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(Gaia 1 Ha3eMHBIX TEJIECKOIIOB
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Annoranusa

B pabote npoBejsieHO cpaBHEHUE OIEHOK OJiecka B OINTHYECKOM JHAIla30HE aCTPOMETPUYECKHX
paguoncrounnkoB u3 karajora OSCARS, m3MepeHHBIX C IOMOIIBIO HA3EMHBIX TEJIECKOIIOB M C
ITOMOIIBIO KOCMHIYecKoro tejeckona (Gaia. Bputo obHapy»KeHO, 4TO /i HEKOTOPBIX MCTOYHUKOB
9TU BEJIMYUHBI XOPOIIIO COIVIACYIOTCd, B TO BpeMd KaK Jpyrue UCTOYHUKH JIEMOHCTPUPYIOT 3HAYH-
TeJIbHBbIE PacXoK/IeHus. Pacxoxienre B OCHOBHOM HAOJIIOIAETCS JIJIs IPOTIKEHHBIX TAJAKTUK, JJI
KOTOPBIX OOBITHO TPUMEHSIOTCS Pa3JINIHbIE MIPOIEIYPhl 00PAbOTKN M300paKeHni Ha HA3EeMHBIX
TeJsieckoriax u reneckore Gaia. TeMm He MeHee, TaKoe CDABHEHUE MOXKET OBITH IOJIE3HO B KAUECTBE
MeTOJ[a TTPOBEPKH HEOTHOPOIHBIX WJIM HEHAIEYKHBIX JTAHHBIX (DOTOMETPUH U3 JINTEPATYPHI U JJIst
[I€PEKPECTHO MaAeHTU(MUKAINN 00BHEKTOB B PA3HBIX KATAJIOTAX.

1 Bsenenune

CpaBHeHre KOOPAUHAT aCTPOMETPUYECKUX PAJIMONCTOYHIKOB B KaTaJjorax, IoJyYeHHbIX 110 HabJIoe-
Husim MeTronoM PC/IB u kocmudaeckoit muccuu Gaia, IO3BOJISIET UCCIEA0BATH CUCTEMATHIeCKHE OITHOKI
000X KaTaJIOTOB, a TaKxKe CTPYKTYPY U 3BOJIOLMIO HAOJIOMAEMBLIX O0BEKTOB B ONTHYECKOM U Paio
nmanasonax. OJHAKO, HAIeXKHOCTh Pe3y/IbTaTOB MOA00HBIX UCCIIeIOBAHII 3aBUCUT OT HAJIEXKHOCTH B3a-
HUMHOI'O OTOXKJIECTBJIEHUSI 00BEKTOB PAIU0 1 ONTHIECKUX KaTrajaoros. OmubKu uaeHTruduKaIun 00beK-
TOB B Pa3HBIX KaTaJioraX BHOCAT I[‘OHOJIHI/ITGJII:)HI:)II‘/’I oIyM n BI)I6pOCI)I B CTaTI/ICTI/IKy paSHOCTefI KOOpJuHAT
HUCTOYHUKOB B CPABHUBAEMBIX KATAJIOraX, YTO MOXKET 3aMETHO IIOBJIHUATH Ha PE3YJILTAThl CPABHEHUS U
BbBIBOJMMDbBIC M3 HUX 3aKJIIOYCHUA. XOTH JJIsl MHOTUX MCTOYHUKOB HpO6.HeM B3aMHOTI'O OTOXKJIECTBJICHUA
He BO3HHMKAET, €CTh HEMAJIO U TAKMX, JJIs KOTOPBIX 3Ta 3aJa4a He SBJISIeTCS TPUBUAJILHOM.

PaBHbIe AaBTOPLI IIpeJjiararoT U HUCIIOJB3YIOT PA3JIMYHbIe METOJAbl BBaUMHOT'O OTOXKJIECCTBJICHUA UC-
rounnkoB B pajano (PCJIB) u ontuueckux (Gaia) katamorax (Mignard u mp., 2016; Petrov u Kovalev,
2017; Lindegren u ap., 2018; Malkin, 2018; Makarov, Berghea u ap., 2019; Liu u ap., 2020; Secrest,
2022; Makarov, Johnson u Secrest, 2023). Bce onu ocHOoBaHbI Ha aHajM3e PA3HOCTEH KOODJIMHAT B
COIIOCTABJIIEMBIX KaTaJIoraX, KaK IPAaBUjo, C IPUBJICICHIEeM JOIOIHUTE/IbHLIX KPUTEPUEE.

Hacrostiiiast pabora MOCBSIIEHa HUCCIEOBAHUI0 BO3MOYKHOCTH HMCIIOJIB30BAHUST ONTUIECKON (hoTo-
MEeTPHUIECKOH MHPOPMALMKA B Ka4eCTBE JOIOJHUTEILHOTO KPUTEPHs IJIs MOATBEPKICHIS U OIPO-
BEprKEHUST PE3YJIBTATOB B3aUMHOTO OTOXKJIECTBJIEHHUsI NCTOYHUKOB B Karasiorax PCJIB u Gaia, ocHo-
BAHHBIX HA JPYruX (MO3UIMOHHBIX) METOJIAX OTOXKIeCTBJeHUs. [Ipu 9ToM HAIO 3aMETHTh, YTO €CJIH
myOJInKyeMble pe3yabTaThl Gaia COMep:KaT KaK MO3UIMOHHBIE TaK U (POTOMETPUIECKHE JAHHBIE, KaTa-
JIOTH IIOJIOXKEHUI PaIUOMCTOYHUKOB ONTHYeCKHEe (POTOMETPUYECKUEe JaHHbIE He BKJOYAiOT. ITosTomMy
B KaQ4eCTBe TAKMX JAHHDLIX IS ACTPOMETPUYECKUX PaJMOMCTOYHUKOB HCIOJIL30BAJICA Haubojee I0JI-
HBI B HACTOSIIIIEEe BpeMsI KATAJIOI ONTHYECKUX XapaKTEPUCTUK aCTPOMETPUIECKUX PaIMONCTOTHIKOB
OCARS! (Malkin, 2018).

Buepsble cpaBHeHIE JaHHBIX Ha3eMHON 1 KocMudeckoi (poromerpun Karajsora OCARS 6bLmo mpo-
Besieno B Malkin (2021). B sroit crarbe manubie npeabliyiineii paboTbl IEPECMOTPEHBI ¢ HOBOI Bepcueit

"http://www.gaoran.ru/english/as/ac_vlbi/ocars.txt
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OCARS (Mankun, 2023) u ¢ HoBbIM pesmsoMm Gaia DR3 (Gaia Collaboration n mp., 2022) BmecTto
UCIIOJIB30BaBIerocst panee penansza Gaia DR2. 910 mo3BoMIO yBEJIUUNTE 9UCJIO ODIIUX MCTOUYHUKOB
B Karasorax OCARS u Gaia npumepno na 20% u HECKOJBKO MOBBICUTH TOYHOCTH UCIIOJb30BAHHDBIX
doTOMETPUIECKAX TAHHBIX.

2 Cpasuenne (hOTOMETPUICCKUX JTAHHBIX

Karamor OCARS cosepkut cobpaHHbIE B PA3/IMIHBIX Oa3aX JJAHHBIX (POTOMETPUIO ACTPOMETPUIECKUX
PaIMONCTOYHUKOB B OIITUYECKOM U OJIMXKHEM HH(PaKpacHOM guaras3one B 16 monocax: u, U, B, g, V|
r,R, i, 1,2 J, H K, G, GBP, GRP. 9tu nannble cobpanbl B oguoM u3 ¢aitaos karagora OCARS
ocars_m.txt?. Beero B karasore OCARS nacunTsiBaercs 12175 HCTOUHUKOB ¢ hoTOMeTpueil XoTs 65
B 0/1H0i1 rtosioce. s mannoit paboThl 661N UCIIOJIB30BaHbI BenanHbl G Katasora Gaia DR3 u 6iiuzkue
K HHM II0 JiIMHE BOJIHBI Beandnubl Vr Ri karajgora OCARS. O6mux ncrounukos B Karajgorax OCARS u
Gaia, nMme0mux oJHOBPeMeHHO BeanduHbl G B KaTajore Gaia u XoTs Obl OJHY BEJIMYUHY U3 YETHIPEX
nosoc VrRi B karasiore OCARS, okazasocs 8520. IMeHHO 3TH MCTOYHUKK OBLIM KMCIIOJb30BAHBLI B
HacTosime pabore.

DoToMeTpUUECKIE JAHHBIC IS TOJI0CH (G B3ATHI HEHNOCTPEJCTBEHHO m3 Karajora Gaia DR33.
Onruyeckre BeJIMYUHBI MCTOYHUKOB JJIsI TEPBBIX 13 MOJIOC U3 MEpPeYUCIEHHBIX BBINIE IMOJIYUEHbI U3
HECKOJIbKUX MCTOYHUKOB. CHavajia npousBojuTcs mouck ucrounukor karajgora OCARS B karasorax
SDSS u Pan-STARRS. Eciu ncrounuk HaiizeH B 060X KaTajorax, IPEIIIOYTEHIE OTIAeTC JTaHHbIM
SDSS. Ecaun ucrouHuk He HalijieH HU B OJIHOM K3 3THUX JIBYX KATAJOIOB, UCIIOJBb3yeTcs (poToOMeTpus
u3 6a3 jganabix SIMBAD u (peako) NED. K coxasenuto, JaHHbIE HUCHOJIb3YEMBIX KaTaJaoroB u 6a3
JIAHHBIX HE BCErJ[a OJINHAKOBO HAJIEXKHBI U COIVIACOBaHbI. J[jist 9TOro MoXKeT ObITh HECKOJIBKO MPUYNH,
TaKUX KakK OIMUOKM M3MepeHu mim ux o0pabOTKHU, MepeMeHHOCTh UCTOYHUKOB, UTO MPUBOIUT K pas3-
JIMIHBIM OITEHKaM OJIecKa, CIeJaHHBIM B PA3HbIE II0XU, 0COOEHHOCTH aJITOPUTMOB 0O0pabOTKI B PA3HBIX
HabJIIOJIaTeIbHBIX TTpoeKTax. [yist ocnabierus 3tux 3¢pdeKToB 1pu cpaBHeHUU ¢ JaHHbIMU Gaia ObLIN
UCIIOJIL30BAHDI CpeJIHne 3HaYeHus u3 sesinaut VrRi. B nangbueiinem n3/ioKeHun 3T CpeJiHne 3Ha9ennst
obosHadensl R'. Pasnoctu G — R’ s Becex 8520 HCTOYHUKOB IIOKa3aHbI Ha Puc. 1.

Kax moxuo Bumers n3 Puc. 1, pasnoctu Gaia munyc OCARS MoryT 6bITh KaK MOJOKAUTETHHBIMHE,
TaK U OTPUIATE/LHBIMU B Juama3oHe or npumepHo —3™ o npumeprno 107, HO Jjis JABYX TPETbUX
HUCTOYHUKOB 3TH Pa3HOCTH HAXOIATCsl B nuanasoHe +0.5"") 4rTo, B 00IIEM, COOTBETCTBYET TOYHOCTH
dboromerpuueckux mannpix Karagora OCARS (6osee jgeranbHoe onucanue (POTOMETPUIECKUX JTAHHBIX
OCARS unpusezeno 8 Malkin (2018)).

[Monoxwurenbusie paznoctn Gaia munyc OCARS ozHagaior, 9T0 onTudeckas sipKOCTh UCTOYHIKOB
10 U3MepPeHusIM TejiecKona (Gaia MeHbIIe, 9eM SIPKOCTb 3TON0 UCTOYHUKA, [T0 HA3EMHBIM HAOJIIOICHUSIM.
Taxoit acpdexT HAOIIOMACTCS, KAK TPABUIIO, JJIsI IPOTS?KEHHBIX HCTOYHUKOB (TAJIaKTHK) S1pa KOTOPBIX
nabmonatorcss merogoM PCIB. Obiee ob6bsicHeHne 9TOr0 MOXKET ObITh HAMIEHO P ydYeTe 0CODEHHO-
cTeil Ha3eMHBIX U KOCMUYECKHX oToMeTpuydeckux ndMepenuii. Bo Muorux ciay4asx mnpu doromerpuu
MCTOYHUKOB HA HA3EMHBIX TEJIECKOIIaX, PE3yJIbTaThl KOTOPBIX mpuBeeHbl B Katajiore OCARS, Besiman-
HBbI OTHECEHBI K MHTErPAJLHOMY ITOTOKY MPOTS?KEHHOI'0 00beKTa, Torma Kak ¢goromerpust Gaia OTHe-
ceHa K HauboJjiee SIPKOil HEOOJIBIION MEHTPAJIBHON 00/1aCTH TajJakTUKU. TpU TUIIMIHBIX IPUMepa TAKOI
CUTYyalluy NpUBeJeHbl Ha Puc. 2 it MCTOYHUKOB C OOJIBINON IOJIOXKUTEIBHON PA3HOCTHIO BEJTMIHH
G- R.

Jlisi IpoBepKU TaKOro IIPEIIOoJIOXKeHus fanubie Puc. 1 ObLIn peoprann3oBaHbl U U300paKeHbl Ha
Puc. 3, na koropom nokazana pasauna seqnani G — R’ kak dbynknusa R'. VI3 3Toro pucyHka MOXKHO BH-
JIETh, YTO ONTUYIECKHU CJIabble OOBEKTHI TOKA3bIBAIOT OTHOCUTEIFHO HEOOIBIIYI0 PA3HOCTD OITUIECKUX
BesimunH Gaia munyc OCARS, B To BpeMst Kak JJjis ApKUX OOBEKTOB 9Ta Pa3sHOCTh BEJIMYMH BEChMa
3HaunTebHA. Hanmbosiee BEPOSITHO, 9TO Takasl 3aBUCUMOCTB O0bsICHsieTCsT TeM, uTo (Gaia HabIIomaeT
cyiabble TAJAKTUKN KaK eIuHble (M0YTH) TOYeIHBbIC O0BEKTHI B OTJIMYHE OT OOJIBINUX SPKUX rajak-

Zhttp://www.gaoran.ru/english/as/ac_vlbi/ocars_m.txt
3https://gea.esac.esa.int /archive/
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Puc. 1: Pasuuna onruvyeckux sesunund Gaia—OCARS mis 8520 obmux ucTouHukos. VHTepBaJ rucro-
rpaMMBbI Ha, JIeBOi maHean coctasisier (0.2,

Tuk. JleranbHast JuCKyccrusa O HaDJIIOAEHNAX TaJlakKTuK Ha Tejgeckorne (Gaia MOXKeT ObITh HaiimeHna B de
Souza u ap. (2014). Kpowme s10ii 061ieit 3aBucumoctu, Ha Puc. 3 MOXKHO BUjieTh HEKOTOPBIE H0Jiee TOH-
KW€e JeTAIU 3aBUCHMOCTH PA3HOCTH OITHYIECKOr0 OJIeCKa MCTOYHUKOB, KOTOPbIE MOI'YT OBITH BBISBAHBI,
HallpuMep, 3aBUCUMOCTBIO OT l\lOpCbO.HOFI/II/I raJlakKTUK, OT CJIO2KHOIT CTPYKTYPBI UICTOYHUKOB B OIITHYC-
CKOM WJIM PaJIN0 JUAIMA30HEe W OT yriia 3peHus. Ho 3Tor Bompoc TpebyeT CHeruabHOIO IMOAPOOHOT0
paccMOTpEHMS 38 paMKaMH HaCTOMAIIEH pabOThI.

Cily9aym MCTOYHMKOB ¢ OOJILIIMME OTPHUIATEJIbHBIMU pasHocTsamu G — R/ Goslee MHTEpeCcHBI W 3a-
CIIy>KABAIOT CIIENHUAJBHOIO PACCMOTPEHNS MHIUBUIAYAJbHO JIjIsl KayKJIOr0 TAKOro MCTOYHHUKA. IIpramu
TAaKUX PA3HOCTEHl MOXKET OBITH HECKOJIBKO:

* DT0 MOXKeT OBITH Pe3yJIbTAT OIMMUO0THON Kpocc-ujaeHTuduKanmmn 00bekToB B Karajgorax OCARS
u Gaia, ceanHoil aBTOPOM.

* DTO MOXKeT OBITH PE3YJIbTATOM IIEPEMEHHOCTH MUCTOYHUKA, B PE3yJIbTaTe 4ero hoToOMETPUYECKUE
nanubie, npusegerabie B OCARS u B katasiore Gaia, Kak IpaBuiio, IOJyIeHHbIE B pa3HbIe 10X,
MOI'YT CHJIBHO OTJINYAThCH. Pe3ysibraThl ONTUYECKOr0 MOHUTOPUHTA aCTPOMETPUYECKUX PaIHo-
UCTOYHUKOB MOKA3LIBAIOT, YTO AMIUIATY/Ia U3MEHEHUs SIPKOCTU MCTOYHUKOB MOYKET MEHSITHCS C
AMILIUTY/IOM, [IPEBBIIAIOIIEH TPU BeJUYUHBI, cM., Hapumep, Taris u ap. (2016). ®oromerpu-
geckue HabojieHns (Gaia Tak»XKe MO3BOJISIOT BBISIBUTH IIEPEMEHHOCTb HADJIIO/IaeMbIX OOBEKTOB,
JyeMy MOCBsIIIeH crenuaabHelil pecype Index to Gaia Photometric Alerts®.

e IT0 MOXKET OLITh PE3Y/ILTATOM OLINOOYHON KPOCC-UACHTU(DUKAIMYA 00LEKTOB B KATAIOTaX, KOTO-
Pphle HCroIb3ytoTest 1Jist HamoHennst Karagora OCARS. B nporecce paborsr ¢ karaaorom OCARS
OBLIO HAMIEHO HECKOJILKO TAKUX CJIYUaeB.

Crnemyer 3aMeTHTD, UTO 3TH YK€ MPUIUHBI MOTYT MPUBOJUTHL U K OOJIBIAM MTOJOXKUTEILHBIM Pas-
HOCTSIM onTuveckux BesmanH Gaia munyc OCARS.

“http://gsaweb.ast.cam.ac.uk/alerts/alertsindex
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B0140+133 (NGC 0660) B0242+510 (LEDA 166442) B1414+110 (NGC 5532)
G =20.0,G—R =90 G =20.0,G— R =838 G =203, G—R =85

Puc. 2: Tpu npumepa mpoTszKeHHBIX 0ObEKTOB (SIPKUX TAJAKTHK) ¢ OOJIBIION MOJIOKUTEIBHOI pas-
HOCTBIO onrtudyeckux BejuunH (Gaia munyc OCARS. Msobpaxkenust B3sitel um3 Aladin Sky Atlas
(https://aladin.u-strasbg.fr/).

3  3akJdeHne

Hesibto HACTOsIIIEH pabOTHI OBLIO UCCAEIOBAHNE BO3MOXKHOCTU WMCIIOJIb30BAHUS COMOCTABJIEHUST OIITH-
JEeCKUX BEJIMYMH aCTPOMETPUIECKUX PaIUOUCTOYHUKOB, IOJYIEHHBIX Ha HA3EMHBIX TEJEeCKOIax M Ha
tesieckorie Gaia 1115 MOBLIIIEHNS HAIeXKHOCTU KPOCC-UACHTU(DUKALMYE O0BLEKTOB B PAIUO U ONTHIECKHUX
KaTaJjiorax. B pesyabrare paboThl OBLIO HAiAEHO, ITO B OOJIBIIMHCTBE CIYyYIa€B TaKOe CPABHEHUE I10-
MOTaeT IIPOBEPUTH IPABUILHOCTD OTOXKIECTBIIEHN 0OBEKTOB B Karajorax. B 4acTHOCTH, 3TO IIOMOIJIO
BBIABUTEL HECKOJIbKO ucTogHukoB OCARS ¢ ommbounoit dporomerpureil nin ommboIHBIM OTOXK I€CTBIIE-
HUEM.

B 10 ke Bpemsa mjis GOJIBIIOrO KJacca OOBEKTOB, TAKUX KAK SIPKUE IPOTIKEHHBIC TaJIaKTUKU,
TaKOe CpaBHEHHE He IO3BOJISET, KaK IIPAaBUJIO, CeJIaTh OIpPeIe/IeHHbIE BHIBOABI O TOUHOCTH B3aUMHOI'O
OTOK/JIECTBJIEHUS] ICTOYHUKOB 110 IPUINHE PA3INIHON MEeTOINKN HAOIIOAeHNI 1 00pabOTKN HA3EMHBIX
1 KOCMUYECKUX HaOMromeHnit. st ICTOYHUKOB TAKOTO THIIA Ha3eMHbIe HAOJ/IIOJEHNs, UCIIOJIb30BAHHbBIE
B Karajiore OCARS, maior mHTErpasbHyIio SIPKOCTD 110 BCeMY O0bEKTY MJIH 110 €r0 JJOCTATOYHO IIIPOKO
[EHTPAJbHOI YaCcTH, B TO BpeMsI KaK (pOTOMeTpHs Tejieckora (Gaia OTHOCITCS K HauboJjiee sipKoii ModITH
TOYEUHON 00J1aCTH, OOLIYHO sIpa aJaKTUKU.

Baromapnoctn

ABTop 61arofapen peneH3enTy 3a MOJIE3HbIe 3aMeYaHys [0 IePBOHAYAJBLHOMY BAPUAHTY HACTOAIIEH
paboThl, KOTOPBIE ObLIM YUTEHBI IIPK TIOJAMOTOBKE OKOHYATEIHLHON BEPCUN CTATHH.

B macrosimieii pabore MCIOIB30BaHbI CJIEAYIONIME UCTOYHUKHU JaHHBIX: Kuropean Space Agency
(ESA) mission Gaia’, Sloan Digital Sky Survey® (SDSS), Panoramic Survey Telescope And Rapid
Response System” (Pan-STARRS), Set of Identifications, Measurements and Bibliography for Astronomical
Data (SIMBAD) and Aladin Sky Atlas operated at at the Centre de Données Astronomiques® (CDS),
Strasbourg, France, and the SAO/NASA Astrophysics Data System” (ADS).

Shttps://www.cosmos.esa.int/gaia
Shttps://www.sdss.org/
"https://outerspace.stsci.edu/display/PANSTARRS/
8https://cds.u-strasbg.fr/
“https://ui.adsabs.harvard.edu/
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Puc. 3: Pasanuna ontrueckux Beamand Gaia—OCARS B 3aBucumoctn or R'.
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Comparison of optical magnitudes of astrometric radio sources obtained from Gaia and ground based
observations

Z.M. Malkin

Central Astronomical Observatory at Pulkovo of RAS

Abstract

In this paper, optical magnitudes of astrometric radio sources from the OCARS catalog measured with
ground-based telescopes and by Gaia space telescope have been compared. It was found that for some
sources these magnitudes agree well, while other sources show significant disagreement. The disagreement
is mostly observed for extended Galaxies for which different image processing procedure is usually applied
on ground-based and Guaia telescopes. Nevertheless, such a comparison can be useful as a method of

verification of non-uniform or unreliable photometry data from the literature and for cross-identification of
objects in various catalogs.
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