MPOTe-
KatoT. /{5t Toro uToObI pa3o0paTbes B yCIOBUSX MPOTEKAHUS MPOLECCOB 3B€31000pa30BaHUs
B JIMH30BUJIHBIX TJIAKTUKAX, HAMH OBLJIO MPOBENICHO JCTAIBHOE UCCIICAOBAHUE S5 JTHH30BU/I-
HBIX TaJaKTHK, B KOTOPBIX HAOJIOAAIOTCS KOJbIa B onTHYeckoM u B Yd-gumamazonax. Oc-
HOBHBIC XapaKTEPUCTHKH MCCIICyEMbIX TATaKTHK, B3aThie U3 0a3 manubix HyperLeda u NED,
npuBeeHbI B Tabnuue 1.

2. HadomonareabHbIe JaHHBIE

Jns uccnenyeMplx rajakTuk w3 apxuBa MAST B3ATBI JOCTYNHBIE HM300pa)KEHHs
GALEX B FUV (1539 A) u NUV (2316 A) nuanasonax. J{yist yuéra IOIJIONIEHHS MIBUIH B HC-
CIIeTyeMbIX TallaKTUKaX HCIOIb30BaHbl M300pPaKEHUsI KOCMHUYECKOro MH(PaKpacHOTO Tele-
ckona WISE B nonoce W4 (22 Mkm).

Jns moctpoeHus npoduiel MOBEPXHOCTHOW SPKOCTH WCIHOIb30BAHBI ONTUYECKUE
u3zoopaxenust SDSS, a g ramaktuku NGC 2697, kotopoit HeT B 063ope SDSS, crieruanbHO
OTCHATO n300pakeHue Ha teneckomne cetu LCO.
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JUis mosydeHusl CHEeKTpalbHbIX JAHHBIX JJIS UCCIEAYeMbIX 5 TalakTUK HamMH ObLIN
NpOBEIeHBI HAOMIOACHUS Ha crieKTporpade ¢ AuHHOM menbio RSS 11-meTpoBoro Teneckomna
HOxH0-Adpukanckoit oocepBatopun (SALT) B mepuox ¢ 2011 mo 2013 rr. [llupuna menu —
1.25". Hlens cnekrporpacda Obl1a OpUEHTHPOBAHA BAOJIb OONBIINX Ooceil M30()OT JUCKOB Ta-
nakTtuk. (3a uckmouenneM ragaktuku NGC 7808, u30(hoTel KOTOpPOM OJU3KH K OKPY>KHO-
ctsim. HaGmonenust NGC 7808 mpoBOAMIIMCH JBAXKIBI C Pa3HBIMHU MOJOKEHUIMHU 1mienu. [lo-
Jy4EeHHbIE CIEKTPbl OKa3aJIHUCh MOX0XKH U ObUIM YCpPEIHEHbI B OAMH creKTp.) ['onorpaduue-
ckas pemérka cnekrporpada — 900 mTpuxos/MM, cHeKTpaabHOE paspenieHue 5.5 A, crek-
TpanbHBIHA Anana3zoH ot 3750 A 1o 6850 A.

Taoauna 1.

Hannune . M v DY
Tanaktuka | Tum xombia® Hakon i © maB,a) ;ys,ﬁ) M ’6)
g KM/C K

Oxpyxenue *°

I'anaxtuka u3
NGC 4324 S0-a Ring 64.6° -19.75 1665 21.7 rpymsl NGC4303
(23 ob6wexra)

lanaktuka u3
NGC 2697 S0-a - 52.3° -18.67 | 1824 22.7 | rpymmet NGC2698
(8 00BEeKTOB)

l'amakTuka u3
TPYIIIbI
MR18 02412
(5 00BEKTOB)
B nape c ranakru-
Koi Ha 1,53B. Beau-
yuHEI ctadee B 160
KIIK OT HEE
N3onuposanHas
rajakTHKa
NGC 0809 S0 - 36.2° -20.03 | 5367 73.6 (Ommxaiiias ra-
JIAKTHKA Ha PaccTo-
starH 670 K1K)

NGC 7808 S0 - 8.2° -21.39 | 8787 121.4

PGC 48114 S0 Ring 16.6° -19.73 | 6984 95.3

Tpumeyanue. Baser manneix: ¥ HyperLeda; ® NED. ®D — ['a1akTOLEHTPHIECKOE PACCTOSHIE.

3. AHaJM3 1aHHBIX U Pe3yJIbTaThl

Ha puc. 1 npencraBiieH BHEWMIHUNM BHJ TaJaKTHK B ONTHYECKOM (8epxHuii psod) W
Y®-nuanazonax (dea HudcHux paoa). Bo BTopoM cBepxy psay MOKazaHbl IPOQHUIN MOBEPX-
HOCTHOM SIPKOCTH T'aJIJaKTUK B IOJIOCE I, OTMACIITaOMpPOBaHHbIE U LIEHTPUPOBAHHBIE K MPUBE-
NEHHBIM BBINIE U HIKE M300pakKeHHSM raiakTHK. Ha mpoduisx moBEepXHOCTHOHM SPKOCTH
BUJHBI U3TUOBI M U3JIOMBI, KOTOPBIE YKa3bIBAIOT HA IPAHULbl CTPYKTYPHBIX KOMIIOHEHTOB ra-
JAKTUK: OanK, TUCK, KOJIbIIA; 3aMETHO COOTBETCTBHE 3TUX CTPYKTYPHBIX TPAHHUII C JETATSIMU
Ha U300pakeHUAX raJakTHUK B ONTUYECKOM U Y D-/11ana3oHax.

ITo morokam B FUV- n NUV-auana3onax (a takxe B JMHHA Ho) MOXKHO OIICHUTH TEM-
bl 3Be371000pa3oBanus 1Mo Gopmysam, mpuBenEHHBIM B padote [1]. ns sToro B mporpamme
DS9 nHa n300pakeHus raJakTUK ObUIM HAJOXKEHBI SJUIMIITUYECKUE KOJBIEBBIE allepTyphl, CO-
OTBETCTBYIOILIME HAONIOAEMbIM KOJIbIIAM B JUCKaxX TaJaKTHK, U U3MEPEHbl MOTOKU B HUX.
3areM MONy4YeHHbIE OTCUYETHI OBLIM TMEPEBEECHBl B DHEPIeTUYECKUE EAMHMIIBI C TOMOIIBIO
dbopmyi1, puBen€HHBIX B padote [2]. [Ipu 3TOM ISl KaKI0W TaJaKTUKHM OBLT MPOW3BEIEH
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y4€T MOTJIOUICHHSI MBUIH MTyTEM U3MEPEHHUsl TOTOKOB B TEX € CaMbIX anepTypax, HaJI0KeH-
HbIX Ha MK-1300pakeHusi COOTBETCTBYIOIIUX TANaKTUK B Tojoce W4 (22 MKM) KOCMUYECKO-
ro Teneckorna WISE. Tlomy4yeHHbIe 3HAYEHUST TEMITOB 3BE€371000pa30BaHUs B KOJBIIEOOPa3HBIX
obnactsx B Y®-nuana3zoHe MpeacTaBieHbl B TabmuIe 2.

NGC4324 NGC 2697 NGC 7808 PGC48114 NGC 809

CONGC 4324

Puc. 1.
Taoauna 2.
I'panuub! Konbla

FaHaKTI/IKa B y(D—,Z[I/IaHaSOHe TeMH 3B63I[006pa30BaHI;I$I TGMH 3B63,[[006p8.30BaHI/21H
I arcsec R. arcsec SFRpyv, (Msun/ (FOH*KHK )) SFRnuv, (Msun/ (FOH*KHK ))

NGC 4324 | 154 30 4.6*10° 5.7%10°

6 20.6 7.5%107 9.4%10°

NGC 2697 |20.6 65 1.3%103 1.4%10°

35 45 1.4*107 1.6%103

10 15 2.3%107 2.6%10°

NGC 7808 20 30 0.710° 0.7%10°

PGC 48114 | 10 15 0.6%10° 0.8%10°

7.5 12 0.6%10° 0.8%10°

NGC 809 19 34 0.3%10° 0.4*10°

BunHo, 9To TemMmbl 3Be37000pazoBaHus, olleHeHHbIe 1Mo moTokaMm B FUV u NUV nuana-
30Hax, OJIHOTO TIOPsAJIKA U OJU3KH 10 3HAYCHUSM, HO JJIs1 KaXIOW OTJEIBHO B3STOM TaJlaKTH-
KM 3aMETEH HeOOJBIION IpalueHT B CTOPOHY TEMIIOB 3BE31000pa30BaHUS, TOCUUTAHHBIX 10
nmoTokam B OmmkHeM Y D-nuama3one. Takoit ke TpeH HaOMroAaeTes U B TEMITax 3Be3/1000pa-
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30BaHus, NoJrydyeHHbIX 1Mo notokaM B FUV, NUV auanazonax u B sMuccuoHHou nuaun Ho B
00JacTsIX ¢ TUATHOCTHPYEMBIM 3BE3/1000pa30BaHNEM, U3MEPEHHBIX BIOMb ey (Tabmuia 3).
A 9T0 03Hauaert, coryiacHo padote [1], 4To 3Be31000pa3oBaHUE JUIUTCS B 3TUX 00JIACTAX OKO-
70 200 MIH. JIeT U yXke 3aTyxaeT (mockoiabKy Temmnbl ymenbuaotes oT NUV k FUV nuana-
30HY).

Taoauna 3.
TanakTuka 3Bezzxc2)66nic£;aﬂm SFRyo, SFRyv, SFRyuv,
a rfs cc ’ (Mgy/Ton) (Mgu/TOR) (Mgyn/Ton)
-67.5" NE 0.01%107 - 0.04%107
-22"...-25" NE 0.7%10° 0.7%10° 1.1¥10°
NGC 4324 | +23.5"...+24.5" SW 0.2%10° 0.4%10° 0.4%10°
+28"...+28.5" SW 0.08%107 - 0.1%10°
+93.5"...494" SW 0.02%107 - 0.02%107
-36.5"...-44" SE 0.1%10° 0.3%10° 0.3%10°
-17"...-25" SE 0.5%10° 1.1¥10° 1.3%10°
-6.5"...-17" SE 1.2%107 2.7%10° 3.5%10°
NGC 2697 |+6.5"...+12.5"NW 1.0%10° 2.1%10° 2.8%10°
+13"... 420" NW 1.1*10° 2.4%10° 2.6%10°
+20.5"...426.5" NW 0.6%10° 1.0%10° 1.1¥10°
+43.5".. +48" NW 0.2%10° 0.2%10° 0.2%10°
7"...-145"W 11.5%107 25.4%107 28.8%107
NGC 7808 +5.5"..+13.5"E 13.9%10° 29.1%107 36.4%10°
-15.5"..-11"E - - 3.3*10°
PGC 48114 +11".. +155"W 1.5%107 - 3.6*10°
-19"...-34"N - 1.7%103 1.8%10°
-7.5"...-12"N - 0.9%10 1.3¥103
NGC809 =g 3 0 0.6°10°
+19"...434" S - 1.2%10° 1.5%103

[TepBuynas 00pabOTKa CHEKTPAIBHBIX JTAHHBIX OCYIIECTBIIATIACH IO METOAMKAM, H3JIO0-
JKEHHBIM B paborax [3, 4].

[Tocne mepBuYHON 0OPaOOTKHM CIEKTPOB OBLI MPOBENEH raycc-aHaINU3. JIMHUCCHOHHBIE
JVHUH aHATH3UPOBAIKCH ITyTeM raycc-aHanmsa Ooyienn Hoat+[NIIJA6548,6583 (mpu sTom yum-
ThIBaJIach M abcopOunonHast nuHus Ha 3Be3qHOro Hacenenusi), a takxke Onena [SIIJA6716,
6731 u [OII]A5007. B pe3ynbrare ObUIH TOJIYYEHBI JIy4EBbIE CKOPOCTH T'a30BBIX KOMIIOHEHT
TaJIakKTUK, U3MEPEHBI PKBUBAJICHTHBIE MIUPUHBI YSMHUCCUOHHBIX JUHUNA. C MOMOIIBIO IUArHO-
ctuueckux BPT-auarpamm [5, 6] BbISBIEH MeXaHU3M BO30YXACHUS JUHUM Ha Pa3IUYHBIX
yAaNEHUSIX OT LIEHTPOB TaJIaKTHUK.

JlydeBble CKOpPOCTH 3BE3JHOTO KOMIIOHEHTa TaJlaKTHK OIPENEeISINCh IyTeM Kpocc-
KOPPEJSIIIHY CIIEKTPOB TAIAKTHKU CO CIIEKTPOM 3BE3/bI-THTaHTa, CHATHIM B TOU K€ KOH(UTY-
pauuu criekTporpada.

Ha puc. 2 npeacraBieHsl pe3ynbTaThl 00paOOTKH CIIEKTPAIbHBIX JaHHBIX: MPUBEACHBI
ONITUYECKHE N300paKEeHUs TATAKTHK C HAHECEHHBIMH Ha HUX TTOJIOKEHUSIMHU IIeJIeH BO BpeMs
CHEKTPaJIbHBIX HAOMIOACHUN (8epxHuti psd); HUXKE MOKa3aHbl rpaUKU U3MEHEHH C paccTo-
SHUEM OT LEHTPOB TaNAaKTUK (M3MEPEHHBIM BJIIOJIb MIETH) TAaKUX CIIEKTPAIBHBIX XapaKTepH-
CTHK, KaK: JIy4eBblE CKOPOCTH 3BE€3]] 1 HOHU30BAHHOTO Ta3a (HudxCHuil pso), SJKBUBAJICHTHBIC
mpuabsl EW amuccunonnsix muanii Ha, [NITJA6583, [SIT]JA6716,6731 u [OIII]AS007 u Benu-
yuHa log{[NI[]A6583/Ha} (06a cpeonux psoa). IlpoananusupoaB BPT-auarpammsl u3 pa-
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00THI [6], MBI puHsIH, 4TO 3HaYeHUsT BeauduHbl log {[NIIJA6583/Ha}< -0.3 cooTBETCTBYIOT
MEXaHU3MY BO30YXKICHHS ra3a B pe3ylibTaTe 3BE3000pa3oBaHus, U MPOBEIH Ha rpadukax
npsmyto JuHHIO log {[NIIJA6583/Ha}= -0.3 nns BU3yalnbHOTO OTHAEICHHUS OOJacTei rasa,
MOHM30BAHHBIX H3IyUYE€HHUEM MOJOJBIX 3BE3/, OT oOjacTeil, riae ra3 Bo30yXIEH yIapHBIMU
nporeccaMi. BUIHO, 4TO MakCUMyMBbI (MUKH) B PacHpeeNICHUH BIOJb Paadyca TaJIaKTHK
SKBUBAJIEHTHBIX MWUPUH (EW) SMUCCHOHHBIX JTUHUN NPUXOAATCS HA 00JIAcTH, TZIe Ta3 BO3-
Oy»XIEH B pe3ysibTaTe 3Be31000pa3oBanus (3a uckimoueHneM ranaktuka NGC 809, B kotopoit
HeT obyacTel ¢ TeKylmuM 3Be3nooOpazoBanueM, u ra3z B reHTpe NGC809 Bo3Oyx)aéH ynap-
HBIMH TIPOIIECCAMHU), U 3aMETHO, YTO ITH 00acTU (POPMHUPYIOT KONBIIEBBIE CTPYKTYPHI B IHC-
Kax TrajakTHUK.

. .
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Puc. 2.

Ha rpaduxax mydeBbIX cKOpOCTeW BHIHO, YTO B PACCMOTPEHHBIX HAMH 5 TajaKkTHUKax
ra30BbI KOMITOHEHT BPAIIASTCS B OJHY CTOPOHY CO 3BE3THBIM KOMIIOHEHTOM, YTO TOBOPHT O
BO3MOXXKHOM HX OOIIEM MPOUCXOKICHUH (MU 00 aKKpElHUU BElIeCTBA OJIM3KO K MIOCKOCTH
TAJTaKTUKH).

Jl71st OLIeHKH CpeTHEero BO3pacTa M METAJUTMYHOCTH 3BE3THOTO HACENICHUS TATaKTHK ObI-
7 paccuuTanbl JIMKCKne WHAeKCH Ui nornomienust HS, Mgb, Fe5270, Fe5335 [7], mony-
YyeHHbIE 3HaYeHHsI JIMKCKMX MHIEKCOB HAaHECEHBI HA TUAarHOCTUYECKUE TuarpaMMsl [ 8].

Ha puc. 3 npencTaBieHbl TUarHOCTHYECKHUE JUArpaMMBbl Il 5 UCCIIeyeMbIX HaMU ra-
JAKTUK: AMAarpaMMbl OOHWIIUS 0-3JIEMEHTOB (cresa), rae <Fe>= (Fe5270+Fe5335)/2, u nua-
TPaMMBbI «BO3pACT-METAJUIMYHOCTEY (cnpasa), rae [MgFe] = (Mgb<Fe>)” 2,

Ha puc. 3 sapa ranaktuk 0003Hau€HBI CUMBOJIOM «3BE3I0YKa», 3aTeM JIMHUEH COeu-
HEHBI TOYKH, 0003HAYAIOIINE COOTBETCTBYIOIIUE CTPYKTYPHBIC KOMIIOHCHTHI TaJITaKTHK BIOJb
no paguycy k nepudepuu. g cpaBHeHUs OTACIbHO POMOMKAaMHU MOKa3aHbl 3HAUCHUS IS
TpEX MAapoBBIX cKoruieHu Oammka Hamed [amakTuku (NGC 6838, NGC 6356, NGC 6539),
U3MEpEHUS KOTOPHIX MPUBEACHBI B padote [9]. OOuime o-311eMEeHTOB MO3BOJISET OLEHUTD
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NGC 4324

NGC 2697

NGC 7808

PGC 48114

NGC 809

<Fe>

<Fe>

<Fe>

<Fe>

<Fe>

T=12
1=8, [Mg/Fe]=0.0

[Mg/Fe]=+0.3

12
8, [Mg/Fe]=0.0

[Mg/Fe]=+0.3
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MPOJOKUTEIHLHOCTD 3MOXH 3Be371000pa3oBanus. Tak, HapuMep, COIHEYHOE 3HaYeHHe 00u-
st a-3nemenToB [Mg/Fe] = 0 yka3piBaeT Ha MPOAODKUTENBHYIO 3I0XY 3BE31000pa30BaHUs
(HeckobKo Mup. Jyiet). [ToBbIIeHHOE 3HAYEeHHE OOMIIHS 0-2JIEMEHTOB TOBOPHUT O OoJjiee Ko-
POTKOI1 3110Xe (BCTBIIIKE) 3Be3/1000pazoBanus. V3 npuBeIéHHBIX HA pHC. 3 qUarpaMM BUIHO,
YTO JJIS SIAEp MCCIEAYEMBIX 5 TaJaKTUK XapaKTEePHbI OKOJIOCOIHEYHbIC 3HAUEHUS MeTaJlINy-
HOCTH M OOMJIUS 0-3JIEMEHTOB, YTO YKa3bIBaeT Ha MPOJOJDKUTEIBHYIO 3IOXY 3BE31000pazo-
BaHUs B IIeHTpax rajaktuk. C yaaneHueM OT LIEHTPOB raJlakKTUK XapaKTEPUCTHUKU 3BE3HOTO
HACEJICHUsS MEHSIOTCS TO-pa3HOMY, HO OOLIMI TpeHJ 3aMEeTEeH: METAJUIMYHOCTh 3BE3IHOTO
HACEJICHUsl YMEHBIIAETCs, & OTHOCUTEIbHOE OOUIINE O-3JIEMEHTOB YBEIMYMUBAETCA, YTO YyKa-
3bIBaeT Ha 0oJiee KOPOTKHE IMOXH 3BE31000pa30BaHUs B TUX 00JACTSIX TalaKTHK.

3areM MbI CPaBHMJIM Ha OJJHUX U T€X JK€ pajinycax rajJJakTUK METAJUIMYHOCTb 3BE3THOTO
HACEJICHUS ¥ METAINTMYHOCTH ra3a. MeTalTuYHOCTh ra3a MOXKHO OLEHUTH Uil o0JacTeid, rae
ra3 Bo30YyXIEH 3Be31000pa30BaHUEM, IO KAJIMOPOBKAM W3 TOIMYJISIpHOU paboTs [10]. Pe3yib-
TaThl CPABHEHHSI METAJUIMYHOCTEHN MpUBEEHBI B TabmuIe 4.

Tabauua 4.
MertannuyHOCTh Ta3a
PaccrosiHue ot 11eH- .
T araKTiKa N — MeTamnuHOCTh 3BE3]1, (110 OTHOIIIECHUO
L arcsec [Z/H] K COJTHEYHOMY 3HA4YCHHUIO),

’ 12+log(O/H)-8,66
+93,5...+94 - -0,08+0,01
NGC 4324 -24,5...-22,5 < -0,33 +0,03+0,01
-67.,5 < -0,33 +0,03+0,01
-36,5...-44 - -0,05+0,04
-20...-25 - +0,03+0,01
-15,5...-19,5 < -0,33 +0,02+0,01
-15...-10,5 ~-0,33 -0,03+0,01

-10...-8 -0,33...0 0+0,01

NGC 2697 +7,5...10,5 -0,33...0 -0,01+0,01
+11...+14 < -0,33 +0,02+0,01
+14,5...+16,5 ~ -0,33 -0,05+0,01
+19...422 < -0,33 -0,01+0,01
+22,5...427 - -0,03+0,01
+43,5...+48 - -0,03+0,01
-9,5...-14,5 < -0,33 +0,05+0,01
-7...-9 < -0,33 +0,07+0,01
NGC 7808 +7,5...49,5 < -0,33 +0,06+0,01
+10...+15 ~-0,20 +0,04+0,01
PGC 48114 +11...+15,5 ~-1,35 +0,05+0,01

Bunano, 4to st BceX MCCIEeayeMbIX HaMU 5 TajJakTHK Ta3, B KOTOPOM MbI (PUKCHpPYEM
3B€371000pa3oBaHue, UMEET OKOJIOCOIHEYHOE 3HAUCHHE METAUTMUYHOCTH, TOT/Ia Kak 3BE3AHOE
HAaCEJICHUE, PACTIOIArarolIeecs Ha TeX K€ YIAIEHUAX OT LIEHTPOB TAIAKTUK, YTO U ra3, UMEET
METAJUIMYHOCTD HUXKE COJIHEUHOT'O 3HAUCHUS.

4. BeIBOABI
B uccnenyembix JIMH30BUAHBIX TallaKTHKaX OOHAPY>KEH MOHU30BAaHHBIM Ta3 C pa3HOU
npupoioii Bo3OyxkaeHusa. ['a3, Bo3OyX AEHHBIM 3Be31000pa3oBaHMEM, MPOCIEKUBACTCS Ha
yAAJICHUHN OT IEHTPOB TAJAKTUK W 00pa3yeT KOJIBIIEOOpa3HBIE CTPYKTYPHI. 3BE31000pa3oBa-
HUE B 3TUX 00JIACTAX IUIUTCA yke 0kosio 200 MITH. JIeT U 3aTyXaeT CO BpEMEHEM.
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Ha onHuX M Tex ke pacCTOSHUSAX OT LIEHTPOB TalakTHK METAJUIMYHOCTh 3BE3/ M Tasza
Pa3TUYHBI: METAJUTMYHOCTH Ta3a OJIM3Ka K COJTHEUYHOMY 3HAYCHUIO M BapbhHPYyeTCs B aUarna-
30He 8,58...8,77; a METAINIMIHOCTDL 3BE3THOTO HACEJIICHHS MHOI'O MEHBIIIE COJIHEUYHOTO 3Ha-
yeHus1. MeTauIMYHOCTh 3BE3IHOTO HACENICHUS IOCTUTAeT MAKCUMAIIbHBIX (COJTHEYHBIX U OKO-
JIOCOJIHEYHBIX ) 3HAYEHUI B LIEHTPAJIBHBIX YaCTAX TaJaKTHUK U YMEHbBINAETCS OT IIEHTpa K Iie-
pudepun ralakTuKy.

Takum 00pa3om, 3Be31000pa30BaHUE B MCCIEAYEMBIX TaJlaKTHKaX MPOTEKaeT B 00Jia-
CTSIX C MPOJBUHYTOW XUMHUYECKOW SBONIOIHEH raza (J1ub0 pOAUTENhCKON TallaKTUKH, THOO
AKKpPELMPOBABILIETO C APYTOil FaaKTHKH).

OpaHako BOMPOC O MPOUCXOKACHUH raza OCTaéTcsl HEpEIIEHHBIM: pacCMaTpUBaEMBbIe ra-
JAKTHKH HaXOMATCS B Pa3peKCHHOM OKpYKeHHH (Tabiuia 1), He BUIHO CIIEI0B B3aUMOJICH-
CTBUS TalaKTUK. VICTOUHUKOM Ta3a MOT MOCIYXKUTb TaK HA3bIBAEMBIH Mabili MEPIHCUHS, T.C.
najieHue OoraTbIX ra3oM CIyTHUKOB FaJIaKTHK, /U KOTOPBIX XapakKTepHa BAJIOTEKYyIIas JUIH-
TeJIbHAsI UCTOPHUS 3Be31000pa3oBaHusl. DTOT cueHapuil BeposTeH uid rajaktuk NGC 809 u
PGC 48114. Emé oquuM HMCTOYHUKOM rasa SIBIISIIOTCS TaK HAa3bIBAEMBIE KOCMON02UYECKUe
@unamenmuol, B KOTOPBIX, MO OMPEICICHUIO, COIEPKUTCS MEepBUYHBIN ra3. Ho crneqoB akkpe-
MM HHU3KOMETAJUIMYHOTO ra3a HamMHu He oOHapyxeHo. OHAKO HEJaBHO MOSIBUJIMCH MOJETU
XUMHYECKON 3BOJIOLMHU Ta3a B IUCKAaX CIHMPANbHBIX TaJIaKTHK, BKJIIOYAIOIINE TMOCTOSHHBIN
MIPUTOK W OTTOK Ta3a [11], B KOTOPBIX 00MIIHE KHCIOPO/Ia JOBOJIHHO OBICTPO ACUMITOTHICCKU
JOCTUTAET 3HAYeHMsI, OJTM3KOT0 K COTHEYHOMY 3HAYEHUIO MeTanmndHocTu. Kpome Toro, ecth
Mozenu [12], B KOTOPBIX paccMaTpuBaeTCsl MEPEHOC ra3a, 00OTAMEHHOTO THKETBIMU XHUMHU-
YECKUMHU DIIEMEHTaMHU, U3 EHTPaJIbHBIX (C MPOJBUHYTON XMMHUECKOH IBOIIOLIKEH) o0nacTen
TaJlaKTUK Ha UX TMEePU(EpPUI0 TaK HA3BIBAEMBIMHU eAIAKMUYECKUMU POHMAHAMU. DTOT MexXa-
HU3M MOT OBl O0BSICHUTH OKOJIOCOJIHEYHOE 3HAYCHHE METANTMYHOCTH Tra3a B KOJIbIIEOOPa3HBIX
00JacTsIX UCCIIEyEeMbIX HaMU TallaKTUK, €CJIM Obl HE PACXOKIEHHE BO BPEMEHHBIX OLEHKAX
neicTBus 3Toro Mexanusma. CorimacHo 4HCIeHHBIM MojensM [12], Bpemst mepeHoca cocTaB-
aseT okoio 50 MIH. JIeT, Torja Kak B pacCMaTpUBAeMbIX HAMM TaJlaKTHMKaX OHO COCTABJISET
MUJUTAAP/IBI JIET, TOCKOJBKY 3BE3/]000pa30BaHUE B IIEHTPAIBHBIX OONACTAX HCCIEAYEeMbIX 5
raJIakKTUK MpeKpaTHIoCh Ooiiee 5 M. JIET Ha3a.

Pab6ota BeimonHeHa npu noanepxke rpanta POOU Nel8-02-00094a.
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STARFORMING RING-LIKE REGIONS IN THE S0-GALAXIES

Proshina L.S.", Kniazev A.Yu."*?, Sil’chenko O.K."
lSternberg Astronomical Institute, M.V. Lomonosov Moscow State University, Moscow, Russia
“South African Astronomical Observatory, Cape Town, South Africa
ISouthern Afiican Large Telescope Foundation, Cape Town, South Africa
*Faculty of Physics, M.V. Lomonosov Moscow State University, Moscow, Russia

The long-slit spectral observations were made with the spectrograph RSS installed at the 11m tele-
scope SALT in the South African Astronomical Observatory for 5 lenticular galaxies (NGC 809, PGC
48114, NGC 2697, NGC 7808, NGC 4324) with UV-bright outer rings. Existence of strong emission
lines Ha and [NII] (and somewhere [SII], HB, [OIIl]) in spectra of these galaxies are common for
them. The spectral data have been used to calculate the line-of-sight velocities of stars and ionized gas
in the galaxies and to measure equivalent widths of the emission lines. We have analyzed the relations
of the equivalent widths of the different emission lines to reveal excitation mechanism by means of
BPT-diagrams. Ionized gas excited by star-forming process observed in ring-like regions at a distance
from galactic centers. We have estimated stellar population properties (the ages and metallicities) in
different parts of the galaxies. At the same distances from centers the stellar and gaseous metallicities
are different: gaseous metallicities are close to solar values but stellar metallicities are much less than
the solar values. We have determined the NUV-based and FUV-based star formation rates (by using
GALEX data) and also have estimated SFR based on the Ha emission-line intensity (by using spectra
from SALT).
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_ HNCCJIEJOBAHUE
BOJIOKHOOBPA3HOM OBJIACTH 3BE3/I00BPA30OBAHUA G192.76+00.10

Pabdyxuna O..JI."Z, 3UHYEHKO I/I.I/I.l’z, 3emisinyxa H.M.l,
CoboJaeB A.M.3, JageHInKoB I[.A.3
' Hnemumym npuxnaonoii pusuxu PAH, Husxcnuii Hoseopoo, Poccust
ZHuofceeopodcmtﬁ eocyoapcmeenuwlll yuusepcumem um. H.U. Jlobauesckozo,
Huoicnuii Hoseopoo, Poccus
I Vpanvckuii hedepanvbiii yrnusepcumem um. nepsozo Ilpesudenma Poccuu B.H. Envyuna,
Examepunbype, Poccus

Paboma noceawena uzyuenuro sonoknoobpasuoil oonacmu G192.76+00.10, komopas naxooumcs 8
38e30000pazyiougem komniexce S254-S258 na paccmoanuu D = 1.78 knx [Burns et al., MNRAS,
2016] 6 paduonuHusx MOIEKY1 MeHC38e30HOU CPedbl — U30MON08 MOHOOKCUOA Y2nepood, aMMUAKd,
MOHOCYTbGhUOA yenepooa, a makdice no OAHHLIM UHGPAKPACHO20 UBLYHeHUs, NOJYYEeHHbIM HA mee-
ckone Herschel. Io nunusm NH3 u >CO onpedenena memnepamypa 2aza, no >CO onpedenena nyue-
6as KoHyeHmpayus 6000pooa H2, wupuna eonokua u e2o macca, no JuHusMm IZCO, ”CO, CS uccneoo-
6aH0 OsudceHue eewecmsa. 1o unpakpacrHomy uziyuenuio makdice nOIYYeHoO pacnpeodenenue mem-
nepamypbl U 1y4e8oll KOHYEHMpayuu 6000pood, UCCie008aHO PACHONIOJICEHUEe U OBUNCEHUE BeleCEd.

1. BBegenne

OpnHoil u3 HanboJsee akTyaabHBIX U AKTUBHO pa3BUBAroIIUXcs chep acTpou3uku sABis-
€TCs UCCIIeIOBAaHNE 00IacTeil 3Be3/1000pa30BaHMs — MEXK3BE3IHBIX MOJIECKYJISIPHBIX 0OJIAKOB.
HenaBHue ucciiegoBanust HOATBEPAUIIH, YTO 3TH 00JIaKa UMEIOT BOJIOKHOOOPa3HYIO CTPYKTY-
py [1]. Obpa3zoBanue BOJIOKOH MOXKET OBITh HEOOXOAMMOW CTaIUCH IBOJIONUN MOJICKYJISp-
HBIX 00JIaKOB Ha MyTH K 0Opa3oBaHuio 3Be31 [2]. TeopeTuueckue pacueTsl [3] mpeackas3biBa-
10T 00pa30BaHNE HUTEBHUIHBIX MOJIEKYJISIPHBIX 00JIAKOB MOCIIE MHOKECTBEHHBIX COKATHH Tasa
CBEPX3BYKOBBIMH BOJIHaMH. TakuM 0Opa3zom, 006J1acTH, coeprKaliue peruoHbl HOHU3UPOBaH-
Horo Bogopoaa H II, MoryT ObITh MOIXOAAIIMMH MECTaMU It 00pa30BaHUs MOJIEKYJISIPHBIX
BOJIOKOH. COBOKYITHOCTh U3JTy4YEHHUS B Pa3HBIX JIMHUAX MO3BOJIET BCECTOPOHHE MCCIIEI0BATh
MeCTa aKTHBHOTO 3Be371000pa30BaHUs, a TAK)KEe MPOW3BECTH OICHKY MX (pU3MUYECKUX Tapa-
METPOB.

Mgl u3ydaem BosokHOOOpa3Hoe nH(ppakpacHoe TemHoe obiako G192.76+00.10, xorto-
poe HaXOJUTCs B 3Be371000pasytoieM komiuiekce S254-S258 na paccrosiuuu D = 1.78+0'12_0,1 1
KIK [4]. OOuwmii BUJ 3TOro KOMIIEKca B MHPPaKpacHOM Juarna3oHe Moka3zaH Ha puc. 1. Ak-
TUBHOCTH 3B€3/1000pa30BaHMs B 3TOW 00IacTH u3ydanack B pabortax [5—7]. B nenrpanbpHOMI
94acTH 3BE3/1000pa30BaHHE MOXKET OBITh MHIYIMPOBAHO pacimpsiromumucs odmactsmu H 11
S254-S258. O6nako G192.76+00.10 Obu10 HccnenoBano B padote [8], rae ObU10 0OHAPYKEHO
62 MCTOYHMKA — MOJIOJIbIC 3BE3/IHBIC OOBEKTHI, PACIPECIICHHBIE BIOJIb BOJIOKHA, U PETHOH,
BO3MOXHO, MOJIO>KE | MIIH. JIeT.

2. Unpuxartopsl BemecTBa B ['aiakTuke

CornacHo uccnenoBaHusM B pabote [9], mporieccsl 3Be31000pa30BaHUs IPOUCXOAST B
MeCTax MOBBIIIEHHOW KOHLEHTpAIMM Ta3a, OCHOBHAs KOMIIOHEHTa KOTOPOI0 — MOJIEKYJISAp-
HbI Bopopoxa Hy. MonexkynspHslii ra3 pacpocTpaHeH B I alakTuke HEpaBHOMEPHO, OH CKOH-
LIEHTPUPOBAH B Pa3IMUYHBIX CTPYKTYpax — FMTAHTCKUX MOJIEKYJISIPHBIX OOJjaKaX, MOJIEKYJISp-
HBIX O0JIaKaX, BOJIOKHAX, MOJIEKYJISIPHBIX CTYCTKax, sapax u ap. MccnenoBaHue 3TUX CTPYK-
TYp HO3BOJISIET CENaTh BBIBOJBI O MPOTEKAIOIIUX TaM Ipolieccax 3Be31000pa3oBanusi. OnHa-
KO camasl pacIpOCTpaHEHHAs MOJIEKyJa B OOJACTSIX 3Be37000pa30BaHUS — MOJIEKYJISIPHBIN
BOJIOPOJI — B CHJTy OTCYTCTBHS TUIIOJIBHOIO MOMEHTA JIMIIIEHA IIEPeX0/10B, B KOTOPHIX B yCIIO-
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BUSIX MPOTO3BE3IHBIX OOBEKTOB MOTJIO Obl T€éHEpUpPOBaThCs U3nydeHue. [loaTomy o cTpykTy-
pe obnacrteli 3Be1000pa30BaHMs MBI CyJIUM I10 HAOJIOJCHUAM HETPEPHIBHOTO TEIUIOBOTO U3-
JTy4eHHUs MBUIH U TI0 PAJUOIMHUSAM Pa3IMYHbIX MOJIEKYJI, BEICTYNAOLINX B KAUECTBE MH/MKA-
TOPOB IPOLECCOB U yCJIOBHM, BO3HUKAIOIIMX B MEX3BE30HOU cpene. Hampumep, mHUM MO-
JeKyasl MOHOOKcHAa yriepoaa CO (koTopast siBIseTcs camoi oomibHON Tocsie Hy) ucmons-
3YIOTCS I7Is1 U3YyUCHHS OOIIEero pacrpeieeHUs MOJIEKYJIIPHOTO ra3a U ONpeIeIICHUs JIy4eBOM
KOHIIEHTPALMU MOJIEKYJISIpHOTO BoAopoaa. JInHum Mosekyisl ammuaka NHs sBisroTcst MuHIM-
KaTopaMH TeMIIepaTypbl U MOBBIIIEHHON IUIOTHOCTH Ta3a, MMHUM CS — MHIMKATOpP ITUIOTHBIX
anep. CymMmapHO naHHas MH(OpMAIUs OMOraeT OTOXKECTBUTh MECTa aKTUBHOI'O 3BE3/1000-
pa3oBaHus, a TAK)XKe NPOU3BECTH NPUOIU3UTENBHYIO OLICHKY X (PM3UYECKUX [TapaMeTpPOB.

Declinaticn
[ %3]
e
e}
o
[ =]
==

P
30.0 6:14:00.0 30.0 13:00.0

Right ascension

Puc. 1. Kapra obnactu S254-S258 B unppaxpacHom aumanazone A = 250, 350, 500 mxm (Hershel).
benas muHMS MOKA3bIBAET MyTh, 10 KOTOPOMY CTpomituch PV-nuarpammel (myHKT 4.1), Gernble OKpyK-
Hoctu — obnactu H 11, kBagpat — o6nacte, ucciemyemast B JaHHOU paboTe.

3. lanHbIe HAOIIOAeHHu

B nanHoi#i paboTe ObUIM MCIOJIB30BaHbI MECTh JIUHUN MoJsieKysibl CO u ee n30TONoB, a
MMeHHO mepexomst J = 1-0, J=2-1 u J =3-2 BCO; J = 1-0, J=2-1 C'"*0, nepexon J =2-1
2co. Kpowme toro, 6putn nmommydens! gannslie o nepexoaax (J,K) = (1,1) u (2,2) NHz u J =2-1
CS u C**S. Habmroxenust mpoBogmiichk Ha 30-MerpoBoM Tereckone IRAM, 20-M Teneckore
ONSALA u 100-m Effelsberg. Ilapamerpsl HabmoneHuil mnpuBeneHsl B Tabauue 1. Otot
Ha0Op JMHUHA 103BOJIAET 3PPEKTUBHO HCCIEN0BATh MOP(OIOrHI0 U (GU3HUECKUE XapaKTepu-
CTHKH MOJIEKYJISIPHOTO Ta3a: pa3Mepbl BOJOKHOOOpa3HOIl 00JacTH, KWHEMaTHKa BEIIECTBa,
BBIJICJICHBI CT'YCTKH TIOBBIIIEHHOHN TIOTHOCTH. MOJIEKYIISIpHBIE TaHHbIE KOMOMHHPOBAIINCH C
apXMBHBIMH JaHHBIMU JnanbHero MK-nuana3zona, moixydyeHHbsIME Ha Teneckone Herschel.
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Ta6muua 1. [Tapamerpsr HaOMIOAATETBHBIX JAHHBIX, TIIE Og00 U O2000 — KOOPAMHATHI IIEHTPA KapTHI,
OpwhMm — IIMPHHA AMArPaMMbl HANIPABJICHHOCTH, Af — IIMpUHA CHIEKTPaIbHOTO KaHaIa.

Yacrora, 02000, " ™° Pasmep Af,
Teneckon JIunaus T 82000, © " " KapTHI OrwHM .
APEX BCo(3-2)  |330.5880 613 46 5 %7 20" 80
+17 54 10
IRAM 2Co@2-1) |230.5380 613 40 17" x 12/ 12" 50
+17 54 40
BCco@-1)  [220.3987 16" x 15’
Cc’®*o(@2-1) |219.5604 200
ONSALA BCO(1-0) 110.2014 613 45 8" x 9’ 36" 76
+17 54 20
C"*0(1-0) 109.7822
CS(2-1) 97.9810 7' %9
C*s(2-1) 96.4129
Effelsberg NH;(1,1) 23.69 61352 11" x 6' 33" 15
+17 53 45
NH;(2,2) 23.72

3.1. Obpadomka oannvix

[Tonyuyennsle cnexkTpel oOpabatbiBanuck B nporpamme CLASS u3 makera GILDAS
[10]. Jns pacuera ¢usznueckux mapameTpoB B JuHHsIX CO ucnonp3oBaics maketr MIRIAD
[11], uHTErpHpOBaHNE W TMONYYEHHE CTATHUCTUKU IO 3HAYECHUSM (U3NYECKHX MapaMeTpOB
BBITIOJTHSJIOCH ¢ TIOMOIIBI0 TiporpamMMbl ds9 [12]. It moucka CryCTKOB TMOBBIIICHHOW KOH-
[EHTPAIlMU BOJOKHA ObLT ucnoiib3oBaH anroputM GaussClump makera CUPID [13]. [Inst 06-
pabotku ganHbIXx MK-nnama3ona, momydeHHbix Ha teneckorne Herschel, Opia ncnonp3oBana
nporpamma Herschel Interactive Processing Environment (HIPE, [14]). Muorue pacdersl
IPOBOAMIIUCH Ha A3bike Python.

4. OcHOBHBIE pPe3yabTAThI

4.1. Kunemamuka

s wiccriemoBaHrs KHHEMATHYECKON CTPYKTYPhI BOJIOKHOOOpa3HOTO o0Jaka ObLIN TI0-
CTPOCHBI TUArpaMMBbI MO3UIUA-CKOPOCTh (PV-nuarpaMMbl) B HampaBiIeHHH, YKa3aHHOM Ha
puc. 1, B mmansx 2CO, CO, C'*0 u CS. Pesynsrar Boigenenus B mHusx ~CO (2-1), (1-0)
u CS (2-1) npexacrasien Ha puc. 2. Bunen o0umuii rpaeHT CKOPOCTH, YTO TOBOPHUT O CBsI-
3aHHOCTH 00BeKTa. [10100HbII BUI quarpaMM MO3ULHUSA-CKOPOCTh BJIOJIb OCHOBHOT'O BOJIOKHA
MOJKET MHTEPIPETUPOBATHCS PA3IMUYHBIME CIOCOOaMH. AHAJIOTUYHAS CTPYKTYpa CKOPOCTEH
obcyxmaetcs B psage padot [15, 16], aBTOpbI KOTOPHIX JEIAIOT BHIBOJI O TTPOI0JIFHOM KOJIIAT-
CE BJIOJIb BOJIOKHA B €r0 IIEHTPATbHYIO YacTh, TJI€ B UCCIECTYEMOM HaMHU OOBEKTE HAXOIUTCS
MaccuBHBIA cryctok OSO2 (ob6cyxmaercss B myHKTe 4.8). LlIMpuHBI MONEKYISIPHBIX JTHHUI
nopsiika ~ 2 KM/C, YTO 3HAYUTEIBHO MPEBHINIACT TEIUIOBBIC 3HAYCHHS U ITOAPA3yMEBAET TYp-
OyneHTHOCTh B o0sacTu. CHeKTphI PCOo(1-0), C*0(1-0), CS(2-1), C*S(2-1) u NH3(1,1) B
UCCIIeTyeMOM 001acTy OoKa3aHbl Ha puc. 3.
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Puc. 2. PV-auarpammsr B muausx CO(2-1) — BepxHee mzo6paxenue, *CO(1-0) — cpeauee u3o6pa-
xenne u CS(2—1) — HmxHee. ['opu3oHTaNbHAS OCh — HANpaBIieHHE BAOJNb BOJIOKHA, TIOKa3aHHOE Ha
puc. 1 Genoit TUHAEH, B rpaIycax.
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Puc. 3. Ycepenrennsie crekTpsl B mansax ~CO(1-0), C*0O(1-0), CS(2-1), C**S(2—1) u NH; (1,1) B
LEHTPaIbHON YacTh ucciieayemoit oonactu. [lITpuxoBaHHas TMHUS MTOKA3bIBACT BIIUCAHHYIO rayccua-
Hy. Beprukanpnast auHus — muk usnydenns “CO. IlIkana HHTEHCHBHOCTEH B AHTCHHBIX TEMIIEPATY-

pax (K).

4.2. Temnepamypa

Temmeparypa onpenesnsieTcs TpeMs METOIaMU: 10 M3ITydeHnio ammuaka NHs, mo usiy-
YeHHMIO ONTHYECKH ToJCTOl muunH “CO B ycnousx JITP i 10 HHQPAKPACHOMY H37TyUEHHIO
Herschel ma A = 160, 250, 350 u 500 pm (cM. myHKT 4.5). MonekyJIsspHOE U3ITydYeHUE IMOKa-
3bIBAaCT KMHETHUUECKYIO TeMiepatypy rasa, UK-uznydyenue — temneparypy neuta. MeTtoauka
MOJTyYEHUsl TEMIIEpaTypbl U3 U3IyUEHUS MOJIEKYJIbl aMMHaKa 1o nepexonam (2,2) u (1,1) no-
npoOHO omucaHa B pabdore [17]. OgHako u3/IydyeHHEe aMMHaKa CUJIBHO TOJBKO B HECKOJBKUX
KOMITAKTHBIX ~ 00NacTax. 3HAa4YeHUs TEeMIepaTypbl [UIs HHX JIeKaT B Ipeaenax
10-20K.
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Jlu1st Ompe/ielIeHNs] TEMIIEPATyPBI Ta3a 1o JaHHbIM B HIn “CO (2—1) 6bLIO HCIIOIB30-
BaHO MPEAINOJIOKECHHUE JIOKALHOTO TEPMOJUHAMHYECKOTO paBHOBecHs. Takke mpesmnosara-
110ch, uto HAK “CO SBISIOTCS OmTHYecKH TocThiME (T.e. 1('2CO) > 1). Toraa TeMIepa-
Typa BO30YyKJIeHUS THHUH Tcx MOXKET ObITh Hal/IeHA U3 PEIICHHsS YPaBHEHUS TIEPEHOCA U3ITY-
4yeHus, OoJsiee MOJAPOOHO METOJIMKa omucaHa B padote [18], oqHako ObBUIM M3MEHEHBI KOH-
CTaHTBI KOHCTAHT JuIg mepexosa J = 2—1. 3aceeHHOCTH MOHOOKCHIA YTIIEpoIa ONpPeAesIoT-
Csl B OCHOBHOM CTOJIKHOBCHMSIMH, TIOITOMY TeMIIepaTypa BO30YKICHHS HIKHHX ypPOBHEU
npHUOIM3UTEIIFHO paBHA KHHETHUYECKOW Temriieparype. Kapra pacmnpeneneHus remrepaTypsl,
MOJTyYeHHas Mo TaHHOM MeTOAMKe, MpecTaBieHa Ha puc. 4. Tak kak nuaun “CO onTu4ecku
TOJICTBIC, MBI TIOJTydaeM TeMIIepaTypy Ha MOBEPXHOCTH oOiaka. KoHTypamu oTMedeHa TeM-
neparypa, noimydeHHass mo naHHeiM Herschel (mynkt 4.5). 3HayeHust nexar B Mpeaenax
10-30K, nanbonpIire TemMneparypbl HaOMIOAAI0TCS B peruone S258.
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18:00:00.0 18:00:00.0

58:00.0 58:00.0

56:00.0 56:00.0
54:00.0 54.00.0
s2000 52:00.0
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17:50:00.0

48:0L 0 43:00.0

£ 46000
13:10.0 100 E14:000 50.0 s 400 200 13100

76 10 13 15 17 20 2 25 a7 30 a2 B0+ 20 268021 492021 T A6 21 9400+ 21 11604

Puc. 4. Kapra pacnpenenenus TeMnepaTypsl (cresa) v TydeBoi KoHIeHTpauu H, (cnpasa) B obmactu
G192.76+00.10, paccunTanHas mo MojieKymspHoMy m3myuenmo “CO u “CO (myukrtst 4.2 u 4.3).
"Pemerkn" Ha KapTe — 3TO MHCTPyMEHTaJIbHBIE 3PQPEKTHI, CBA3aHHBIE C TEM, YTO YacTh IMHUKCEIEH B
npuemanke (HERA) He pabortana. benple KOHTYpHI — TeMIepaTypa 1 JIydeBas KOHIICHTPALHS, ITOTY-
yenHas m3nydennto Herschel (mynkr 4.5). Kontypbl cootBercTBYIOT 3Hauenusm 7, 12, 17, 22, 27 K
crean 1.0 10*, 9.6 10*', 1.8 10, 2.7 10 cm * cripasa.

4.3. /Iyuesan konyenmpayusa H,

Jist OLleHKHM JTy4eBOW KOHIIEHTpAIu MoJieKysl H, ObUTO MCIONBh30BaHO W3Iy4YCHHE B
muHAsX w30Toma 2CO, NMerolee MEHBIIYIO ONTHYECKYIO TOMIIHHY 10 cpaBHeHHO ¢ ~CO.
Meroauka ompenenenus onucana B pabore [18]. Kapra Ny, momydeHHas 1Mo U3Ty4YEHHIO
J=2-1"co, IIPEJICTaBJICHA HAa PUCYHKE 4. rIic KOHTypaMH OTMEUYEHa JIyueBas KOHILIEHTpa-
s, mosrydeHHast mo qanabiM Herschel (myHkT 4.5). JlydeBas KOHIIGHTpanus JEKUT B TIpee-
nax or 6.23 10%° no 2.48 102 cM % B caMbIX MIOTHBIX o0nacTsX, cpeqHssi KOHIICHTpaIs
1.7 10*' cM 2. OxHAKO JIy4eBbIe KOHICHTPALMH BOLOPO/A, TOCUUTAHHBIC TI0 PA3HBIM IIEPEXO-
mam PCO u C'*0, ne paBHBI IpYT APYry. OTO TOBOPUT O TOM, YTO IPEAIOJIOKEHNE O JIOKAJIb-
HOM T€PMOJUHAMHYECKOM PABHOBECHUH BBITMIOJIHIETCS HE BE3JIE.

4.4. Konyenmpauua H,

KonmeHTpamus MoJIeKyJIIpHOTO BOAOPOAa ObUIa TIOTy4YeHa MPH MOJICITUPOBAHUHN OTHO-
LICHUH IIEPEX0I0B PCO J=1-0, 2-1,3-2 B nporpamme Radex [19]. Bce nepexoas! 6buin
NPUBEJCHBI K OJHOMY IPOCTPAHCTBEHHOMY pa3pelIeHHI0, MOCTPOSHBI KapThl OTHOIICHHUN
J=(1-0)/(2-1) u (2-1)/(3-2). HabnrogaTenbHple 3Ha4eHUs] OTHOIICHUHN ISl JAHHBIX TIEPEeXo-
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JIOB MEHSI0TCS B mipeaenax oT 1.5 10 8 u ot 3 10 15 cCOOTBETCTBEHHO, TEOPETUUECKHUE MPEI-
CTaBJIEHBI Ha pUC. 5. 3aJaHHBIE TapaMETPbl MOJIEIH: KOJIMYECTBO MOJIEKYJ BCO ma JIyde 3pe-
Hust (JrydeBast KoHIeHTpauust) 10'¢ cm? , mmpuHa muamn 2 kv/c. TlonyduBIascs KOHIEHTpa-
1IMs1 BOJOPOAA JIEKUT B MIpeaeiax 10° —10% em .

32 20 14
28
s 18 12
o
240 5
* 16
208
g
¥ 14
63 2
o
s
2 12
3
=]
E
5 10
0.4
0.0 0
32 34 36 3B 40 42

—
oo
OTHoweHne CO (2-1) k (3-2)

—
P
o

=
oo
=

[=-]
ra

3.2 34 3.6 38 4.0 4.2
N, 19 Ngy 19

Puc. 5. Orromenus J = (1-0)/(2—1) J = (2—1)/(3-2) unTencuHoCcTH H3TydeHms *CO B 3aBHCHMOCTH
OT TeMIIepaTyphl ra3a U KOHIEHTPAIIMH MOJIEKYJSIpHOTO Bogopoaa n(Hy).

4.5. Ananu3 uznyuenusn noliu 6 UHPPAKPAcHOM Ouanazone

TerioBOE M3MyYeHUE XOJIOIHOM MBLUTH JICKHUT B JaTbHEM WH(PPAKPACHOM TUANa3oHe, U
€ro aHaJiu3 MOKET OBbITh MCIIOJIb30BaH JUIS MOJIy4eHUs (PU3HUYECKUX MapaMeTpoB, HAIIpUMeED,
TEMIIepaTypbl BellecTBa U JyuyeBoi KoHueHTpauuu [20, 21]. /lng 3Toro ObUIO BBHIMTOIHEHO
MOJIEJIMPOBAHUE CIIEKTPAIBHOIO paclpeieieHHsl SHEPTUH U3ITy4YeHus MbUIH 1Mo JaHHbIM Her-
schel (160—500 pm). st 4-x Todyek OblIa BOMCAaHA MOJENb a0COIIOTHO YePHOTO TeJa CO CBO-
6oaubiMu mapameTpamu Tyq u N(H;) — TemnepaTtypa nbuid 1 JiydeBasi KOHIIEHTPAIUsS BOAOPO-
na [22]. B pe3ynpTare 1osy4eHbl KapThl paclpeeIeHNs JaHHbIX 1apaMeTPOB.

[TukoBoe 3HaUeHUE TeMIiepaTypbl U3 JaHHOU KapThl — 29 K B o6mactu S258, pacnpene-
JIEHUE TeMIIepaTyphl MbLUIM MOKa3aHO KOHTypamu Ha puc. 4. OgHako mpsiMoill KOppesuuu
MEXy 3HAYEHUSMH TEMIIEpaTyphl raza ¥ meuid He Habmomaercs. CoriacHo pabote [23],
TEMIIEPATypPhI TIBLUTH U Ta3a COMMKAIOTCS MPU KOHIEHTpalusax ra3a n(Hy) > 10*° cM° 3a cuer
oOMeHa ’Hepruei mpu CToJIKHOBEHUAX. [ImoTHOCTH HccaenyemMoro o6jaka B OCHOBHOM HIKE.

[TMKOBOE 3HAuEHME Jy4EeBOM KOHIEHTpauu — 3.8 10 cM 2 Ha opg0 = 67137475,
02000 = +17°55°02” — urto COOTBETCTBYET LEHTPAJIbHOW 4YacTH MaccUBHOro cryctka OSO2.
JlanHOe pacripeneneHre KOHTypaMu TMOKa3aHo Ha puc. 3.4, ¥ BUIHO, YTO B XOJOJTHBIX 00JIa-
ctsax G192.76+00.10 m3nyyenne MK-nuana3ona mokaspBaeT OOJBIIYIO JTY4EBYIO KOHIIEHTpPA-
M0, YeM M3Ty4YeHHEe MOHOOKCHA YTJIEpoja, a B TEIJION 3amaaHoi yactu S258 HaobopoT —
MOJICKYJISIPHOE M3JIy4YEeHHE MOKa3bIBaeT OOJIBIIYIO JIy4eBYIO KOHIICHTpanuio. BeposTHo, 3To
CBSI3aHO C TE€M, YTO MOJIEKYJIbI MOHOOKCH/Ia yTJIepo/ia BEIMOPA)XKUBAIOTCS HA MBUIMHKHA B XO-
nonubix oomakax (Tx ~ 10K) [24].

4.6. Pazmepuol 6010KH000pa3nozo oonaka

s ompeneneHuss IUPHUHBI BOJIOKHA OBLJIO HMCIOJIB30BAHO DPACHpEeNIeHHE Ty4eBOM
xounenTparun Hy, momyuennoe o *CO(2—1) (myHkt 4.3). Bbimm mocTpoeHsl mpoduiti Tyde-
BOM KOHIEHTpalMU MO 6-TH HANpaBICHUSM IMEPIEHAUKYISIPHO BOJIOKHY, 3TH JaHHbIE ObUIN
yCpeIHEeHBI, U ¢ momotpo anroputMma GaussianModel moaynst LMFIT Python Briucana rayc-
coBa (YHKUHUS, IOJy4YCHHas I[IOJIHAs IIMpUHA Ha YPOBHE TIIOJIOBUHHON aMIUINTY/bI
0,86 +/- 0,05 1k ecTb mmpuHa BosokHa. [llupuna mo “CO(1-0) pasua 1.23 +/- 0.04 nx.
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AHanornuyHas mporeaypa Oblia MpoBeaeHa IS JTy4eBOW KOHIICHTPAIMH, MOJTyYeHHON
no m3ny4yeHuro nanbHero MK-muanasona Herschel (myHkT 4.5), v monHas mupuHa HA yPOBHE
MOJIOBUHHOW aMIiTuTyibl paBHa 0,50 +/- 0,01 mik.

[TomyuenHble pa3mMepsl BOJOKHA OTJIMYAIOTCS OT CPEAHECTATHUECKUX Pa3MEPOB HCCIie-
JIyEMBIX BOJIOKOH [2, 25] OgHako TeopeTHYecKre MOJEIH [26] MOKa3bIBAIOT, YTO IIMPHHA BO-
JIOKHA OTPEJEISIETCS CKOPOCThIO 3BYKa M IMOBEPXHOCTHOM IUIOTHOCTHIO. JlOmoNHHUTENbHOE
TypOyJIEHTHOE JaBJIEHUE MOXET yBEJIMYUTh WUpHUHY. PasHuIla B mIMpuUHE, MOJIYYEHHOH 10
u3nyuennio ~CO u Herschel, MoxeT 00bSICHATECS TeM, uto MONeKy sl CO BBIMOPAKHBAIOTCS
Ha TMBIJTMHKHA B XOJIOJHBIX 00Jakax [24], COOTBETCTBEHHO, BIIMCAHHAS rayccoBa (DyHKITHS 00-
pe3aeTcs CBepXy U UMEET OOJBIIYIO IIUPUHY .

4.7. Macca éo10Kkna

3Has pacrpeaeieHue JIy4eBOd KOHILIEHTPAllMU BOJOPO/a, MOJIy4aeM Maccy rasza HWHTe-
rpupoBanreM N(H) mo noBepxHoctu ncrounuka. [lomyuunBiascs Macca uccieayeMoi obma-
ctu BoJokHa ~ 800 M@ mo MOJIeKyIsIpHBIM JaHHBIM Bco@-1) (mynkt 4.3) u ~1700 M@ o
JAHHBIM M3MyueHus neuid B nanbHeM UK-nuamazone (myHkT 4.5). BepositHo, MOneKysipHOE
U3TyYEHUE TOKA3bIBACT HIDKHIOK OILIEHKY MAacChl BCIIEJICTBUE BBHIMEP3aHHs B XOJOIHBIX 00-
nmakax [24].

Emie onHa BakHast BeNMMYMHA I ONpEACTICHHs MapaMeTpoB BOJIOKHA — OTHOIICHHE Mac-
CBbI HA CIUHUITY JTMHBL. BOJIOKHOOOpa3HOE 00JIAaKO SBISIETCS HEYCTOWYHMBEBIM, €CJIH €r0 OTHO-
[ICHHE MacChl Ha €IMHHUILY JITMHBI OOJIbIIE KPUTHUECKOTO OTHOMICHUS Miine > Meyir. Jli1s1 vicce-
nyemon obiactu, ucnonsiys ganable MK-auamna3ona, macca Ha equHUIy UIHHBL ~ 250 Mo/nK,
YTO MPEBBIMACT Myit = 2 czs/G ~ 25 Mp/uk [8], rae ¢ — ckopocTh 3ByKa cpenbl, G — rpaBUTa-
IMOHHAs nocTtosiHHas. Clie10BaTeNbHO, JAHHOE BOJIOKHO TPaBUTALIMOHHO HEYCTOMYUBO.

4.8. Bvloenenue ccycmkoe nogvluleHHOll KOHUEeHmMpPayuu 2a3a

Jlnst BeIIENEHUS MOJEKYJISIPHBIX CTYCTKOB ObUT HMcrosib3oBaH anroputM GaussClumps,
BIIEPBbIE MPEIOKEHHBIN B cTaThe [27]. B HacTosmel paboTe A BhIACIEHUS CTYCTKOB OBLIO
WCITOJIb30BAHO M3TyYeHHUE WHIUKaTopa TioTHoro ra3a CS (2—-1).

Brigeneno 6 crycTkoB, ObLIN HCIIONB30BAHBI CICAYIONINE MapaMeTPhl 3aBEPIICHHUS pa-
6otel anroputma: FWHM nuarpammer HampasienHoctd B mukcensix (FwhmBeam) = 1.5,
FWHM ckopoctu — 0.7 km/c. PazMepbl CrycTKOB OIpeieieHbl KaK IMUPHHbBI Ha YPOBHE MOJIO-
BUHBI MHTEHCUBHOCTH Opwpy. Budyannszanms crycTkoB mpeicTaBiieHa Ha puc. 6. CrycTku,
nosryueHHsle 11o CS, cOBNagaroT CO 3BE3HBIMU CKOIUICHUSIMHU.

Declination

Puc. 6. M300paxkeHne HYJIECBOTO MOMEHTA
muann PCO(2—1), Genble SIUIMICH — CTyCT-
KH{, BbAETCHHBIE Tporpammoii GaussClump

10.0 6:14:00.0 50.0 40.0 30,0 200 13:10.0

Right ascension (Ta6_]'[. 2) .
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4.9. Qu3zuueckue napamempul c2ycmKog

s ompeneneHus Macchl CIYCTKOB Mbl HCIIOJIB30BAIM JIy4e€BYHO KOHIEHTpauuoo Ho,
MOJTYYECHHYIO 10 M3JIy4YEHUI0O MOHOOKCHJIA YTJepoaa 13CO(2—1) — CIIEIOBATENIbHO, MOJyYEH-
Hbl€ 3HAYEHHUs II0Ka3bIBAIOT HIDKHIOK OLIEHKY Macchl. BupHalbHBII mapaMeTp CrycTKOB
oyvir = Myir/M paccuuThIBaeTCs COTJIacHO ompeeeHuto B padote [28]. [lapameTpsl BhIieIcH-
HBIX CTYCTKOB yKa3aHbl B TaOnuue 2, rae o, B, Vmax — KOOPAMHATHI CTYCTKA, Opwim — pa3me-
pBI TaycCcHaHbl, BMUCAHHON B CTYCTOK, B paauaHax, M/Mp u M, /M@ — Macca u BupHanbHas
Macca, BelpakeHHble B Maccax CoiHIA, Oyi — BUPHAJIbHBINA MapameTp. Macchl CryCTKOB Jie-
xat B npenenax 30-160 Mo, BennunHa BupuanbHoro napamerpa ot 0.16 B cryctke OSO4 no
0.78 8 OSOS5. B pabore [28] mokazaHo, 4TO €CIM BUPHATILHBIN MapamMeTp 00JIbIlie HEKOTOPOTO
KPUTUYECKOTO 3HAYEHUS Clyir > Olerit, TOIZIA CITYCTOK MIJIM MOJIEKYJIIPHOE 00JIaKO SIBJISIOTCS Tpa-
BUTAllMOHHO YCTOMYMBBIM. ECIU Oyir < Ocrit, TOI/Ia BO3MYIIEHMSI JIaBJICHUS M IUIOTHOCTH
CI'YCTKOB MOTYT IPHUBECTH K TPaBUTALIMOHHOMY CXKaTHIO BELIECTBA U 3allyCKy IPOLIECCOB
3Be3/1000pa3oBanus. JJis M30TEPMUYECKUX CTYCTKOB ¢ Maccoi [[xuHca 6e3 ydyeTa MarHuT-
HBIX TIOJIEH Ot = 2 [28]. st Bcex mccieayeMbIX CTyCTKOB BUPHAIBHBIN IMapaMeTp yI0BJe-
TBOPSIET 3TOMY YCJIOBHUIO, YTO O3HA4aeT MX TPABUTALMOHHYIO HEYCTOMYMBOCTH. CTyCTKH
0OSO3 u OSO4 umMmeroT HaMMEHbIINE BUPHAJIBHBIE MTApAMETPhI, UTO CBSI3aHO C HEOOJIBIIUMU
pa3MepaMM 3TUX CIYCTKOB U BBICOKOH JIy4e€BOM KOHIIEHTpALMEl BOJOPOIa.

Taoauna 2. Cryctky, BoineneHnble B muHUsIX CS(2-1) ONSALA.

Crycrok | n2 Sanon KVQ;‘C SISWHM’ ﬁ@ ﬁvo“’ i

OSSO 1 61359 +17 52 50 9.328 1.3x1.7 66 48 0.72
0SO 2 61347 +17 55 05 9.562 2.0x1.1 161 125 0.77
0OSO 3 61330 +17 5543 8.161 1.0x1.2 162 28 0.17
0S0O 4 61335 +17 56 21 9.095 1.3x0.8 88 14 0.16
OSO 5 61354 +17 54 26 9.562 0.8x1.2 32 25 0.78
OSO 6 61359 +1752 11 10.26 0.8x1.2 30 13 0.43

4.10. Humeguonwvie cmpykmypul

CornacHo uccnenoBanusMm Herschel [29], BomokHOOOpa3HbIe 001aKa MEX3BE3/HOTO Ta-
3a BO3HUKAIOT BCIEACTBHE aKKPELUU BEIIECTBA BOJIb HUTEBUIIHBIX CTPYKTYp, B aHTJIOSN3bIU-
HOW JTUTEpaType Ha3bIBaeMbIX ~striations” wim “fibers”, B maHHOW pabOTe MBI HX Ha3bIBaCM
HUTH. DTU CTPYKTYpPBI 00pa3yIOT CeTh CNA0BIX, Y3KUX M AJIWHHBIX HUTEH, PACTIOI0KEHHBIX
NEePIEHINKYJIIPHO OCHOBHOMY BOJIOKHY JIMOO TOJ] HEKOTOPBIM yriioM K Hemy. B pabote [30]
CpPEeIHUI yroll MEeXAY HUTSAMHU U BOJOKHOM ~53°. CumTaercs, 4YTO 3TH HUTH BBITSAHYTHI Ia-
paJIENBHO JTMHUSAM MAarHUTHOTO TOJs. MIeHTH(UIpoBaTh UX MOXKHO, IOCTPOUB JHArpaM-
MBI [10JI0KEHUE—CKOPOCTh MApaJUICIbBHO OCHOBHOMY BOJIOKHY B JIMHUAX '2CO [31] — Habmo-
JIAETCS IePHOINIECKAs KAPTHHA CHHEr0 W KPacHOTO CMEIICHHMs, oaHako B ~CO Takoro sd-
dexra He HAOMIOAaeTCS.

Anammsupys msnydenne Herschel, Mbr Bergenim 3 HUTH, IOKa3aHHbIE Ha puc. 7. Ja-
jee, ObUIM MOCTPOCHBI JUArpaMMbl MO3UIUSA-CKOPOCTh B JIMHUSX 2co (2-1) u Pco (2-1)
BJIOJIb HAINPABJIEHUS, IOKA3aHHOTO HA pHUC. 7 YepHOM JuHUEH. PV-nuarpaMMsl nmapajiieabHO
OCHOBHOMY BOJIOKHY ITOKAa3bIBAIOT MEPHUOJUIECKYIO KAPTUHY KPACHOTO U CHHEro CMEIICHHS B
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maamsx “CO (2-1). O6uacty Ha PV-auarpamue, B KOTOPBIX YBEIHIMBACTCS AHAIA30H CKO-
pocTeld, COBNAAAIOT C MojiokeHneM Huted 1 u 2. MuTepBan Mexay 3TuMu HUTAMHU ~0.59 1K.
PV-nuarpamMmel BoJIb HUTEH MOKA3bIBAIOT OOMINI TPATUEHT CKOPOCTH, a TAKKE YBEITUUCHUE
JTUCTICPCUU CKOPOCTEH MPH MPUOIHNKEHUH K BOJIOKHY.

Declination

L

10.0 6:14:.00.0 50.0

Right ascensicn

40.0 13:30.0

Puc. 7. Herschel A = 160, 250 u 350 um. YepHas TuHHUSI — Ty Th, BIOJIH KOTOPOTO CTPOUITUCH JAHA-
TpaMMBI ITO3UIIUA-CKOPOCTD, Oenble TUHUN — BBIACJICHHBIC HUTH.

2 1

V, m/s
oo
=
o
=

8000

V, m/s

10000

12000

0.00 0.01 0.02 0.03 0.04 0.05 0.06
Degrees

Puc. 8. /luarpammbl O3ULIKSA-CKOPOCTh B HAPaBJICHUH, TapaJJIEIbHOM OCHOBHOMY BOJIOKHY,
BEPTUKAIILHBIC JINHUU COOTBETCTBYIOT IIEPBOM Y BTOPOU HUTH.
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[Jaiee, nenas npeanooKEHNE, YTO JaHHBIE HUTH JIEKAT MO YIJIOM K KAPTHHHOM TUIOCKOCTH,
MBI IOJy4aeM CKOPOCTh aKKPEIHMHU BEIEeCTBa BJIOJb HUTEH 10 Gopmyiie:

M =MV/L,, (1)

rae Mg — Macca HUTH, Ly — JJIMHa HUTH, V- pa3HULIa MEXY HEHTPATIBHON CKOPOCTHIO JIMHUU
BCO u crenensio KpacHOM 1011 2CO [32]. 3nauenne V MOJTy4aeM, UCCIETYS CTIEKTPhI 2co
u CO (mammpumep, puc. 9). Hac uHTepecyer pa3HHLia MEXTy MUKOM H3ITy4EeHUS BCOn po-
BastoM '“CO. [TomyueHHbIE CKOPOCTH aKKPEIMH MPEICTaBICHbI B TabauIie 3.

Tadauua 3. [lomydeHHbIE CKOPOCTH aKKPELIUH.

Homep HuTH M,, M, V, xm/c L,, nk M, M./rox
1 15 - 1.3 -
2 19 1.3 1.51 1.6107°
3 10 1 1.13 910°
2I3U240 ZaUo40 230850 Z25025U
[ ‘ | ' | ' ' ' | ' | ]
co(2-1) !

13
6 CO(2-1)* 4 _

Velocity (km/s)

Puc. 8. Criekrpsr 2CO u *CO s TpeTbeii HUTH, 10 BEPTHKAIBHOI IIKAITE
OTJIOKEeHa aHTeHHas Temnepatypa (K).

5. O6cy:xknenune

B pabote [6] moka3aHO, YTO CKOIUICHUS MOJIOJBIX 3BE3THBIX OOBEKTOB B KOMILICKCE
3Be31000pa3zoBanus S254-S258 naxoxsrcs Ha rpanunax obnactedt H II. Ha ocHoBanuu aHa-
JU3a pacupeereHus: MOJEKYJIpHOTo ra3a [5] Takke MpUXOAT K 3aKII0UEHHUI0, YTO MpoLec-
ChI 3B€371000pa30BaHUs B 3TOM paiiOHE BBI3BaHBI pacuupeHnem coceaunx oodmacreir H II. Dt
MPOIECCHl HAXOAAT OTPAKEHUE B KPYMHOMACIITAOHON CTPYKTYpe M KHMHEMAaTHKe oOiacTeit
3Be37000pa3zoBaHus. Buj auarpaMM Mo3ulusi-CKOPOCTh BAOJIb OCHOBHOTO BOJIOKHA MOKET
UHTEPIPETHPOBATHCS PA3TUYHBIMU CIOcO0aMu. AHAIOTUYHAS CTPYKTypa CKOpocTel 00Cyxk-
naeTcs B psjge padot [15, 16], aBTOpBl KOTOPHIX JENAIOT BBIBOJ O MPOJOJIEHOM KOJIIAIICE
BJI0JIb BOJIOKHA B €0 LIEHTPAJIbHYIO YacCTh, I/1€ HAXOAUTCsI MaccuBHbIN cryctok OSO?2. Jlyue-
BBIC KOHIEHTpammn Bogopoaa N(H,), momyuennsie mo ~CO(2—1) ¥ MO H3IyYeHHIO BUTH B
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HK-nnama3one, pa3nudarTcss MEXIy COO0H. DTO OOBSCHAETCS Pa3HBIMH YCIOBHSMHU BO3-
Oy KIIeHHs] MOHOOKCHIa yIJepoJia U MbUIM, BO3MOXKHBIM BbIMep3anueMm mosekyn CO [24] u
OTpaHUYEeHHOCTHIO npuMeHeHus ycioBuil JITP. [Tomydyennsie B paznene 4.6 pa3Mepbl BOJIOK-
Ha OTJIMYAIOTCS OT CPEAHECTATUUYECKHX pa3MEpOB HCCIEAYEMBIX BOJOKOH [2, 25] OnxHako
TEOpETUYECKUE MOJAENIH [26] MOKa3bIBAIOT, YTO IIMPHUHA BOJIOKHA ONPEIECISAETCS CKOPOCTHIO
3ByKa U TOBEPXHOCTHOH IJIOTHOCTHIO. JlOMOMHUTENbHOE TYypOYJCHTHOE JABICHHE MOXKET
YBEJIHYHTH WHPHHY. PasHUIa B MIHPHHE, TOIyYeHHOMH o u3nydenuto ~CO u Herschel, 065-
sICHsIeTCSI BO3MOXHBIM BbiMep3anueM CO. BonokHooOpa3zHoe 00s1ako sIBIsIeTCS HEYCTOHYH-
BbIM, €CJIM €ro OTHOIIEHHWE MacChl Ha €AMHUILY JJIMHBI OOJIbIIE KPUTUYECKOTO OTHOILICHUS
Miine > Mt [3]. At uccnemyemoii 06macti Myie ~25 Me/nik [8], Miipe ~250 Me/mik, 9TO TO-
BOPHUT O HEYCTOMYMBOCTH HCCeayeMoro oosaka. [IpoBeneHo uccnenoBanue CBOWCTB CTYCT-
KOB TOBBIIIEHHONW KOHIEHTpAlMKU BellecTBa. [lapameTpsl BbIIENEHHBIX CI'YCTKOB IpEACTaB-
neHsl B Tabnune 2. HukHKe OlleHKH Macchl CTYCTKOB JiexkaT B npenenax 30—-160 Mg , Benu-
YUHA BUPHAIBHBIX MAPAMETPOB YJOBJIETBOPSAET YCIOBUIO IPABUTAMOHHON HEYCTOMUHUBOCTH.
Cryctkn OSO3 u OSO4 uMeroT HauMEHbIINE BUPHUAJIbHBIE TTApaMETPhl, YTO CBSI3aHO C HE-
OOJBIIMMH pa3MepaMU 3THUX CTYCTKOB M BBICOKOH JyueBoil KoHueHTpauueil H,. BepositHo,
BEIIECTBO M3 OKPY’KAIOLIEr0 MPOCTPAHCTBA BOJIOKHA aKKpELUPYeT Ha MACCHBHBIH CI'yCTOK
0S02 co ckopocTsmu mopsiaka ~10° M@/roa BIOIs JTHHWH, PACTIONOKEHHBIX MO YIIIOM
~50-60° K OCHOBHOMY BOJIOKHY.

6. 3axsr0uenue

1. [Tokazano, 4Tto BOJOKHOOOpa3Hoe oOnako B HampasieHnn G192.76+00.10 umeer
CBA3HYI0O KHMHEMATHYECKYI0 CTPYKTYpy. BOJOKHO TIpaBUTallMOHHO HEYyCTOWYMBO, BUJ
PV-auarpamm MoxeT roBOopUTh 00 aKKpELUHU BEIIECTBA BJOJIb BOJIOKHA B €r0 LIEHTPAJIbHYIO
YacTh.

2. Onpenenena TeMieparypa rasa Mo JIMHUSM 2CO, NH; u TeMnepaTtypa Mbld 10
nansHeMy MK-auana3ony, nonydeHHsle 3HaueHus gexar B npegenax 10-30K u B nemnom kop-
peNUpYIOT.

3. Onpenenena yydyeBasi KOHLEHTpaLUs BOJOPOAA MO M30TOIy MOHOOKCHJA yriepoaa
13CO(2—1) u u3nyyenuio B nanbHeM MK-nuanaszone. [lomydeHHbIe 3HaUCHUS JIEKAT B MIpee-
max 2.1 10?! — 3.4 102 cm 2 Onenena mmpuHa BoJIOKHa ~(0.9 MK MO NaHHBIM B JUHUU
13CO(2—1) nu ~0,5 nxk no MK-auana3oHy, ¥ OTHOILIEHHWE MacChl BOJIOKHA K €ro J/JIMHE
Mline ~250 MO/HK.

4. BoiienieHo 6 CTyCTKOB MOBBIIIEHHON KOHLIEHTpAIlMU raza B JIMHUSX Tpaccepa IJIoT-
Horo raza CS(2-1) u ompeneneHsl ux ¢GU3MYECKHUE TapameTpbl. HukHUE OIIEHKH MaccChl
crycTkoB Jexat B npenenax 30-160 Mo, Bupuanbubie mapametpsl oT 0.16 B cryctke OSO4
10 0.78 B OSOS roBopsT 0 rpaBUTALIMOHHON HEYCTONYMBOCTH.

5. Bbiaenensl HUTH, 1O KOTOPBIM, BEPOSTHO, BELIECTBO BOKPYI MAacCCHUBHOI'O CTyCTKa
0OSO2 akkpenupyeT Ha HETo.

Pabora BeinoaHeHa npu noaziepkke rpantoB POOU 17-52-45020 u 18-02-00660.
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STUDY OF THE FILAMENTARY STAR FORMING REGION

Ryabukhina 0.L."?, Zinchenko LL'?, Zemlyanukha P.M.},
Sobolev A.M.?, Ladeyschikov D.A.}
!Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod, Russia
Lobachevsky State University of Nizhni Novgorod, Nizhny Novgorod, Russia
*Kourovka Astronomical Observatory, Ural Federal University, Ekaterinburg, Russia

Filamentary cloud in the region G192.76+00.10 has a coherent kinematic structure. The filament is
gravitationally unstable, the shape of the PV diagrams can tell about filament’s longitudinal collapse.
The gas temperature from the '>CO and NHj lines and the dust temperature over the far infrared range
are determined, the values obtained are within the range of 10-30K and are generally correlated. The
column density of hydrogen is determined from the *CO (2-1) and radiation in the far IR range. The
values obtained lie in the range 2.1 10°' — 3.4 10** cm™. The filament width ~0.9 pc was estimated
from data in the *CO and ~0.5 pc in the far-infrared range, and the ratio of the filament mass to its
length was M, ~250 Mp/pc. Six clumps of increased gas concentration in the lines of the CS (2—-1)
dense gas tracer are identified and their physical parameters are determined. The lower estimates of
the mass of clumps is in the range of 30—160 Mg, virial parameters from 0.16 to 0.78 indicate a gravi-
tational instability. Striations are identified, according to which, probably, the material around the
massive clump OSO2 accretes onto it.
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MID INFRARED [Nell] AND [Nelll] AND [CII] 158 MICRON EMISSION LINE
PROFILES IN AGN AND STARBURSTS

Samsonyan A.L.
Byurakan Astrophysical Observatory, Byurakan, Armenia

The sample of 382 extragalactic sources is presented that have mid-infrared, high resolution spectros-
copy with the Spitzer Infrared Spectrograph (IRS) and also spectroscopy of the [CII] 158 um line with
the Herschel Photodetector Array Camera and Spectrometer (PACS) [Samsonyan et al, 2016]. The
emission line profiles of [Nell] 12.81 um, [Nelll] 15.55 um, and [CIl] 158 um are presented and in-
trinsic line widths are determined (full width half maximum of Gaussian profiles after instrumental
correction). Sources are classified from AGN to starburst based on equivalent widths of the 6.2 um
polycyclic aromatic hydrocarbon feature, for which SBs have EW(PAH 6.2 um) >0.4 um, composites
have 0.1 um < EW(PAH 6.2 um) <0.4 um, and AGNs have EW(PAH 6.2 um) <0.1 um.

1. Introduction

Identifying and understanding the initial formation of massive galaxies and quasars in
the early universe is a fundamental goal of observational cosmology. A rapidly developing
capability for tracing luminosity sources to high redshifts is the observation of the [CII]
158 um emission line at redshifts z > 4 using ground based submillimeter interferometers [e.g.
Huynh et al., 2013; Wang et al., 2013; Carilli et al., 2013; Banados et al., 2015], with detec-
tions now having been made to z = 7. This has long been known as the strongest far-infrared
line in most sources, often carrying about 1% of the total source luminosity, and is thought to
be associated with star formation because it should arise within the photodissociation region
(PDR) surrounding starbursts [Tielens and Hollenbach, 1985; Helou et al., 2001; Malhotra et
al., 2001; Meijerink et al., 2007]. The sample of 382 extragalactic sources has been analysed
that have mid-infrared, high resolution spectroscopy with the Spitzer Infrared Spectrograph
(IRS) and also spectroscopy of the [CII] 158 um line with the Herschel Photodetector Array
Camera and Spectrometer (PACS). The emission line profiles of [Nell] 12.81 pum, [NellI]
15.55 pm, and [CII] 158 um are studied, and intrinsic line widths are determined. All line pro-
files together with overlays comparing positions of PACS and IRS observations are made
available in the Combined Atlas of Sources with Spitzer IRS Spectra (CASSIS:
https://cassis.sirtf.com/). Sources are classified from AGN to starburst based on equivalent
widths of the 6.2 um polycyclic aromatic hydrocarbon feature. It is found that intrinsic line
widths do not change among classification for [CII], with median widths of 207 km s-1 for
AGN, 248 km s-1 for composites, and 233 km s-1 for starbursts. The [Nell] line widths also
do not change with classification, but [Nelll] lines are progressively broader from starburst to
AGN. A small number of objects with unusually broad lines or unusual redshift differences in
any feature are identified.

2. Sample Selection and Data

Our sample was selected by examining abstracts of Herschel observing programs which
described observations of extragalactic emission line sources and then studying archival
sources from these programs to identify those for which the [CII] line was observed, either in
line or range spectroscopy. Once all extragalactic sources with [CII] observations were identi-
fied, we searched for these sources in CASSIS to locate sources having high resolution IRS
observations, necessary for line profile information. Below is an example of IRS high resolu-
tion spectrum of starbutst galaxy Markarian18 (Figure 1) and Herschel PACS [CII] spectrum
of the same galaxy (Figure 2).
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3. Comparisons of Line Profile Widths

Comparisons of AGN/starburst classification with intrinsic line widths are shown in
Figures 3, 4, 5. The most important result is shown in Figure 3 for [CII], because a primary
goal of our study is to seek any evidence that the [CII] line width is a diagnostic of
AGN/starburst classification. There is no evidence of any trend, however. Line widths do not
change among classification, indicating that [CII] is dominated by the starbursts within any
source and not affected by the presence of an AGN [Sargsyan et al., 2012 and Sargsyan et al.,
2014]. The results for [Nell] in Figure 4 show a similar result to [CII], with only a slight trend
of increased widths for AGN. As anticipated, the [Nelll] FWHM in Figure 5 does show a
continuous trend for increasing line widths from starbursts through AGN. The presence of the
trend is independent of the adopted value for instrumental width and demonstrates that [NellI]
widths do contain some broadening from the AGN. This is additional confirmation that we
should not expect similar profiles between [CII] and higher ionization features because they
often arise in different physical regions of sources.
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4. Summary and Conclusion

We measure emission line profiles and redshifts for extragalactic sources observed in
both [CII] 158 um with Herschel PACS together with [Nell] 12.81 um and [Nelll] 15.55pum
observed with the high resolution Spitzer IRS. Data are presented and compared for 382 dif-
ferent sources. Results for [CII] and Neon are compared by locating the PACS observing
spaxel that most closely corresponds to the position of the IRS slit. Intrinsic line profile
widths are determined by applying empirically measured instrumental widths from observed
planetary nebulae or HII regions. All [CII] and Neon line profiles together with overlays of
PACS spaxels compared to IRS slits are illustrated in the CASSIS spectral atlas
(http://cassis.sirtf.com/herschel). We use these results to determine if there are trends with
classification as AGN or starburst, or any systematic differences among [CII] and mid-
infrared Neon lines. Our eventual objective is to understand in more detail what determines
line widths in different galaxies. It is found that [Nell] line widths do not change with classi-
fication, but [Nelll] lines are progressively broader from starburst to AGN.
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MPO®UIM SMUCCHUOHHBIX JIMHUM [Nell] 12.81 pm, [NellI] 15.55 pm, [CII] 178 pm
B ASIT U B TAJTIAKTHKAX CO BCIBIIIKOM 3BE3I0OBPA3OBAHMS

Camconsan A.JL.
Bropaxanckas Acmpogusuueckas Obcepsamopus, Bropakan, Apmenus

[Ipencrarnena BeiOOpKa U3 382 BHETaJaKTHUECKUX UCTOYHHMKOB, KOTOPHIC UMEIOT U3JIyUYCHHE B CPE/I-
HEM WH(PAKPACHOM JUAaNa30He, BBICOKOPA3pPEUICHHBIC CIEKTPhl U3 MH(PAKPAacHOTO CIEeKTporpada
Crutep (IRS), a raxxe cnextps! auauH [CII] 158 Mxm ¢ macTpyMenTa Herschel Photodetector Array
Camera and Spectrometer (PACS). [IpencraBnens npoduin sMmuccuoHHbIX JuHuil [Nell] 12.81 Mk,
[Nelll] 15.55 mkm u [CII] 158 MKkM, a Takke ompeaesneHbl NoaymupuHsl 3tux auauil (FWHM). Hc-
MOJIB3YSl 3KBUBAICHTHYIO IIUPUHY MOIUIUKIMYECKOTO apOMaTHYECKOTO YTIIEBOAOpoAa Ha 6.2 MKM
(PAH 6.2 MKM), MOKHO CHENaTh KJIacCH(pHUKAIHUI0O UCTOYHHUKOB OT Starburst 1o AGN. SB mmeroT
EW > 0.4 mxM, koMno3uThl uMeroT 0.1 MKM.
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CTATUCTUYECKOE UCCJIEIOBAHUE MATHUTHBIX 3BE3/ KJIACCA O

Iyasman C.B.
Canxm-Ilemepbypeckuti cocyoapcmeennulil ynugepcumem, Canxkm-Ilemepoype, Poccus

Hzyuena cesa3b (haxma oOHAPYICEHUS MASHUMHO20 NOJIAL Y 36630 cnekmpaibHozo kiacca O ¢ opyaumu
XapaxmepucmuKkamu 36e30ul, a UMEHHO, C 2alAKMUYECKOU UWUPOMOlL, 36E30HOU BeIUYUHOU, PAOUATb-
HOU CKOPOCHbIO, COOCMBEHHbIM OBUNICEHUEM, KPAMHOCHbIO, CHEKMPATbHbIM NOOKIACCOM, KIACCOM
CEEMUMOCIU, NAPALIAKCOM, CKOPOCMbIO 8paujenus (v sin i) u ¢axmopom v sin i >150 km ¢! Eoun-
CMBEHHASL OOHAPYHCEHHASL CMAMUCIMUYECKU 3HAYUMAS 3A8UCUMOCTb — MO PAsIUYUe KIACCO8 C8emu-
MOCIU MAZHUMHBIX U HEMASHUMHbBIX 36€30. Bce ocmanvHble paziuuus mexicoy MaeHUMHbIMU U HeMde-
HUMHbIMU 36€30amu cmamucmudecky Hesnayumvl. C yuémom HAuwux npeovloyuux uUcciedo8anuti u
VKA3QHHLIX 6 Jumepamype Kpumepued omoopa 36630 6 HaAOI00AMenbHble NPOSPAMMbL, Mbl MONCEM
3AKAIOUUMb, YMO 8 OAHHBIX NPUCYICIEYEM CYUeCMBEHHbIIL 0mOop no Hesnauumvim gaxmopam. Cne-
008amenbHO, 8bIOOPKA 36630 C UBMEPEHHBIMU MASHUMHBIMU NOJAMU HEPENPEICHMAMUBHA U 803MOIC-
HoCmU €€ UHMEPRPEemMayul CUIbHO 02PAHUYCHDL.

1. BBenenue

MarnutHble 3BE3bI — 3BE3/IbI, JIeXKAIIME HA TIaBHOW MOCIEN0BATEILHOCTUA JUarpam-
Mbl [eprnpyHnra-Peccenia B nnTepBaiie criekrpanbHbiX kKiaaccoB O, B, A u F, Ha noBepxHo-
CTH KOTOPBIX M0 36€MaHOBCKOMY PACIIEIUICHUIO CTIIEKTPAIbHBIX JTHHUIM 0OHAPYKEHBI KPYITHO-
MacIITaOHbIE MAarHUTHBIE TIOJISI HAMPSHKEHHOCTHIO OT HECKOJIBKUX COTEH JI0 JECATKOB THICSY
apcren.

[TpoucxoxaeHre MAarHUTHOTO TOJISl ATUX 3BE3]] HE BIONHE sicHO. CyIIeCTByeT TUIIOTE3a,
YTO OHO SBIISIETCSl Pe3yabTaToOM padOThl UHAMO-MeXaHu3Ma, kak B cmydae Comuma [1]. Cre-
JIyeT y4duTbiBaTh, uTo CONHIIE UMEET BHYTPEHHEE CTPOCHHUE HE TaKoe, KaK y 3BE3]l paHHHX
CHeKTpasibHbIX KiaccoB. Kpome Toro, CosHile HE UMEET CHUIIBHOTO PEryJIipHOrO KpyIHOMAC-
MITa0HOTO MAarHUTHOTO TIOJISI M HE SIBIISIETCS. MArHUTHOM 3Be3710U. JIMHAMO-MEXaHU3M B TaKUX
3BE3max Masio d(pPEeKTUBEH, U Hake JJIA HEro TpeOyeTcsi HEKOTOPOe HadalbHOE MarHUTHOE
nose [2].

bonee momymnsipHa rumoresa, COIMACHO KOTOPOM MarHWTHOE TIOJ€ 3BE3/bl SIBISETCS
OCTaTKOM IIOJISi MOJIEKYJISIpHOTO o0yaka, U3 KOoToporo oHa chopmupoBanachk [3]. B pamkax
9TON TUIOTE3bl MOKHO OOBACHUTH OONbIINME 3HAUEHUS MArHUTHOTO MOJS Yy HEUTPOHHBIX
3BE3/] MPU YCJIOBUU COXPAHEHUS MArHUTHOIO IOTOKAa. Pfj ucciemoBaresiel CUMTAKOT, 4TO
MarHuTHbIE 3BE3/1bI JOJDKHBI Yallle BCTPeYaThCsl B MIIOCKOCTU ['alakTHKH, Tlie CUIbHEe rajlak-
TUYECKOE MAarHUTHOE TOJI€.

Taxoke cyliecTByeT NpeanoiioKeHNe, YTO MaCCUBHBIE 3BE3/IbI 00Pa3yIOTCS IPU CIUSHUU
MeHee MaccHBHBIX (~1.5 M) KOMIIOHEHTOB JBOWHOW CHCTEMBI. B paMKax 3TOW THIIOTE3bI
MarHuTHoe mojie (opMUpyeTCs MPHU CIAUSHUM ABYX MPOTO3BE3NHBIX OOBEKTOB B MOMEHT HX
BbIxo/1a Ha [ maBHyto [locnenoBarenbHOCTS [4].

Jlnst u3MepeHusi BETUYMHBI 110JI HAaXOJAT 3HAYMMBIA CUTHAJ B MPOMUIISX JIUHUNA mapa-
meTpa Ctokca V U yCpeaHsoT 1o OonbiioMy yucity auHui [5]. M3 HaOmroneHuit momyyaeTcs
yCpeaHEHHAsE 0 BUIUMOMY IOJIYIIAPHIO 3BE3[bl MPOEKIHS BEKTOpa MArHUTHOW MHIYKLWU
(<Bz>). Janee mbI Oyaem Ha3bIBaTh «MAaTHUTHBIMIY 3BE3/IBI, Y KOTOPBIX CPEAHEKBAAPATHIHOE
nosie (cymma KBajapatoB <Bz> st kaxxaoro uaMepeHus) Oonbline 20, TAe 6 — ITO CpeHe-
KBaJIpaTU9IHas OMMOKa U3MEpPEHHUSI.

HaGmronennii MarHuTHBIX mojiel st O-3BE3[ CyIIECTBYET HE OY€Hb MHOTO. MBI HC-
MOJI30BAJIM JAHHBIC, TMOJIyYEHHBIE IBYMsI TpYIIaMH HCCIEAOBaTEICH: HEMELKON TpyIIIbI,
HaOmonaromeid B boune u [Morcmame [6—8], m amepukaHckoi rpynmbl [9]. MarHuTHBIE MO
HEKOTOPBIX 3BE3] M3MEPEHBI 00EUMHU TpyIamMu U 00paboTaHbl pa3sHbIMU criocobamu. Beero
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nomyunsioch 135 3BE3n, 33 U3 KOTOPBIX OKa3ajluCh MArHUTHBIMU. TeM HE MEHee, 3TOTO KOJHU-
YecTBa JOCTATOYHO JUISI TIPOBEACHUS CTAaTUCTHUECKOTO aHann3a. CTaTUCTHYECKUE KPUTCPUU
MPUMEHSIOT U JJ1 BBIOOPOK C MEHBIINM KOJTMYECTBOM OOBEKTOB.

CymectByeTr cenekuus HaOmoaeHn. Hanpumep, MarHUTHBIE MOJIS Yalle U3MEPSIIOT Y
00BEKTOB co 3B&3aH0M BemmuuHon V < 11.8, v sin 1 < 150 km/s u HaxoOsImuxcs B INIOCKOCTH
rasakTuku [10]. MBI uccnenyemM Kak OCHOBHBIE ITapaMeTpbl 3BE31, KOTOPbIE MOKHO HAWTH B
JUTEepaType U MmapameTpbl, 0 KOTOPHIM MPOU3BOAUTCS OTOOP 3BE3 B HAOMIONATENIbHbIE MTPO-
TpaMMBbI, CTATUCTHYECKH CBSI3aHBI C OOHAPY)KCHHEM MArHUTHOTO TIOJIS, YTOOBI U3yUUTh, YeM
MarHUTHBIE 3BE3/Ibl OTVIMYAIOTCS OT HEMArHUTHBIX.

2. IIpoBepka cTATHCTHYECKUX THIIOTE3

CratucTryeckas runores3a — NpeArnoilokKeHne O BUJIE PacpeAciICHUsI U CBOMCTBAaX CIIy-
YyailHOW BEJNMYHHBI, KOTOPOE MOXKHO MOATBEPAUTH WJIM ONPOBEPIHYTh NMPUMEHEHHEM CTaTH-
CTMUYECKUX METOJIOB K JaHHBIM BBIOOPKH. MOXXHO IPOBEPATh PABEHCTBO XapaKTEpPHBIX 3HaUe-
HUI BBIOOPKH, NPUHAJICKHOCT BBIOOPKH K OMPEACIEHHOMY paclpeesieHUI0, 3HAUNMOCTh
K03((UIIMEHTOB KOPPEISLMUU U IpyTHe BaKHbIE CBONCTBA BEIOOPKH.

[Ipy npoBepke CTaTUCTUYECKUX TUIOTE3 (opMmynupyeTcss HyneBass rumore3a Hy.
OTO KOHCEpBaTHBHAs THIIOTE3a, OOBIYHO COCTOSINAs B OTCYTCTBHM PA3INUYUNA MEXIY BBIOOp-
KaM{ WK NPUHAAJIEKHOCTH BBIOOPKH MHTEPECYIOIIEMY HAc paclpeneieHnto. Takxke BbIJIBU-
raeTcs anbTepHaTUBHas runoresa Hi, Bcerna sBistomascs orpunanieM Hysesol. Ilocne ato-
IO IPOBOJIUTCS CTATUCTUYECKUN TECT, BBIYUCIIAETCA 3HAYEHUE COOTBETCTBYIOILEIO KPUTEPUS
Y OIIPENIETAETCS P-yPOBEHb 3HAUMMOCTH, B 3aBUCUMOCTH OT 3HaYEHUsI KOTOPOT'O IPUHUMAETCS
pelieHye, J0CTaTOYHO JIM Y HaC OCHOBAHUM, UTOObI OTKJIOHUTH HYJIEBYIO THMIIOTE3Y. P-YPOBEHb
3HaYUMOCTH — 3TO BEPOSTHOCTb OIIMOOYHOTO OTKJIOHEHMs HyjleBOM rumotes3sl. Iloporosoe
3HA4YEeHHE, [IPU P-YPOBHE 3HAUMMOCTH MEHBIIEM KOTOpOro, oTBeprator Hy 3aBucut ot odnactu
Y KOJIMYECTBA NIpoBepsieMbIX runores. Mel ucnonszyem p = 0.03.

B nanHo#il pa®oTe MBI MPOBEPSUIM HAJIMYHUE CTAaTUCTUYCCKH 3HAYMMOW B3aUMOCBSI3U
MEXly HaJU4MEM y 3BE€37bl MArHUTHOT'O IOJIS U CIEAYIOIUMU €€ mapaMeTpaMu: TrajakThye-
CKOW IIMPOTOM, MapajijlakcoM, 3BE3IHON BEIUUMHOM, pajnaJbHOW CKOPOCThIO, COOCTBEHHBIM
JBUKECHUEM, KPaTHOCTBIO 3BE€3/Ibl, CIIEKTPaIbHBIM IIOIKJIACCOM, KJIACCOM CBETHUMOCTH, IIPOEK-
IIMOHHOM CKOPOCTHIO BpamieHus (v sin 1), u pakropom (v sin i >150 xkm/c).

Msl paccMoTpenu JBe BBIOOPKM (MarHuWTHbIE 3BE3[bI M HEMArHUTHBIE), U TPOBEIH
CpaBHEHHsI XapaKTePHBIX 3HAUCHUI MmapaMeTpoB 3BE31 B 9TUX BhIOOpKax. [l kaxmoro gax-
TOpa, MPUHHUMAIOUIero Oojee JBYX 3HAUEHWM, Mbl CHayaja MpPOBEPSIIM HOPMAJIbHOCTb €ro
pactipenenenus, ucnoias3oBaB TecT lllanmupo-Yunka. Ecnu pacnpenenenuss B Hammx BeIOOP-
Kax 3HaAYMMO OTIMYAIOTCS OT HOPMAJBHBIX, Mbl CPABHUBAJIA MEAWAHBI, IPUMEHSSA PAHTOBBIN
Kputepuil MaHHa- YUTHH- YWIKOKCOHA. [IpM HOpMaJIbHOM paclpeneneHuu UCCIeayeMON Be-
JUYUHBI MBI TIPOBEPSUTA OTHOPOAHOCTH JUCIEPCUN HCCIeyeMO BEeIUYMHBI B BEIOOpKaX Te-
ctom Onuraepa-Kunmna. [Toce 3Toro Mpl cpaBHUBANIM CpeTHUE 3HAYCHUS B BBIOOPKaX COOT-
BeTCTBYIOIEH Moaudukanueil t-kputepust CTbrofieHTa (7151 OAHOPOIHBIX MM HEOTHOPOAHBIX
JUCTIEPCHUit).

B Ttex ciyuwasx, xorna y Hac Obll OMHApHBIA (DakTOp: KpaTHas WM OJMHOYHAs 3Be3Ja
win v sin i >150 KM/c MBI COCTaBISITN TaONHILy CONMPSHKEHHOCTH M TIPOBEPSUTH PABEHCTBO JI0-
aeil kputepuem cornacus [lupcona (kputepuem xz). IIpoBepka paBeHCTBa [OJIEH SBISAETCS
IPOCTEHIINM CIy4YaeM MPOBEPKH T'MIIOTE3bl O MPUHAIJIEKHOCTH ABYX BBIOOPOK OIHOMY pac-
IIPEIEIICHHUIO.

3. Pe3yabTarsl
B nanHOM pasnene Mbl OIPOOHO PACCMOTPUM M3yYEHHUE CTATUCTUYECKH 3HAYUMBIX 3a-
BHUCHMOCTEH HaJM4YUsI MATHUTHOTO TIOJISL C MOYJIEM TaJaKTUYECKOM MIMPOTHI M KIIACCOM CBE-
TUMOCTH. /171 ocTanmbHBIX (HaKTOPOB MBI IPUBEAEM TOJIBKO TAOIHILY C pe3yJIbTaTaMHu.
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Jlerko 3aMeTuTh, YTO J0JIs 3BE3] C U3MEPEHHBIMH MAarHUTHBIMH MOJISIMU BOJIM3H TaJlak-
TUYECKOTO DKBATOpa CYIIECTBEHHO BBIIIE, YEM aHAJOTUYHAS JTOJs 3BE31 Ha OONBIINX Tallak-
THYecKkuX mupoTax [11]. Bo3M0oxHO, 3TO MPOUCXOIUT MOTOMY, YTO UCCIIEIOBATENM MOJIaraoT,
4qToO 3Bé3l[bl B6HI/IBI/I TaJIAKTUYCCKOT'O DKBAaTOpa 4allc GBIBaIOT C MarHuTHBIM I10JIEM, UYEM 3BE3-
IIbl BT OT HEro. TeM He MeHee, 3TO YTBEp)KJIeHHE 00s3aTelbHO HaJ0 MPOBEPUTH, YTOOBI
IIOHATH, HeﬁCTBHTeHBHO Jn €CTb TaKad 3aBHCHMOCTb, HJIIM XKC B BLI60pKe 3Bé3I[
C U3MEPEHHBIMH MOJIIMU TPUCYTCTBYET OTOOp MO HECYUIECTBEHHOMY (akropy, 4Tto Oyner
OYEHb INIOXUM CBOUCTBOM BbIGOpKI/I, CYHICCTBCHHO OTpaHUYMBArOIIUM BO3MOKHOCTU IJIA eé
UCCJIEJIOBAHUS U UHTEPIIPETALINN PE3YIIBTATOB.
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Puc. 1. HopmupoBaHHbBIE THCTOrpaMMBI, TOKa3BIBAIOIIIE PACTIPEIETICHISI MATHUTHBIX W HEMarHUTHBIX
3BE3] IO MOJYJIIO TAJaKTHYECKON MIMPOTHL. BepTukanbHbIC MyHKTHPHBIC JIMHUW TTOKA3bIBAIOT 3HAUC-
HUS MEJaH, KOTOpbIe B JAaHHOM CJIy4ae COBIAJIH.

Ha puc. 1 npencrasieHsl pacpeJeeHUss MarHUTHBIX U HEMAarHUTHBIX 3BE3] IO MOLY-
JI0 WHUPOTHI. PaccMOTpeHust MOIYIIsl IIUPOTHI MO3BOJISET NPUHATH BO BHUMAaHNUE UMEHHO y/ia-
JAEHHOCTb 3BE3]l OT raJIAKTUYECKOTO 3KBaTOpa, 0e3 yuéTa UX paclojioKEHUsI B CEBEPHOM WM
I0KHOM nonymapusix. Pacnipenenenns 3BE31 10 MOAYJIIO FalaKTUYECKOM IIMPOTHI HE ABISIOT-
Cs1 HOPMaJIbHBIMU: 3TO BHJIHO U 0€3 MPOBEAEHUSI CTaTUCTUYECKOTO TECTa MO SIPKO BBIPaKEH-
HOU Moze Ha Hyne. UtoObl yoeauTtscsi B 3ToM (hopMalibHO, MOXKHO TipoBecTr TecT Lllamupo-
VYunka u nomyuuts p-value 1.5 - 10%u1.5-10" I MarHUTHBIX U HEMArHUTHBIX 3BE31 CO-
OTBETCTBEHHO. DTHU p-value O4eHb MaJIbl, YTO TO3BOJISIET CMEJIO OTBEPTHYThH HYJIEBYIO THUIIOTE-
3y «BEIMYMHA paCIpelieeHa HOpMalbHO». M3-3a HECKONBKMX 3BE3]l Ha BBICOKMX HIMPOTAX
Jorapu(pMHUpOBaHUE HE CJAETAET paclpeneieHne HOpMaibHBIM. [103TOMY MBI MCHONB3yeM
paHroBbIl KpuTepuii MaHHa- YUTHU- YUIIKOKCOHA Ui CpaBHEHUs MeauaH. B pesynbrare Mbl
nonydaeMm p-value = 0.72. Ilpu takom p-value y HacC HE JOCTATOYHO OCHOBAHHWM YTOOBI OT-
BEPrHYTh TMIIOTE3Y O PAaBEHCTBE MEAWAH MOAYJIS TaJIAKTUYECKOW HNIMPOTHI MAarHUTHBIX U HE-
MAarHUTHBIX 3BE3I.

Ha puc. 2 noka3zaHsl HOpMUPOBaHHBIE TUCTOIPAMMBI PACIpPEACIECHUN MarHUTHBIX U He-
MarHUTHBIX 3BE37 MO Kiaccy cBetumoctu. O0a pacmpeseseHns O4eHb CHIIBHO OTIIMYAIOTCS
OT HOpMasbHbIX (p-value tecra Hlanupo-Yunka 5 - 10% 1 7-1079), [I03TOMY MBI TaK¥Ke€ HC-
I0JIb3yeM KpuTepuii MaHHa- YUTHH- YUIIKOKCOHA JIJIsl IPOBEPKHU paBeHCTBA MeauaH. 1Ipu atom
nomyuaercst p-value 8 - 10, 4To MO3BOMISIET OTBEPrHYTH HYJIEBYIO THIIOTE3y O PABEHCTBE Me-
JIMaH U 3aKJII0YUTh, YTO MAarHUTHBIE 3BE3/Ibl CTATUCTUYECKU 3HAYMMO MMEIOT MEHBIINHN KJlacc
CBETUMOCTH.

104



«Uszsecmus I nasnou acmponomuyeckou obcepsamopuu 6 Ilyakosey Ne 226

Ddaa £ FZ1 magnetic

[ nonmagnetic

B35
o3
o5
iz

Puc. 2. HopMupoBaHHBIE THCTOTPaMMBI, TOKA3bIBAIOIIUE PACTIPEACTICHISI MATHUTHBIX 1 HEMarHUTHBIX
3BE3/1 IO KJIACCY CBETUMOCTH. MennaHbl BEBIOOPOK CHIIFHO Pa3IAYaroTCsl.

[Tpu cpaBHEHMM APYTMX XapaKTEpHBIX 3HAYEHUH B BHIOOpKE Mbl HE BBIBUIM KaKHUX-
a100 CTAaTUCTHYECKU 3HAYMMBIX 3aBUCHUMOCTEH. [109TOMY MBI KpaTKO NPHUBEITH PE3YIIbTaThI
CTaTUCTUYECKOIo aHaiu3a B Tabnuue 1.

Tabauna 1. CpaBHeHHE XapaKTepHBIX 3HAYSHUI MarHUTHBIX U HEMarHUTHBIX 3BE3]

Hccnenyemslii p-value rectoB | XapakrepHble | p-value Tecta Ha paBEHCTBO
(hakrop [anmupo-Yunka 3HAYCHUS XapaKTEPHBIX 3HAYCHU
CrekTpanbHbIi moaKIace 0.01; 10 MeIUaHbl 0.37
v sin i 10°; 10° METHaHbI 0.48
3BE3IHAS BETUUMHA 0.42; 0.33 cpenHue (®nurnepa-Kunmna 0.03)
0.46; 0.58

Paccrostane 10 107" METHaHbI 0.61
PanuanbHas CKOPOCTH ABUKECHUS 0.1; 0.02 MeIUaHbI 0.54

cpenmHue (®nuraepa-Kunmuaa 0.9) 0.93
Moaynb COOCTBEHHO JIBUXKCHHUS 107; 107" MeauaHbl 0.57

W3 naHHBIX B MPUBEAEHHON BbIIIE TAOMUIE CIEAYeT, YTO HE BBIABICHO CTaTHCTUYECKH
3HAYMMBIX PA3IMYUN MEXAY MarHUTHBIMU U HEMarHUTHBIMU 3BE3/1aMU HU 10 OJIHOMY M3 Iie-
pEUYMCICHHBIX B Ta0nuIEe (pakTopos..

Mpbl 1ONOTHUTENBPHO MPOKOMMEHTHPYEM CpPaBHEHUE CpPEeIHUX. Y HAac HE JOCTAaTOYHO
OCHOBaHMI CUUTATh PACHPENEICHMs IO 3BE3NHON BEIMYMHE OTIMYAKOLIMMKCI OT HOpMallb-
HbIX. [Ipu aTOM Tect dnuruepa-KunuHa Ha paBeHCTBO IUCIIEpCUid TAE€T NOTPAaHUYHOE 3HAYE-
HUe p-value, KOTOpoe B pa3HbIX CIIydasiX MOIVIO Obl OBITh MCTOJIKOBAHO Pa3HBIMM CIIOCOOAMH.
Tem He MeHee, HA KOHEUHBIH PE3yNbTaT HE BIMSACT, OTKIOHUM JIM MBI TUIIOTE3y 00 OIXHOPO-
HOCTHU JIUCHEPCHIL: JUId OAHOPOIHBIX aucnepcuit p-value t-xpurepus Ctbronenta 0.46, a ans
HeomHOpoaHbIX — 0.58. B moboM ciydae 3To He ITaéT BO3MOXKHOCTH OTKJIOHHUTH THUIIOTE3y 00
UX PaBEHCTBE.

Pacnpenenenune 3BE3N MO paguaibHOW CKOPOCTH JBHXKEHUS C HEKOTOPOM HATSIKKOMN
MOXHO CUMUTaTh ONM3KUM K HOpMajabHOMY. I103TOMy MBI CpaBHWIM M MeIUaHbI, U CPEIHHE
3HadeHus (B 3ToM ciydae TecT Onurnepa-Kwimmna nan p-value 0.9, 4To TOYHO HE MO3BOJSET
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OTKJIOHUTH THIOTE3y 00 ogHOpomHOCTH aucnepcuii). O6a Tecra moka3zaid OTCyTCTBHE 3Ha-
YUMBIX Pa3uYAid MEXKAY XapaKTePHBIMHU 3HAUYCHUSMU.

Kpome BrIenepeuncieHHbIXx (PaKTOpOB MBI pacCMOTpENW JBa OWHApHBIX (hakTopa:
OZIMHOYHAs WM KpaTHas 3Be3z1a u (akrop v sin i > 150 km/c. s HUX MBI COCTaBUIIMA TaOu-
bl COMPSKEHHOCTH (CM. TaOMHIB! 2 ¥ 3) M IPUMEHIIH KpuTepuid cormacus [Tupcona.

Taoauma 2. Tabmuia conpsHKEHHOCTH ISl KPaTHOCTH 3BE3N

OnuHOuYHBIE Kparnusie
MarauTHbIe 18 9
HemaruutHsie 60 48

Tabauna 3. Tabnuna conpssKEHHOCTH A CKOPOCTH BpaIlleHUs

v sini> 150 km/c

Vsini1<150 km/c

MarnutHsle

4

13

HemaruutHbie

66

Jisi 3aBUCUMOCTH OT KpPaTHOCTH 3BE3A MBI moiyumin p-value 0.41 a ans 3aBUCHMOCTH
oT (pakTopa v sin i > 150 km/c 3Hauenue p-value 0.4. B utore MOXXHO 3aKJIIOYUTH, YTO 3TU JBA
(axTopa TOKE HE UMEIOT CTATUCTHYECKON 3HAYMMOCTH.

4. 3ak/r04eHue

Mgl B3suiM HAOMIONEHWST MarHUTHBIX TOJNEH 3BE3A M3 paboT [6—9] u mpoBenu aHamm3
HQJINYMS CTAaTUCTHYECKU 3HAYMMOM 3aBUCHUMOCTHM HAJIMYMs MOJSA M CIEHYIOIUX (aKTOpOB:
raJJakTHYeCKOW IIMPOTHI, CIEKTPAJbHOTO TOAKIACCA, KIacca CBETUMOCTH, MPOEKLIMOHHOM
CKOPOCTH BpAILEHMA, 3BE3AHOM BEIMYMHBI, PACCTOSHUS, PATUAIBHOW CKOPOCTH JIBUKEHUS
3BE3/bl, MOAYJISI COOCTBEHHOTO JIBUKECHHSI, KPATHOCTH CUCTEMBI U V sin 1 >150 kwm/c.

MBI nosyumiiy, 4T0 CyLIECTBYET CTaTUCTHUECKH 3HAYMMOE PAa3JInuue MEXIy XapakTep-
HBIMHU 3HAUEHHUSIMU KJIACCa CBETUMOCTU MarHUTHBIX U HEMAarHUTHBIX 3BE31. MarHUTHBIE 3BE3-
Jibl OOBIYHO MMEIOT MEHBLINH KJIacC CBETUMOCTH, YEM HEMAarHUTHBIE.

Jlpyrux CTaTUCTUYECKH 3HAYMMBIX Pa3IM4YMii HE OBbLIO BBISBICHO. JTO O3HAYAET, YTO
MarHuUTHbIE U HEMarHUTHBIE 3BE3/bI Kiacca O HE MMEIOT CYLIECTBEHHBIX pa3iIMyuil 10 BCeM
BBILIIETIEpEYUCIICHHBIM (pakTopam. CieayeT OTMETUTh, 4TO BBIOOpKA 3BE3/ C M3MEPEHHBIMU
MarHUTHBIMM TIOJIIMH HEpPENpEe3eHTaTHBHA M UMeEeT OTOOp IO HECKOJIbKUM IapameTpam,
HarpuMep, o ranakruyeckoi mupore [10] u ckopoctu Bpamenus [9]. Cratuctuyeckuii aHa-
JU3 MOKa3bIBACT, YTO ITH (AKTOPHI HE SIBISAIOTCS CYLIECTBEHHBIMU. B pesynbrare, HCONb3ys
UX MIPU COCTABJICHUU HAOMIOAATENbHONW MPOrpaMMbl, Mbl He OOHapy>KuBaeM OoJble 3BE3N C
CHJIBHBIMU MAarHUTHBIMHU TOJISIMH, @ TOJIBKO MOPTUM BbIOOpKY. OTOOp 1o psay (pakTopoB cy-
IIECTBEHHO OIPAaHMYMBAECT BO3MOKHOCTH MHTEPIIPETALMU JaHHBIX BBIOOpPKH. B pesynbrarte,
Ha JIaHHOM JTaIle Mbl Ja)ke HE MOKEM HHTEPIPETUPOBATh 3HAUMMOCTb 3aBUCUMOCTHU OT KJIac-
ca CBETUMOCTH. BO3MOXHO, YTO 3Ta 3aBHCHMOCTH JECHCTBUTEIHHO CYIECTBYET, BO3MOXKHO,
OHa SBJISIETCS PE3YJIETAaTOM OCOOCHHOCTEH B 00pabOTKE CIIEKTPOB, 3TO MOXKET OBITH OIIHMOKA
NEepBOrO POJa, CBA3aHHAS C KOJMYECTBOM IPOBEPSIEMBIX TUIOTE3 (YBEIMYCHHE KOJIWYECTBA
IPOBEPSAEMBIX TMIIOTE3 MPU (GUKCUPOBAHHOM YPOBHE 3HAaYMMOCTH YBEIMUYUBAET BEPOATHOCTD
X0Ts1 Obl OfHOH ommOKkK mepBoro poaa). M, HakoHel, 3Ta 3aBHCUMOCTb MOXXET OBITh CIE-
CTBHEM JAPYTHX 3aBUCHMOCTEH, KOTOpbIe HE BHIHBI U3-3a 0TOOpa WM OpyTuX (haKTOpPOB, KO-
TOpBIE HaM JIMIIb IPEJCTOUT UCCIEI0BATh B OyIyILIEM.

st Oonee MOTHOTO CTAaTUCTHYECKOTO aHaln3a MarHUTHBIX O-3BE31 OymayT O4YeHb TO-
J€3Hbl U3MEPEHUsl OONBIIET0 KOJIMYECTBA 3BE3J, KOTOPbIE YBEIMUYAT pa3Mep U3ydaeMoOW BbI-
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OOpKHU U, JKeJlaTelbHO, YMEHbIIAT OTOOp MO HECYIIECTBEHHBIM (haKTopaM, YTO CJIIENaeT BbI-
O0opky Oonee penpe3eHTaTuBHON. Kak ciieicTBHE, MBI CMOXKEM TIOBBICUTH UyBCTBUTEIBHOCTh
HAIIUX KPUTEPUEB, COKPATUTH OLIMOKU BTOPOTO poJa U MOJYyUYHUTh BO3MOXKHOCTb AJIS MOJHO-
LIEHHON MHTEPIPETALUU PE3YJIbTATOB.

Jluteparypa
1. R. Arlt// Astron. Nachr, 2013, 334, 109.
2. K.B. MacGregor, J.B. Cassinelli // ApJ, 2003, 586, 480.
3. J. Braithwaite, H.C. Spruit // Nature, 2004, 431, 819.
4. L. Ferrario // MNRAS, 2009, 400, L71.
5. J.-F Donati, M. Semel, B.D. Carter et al. // MNRAS, 1997, 291, 658-682.
6. S. Hubrig, M. Schéller, N.V. Kharchenko, et al. // Astron. Astrophys., 2011, 528, A151.
7. S. Hubrig, M. Schéller, 1. Ilyin, et al. // Astron. Astrophys., 2013, 551, A33.
8. M. Scholler, S. Hubrig, L. Fossati, et al. // Astron. Astrophys., 2017, 599, A66.
9. J.H. Grunhut, GA. Wade, C. Neiner, et al. /| MNRAS, 2017, 465, 2432.
10. S.V. Shulman, A.F. Kholtygin // Contrib. Astron. Obs. Skalnaté Pleso, 2018, 48, 296.

STATISTICAL STUDY OF THE O-TYPE MAGNETIC STARS

Shulman S.V.
Saint Petersburg State University, Saint Petersburg, Russia

We have studied connection of the O-type stars magnetic fields with other stars features. We have in-
vestigated the dependencies between the magnetic field detection and galactic latitude, parallax, mag-
nitude, radial velocity, proper motion, multiplicity, spectral subtype, luminosity class, projected rota-
tional velocity (v sin i), and v sin i >150 km s™'. The only statistically significant revealed dependence
is the difference between luminosity classes of magnetic and nonmagnetic stars. All other differences
between magnetic and nonmagnetic stars are statistically insignificant.

According to our previous studies and the criteria for selecting stars of the observation programs from
the literature we can conclude that there is a selection bias according to insignificant features. As a
result, the sample of stars with measured magnetic fields is unrepresentative, so the interpretation of
the sample properties is limited heavily.
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CBA3b I'NTYBOKUX MUHUMYMOB UX ORI
C BOBMYUIIEHUAMMU B TUCKE

Myabsman C.I.
Cauxm-Ilemepoypeckuii 2ocydapcmeennuiii yrusepcumem, 2. Cankm-Ilemepoype, Poccus

363061 muna UX Ori demoncmpupylom 2nyboKue pomomempuieckue MUHUMYMbl, CONPOBOdtcOaemMble
UBMEHeHUAMU CeneHu TUHeUHOU NoaApusayuu. B nekomopuix ciyuasx makce Hado0aemcs cyue-
cmeenHoe U3MeHeHue NO3UYUOHHO20 Yeld NOAAPU3AYUU NOCAe NPOXOHCOCHUS MUHUMYMA 3aMMEHUS.
Taxoe nosedenue ne modicem Oblmsb 0OBACHEHO KIACCUYECKOU MOOENbIO, 8 KOMOPOU MAleHbKoe nblile-
80e 001aKko 3axkpvigaem 36e30y om Habaroamens.Mvl paccmampueaem KpynHOMacumaodOHoe 803My-
wenue oucka 8 gopme 2opba, Komopoe 3ammesaem 36e30) U 6HOCUM CYUWECMEEHHbI 6KIA0 8 pacce-
AHHOe usnyuenue oucka. Taxoii 2o0pb modxcem 3amMemno OMKIOHAMb NOZUYUOHHBIIL Y20 TUHEUHOU NOo-
JAPUZAYUU 8 MOOETU PACUUPSAIOue20Csk OUCKA. JUCKosblll 6emep, YMOIWawull 6HympeHHue 00a-
cmu OucKa, yeenuvusaem 61usHUe B03MYUWeHUs. HA NOSUYUOHHDLIL Y20 noaapusayuu. B makom ciyuae
B03MOICHO OOCMUSHYMb USMEHEeHUll NO3UYUuoHHo20 yena na 60°. B pe3yibmame, Ml ModceM 3aKI0-
YUMo, YMo KPYynHOMACuimadHoe 603MyujeHue OUCKA AGIAEMCs 603MOICHOU NPULUHOL HAONI00aeMOll
RONAPUMEMPUHECKOU nepeMeHHOCmU. Xoms npupooa makoeo 803MYWeHUs U e20 opma ocmarmcs
OMKPLIMBIMU BONPOCAMU.

BBenenne

3B&3ap1 THIAa UX Ori — 3TO 3BE3/bI MPOMEKYTOUHBIX Mace, eIlé He JOCTUTIINE TIaB-
HOM MOCIEA0BATEIbHOCTH CO crHeuu@uueckoi Qopmoil (HOTOMETpUUECKOH AaKTHUBHOCTH,
MPEJICTaBISIONIeH co00i MOCIeI0BaTeIbHOCTh MTYOOKHX CHOpaAHUecKux ociabiaeHuit Oiec-
Ka 10 2—3 3BE3MHBIX BEJIUYMH MPOAOKUTENBHOCTHIO OT HECKOJIBKUX JHEM A0 HECKOJIBKUX
MecaueB. [lagenus sspkocTH 3Be3/1bl COMPOBOXKAAIOTCSA POCTOM CTENEHU JTMHEWHOM MOoJsipHU3a-
uu 10 5—7%, 00yCIOBJICHHBIM YCUJIEHHEM BKJIaJla PACCESTHHOTO W3JTyYECHHs MPOTOIIaHEeT-
Horo nucka [1].

B GonpmMHCTBE CiydaeB CBSI3b MapaMETPOB IMOJISIPU3AIMU C OJIECKOM 3BE3[IbI yIACTCS
JIOBOJIBHO TOYHO ONMCaTh B PaMKaX KOHCEPBATUBHOW MOJEIH, B KOTOPOH 3Be37a 3KpaHUPY-
€TCsl OT HaOJIIoaTeNsl MBUIEBBIM 00JIaKoM, OCTaOISIOIUM OJeCK 3BE3/Ibl, HO HE BIHUSIOIIAM
Ha PacCesHHOE U3JIyYEHHUs JIUCKa.

B xone HaOmroeHU HEKOTOPBIX MUHUMYMOB yIaJI0Ch OOHAPYKUTh HE TOJIBKO OCIIa0-
JeHue Oyiecka 3Be3/bl M MOBBIIICHUE CTENEHN JTUHEHHON MOJIspU3ay, HO U U3MEHEHHE TI0-
3ULMOHHOTO YTJIa JIMHEHHOW MOJSpU3alK CIIyCTsl HEKOTOPOE BpeMs Iociie HaOI01aeMoro
MUHMMYyMa. Takue u3MeHeHus yria nosspusanuu Hadmoganucs y UX Ori [1] (em. puc. 1)
WW Vul [2]. [TonobHOE U3MEHEHHE TOBOPUT O KPYTTHOMACIITAOHBIX JOJITOKHUBYIIUX CTPYK-
Typax B JTUCKE U HE MOXET ObITh OOBSICHEHO B paMKaxX KOHCEPBAaTMBHOW Mojenu. B maHHOU
pabote MBI MozenupyeM 3aTMeHus 3Be31bl Tuna UX Ori KpynmHOMAacIITaOHBIM BO3MYIIICHUEM
JIICKA.

MeToa BEIYHCICHUH

MBI paccuuThIBaEM MEPEHOC U3JIYUYEHHUS B Cpelie pa3paboTaHHBIM HAMHU METOJOM Iepe-
6opa Hanpasienuit no cerke (DGEM), npennoxennsiii B padore [3]. Takke kak U MeTox
Mounte-Kapno, DGEM ocHoBaH Ha MOJEIHPOBAHUHM TPACKTOPHA OTHEIBHBIX MyYKOB (OTO-
HOB. OJJHaKO, BMECTO CIy4YaiHbIX MMy4KOB (DOTOHOB, MBI paccMaTpuBaeM Iy4Kd (POTOHOB C
ONpPENEIEHHBIMU JUCKPETHBIMU 3HAYECHUAMM NapameTpoB. B paccmaTpuBaeMon 3amade 3Tu-
MU HapaMeTpaMH SIBJISIOTCS HApaBJICHUE PACIPOCTPAHEHMs MydKa (POTOHOB M ONTHYECKas
TOJIIIMHA, TIOCJIE MPOXO0KIACHUS KOTOPOU Mpon30ouaAET paccesinue. Hanpasnenue pacnpoctpa-
HEHMs ITyyka (OTOHOB BBIOMpAETCS M0 CETKE HalpaBlIeHUi, coneprkaieil Habop npuOIU3u-
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TEIbHO PAaBHOMEPHO paclpeeNEHHBIX B IPOCTPAHCTBE HANpPABICHUI C BecaMH, KOMIICHCH-
PYIOIIUMH MEJIKHE HEOJHOPOIHOCTH CETKH. B Ka)K7I0M HarpaBlIeHHM U3 CETKH HCITYyCKAaeTCs
HECKOJIBKO (DOTOHOB, pPacCeHBAIOIIMXCS MOCIIE TIPOXOXKICHNUS BEIECTBA C PAa3HOM ONTHYECKON
TONIIUHON. JIJI1 ONTHYECKOI TONIIMHBI, HCIIONIB3YeTCs JorapupMUUecKas MKaia, 4To Mo3Bo-
JsIeT BCeM ITydkaM (POTOHOB, MCITYIICHHBIM B JaHHOM HAIpaBJICHUH, UIMETh PaBHBIC CTATH-
CTHYECKHE Beca.

Hcnonp30BaHNe OMMCAHHOTO MOJXOJAa K CO3/IaHHIO ITyYKOB (DOTOHOB MO3BOJISIET M30e-
&KaTb HEOOXOIUMOCTH cOOpa CTaTUCTUKU CIy4YalHbIX peanu3auuil u 3p(HeKTHBHO NOCTPOUTH
IPOLIECC BEIYUCIICHNUS ITyYKOB ()OTOHOB ¢ OIM3KMMU MapaMeTpamu. PaccesBiieecs u3mydeHne
OKa3bIBaeTcs ObIcTpee MonenupoBats MeTogoM MonTte-Kaprio. B pesynbrate, B 3a1a4ax Mo-
JIETUPOBAHMS MIEPEHOCA M3ITyYeHUsS] B OKOJIO3BE3IHBIX TUCKAX MCIOIB30BAaHUE KOMOHWHAIUH
DGEM u merona Monte-Kapno okasbiBaeTcst 3aMeTHO >(pQeKTHBHEE, YeM NpPUMEHEHHUE
TOIBKO MeToa MonTte-Kapio.

UX Ori
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Puc. 1. KpuBas 61ecka B monoce V u mapaMmeTpsl TuHeiHOM mossipr3army UX Ori
¢ 1986 mo 1992 roast mo nanueM [1].

IHapameTpsl paccessHui

[Tpu paccMOTpeHUM paccessHUsI U3Ty4YEeHUs Ha MbUIM Mbl MCIOJb30BAJIM UHIUKATPUCY
paccessHust XeHbu-I'puHIITEHA [4], JOMOJHEHHYIO YpaBHEHUAMHU JJIsl OMMCAHUS MOJspU3a-
mu [5]. Torna s onucaHust paccestHUs MbUIBIO MPOXOAIIEro Yepe3 He€ U3ITydeHUs! HyKHO
3a/aTh MIECTh MapaMeTpoB. Mbl HCToTb30BamM Ko3huimenT nortomenus 250 cM’r ', Bepo-
ATHOCTh BbDKHMBaHUA ¢oToHa 0.4, mapamMeTp aHU30TPONUU HUHAUKATpHUCH paccesHus 0.41,
MaKCUMAaJIbHYIO JIMHEHHYIO MOJSpU3ALUI0 (TTOJISIPU3ALMI0 IPU PACCESIHUU TOJ MPSAMBIM yT-
aom) 0.51, makcuManbHyI0 KpyroByto nojspusanuio 0.0 u kosdduimeHT ckoca paBHbIn 1.
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MopaeJn 1ucka
Crnenys pabotam [6—7], MBI pacCMaTpUBaeM PACHIUPSIONIUICS TUCK, ITIOTHOCTh KOTO-
pOTO B IEKapTOBOM CHUCTEME KOOPJMHAT C LIEHTPOM B 3Be3/e U ocsiMu Ox u Oy B IUNIOCKOCTH
JIUCKa OMHUCHIBaeTCs popMyaMu

Ro\% -1( z \?
oGz =P () exp 7o) | ri<r<ry (1)
0, otherwise
B
— r
h(r) = ho () . )

37eCh T = /X2 + Y2 — pacCTOSIHUE B ILIOCKOCTH IUcCKa, h(1) — BBICOTA IHCKA, ONPENENISIO-
11asi CKOPOCTh YOBIBaHMUS TJIOTHOCTH B BEPTUKAJIBHOM HANpaBicHUH, R; U R; — BHyTPSHHUI U
BHEIIHUIM pajiyChl TUCKa, Py U hyIIIOTHOCTh W BBICOTA MCKA HA PACCTOSHUH R,0T 3BE3IIbI,
Q — paauaibHbIA MOKa3aTellb MJIOTHOCTH | § — CTENEHb PACIIIMPEHUS THCKA.

Ornupasice Ha paboTHI [6, 8] MBI IPUHSIIN CJIEIYIONIME TTapamMeTpsl aucka:R; = 0.46 a.e.,
Ry =26ae., hy =0.035a.e. npu Ry = 1ae., a =225u f = 1.25. [InoTHOCTh OUCKa Ha
paccTosHMKM R OT 3Be3/bl OMpEACISICTCS MO €ro Macce, KOTOPYH Mbl CUHTAIH PaBHOM
0.6 macc ComHua.

Bo3mymenne gucka
MBI paccMaTpuBalid POCTyI0 GOpMY BO3MYILIEHUS TUCKA, OCHOBAHHYIO HA N3MEHEHUU
BBICOTHI aucKa. Jo6aBka K BbICOTE AMCKA UMEET (POPMY T'ayCCHaHBI, YTO MO3BOJIET MaJlbIM
YHUCIIOM NapaMeTpoOB OMUcCaTh MOJOXKeHHe U (GopMy BO3MYILEHHUS, TMOXOXKEro Ha ropo.
J1Jist BBICOTHI BO3MYIIIEHHOTO JUCKA BMECTO (hOpMYIIBI (2) MBI HCTIONB3yeM

r B hhum “Thum 2"‘ 2
hGoy) = ho () |1+ 2 exp - e 203 3)

202

31€Ch Thymp — PACCTOSHUE OT 3BE3/IbI, HA KOTOPOM HAXOJHUTCS LIEHTP BO3MYLICHHUS JIUCKA, IIPH
3TOM MBI CUMTAEM, YTO LIEHTP BO3MYIICHHS BCerna JIexkuT Ha ocu Oy. Jluck 6e3 yuéra BO3-
MYIICHUS] CAMMETPUYHBIN, TO3TOMY HE UMEET CMbICIIA OMHUCHIBATH MOJ0KEHUE BO3MYIICHUS
JBYMsl TIApAMETPaMHU. Apymy, — OTHOCUTENBHAS BHICOTA BO3MYIICHHS JIUCKA U 0 — IApaMeTp,
XapaKTEepPU3YIOLUN MPOTSHKEHHOCTh BO3MYILICHHUS.

JAuckoBblii BeTep
JIMCKOBBIA BETEp —3TO OJWH M3 BO3MOXKHBIX MEXAHWU3MOB IMOJIYYEHHUS YTOJIIEHUS
B [IEHTPaJIbHOU 00JIaCTH UCKA, KOTOPOE HEOOXOAUMO JUisi OOBSICHEHUS MH(MPAKpPACHBIX U3-
ObpiTKOB B criekTpax 3BE37 Tuna UX Ori. B namieit 3amaue crpoeHre BHYTpEeHHUX oOiacTeit
JIUCKa UTPAET CYIIECTBEHHYIO POJib, TO3TOMY MBI pacCCMaTPUBAaJIH IUCK C BETPOM.
Me1 ucnionb3oBanu Betep u3 crareit [9—10], mOCKOIbKY OH UMEET MPOCTYIO U YAOOHYIO
JUTSL BBIYMCIICHU N anmpokcuManuio. [ITOTHOCTh AMCKOBOTO BeTpa 3a/1aéTCsi COOTHOILICHHEM

p=po (:_0)_3/2 n(0), (4)

T1Ie P — 3TO IUIOTHOCTH BETPA HA PACCTOSHUU 70T 3BE3/bl, ) = Z /T — Oe3pa3MepHast BhICOTa
HaJl TUIOCKOCTBIO JHcKa, a () — GyHKIHMs, ToydaeMasi Kak PelIeHHe MarHUTOra30 IHHAMH-
YECKUX YPaBHEHHM, JUIsl KOTOpoi B padortax [9-10] ecTh aHAIMTHYCCKAs alNPOKCUMAITUS U
JaHbI TapaMeTPhI IS IIECTH MOJIeJIel BeTpa, KOTOPbIe MOXKHO UCIIOJIB30BaTh IPU MOJEIHUPO-
BaHUU 3aTMEHHI 3BE3/bl BO3MYILEHUEM JUCKA. J{JIs1 KpaTKOCTU U3JI0)KEHUSI Mbl OITyCTUM aIl-
npokcuMaInio st 1) (y)u Tabauiyy ¢ KodhPUIHeHTaMH.
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[1noTHOCTB BETpa pyB MEPBYIO OYEPEAb 3aBUCUT OT TEMIIa UCTeueHHUs BemecTBa. OCHO-
BBIBASICh Ha JIaHHBIX U3 PaboThl [11], MBI MOXXEM CYMTATh, YTO TEMII AKKPEIMH BEIECTBA
y 3831 Ae/Be XepOura HaxoauTcs B TIpeesiax oT 107 o 10” macc Connua B rog. Ipuuém
i UX Ori u WW Vul ero onenuBaror B 6.6 - 10° 1 4.2 - 107 macc ConHia B 1o cOOTBET-
cTBeHHO. OOBIYHO TEMIT UCTEUEHUS BEIIECTBA IMOJIAral0T MPUMEPHO HA OJHMH MOPSIAOK MEHbB-
nie TeMrna akkpenuu. VHorjga MCmonb3yrTcs U 0ojiee HU3KME 3HAYCHHUS TEMIAa HCTCUCHUS
BEIIIECTBA.

Takxke Kak W A IMCKa, JJIsi BETpa MMEET CMBICI pacCMaTpUBaTh €r0 BO3MYILECHHUS.
CuIibHBIC BO3MYIIIEHHUS BETpa MPEACTABIISIOTCSA 00JIe€ €CTECTBEHHBIMH, Y€M BBICOKHE TOPOBI B
camoMm aucke. HecTaOMIbHOCTh aKKpEIMH U COMYyTCTBYIOIIAs € HeCTaOUIBbHOCTh HCTCUCHUS
BEIIIECTBA XapaKTEPHBI JJISI MOJIOABIX 3BE3M, MPUOIMIKAIOIINUXCSA B CBOEH SBOJIONNU K TJIaB-
HOM MOCJICIOBATSIIHHOCTH.

Pe3yabTaThl MOI€IMPOBaHUS

MpsI npoBenu MoJIeIMpPOBaHUE KPHUBBIX OJieCKa Ul pa3IHUYHbIX [apaMeTpoB BO3MYIIle-
HUA JUCKA, pa3JIMYHbIX MO,Z[@JICﬁ AUCKOBOT'O BETpa U BOBMyIJ_IeHI/Iﬁ AUCKOBOT'O BETpaA.

Mpl moy4usu, 4TO MPH BO3MYILICHHSX PACIIUPSIOMIETOCS OUCKAa HENb3sl MOJYYUTh
Ha6JHOI[aeMI>Ie HU3MCHCHUS TO3UIITUOHHOTO yTJIa JIMHEHHOU noJsipu3aliu: HU3JIYy4YCHUS JHUCKa
MPEUMYIIECTBEHHO MOJISPU30BAHO MEPIEHAUKYIISPHO MIIOCKOCTH AUCKA. JTO COCTOSIHUE OKa-
3bIBAC€TCA BECbMa yCTOfI‘-IHBO K BO3MYUICHUAM, XOTSI U yI[aéTCSI OTKJIOHHUTH HOBHHHOHHbIﬁ
yroJ TMHeHOM nosgpuzanun Ha 10-20°.
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Pobs. ° Tabmuue 1.

Tab6smua 1. [TapameTps! BO3MyILIEHHI qUCKa.
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Bobserver Thump» a.€. hhump a
Model 1 68° 5 2 1
Model 2 68° 5 5 1
Model 3 68° 5 10 2
Model 4 68° 1 2 0.3
Model 5 68° 0.5 2 0.05
Model 6 69° 1 2 0.3
Model 7 70° 1 2 0.3

Ha puc. 2 npexacraBieHbl MojeibHble KpUBbIe Oyiecka JJIsi AMCKAa C BO3MYLICHUSMH,
onucaHHbIMH B Tabnuie 1. [IpencraBienHast Ha rpadguke BelIU4YnHA F — 3TO OCBEIEHHOCTD,
co3zaBacMasi 3B€3/10 Ha pacCcTOsIHUM 1 a.e., BEIpaXKEHHAsl B €AUHHUIAX CBETUMOCTHU 3BE3bI.

CrnenyeT OTMETUTb, YTO Ha KPUBYIO OJIECKa KPOME XapaKTEPUCTUK BO3ZMYIIEHUS CUIIBHO
BJIMSET U YToJl MEX/Y OCbIO IMCKA U HalpaBjieHWeM Ha HaOmonatens. [lpu yBenuuenuu 3to-
ro yIjla U3MEHEHUE OCBEIIEHHOCTH U CTENEHU IMOJIIPU3aLlii CTAHOBUTCSI MEHBIIIE, a U3MEHE-
HHE MO3UIMOHHOIO yIJla MOXKET cTaTh Oousblie. [Ipu pa3HbIX mapameTrpax BO3MYIIECHHUS BO3-
MO>KHBI OTKJIOHEHHSI TIO3ULIMOHHOTO YTJIa MOJISIPU3AlUY B pa3HbIE€ CTOPOHBI, IPUYEM BO3MOXK-
HO OTKJIOHEHHME CHadajla B OJIHYy CTOPOHY, a IIOTOM B APYTYIO, 10 MEPE CMELICHMSI BO3MYILIE-
HUSI OTHOCUTEIIHFHO HAOIIOIaTeIsl.

CreneHp JTUHEWHOM MONAPU3ALMM MOXKET HUMETh CIOXKHYIO 3aBHCHUMOCTb OT (ha3bl:
B MUHUMYME OJieCKa OHa MaKCHMallbHa, 3aTeM YOBIBacT, a MOTOM, KOTJa Yroi ¢, > 90°,
CHOBa PACTET M3-3a TOTO, YTO ropd nmepecTaét ObITh CKPBIT OT HAC TUCKOM U BHOCUT OOJIBIININ
BKJIaJ] B U3JIy4EHHE JUCKA.

Ha puc. 3 noka3anbl MojiebHbIE KpHUBbIE OJieCKa Ul HEBO3MYIIEHHOTO AMCKA C BO3-
MYIIEHHBIM BeTpoM. [IIOTHBIN BeTep CYIIECTBEHHO YTOJIIAET AMCK, JUCK MepecTaér ObITh
TOHKMM U TOJIApU3alMsl NEPIEeHAUKYISIPHO IUIOCKOCTH JUCKa MepecTaéT ObITh TaK CHIIBHO
BbIpaKeHA. 1Ipy O4eHb CMIIBHOM BETpe MO3UIMOHHBIN YIOJl JUHEHHOHN MOJISIpU3aluy 10BOpa-
uyuBaercs Ha 90° M M3JIyYeHHE CTAHOBUTCS IOJSIPU30OBAHO BJOJb IUIOCKOCTH JUCKA, YTO
HaOJII0JaeTCsl Y MHOTUX MOJOJBIX 3BE3/1. OUEBUIHO, CYIIECTBYET IPOMEKYTOUHOE COCTOSIHUE,
KOTI'Zla BO3MYILEHUE AMCKA MOXKET OYEHb CUIIBHO U3MEHATH MO3UIIMOHHBIN yTOJI MOJIAPU3aLUK.
Ha puc. 3. ectb rpaduk ¢ n3MEHEHHEM yTiia MOJApU3aiy Ha 50°, 4T0 MOKHO CUMTATh OYEHb
CHJIBHBIM OTKJIOHEHHEM, CXOKUM I10 aMIUIMTYJie ¢ TeM, 4To Habmoganock y UX Ori u WW
Vul.

I[To y»e mosy4yeHHbIM MOJICJIbHBIM KPUBBIM 0JIeCKa CTAHOBUTCS SCHO, YTO CHJIBHOE W3-
MEHEHHUE MO3UIMOHHOTO YIJIa JIMHEHHON MONISpU3aliii Yepe3 HEKOTOPOEe BpeMs [OCIie 3aTMe-
HUS (WM 0 HETO) MOXKET MPOU30MTH TOJIBKO IPU YIaUHOM COOTHOIIEHUH MapaMeTpoB JAUCKa
U Bo3MyIleHus B HEM. Ecnu yronmenue nucka OyneT HeAOCTaTOYHBIM, BO3MYIIEHHUE OyneT
UMETh MaJIyl0 aMIUIMTYyAy WIH NPOU30UAET NAleKO OT 3BE3Jbl, U3MEHEHHUE MO3ULMOHHOTO
yria Oyger B npexenax 10-20°. D1o cormacyercs ¢ TeM, 4TO 00CYKIAEMOE SBJIEHHE ObLIO
00Hapy’KeHO TOJBKO B HECKOJBKUX ITyOOKMX MUHUMYMax 3BE3 Tuna UX Ori.

B nanHoi1 paboTe MbI MOKa HE pacCMaTpUBAJIM Cllydaid, KOIr/la BO3MYIIEHHBIMU SIBIISIIOT-
Csl OHOBPEMEHHO M JIUCK, M JHUCKOBBIM BeTep. Takoll BapuaHT TakXKe MPEICTaBIISAETCS HaM
BO3MO>KHBIM: CHJIbHOE BO3MYILEHHE JUCKA JOKHO BIMATH U Ha IMCKOBBIM BETep.
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Puc. 3. MonenbHbie KpuBBIE Ollecka Al MoJeNeil Aucka ¢ BeTpoM. Bo Bcex Mozemnsx auck He MMeeT
BO3MYILEHHs, a BO3MYIICHUS BETpa UMEIOT OAMHAKOBYIO (DOpMYy M pacloyiOKEHbl HAa PACcCTOSHUHU
0.5 a.e. oT 3Be3/1bI Ha BHyTpeHHEM Kparo nucka. CieBa MMoKa3aHbl pe3ysbTaThl A Pa3HBIX MOJENei
Betpa (cM. pabotsl [9—10]) 1 Temma ucredenns Bemectsa 2 - 10® macc Conuna B rox. Cripasa npuBe-
JCHbI pe3yJIbTaThl U1 Mozeny Berpa C U pa3nuyHbIX TEMIIOB UCTEUYEHUS BEILECTBA, YKa3aHHBIX B Je-
renjie B Maccax CoJHIIa B TOJI.

3akiao4eHue

MBsI paccMoTpenu MoJielibHbIe KpuBbIe Osiecka [t 3aTMeHui 38é3 Tuna UX Ori kpyn-
HOMACIUTaOHBIM BO3MYILEHUEM AMCKAa. B MoJenu ¢ TOHKUM pacIIupsIIOIIMMCS IUCKOM yna-
ércst 10OUTHCSI N3MEHEHHs! TTO3UIMOHHOT0 yriia mossipusanuu Ha 10-20°, 4To 3aMeTHO MEeHb-
nie HaOmoaapmuxcst y UX Ori 1 WW Vul uzmenenuii. B Momenu ¢ BO3MYIIEHHBIM JTHCKO-
BbIM BETPOM, YTOJIIAIOUIMM LIEHTpalIbHble 00JACTH TUCKA, OBLIO MOJyYE€HO W3MEHEHHE I0-
3uruonHoro yriaa Ha 50°. IIpu 3TOM €CTh OCHOBaHMs I0JIaraTh, YTO MOXKHO JOOUTHCS U
00JIBIINX U3MEHEHUH.

CunpHOE M3MEHEHUE MO3UIIMOHHOIO yIJIa MOJSIPU3alUY MOJIYYaeTcsl TOJIbKO MU yAad-
HOM COYETAaHHWHU NapaMETPOB AMCKOBOI'O BETPA M BO3MYIIEHHS, YTO COTJIACYETCS C TEM, 4TO
o0cy>kJ1aeM0o€ U3MEHEHHE TO3UIMOHHOTO YIJIa Iocie 3aTMEHUS HaOI0gaeTcs PeKo.

MEeI n0Ka He paccMaTpHUBAIIM BAPUAHT BO3MYLIEHHOIO IHUCKA C BO3MYIIEHHBIM BETPOM.
B Takoii moctaHOBKE y 3aJjauM OKa3bIBaeTCs OYEHb MHOT'O CBOOOJHBIX MapaMETpOB U Tpedy-
eTcst 3(pPEeKTUBHBIN MOAXO0 K X nondopy. Pusndeckas Npupoja BO3MYILICHUN TUCKa TaKxXe
HE 70 KOHIIA 5ICHA, XOTS B MOJIEIM C BETPOM BO3MYIUICHHUS MOTYT ObITh OOBSCHEHBI HECTa-
OMIIBHOCTBIO AKKPELMHU Ha 3BE31LY.
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CONNECTION OF UX ORI DEEP MINIMUMS
WITH DISK PERTURBATIONS

Shulman S.G.
Saint Petersburg State University, Saint Petersburg, Russia

UX Ori type stars have deep photometric minimums accompanied by linear polarization degree
changes. In some cases there is a significant change of the polarization position angle after the mini-
mum. This can not be explained by a classical model of small dust cloud crossing the line of sight. We
consider large scale disk perturbations in the form of a hump which can eclipse the star and then make
a significant contribution to the scattered radiation of the disk. Such hump can significantly alter the
position angle of linear polarization in the model with the flared disk. A disk wind makes inner regions
of the disk thicker, which increases the influence of the disturbance on the linear polarization position
angle. In this case it is even possible to have a change in the position angle of about 60 degrees. As a
result, we can conclude that a large disk perturbation is a possible reason for the observed polarization
changes. Although the nature of this perturbation and its exact form still remain open questions.

114



«Uszsecmus I nasnou acmponomuyeckou obcepsamopuu 6 Ilyakosey Ne 226

CIMCOK ABTOPOB

Abrahamyan H.V. 5, 52
baxnanos I1.B. 46
Bnunnuxos C.H1. 46
Bopman I A. 46
Bapusooa B.B. 11
I'puwuna T.C. 46
I'ynma P. 11
3axapuenxo B.J]. 32
3emnanyxa I1.M. 86
3unuenxo U.H1. 86
Unvun B.b. 11
Kusazee A.1O. 77
Kosanenxo U.I". 32
Koponvkosa O.A. 20
Kysneyos 3./]. 71
Kynuxosa A.M. 27
Kywmanv I'H. 35
Jlaoetiwurxos J[.A. 86
Jlesuyk FO.A. 32
Jlonmesa JI.C. 35
Mickaelian A.M. 5, 52
Mikayelyan G. 52
Mikayelyan G.A. 5
Moucees A.B. 65
Huxugoposa A.A. 46
Onapun /1.B. 65
Paronyan G.M. 5, 52
Ilepenenuyvin A.E. 65
Iepmunos A.C. 71
Ilpoxonvesa M.C. 11
Ipowun B.A. 35
Ipowuna U.C. 77
Pab6yxuna O.J1. 86
Caguenko C.C. 46
Samsonyan A.L. 98
Cen AK. 11
Cunvuenxo O.K. 77
Cromopoeckuii B.HM. 35
Cobones A.M. 86
Tpugonos B./]. 35
Tpouykas IO.B. 46
Tpouyxuu 1.C. 46
@upcmos C.B. 35
Xumuu B.A. 35
Yynpakoe C.A. 35
Ulyneman C.B. 102
Ulynoman C.I". 108

115



