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Onucanbl Metosbl cucteMbl SRGz it PU3MUECKOr0 OTOXKIECTBJIEHUS] TOUEUHBIX PEHTTEHOBCKHX HCTOU-
HuKoB 0630opa ePO3UTA no doromerpHuecKUM AaHHbIM B o6jactd nokpbiths o63opa DESI Legacy
Imaging Surveys. PaccmoTpeHbl Moneny, Bxoasiiue B coctaB cucteMbl SRGz (Bepeus 2.1), no3BosuBLInE
st 87% muoliaju BCell BOCTOUHOH BHerajiaktuueckoil obsactu (0 <1 < 180°, |b] > 20°) noJiyuuth
TOUHbIE H3MEPEHHsI KOCMOJIOTHUECKOr0 KPACHOTO CMEILEHHs] M KJacca PeHTreHOBCKOro oObekra (KBa-
3ap/rajakTiKa/3Besna) Mo JaHHBIM MHOTOBOJTHOBLIX (hoToMeTpuueckix 0630pos Heb6a (DESI LIS, SDSS,
Pan-STARRS, WISE, ePO3UTA). BaxHoii ocobenHocTbto cucteMbl SRGz siB/sieTcsi To, UTO ee MOJIe/b
paboThbl ¢ JaHHBbIME (AJrOPUTMbI OTOXKIECTBJIEHHs], Kaaccudukauuu, photo-z) uesmukom onmpaercs: Ha
IBPUCTHUYECKHE MOAXOJbl MAlIHHHOTO 00yyeHus. [l1st ctannaptHoro BeiGopa napamerpoB SRGz mosHoTa
OTOKJIECTBJIEHHsI ONITHYECKKX KOMIaHboHoB B o6jiacth DESI LIS cocrasssier 95% (¢ TounocTtbio otGopa
ONTHYECKUX KOMMaHbOHOB 94%); mosiHOTa KJIacCH(PUKALMH PEHTTEHOBCKUX HCTOUHUKOB, HE HMEIOIINX
onrtuyecknx naptHepos B 063ope DESI LIS, cocrasunsier 82% (tounocts — 85%). B SRGz nocturaercs Bbi-
COKOe KauecTBO (hOTOMETPHUECKOH KJIaCCH(UKALIMN ONTHYECKUX KOMIIAHBOHOB PEHTI€HOBCKUX HCTOUHHKOB:
>99% noJiHOTa (POTOMETPHUECKOH KJIACCH(HKALIMH BHErAJaKTHUECKHX 0O'bEKTOB (KBa3ap WJH rajakThHKa)
¥ 3Be3Jl Ha TeCTOBOH BHIOOPKe HCTOUHHKOB co criekTpamu SDSS u actpomerpuueckumu 3pesnamu GAIA.
[TpencraBsien aHaiu3 BaXKHOCTH PA3JIHUHBIX (DOTOMETPHUUECKHUX TPU3HAKOB /sl ONTHUYECKOTO OTOXKIECTB-
JIEHUs U KJaccHUKalKi peHTreHoBeKuX HeTouHnkoB ePO3UITA. Ml nokasasnu, uto MK-Besnunna W,
otHowenus pentren/ontuka (MK), usera B ontuueckom (Hampumep, (g — 7)) u UK-user (W — Wa), a
TaKXKe, BBEJEHHbIE HAMH 1IBETOBblE PACCTOSIHUSI UTPAIOT CYLLECTBEHHYIO POJIb MPU Pa3JeJeHHH KIacCOB
PEHTreHOBCKUX 06'beKTOB. MBI HCTI0/b3yeM HanboIee BazKHbIe (POTOMETpUUECKHEe PU3HAKY JUIsl HHTepIIpe-
Tauuu nporHo3oB SRGz B Hactosiiel padoTe. TouHOCTb hoTOMETPHUECKUX KpacHbIX cMelliennit SRGz (o
doromerpuueckum nanHbiM DESI LIS, SDSS, Pan-STARRS, WISE) rectuposagack B nojie Stripe82X
Ha BLIGOPKe 3/4 ONTHUECKHX KOMITAHLOHOB TOUYEUHbIX PeHTIeHOBCKUX HeTounKoB ePO3UTA (1151 KOTOpbIX
B Stripe82X 10CTyMHBI CIEKTPOCKOMUUECKHE H3MEPEHHST ) H COCTaBHMA: N pap = 3.1% (HOpMaM3oBaHHOE
MelHaHHOe abCOJIIOTHOE OTKJIOHEHHWE MPOrHO3a) U Msq.15 = 7.-8% (m0Jis1 KatacTpo(HIECKHX BHIOPOCOB).
[IpencraBsieHHble pedynbrathl photo-z mist uctounnkos ePO3MTA B noJie Stripe82X GoJiee uem B 2 pasa
no o6elMM METpPUKaM TOUHOCTH (ONAAD M M>0.15) NPEBOCXOAAT pedyJbTathl photo-z mpyrux rpynm,
ony6JIMKOBaHHble B KaTaJsiore Stripe82X.

Kuiouesole carosa: pentrenosekue netounnku, CPT/ePO3UTA.
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1. BBEAEHUE

Kocmuueckas o6cepparopusi CPI™ (CioHsieB u p.,
2021) ¢ penrrenoBckumu Tteseckornamu ePO3UTA
(IMpenens u ap., 2021) u APT-XC wum. [laBaun-
ckoro (ITaBaunckuit u np., 2021) na 6Goprty Oblia
yereniHo 3anyiena 13 uoas 2019 r. ¢ kocMopoma
Barikonyp, a yxe 12 nekabpsa 2019 r. (nocsae da-
3bl MPOBEPKH PabOTOCIIOCOOHOCTH W MOJETHOH Ka-
au6poBku, aura. CalPV) crnyTHHK Hauan peHTre-
HOBCKHMH 0030p Bcero Heba ¢ rajo-opOMTbI BOKPYT
touku Jiopaunu L2 CosHue—3emss. [losnblii 06-
30p Heba CPI'/ePO3UTA no/mKeH Obll COCTOSITh
13 BOCbMH 10CJIe/10BATe/IbHBIX MOJHbIX CKAHUPOBAHUH
Heba, KaXK/10e TPOJIOJIKUTENBbHOCTBI0 6 Mec. K KoHIry
2021 r. ePO3WTA 3aBepiuunna n1syxsaeTHue 0630pHbie
HaOJIl0/IeHUs, B KOTOPbIX 3apeructpuponalna OoJee
2 MJIH TOUEUHBIX PEHTT€HOBCKHUX MCTOUHHKOB (C JIOT-
npasjonogo6uem neteKTHpoBanust £ > 6) B BOCTOU-

HOli rajakTHueckoii nosycdepe 0 < I < 180°! (cm.,
Mengenes u 1p., 2022).

st nopaasitoliero  60JbLIMHCTBA UCTOYHMKOB
ePO3WTA no JaHHBIM U3 PEHTT€HOBCKOTO JIMana3oHa
(B KOTOPOM HOBbl€ aCTPOHOMHYECKHE 0ObEKThbI OblIH
OTKPBITbI) MOTYT ObITb MOJIy4€Hbl TOJBKO KOOPAHHATHI
00beKTa M OlleHKA €ro pPeHTreHOBCKOro TOTOKa.
Tak, HazexHOe H3MepeHHe HAKJIOHA PEHTreHOBCKOro
CTeKTPa MOXKeT ObITb TOJYUeHO JHIb s HeOOJb-
IIOrO MPOLIEHTA BCEX PEHTreHOBCKMX HCTOUHMKOB
ePO3UTA. Takum o6pa3om, HHdoOpMalUK JOCTYTHOM
HEMOCPEeACTBEHHO M3 PEHTIeHOBCKMX HAOJIOIeHUH
OKa3blBAeTCsl KPUTHUECKH MaJslo JUIsl OlpejlesieHHs]
(br3nyeckoro kjacca OOBEKTOB, MX CBETUMOCTH H
paccTosiHUs (KOCMOJIOTMYEeCKOr0 KPaCHOTr0 CMeLLeHH s
JUlsl BHeraJakKTHUeCcKMX MCTOuHHKOB). K cuactbio,
Ha COBpPEMEHHOM 3Tare pas3BUTHSI HAOGJIOAATENbHOH
actpousuky, nannsie CPI/ePO3UTA na Bcem HeGe
MOTYT ObITb JIOMOJIHEHBl HIHPOKMM HAOOPOM CTeK-
TPaJibHbIX, ACTPOMETPUUECKUX M (HOTOMETPUUECKHX
0630poB HebGa. B To ke Bpemsi, OypHOe pa3BUTHE
TEXHOJIOTHH MalllMHHOTO 06yU€eHHs B TMOC/AETHHE TOJIbI
JlaeT uccgeoBaresisiM 3P QheKTUBHbIE HHCTPYMEHTbI
JUIS1 HHTEJIIEKTYaJIbHOTO aHasmi3a 6OMbIINX MACCHBOB
(hoTOMETPHUECKUX AaHHBIX U3 OTKPBITHIX ACTPOHOMH-
YeCKUX apXHMBOB.

CoBpeMeHHble 1LIMPOKO(GOPMATHbIE CMEKTPOCKO-
MUUecKre ¥ acTpoMeTpuueckue 0630pbl HebGa BayKHbI
TeM, 4TO MO3BOJSIOT MOJYUHTb (DU3HUECKHH KJacc
OMNTHUYECKOTO KOMIIAaHbOHA PEHTTEHOBCKOTO HCTOYHHUKA
MpaKTUUECKH HampsiMylo (10 H3MepeHusiM JIMHUH
uaJydeHust/MorIoleH st B cJlyyae CreKTpaibHOro 00-
30pa; 110 H3MEPEHHsIM COOCTBEHHOTO IBHIKEHHS U/ Hlu
napaJjiakca B cJjyuyae acTpomeTpuuyeckoro o6sopa)

13a ananus nanabix ePO3UTA B BOCTOUHOI MOIOBHHE Heba
(B rajlakTHUECKHX KOOPJIMHATAX ) OTBEUAeT POCCUICKHH KOH-
copuuym ePO3UTA.
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MEIIEPAKOB u np.

JUIS 3HAUMTENBHOH YacTH JI0CTATOUHO SIPKUX OMNTHYEe-
CKUX HCTOYHHKOB, Y KOTOPBIX MOTYT ObITb BbITOJHEHbI
COOTBETCTBYIOLIME H3MepeHusi. B HacTosilielt pabore
Mbl OylIeM HCIMOJb30BaTh JIaHHbIE CMEKTPAIbHOTO
o63opa SDSS DRI17 (Abnyppoyd u np., 2022) u
Kartasiora ontudeckux kKsazapoB DRI16Q (Jliok wu
ap., 2020), a Takxke aaHHble ACTPOMETPHUECKOTO
o63opa GAIA DR2 (konnaGopauus GAIA wu np.,
2018). Cnekrpanbhbiii 0630p SDSS DRI17 conep-
KUT UH(opMaLHio o Gojiee 4eM D MJIH ONTHUECKHX
raJakTHK, KBa3apoB U 3Be3/, 0TOGPaHHBIX BBIOOPOUHO
no (OTOMETPUUECKMM MpHU3HAKAM BIUIOTH 10 ~22
BUIMMOH 3Be3JIHOH BeJIMUMHBI B paMKaX Pa3JHUHbIX
Hab/onatesbibix  nporpamm  SDSS  (APOGEE,
BOSS/eBOSS, SEQUELS, eBOSS, MARVELS,
MaNGA, SEGUE u LEGACY). SDSS DRI16Q
siBJsieTcsl Haubosiee MOJHBIM Ha JIAHHBIH MOMEHT
KaTaJloroM CIeKTPOCKOMuueckKux KBazapoB SDSS
1 cozepXkut Gosiee 750 Thic. 00BbeKTOB. AcTpo-
meTpuueckuii 0630p GAIA conep:kut HHbopmaLHio
0 napaJJjakcax M COOCTBEHHbIX JBHKEHHUsIX OoJee
MMJIJTHApAA 3Be3/1 Ha BCeM Hebe.

HauGosee KpynHbIMM 10 MJI0LLAH TTOKPBITHS Heba
¥ HauboJsiee TIyGOKMMH MO UYBCTBUTEJIbHOCTH B OI-
tTyeckoMm U MK-nnanasonax gporomerpuueckumu o6-
30paMM Heba /Il BHeraslakTMUeCKUX HMCTOUHHKOB B
BOCTOUHOM rajiakTuueckor noaycgepe (0 < I < 180°)
apastorest DESI Legacy Imaging Surveys ([eit u
ap., 2019), Pan-STARRS!1 (Ham6epc u np., 2016),
SDSS (Mopk u ap., 2000) u WISE (Paiit u mp.,
2010). Hanubie hoTomeTpuueckux 0630poB Heba 3Ha-
UUTEJILHO paclLUpsItOT HabOP IOCTYMHON HHOPMALIUK
MO0 3aperuCTPUPOBAHHBIM TOUEUHBIM PEHTIeHOBCKHUM
ncrounnkam ePO3UTA. B otsinure oT cnekTpasibHbIX
Habmonenuii SDSS W acTpomeTprHuecKuX JaHHbIX
GAIA, dboromerpuueckue naHHble U3 0630poB Heba
JIOCTYIHbBI JUIsl BCEX ONTHUECKUX 0O'bEKTOB B OKPECT-
HOCTH PEHTTEHOBCKHX UCTOUHHKOB (OMTHUECKUX 00b-
€KTOB BBbIllI€ MOPOra 4YyBCTBUTEJBLHOCTH BBIOPAHHO-
ro ¢goromerpuyeckoro o63opa U B 06J1aCTH €ro 1o-
KpbiTHsi). doToMeTpuuecKue JaHHble, KaK TMPaBuJo,
He TO03BOJISIIOT HEMOCPEJACTBEHHO OMNPeesUTh KJace
1 (usnueckre mapamerpbl acTPOHOMHUECKHX 00b-
ekToB. [IpuMeHeHHe MeTOJ0B MalIMHHOTO OOYuYeHHs
OTKPbIBA€T HOBbIE BO3MOXKHOCTH JIs1 3(PPEKTHBHOTO
MCIOJIb30BAHUST JOCTYIHBIX LIHPOKOMOJOCHBIX (POTO-
MeTpUueckKux HaOJoeHui U3 0030poB Heba. Lle-
JIbI0 TaKUX MojeJell siBasercsl (Kak MOxKHO OoJee
TOUHOE ) aBTOMATHUECKOE BOCCTAHOBJIEHHE 3aBUCUMO-
ctu Xpn — (Class, Z,..) — dyHKuun 0ToOpaKeHus
M3 MPOCTPAHCTBA (POTOMETPUUECKUX MPU3HAKOB aCT-
POHOMHYECKHX 00DbeKTOB (Xpn) B MPOCTPAHCTBO HX
(bM3MUYECKUX KJIACCOB, PACCTOSIHUI M JPYTHX Xapak-
TEPUCTHK, HEOOXOJUMBIX 151 TOHUMaHHUS (PU3UUECKO
MPHUPOJIbl ACTPOHOMHUECKUX HMCTOUHHUKOB W MPOBEpP-
KU (husuueckux teopu. Ilng peuieHus 3Tol 3amauu
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NPUMEHUTENIbLHO K BbIGOPKAM TOUEUHBIX PEHTTEeHOB-
ckux ucrounukoB ePO3UTA, B HayuHoil rpynre mno
peHTreHoBcKoMy KaTaJgory Poccuiickoro Koncopuuy-
ma CPI'/ePO3UTA, 6bi1a cosnana cucrema SRGz,
aJITOpUTMbl KoTopoi, B o6JiacTu nokpeitis DESI LIS,
OMHUCcaHbl B HAacTosIIEel paboTe.

2. JAHHBIE

Mopenn SRQz, npencrapieHHble B JaHHOH pa-
6orte, GasupyloTcss Ha JaHHbIXx 11 o63opoB HeHa B
pasHbIX CMeKTpabHbIX JHanazoHax. Bo-nepsbiX, 310
PEHTreHOBCKHMH KaTaJlor TOYEUHBIX HCTOUHHKOB TIO
JaHHbIM JIByX JeT o63opa Heba ePO3MTA B BO-
CTOUYHOH rasiakTHyeckoi nojycgepe. Bo-BTophIX, 3T0
BCIoMorareJ/ibHble peHTreHoBckue kartajorn CXCZ2,
4XMM, 2RXS, nosiyueHHble Mo AaHHBIM 00CEPBaTO-
puti Chandra, XMM-Newton, Swift, kotopbie GymyT
MCIob30BaThes HaMu (eM. 1. 5.1.3) mis o6yuenus u
OLIEHKH TOUHOCTH MOJeJIell ONTHUECKOro OTOXKIAECTB-
JIeHHs1 peHTreHOBCKUX HcTouHukoB ePO3UTA. Jla-
Jee, 370 Qoromerpuueckuil katajsor DESI Legacy
Imaging Surveys, B KoTopom cobpaHbl JaHHble Psiia
ontuuecknx o63opoB (MzLS, DECaLS, BASS), un-
(hbpakpacHble faHHble (MPUHYIUTENbHAs (HOTOMETPHS
WISE) u actpomerpuueckue nanuble o63opa GAIA.
Hakowelt, 1yist Mmosieneit photo-z mMbl 6yieM HCNOB30-
BaTb TaKXKe JaHHble IBYX KPYMHEHIINX poToMeTpuue-
ckux 063opoB HeHa: Pan-STARRS1 u SDSS.

Jlanee Mbl pacCMOTPUM HCMOJb3yeMble HAMH JlaH-
Hble 6oJiee NoAPOOHO.

2.1. Pentrenosckuii 0630p CPI/ePO3HTA

Kartasnor TouyeuHbIX PEHTIT€HOBCKHUX HWCTOYHHKOB

CPI'/ePO3UTA no uroram AByX JieT CKaHHPOBa-
HUs HeGa B BOCTOUHOH TaJlakTHUeCKOH moJiycdepe.
B SRGz ucnosbsyercs uHdpopmalus o KoopauHa-
TaX PEHTIeHOBCKOrO HCTOYHMKA Ha Hebe, olIMOKe
JIOKAJIM3alMK HUCTOUYHMKA M PEHTTEHOBCKOM TOTOKE B
nranasone 0.5—2 k3B.

2.2. Beriomorare ibHbl€ PeHTreHOBCKHE JaHHbIE
obcepparopuii XMM-Newton, Chandra, Swift

L5t co3panust TpeHMPOBOUHOH U TECTOBOH BbIOOP-
KH MOJIC/IH OTOXK/IECTBJICHHS] PEHTT€HOBCKHUX HCTOUHH -
koB ePO3MTA Hamu Hcrosib3oBauch 00beIvHeH-
Hble JIaHHbIe PEHTTEHOBCKUX KaTaJlOroB KPyMHEHIIHX
0030poB Heba, BBIMOJHEHHBIX TPEMsI PEHTT€HOBCKHMHU
o6cepBatopusimu: XMM-Newton, Chandra, Swift.
Bo-nepBbIX, Mbl paccMaTpUBaJ/JH PEHTIEHOBCKHE

HCTOYHUKH U3 KaTasora 4XMM-DR122 (Be66 u 1p.,

Zhttp://xmmssc.irap.omp.eu/Catalogue/4 X MM-
DR12/4XMM_DRI12.html
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2020). M3 peHTreHOBCKOTO KaTasjora YyHWKaJbHbIX
uctounnkoB 4XMM B o6nactu TOKpbITHS 00630pa
DESI Legacy Imaging Survey Oblin wuckioue-
Hbl HcToyHUKM ¢ uaramu SC_SUM _FLAG >0
(umetoT npobJieMbl ¢ ETEKTUPOBAHUEM WJIM H3MEpe-
HHEM TNapaMeTPOB) W MPOTSKEeHHble PEHTreHOBCKHE
o6bektel ¢ SC_EXTENT > 0. Bo-BTOpblX, MbI
paccmaTpuBaJii peHTreHoBCcKHe 00bekThl H3 Chandra
Source Catalog 2.03 (CSC2, dpanc u 1p., 2010) 3a
UCKJIIOUEHHEM HCTOUHUKOB ¢ ctaramu: conf flag,
dither_warning _flag, extent_ flag, pileup_flag,
sat_src_flag, streak_src_flag. B-TpeTbux, Mbi
paccMmaTpuBa/ii PeHTTeHOBCKHe OObeKThl M3 Kara-
gora 2SXPS (2Banc u ap., 2020) ob6cepBaTopuu
Swift um. Huna Tepenca. M3 penrrenoBckoro ka-
TaJora TOUYEUHbIX PEHTTeHOBCKHX HCTOUHHKOB ObLJIH
UCKJIOUEHbl OObEKTbl CO  CJEAYIOIIMMH  hJlaraMmu:
DetFlag, FieldFlag, Optical LoadingW arning,
StrayLightW arning, Near BrightSourceW arning,
IsPotential Alias.

2.3. Ontuueckne/HK 0630pbl Heba

DESI Legacy Imaging Surveys DR9. KaraJjor
(oromerpuyeckoro o63opa HebGa B ONTHUECKOM JiHa-
nasoHe B Tpex (usasTpax (g, r, z), NOJyUeHHbIH TO
JIAHHBIM Tpex 0030poB Heba, c/le/laHHbIX Pa3/JIHUHBIMU
tesieckonamu (Beijing-Arizona Sky Survey (BASS),
Dark Energy Camera Legacy Survey (DECaLS),
Mayall z-band Legacy Survey (MzLS)) u npuse-
JIEHHBIX K €IMHOH (hoToMeTpuueckor cucteme ([leh n
ap., 2019). OTMeTnm, uTo B HacTosIel paGoTe Mbl He
OTMeuaeM CHCTeMaTHUeCKMX CJBHIOB B pe3yJsbTaTax
mozesied SRGz, BbI3BaHHBIX BO3MOXKHBIM OCTATOU-
HbIM passrudeM (BOTOMETPUUECKUX CHCTEM JaHHbIX
BHyTpu 0030pa DESI LIS, nostomy nanee mbl He
6yneM paznuyatb GOTOMETPHUUECKHE H3MEePEHHsT 06b-
extoB DESI LIS, cnenannbix Ha pasHbixX TejecKomnax.

WISE. [lpunynurenbiasi GoToMeTpusi Mo JTaHHBIM
n3o6paxkenuil Bcero Heba cnytHuka WISE B dusb-
tpax Wi u Wa (nocae uiectu jet o63opa NEOWISE-
Reactivation) npusenena B goromeTpryeckom KaTa-
qore DESI LIS DR9.

GAIA. [Janusie o ucrounukam GAIA DR2, comno-
CTaBJIEHHBIM C ONTHYECKUMH 00'bEeKTaMH, PUBEJIeHA B
katasore DESI LIS DR9.

SDSS. lannble doromerpuyeckoro o63opa Heba
B ONTHUYECKOM JManasoHe B nsaAtH Guabrtpax (u, g, r,
i, z) JJIsl UCTOYHHKOB, accolmupoBanubix (B 17) ¢
ontuueckumu o6bekramu DESI LIS.

Pan-STARRSI1. Jlannbie hotomerpuueckoro 06-
3opa Heba Pan-STARRSI DR2 (YambGepc u np.,
2016) B onTHUECKOM Juana3oHe B MsATH QuabTpax (g,
7,1, z, Y) JUIsl HKCTOUHHKOB, aCCOLMHUPOBaHHbIX (B 17) ¢
ontuueckumu o6bekramu DESI LIS.

Shitps://cdsarc.cds.unistra.ir/viz-bin/cat/1X /57
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eRosita point source catalog

SRGz-CatD

Puc. 1. Cxema konseiiepa SRGz.

3. CUCTEMA SRGz

Cucrema SRGz Oblia 3ajlyMaHa HaMH Kak pea-
JIM3alMsl BO3MOXKHOCTH JIJIst BCEX PEHTTeHOBCKHUX MC-
TouHnkoB B kartajore ePO3UTA mnosyuuth u3me-
peHusi (DU3NUECKOTO KJacca M 3aTeM TOMECTHTb WX
Ha TpexmepHylo KapTy Bcenennoil. SRGz uenukom
6asupyercsl Ha aHaJM3e METOJIaMU MallMHHOTO 00Yy-
UeHHs] MHOTOBOJIHOBBIX 0630p0oB HeGa B OKPECTHOCTH
PEHTreHOBCKHMX HCTOYHHMKOB. JlaHHasi 3agaua cama 1o
cebe sIBJsIETCS Upe3BblUAHHO OOUIMPHON, a acTpo-
HOMHUYECKHE JlaHHble, Ha KOTOpPble OHa OMUpaeTcs, B
MOJIHOK Mepe 06J1aJIaloT XapaKTepUCTHKAMH GOJbIIHX
nauubix (anrs. Big Data). 9to Tak HasbiBaembie 5V
(ot anrs. Volume, Variety, Velocity, Veracity, Value,
cm. Jlomoreit, Ilutepe, 2014), T.e. peub ujuet o 60Jb-
IIUX 00beMax U pasHO0OPa3UH THTTOB JIOCTYIHbBIX aCT-
POHOMMYECKUX NAHHBIX, GOJIbLIOH CKOPOCTH BO3HHK-
HOBEHHsI HOBBIX MaCCHBOB JIaHHBIX B aCTPOHOMHH, O
HaJIMUUM B CBIPbIX JIAHHBIX M KaTaJjiorax GOJIbIIOro
yucsa apredakToB, MPONYILIEHHbIX 3HAUEHUH U 1lyMa
pasJMYHON MPUPOJbI (UTO MHOTOKPATHO YCJIOXKHSIET
MX aBTOMaTHUYECKHH aHaJM3), W, HAKOHell, aCTPOHO-
MHUUYECKHEe MACCHBBI JIaHHBIX BHYTPH cebsi cojepKat
LeHHYI0 MH(OPMALHMIO /IS OTIpeiesieHHsT (PU3NIeCKUX
CBOWCTB aCTPOHOMHUECKHX 00BEKTOB, KOTOPYIO M0O3-
BOJISIIOT M3BJIEKATb TEXHWKH MAIIMHHOTO OOYYeHHsl.
B pamkax cucrembl SRGz Mbl paspabaTbiBaem aJji-
TOPUTMBI JIJIsi U3BJIeUeHHs] HH(OPMALIMH U3 GOJBIINX
ACTPOHOMHUECKHUX JIAHHBIX B HHTEPecax HayKH PeHT-
reHoBckoro o63opa ePO3UTA.

Aunropurmbl cuctembl SRGz (Bepeusi 2.1), onu-
caHHble B JaHHOH padoTe, MO3BOJSIOT OTOXKIECTB-
JISITb ONTHUECKHE KOMMAHbOHbI TOUEYHBIX PEHTIEHOB-
ckux ucrounnkoB ePO3UTA B obsactu mokpbiTHs
doromerpuueckoro o63opa DESI Legacy Imaging
Surveys, K/aaccu@HUUMPOBATh MX HA TPH OCHOBHBIX
KJ1acca (3Be3/ibl, KBa3apbl, rajlakTHKH ), a TaKxkKe H3Me-
psATb hoTOMeTpHUEeCKHe KpacHble CMelleHHUsl 10 BHe-
rajlakTuueckux o6bekToB. Mojean MalimHHOTO 00y-
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UeHHUS! /11 OTOXK/IECTBJIEHUS M KJIACCU(PUKALIMH PEHT-
FeHOBCKMX MCTOUHHKOB OMMPAIOTCSl HA JIaHHble Tpex
0630poB: pentreroBckoro (ePO3UTA), ontuueckoro
(DESI LIS) n undpaxpacnoro (WISE, B pamkax
npuHyauTesabHoil poromerpun B DESI LIS). Mo-
JieJI1 MalluHHOTO OOyueHusi i u3MepeHust (oTo-
MeTPUYECKUX KPaCHbBIX CMELLeHHI BHerasakTHUeCKHX
00'bEKTOB OMHUpAtOTCs Ha JaHHble onTHueckux U MK-
o63opos Heba: DESI LIS DR9, WISE (B cocrase
DESI LIS), Pan-STARRS1 DR2, SDSS DRI17.

3.1. Cxema paborel SRGz

Pa6ora cucrembl SRGz npencrasiser coboii (cMm.
puc. 1) KouBeitep (anri. pipeline) ¢ npeno6paboTKo
(hoTOMETPHUECKHX TaHHBIX U IPUMEHEHHEM K HUM MO-
JieJiell MallMHHOTO 00yYeHHUst U1t ONITHUECKOTO 0TOXK-
JIeCTBJIEHHUS], KIaCCU(DUKALIME U H3MePeHHs] KPacHbIX
CMellleHHI PeHTIreHOBCKUX HCTOUHHKOB.

Ha Bxox SRGz noctynaior peHTreHOBCKHe JaHHble
B BHJI€ KATaJora TOUEUHbIX PEHTTEHOBCKHUX MCTOUHH-
koB ePO3UTA. ns yno6cta npumenennss SRGz Ha
BceM HebGe BeChb KaTaJjior PeHTTeHOBCKMX MCTOYHMKOB
Obl1 pa3OUT Ha (hparMeHTbI TJI0IIA/bI0 53.7 KB. rpajty-
coB 1o cxeme pazouenusi Heba HEALPix (NESTED)
C WHJeKcOM paspellleHusi (aHri. resolution index)
Res=3: B o61weil c/103kHOCTH 768 MJI01IAI0K HA BCEH
cepe, 415 conepkaT peHTreHOBCKHE HCTOUHHKH B
BOCTOUHOH BHEraJJaKTHUeCKOH 06J1acTH, U U3 HUX 266
(64% ) MOKpbITHI ONITHUECKUMH TaHHBIMH 0630pa DESI
LIS. B xaramore nByx Jer o63opa ePO3UTA B
BOCTOYHOH raJlakTHUeCKOH noJtycepe 22 MJIH TOUey-
HbIX PEHTTeHOBCKHX MCTOUHHMKOB, U3 HUX ~21.27 MJH
npuxonsaTest Ha o6aactb nokpeitust DESI LIS DRO.

Ha srane npeno6paGoTKW JaHHBIX Mbl CO3JaeM
katasor SRGz-CatA Bcex onruueckux OOBLEKTOB
(DESI LIS, Pan-STARRS, SDSS), naxousimxcs
B OerCTHOCTI/I TOUEUHBIX peHTFeHOBCKI/IX UCTOYHH-
koB ePO3MTA. Crauana mist Kaxkaoro oobekra HU3
PEHTreHOBCKOro KaTaJiora (Ha 3Tarie MepBHYHOTO OI-
THYECKOTO COMOCTABJIEHHS) OTOMPAIOTCST BCE M3BECT-
Hble MCTOUHHKHM B OMNTHUYECKOM JiMara3oHe B pajly-

ce RX . = 30" u3 Bcomorare/ibHbIX (pOTOMETpHUE-
CKHX, CIMEKTpPaJbHbIX U aCTPOMETPHUECKHX 0630pOB
HeGa. B nanHoii paGoTe B KauecTBe BCIIOMOTATE b-
HbiX onTHueckux/MK nanxeix ucnosbayiores: DESI
Legacy Surveys DR9 (DESI LIS), Pan-STARRSI
DR2, WISE (B cocraBe DESI LIS), SDSS DR17
n GAIA DR2 (B cocraBe DESI LIS). Ontuueckue
MCTOUHHKK M3 poToMeTpuueckux Karajoros DESI
LIS, Pan-STARRS u SDSS coemunsiotest Mexy

coboii no paccrosiumio ROV, < 17 (npu stom DESI
LIS ucnosnb3yercst B KauecTBe 6a30BOH ONTHUECKOH
BbIGOpKH ). Jlanubie WISE Hamu vcnosib3ytoTest B IBYX
¢unbrpax (Wi, Wa) us karanora DESI LIS (mosy-

UeHHble B pe3yJsibTaTe MPHUHYIUTENbHOH (POTOMETPHH
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Ha uzoOpaxenusix o63zopa WISE). Jlanusie GAIA
DR2 6epyrcsi u3 kartamora DESI LIS. Ha stamne
npeno6paboTKH POTOMETPHUECKHX JAHHBIX MbI M0JTy-
yaeM noJiHele (B pamkax BbiOpaHHoro o63opa DESI
LIS) cnucku onTHUeCKHX HCTOYHHKOB B OKPECTHOCTH

X
Rmatch OT PEHTTe€HOBCKHX 0O6BEKTOB C JIOCTYITHBIMU
CbOTOMeTpI/I‘-IeCKI/IMI/I, ClieKTpaJibHbIMH, aCTPOMETPHU-

YeCKUMH MPU3HAKAMU H3 BCIOMOraTesibHbIX ONTHUE-
ckux/UK naHHbIX.

Ha caenytouiem stane ¢ nomolblo Mojeneil ma-
IIMHHOTO 0OydYeHHsl [ BCeX PEHTIeHOBCKHX HCTOU-
HUKOB OTOXK/JIECTBJISIIOTCS HauboJiee BepOsSITHbIE ONTH-
yecKre KOMMaHbOHbI WJIH YTBEPXKIAETCS OTCYTCTBHE
ONTHYECKOT0 KOMIAaHbOHA Y PEHTTeHOBCKOro 00'beKTa
(“6e3nomubiit” (aurs. hostless) peHTreHOBCKHI HC-
TOUHHUK). ¥ PEHTTeHOBCKHX HCTOUHHUKOB C ONTHYECKHU-
MU MapTHepaMH MPOrHO3UpYyeTcsl KJ1acc U H3aMepsieTces
(hoToMeTpHUECKOE KpACHO€E CMellleHHe /7S BHeranak-
THUeCKUX 00bekToB. [losyueHHbIl Takum o06pa3om
karajor SRGz-CatD conepxut B cebe peHTreHOB-
CKHe 00beKThbl, UX Hanbosiee BepOSTHbIE ONTHUECKHE
KOMTMaHbOHbI, (DU3HUECKHE XapPAKTEPUCTHKH OObEK-
toB. Karasor SRGz-CatD nanee moxkeT HCroJsib-
30BaTbCsl ISl PellleHUs] Pa3MYHbIX HAyuHBIX 3ajau,
Harpumep, Vi aHaJn3a LIMPOKOINOJIOCHOTO CHeKTpa
PEHTreHOBCKHUX MCTOUHHKOB, HCCJIEI0BAHHS 3BOJIO-
UMK (PYHKLMH CBETHMOCTH KBa3apoB, MOWUCKA YHH-
KaJIbHbIX 00'bEKTOB C GOMBIINM KPACHBIM CMellleHHeM
u/unm ceetumocThio (XopyHxes 1 ap., 2021, 2022) u
npouee.

Hanee Mbl nMoapo6HO onuileM (OTOMeTpHUECKHe
MPHU3HAKH 0OBEKTOB M AJrOPUTMbl MALIHHHOTO 00Y-
UeHHs!, Ha KOTOPBIX MOCTPOEHbl MOJe/NH (hU3HUUeCKOH
KJacCU(UKAIMKY U H3MEPEHHUsT KPACHBIX CMeEIlleHHH 110
(hOTOMETPHUECKUM JaHHBIM 00 ONMTHUECKUX HCTOUHH-
Kax.

3.2. I[lpusHakn 06 beKTOB

Monenn SRGz st onTHueckoro oToxKJecTBJe-
HHUS1, KNacCU(UKALMK U H3MepeHusi photo-z ToueuHbix
PEHTreHOBCKMX HCTOUHMKOB LEMKOM Ga3upyloTest Ha
MeTO/laX MAUIMHHOTO 0O0y4YeHHsl M MCMOJb3YIOT (OTO-
MeTpHUecKne MPU3HAKH 00BEKTOB M3 MATH IIMPOKO-
thopmaTHbiX 0630poB HeGa B pasHbIX CHEKTPaJsbHbIX
JManasoHax (OT PEHTreHOBCKOTO 10 HH(paKpacHO-
ro). ePO3MTA, DESI Legacy Imaging Surveys,
SDSS, Pan-STARRSI1, WISE. B Ta6a. | npuse-
JleHbl Habopbl (POTOMETPUUECKUX TPHU3HAKOB, KOTO-
pble HCTOJIb3YIOT pasjnuHble Mojesn cucteMbl SRGz
(Bepcust 2.1). PaccmoTpum BbIGOp MPHU3HAKOB sl
MoJieJiel MalMHHOTO 00yueHust 6oJsiee NopoOHO.

[lepBbIM NpPHU3HAKOM, KOTOPBIH Mbl HCIOJIb3YyeM B
MOJIEJISIX ONTHUECKOTO OTOXKJIECTBJIEHHS PEHTIeHOB-
CKMX HCTOYHHKOB, SIBJISIETCSI pACCTOsIHUE JI0 paccMaT-
pUBaeMoro onTHueckoro o6bexra (d), BblpaxKeHHOE B
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eIMHUIAX OLIMOKH JIOKAIN3allH (0 x ) PEHTT€HOBCKO-
IO UCTOUHHKA:!

of fset = i (1)
25'¢

Jlast BceX pEHTreHOBCKMX MCTOUHHKOB —KaTaJora
ePO3UTA nam noctynHa oTkaanbpoBaHHAs HHCTPY-
MeHTaJ/ibHasl OLIMOKA JIOKAJM3alUMK PEHTIeHOBCKUX
00bekToB ox. KanubpoBka ox(0get) OTHOCHTENLHO
UHCTPYMEHTAJIbHON OIIMOKH et (TTOJyYEHHON asiro-
puTMOM jieTeKkTHpoBaHusi eSASS) Gblia BbinoJiHeHa
MyTeM COMOCTaBJEHUS] PEHTTEHOBCKOTO —KaraJjora
ePO3MTA Ha BOCTOUHOI rajiakTHUECKOH roJycdepe
C JIaHHBIMH acTpomeTrpuueckoro katasora GAIA, kak
onucanHo B pabote [Wibdanosa u ap. (2023).

CaienytoliM akTopoM, BJAHUSIIOLIMM Ha COMOCTaB-
JieHne 00BEKTOB M3 PEHTTEHOBCKOTO M OMNTHYECKOTO
KaTaJsloroB, sIBJISIeTCsl MOBEPXHOCTHAS! MJIOTHOCTb OIM-
THUECKUX 00BEKTOB MOJIsI B HAMPABJAEHUH HAa pPEHTre-
HOBCKHMH HCTOYHMK. Mbl 106aBH/IM B MOJe/Ib OTOXK-
nectiennsi SRGz nBa hoTomeTpruuecKux rnpuaHaKa:
Ti90 U n3g — uucdIo ontuyeckux oobekros DESI LIS
B Kpy:kkax pamryca 20" u 30” COOTBETCTBEHHO ¢
LEHTPOM Ha PEHTIeHOBCKOM 00beKTe.

B mojnensix SRGz mbl GyjieM MCnosib30BaTh PEHT-
reHoBckue, ontuueckue, MK-noTokn 06beKkToOB, BbI-
pakeHHble B JlorapuMHUECKOH 11KaJle 3Be3/IHbIX Be-
JuunH. PeHTreHoBcKas “Be/MuMHA” PACCUMTHIBAETCS
HAMM M3 PEHTTeHOBCKOro MOTOKa o6beKTa B auara-
3oHe 0.5—2 k3B o cienytonieit popmyJie:

magy = —2.5lg(FX70,5_2) + C, (2)

rie ajmMTHBHas KoHcrtaHta C' = —18 BhiGpaHa Tak,
yTOOBI BbIUHCJIEHHbIE ¢ MOMOLILBIO Magx OTHOLLEHHS
pentren/ontuka (cM. nanee) s X/O = 0 xopollo
pasziesisiiii Kaacchl PeHTTeHOBCKUX KBAa3apOB M PEHT-
reHOBCKHX 3Be3l. OTMeTHM, UTO BbIOOP KOHCTaHTbl C'
HUKaK He BJjusieT Ha paboty mopeneir SRGz (npu
ycqioBud, uto C' pukcupyetest 10 06ydeHns: Mojienei
¥ JlaJiee OCTAeTCsl HeM3MEHHOM ).

Onrtuueckue u MK-usmepenusi, npuseneHHble B
(hoTOMETPHUECKHX KaTaJjorax, cojiepKaT Kak H3Me-
peHue rMoToka 0oObeKTa, Tak M OWHOKY Ha MOTOK.
st yactn hotomeTpruueckux 0OBEKTOB B KartaJjore
BeJIMUMHA MOTOKA MOXKET MPUHUMATh OTpHLaTe]bHOe
3HAueHUsl (3TO O3HAYaeT, YTO HUCTOYHHK He JeTeK-
THpyeTcsi B BbIOpaHHOM (PUJIBTPE, W H3MepsieTcsl
TOJIbKO BEPXHHH Mpejies1 Ha OTOK ). UToOb! yUnTHIBaTh
JlaHHble 0COOEHHOCTH ONTHUYECKUX H3MEpeHUH TpH
noctpoenun Mmojneneit SRGz, Mbl paccuuTanu Tak
Ha3blBaeMyI0 TUMepOOJMUECKYI0 3BE3/IHYI0 BeJHUMHY
no KaxaoMmy (GoToMeTpuuecKoMy H3MepPeHHIO TMOTOKa
o6bekTa U ero oubKe (B kKatajsorax 063opoB DESI
LIS, Pan-STARRSI1, SDSS). Ilotoku o0Obekra
B ontnueckux/MK duabrpax Obliu npuBeeHbl K
eIMHbIM eJMHUIIAM HM3MepeHHH — HAaHOMarTh (aHrJ.
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Ta6auna 1. oromerpuueckue npuaHaxu ajsi mojeseidl SRGz

# doTtomeTprUecKue MPU3HAKU

[TpusHaKu Jiyullieil MOJIe/IH OTOXKIECTB/IEHHST ONTHYECKOrO KoMITanboHa — M odel,ateh
3x of fset, nag, 730, Glim, Tim, 2lim> W1, lim» W2, lim,

type, sersic, magx, X/g, X/r, X/z, X/W1, X/Wa, (X/W1)salvato,

9.7, 2 Wi, Wa, (g = 7). (9 — 2), (9 = W), (9 — Wa),

(r—2), (r=wy), (r—Wa), (z = W), (z — Wa), (W — W),

(g — W) distance, (z — W) distance,

(z — W) distance

ITpusnaku Mojeseil knaccudukauuy (3sesna/kpasap/ranaktika) — Modell oqss, Model2.qss

3X,col type, sersic, X/g, X/r, X[z, X/ W1, X/Wa, (X/W1)salvato
(g=7), (g —2). (9= W), (g = W), (r — 2),
(r=Wh), (r = Wa), (z = Wh), (2 = Wa), (W1 — Wa),
(g — Wy) distance, (z — W) distance,
(z — W3) distance

[1pusHakn Mozeseit n3MepeHHs: HOTOMETPHUECKUX KPACHBIX cMelleHHl — Modelyhotox

2 g, r, 2, Wi,Ws, (9 = 1), (9 — 2), (9 = W1), (g = Wa), (r — 2),

(r=Wi), (r = Wa), (z = W1), (z = Wa), (W1 — W2)

3ps features : 24 gps psf, TPS,psfs PS,psfs ZPS,psfs YPS,psfs 4PS, kron, YPS,kron, GPS,krons
TPS,kron, ZPS,kron, (9PSpsf — 1PSpsf), (9PSpsf — YPS.pst)s (TPSpsf — 1PSpsf),
TPS.psf — YPSpsf) (1PSpsf — 2PSpsf), (iPS.psf — YPSpsf), (2PS.psf — YPS,psf)s
LPS,psf — iPS,kron), (yPs,psf - yPS,kron)v (QPS,psf - TPS,psf)v (QPS,psf - ZPS,psf),

TPS,psf — ZPS,psf)a (gPS,psf - gPS,kron)v (TPS,psf — TPS,kron), (ZPS,psf - ZPS,kron),

(
(
( )
(9PS,kron — 9), (TPS kron — 1), (2PS,kron — 2), (gPS kron — W1), (9PS,kron — W),
(rpS,kron — W1), (P8 kron — W2), (iP8,kron — W1), (iPS,kron — Wa),

(zpPs,kron — W1), (28 kron — W), (YPS kron — W1), (yps,kron — Wa)

3sDss features : 2+ Upss, Gpsfs Tpsfs Ipsfs Zpsfs Uemodel, temodels Gemodels Temodels Zemodels

Upsf = Gpsf)s (Upsf — Tpsf), (Upsf — ipsf), (Upsf — Zpsg), (Upsf — Uemodet ), (psf — ipsf),
psf = Yemodel)s (Tpsf — ipsf)s (ipsf = Zpsp)s (ipsf — Gemodel)s (Ipsf — Tps)s

Gpsf = Zpsf)s (Tpsf = Zpst)s (Tpsf = Temodel)s (2psf — Zemodel)s (Gemodel — 9),

(
(
(
(Temodet = 1),
(
(

(Zemodel = 2), (Uemodel — W), (Uemodel — W2), (gemodet — W),
Jemodel = W2), (Temodet — W1), (Temodel — W2), (iemodet — W1), (iemodel — Wa),
Zemodel — W1), (Zemodel — Wa)
4 SET(features : 2+ features: 3spsgs + features : 3pg)
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nanomaggie, 1nanomaggie = 10~ (48:6422.5)/2.5

=3.63 x 1072 [3pr em~2 c¢7!]). TToayuennsii no-
TOK f ¥ ero omwmbKa oy npeodpasyroTes B runepbo-
JIMUECKYIO BEJIMUMHY Mago M0 CJeaytolell popmyie:

—2.5

log10 | (3)

nh
asinh| o

mag, = +log(oy)

OTmeTHM, UTO BBeJIeHHAs! 371eCh hopMyJia JUlsl rUrep-
60JIMUECKHUX 3BE3/IHBIX BEJIUUMH OTJIHUAETCS OT (hop-
MyJIbl U151 THIIepOOJIMYeCKUX BEMUHH B (hoTOMETpHUe-
cKoM KaraJjiore o63opa SDSS (Tak HasbiBaemblie Jym-
TUTYybl, aun. luptitudes). B SDSS napamerp “msr-
Koctu” (anr/. softening parameter, b = oy) paccuu-
ThIBAaeTCsl cpasy AJsi Bcero ob6sopa (cm. Ttaba. 21,
Croyton u ap., 2002), Mbl 2Ke UCII0/Ib3YeM NIPU pacueTe
TUnepOONMUECKUX BEJMUMH HHIUBHILYaJbHble OLIHOKH
Ha TIOTOK Oy, PUBEJEHHbIE JUIl KAXA0r0 00beKTa B
thoromeTprueckoM katajiore. OTMETHM, UTO B Npejiesie
|f/o¢| — 0 runepboanueckas BeJIMUMHA CTPEMUTCS K
norconoBckoil (Pogson) Buanmo# 3Be3iHON BeJiMunHe
CO 3HaueHueM MoToka f = oy. B npenene Gosbuimx
NIOTOKOB f >> 0y BBeJeHHass HaMK runepOo/MuecKas
BEJMUMHA CTPEMHTCS K CTAHAAPTHOH MOrCOHOBCKOH
BUJIMMOH 3Be3/IHON BesinunHe. Jlasiee B TeKCTe CTaThH,
€CJIM CIIeLHa/IbHO He OTOBOPEHO 00paTHOE, MOJL 3Be3/1-
HOH BEJIMYMHOH ONTHYECKOro 00'beKTa MbI Be3Jie OyieM
NOHUMAaTb TUIEepPOOJMUeCKHEe BeJMUHHBI, T10JyYeHHbIe
Ha ocHOBe (hopmyJIbl (3).

BakHOH xapaKTepUCTHKOH /sl KaxKA0ro peHTre-
HOBCKOTO HMCTOYHHMKA, KOTOPAasi BJHSIET HA BO3MOXK-
HOCTb HaJIMUHsl KOMIIaHbOHA B BBLIOPAHHOM OINTHYE-
cKOM 0030pe, sIBJsIeTCSl NpejebHasi BeJMYdHa Ofl-
THUecKoro o63opa B 3aJaHHOM (DUJILTPe B Harpas-
JIeHHW Ha peHTreHoBCKUH 00beKT. [Tockosbky DESI
LIS npencraBasier coGoii (oToMeTpuuecKuii KaTa-
JIOT, COCTABJIEHHBIN 10 JaHHBIM HECKOJIbKHX 0030pOB
C HEOJHOPOJHOH KapTOH 3KCMO3ULMH 1O Heby, ero
npejesibHasi 3Be3/1Hasl BeJIMUMHA B pasHbIX (PUIIBTpaxX
M B pa3HbIX HarpasJeHusix Ha HeOe MOXKeT 3aMeTHO
otaMyatbesl. YToObl yuecTb 3TH (akTopbl B MOJEJH
SRQGz, Mbl olleHHIM MaKCUMaJibHble BeJHUYHHbI 00b-
extoB B 0630ope DESI LIS B pasubix ¢uiabrpax B
HarpaBJieHUsIX HAa PEHTTeHOBCKHE MCTOYHUKH CJlely-
1o1MM 06pazom. B BhIOpaHHOM (PUJILTPe Mbl paccum-
THIBAJIM MAKCHMaJIbHYI0 TUNEepOOJHUECKYIO0 BeJHUH-
HY Cpel ONTHUeCKHX 06beKToB B 30" —0KpecTHOCTH
PEHTIeHOBCKOIr0 HCTOUHHKA:

mag,, = max mag,, (4)

d;<30"

rIe magp, — runepbo/iMueckas 3Be3[JHas BeJUUHHA
1-TO ONTHUECKOro OObeKTa B OKPECTHOCTH pPEHTre-
HOBCKOIo 00'beKTa, d; — YIJIOBOE PacCTOsSIHHE MeXK-
JIy PEHTT€HOBCKMUM OOBEKTOM M 7-M ONTHYECKHUM HC-
TOUHMKOM. Mbl OyaeM HCNOJb30BaTh ONpe/ieseHHbIe
BbILLIE MAaKCHUMaJIbHble 3BE3/HbIE BEJHUMHBl B Tpex
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ONTHYECKUX (Glim, Tlim, 2im) PuabTpax DESI LIS
u 1eyx MK-cduasrpax (Wi im, Walim) WISE B Ka-
YyecTBE TPU3HAKOB MOJIEIH ONTHUYECKOTO OTOXKJIECTB-
Jennst SRGz, 4TO MO3BOJIMT MPH ONTHUECKOM OTOXK-
JIECTBJIEHHM PEHTT€HOBCKOTO HMCTOYHHKA YUYHTHIBATDH
rJyOHHY OTTHUYECKOro 0630pa B 3aJlaHHOM HarpasJie-
HUH.

JlonosHuTeNbHO S KAXJIOTO  HCTOYHHKA
ePO3UTA B BOCTOUHOH rajlakTHUeCKOH moJiycdepe
B o6sactu nokpeituss DESI LIS wmbl paccuurasnu
BEPOSITHOCTb, ¢ KOTOPOH PEHTTeHOBCKHUI HCTOUHHK C
3aJlaHHbIM MOTOKOM Flx 52 W JUISl 3a]laHHbIX 3Haue-
HUH MaKCHMaJsibHbIX 3BE3/IHBIX BEJHUMH OTNTHUECKOTO
o63opa DESI LIS B rony6om (gim) U KpacHom
(2 < 2ziym) punbTpax GyJeT UMeTb ONTHUECKHH KOM-
NaHbOH € g < Glim U 2 < Zlim!

P. = P.(Fx,0.5-2, Glim, Zlim)- (5)

Jlsig 3TOro HamMu Gblyla CoCTaBJieHa CeTKa 3HaueHHH 110
PEHTreHOBCKOMY MOTOKY F'x 5_2 U MaKCHMaJsbHbIM
BEJUUHUHAM @iy M 2um. L[10 3TOH ceTKe, omnupasich
Ha COBOKYIHbIE JIAHHbIE O TOUEUHbIX PEHTTeHOBCKHX
ucrtounukax B karajorax CXC2 u 4XMM, a rakxke
Ha nanHble 06 ontHueckux oobektax DESI LIS B 30”7
OKDECTHOCTH PEHTI€HOBCKUX HCTOUHHKOB, Mbl OLIEHH -
BaJIl BEPOSITHOCTb ONTHYECKOTO KOMIMAaHbOHA PEHTre-
HOBCKOTO HcTOuHMKa (D). J1sisi 06beKTOB B HHTEpBaJie
110 PEHTreHOBCKOMy 10TOKY 1g(Fx 0.5-2) £ 0.1 u 3a-
JAHHBIMH MaKCHMaJIbHbIMH BEJIMUMHAMH OITHYECKOTO
0630pPa Glim, 21im, OlleHKa P, nenanach no gpopmyJie

p NRos — Noog—30Cs 6)

¢ 0.98Nx ’

rie Nx — MoJIHOE YHCJO TOYEUHBIX PEHTTeHOBCKHX
ucrounnkos CXC2 u 4XMM B nosssx DESI LIS
B BbIOPAHHOM HMHTepBaJie MO PEeHTITeHOBCKOMY IMOTO-
Ky; Npog — uncjo ontuueckux o6bektoB DESIT LIS
C BeJIMUMHAMM ¢ < Glim M 2 < 2}jm HA PACCTOSIHUM
R < Rgg OT PEHTreHOBCKHUX HCTOUYHUKOB ([ggs — pa-
JIMyC KPY:KKa, B KOTopoM ¢ 98% BeposiTHOCTbIO Ha-
XOJIUTCST UCTHHHOE T10JI0YKEHHE PEHTIeHOBCKOr0 00b-
ekTa Ha Hebe); Nog_39 — UMCJIO ONTHUECKUX 0OBEK-
toB DESI LIS ¢ Bemnunnamu g < giym ¥ 2z < Zlim
B KoJblle R =20—30 yrji. ceK OT pEHTIeHOBCKHX
UCTOUHHKOB; HOpMHpytoias KoHctanta Cg B dop-
MyJie (6) oTpaxkaeT OTHOLLIEeHHe TJIoulaael obaacren
R < Rgg u Brewnux kosel 20”7 < R < 30”. Takum
o6pa3oM, HaMK Obl1a MOCTpoeHa TaGJuuHasi QyHK-
s Pe(Fx 0.5-2, Glims Zlim ), C TIOMOLLbIO KOTOPOH Mbl
paccuuTalii BeposiTHOCTb KOMIaHbOHA JIJIs1 BCeX 00b-
€KTOB W3 KaTaJjora TOUEUHbIX PEHTTeHOBCKHX HCTOU-
HUKOB TIO JIaHHBIM JIByX JieT o63opa ePO3UTA B
BOCTOUHOM TrajlakTHUeCKOH noJycdepe B 06J1aCTH Mo-
kpbiTist DESI LIS. Msl 6ynem ucnosib30BaTh Besu-
uyuHy P, Kak 0JIMH U3 MPU3HAKOB MOJIEJIM ONTHUECKOTO
oroxkaectsienusi SRGz (cm. taba. 1). Kpome Toro,
noJiydeHHble 3/IeCh OLleHKH P, 111 00b€KTOB TECTOBOK
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BBIGOPKH MO3BOJISTIOT MOJIENIMPOBATD B HEH JIOJIIO PEHT-
reHOBCKHX 00beKTOB 6e3 ONTHUECKHX KOMIAaHLOHOB
(“6e3moMHBIX”), UTO TMO3BOJIET GOJiee TOUHO OLEHHU-
BaTh Pe3yJ/bTaTbl MOJIEJH ONTHUECKOTO OTOXKIECTBJIE-
Hust SRGz (em. 1. 6.2.2).

[ToBepXHOCTHYIO MJOTHOCTb OMNTHYECKUX HCTOU-
HUKOB B OKPECTHOCTH PEHTTEHOBCKHUX OOBEKTOB Mbl
OyJIeM PacCUMTBLIBATh M0 CJIeylolel dhopmyJie:

nso — P, [1 - 6—302/@0@}
. NG

IJle BeJIMUMHBI n3g, P, 0x OblLIN BBeJeHbl HAMH paHee
1 U3MEePSIIOTCS OTAEIbHO JIJIS KaXKJ0TO PEHTTEHOBCKO-
ro ucrounuka. OTMETHM, YTO BTOPOH UjieH B YHCJH-
Tesie popmysibl (7) yUUTBIBAET BKJAJ OT ONTHYECKHUX
KOMMaHboHOB B Kpyre paauyca 30” ¢ uentpom Ha
PEHTreHOBCKOM UCTOUHHKE.

PaccuuraB peHTreHoBckue, ontuueckue n MK-
BeJIMUHHBI 0O'bEKTOB, KaK OMMCAHO BbllIE, jajiee Mbl
COCTaBMWJIM U3 HUX BCE BO3MOXKHbIE KOMOMHAIIUU 1[BE-
ToB. [lpn sTOM 1BeTa paccuuTbiBaJUCh KaK BHYT-
pu ojiHOro (hOTOMETPUUYECKOro 0030pa, TaK U MeXK-
Jly BeJMUHHAMH B pa3HbiX o63o0pax. [lomojHUTeNbHO
JUisi 0030pOB C JIOCTYMHBIMM HECKOJbKAMH BHAAMU
3Be3J/IHbIX BEJHUMH, KOTOPblE OTPaKAIOT KaK MOJHYIO
SIPKOCTb 00BbEKTa, TaK U SIPKOCTb B TMPEANOJI0KEHUH
3Be3i006pasHoro npodus (Hanpumep, CMODEL- u
PSF-Bemuuunsl 8 SDSS, Kron- u PSF-Beanunnbl
B Pan-STARRS1), Mbl paccuntbiBan 11BeTa MEXKIY
pasHbIM THIIOM BeJIMUMH BHYTPH 0JiHOro 0630pa B TOM
Ke ¢uabtpe. JlaHHble 1BeTa SBJSIIOTCS XOPOLIMMH
MHIMKATOPAMHU MPOTSKEHHOCTH ONTHYECKOTO 00bEKTa
1 1IMPOKO MPUMEHSIIUCH /IS OTIpe/iesieHust (hoToMeT-
puudeckoro THna oobekta B 063ope SDSS (CroyTon u
ap., 2002).

st Toro utoGbl OXapakTepu3oBaTh OTHOLIEHHE
MOTOKOB 00BEKTOB B PEHTIEHOBCKHM JHanasoHe
0.5—2 k3B ePO3UTA u B ontuueckux/MNK dunabrpax
DESI LIS u WISE, mbl BBOAMM psifi OTHOLIEHHH
“pentren/ontuka” u “pentren/MK” (no anasnoruu c

LBETAMH MEXKJy ONTHUECKUMHU (DUIBTPAMU), CJEyI0-
UMM 06pasom:

(X/0) = mag, — magy, (8)

rJle mago MOXKeT U3MepsiThes B hUaIbTpax g, r, z, Wi,
Wy (ontuueckue u ocHoBHble MUK-dunbTpsl, goctyn-
Hele B DESI LIS). Otmerum, uTo BBeJeHHAss HaMu
dopmyna (8) 1151 OTHOLIEHHS peHTTeH/ONTHKA OTJIH-
yaercst oT npuHsiTodl B (Makkapo u ap., 1988) rnas-
HbIM 00pa3oM ocHOBaHHeM Jorapudma. BpeneHHbie
3nech opmysbl X/O naoT HAM BO3MOXHOCTb CUM-
TaTh LBETA MeKIly peHTreHOBCKUM U onTHuecknum/ MK
JlianasoHaMH MOJIHOCTbIO aHAJIOMMUHbIM 00pa3oM, Kak
9TO MPHUHATO Je]aTh B ONTHUECKOH acTPOHOMHH (TI0
pasHuIle 3BE3/HBIX BEJUUHH ).

So =

[MMCbMA B ACTPOHOMUYECKUN )KYPHAJI

MEIIEPAKOB u np.

3amerum, uto B pabore (CanbBato u np., 2018)
Obly1a IpeyIoyKeHa sMNupuueckas hopmyJia s OTHO-
wenust X /Wy, KoTopasi 03BOJISIET Jiyullle Pa3esiTh
(uem ksaccuueckoe otTHoleHne X /W nipuHsaTOE HAMK
win B Makkapo u jp., 1988) penrreHoBckue 3Be3/ibl
M TaJlaKTUKH, C OJHOH CTOPOHBI, U PEHTTEHOBCKHE
KBazapbl, C Jpyrof, B JAManasoHe LLIECTH 3BE3HbIX
BesiurH Wi. Mbl 106aBU/IM TaHHbBIH TPU3HAK B UUCJIO

paccMaTpruBaeMbiX HAMH OTHOLIEHUH peHTFeH/OHTHKa:
(X/W1)salvato = W1 — 1.625x (9)
x lg(Fx,0.5-2) +6.101,

rjie rnepexos BesnuuHbl Wi u3 cucrembl Bern Kk AB-

cucreMe (MpUHATOH B JlaHHOH paboTe) BbINOJHEH

cTanzapTHbLIM 06pasom?.

B karasore DESI LIS (Jleit u ap., 2019) ume-
I0TCSI CrielialibHble TPU3HAKH, KOTOPble XapaKTepuay-
0T MOJleslb PajnasbHOrO MPOMUIs SPKOCTH ONTHUE-
ckoro o6bekra. B nepBylo ouepenp kateropuasbHbIi
MpHU3HaK (hOTOMETPHUUECKOTO MOP(OJIOTHIECKOTO THTIA
(type) 1 COOTBETCTBYIOLIMH €My MPHU3HAK MapameTpa
HaKJIOHA PandabHOTO MPOQUIS IPKOCTH OMTHUECKO-
ro obbekta (sersic). [lapamerp type MoXKeT NpUHU-
MaTb OJIHO U3 LIECTH 3HAUEHHUII:

o PSFE 3Be3sbl U KBa3apbl, KOMNAKTHbIE TajaK-
THKH.

e EXP. CnupaJsibHble rasakTHKH ¢ 9KCIOHEHLH-
aJIbHBbIM paJita/ibHbIM MPOQHJIEM IPKOCTH JIHC-
Ka.

e REX. Kpyr/ible rajakTuku ¢ 3KCNOHEHUHAJb-
HBIM NIPO(HUIEM FPKOCTH.

e DEV. Dysmntueckne rajakTHKH ¢ JIeBOKYJie-

posckum I(r) oc r/* paguanbHev poduem
SIPKOCTH.

e SER. [anaxkTuku ¢ paarasbHbIM poduiem sp-
koctH Buaa I(r) o< /™ rie mapamerp moje-
s nipocusisi Cepcrka MpUBOJMUTCS B TPU3HAKE
sersic U3 POTOMETPHUECKOTO KaTaJlora.

e DUP. Slpkue 3Be3nbl GAIA, npoduiu sipkocTn
1 MOTOKH KOTOpbiX otleHuBasuch B DESI LIS
13 nanubix GAIA.

[Tocnennedt rpynmno# ¢oTOMETPHUECKHX MPU3HA-
KOB, KOTOpble Mbl BBEJIeM HMxKe VIS JIyulllero pasje-
Jiennsi kjaaccoB 3Be3n Maeunoro [lytn u BHerasak-
THUECKUX 0O'bEKTOB, SIBJSIOTCS MPU3HAKH, HA3BAHHbIE
HaMH “LBETOBBIMH PACCTOSTHUSIMH .

[To mepe nposenenus MK-0630poB Bcero Heba, a
TaKxKe 3HAUUTEJIbHOTO YBEJMUEHHS UyBCTBUTEIbHOCTH

*https://www.legacysurvey.org/dr9/description/
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8 T T T

(r-2

Puc. 2. ®ortomerpuueckue nquarpamMmmbl LBeT-LUBET Jlsl criekTpasbHblX 3Be3l (SDSS DRI17 ¢ actpomerpuueckuM moarsep-
waenrneMm GAIA DR2), ksasapos (SDSS DR17) u ranakruk (SDSS DR17) B 30” 0T ToueuHbIX PeHTIeHOBCKUX HCTOUHHKOB
ePO3MTA B tecroBoil o61actu. Bepxusisi naness — uera (g — ), (¢ — W1); cpennsisi nanesib — ugera (r — z), (z — Wh);
HIXKHSIS1 NaHe b — LBeTa (1 — z), (z — W2). CneKkTpaJ/bHble KBa3apbl, raJakTHKH U 3Be3/ibl I0Ka3aHbl KPACHLIMH, 3eJ€HbIMU
M UepPHbIMM TOUKAMH COOTBeTCTBeHHO. CIJIOLIHbIE, LITPUXOBbIE, MYHKTHPHBIE KOHTYPbl COOTBETCTBYIOT YPOBHSIM KBaHTHJIEH
0.05, 0.35, 0.65, 0.95 mis pacrpejesieHHil KBa3apoB, rajakTHK W 3Be3/l. [IpsiMble JIMHUM pas3fiesisitoT 06JIacTH 3Be3jl U
BHErajlakTHUeCKHX 00beKTOB. B 1aHHOI cTaThe Mbl BBEJIH LIBETOBbIE PACCTOSIHHUS, KOTOPbIE MPEJCTABISIOT COO0I pa3HOCTD LiBETA
10 OCH OPJIMHAT OT BEIOPAHHON TOUKH 710 COOTBETCTBYIOLLEH MPSIMOH pasfie/ieHHst K1acCoB.

tdoromeTpuueckux nanubix WISE 3a cuet MHOrOKpaT-
HbIX CKaHUPOBAaHUH HeOeCHON cdepbl Mo nmporpamme
NEOWISE-R (Mefinzep u ap., 2011), 1 noctynHoctu
TEXHUKH MpuHyauTesbHoi (anra. forced) dotomer-
pHUH s OOJIBILIOTO UMCJA ONTHUECKHX OOBEKTOB Ha
He0e, CTas10 BO3SMOXKHBIM JI0CTaTOYHO TOYHO U MACCOBO
M3MepSITb LIBETA ACTPOHOMHUECKHX OOBEKTOB MEXJy

[TMCbMA B ACTPOHOMMWYECKUM JKYPHAJI

onTtuueckum auanazonom (0.3—1 mkm) u cperrnm MK
(3—5.5 mxm). [Tpu 3TOM GbLIO OTMEUEHO (CM., HATIPH-
mep, Bypenun, 2022), uto o6sacTi 3Be3q U BHera-
JIAKTHIECKHX 00'bEKTOB XOPOLIO Pa3/eJIsIioTCs Ha IHa-
rpamme (ontnueckuii upet) — (ontnueckuii/ UK uper)
M, TakuM 00pasoM, pasiensionias UX JUHHS MOKeT
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MCIOJIb30BAThCS /151 KJacCU(UKAIMK 3B€3]1 B TAaHHBIX
60sb1IHX (POTOMETPUUECKHX 0030POB.

Ha puc. 2 Mbl nocTpousu Tpu BapuaHTa adarpam-
Mbl (onTHueckuit uset) — (ontuueckuii/ UK user). Ha
rpaduKax nmokazaHbl pacripeaeseHust CreKTPOCKOMI-
yeckux o0bekToB SDSS DRI7 B TecroBoit obaa-
CTH (MIPU 3TOM CMEKTPOCKOMHMUYECKHE 3Be3/bl OblIH
JIOTIOTHATENBHO corocTaB/eHbl co 3Be3namMu GAIA,
UTOObI UCKJIIOUHUTD U3 PACCMOTPEHHs1 0O'bEKThI ¢ OLLH-
OGOUHOH CcreKTpaJbHOU KjaaccuduKauuen), HauaeH-
HbIX B OKpecTHOCTH 30" OT TOYEUHBIX PEHTrEHOB-
CKHX HCTOYHMKOB JBYyxJieTHero o63opa ePO3MTA.
Ha BepxHeii nanesiu — 3aBucUMOCTb 1iBeta (g — W1)
oT uBeta (g —7); CpPelHsisi MaHesJb — 3aBUCHMOCTh
(r — z) — (z — W1); HHXKHsIsS TaHeJIb — 3aBUCHMOCTb
(r — z) — (2 — Wa). CriektpaJibHble KBa3aphl, rajsak-
THUKH W 3Be3Jbl [0Ka3aHbl KPACHBIMH, 3eJIeHbIMH U
YepHbIMU TOUKAMH COOTBETCTBEHHO. Kak M0xKHO BH-
JleTb, Ha BCeX TpeX MaHessiX JIOKYC 3Be3Jl XOpOLIo
OTJIeJISIeTCsl OT JIOKyca KBa3apoB (B MepBylo ouyepesb
no ontuueckomy/ UK usery). ATo HeyauBHTEIbHO, TAK
kak B MK-obsactu nnsi 3Be3n oxujaercss paJiek-
JKHHCOBCKHMH HAKJIOH CMeKTpa yepHOro Tesa (poTo-
cepbl 3Be3/Ibl, B TO BpeMsl KaK /1l KBa3apoB U Tajiak-
THK M3JyueHHe MblIM MOXKET JaBaTh CYyLleCTBEHHbIN
Bksaa B MK-norok. Kak M0xkHO BUIETb U3 rpadhmKoB,
BU3yaJIbHbIH 3a30p MeXK/1y TPAHHIIAMH KJIacCOB KBa3a-
POB M 3B€3/l 0Ka3bIBAETCsl HAUOOJIBbILIUM MPH HCOJb-
3oBaHud 1Bera (z — Ws). Ha Bcex Tpex rpadukax,
Mbl TIOCTPOUJIM TPsIMble JIMHUH, NPUOJIH3UTE/IbHO Ma-
paJiiesibHble 06J1acTSIM 3Be3J1 U pasessiiolye Kiac-
Chl 3B€3Jl U BHEraJakTHueCKuX 06beKTOB (MOKa3aHbl
CTUIOLIHBIMH U€PHBIMHU JIMHUSIMU Ha rpadukax).

Beenem 1BeTOBOe paccrosiHe o0beKTa Kak pas-
nuuy B onthueckom/MK LBeTe Mexka1y nosioxeHnem
00'beKTa HA COOTBETCTBYIOLLEH NUarpamme W JIHHH-
el pasJesieHHs] KJAacCOB TaJlakTHUeCKHX (3Be3l) U
BHeraJlakTHueckHux (KBa3apoB, raJakTHK) ONTHYECKHX
MCTOUHHKOB. HuxKe Mbl NMPUBOAMM BbIpayKeHHUs], 110
KOTOPbIM OYyJIeM BbIUMCJISITh IPU3HAKH [IBETOBBIX pac-
CTOSTHUH 0O'bEKTOB:

(g — Wh)distance = 1.37 x (9 — z) — 1.2, (10)
(11)

(12)

(z — Wh) distance = 0.35 x (r — z) — 0.7,

(z — Wy) distance = 0.40 x (r — z) — 1.35.

3.3. TecroBbie gaHHbIE

Jluist ana/sim3a TouHocTH mojedsiert SRGz a5t oToxK-
JIECTBJIEHHS], KJIACCU(UKALMH U U3MepeHHUsT (POTOMET-
pHUECKHX KpacHbIX cMellleHuil (photo-z) onTuuecknx
KOMITaHbOHOB, Mbl HCI0JIb30BAJIH JIBE TECTOBbIE 00J1a-
CTH, OJIHA U3 KOTOPBIX — 60JbliIast 06J1aCTh CMEKTPO-
ckonuueckoro o63opa SDSS muomansio 24000 KB.
rpaaycoB ¢ HauboJiblIEH MJIOTHOCTbIO HAGJIOAEHUN

[MMCbMA B ACTPOHOMUYECKUN )KYPHAJI

MEIIEPAKOB u np.

CMEeKTPOCKOMUYECKUX KBazapoB B kKatajore SDSS
DR16Q (cm. nogpobHee Hike 1. 3.3.1).

B BbiOpannyio TectoByio o6sacte SDSS Bouuin
JiBa TJIyOOKHX PEHTreHOBCKUX 0030pa cpeiHel Mnio-
waau: XMM-XXL-N (18 k8. rpamycos, MeH3sesb u
ap., 2016) u Stripe82X (31.3 kB. rpanycos, JlaMac-
ca u ap., 2016). Ilns stux obsactell paHee Oblau
onyGJMKOBaHbl KaTaJord ONTHYECKUX KOMIIaHbOHOB
PEHTreHOBCKMX MCTOUHHKOB C JAHHBIMH O CIEKTPO-
CKOIMMYECKUX M3MepeHHsIX VIS 3HaYNUTeJbHOH 4acTH
o0bekToB. B KauecTBe BTOPOH TeCTOBOH 06J/acTH,
st TectupoBanusi mojenedi SRGz, mbl Oyrem uc-
noJib3oBaTh 06sactb Stripe82X kak 0630p GoJbliiek
nyouaau ¢ 60Jblied ryOMHON onTHYECKOH (hoTOMET-
pun (Ha ocHoBe naHHbIX SDSS Stripe82, npenenbhas
UYBCTBHUTEJLHOCTb KOTOPbIX B ONTHYECKOM JiHana3oHe
npesocxoaut DESI LIS). Takxke nisi gannoro nodis
B JIUTEpaType JOCTYNHbI MpPOrHodbl photo-z, moJy-
yeHHble pasHbIMH rpynnamu (Ananna u np., 2017,
Bpemma u gp., 2019). Bce sto nenaer Stripe82X
yI0OHOH TeCcTOBOH BBIOOPKOH JJisl OLIEHKH MojeJsei
OTOXKJIECTBJIEHHS, Kaaccuukalmu 1 photo-z penrre-
HOBCKHMX 00BEKTOB.

Jlanee Mbl paccMOTpUM BbIOpaHHbIE TeCTOBbIE 06-
Jlactu 6oJsiee NoipoOHO.

3.3.1. TecroBas o6aactb SDSS. Uro6bl nmeTb
BO3MOKHOCTb MaKCHMaJbHO 3((EKTUBHO HCMOJb-
30BaTh CIEKTPOCKONHUUECKY0 HH(popMaLHo o630pa
SDSS pist ananusa npupojibl peHTreHOBCKUX HCTOU-
HukoB ePO3UTA, mbl BbiGpanu 60Jbliyio 006/1aCTb
Ha HeOe MJIOLLa/Ibl0 HECKOJILKO ThICSIU KB. T'PajyCcoB
C CaMOH BBICOKOH MJIOTHOCTbIO OOBEKTOB M3 Kara-
Jlora criekTpockomnuyeckux keazapos SDSS DR16Q
(JTrok u ap., 2020). Mbr pa36uiu He6O Ha MJIOIIAIKH
paBHoil muiomiamn ~0.84 kB. rpagyca (HEALPIX,
resolution = 6) W OLEHWIN B HUX MJOTHOCTb CTIEK-
TPOCKOIHUYECKMX KBa3apoB. 3aTeM Mbl M0CJ€e10Ba-
TeJIbHO OTOMpaJ/M B TECTOBYIO BbIOOPKY MJIOLLAJIKH
C MAKCHMaJIbHOH MJOTHOCTbIO CHEKTPOCKOMUYECKUX
KBa3apoB, MOKa He JOCTUI/IM TUIOLIAIN TECTOBOH 00-
Jgacti B ~4179kB. rpaaycoB (=550 ThIC. CIEKTPO-
ckonnueckux kBazapoB DR16Q). B paccmarpusae-
MOU HaMH Te€CTOBOH 00/1aCTH ObLIM 3aPEruCTPUPOBA-
Hbl 2464 ThIC. TOUEUHBIX PEHTIeHOBCKMX MCTOUHMKOB
(¢ Jior-npapionoo6uemM JleTeKTHpoBaHust L > 6) 1o

JaHHBIM 1BYX JieT 0630pa CPT'/ePO3UTA. OTMeTuwm,
UTO JIBYXJIETHHH peHTreHoBcKuil 0630p ePO3UTA
(eRASS:4) B 3T0it 061aCTH MMEET MPENebHYIO UyB-

CTBHTE/IbHOCTb JUIS TOUEUHBIX HCTOUHHKOB F o o ~
~ 1.5 x 107" spr/c/cm?. TIpocTpaHcTBeHHAs Macka
BbIOPAHHON TeCTOBOH 00J1aCTH Ha HeGe MPUBOIUTCS
HAMHU Ha cTpaHuLle pesyastaToB SRGz°.

Shttps://www.srg.cosmos.ru/srgz2023
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3.4. TecroBoe noJie Stripe82X

Bribopka Stripe82X (Ananna u ap., 2017) co-
CTOMT W3 pPeHTreHOBCcKUX 00bekToB Chandra, XMM-
Newton B o6sactu Stripe82, ux ontuyeckux Kom-
MaHbOHOB, PE3yJIbTATOB ONMTHUECKOH CMEKTPOCKOITHH.
dta BblOOpKa coueTaeT B cebe 3HAYUTEJbHYIO MJIO-
1aj7b TOKPbLITHS PEHTTeHOBCKUMH HaOJI0IEeHUSIMH,
rJyOGUHY ONTHUECKHX JaHHbIX Stripe82 u pocratouHo
BBICOKYIO MOJIHOTY CIEKTPOCKONHH ONTHYECKHX KOM-
NMaHbOHOB PEHTreHOBCKHUX 00beKTOB. Bee 370 nenaer
ee YHOOHOH TeCTOBOH BBIOOPKOH /I CPABHEHUS
MoJlesiell OTOXKIECTBEHHs, Kaaccudukaiuu 1 photo-
7 PEHTTeHOBCKUX 00bekToB. B m. 6.4 Mbl cpaBHUM
TouHOCTb Moziesiedl SRGz ¢ pesysbratamu, onyOJHKO-
BaHHBIMH B jiuteparype (Ananna u ap., 2017; Bperiuna
u 1p., 2019) nsist nanHOTO MOJS.

4. METOIbI MAILIMHHOT'O OBYYUYEHMUSI
4.1. Bbibop ajiropuTMOB MalllHHHOIO 00yYeHHSI

[Ipu cosnanun SRGz nepen Hamu BCTas BOIMpOC
BbI6Opa 0A30BBIX MOJIe/Ie MALIMHHOTO 00yUYeHHusT JI/Is1
pelieHusi 3anau (HOTOMETPUUECKOH KJaccHduKaluu
¥ BEpOSATHOCTHOH perpeccun photo-z acTpoHomMHue-
CKUX 00beKTOB. [laHHble (hoTOMeTpHUECKHX KaTaJjo-
TOB TPEJCTABJSIOT COO0N XapaKTepHbIH puMep Tabd-
JIMUHBIX TETEPOreHHbIX JIAHHBIX C OOJIbIIUM YHCJIOM
CKOPPEJIMPOBAHHBIX UUCJIOBBIX MPHU3HAKOB OOBEKTOB
(3Be3/iHble BeJMUMHBI M pagHooOpasHble 1BeTa) M Ka-
TeropuasibHbIX MPU3HAKOB (HaTMpUMep, poTomMeTpHUe-
ckuil Tun o6bekra B Katasore DESI LIS). [lns nan-
HBIX TAKOTO POJIa B HHIYCTPUH HEHPOCETEBble MOJIEJH
KJaccuUKalMK (HanpuMep, MHOTOCJIONHHbIE repcer-
TPOHBI MJIH CTIeLMaNbHO pa3paboTaHHble aPXHUTEKTYPbI
Juist Tabanunbix 1anHbix TabNet, em. Apuk, [Tducrep,
2019), kak npaBuyo, YCTYNaioT 10 TOUHOCTH aJITOPUT-
MaM MalIMHHOTO OOyuYeHHsl U3 CeMeHCTBa JAPeBOBHJI-
HbIX aHcambJiell (Harnpumep, rpajueHTHbIH OYCTHHT).
[Toka BeneTcsl aKTUBHBIN TTOMCK HOBBIX HEHPOCETEBBIX
apxuTeKTyp s TabJMuHbIX JAaHHBIX (cM. Bopucos
u ap., 2021), aHcambiu 1epeBbeB pellIeHHH SIBJIsI-
10TC HauboJiee MOAXOAALIMM BbIOOPOM aJIrOpUTMa
JUIS TIOCTPOEHUST Mojiesiell KiaaccuduKaluu 1o aaH-
HbIM (POTOMETPHUECKUX KATaAJOr0OB aCTPOHOMHUYECKHX
06bekToB. B SRGz 151 0TOXKAECTB/IEHHS ONITHUECKHX
KOMITaHbOHOB PEHTT€HOBCKMX UCTOUHHKOB M KJIACCH-
dukauuy 3Bessa/Kpasap/rajakTika Mbl GygeM Hc-
M0JIb30BaTh OJIHY M3 HanboJsee 3hheKTUBHBIX peasu-
3aUMH aJrOpUTMa rpaiueHTHOro 6ycTuHra — OGUOJHO-
teky Light GBM (Ke u np., 2017).

B 3apnaue uamepenusi photo-z BHerajakTHUECKHX
00'bEKTOB aJITOPUTMbI MALIMHHOTO 0OyUeHHsI P Ha-
JIMUUK JIOCTATOUHO OOJIbILIOH W penpe3eHTATUBHON
TPEHUPOBOUHOH BBIGOPKHU MPEBOCXOJAT MO TOYHOCTH
MEeTO/Ibl Ha OCHOBE 111a6JIOHOB ( CM., HATIPUMED, CBEXKHUH
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063o0p Heioman, Ipyen, 2022). Ilpu nporHosuposa-
Huu photo-z Ha TabauuHBIX AaHHBIX (oTOMETpH-
yecKHe KaTaJiorH), IPEBOBHHbIE aHCAMOJH TPEBOC-
XOIAT HellpoceTeBble MOJIENH IO TOUHOCTH OIIEHOK
KpPacHBbIX CMelleHWH KaK Jisl rajJakThuK (CM., HarpHu-
mep, JIu u ap., 2023; Imuar u ap., 2020), Tak u
JUIsl peHTTeHOBCKUX KBa3apos (Bbopucos u np., 2022;
MermiepsikoB u ap., 2018). Heo6xoaumMo OTMETUTD,
OJIHAKO, UYTO HeHpoceTeBble MOAXO0/bl 1EMOHCTPHPYIOT
6osiee TOUHYIO KaJHOPOBKY BEPOSTHOCTHBIX MPOTHO-
30B photo-z ranakTuk (cM., Hampumep, cpaBHEHHE
KasMOpoBOK Ha puc. 2 B pabote LlImuar u np., 2020).
BunHo, uTo Ha BeIGOpKe rajaktuk s o63opa LSST
mMojiesb caydaiiHoro Jieca TPZ (Kappacko Kunp,
bpynnep, 2013) 3ameTHo ycTynaer no kKajauOpoBKe
mojiesisim Heitpoceteit ANNz2 (Canex u np., 2016) u
METAPhoR (Kasyoru 1 1p., 2017). C npyroii ctopo-
Hbl, IPeBOBH/IHbIE aHCAMOJU IpajIMeHTHOro GyCTHHIa
(monienib FlexZBoost, cm. M36uuku, J1u, 2017; puc. 12
13 pabotbl LMuar v ap., 2020) 1eMOHCTPUPYIOT Kaue-
CTBO KanMO6poBKH photo-z, aHasoruuHoe HelipoceTsim.
ABtopbl otMeuator, uto FlexZBoost Ha ocHoBe rpajiun-
€HTHOro OyCTHHTa NMpu 00yYeHUH HeOOJIbIIMX TPeHH-
POBOUHBIX BbIOOPKAX YCTyNaeT Mo TOYHOCTH MPOTHO-
30B aJITOPUTMY CJ1ydailHoro Jieca.

OnucanHble Bbillle 0oOLIME 3aKOHOMEPHOCTH MO-
BeJICHUs1 pas3jIMUHbIX MOjesIell MallMHHOTO 00yueHHs
cripaBe/lIuBbl M W15l photo-z KBa3apos (SIBJSIIOLLMXCS
JOMHHUPYIOUIUM KJIaCCOM HCTOYHMKOB B PEHTTEHOB-
ckom 0630pe ePO3UTA). Mcxons U3 cpaBHeHUs Me-
Toj10B photo-z s peHTreHOBCKUX MCTOUHHKOB (bBo-
pucos u jip., 2022; MeuiepsikoB u 1p., 2018), Mbl Bbi-
6paJjin MoJie/ib KBAHTH/JBHOTO CJIy4alHOTO Jieca (aHrJI.
quantile random forest) kak HauGosee TouHyiO A/
OCHOBHOH Macchl 00BEKTOB, TaK M MPUMEHUTENBHO K
JlaJleKUM 00'beKTaM Ha KPaCHbIX CMELIeHUsIX z > 3—5
(7151 KOTOPBIX JIOCTYIHBI TOJILKO HeGOJbIINE TPEeHH-
poBouHble BLIGOPKH ). M0KHO yTOMSIHYTh, UTO MOJIEJIH
photo-z Ha OCHOBe KBaHTHJILHOTO CJIy4aiHOTO Jieca,
ucnogibdyemble B SRGz, 1M03BO/IMIM OTKPBITH B JlaH-
Hbix 0630pa ePO3UTA Hanbosiee MOLIHBIH pEHTre-
HOBCKHI KBa3ap Bo BcesieHHOi Ha KpaCHOM CMelleHHH
2z~ 5.5 (XopyHkeB U 1p., 2021 ) 1 MHOKeCTBO asieK1X
PEHTreHOBCKHMX KBazapoB Ha z > 3—4 (XopyHkKeB H
ap., 2020, 2022; Homun u ap., 2020, 2021; bukmaes
u 1p., 2020, 2021).

anee Mbl M0poGHO PAacCMOTPUM MPUMEHsIEMble
HaMH JIpeBOBHJ/IHble aHcaMOJieBble aJrOpPUTMbl Ma-
LLIMHHOTO 00YyUeHHs!.

4.1.1. ®oromerpuueckasa Kiaaccuukauusa me-
TOJOM TPajUueHTHOro OyCTHUHTa. AJITOPUTM Tpaju-
eHTHoro OycTuHra Haj nepeBbsiMu petenuit (GBDT,
anrs. Gradient Boosted Decision Trees; ®puaman,
2001) siBnsieTcst olHUM U3 HauboJiee TOUHBLIX METOJIOB
MaluHHOTO 06yueHus. JlaHHBIA aJTOPUTM MO3TAIMHO
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CTPOUT AJUIMTHBHYIO MOJIE/b U SIBJISIETCSI YACTHBIM CJTy -
yaeM MeToJla rpajIteHTHOro OYCTHHTA (UCMOoJb3yolle-
ro Npou3BOJibHbIE 6A30Bble AJTOPUTMbI H MTO3BOJISIIO-
11Iero ONTHMHM3MPOBATh LeJeBY0 (PYHKLHMIO, MCIOJb-
3yI0LLI0 MPOU3BOJIbHbIE (DYHKLUMH noTepb). Kaxnas
caenyiouiasi mozesib B ancambse GBDT ctpoutest aiist
aHTUrpajineHTa BbIOpaHHOH (DYHKLIMH MOTEPb.

B nacrosiuieit pabote Mbl HCIOJIb3YeM [TPOrpaMM-
nyto 6ubsauoreky LightGBM (aurs. Light Gradient
Boosting Machine, cm. Ke 1 1p., 2017), siBasitotyiocst
OJIHOH M3 caMblX MOMYyJSIPHBIX, TOUHbIX MU 3dek-
TUBHBIX 110 BBIYHCJUTENbHBIM pecypcam peaJsin3allui
MeTosa rpaauentHoro 6yctunra. Light GBM o6nanaer
BBICOKOH TOYHOCTbIO GJs1arojiapst UCMoJb30BaHHUIO Jie-
peBbeB, OrpaHHueHHbIX MO YHUCJY JIUCTbEB, a He MO
riy6uHe, Kak BO MHOTHX Apyrux peanusdauusax GBDT.
YeroliuMBoCTb asiroputma K nepeoOyuyeHHIo 10CTHra-
eTCsl 32 CUeT HCIOJIb30BAHUSI HECKOJbKHX OCHOBHbBIX
napameTpoB Jisl peryssipusallid Mojiesid, a BbICOKasi
MPOU3BOJIUTE/ILHOCTL JIOCTHrAaeTCsl 3a CYeT MCMOJb-
30BaHUsT ANMPOKCHUMALMH BTOPOro Mopsiika (MeTom
HbioToHa) BMeCTO rpajimenta v psiioM JIPYrux ajro-
PUTMHUECKHUX ONTUMHU3aLMi (noapobHee cM. Ke u 1p.,
2017).

B kauecTBe (yHKUMI MoTepb Ha 3Tamne TpeHH-
POBKH MOJEJNM TpaaueHTHOro OyCTHHra HaMHM HC-
MOJIb3YIOTCS METPUKH OMHApHOH M MHOTOKJAcco-
Boi Kpocc-sutponuu (cm. buumon, 2007). Ontu-
MaJibHble TureprnapameTpbl rpaadeHTHOro GyCcTHHra
Mbl HaxoIMM Ha 3Tare KpocC-BajMAaUMH C HC-
nosib3oBanueM metpukn ROC AUC (s Gunap-
HOW KJacCH(HUKAMM) M MHOTOKJIACCOBOH Kpocc-
SHTPOMHUU (B CJyuae MHOTOKJIACCOBOW KiacCH(pUKa-
uuu). OTMeTHM, YTO B cJjyyae 3aj7ayd MHOroKJac-
coBOll  KJaccubuKalMu  3Be3sia/KBasap/rajakTHka
OKa3blBaeTCsl MOJIe3HbIM CTPOUTb HECKOJbKO OT-
JIeJIbHBIX Mojiesiell GMHAPHOH KaaccHU(pUKaluu (3Be3-
na/KBasap+ranakTika, Ksasap/3Besja-+rafaKkTHKa,
rajakTHKa/3Besna+KBasap, 3Besja/KBaszap, rafak-
TMKa/3Be3/la, KBasap/ralakThka) M 3aTeM KOM-
OMHMPOBATb HX pe3yJibTaThl. 3auyacTyldo TOUYHOCTb
TaKMX KOMOHMHUPOBAHHBIX MoOJeJiell KiaaccupUuKaluu
NPEBOCXOJUT TOUHOCTb OJIHOH MOJIE/IH TPEXKJIACCOBOH
KJIaCCHUKALMH.

Heo6xonumMo otmeTuTh, 1151 3PPEeKTHBHOTO HC-
M0JIb30BaHHsl METO/Ia I'PaMEHTHOTO OYyCTHHIa, KJIlO-
UeByI0 pOJIb MrpaeT KOHTPOJIb TepeoOyueHust ajro-
purma. B mepByto ouepenp, 3T0 JnocTHraercst BbiGo-
pOM ONTUMAaJLHOTO YHCJA pellaloluX JepPeBbeB B
ancamoJie (110 3HAUYEHHI0 METPUKH KauecTBa MOJENH
Ha 3Tarne Kpocc-Basuaaluu). Mbl moaGUpaIn Yucso
JIepeBbEB C TIOMOLIBIO TIPOLEIYPbl PAaHHETO OCTAHOBA
(anrJi. early stopping) — poct ancam6.J1s1 pepbiBaJICs
B CJyuae TpeKpalleHus yaydlleHuss METPUKH TOUHO-
CTH Ha KpOCC-BasMIaLMOHHON BbIGOPKe 3a MocJel-
HUe HecKoJIbKO utepauuit. Jlanee, GyHnaMmeHTa IbHBIM
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napamerpom LightGBM, onpenessiioninm c0:KHOCTD
MOJIEJIM U KOHTPOJIUPYIOLLMM MepeoOydeHue, siBsieT-
Csl MAKCHMaJlbHOe UYMCJIO JIMCThEB B JiepeBe (runep-
napametrp num_leaves). CoBpeMeHHble peasid3alliu
GBRT, B Tom uncsie LightGBM, conepxxar mHoxe-
CTBO JIOTOJIHUTEJIbHBIX CIIOCOO0B KOHTPOJIS Mepeoly-
UeHHs!, HarpuMep, MHHUMaJbHOE YHUCJO MPUMEPOB B
JIUCTE, MUHUMAJIbHBIA MPUPOCT LEeJIeBOH (DYHKIIUU TTPU
pasbuenun yana, Kospduumentsl L1- u L2- pery-
Jsipu3aliiu, napametp cxkatusi (anri. shrinkage) —
6OJIbLIMHCTBO U3 HUX SIBJISIIOTCS] B3aUMO3aMeHsieMbIMH
(Tak, Ha 3HAYUTEJBHOH YaCTH 3TAJOHHBIX HAOOPOB
JaHHbIX coBpeMeHHble peanusdaunun GBDT nemon-
CTPHPYIOT XOPOLLYI0 TOYHOCTb MPOTHO30B CO 3HAUe-
HUSIMH TUMeprapamMeTpoB no ymoauannio®). B ma-
cTosiled paboTe ST TOHKOH HAaCTPOUKH aJroputMma
rpajiMeHTHOr0 OYCTHHrA Mbl JOMOJHUTENBHO OINTH-
MH3HPOBa/JM MHHHUMaJIbHOE UYMCJO MPUMEPOB B JH-
cte (runepnapamerp min_data), a Takxke runepmna-
pameTphl paHjoMHu3aiiiu JepeBben (feature fraction
u bagging fraction) u ucnosb3oBasnu nepep3BelIBa-
HHe TIpUMepoB sl ydeta aucbasaHca KaaccoB (TH-
nepnapametp scale_pos_weight).

4.1.2. BeposaTHocTHas perpeccusi photo-z me-
TOJIOM KBAaHTHJIbHOTO CJy4ailHOro Jeca. AJroputm
cJlyualiHoro Jieca /sl pelleHHsl 3ajay perpeccuu M
Kaaccuukainu 61 npesokeH B padote (bpeitman,
2001). BniepBble 171 3a1aun BepOSITHOCTHOM perpec-
cuu ObLT UCMONB30BaH B pabote MaiiHcxaysen (2000)
JUIS TOYEUHOH OLLeHKH KBAHTHJIEH pacrnpeiesieHusl.

Monenb caydaiiHoro Jjieca, npuMeHsiemMast B JaHHOH
paborte, npeiacrasJsieT coboll aHcaMOJb k J1epeBbeB
pewenuii {A7}, Kotopble cTposTcs HamMu Ge3 orpa-
HUYeHHUs] TVIyOWUHBI Ha cJy4yalHOH BbIOOpke N 00y-
yarlmx npumepos ¢ M ¢HOTOMETPUUECKUMH TpH-
3HaKaMM (cJydaiHblil 0TOOp 06bEKTOB M MPU3HAKOB
yIrpaBJsieTcsi THreprnapamMmeTpamMid paHjioMH3aluK aji-
roputma). [TocTpoenue Mosiein MPOU3BOAUTCS CJlely -
oM obpasom. [lycth maHa obyuarolasi BelOopka
D = (Dx,D.), tne Dx = (:pw)?il u D, = (z)—
(hoToMeTpHUECKHEe MPU3HAKH U CIIEKTPOCKOMHUUYECKOE
KpacHoe cMelleHHe oObeKToB obydatollledl BhIOOPKH
cooTBeTcTBenHO; i = 1, N. Kaxnoe nepeso A7 ctpo-
UT CBoe pas0ueHHe TPOCTpPAHCTBA MPU3HAKOB X Ha

Hernepecekaromuecst noarnpoCcTpaHCTBa AZ, KOTOpbIE B
CyMMe J1al0T BCe MPOCTPAHCTBO, T.€.

S Al=X, AnA,=0, m#n  (13)
ﬂ.]'[ﬂ [TOCTPOCHHUS KaK/10Io iepeBa:

® MeTo/I0M GyTCTpen co3jaeTcs caydyaiHast noju-
BbIOOpKa D7 obyuatoliiel BLIGOPKH;

6h‘[tps://github.Com/cantboost/benchmarks/tree/master/qual—
lity_benchmarks
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e [P KaXKJIOM pa30HeHud B j-M JlepeBe BCex
NPU3HAKOB CJydailHO BbIOHpaeTcs MoABbIOOpKa
m npusHakoB (m < M),

® Ha KaxkJ/IOM Llare BeTBJIEHHs JlepeBa 10 Kpure-
puto MSE onpenensitotest onTUMasbHbIA MpH-
3HAK M MOPOroBOe 3HAUeHHE, M0 KOTOPOMY Je-
Jlaercsl pagbreHue npocTpaHCTBa;

® Mbl CTPOMM pa3OHeHue MPOCTPAHCTBA, MOKa He

ucuepnaetcs Bes BbiGopka DI (nepeBbs 6e3
OrpaHuyeHHsl TJIyOMHBI), TaK 4TO B JIMCTbSIX
OKa3bIBaeTCs M0 0JHOMY 00'beKTy obyuatollei
BbIOOPKHM CO CIEKTpaJibHbIM KpPacHbIM CMellle-
HUEM.

B pa6ore Taur u ap. (2018) npoBojuTcs aHAIN3 TTOBe-
JIeHUs1 CJydailHOTO Jieca MpU Pa3jMUHbIX THIepnapa-
MeTpax panaoMudaunu. [yy6okne JepeBbsi pellieHuH
JIal0T NMPaKTHYECKH HeCcMelleHHble TPOTHO3bl ( Bias ~
~ ()), HO OLIEHKH OT/EJIbHBIX I€PEBbEB UMEIOT BHICOKYIO
JCIIEPCHIO U MJ10X0 060011aI0TCsl Ha HOBbIE BbI-
60opku naHHbIX. Jlucmepcus mporHoda oJHOTO JepeBa
CYLIECTBEHHO TMOHMKAETCS B CJIyUyalHOM Jecy MyTeMm
yCpeaHeHHs Mo ancam6J110 He3aBUCHMbIX JIEPEBbEB.

Mbl ucnoibdyeM peasusalyio ajJroputMa cJay-
yaliHOroO Jieca B MporpamMHol Ou6anoTeke scikit-
learn (Bepcusi 1.1.3; Tlemperoca u nap., 2011).
IepeBbsi perpeccun ctpostcss 6e3 OrpaHudeHwust
rJyOMHBI C THIeprapamMeTpaMu Mo YMOJYAHUIO (CM.
sklearn.ensemble.RandomForestRegressor).  Tlpo-
CTPAHCTBO MPHU3HAKOB KaxKJI0ro JiepeBa pazbuBaeTcs
JI0 TOTO MOMEHTA, MOKa BO BCEX JIUCTbSIX He ocTa-
HeTCsl M0 OJIHOMY OO'bEKTY TPEHUPOBOUYHOH BBIOOPKH
(Ha 6aze ITUX CMEKTPaJbHBIX 0OBEKTOB B JIUCTbSIX
JlepeBa U O6yayT GopMHPOBATHCS MPOrHO3bI KPACHOTO
cmetenusi). Kak Oblio otmedeno B pabote (JIu,
JIxeon, 2006), cayuadiHbiii Jiec ¢ k JepeBbsiMU
6e3 orpaHuueHdst TJyOHHBI TpeacTaBJsieT CcoOol
“ananTUpoBaHHbIN aJrOpuUTM OJIKAUIINX CcOcCelel
(kNN). Tlpu rtakom paccmoTpeHuu, “6JH30CTH”
00BEKTOB B MHOTOMEPHOM TPOCTPAHCTBE MpPU3HA-
KoB ompenensiercss He kKak B kNN (uepe3 merpu-
Ky PpaccTosiHMsl, KoTopasi ToJBepKeHa MPOKJSTHIO
pa3MepHOCTH W MJI0X0 paboTaeT B CJyudae CHJbHO
CKOPPEJHPOBAHHbIX (DOTOMETPUUECKHX TMPH3HAKOB).
BmecTo MeTpuKM paccTosiHdsl CcTerneHb OJH30CTH
00bEKTOB B CJlyuae CJydalHOro Jjieca orpesessiercs
pasbueHreM MPOCTPAHCTBA MPU3HAKOB AJTOPUTMOM
JlepeBa pelleHui (Ha o6/1acTH ¢ MUHMMaJIbHOH JHC-
nepcueil TPeHHPOBOUHBIX 0OBEKTOB MO CHEKTPaJbHO-
My KpacHOMy cMellleHHnt0). Tak Kak Ha KaxJIoM liare
JIepeBo pelleHni (»KaaHo) BbIOUPAeT KaKoH-TO OAMH
NpU3HaK Jyisi pa3bUeHusl POCTPaHCTBA, TO CTeNeHb
6J1M30CTH OO'bEKTOB MeHee [0JIBep:KeHa KOpesisiliH
MeX1y [pu3HaKaMM B TPEHUPOBOUHOH BbIGOPKE.

k o
B wrore ancamGab npornosos (z;)7_; ciyvaiitoro
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Jeca (mocTpoeHHOro 06e3 OrpaHuuyeHdsi TIyOUHBI)
npeJcTaBJ/sieT coboi 6yTCTpen-BbIOOPKY OJIMKANIINX
CHeKTpaJibHbIX coceliell (CO  CJI0KHOOTIpeieIeHHOM
(hyHKLHMEN OJIM30CTH ) U151 KaXKA0T0 LiesieBoro o0bekTa
B (POTOMETPUUECKOM KaTaJsore.

Kak rnokasaHo Ha puc. 3, napaMeTpuuecKyo olleH-
Ky p(z|X) ycaoBHOro pacrnpejesieHnsi POrHO3a Mbl
BOCCTAHABJIMBA€M M3 MPOTHO30B CJIyualHOro Jieca
C TMOMOIIbIO IayCCOBOH siIEPHON OLIEHKH IMJIOTHOCTH
(c moabopoMm mapamerpa MoJockl nponyckanusi, ba-
witanuuk, lainaman, 2001). HesaBucumocTs 1 cay-
YalHOCTb MOCTPOEHHUSI IePEBLEB MO3BOJISIOT PacCMaT-

puBaTh aHcaMOJib TPeJICKa3aHHil JepeBbeB (%’)?:1
KaK CJIydaiiHylo BbIGOPKY, MOPOKIECHHYIO HCTHHHBIM
yCJIOBHBIM pacnpenenenneM p(z|X), a p(z|X) Oyner
MPeJCTaBIsATh COGO0H MapaMeTPUUECKyO OLIEHKY JaH-
HOTO pacripe/ie/IeHHsl.

OTmeTnM, UTO aHHAs BbIlle HHTEPIPETALHS MTPO-
rHo3a p(z| X)) onupaercsi Ha NpeaNoNoKeHHe 0 He3a-
BUCHMOCTH JI€PEBbEB U3 CJydalHOTO Jeca, UTo HH-
KOr/la MOJIHOCTbIO He JI0OCTHraeTes (Tak Kak JepeBbsl
aHcam6J1sl UCTIOJb3YIOT MepPeKpPhIBAIONINECs BbIGOPKH
TPEHUPOBOUHLIX OOBEKTOB M MPU3HAKOB), MO3TOMY
u3Mepenue p(z|X), nosyuyaemoe JaHHbIM METOJIOM, He
SBJsIETC B OOLIEM CJlydae HeCMEUIeHHOH OLEHKON
YCJIOBHOTO pacrpeiesienust mporiosa p(z| X ) (kak Obi-
Jlo oTMeueHo B 063ope Heioman, Ipyen, 2020). d1o
TakKe 03HAuaeT, uTo KasuOpoBKa rporuosda p(z|X),
MOJIyUeHHOTO CJIydallHbIM JIeCOM, MOXKeT ObITb XyiKe,
uyeM y JPYrux TOJXOA0B MAalIMHHOTO OOyueHHs, B
YACTHOCTH, UCKYCCTBEHHbIX HEHPOHHBIX ceTefl, uTo U
HabJ10/1aeTes Ha pakThke (cM., Hanpumep, muar u
ap., 2020). CaetyeT OTMETHTD, UTO CHJIBHOM CTOPOHOH
u3mepenuii photo-z BHerajsakTHueCKMX HCTOUHHKOB
MPU MOMOLIM AJATOPUTMA CJYyUANHOTO Jieca OCTAeTCsl
BbICOKAsl TOUHOCTb €ro TOUeUYHbIX MporHo3os photo-z
(uTO 6BLIO MHOTOKPATHO MOKA3aHO HA Pa3HbIX BHIOOP-
Kax, cM., Hanpumep, muar u ap., 2020; Melepsikon
u jip., 2018).

5. MOIIEJIN SRGz

baszoBasi Bepcusi cuctembl SRGz (Bepcus 2.1),
OTMMCAHHAs! B IAHHOH paboTe, UCTOJb3YET IS OTOXK-
JlecTBJIeHUs (Mosies1b 3x ) M KaacCUpUKaLKMU (Moesb
3X col) ONTHUECKUX KOMIAHbOHOB PEHTI€HOBCKHUX HC-
TOUHHKOB TOJILKO fiaHHble 0630poB ePO3UTA, DESI
LIS u WISE (npunynurenbuasi potromMmeTpusi mpuBe-
nena B karajore DESI LIS). Bwi6op Tosbko 1Byx
kartasoroB (ePO3UTA, DESI LIS) o6ycnioBnen Tem,
uro DESI LIS saBnasiercs nauGosiee riyGOKHM U3
paccMaTpMBaeMbIX HaMH ONTHUYECKUX 0030pOB, B TO
Bpemsi Kak Jannbie SDSS u/unn Pan-STARRSI
JIOCTYIHbBI He Jyis BceX onThueckux oObektoB DESI
LIS. Mbl X0TUM, YTOObI OTOXKAECTBJIEHHE ONTHUECKUX
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Random Forest

Trees point estimates ensemble

A 4

Gaussian Kernel Density Estimation

Probabilistic prediction p(z}x)

Puc. 3. Cxema nosyuenust npornosos photo-z metogom ciyuaiitoro Jeca.

KOMMaHbOHOB PEHTTeHOBCKUX OOBEKTOB W HMX KJjac-
cuuKauuss ObM clleaHbl eIMHO0OpPa3HO BO BCel
paccmaTpHBaeMoi 06/1aCTH.

B ortHouennn mozene#t photo-z ontuyecknx Kom-
nanboHoB B SRGZ Mbl Npuiep:KUBaUCh CJIEyIOLIEro
noaxona. Bo-nepBbiX, 37eCb Mbl He HCOJb30BaJH
pentreroBckue npusHakd ePO3UTA u cBsizaHHble ¢
HHUMH 11BeTa (TaKXKe He UCToJIb30BauCh of fset, type,
sersic U BBeJleHHble HAMH paHee 11BETOBble PAcCTOsi-
HHUs1). PeHTreHOBCKHe JlaHHble MCKJIOUAIUCh M3 pac-
CMOTpPEHHMSI JI/Is1 TOTO, YTOObI YBEJUUUTb TPEHHPOBOU-
Hyl0 BBIOOPKY 3a cueT onTuueckux kBazapoB SDSS
(~2/3 KOTOpPBIX HE UMEIOT PEHTIEHOBCKUX H3MepPeHHI
ePO3UTA). Bo-Brophix, B Mojaeasix photo-z Hamu
MCIOJIb30BAJICS NIUPOKUEI HAGOP 3BE3/HBIX BEJIUUKH U
IIBETOB ONTHUECKHX 06bEKTOB (CM. TabJ1. | u onucaHue
NPU3HAKOB B M. 3.2).

Ha Brixone kouBetiepa SRGz Mbl mosyumsin Kata-
gor SRGz-CatD BeposITHbIX ONTHYECKUX KOMIAHbO-
HOB TOUEUHbIX PEHTTeHOBCKHUX HCTOUHUKOB ePO3UTA
¢ ¢oToMeTpUUeCcKol KJaaccHHUKalMed U H3MepeHH-
samu photo-z. B Ttabn. 2 npeacraBjeHo onucaHue
6a3oBbix KosioHok katasora SRGz-CatD (cm. Tak-
»Ke TIOSICHEHHUsl K coJlep:KaHuio Katasora B 1. 5.1.5,
n.52.5un. 5.3.3).

5.1. SRGz: Moaesb OTOXIECTBICHHS ONTHYECKHX
KOMITaHbOHOB PEHTT€HOBCKHX HCTOUHHKOB

3anaua OTOXK/AECTBJIEHUs] ONTHUECKUX KOMIaHbO-
HOB peHTreHoBcKUX HcTouHnKoB ePO3MTA pema-

[MMCbMA B ACTPOHOMUYECKUN J)KYPHAJI

ercs Hamu B jBa stana. CHauajsa Mbl 0OyuMM MO-
Jie/ib KaacCU(pUKaUMU nap PeHTreHOBCKUH MCTOUHHK
ePO3UTA — onruueckuit ucrounuk DESI LIS. Ona
MO3BOJIUT it JI0OOTO §-TO ONTHUECKOro 00beKTa
B Katasiore SRGz-CatA B OKpecTHOCTH 3ajlaHHOTO
PEHTreHOBCKOr0 MCTOUHMKA CIPOTHO3UPOBATH BEPO-
SITHOCTH accolMaln p;. lasnee mbl npeoGpasyem p; B
BEPOSITHOCTH OMNTHYECKOTO OTOXKAECTBJIEHUS CJIELyI0-
11UM 06Pa3oM.

[IycTb B OKPECTHOCTH 3aaHHOTO PEHTTEHOBCKOrO
ucrounuka B katasore SRGz-CatA copmepxkates n
onTuueckux oobekToB. [Ipeanonaras, uto y penrre-
HOBCKOI'O HCTOUHHKA UMeeTCs He OoJiee 0IHOTO OINTH-
UeCKOro KOMIIaHbOHA M ONTHUECKHE 0O'bEeKThbl He3aBHU -
CHMbI, Mbl MOKEM COCTABHUTH MOJIHYIO cHcTeMy (1 + 1)
TUIIOTE3 ONTHYECKOTO OTOXKAECTBJICHUS 151 3alaHHOTO
PEHTreHOBCKOro 00'beKTa ¢ BeposTHOCTAMU: Py, B;Y.
BepositHocTb P; (runoresa o TOM, UTO 4-i ONTHUECKHI
00bEKT SBJIAETCS KOMIIAHbOHOM, @ BCE OCTaJ/IbHbIE OI1-
THUECKHEe UCTOUHHKM — 00beKTaMH 110J151) Oy1eT paB-
Ha

Di H (1 —pj)

Pi = d # - n 3
> {pk I (1_p,.>] I =py)
b=l %

rJ1e BTOPOF ujieH B 3HaMeHaTeJie GopMyJibl OTIpeeisieT

BEPOSATHOCTL TOT'O, YTO HHU OJAHUH U3 ONTHUECKHUX 06b-
€KTOB He sIBJITeTCs KoMnanboHoM. [loce ynpouieHus

(14)

J=1
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[Tosie B KaTaJsiore B CTaTbe OnucaHue noJsist
ero_srcname HasBaHue peHTreHOBCKOTr0 HCTOUHHKA
ero RA [TpsiMoe BoCX0xkK/IeHHE PEHTTEHOBCKOTO 00 beKTa
ero_DEC CKJIOHEHHE PEHTTEHOBCKOr0 00'beKTa
Is_ra [IpsiMoe BocXoxKIeHHE ONTHUECKOTO 00 beKTa
Is_dec CKJI0HEeHHEe ONTUUECKOT0 06beKTa
srg_match_flag duiar 0TOXKIECTBIEHHS ONTHUECKOTO KOMITAaHbOHA
srg_match_p Di BeposTHOCTb OTOXKIECTBIEHUS MTAPhl PEHTTEHOBCKUH—OMNTHUECKUH 0O HEKT
srg_match_pi P; BeposiTHOCTb OTOXK/IECTBIIEHHUST C YUETOM BCEX ONTHUECKUX 06beKToB B 30"
srg_match_p0 Py BepositHocTb “6€310MHOr0” peHTIreHOBCKOro 00 beKTa
srg_match_pstar BepositHOoCTb 3Be3/1bI
srg_match_pgso BepositHocTb KBa3apa
srg_match_pgal BepositTHOCTb ranakTuku
srg_match_SQG. Mertka poTomeTpryeckoro Kiaacca
srg_match_warning [IpenynpexxiaeHust o npodsemMax B MOJENH ONTHUECKOT0 OTOKECTBICHHS
srgz_z_max Zph doromerpryecKoe KpacHoe CMellleH1e
srgz_z_maxConf zConf HanexxHoctb hoTomMeTprueckoi olleHKH KpacHOTO CMelleH s
srgz_z_merr68 68% ornOKa CHU3Y Ha Zpp
srgz_z_perr68 68% ornbKa cBepxy Ha Zph
srgz_z_model Hasanue monenu photo-z
srgz_z_warning [Ipenynpexxaenust o npobsemax B Moaenu photo-z

hopMyJia Bbillle MPUMET BHJL

p.:Lp@, (15)

1
(1—pi)
rJle BeposiTHOCTb P (rumoresa, 4to PeHTreHOBCKUH
MCTOUHHK He MMeeT ONTHUECKOr0 KOMIIaHbOHA ) BbIpa-
)aetcst hopmyJIoi:
1
Py = . (16)

S /(1 —pe)] +1
k=1

Ilanee Mbl pacCMOTPUM JIBE MOJIE/IH KJIacChuprKa-
LMK Map peHTreHOBCKUH—onTHueckuid oO6bekT. [lep-
Basi MOJleJIb — IpOCTasi Moje/b OJIMKANLLIEro ONTH-
YeCcKOro cocefla, KOTopylo Mbl OyJeM HCIOJIb30BaTh
B KauecTBe 0a3oBOH /s cpaBHeHUs. Brtopas Mo-
JleJib — KJaccH(UKaLUs METOJIOM TpadeHTHoro 6y-
CTHHTA C UCITOJIb30BAHUEM JIOCTYTTHBIX aCTPOMETpHUUE-

CKHUX H qJOTOMeTpI/I‘-IeCKI/IX [MPU3HAKOB PEHTI€HOBCKOT'O
U ONTHUECKOT0 0OBEKTOB.

5.1.1. BazoBasi MOJ€e/Ib OTOXKECTBJIEHUS PEHT-
reHOBCKOI'0 MCTOYHUKA ¢ OJMXKaWIIMM OnNTHYe-
CKUM coceaoM. HaubGosiee mpocTodt Mojesbio orm-
THYECKOI'0 OTOXKJECTBJIEHUS] SIBJSIETCS acCOLMalUs
PEHTTeHOBCKOTO MCTOUHHKA C OJMKAUIIAM ONTHUE-
CKHUM 00'bekTOM. Hixke MblI pHBeieM popmyJibl Bepo-
SITHOCTH acCOLMALMK p; JJIs1 JAHHOM MOJIeNIH, KOTopasi
B JlasibHEHIIUM OYJeT MCI0Jb30BaThesl Kak Ga3oBasi
J71si cpaBHenusi ¢ SRGz.

Mbi 6yieM cuMTaTh, UTO B OKPECTHOCTH PEHTI€HOB-
CKHX UCTOUHHKOB PACIOJI0KeHbl ONTHYECKHE 0OBEKThI
10Jisl COMVIaCHO 3aJaHHON MOBEPXHOCTHOMN MJIOTHOCTH
Yo (xotopast onpejessiercs no gopmyde (7) UHAH-
BUyaJbHO IS Ka)KIA0TO PEHTTEHOBCKOTO OOBEKTA).
PeHTreHOBCKHI HCTOUHHK XapaKTepU3yeTcsl raycco-
BOH OLIMOKOHN JIOKAJIM3ALUUH Ox W BEPOSTHOCTbIO P,

MMCbMA B ACTPOHOMUYECKHWH )KYPHAJT Ttom49 Ne7 2023



456

HaJuuus ontuyeckoro komnanbona B DESI LIS (cm.
dopmyJibl (5)—(6)). Torna BeposiTHOCTb accolUalyu
1~ apbl pEHTTeHOBCKUH—ONTHYECKUI 0ObEKT MOXKHO
3anucatb B CJeyIolleM BHIE (CM. Takxke (hopmysty
(11) B pabote benbBenepckuit u ap., 2022):

Pce—d?/(2o§()

- Pce—d?/(20§() + 277200%( ’

pi (17)

rjie d; — yrJIoOBoe pacCTOsiHHE OT PEHTIeHOBCKOro M-
TOUHHMKA JIO 4-T'O ONTHYECKOro oObekra. Kak Mox-
HO 3aMeTuTb W3 opmyJbl (17), B AaHHOH MojesH
OJMKAULINN ONTUUECKUH OOBLEeKT Bcerjga uMeeT Hau-
60JIbILYIO BEPOSTHOCTh aCCOLMALIUU C PEHTTEHOBCKHUM
UCTOYHHKOM.

Onpenenus p; B MoJiesin GJIMXKAHIIEr0 ONTHUECKOTO
cocesia, Kak 3T0 OMUCaHO Bhillle, BEPOSTHOCTH ONTHYE-
CKOro 0TOK/1ecTBJ/IeHUs1 P; U Py MOTryT ObITb 110JIy4€eHbl
¢ nomoliibio hopmyd (15)—(16).

5.1.2. Knaccudukauus nap peHTreHOBCKUI—
ONTHYECKUH OOBEKT € MNOMOULLbIO MALIMHHOIO
obyuenusi (Modelmateh ). Onucannasi B npemblay-
e yactu 6GazoBasi MoJeb KaacCH(pUKALMU map
PEHTTeHOBCKMH—ONTHUECKMH HCTOYHUK HCIIOJb3YeT
uHdopmalyio 06 ouIMOKe JIOKAJIH3AlUH PEHTIeHOB-
CKOTO HCTOUHHKA, BEPOSITHOCTH HAJIMUUST Y PEHTT€HOB-
cKoro o6bekTa ontuueckoro komnanbona B DESI LIS
U TJIOTHOCTH ONTHUECKUX OOBEKTOB B OKPECTHOCTH
PEHTIeHOBCKOTO MCTOUHMKAa. Mexay Tem Habop
(hOTOMETPHUECKUX TIPU3HAKOB ONTHUYECKUX OOBHEKTOB
B TMOJISIX PEHTTeHOBCKHUX HMCTOYHUKOB 3HAUMTEJBHO
upe (cM. n. 3.2), ¥ MHOTHE M3 3TUX IPHU3HAKOB
OKa3bIBAIOTCS BaXKHBIMH TIPU  TTOUCKE ONTHUECKHX
NapTHEPOB PEHTIeHOBCKMX HWCTOYHHKOB (CM. Jlajiee
n.6.1).

[1peo6GpasoBaTh aocTynHyto HHGopMauuio B Gosee
TOUHbIE OLIEHKM BEPOSITHOCTEH OMNTHUECKOrO OTOXK-
nectsienust (p;, P, Py) MOXKHO Pa3HbIMH CMIOCOOAMH.
B pentreHoBckoil acTpousnke TOJYUHJ HIKPOKOE
pacrnpocTpaHeHHe MeTOJl OUCKA ONTHUECKUX KOMIa-
HbOHOB, OCHOBAHHBIH Ha OObEJIMHEHHH MO Teopeme
Baiteca actpomerpuueckoil H hOTOMETPUUECKON HH-
¢dopmaimn 06 o6bekrax (NWAY, Canbato u 1p.,
2018). OcHOBHBIMH HEIOCTaTKaMM JAHHOTO MeETOoJa
SIBJISIIOTCS OTPaHUUEHHOE UCIT0Ib30BaHUE B HEM (POTO-
MeTpuuecKoi HH(opMalUMKH U HeOOXOAUMOCTb pacue-
Ta (POTOMETPUUECKHX alpPHOPHBIX BEPOSITHOCTEH ISl
KaXKJ10H KOHKpeTHOH 3ajgauud. Tak, B pabore CaJsbBa-
10 U 1p. (2018) ucnonb3oBanuch hoToMeTpUUecKre
arnpuopHble BEPOSITHOCTH, pacCUMTaHHbI€ 110 1BYM (ho-
TOMETpUUeCKUM Npu3HakaM. B padorax (bwikos u 1p.,
2023) u (Taapo, Melepsikos, 2023) caesanbl yeneli-
Hbl€ MOMNBITKH HCII0JIb30BAHUS aJTOPUTMOB MaLLIMHHO-
ro oOyueHusi /i pacueta (OTOMETPUUECKHX arpH-
opHbIX BeposiTHocTe#t B Merojle NWAY ¢ npumene-
HHEM K 3aJauaM ONTHYECKOr0 OTOXKIECTBJICHUsS] PEHT-

reHoBckux uctounukoB CPI/ePO3UTA u XMM-

[MMCbMA B ACTPOHOMUYECKUN J)KYPHAJI

MEIIEPAKOB u np.

Newton coorBerctBenHo. B pa6ote (Tsapo, Metepsi-
KoB, 2023) TakKe MoKasaHo, YTO NMPUMeHeHHEe MallIHH-
HOTo 00yUeHHsI HAMPSIMYIO Ha BCEM MPOCTPAHCTBE aCT-
pPOMeTPHUECKHX U (DOTOMETPHUECKHUX MPU3HAKOB JAeT
JIYUIIYIO TOUHOCTb OTITHUECKOTO OTOXKIECTBEHHUS, UeM
oObelHHeHre aCTPOMETPUUECKOH H POTOMETPHUECKOH
nHpopmaluu o Teopeme batieca (B NWAY).

DBPUCTHUECKHE aJITOPUTMbl MAlIMHHOTO 06yUYeHHs]
no3BoJIsIIOT HauboJiee 3PPEKTUBHO H3BJEKATb HH-
dopmaluio 06 accolualii 06GbeKTOB B BhIOPAHHOM
nape peHTreHOBCKHHU—ONTHUECKHWH UCTOYHHK U3 MHO-
FOMEPHOT0 MPOCTPAHCTBA POTOMETPUUECKHX MPH3HA-
KoB. B pamkax SRGz Mbl HCTIO/IB3YeM aJiropuT™ rpa-
nueHtHoro Oyctuhra (em. . 4.1.1) nyis pacuera Bepo-
STHOCTEN p; TI0 BCEM paccMaTpHBAaeMbIM MPHU3HAKAM,
KaK aCTPOMETPHUECKHM, TaK U (POTOMETPUUECKUM (CM.
n. 3.2 u taba. 1): of fset, nog, N3, Pe; NpejiebHble
BEJIMYMHDI Glim, Tlim, Zlim> W1 lim>» W2 lim; PEHTI€HOB-
ckue, ontrueckue U MK-BenunHbl, WX NPOU3BOJIHbIE
1[BETa, a TAKXKe 1IBETOBLIE PACCTOSIHHUS.

B crenyiouiem pasnene Mbl paccMOTPUM  Tpe-
HUPOBOUHYIO BBIOOPKY i OOyueHHS ajrOpuT-
Ma KJaccuUKalMu nap PEeHTreHOBCKHUH HCTOUHHK
ePO3UTA — onruueckuil o6 ekt DESI LIS.

5.1.3. BbiOOpka onNTHYE€CKMX KOMINAaHbOHOB
peHTreHOBCKUX HcTouyHMKOB Chandra, XMM-
Newton, Swift B noasx o63opa ePO3UTA u
oOyueHue mojneau. [lnsi oOyueHHsi W OLEHKH Ka-
yecTBa Mojiesiel OTOXKIECTBJIEHHST Mbl CO3JAJH Tpe-
HUPOBOUHYIO BLIOOPKY C MOMOIIbIO JIAHHBIX Han6o-
Jiee KPYMHBIX MyOJHUHBIX PEHTTEHOBCKHX 0030POB,
BBIMOJIHEHHBIX PEHTIeHOBCKMMHM KOCMMUECKHMH 00-
cepBatopusimu Chandra (Chandra Source Catalog
2.0, nanee CXC2), XMM-Newton (XMM-Newton
Serendipitous Source Catalogue Data Release
12, nanee 4XMM) u Swiit um. Huna lepenza
(Second Swiit-XRT Point Source Catalog, nanee
2SXPS). Mpes ucnosib3oBaHus BCIIOMOTATEJbHbBIX
PEHTIeHOBCKHUX KaTaJIoroB JiJIsi OTNpeesieHHsT ONTH-
YyecKUX KoMmnaHboHoB 00bekToB ePO3MTA cocrout
B caenywouieM. [{ng o6bekroB u3 katajoros CXC2,
4XMM, 25XPS (ynosnerBopsiiolinx Habopy cTaH-
JIAPTHBIX KPUTEPHEB 0TOGOPA TOUEUHBIX PEHTTEHOBCKHX
MUCTOUHHKOB, H3JIOXKEHHBIX B pazjiene 2.2) B 06JacTH
nokpeiTist o63opa DESI LIS B BocTouHOl ranak-
THYECKOH mnoJsiycepe /sl KaXKJI0ro PeHTreHOBCKOTo
MCTOUHHKA Mbl OTpPENEIUIN PaIuyC ONTHUECKOTO
OTOXKJIECTBJIEHUS T'jyjse 110 CJIEYIONIEH DOPMY.IE:

log(1 — ) x 302\ /2
"'false:<_ g( ) > X

(18)
n30

X |1 — L ,
[ 2, /n30:|

!
raie mnso — YUCJO OINTHYECKHX o6bekToB B 307-
OKPECTHOCTH PEHTI€HOBCKOI'0 HCTOUHHKA (HS 0630pOB
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Ta6auna 3. BoiGopka onTHUECKUX KOMIIAHLOHOB TOUEUHbIX peHTreHoBCKUX ucTouHukoB ePO3UTA, HaiifieHHbIX ¢ TOMO-
1IbIO JJaHHBIX peHTreHoBcKUX KartasoroB Chandra, XMM-Newton u Swift

Onrtrueckre KOMIAHbOHbI CXC2 4XMM 2SXPS Bceero [Tepeceuenus % oun6ok
eRASS4 5833 11322 2325 17880 1550 0.84
CXC2 5833 1188 124 1262 0.55
4XMM 1188 11322 338 1476 0.88
2SXPS 124 338 2325 412 1.46
TpenupoBouHasi BbiGOpKa 2820 5898 1303 9200 793 1.01
Tecrosas BoiGopka SDSS 3013 5424 1022 8680 757 0.66

CXC2/4XMM/2SXPS). [TapameTpbl o 1 3 onpejie-
JISIIOT YMCTOTY [MOJIYUHBLIEHCS] BBIOOPKH ONTHUECKUX
KOMIMAaHbOHOB PEHTIeHOBCKMX HMCTOUHHMKOB. Mpes
tdopmyJbl (18) cocTouT B TOM, 4TOOBI /S KaXK10-
r0 PEHTreHOBCKOro oObeKTa M3 BCIOMOraTesbHbIX
PEHTreHOBCKMX 0030pOB KOHCEPBATHBHO OIpe/esUTh
paaMyc, B KOTOPOM BEPOSITHOCTb BCTPETHTb OMNTH-
YyeCKUi UCTOUHHK mnoJsi P < «. B npeanosioxennu
MOCTOSIHHOH MJIOTHOCTH ONTHYECKUX 00BEKTOB M0JIs1 B
OKPECTHOCTH PEHTI€HOBCKOIO UCTOUHHKA BbIpaKeHHe
JUIsl TyacCOHOBCKOH BEpPOSITHOCTH HAWTH OJIMH HWJIH
6oJsiee ONTHUECKHX 0OBEKTOB MOJSI B KPY»KKe pajiu-
yca Tpse MMeET BUIL o = 1 — eXp(_n30(rfalse/30)2)'
MHoKuTeIb B KBaJpaTHbIX CKOOKax B opmysie
(18) B mepBOoM NpPUOJMIKEHHH, YUUTHIBAET OLIMOKY
M3MepeHHsl pajityca KpyKKa (B YCJOBHSIX KOHEUHOTo
yicsia  ONTHUeCKHX 00bekToB B 30”-okpecTHOCTH
PEHTreHOBCKOIo MCTOUHHKA ):

Argse ~ Angg

Tfalse 2n3o

Takum oGpasom, napametp [ ynpabJjsieT yMeHb-
lIeHHeM pajavyca B Maclutabe HeonpeleseHHOCTH:
Talse — Tialse — BATase. B JaHHON paboTe Mbl HC-
nonb3yeM a = 0.03 u S =2 I NOCTPOEHUS UH-
CTOH BbIOOPKHM ONTHUECKHUX KOMIIAHbOHOB PEHTI€HOB-
CKHX UCTOUHHMKOB. TakuM o6pasom, OblIH 0TOOpaHbI
48 269, 55356 u 7088 o6nekroB DISI LIS, csasan-
HbIX ¢ peHTreHOBCKUMH oObektamu CXC2, 4XMM u
2SXPS cooTBETCTBEHHO.

Ianee moJiyueHHbIe BbIlIE€ CIHCKH ONTHYECKUX
KOMIaHbOHOB ~ PEHTTeHOBCKUX MCTOYHHUKOB  OblIH
COOTHECEHbl C KaTaJlorOM TOUYEUYHbIX pPEHTreHOB-
CKHX HCTOUHHKOB MO JaHHBIM JIBYX JieT o630pa
CPI'/ePO3UTA B BOCTOUHOI TrasakTHUeCKOH Mo-
Jayctepe, 3a HcKaoueHueMm obJacteil  Stripe 82X
(Ananna u np., 2017), XMM-XXL-N (MeHzenb u
ap., 2016) u Lockman Hole (benbsenepckuit u map.,
2022). OcraBJisisi B pacCMOTPEHHH TOJBKO OTNITHUECKHE
KOMIIaHLOHBI ¢ eIMHCTBeHHbIM 00bekToM ePO3UTA

[MMCbMA B ACTPOHOMMUYECKUN )KYPHAJI

B 30" -0kpecTHOCTH U Ha paccTosiHud d < 1.7Rgg (r/1e
Rgg — panuyc Kpy»KKa, B KOTOPOM C BEPOSITHOCTBIO
98% HaXOAMTCST HCTHHHOE MOJIOXKEHHE PEHTTEeHOBCKO-
r0 UCTOUHHKA), Mbl MOJYUHJIH (PUHAJIBLHYIO BbIOOPKY
OTNTHUECKUX KOMMaHbOHOB HcTouHMKOB ePO3MTA
Ji71s1 oOyueHus U TecTupoBanus Mmojenein SRGz.

B Tabn. 3 npencrapiena nojpoGHas HH(OpMAa-
M5l 0 BbIOOPKE OMTHYECKUX KOMMAHbOHOB TOUEUHBIX
pentrenoBckux ucrounnkos ePO3UTA. B o6buiei
CJIOXKHOCTH BbIGOPKA cOCTOUT M3 17 880 onTruecKkux
oobekroB DESI LIS B moJisix peHTreHOBCKUX HC-
tounrkoB ePO3UTA, u3 koropbix 5833, 11322 u
2325 ontuyecknx 0OBEKTOB CBSI3aHbl C PEHTTEHOB-
ckumu ucrounukamu CXC2, 4XMM u 2SXPS co-
oTBeTcTBeHHO. Mexny oO6bekramu 0630poB CXC2,
4XMM u 2SXPS umeercss B 00llel CJI0KHOCTH
1550 mepeceueHuii Mo PEHTreHOBCKHM HCTOUHHKAM
ePO3WTA, uto no3BoJisieT OLEHUTh YUCTOTY MOJY-
YeHHOH BbIGOPKH ONTHUECKUX KOMIAHbOHOB ( 9TH JaH-
Hble TakxKe TpUBeJeHbl B Ta6J1. 3). Tak, nis 5833 or-
THUECKUX KOMIAaHbOHOB PEHTIeHOBCKMX HCTOYHMKOB
CXC2 B 30”-0KpeCTHOCTH COOTBETCTBYIOIIMX 0Gb-
ektroB ePO3UTA naxomsarcs 1188 u 124 ontnue-
CKHX KOMIIAHbOHOB PEHTTeHOBCKUX 00bekToB 4XMM
u 2SXPS coorBercTBenHo; Bcero 1262 mnepeceue-
Hust (1262<1188+124 ¢ yuetom TpoiiHbIX nepeceue-
Hu# ). B uaeanbHo uMcTOM Katajore KOMIaHbOHOB BCe
BCIOMOraTeJ/IbHble PEHTTeHOBCKHE KaTaJslord B MOJISIX
nepeceueHnil J0/LKHBl yKa3biBaTh HA OJHU M Te Ke
onrtuueckre o6bekTbl (% owmbok = 0). B moctpo-
€HHOM HaMHM KartaJiore 10Jis1 olin6ok coctasisieT 0.6,
0.9, 1.5% nas ontnuyeckux KomnanboHos u3 CXC2,
4XMM u 2SXPS coorBerctBenno. Ha ontuuecknx
KOMIaHbOHAX M3 BCEX TPeX BCIMOMOraTesbHbIX PeHT-
FeHOBCKHUX KaTaJloroB J10Jist olin6oK cocranJsier 0.8%
(1.0 u 0.7% Ha TpeHUPOBOUHON U TeCTOBOH BBIGOPKE
cooTBeTCTBeHHO). Takum 00pasom, Mbl MOXKeM cjie-
JlaTb BBIBOJ, YTO MOJy4yeHHass HaMM BblOopKa 00-
Jajaer oueHb BbICOKOH (>99%) TouHocTblo oTGOpa
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MEIIEPAKOB u np.

10 10" | __ TEST: 8680

CXC2

4XMM

2RXS
103 - 103F CXC2 +4XMM +2RXS |
102 102 .
10' 10' -
10 ,— 100 -

| 1 1 1 1 H 1 1 1 1 1
-16 —-15 -14 —13 -12 —11 -10 -16 —-15 -14 —13 -12 —11 -10
lg(Fr05-2) lg(Fy 05-2)

Puc. 4. Pacnpejesenue o peHtreHoBckoMmy notoky ncrounukos ePO3UTA u3 TpeHHpoBOuHOI (JieBasi NaHeb) 1 TeCTOBOM
(npaBasi naHesb) BbIGOPOK C ONTHUECKUMH KOMITAHbOHAMH HAHJEHHbIX U3 TlepeceyeHusi ¢ peHTreHoBCKUMH 0630pamu CXC2,
4XMM, 2SXPS. Tlokasanbl pacnpenesnenne st BCeX HCTOUHUKOB U 151 BLIOPOK 00BHEKTOB U3 KaXKA0TO BCIIOMOTaTeNLHOTO

PEHTTE€HOBCKOI'0O 0630p 0o OTAEJbHOCTH.

OMNTHYECKUX KOMIMaHbOHOB TOYEUHBIX PEHTIEHOBCKHX
ucrounukos ePO3UTA.

Ha puc. 4 nokasaHo pacnpesiesieHue o peHTreHoB-
ckomy notoky ucrounukoB ePO3MTA us tpenupo-
BOUHOM (JieBasi MaHesb) U TECTOBOH (TpaBasi MaHesb )
BLIOOPOK C OMTHUECKUMH KOMMAHbOHAMH HalIeHHbIX
13 1epeceyeHust ¢ PeHTIeHOBCKUMHU 06'beKTaMu 0030-
poB CXC2,4XMM, 2S5 XPS. ITokazanbl pacnpejene-
HHUS1 1/151 BCEX HCTOUHUKOB BMeCTe U J1/1s1 BLIGOPOK 06b-
€KTOB M3 KaxKJI0T0 BCTIOMOTaTeIbHOTO PEHTT€HOBCKOTO
0030pa, Mo OTJeJbHOCTH.

3aMeTuM, 4TO BBIOOPKM OOBEKTOB M0JIsl (TPeHH-
poBOYHAs U TecToBasi) GOPMHUPYIOTCS U3 ONTHUECKHX
06bekTOB B 30" -0KPECTHOCTH PEHTIEHOBCKHUX HCTOY-
HukoB ePO3UTA nocJie uCK/IIOUEHHS U3 Hee HalijleH-
HbIX OMNTHYECKUX KOMIAaHbOHOB. KaKIblii HCTOUHHK
ePO3UTA u3 onucaHHbIX Bblllle TPEHUPOBOUHOH H
TECTOBOH BbIOOPOK HMMeEeT H3MepeHHe BepOSITHOCTH
OnTHYECKOTO KoMNaHboHa P, (1o gopmysiam (5)—(6)).
MbI poBepHJIH Y ONITHUECKHUX 0O bEKTOB HAJIMUKe BCeX
(hoTOMETpHUUECKUX MPU3HAKOB, HEOOXOIUMBIX JIJIsi MO-
nesiedt (cM. Taba. 1), oThuaLTPOBaIH 06 BHEKTHI C MPO-
NyLIEHHBIMUA 3HAYEHUSIMU OTITHUECKUX TPU3HAKOB (Me-
Hee 1% onTHUeCKUX KOMIAHLOHOB PEHTI€HOBCKHX HC-
TOUHMKOB) M MOJIYUMJIM (PUHAJBHBIH CIHCOK 0O0beK-
TOB JI/Isl TPEHUPOBOUHOH W TECTOBOH BHIGOPKH (CM.
TabJ. 4).

Takum oGpasoM, HakoHell, HamHM ObIM MOJY-
YyeHbl UYUCTble BBIOOPKHM ONTHUECKHUX KOMIIAHbOHOB
PEHTIeHOBCKMX MCTOYHMKOB U ONTHYECKHX OOBEKTOB
MoJisi B OKPECTHOCTH PEHTTEHOBCKUX HCTOUYHHMKOB
ePO3WTDbI, kotopble Mbl HCTOB30BAK st 00yue-
Hus1 6a30Boi Mojiesn (2 x ) oToxkaecTsiaennst SRGz.

Mogenb knaccudukauuu no OuauKaiiemy or-
THUECKOMY COCE/ly PEHTT€HOBCKOTO HCTOUYHHMKA (CM.

[MMCbMA B ACTPOHOMUYECKUN J)KYPHAJI

n. 5.1.1) He TpeGyeT 06yueHs, Mbl OLIEHHBAEM €€ TOU-
HOCTb Ha TecTOBOH BbiGOpKe. Mojesb rpaneHTHOro
6ycrunra (cum. m. 4.1.1, n. 5.1.2) obyuanacek B 3anaue
6uHapHON KJIaccudUKalMK (KOMIaHbOHbI PEHTTeHOB-

ckux nctounnkos ePO3UTA / o6bekThl mosisi) Ha
TPEeHHPOBOUHOM BbIOOPKE, ONUcaHHOM Bbille. HeoOxo0-
JMMO OTMETHTb OoJibLIOH ucOaNaHe KJ1accoB B Tpe-
HHPOBOUYHOH BBIGOPKE, KOTOPBIH YUUTHIBAJICSA B aJIro-
put™e LightGBM nyTem B3BelnBanusi 06beKTOB Mpu
nomol runepnapamerpa is_unbalance=True. Mubl
TaK)Ke JleJad PasjiMuHble IKCIIEPUMEHTbl ¢ yMeHb-
LIEHHEM pa3mepa TPEHHPOBOUYHOH BHIOOPKH 0OBEKTOB
nosist (M aucbasaHca KjaacCoB COOTBETCTBEHHO), HO
JIyulllde pe3yJibTaThl B UTOTe T10Ka3aJja MoJieJb C MoJ-
HBIM YHCJIOM 0O'bEKTOB.

IIaJIee Mbl paCCMOTPUM METPHKH OLEHKH KaueCTBa
MoJeJied OTOXK/JIeCTBJIEHHUS] ONTHYECKUX KOMIAHbOHOB
PEHTIr€HOBCKHUX UCTOYHHUKOB.

5.1.4. MeTpUKH OLEHKH KauyecTBa ONTHUYECKO-
ro OTOXKJECTBJEHUSI PEHTFT€HOBCKUX HCTOUHHKOB.
Mb1 GylieM HCMo/b30BaTh HECKOJILKO BeJUUMH 151
OLIEHKH KAueCTBa OTOXKECTBJIEHUS] OMTHUECKUX KOM-
NaHbOHOB PEHTTEHOBCKHUX HCTOUHHKOB (B 3aBUCHMO-
CTH OT nopora 1o Fy):

e [loJHOTa ¥ TOYHOCTb OTOXKIECTBJEHUSA OII-
THYECKMX KOMIMaHbOHOB PEHTIeHOBCKHX UC-
TouHukoB ePO3UTA (Recall., Precision.).
[ToJIHOTY U TOUHOCTb OTOXKJIECTBJIEHHST ONTHUE-
CKHX KOMITAaHbOHOB PEHTTEHOBCKHX HCTOUHUKOB
Ha N-M 3HaueHWH nopora t, 1Mo Fj MOXKHO
BBIUMCJIUTD M0 POPMYyJIaM:

Ng(Pﬂ)gtn)

Recall] = N, ,

(19)
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#

TpenupoBouHasi 06/1acThb

TectoBast o6Jsiacts SDSS

Modelmaten: 3x
OTITHYECKHE KOMIAHbOHbI
00bEKTHI 110J151
GJinxKak1ne 06 beKThI M0JIs
MOdell,c]as& MOdelQ,c]ass: 3X.,co]
QSO
GALAXY
STAR

Modelyhotor: 2, 3ps, 3spss, 4

Mojieb 0TOXKJIECTBIEHHST ONTHYECKOTO KOMITaHbOHA

9135 8635
160959 132057
9135 8635

Mojenn knaccuduKaluy (3se3a/Kpasap/rajakTika)

39132 163218
10957 17371
78958 33660

Mojenn namepenusi KpacHbix cMmellleHn# (photo-z)

586 035

N*(Py < t,
Precision] = M, (20)
Nc(P@ < tn)

rae N, — NOJIHOE UYHCJIO ONTHYECKHX KOMIa-
HbOHOB B TECTOBOH BbIOOPKE, a BeJIMUUHbl N U

N, npeJcTaBsioT COO0H COOTBETCTBEHHO UHC-
JIO MPaBUJIBLHO KJacCUDUUMPOBAHHBIX U UMCJIO
BCEX ONTHUECKHUX KOMMAHbOHOB JJisi BHIOOPKH
00beKTOB ¢ Py <t

e [lonHOoTa W TOYHOCTH OTOXKJAECTBJEHHUS
peHTreHOBCKUX HcTouHuKOoB ePO3UTA,
He UMEIOIUX ONTUYECKOTO KOMMAaHbOHA B
o63ope DESI LIS (Recally, Precisiony).
[TosHOTY W TOYHOCTBL KJacCUUKALUK PEHTTe-
HOBCKHX HCTOUHHKOB KaK “0e3l10MHBLIX” Ha n-M
3HaueHUH nopora t,, 1o Py MOXKHO BbIUHUCIUTb
no opmyJiam:

Ni):(P(Z) > tn)

Recally = , 21
h N, (21)
N¥(Py > t,
Precisiony, = M, (22)
Nh(P@ > tn)

rJie BeJMUUHbBI ]\Af}f u Nj, mpejCTaBsiorT co6oil
COOTBETCTBEHHO UMCJIO TPABUJIbHO KJaccupu-
[IUPOBAHHBIX “GE3JOMHBIX ¥ UHUCJO BCEX OT-
MeUeHHbIX MOJIEJIbIO KaK “6e3/l0MHble” peHTTe-
HOBCKHMX MCTOUHHKOB /151 BBIOOPKH 0OBEKTOB
C MOPOTOM OTOXKIECTBJEHHUS ty,; N — MOJHOE
uyucyio “6e3/10MHbIX” PEHTIeHOBCKMX HCTOUHH-
KOB B TE€CTOBOH BbIOOpKeE.

e TouHocTh oONTHYECKOTO OTO2KJAECTBJECHUS

peHTreHoBCKUX HcTouHukoB ePO3UTA
(Precisiony).
Precisiony (t) = (23)
N?(Py <tn)+ Ni(Py > t,)
B Nc + Nh '

HPELLCTaBJIeHHbIe Bblll€ METPUKH MOJHOTblI U TOYHO-
CTH 3aBUCHAT OT BbI6paHHOFO rnopora 1o BeJIMYrMHE P@
H, TaKUM O6p330M, [MO3BOJISAIOT PaCCMOTPETb Kaue-
CTBO MOJAEJIM ONTHUYECKOI'0 OTOXKIAECTBJIECHHST PEHTIE-
HOBCKHUX HCTOYHHMKOB B pPa3JIMUHLIX pe€KHUMaxX H IJd
pasJ/IMYHbIX 3aay.

Yacro NpeacTaBJ/sieTCst HHTEPECHBIM UMETb HHTE-
rpaJjibHble MOKa3aTeJih KaueCTBa MOJAEJ/IN OTOXKIECTB-
JIEHHs1, BbIpa>K€HHbI€ OJAHHUM HJ/IK HECKOJIbKUMH YHUC-
Jamu. B KauecTBe Takux rnokasatesel Mbl 6y,[LeM HC-
[M0JIb30BATD:

e [lnomanp mnox pabGoueid XapakKTepUCTH-
koii mpuemHuka (ROC AUC). [locrpoe-
nue W anaan3d ROC-kpuBoil (anrs. Receiver
Operating Characteristic) sBnsieTcss cran-
JAPTHBIM CMIOCOGOM OLIEHKH KauecTBa MOJEJH
O6uHapHoil ksaccudukauuu. [lnowans nox
ROC-kpuBoii (ROC AUC, Xanuseii, Mak-
Hefin, 1982) siBnsietcst Ko/iMuecTBEHHOH MepoH
KauecTBa PaHKUPOBAHHUsSI M IMO3BOJISIET CpaB-
HUBaThb MexXy coO0H Moje/ M KiaaccupuKauuu
B 11€JIOM, BHE 3aBMCHMOCTH OT KOHKPETHOTO
nopora o BepostHocTH. Onienka ROC AUC
HeuyBCTBUTeJbHA K JucOasaHCy KJaccoB B
BoIGOpKe. B HacTode#n pabote Mbl Oynem
ncnogb3oBatb MeTpuky ROC AUC ni1st oueHKH
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KauecTBa PaHXKMPOBAHUS Map PEHTTEHOBCKUH—
ONTHUEeCKUH 00beKT. [loJioxKuTesbHbIH KJacc
COCTaBSIT ONTHUECKHE KOMITAHbOHbI PEHTI€HOB-
CKHX HCTOYHHKOB, OTPHLIATEJbHBIH KJacc —
O6amKallie K PEHTTeHOBCKUM HCTOUHHKAM
ePO3UTA onruueckue 0O bEKTHI MTOJISI.

e MakcuMaJbHasi MOJHOTA OTOMXKAECTBJEHHUS
ONTHYECKUX KOMMNAaHbOHOB PEHTreHOBCKHUX
ucrounukos ePO3UTA (Recall.max). Tlpu
yeqoBud Py <1 KaXJIOMy pEHTTeHOBCKOMY
MCTOYHUKY B TECTOBOH BBbIGOPKE MOJIEJb OIl-
THYECKOTO OTOXKJIECTBJEHHSI CTABHT B COOT-
BETCTBHE OTpPE/IeJEHHbIH ONTHUECKHH OGDBEKT.
DTOMy CJlydald COOTBETCTBYET MaKCHMaJbHO
BO3MOXKHAsI B MOJEJH TOJHOTA OTOXKIECTBJIE-
HHST ONITHYECKHUX KOMITAHbOHOB!

Recallemax = Recall.(Py < 1). (24)
Benuuuna Recall. max MOXKET ObITh MeHblle |
B cJIyuasix, Koraa ﬁeKOTopre ONTHUECKHE KOM-
NaHbOHbI PEHTIEHOBCKUX UCTOYHUKOB HE HJIeH-
TUPULMPYIOTCS MOJIeIbIO KaK HauboJiee Bepo-
SITHbIE CPeJId ONTHUECKHUX OOBEKTOB MOJsT (CM.
o0cyxjieHne paboThl MOJIENM OTOXK1ECTBJEHHS
B . 5.1.3).

e MakcuMajJbHasi TOYHOCTb  OMNTHYECKOTO
OTOK/IECTBJEHUS PEHTI€HOBCKUX UCTOYHU-
koB ePO3UTA (Precisionx max)-

Precisionx max = max Precision'y (25)
€CTh BeJIMUMHA XapaKTePHU3yeT pelleHHe 3a-
JIaul OTOXKJIECTBJIEHHS] PEHTTEHOBCKHUX HCTOU-
HHUKOB B LEJOM (KaK HMEIOIIHX, TaK U He
MMEIOLIHX ONTHYECKHE KOMIaHbOoHbI ). TOUHOCTh
Precisionx max AOCTHraeTcss Ha HEKOTOPOM
3HAYEHHH N10POra Py pest.

e CpeaHsisi TOUHOCTb OTOXKIECTBJEHHUS] PEHT-
reHoBckux ucrounukoB ePO3UTA ¢ kom-
naHboHamu (AP,.) u 6e3 ONnTHUYEeCKUX KOM-
naHboHoB (AP;). Cpennsisi TOYHOCTb OTOXK-
JIeCTBJIEHHS] ONTHYECKUX KOMITAaHbOHOB PEHTre-
HOBCKHMX HCTOYHUKOB BbIUMCJSIETCS 110 opMy-
Je

> (Recall® — Recall?') Precision”

>, (Recall? — Recallp ™) ’
(26)

AP, =

rie Recalll n Precision] NpeiCTaBJsiiOT CO-
60i1 MOJIHOTY U TOUHOCTb OTOKJECTBJIECHHUS OI-
THUECKHX KOMIaHbOHOB PEHTTEHOBCKUX MCTOU-
HHUKOB Ha m-M 3HaueHuu rnopora Fy.

[MMCbMA B ACTPOHOMUYECKUN J)KYPHAJI

MEIIEPAKOB u np.

CpenHsisi TOUHOCTb OTOXKJECTBJIEHUS] PEHTTe-
HOBCKHX HCTOUHHKOB 6€e3 OMTHYECKOro KoMIa-
nboHa B DESI LIS Boiuncasiercst no dopmyae:

>, (Recally — Recall} ') Precision}

AP, =
" > (Recally — Recall}™)

)

(27)

rie Recally w Precision] nNpeacTaB/sioT
cOo00H TOJIHOTY M TOYHOCTH OTOXKJeCTBJICHHS
PEHTIeHOBCKHX ~MCTOYHMKOB, He HMEIOLIHX
ONTHYECKOr0 KOMIaHbOHA (/11 12-T0 3HAYeHHs]
nopora 1o Fy).

5.1.5. JlaHHble 00 ONTHYECKOM OTOXKIECTB-
JeHUU PEHTreHOBCKMX MCTOYHMKOB B KaraJjore
SRGz. B kouseitepe SRGz oroxknecTBiaeHHe orm-
THUECKUX KOMIAaHbOHOB PEHTIeHOBCKMX HCTOYHMKOB
ePO3UTA nenaercs B nBa srana. CHavaja C 1o-
MOIIbI0 06yUeHHOH MOJENH KAAaCCU(PUKALMH BbIUMC-
JISIIOTCS] BEPOSITHOCTH aCCOUMALMHU p; JJIs1 BCEX BO3-
MO2KHBIX Map peHTreHoBcKui netounnk ePO3MTA —
ontuueckuit o6bekt DESI LIS B okpectHoctu 30”
(cobpannbix B Katasore SRGz-CatA). 3atem no
dopmyaam (15)—(16) st Kax,aoro peHTreHOBCKOTo
00bEKTa Mbl PACCUMTBIBAEM BEPOSTHOCTb OTCYTCTBHS
ONTHYECKOro KOMNaHboHa Py U BEPOSITHOCTH BO3MOXK -
HBIX ONTHYECKUX KoMIanboHOB P; 13 SRGz-CatA.

B katanore SRGz-CatD a5t kaxjoro ToueuHo-
ro penrrenoBckoro ucrounnka ePO3UTA mbl npu-
BOJUM BeJMUHHY Fj M JaHHble MO0 BEpOSITHbIM Of-
THYECKUM KOMMaHbOHAM PEHTTeHOBCKHX HCTOYHMKOB
ePO3UTA. IlpuBoasdrcsi naHHble Mo HanboJsiee Be-
POSITHOMY OMNTHYECKOMY KOMMAaHbOHY C MaKCHMaJb-
HbIM p; (Takoil 06bEeKT B KaTaJjore MUMeeT 3HaueHHe
1 B cron6ue srg_match_flag, cm. Ta6a.2). Kpome
toro, B Katajor SRGz-CatD rakxke nonanaior apyrue
BEPOSITHbIE ONTHUECKHE KOMMAaHbOHBI — OMTHUECKHE
00BEKTHI, Y KOTOPBIX BeJIMUMHA p; MeHee UeM B 2 pasa
OT/IMYaeTcsl OT BEPOSTHOCTH HauboJiee BePOSITHOrO
KOMIMaHbOHA: p;/max p; > 0.5 (Takhe 0ObeKThl B Ka-

J

TaJlore ONTHUECKUX OTOXK/IECTBJIEHHI HMEIOT 3HAaUeHHe
2 B crosibue srg_match_flag).

5.2. SRGz: monenn kaaccuguxaumm
ONTHYECKHX KOMIIaHbOHOB

B otHouiennu moneneit SRGz st 0TOXKIeCTB-
JIEHHS] U KJacCU(UKALUK ONTHYECKMX KOMMaHbOHOB
PEHTTeHOBCKUX HCTOUHHUKOB CJlellyeT 00paTHThb BHM-
MaHWe Ha pas/jnuve B HaGope HCIOJb30BaBIIMXCS
(hoTOMETPHUECKHX TIPU3HAKOB JIJISI STHX MOJIesIel (CM.
TabJs. | u onpesiesieHre GOTOMETPUUECKUX MTPU3HAKOB
BT 3.2).

B Monenn dQortomerpuueckoil KjaccHpUKalUHU
3X,col HE MCIOJIL3YIOTCA NPU3HAKHU of fset, nag, n3o,
P., a TakXKe MakcHMaJibHble BEJHUHHbI B [OJISIX
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PEHTreHOBCKHMX MCTOYHHKOB (Glim, Tlim, Zlim> W1 lim,
W3 1im ), TaK KaK OHH He ABJAIOTCA HHPOPMATUBHBIMHU
NpU onpeJiesieHrH Kaacca 0ObeKra.

Hanee, B Mozenu doromerpuueckoil Kjaaccupu-
KalMU He HCIOJb3YIOTCSI HEMOCPECTBEHHO 3Be3/IHble
BeJIMUMHBI 06'HEKTOB, @ TOJILKO MX MPOU3BOJHBIE 1[BE-
Ta, LBETOBblE PACCTOSIHUSI M MpPU3HAKK (oTOMeTpHU-
yeckoro tvna (type, sersic). ATo caeJaHO IS TO-
ro, 4ToObl MOJIe/H (POTOMETPHUECKON KJ1accHUKaLUK
SRGz 6bliu npUMEeHUMBI TaK¥Ke /1 cabbIX ONTHYe-
CKUX 00beKTOB. TpeHHpOBOUHble BLIOOPKHU /ST MOJIe-
JIM KJacCU(PUKALIMM COCTOSAT U3 06'bEKTOB CMEKTpasib-
Horo katasora SDSS u 3Be3n GAIA, KoTopble cylile-
CTBEHHO OTpaHWYEHbI MO 3BE3[HOH BeJHUHHE (CTeK-
tpockonusi SDSS u actpomerpusi GAIA noctynHbl
TOJIBKO JI/Is1 JIOCTATOYHO SIPKHX 00beKToB). Kpome
Toro, QyHKuus or6opa Mo BeJUUMHE /IS PasHbIX
kjaccoB o6bekToB SDSS (Hanpumep, 3Be3s1, KBaza-
poB) 3ameTHO oTsiMuaercs. Takum oGpas3om, Mbl He
paccMaTpHBaJiM B MOJIE/H KJ1acCH(HUKALIMK TIPU3HAKH,
CBsI3aHHbIe ¢ aGCOJIOTHBIMU MOTOKAMH UCTOUHHKOB.

Mbl nocTpows iBe Moaesu (hOTOMETPHUUECKOH
KJaccH(UKALMK PEHTIeHOBCKUX UCTOUHHKOB: MOJIEJIb
TpeXK/JIaccoBoil  KaacchubuKalus (3Be3na/ranakTi-

Ka/KBasap) M cocTaBHasi MOjie/lb Ha OCHOBe Habopa
O6uHapHbIX KaaccudukaTopos. Huxke Mbl pacecMoTpum
mMosiesn oTtomerpuueckoh kaaccudukaunn SRGz
6oJiee Moipo6HO.

5.2.1. TpexknaccoBasi moaenb (Model; class)-
Mbl  oOyunsin  Mozesib  POTOMETPUUECKOH  KJac-
cudUKaUMU  PEHTreHOBCKUX MCTOUHHUKOB Ha TpH
KJacca, OfpeJeseHHbIX B CIEKTPaJbHOM KaTaJore
SDSS: 3Besna/kpasap/ranaktika. [nepnapameTpbl
MOJIE/IM  ONITHUMH3HPOBANUCH C TIOMOLIBIO MeTPH-
KH OTPULATEJbHOTO JIOT-TPaBAONoA06Us B Tpex-
KJaCCOBOM cJiyuae (MCMOJb30BaJICs TUMeprapaMerp
objective=multiclass B asaroputme LightGBM).
B pesysnbrate oOyueHus ajaroputMa rpajdeHTHOTO
OyCcTHHra Mbl TOJYUHJIH MOJIe/b, KOTOpPasi MpejicKa-
3blBaeT TPOHKY BEpOSITHOCTEH Ha ocHoBe Habopa
(hoTOMETPHUECKUX MTPU3HAKOB 00BEKTA:

Psrar, Poso, Paar = F5'9"Y (X)), (28)

rae Pstar + Poso + Paar = 1.

TpexknaccoBast Monesnb OTOMETPUUECKON KJac-
cuUKaLKMK, HECMOTPsl Ha CBOIO MPOCTOTY H JO-
THUHOCTb, MOXKeT 00J1alaTh pPsJIOM HELOCTaTKOB.
OTMeTHM J1Be BO3MOXKHBIX MpobJeMbl. Bo-nepBbiX,
MCIoJb3oBaHue cJjos1 softmax Ha BbIXoge Mojesu
rpajMeHTHoro OycTHHra B nape ¢ (yHKuUMeld omnboK
BHJIa MHOTOKJIACCOBOH KPOCC-3HTPOMHMU B O0OyUE€HHH
MoJleJiell  MHOTOKJIAaCCOBOH KJ1acCH(HMKALMKH He ra-
paHTHpyeT TPaBUJIBHOH KaJHOPOBKH BepPOSATHOCTEH
(Kak oOcyxkJ1ajsoch B JUTepatype, Harnpumep, s
cJyuast HeHpoCceTeBbIX Kjaccudpukatopos, cM. [yo u

[MMCbMA B ACTPOHOMMUYECKUN )KYPHAJI

ap., 2017) u tpebyet, Hampumep, NOMOJHUTENbHON
HaCTPOUKH MapameTpa TemrepaTypbl B cjoe softmax.
Bropoit Bo3MoxKHOH MpobsieMoll sIBJISIETCS] CHJIbHAS
HecOaJaHCHPOBAHHOCTL TPEHHPOBOUHOH M TECTOBOW
BbIOOPOK MO 4YHCJy OOBEKTOB pa3HbIX KJacCOB.
B ciayuae Ounaphoil kjaccudukauuu LightGBM
UMeeT THuneprnapamerpbl ajs paboTbhl ¢ HecOasaH-
CHpOBaHHBIMU BbIGOpKamu (Hampumep, is_inbalance,
scale_pos_weight, pos_bagging fraction), onn ne
MOTYT OBITb HCIOJIb30BaHbl [Isi MHOTOKJIACCOBBIX
Mojiesiel  KPOCC-3HTPOMUHHON (DYHKUMH  OLIHOOK.
Monenu GunapHo# KJaccudukalmu Ha 6aze Tpau-
€HTHOTO OYCTHHTa MPeACTaBJAITC OoJiee THOKUMHU
NpPU pellieHHH YKa3aHHbIX Bbille MpobseM. lasee Mbl
pPaccMOTPUM COCTaBHYIO Mojiesib (POTOMETPHUECKOH
KJacCH(UKaLMH PEHTTeHOBCKHX HCTOUHHKOB, COCTaB-
JIEHHYIO U3 Habopa GUHAPHBIX KJAacCU(UKATOPOB.

5.2.2. CocTtaBHasi MoJ€eJib HA OCHOBE GMHApPHBIX
kaaccupukaTopos (Modely cjass ) -

3/1ecb Mbl He3aBUCHMO peliayu 6 3a1au GHHAPHOM
knaccuduKauMy (3Be3fa+ranakTnka/Kpasap, 3Be3-
na+KBaszap/ranakTika, 3Be3jia/ranakTHKa-+Ksasap):
QuSG

QuSa sa

P5so s Psraricar = FOUSG (X ), (29)
GvSQ pHGuS

PEe, S;Ag-i-QSO = FO99(Xp), (30)

SvQG  pSVQG _ SvQG
Porar: FPosbiaar = £ (Xpn)- (31)
3areM Mbl MMOJYUHJIH BEPOSITHOCTH /sl (hOTOMET-
pUueckKo# KaaccuUKallMKy Ha TPU Kjacca nyTeM 00b-
e/IMHeHHs] TPOrHO30B Mojlesieli OUHAPHON KJacCcHU-
KalliH, CJIeyI0HM 00pa3om:

PG
PSTAR = SvQG %ﬁgg GvSQ’ (32)
Psrar T Fgso + Pear
PQUSG
Pgso = pSvQG P%igc pGvsQ’ (33)
stAr T Xgso + Faar
pGuSQ
Poar = —3 o - G4

QG QuSG GvSQ
Pspir + Pgso +Poar

Mojienib cocTaBHOH KJacCH(HUKALMH [0 CXeMe
OJIMH-TIPOTHB-BCEX, TpeJCTaBJeHHasi Bblllle, HMeeT
psii HenocTaTkoB. OCHOBHOHM TPYJIHOCTBIO SIBJISIETCS
BO3MOXKHOE pasjiuve KaJuOpPOBOK BEPOSITHOCTEH,
MOJIydeHHbIX Pa3HbIMU MOJEJNSIMU (UTO MOXKET ObITh
0COOEHHO 3aMeTHbIM JiJis HecOaJaHCHPOBAHHBIX Bbi-
60opok, noapobree cM. bumton, 2007).

5.2.3. TpeHupoBouHasi BbIOOpKA M 0O0yuyeHUe
mojenael Kaaccupukauuu. st onTHuecKuX 00b-
ekToB B 30”-0KPECTHOCTH TOUEUHBIX PEHTTEHOBCKHX
uctounukoB ePO3UTA Mbl npuMeHHsH MoJesb 3x

Tom49 Ne7 2023



462

OTOKJIECTBJIEHUS] ONTHUECKHX KOMMAHbOHOB M OTO-
OpaJsu HanboJiee BepOSTHbIE ONTHUECKHE KOMIAaHbO-
Hbl (srg_match_flag = 1,2). [TonydeHHbli cnvcox
ONTHYECKHUX KOMIAaHbOHOB MbI coroctaBuiu B 17 co
CMEKTPOCKOMUUECKOH BEIOOPKOH 3Be3]1, KBa3apoB, ra-
JakThK U3 063opa SDSS DR17, a Takxke ¢ BeIGOpKO#
3ge3n. GAIA DR2 (S/N > 5 no napajiakcy uiu
cobeTBeHHOMY JiBUKeHHI0 ) B o6siact DESI LIS. Ta-
KUM 06pa3om, Oblia noJiyueHa BbIbopKa it 00yueHust
M TECTHPOBaHUSI Mojlesiell (hOTOMETPUUECKOH Kjac-
CU(UKALMK PEHTIeHOBCKUX HCTOUHHKOB. B Taba. 4
MBI MTPUBOJIMM UYHCJIO OOBEKTOB B TPEHHPOBOUHOH H
TECTOBOH 4aCTH BLIOOPKH.

[unepnapamerpbl MoJe/iM rpaadeHTHOro OYyCTHH-
ra Jiisi TPeXKJIacCoBOH KJjaccudpuxkauuu (28) ontu-
MH3HPOBAJUCh MPH TIOMOIIM METPUKH MHOTOKJIACCO-
BOH KpocC-3HTponuu. [unepnapameTpbl Mojiesieil rpa-
JIMeHTHOro GyCTHHra 1Jisi GUHAPHOH KJaccHpUKaLMH
(29)—(31) onTUMH3HPOBAJIKCH NPH MOMOLIA METPUKH
ROCAUC, Hec6aaHCUPOBAHHOCTb TPEHHPOBOUHBIX
BbIGOPOK 3/1eChb YUHTBIBAJIACH MPH MOMOLIH HACTPOH-
KH COOTBETCTBYIOLIMX THUIEpPNapamMeTpoB ajropurMma
LightGBM.

5.2.4. MeTpuUKH OlleHKH KauecTBa (h)oTOMETPU-
ueckoi Kaaccudukauuu. [{isi oleHky kauecTBa ¢o-
TOMETPUUECKOH KJIaCCH(HUKALMH PEHTIeHOBCKHUX HMC-
TOUHHKOB Ha BBIOOPKE C U3BECTHLIMH (M3 aCTPOMETPHU -
YeCKHX WJIM CIIEKTPOCKOMMUYECKUX JaHHBIX ) KJacCaMu
Mbl GyJIeM HMCIO0JIb30BaTh METPUKY MOJHOTHI KJaCCH-
cduxauuu. JInst BoiGpanHoro knacca C; ¥ npejickasaH-
noro knacca Cj:

NCZ‘*

_G
o (35)

Recall;; =

rae No; — uucao 00beKTOB UCTHHHOrO Kijacca C; B

BbIOOPKE, Ag;’* — UMCJI0 00BEKTOB HCTHHHOTO KJ1acca
C}, xnaccuHUMPOBAHHOTO KaK 00beKThl hOTOMETPH-
ueckoro knacca C;. Habop snauenuii Recall;; npen-
cTaBJsisieT coO0H TaK HAa3bIBAEMYIO MATPHILY MyTaHHLIbI

(anra. confusion matrix).

B pasjiesie 6 Mbl pUBe/IEM pe3yJ/ibTaThl CpaBHEHHS
Mo TUM MeTpPHKaM JIBYX OTHCAHHBLIX BbIllle MOJXO-
JIOB (hOTOMETPHUECKOH KJacCU(UKAlMK PEHTTeHOB-
CKHX MCTOUHHMKOB. Pe3y/ibTaThl KiacCUpUKALMH JIyd-
HIMMH MOJieisiMu TIpuBoasATes B Katasore SRGz (cwm.
nanee 1. 5.2.5).

5.2.5. JlaHHble 0 (hOTOMETPUUECKOU KJaccCu-
(¢MKauMM pPEHTreHOBCKMX HCTOYHUKOB B Kara-
aore SRGz. Jlnsi kaxjaoro oGbekra B KaTtajore
SRGz-CatD bl NpUBOIUM BEPOSITHOCTH PA3JIHUHBIX
KJacCOB W MeTKy HauOoJiee BeposiTHOro KJjacca
(B cronbuax srg_match_pstar, srg_match_pgso,
srg_match_pgal, srg_match_SQG — cm. Ta6a1. 2).

[MMCbMA B ACTPOHOMUYECKUN J)KYPHAJI

MEIIEPAKOB u np.

5.3. SRGz: mozesib HameperHsi hoToMeTpHIeCKHX
KPAacHbIX CMellleHHH

Hamu o6yyanuch uetbipe Mmoaesnu photo-z Ha nan-
HbIX M3 Pa3/IMUHbIX (POTOMETPHUECKHX 0630POB.

e Mogpeab 2. [1o nanubim 1Byx 0630poB — DESI
LIS u WISE (npunyautenbHasi goromerpus
W1 u W2 B karasore DESI LIS).

e Mopaeab 3spgs. I1o nanHbIM Tpex 0630poB —
DESI LIS, WISE u SDSS.

e Mopeab 3ps. [lo naHHBIM Tpex 0630poB —
DESI LIS, WISE u Pan-STARRSI.

e Mopaeab 4. [lo naHHbIM YeTblpex 0630pOB —
DESI LIS, WISE, SDSS u Pan-STARRSI.

Ha ocHoBe ykazaHHbIX Bblllle Mojiesielt photo-z nasnee
Oblia nosiyueHa KomOuHHpoBaHHasi mozaedb SRGz,
JUIs1 BCeX HaWIEHHBIX OTITHYECKUX KOMITAHbOHOB PEHT-
FeHOBCKMX MCTOYHHMKOB. [ljIs 3TOro BCe OMMCaHHble
BbIllIE MOJIe/IH OblJIH OTPAHAKUPOBAHBI [10 TOCTUTAEMOH
MMM TOYHOCTH CJIeIyIOLLUM 00pa3oM:

4 — 35pss — 3ps — 2, (36)

rie mMojesb 4 (photo-z nmo paHHbIM yeTbipex 0030-
poB) — HauboJiee TouHas. Jlasee /18 Kax1o0ro Haii-
JIEHHOTO ONTHYECKOTO KOMIIAaHbOHA PEHTreHOBCKOTO
MCTOUHHKA Mbl BBIOHPAJIM OJIHY U3 UeTbIpex Mojiesiel B
COOTBETCTBHH C PHOPUTETOM U JIOCTYIHOCTbLIO (POTO-
MEeTPHUECKHUX JJaHHbIX pacCMaTPUBAEMbIX 0630POB sl
KaKJ10r0 KOHKPETHOT0 06'beKTa.

B SRGz Mbl GyieM BbIUMCIISITH TOUEUHBIH POTHO3
photo-z o monie pacnpenenennst p(z|X)

2ph = argmax p(z|X) (37)

¥ €ro JieBble U npasbie 68% noBepUTe/IbHbIE HHTEPBA-
Jbl. Hakonel, Mbl 6y/ieM U3MepsiTh CTaHAAPTHYIO Be-
JIMUMHY YBEPEHHOCTH MporHosa photo-z cienytomm
o6paszoM:

zConf =

5Znnrm<0~06
& = Zph
1+ th'
5.3.1. TpeHupoBouHasi BbIOOpKAa M 0O0yuyeHUe
moaeneil photo-z. TpenupoBouHasi BbIOGOpKA J/Isi

o6yuenust mojeseil photo-z gopmupoBanach u3 cie-
JIYIOLLMX COCTABHbBIX YacTel.

p(z|X)dz, (38)

e 62norm =

e 449751 o6beKT Katajora ONTHYECKUX KBal3a-
poB SDSS DR14Q (Ilapuc u np., 2018). U3
karajora SDSS DR14Q 6buin ciayuaiinbim
o0pa3oM yJnaJjieHbl 4acTb KBa3apoB B paioHe
MUKOB pacrpejiesieHus, yToObl caenaTb OoJee
POBHBIM pacrpejieieHne 06beKTOB M0 KpPacHO-
My CMeLIEeHHIO ).
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SRGZ: METOJIbl MAILIMHHOT'O OBYUYEHUS U CBOMCTBA KATAJIOTA

e BriGopka VHzQ nanexkux ontuyeckux KBasa-
poB z > 5 u3 pa6otsl (Pocc, Kpocc, 2020) 6b1-
Jla orpaHuyeHa 1o o6JacTd MOKpbITHS 0630pa
DESI LIS.

e 136428 crekTpasbHbIX TajakTHK M3 0630pa
SDSS DRI14 (A6oadaru u ap., 2018). Us
crieKTpaJbHOM  BbIOOPKH rajaktuk SDSS
DR14 ©6buin BbiOpaHbl Bce OOBEKTHI CIEK-
TpasibHoro noxakaacca AGN, a st 06beKToB
MPOUMX CHEKTPaNbHBIX MOJKIACCOB JeJaNUCh
cJyyaiiHble  TOJABBIGOPKH —TakUM  06pasoM,
yTOObl COOTHOLUEHHE uHucsaa OOBEKTOB CO-
OTBETCTBYIOIIETO CMEKTPAJbHOTO TOJKIacca
K uucay o0bekToB moakiaacca AGN  co-
OTBETCTBOBAJIO  [OKa3aTe/siM, H3MepsieMbIM
Yy CIEKTPOCKOMHMYECKUX ONTHUECKHX KOMMa-
HbOHOB PEHTIeHOBCKHX HMCTOUHHKOB B T0Je
XMM-XXL-N (Mensesb u nip., 2016). Takum
Croco60oM Mbl TIPUOJIU3UIM  pacrhpesiesieHne
10 MOoJKJIacaM CHeKTPOCKOMHUeCKOH BbIGOPKH
rajaktik SDSS (cpeay KOTOpbIX B OCHOBHOM
GoJsibllIie KpacHble TaJlaKTHKH, CHSTbIE T10
nporpammam o63opa BOSS) k oxunaemomy
pacrnpesie/leHHI0  CMEeKTPa/bHbIX  MMOJKJ/IACOB
PEHTreHOBCKHX TaflakKTHK (MHOIHE U3 KOTOPbIX
SIBJISIIOTCS] TaJIaKTUKAMK C aKTUBHBIMU SIIPAMH ).

TpenupoBouHasi BbiGopKa jaasi Mojesieil photo-z no-
KpbiBaeT Bcio obJactb o63opa DESI LIS (B ta6a. 4
NPHUBEEHO CyMMapHoe 4uc/o 00beKToB). KoopauHa-
Tbl ¥ KpacHble CMellleHHs1 06'beKTOB BbIOOPKH TpHUBe-

JleHbl Ha cTpaHHulle pesyabratos SRGz/ .

B kauecTBe TecTOBOH BBIOOPKH /ISl OLIEHKH Ka-
yecTBa U3MepeHHil photo-z peHTreHOBCKMX MCTOUHH-
koB ePO3UMTA wucnosib3oBasach BbIGOpKA pPEHTre-
HOBCKHX UCTOYHHKOB C U3MEPEHHBIMU CIIEKTPOCKOTH -
YeCKUMH KpacHbIMM CMelleHUsiIMH B rosie Stripe82X
(cm. 1. 3.4).

5.3.2. MeTpuKU OLEHKH KauyecTBa MojeJel
photo-z. /Insi olleHKM KauecTBa TOUEUHBIX MPOTHO30B
photo-z Mbl HCTIOJIb3YEM JIBE METPUKH:

® HOpPMaJIM30BAHHOE CpeaHee abCcoJIIOTHOE OT-

KJIOHEHHe

onNmAD = 1.48 x median(|0znorm,il), (39)
e JI0JII0 KaTacTPOHUECKHX BHIOPOCOB
=1, N|d > 0.15

n>0.15 = #i = L, Nl0znom, i > ) (40)

N )

"https://www.srg.cosmos.ru/srgz2023
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rae N — pasmep TeCTOBOH BEIOGOPKH, @ HOPMHPOBAH-
Hasi HeBsI3Ka MPOTHO3a KPACHOTO CMelleHus (y i-To
00'beKTa) paBHa

Z hi — % i
ph,i spec,i
5Znorm,i S —

1+ Zspec,i

Hoansi katacTpohuuecKnx BbIOPOCOB PACCUMThHI-
Baercsl il nopora |dzporm.i| > 0.15, uto siBaisieTcst
TPAJMIIMOHHON METPUKOH OLEHKH JI0JM aHOMAJbHbIX
M3MepeHHH B MPOrHo3ax (POTOMETPUUECKUX KPACHbIX
CMelleHH PEeHTTeHOBCKUX KBa3apoB (CM., Hampumep,
CanbBato u 1p., 2022; Melepsikos u jp., 2018).

5.3.3. laHHble 0 (POTOMETPUUECKHX KPACHBIX
CMelleHUsIX BHerajlakTMYeCKUX PeHTreHOBCKUX
McTouHMKOoB B Katajore SRGz. Jlns kaxioro
oobekra B Karajore SRGz-CatD mbl Bbiunc/sieM
TOUEUHYIO OLIEHKY KpPaCHOro cMelleHHsl o0ObeKTra
srgz_z_max (MmoJiydeHHyl0 Kak MoJia BEpOSITHOCTHOTO
pacrnipenesenusi p(z|X), cM. popmyJy (37), TpuBoUM
JUIs1 Hee JieBble U npaBbie 68% NoBepuTe/IbHbIE HHTEP-
BaJlbl, a TaKxKe CTAHAAPTHYIO BEJMUYHHY YBEPEHHOCTH
nporuosa zCon f (cM. hopmyay (38)).

6. PESYJIBTATBI 1 OBCY)XKIEHUE

Jasi nosyuenusi katanora SRGz-CatD nau6o-
Jiee BEpPOSITHBIX ONTHUYECKUX KOMMAaHbOHOB TOUEUHBIX
pentrenoBckux uctounukoB ePO3UMTA B obusactu
o63opa DESI LIS wmbl o6yunau Jydiive Mojesu
SRQGz Ha 1aHHBIX COOTBETCTBYIOLLMX TPEHHPOBOUHBIX
BbIGOPOK (cM. TabJ1. 4 v onucanue oOyueHust MojieJieli B
n.5.1.3,m.5.2.3, 1. 5.3.1). Bo Bcex Tpex 3anauax, Ko-
Topble nocJenoBaresbHo pemaer SRGz (onTHueckoe
OTOXKJIeCTBJIeHHe, (hoTOMeTpUUecKas KiaaccuduKalus
M u3MepeHusi photo-z), Mbl cpaBHMBaeM JiydllHe H
6a3oBble MOfIe/IH. [1/151 ONTHYECKOTO OTOXK/1eCTBJIEHHS
6a30BO MOJIEJIbIO SIBJSIETCS OTOXKAECTBJEHHE 110 OJIH-
XKafiemy ontudyeckomy coceny (em. m. 5.1.1). s
dhoToMeTpHuecKoi KaaccuduKaiuu 6a3oBoi sIBJISIET-
csl TpexkJaaccoBas Mosiesb (1. 5.2.1). Ilnsg usmepenus
photo-z mbl 6ynem cpaBHMBATL pe3yJbTaThl JydllleH
moziesin SRGz ¢ pedysnbTatamu Mojiesiel U3 iMTepary-
pbl Jyist TecToBOK o6sacTh Stripe82X (AHanHa u 1p.,
2017; bpeuna u np., 2019).

Onucanne pesyJsbTaToB paboThl OPraHU30BAHO
caenyom ob6pazoM. B n. 6.1 BbinoJsiHeH aHasus
(hoTOMeTpHUECKUX MPU3HAKOB (M3 paccMaTpHBaEMBbIX
B n. 3.2), kotopble Mmopeaun SRGz wucnosb3ytor
JUISE OTOXKJIECTBJIEHHUS U KJaCcCH(UKALIUKU ONMTHUECKHUX
KOMMAaHbOHOB TOYEUHBIX PEHTIeHOBCKHX MCTOUHMKOB
ePO3UTA, BblneseHbl Haubosiee BaxKHble (POTO-
MeTpHUecKHe TMpu3Haku. 3ateM B M. 6.2 mMbl Oy-
neM o6CyKnaTh pe3ysbTaThl MOJeJel ONTHUECKOro
otoxaectBiaennsi SRGz B OTHOLIEHUH PEHTTEHOBCKUX
00bEKTOB C ONTHYECKMMH KOMMaHbOHaMH H 6e3
onTtuuecknx komnanboHoB B DESI LIS (“6e3nomubie”
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peHTreHOBCKHe UCTOYHUKH ). asiee B . 6.3 o6cyxia-
IOTCSl Pe3yJ/IbTaThl Mojiesiel (POTOMETPUUECKOH Kjac-
cudukaumn SRGz. B pasnene 6.4 o6cyxnatorcst npu-
MeHeHHe SRQGz as1 ONTHUECKOrO OTOXK/ECTBJIEHHS
TOUEUHBIX peHTreHoBcKUX ncTouHnkoB ePO3UTA, a
TaKXKe HX KaaccHUuKauus U uaMepeHne (horomer-
pPHUUECKHX KpaCHbIX cMellleHnH, B noje Stripe82X u
JieJlaeTCsl CpaBHEHWe C pe3ysbTaTaMu, JOCTYIHbIMH B
JTepaType Mo 3ToMy Modio.

6.1. AHaJiH3 BaXXHOCTH QOTOMETPHUECKHX MTPH3HAKOB
JUIST OTOXKAECTBJIEHHS H KJACCHHKAIHH ONITHIECKHX
KOMIIAHbOHOB TOYEUHBIX PEHTI€HOBCKHX
uerouyankos ePO3HTA

[lepen Tem Kak NpeacTaBUTb pe3yJibTaThl aBTO-
MaTHueckoi knaccudukaumn SRGz, Mbl 3aja/nch
BOIMPOCOM, KakHe (hoToMeTpHuecKHe NMpU3HaKH 00b-
eKTOB sIBJISIIOTCS HauboJiee BaXKHBIMU JUIs1 pasjielie-
HHSI ONTHUECKOTO KOMIIaHbOHA W 0O'bEKTa MoJisl, s
pasjiesieHnst MeXK1y pa3iuuHbIMH (PU3HUECKHMHU KJac-
camu 00bekToB. OTMETHM, 4TO OOydeHHble MOJEJH
MalllMHHOTO 0OyUYeHHs MO3BOJISIIOT OLEHUTh BaX>KHOCTh
MPU3HAKOB ABTOMATHYECKH, OJHAKO 3TH OLLEHKH MO-
IyT MJ10X0 paboTaTh B YCJAOBHSIX OOJILLIOTO KOJIMUe-
CTBa CKOPPEJMPOBAHHBIX (POTOMETPUUECKUX MPHU3HA-
KOB. OlLieHKa BaXKHOCTH MPU3HAKOB MOJIE/IH, BCTPOEH-
Hasi B METOJL FPaJIHEeHTHOro OyCTHHTa, TaKKe CTpaaaeT
OT 3TOr0 HEJIOCTATKA, U, I0KA3aB OJIMH NPU3HAK HoJiee
BaKHbIM, BaXKHOCTb JPYrHX MPHU3HAKOB MOKET ObITb
MCKYCCTBEHHO MOHMXKEHa.

HaunboJsiee Toutble U noapoOHbIE OLLEHKH BaXKHO-
CTH MPHU3HAKOB JlaeT HCMOJb30BAHHE METO/1a BEKTO-
po Ismum (aurn. Shapley additive explanations,
SHAP — Jlyun6epr, Jlu, 2017). [TonpoGubiit ananmn3
BaXKHOCTH (POTOMETPUUECKUX TPU3HAKOB PEHTIeHOB-
CKUX 0OBEKTOB BBIXOJMT 3a PaMKHM JaHHOH pabo-
Thl, TTOTOMY Mbl BOCMOJIb3yeMcsl 3/iech 0oJiee Mpo-
CTOW OIIEHKOH BAa)KHOCTH, B KOTOPOH BCE€ MPH3HAKH
paccmarpuBaioTcsl He3aBUCHMO. Mbl OyleM BbIYHC-
JISITh JUI51 Ka2KJ10r0 (DOTOMETPHUECKOro PHU3HaKa, BXO-
JSILLEero B Mojieslb, BeJqMuuHy mnjotaan nox ROC-
KpuBo# (anrs. Receiver Operating Characteristic,
pabouasi XapaKTepuCTHKa MPUEMHHKA ), sIBJSIONIEHCS
CTaHJAPTHOH MepOH KauecTBa paHKHPOBAHUS B 3a/1a-
yax kaaccuguxaiuu (Pocerr, 2006).

B Ta6a. 5 npuBeneHO 3HaueHWe IUIOLIAAM TOJ
ROC-kpuBoIi, KOTOpoe OTpakaeT Ba)KHOCTb (POTO-
METPHUUECKOTO TPU3HAKA MPH PAHKUPOBAHUH 0ObEK-
TOB pasHbIX KJIACCOB: (i) ONTHUECKUX KOMMAHbOHOB U
o6bekToB moJisi B 30" -okpectHoctH, (ii) peHTreHOB-
CKHX KBa3apoB U 3Be3J, (iii) peHTreHOBCKHUX KBa3apoB
M TaJaKTHK, (iV) peHTTeHOBCKHUX 3Be3Jl U rajakTuk. B
TabJMLe NPU3HAKK OTCOPTHPOBAHBI B MOPSIIKE BaxK-
HocTH, npuBeleHbl 10 HanboJiee BaXKHBIX NMPU3HAKOB
JUIST KaXKJIOH 3a1auM.

Ha ocHoBe BaXXHOCTH MpPHU3HAKOB TabJs. D MOXKHO
c/le/1aTh HECKOJIbKO HHTEPECHBIX BbIBOJIOB!

[MMCbMA B ACTPOHOMUYECKUN J)KYPHAJI

MEIIEPAKOB u np.

e Jlns Bcex 3ajmau, KpoMme 3ajauyd pasjese-
HUsl  KBasap/ralakThka, OTHOLIEHHsl peHT-
ren/onTHKa SBJSIOTCS HauGoJee BaxKHbIMHU
NpU3HaKaMH, pasziessioliMK Kaaccebl. Tak, aist
YKa3aHHbIX 3a7a4 pas/uuHble BApHAHTbl OTHO-
LLIEHHs] peHTreH/onTHKa 06513aTe/IbHO BXOAAT B
TOP3 npusnakos.

e Jlnsi pasjiesienysi Kasap/rajakTika GoJiblioe
3HaueHHe UMEIOT BBeJIeHHbIe HaMU Bhilile (hop-
myJibl 10—12) uBeroBble paccTosiHusl, a Tak-
»Ke 1Bera 00bekToB B ontuueckom u HMK-
JiHanasoHe.

o Llger (W) — Wy) Haubosee BaxkeH sl 3aaayu
pasjieJieHHsl  KJ1acCOB  PEHTIEHOBCKMI  KBa-
3ap/3Bes/ia M peHTreHOBCKUi KBasap/rajiakTuka
(st stux samau (W, — Wa) HaxomuTesi Ha
nepBoM/BTOPOM MecTe 110 BaxKHOCTH).

e Jlisi pasjiesiendsl raJakTMKa/3Bes3fa M rajak-
THKA/KBA3ap Bax<KHyI0 POJib UMEIOT MPHU3HAKH
sersic W type — OHM OIpeaessitoTcss Mopgo-
Jorvuell U dopmoil npocuss pKOCTH 00beK-
Ta Ha onTthueckux uzobparkenusix DESI LIS.
BakHoCTb IaHHBIX IPU3HAKOB MPH pa3jiesieHUH
MPOTSZKEHHBIX/TOUCUHBIX 00LEKTOB B ONTHYE-
CKOM JiMana3oHe BIOJIHE MOHSITHA.

e B 3anaue pasjesienust oNTHUECKOrO KOMIAHbO-
Ha W oObeKTa noJisi HanboJsiee BaKHYIO POJib
urpatot MK-Beanunna Wo 1 oTHOlLIEHHE peHT-
ren/UK X/Ws. 1o BaKHOCTH 3TH TPU3HAKHU
Bxoaar B TOP3 BmecTe ¢ mpu3HakoMm pac-
CTOSIHUSI MEKJly PEHTI€HOBCKHUM U ONTHUECKHM
MCTOYHUKOM B €IMHHIIAX OLIMOKH JIOKAJIH3aLMH

(of fset).

Onwupasicb Ha onMMCaHHbIE BbIlIe 3aKOHOMEPHOCTH,
Mbl 0TOOpAJIK Py MPU3HAKOB, KOTOPbIE MPeJICTaB-
JISIIOT HauOOJbIIMH MHTEPeC ¢ TOUKH 3PEHHS] BU3Y-
aJn3allid U UHTepripeTalny GOTOMETPUUECKUX NaH-
HbIX PEHTTeHOBCKHX MCTOUHMKOB. CHayasa Mbl pas-
Ou/M MpU3HaK type Ha JBe KaTeropuu: (i) type =
= PSF, DUP (xapakTepHble ]Il 3B€3]1 H KBa3apoB)
u (ii) type = REX, SER, DEV, EX P (xapakrep-
Hble JUIS paauabHbIX MPOGHIEH IPKOCTH TaJaKTHK ).
Hanee Mbl BBIOpa/In Be 3BE3HBIX BEJMUHHBI (OMTH-
veckyto g 1 MK Wh), nBa uBeroBbix paccrosinust ((z —
— Wy) distance, (9 — Wy) distance), na usera (or-
tnueckuit (g — r), UK (W — Wa)) 1 1Ba oTHOLIEHUS
pentren/ontuka(UK) — (X/z u (X/W1)sanato)-

Mbl pa3busn ykazaHHble Bblllle MPU3HAKKM HA Maphbl
1 OyleM aHaJu3MpoBaTh pacrpeiesieHds 00beKTOB
pasHbIX (PU3HUECKUX THIIOB Ha MJIOCKOCTSIX (OTAE/NbHO
JUISl KaXKJIOH M3 JIByX KaTeropuil onTuueckoi Mopo-
JIOTUH HCTOYHHKA ).
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Ta6auua 5. BaxxHocTb hOTOMETPUUECKUX TIPU3HAKOB TIPU pa3/ie/ieHHH PEHTIEHOBCKUX 0O'bEKTOB PA3JIMUHbIX K1aCCOB

# doTomeTpuuecKuii MpU3HaK ROC AUC # doromerpruecKHil MPU3HAK ROC AUC
OnTHUECKHil KOMIaHbOH/0ObEKT 1015t lanakTnka/3pesna
3x of fset 0.97 3x col sersic 0.98
W, 0.94 type 0.98
X/ Wy 0.94 X/z 0.90
(X/W1)salvato 0.91 X/Wq 0.88
wh 0.90 (X/W1)salvato 0.88
X/ Wy 0.90 X/r 0.87
X/g 0.90 X/Wy 0.87
g 0.89 X/g 0.86
X/r 0.88 (W1 —Wy) 0.84
r 0.87 (z — Wa) 0.80
Kpasap/3seana KBasap/ranaxrika
3.x,col X/z 0.99 3x,col (W1 — W) 0.97
(W1 — Way) 0.99 (g —2) 0.97
X/ Wy 0.99 (g—r1) 0.97
(X/W1)satvato 0.99 (z — W) distance 0.96
X/r 0.98 sersic 0.95
X/ Wy 0.98 (g — W) distance 0.94
X/g 0.97 (r—2z) 0.94
(z — W3) 0.94 (r — W) 0.94
(z — W) distance 0.92 (X/W1)sanvato 0.93
(r — Wa) 0.89 type 0.92

IMpumeuanue. 3nauenue niotanu nojg ROC-kpusoit (ROC AUC) otpaxaer BaXKHOCTh NPU3HAKa MPH paHKMPOBaHUH: (1) ONTHUECKHX
KOMITaHLOHOB M 00'beKTOB MoJist B 30" -okpecTHoCTH, (ii) KBazapos u 3Beay, (iii) KBasapoB U ranakTuk, (iv) rafakTuk u 3ses. B tabauie
npusHaku orcoprupoBanbl o ROC AUC u npuBesietbl 10 HanGoJiee BaXKHbIX NPU3HAKOB ISt KaXK10¥ 3a1au. JKHUPHBIM BbIjleJI€HbI
BOCEMb NIPU3HAKOB, KOTOPbIE Mbl GyJI€M HCIOJIb30BATh HA paUKax HHTEPIPeTaLHl MOJIEJIe.

1. Imarpammbl IBeT—BeJHUHHA:

e ontuueckui et (g —r) — UK-pesmuu-
Ha Wg,

e 1BeTOBOe paccrosiHue (g — Wh) distan-
ce — ONTHYECKas BeJIMUUHA g.

2. Jluarpammbl UBET—LBET:

e uHdpakpacublii uper (W1 — W2) — or-
HOllIeHHe peHTreH—onThKa (X/z),

[MMCbMA B ACTPOHOMMUYECKUN )KYPHAJI

e 11BeTOBOE paccTosinue (z — Wa) — oTHO-
wierne perrren—HK ((X/W1)aiato)

CaienryetT OTMETHTB, UTO HAa TAaKOM GOJIbIIOM 00b-
eMe JIaHHBIX O PEHTreHOBCKHX HCTOUHHKAX B 0030pe
He6a MOMOOHBIA JeTalbHbIl aHaan3 (hoToMeTpuue-
CKHX CBOWCTB PEHTI€HOBCKHX HCTOYHHMKOB JI€JIAETCS
BIE€PBble U MOXKeT ObIThb UpPE3BbIUANHO MOJIE3eH sl
JaJIbHEHIIMX MCC/Ie0BaHUE B 06JIaCTH PEHTTeHOB-
CKOH acTpo(U3UKH, OTUPAIOLIUXCS HA aHAJN3 MHOTO-
BOJIHOBOH (hOTOMETPHH.
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Puc. 5. PasrpannueHne onTHYECKUX KOMITAHbOHOB TOUEUHBIX PEHTTEHOBCKHUX HCTOUHHKOB JIByXJeTHero o63opa ePO3UTA s
CIEKTPaIbHBIX/aCTPOMETPHUECKUX KIACCOB Ha MIOCKOCTH LiBeToBoe paccTosinke (g — W1) — BeluuuHa g. JlaHHble MpUBeieHb
JTs1 3B€371006pa3HbIX ONTHUECKUX 00LEKTOB (BEPXHSS MaHeJb) U MPOTSKEHHbIX HCTOUHUKOB (HHKHSIS MaHesb) B 063ope DESI
LIS. B sieBom croJiflie 1MoKa3aHo pasjesieHHe Mexy ONTHUECKUMH KOMIMaHbOHAMH (roJiyOble TOUKH) W OObEKTaMH M0Jsi
(KopHUHeBbIe TOUKH ), CJIe/ylolHe CTOJOLbI TpaUKOB — KBa3apbl, raJakTHKH, 3Be3/bl. Ha rpacukax crnpaBa nokasaHbl 3Be3/bl
GAIA (nyprypHble TOUKH), KaTakauamuueckue nepemennbie (CV — kestbie ToukH), Gesbie Kapaukd (WD — cuHne Toukn),
NpouHe crieKTpockonuueckue 3se3sibl SDSS (uepHbie Toukn).

[MMCbMA B ACTPOHOMUYECKWH )KYPHAJT tom49 Ne7 2023
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Ilanee Mbl pacCMOTPUM MOABBIGOPKY 0O BEKTOB Ka-
tajora SRGz-CatD B o6sactu DESI LIS, y xo-
TOpbIX HMeeTcsl criekTpasdbHas (SDSS) uau actpo-
metpuueckasi (GAIA) knaccuduxaumsi. Takke Mbl
paccMoTpuM BbIOOPKY 06beKTOB U3 Katasora SRGz-
CatA, 1151 KOTOPBIX UMEIOTCs yKazaHus (Mo JTaHHbIM
Chandra, Chandra, Swift) o Tom, Kakoil HMeHHO
ONTHYECKUH OOBEKT SIBJISIETCS KOMIAHbOHOM HCTOY-
nnka ePO3UTA, a kakue HCTOUHHMKHM He CBSI3aHbBI
C COOTBETCTBYIOLIUM PEHTTEHOBCKUM OOBEKTOM (CM.
noapoGHee B 1. 5.1.3).

31ech Mbl OyJieM paccMaTpUBaTh cjeyrolme pu-
3HUeCKHe KJIacChl ONTHYECKUX 00BEKTOB B OKPECTHO-
CTH PEHTT€HOBCKUX HCTOUHUKOB:

1. OnTuueckue KomnaHbOHbI. Kjacc onThue-
CKHX KOMITAHBOHOB TOUEUHBIX PEHTTEHOBCKHUX
uctounnkoB ePO3MTA, oroxKaecTBIeHHBIX
npu nomoltil jaanubix Chandra. Ha rpadukax
00'bEKThl TOKa3aHbl ToJyObIMU (aHTJI. cyan)
TOUKAMH.

2. O6bekTbl MoJad. Kiacc onTuyeckux UCTOUHH-
KOB, He CBSI3aHHbBIX C PEHTTeHOBCKUMH HCTOU-
nukamMu ePO3UTA W 0TOXKJECTBJIEHHBIX MPH
nomoli ganubix Chandra. Ha rpacdukax o6nb-
€KTbl TI0Ka3aHbl KOPUUHEBLIMH (aHrJ. brown)
TOUKAMH.

3. OnTHueckue KomnaHboHbl — 3Be3abl GAIA.
Actpomerpuuecknit kjaacc 3Be3n no GAIA
DR2 (y ontuueckoro komnanboHa oOHapy»KeH
napaJjJiakc WM COOCTBEHHOE JIBUXKEHHe C
S/N >5). Ha rpadukax oObeKTbl MOKa3aHbl
NyprypHbIMH (aHrJ1. magenta) Toukamu.

4. OnTHueckre KOMNaHboHbl — 3Be3Abl SDSS.
CriekTpockornuueckuil knace 3Be3n no SDSS
DR17 (11 Bcex 06beKTOB Mbl JOMOJHUTENBHO
notpe6oBaiM, 4TOObBI OHM TaKKe SIBJISIIUCDH
sBesnamu no GAIA). Kpome Toro, mbl no-
MOJIHUTEJIBHO PA3JIe/IUIIM CIIEKTPOCKOMMYECKHE
3Be3/lbl Ha TPU KaTeropun Ha 0Oase TpHBe-
JICHHOTO TOJIK/Jacca B CIEKTPOCKOMUYECKOM
karajore SDSS — kaTak/an3muueckue nepe-
menHble (CV — xkenTble Touku), Gesble Kap-
Jaukn (WD — cunue ToukM) M Bce oCTasibHble
MOJIKJIaCChl 3Be3/1 (UepHble TOUKH HA rpaduKax ).

5. OnTHyecKHe KOMNaHbOHbl — KBa3apbl SDSS.
CrneKTpOCKONMYeCKUH KJacC KBa3apoB 10
SDSS DRI17. Ksasapsl nokasaHbl KpacHbIMH
TOUKaMH Ha rpaduKax.

6. Onrnueckue KOMMNaHbOHbI — rajJJakTHKH
SDSS. CreKTpoCcKONUUeCcKHi KJIace rajakTHK
no SDSS DRI17. [anakTuku nokasaHbl 3eje-
HBIMH TOUKAMH Ha rpadukax.

[MMCbMA B ACTPOHOMMUYECKUN )KYPHAJI
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Ha puc. 5—8 nia Bcex BbIOpaHHBIX MJIOCKOCTEH
LUBeT—BeJHUMHA M LBeT—LBeT [OKa3aHbl 110 JBe
nanesiu rpacukoB. Ha BepxHe# nanesim — onTuueckue
MCTOUHHUKH ¢ MOP(OJIOTHUECKUM TUTIOM type = PSF,
DUP. Ha umxHel mnaHenu rpaukoB MOKa3aHbI
00BEKTbI BCEX OCTAJbHBIX MOP(HOJOrHUECKUX THIOB
(type = REX, SER, DEV, EXP)— npotsiKeH-
Hble onTuueckue HCTOuHWKH. Ha kaxpom crosbiie
rpauKoB pUc. 5: onTHYECKHEe O0OBEKTHI M0Jsl, KOM-
MaHbOHBI PEHTTEHOBCKHUX HCTOUHUKOB, PEHTTEHOBCKHE
KBasapbl, PEHTTEHOBCKHE TaJlaKTHKH, PEHTTeHOBCKHE
3Be3/Ibl.

Ha NpeacTaBJ€HHbIX PUCYHKOB MOXKET ObITb Cle-
JIaH psi[l BaXKHbIX BbIBOJIOB!:

e Kak M0xKHO BHJIETb Ha JIEBOM BepXHEM rpaduke
pHc. 5, OCHOBHAsl Macca PEHTIeHOBCKHX 3Be3JL
(He CV) 1 KBa3apoB XOPOLLIO pasJessieTcs Mno
ONTHUECKOH 3Be3JHOH BeJMUMHE B CHJly Kap-
JMHAJILHO PA3JUYAIONIET0Cs y 3THX KJAcCOB
OTHOLLIEHUs! PeHTreH,/ONTHKA (CM. TaKiKe JieBble
BepxHHe rpacuku Ha puc. 7—8). C npyro# cTo-
POHBI, ONTHUECKAS BEJUUMHA TJIOXO PasyiesisieT
KOMTMaHbOHBI—KBAa3apbl K 00BEKTHI OIS

e Pacnpenesiende KOMINaHbOHOB—KBA3apoB U
00'bEKTOB MOJIs1 CHJIBHO MepeKpPbIBAETCS 110 O-
THUECKUM BeJIMUMHAM (CM. JIeBbII BepXHHUH rpa-

(MK pHC. 5 W 10 OTHOLIEHHIO PeHTreH/oNnTHKa
(cm. puc. 7). Kak cnenyet u3 puc. 6 u 8 (/1eBble
BepxHUe rpaduKu), pasjeseHre KOMIaHbOHOB
u oObekToB mnoas no HMK-peanunne wumn
otHowlenuio pentren/MK ctanoBuTest Xopolio
3aMeTHbIM U paboTaeT Kak jJsl TOUeUHBIX, TaK U
IS TIPOTSZKEHHBIX OTNITHUECKUX 00BEKTOB.

e Kiacchl peHTreHOBCKMX KBAa3apoB M raslakTHK
3aMeTHO MepeKPbIBAITCS B IPOCTPAHCTBE MPH-
3HAKOB M MOTYT OBbITb HaleXKHO pasjie/ieHbl
TOJIBKO MO ONTHYECKOMY MOP(OJIOrHyecKoMy
THITY.

e KJiacchl KaTak/IM3MHUECKHX TIepeMEHHBIX (2KesT-
Thle TOUKH Ha rpadukax) U KBazapoB (Kpac-
Hble TOYKH) 3HAUYHTEJNBHO MepeKpbIBAIOTCS B
MpoCTpaHCTBe MPU3HAKOB. 3Be3/bl kiaacca CV,
KaK ¥ KBa3apbl, UIMEIOT BbICOKHE 3HAUEHHUS OT-
Howlenust pentren/ontuka-MK, uto cepbesno
3aTpyaHsIeT X (HOTOMETPUUECKOE pasfieseHne
OT KBA3apoB.

B crenyiouiell yacTu Mbl MpeACTaBUM W MpoaHa-
JIU3UPYEM pe3yJbTaThl aBTOMATHUECKOH (POTOMETPH-
ueckoil kimaccudukauun SRGz B TecToBO# 06sacTH
SDSS.
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Puc. 6. PasrpannueHne onTHuecKHX KOMIAHbOHOB TOUEUHBIX PEHTITEHOBCKHX HCTOUHHKOB JABYXJIeTHero 063opa ePO3MTA nns
CleKTPabHbIX/aCTPOMETPHUECKHX KAACCOB HA MJIOCKOCTH LBeT (g — ) — BesinunHa Wa (M0APOGHOCTH M0 0603HAUEHHSM U
rpaduKaM cM. TeKCT U MOIMUCh K pHC. D.

6.2. OtoxxnecTBiaeHHe ONITHIECKHX KOMIAHbOHOB pentrenoBckux uerounnkoB ePO3UTA. [last kaxio-

““ ”
H "6e310MHDIX ” PEHTTCHOBCKHX 00hEKTOB r0 PEHTIeHOBCKOTO 0O'bEKTa B KATaJ10re COLEPIKHTCS,

B karanore SRGz-CatD cpopmuposana BbiGop- BO-TIEPBbIX, HauboJIee BEPOSITHBIH ONTHUECKHH KOM-
Ka BEPOSITHLIX ONTHYECKUX KOMIAHHOHOB TOUYEUHBLIX

[MMCbMA B ACTPOHOMUYECKHH )KYPHAJT tom49 Ne7 2023
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Puc. 7. PasrpaHnueHne onTHYECKUX KOMITAHbOHOB TOUEUHBIX PEHTTEHOBCKUX HCTOUHHKOB JIByXJeTHero o63opa ePO3UTA s
CIeKTpasibHbIX/aCTPOMETPHUECKHX K1accoB Ha miockoeTh useT (Wi — Wa) — otnotuenue pentren/ontuka X/ z (noapoGHocTH
10 0603HaYeHUsIM U TpauKaM CM. TeKCT U MOJIHCD K PHC. D.

MaHbOH U, BO-BTOPbIX, APyrie BO3MOKHbIe KoMNanbo-  Katajore SRGz-CatD npusoasitest BepositHocTn P,
HBI C BBICOKHM p; (3nauenmst “1” u “2” B cronbue i, P, BBEJeHHbIE HaMK patee (CM. 1. 5.1.5urabu. 2).

_match_flag cooTBercTBeHHO). 11 Bcex 00BEKTOB B Kakasi-To 4acTb pEHTreHOBCKHX HCTOUYHHKOB
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Puc. 8. Pasrpanuuenne onTHUeCKHX KOMMAHLOHOB TOUEUHBIX PEHTIEHOBCKHX MCTOUHMKOB JIByxJeTHero o63opa ePO3UTA
IS CMeKTPaIbHbIX/aCTPOMETPHUECKHX KIAaCCOB Ha MJIOCKOCTH LIBETOBOe paccTosinue (z — Wa) — oTHowenue pentren/MK
(X/W1)salvato ) (TTOLPOGHOCTH MO 0603HAYEHHSIM U TPAUKAM CM. TEKCT U MOIIHCH K PHC. ).

ePO3MTA MoKeT He HWMeTb OINTHYECKOro KoMIla-
uboHa B karajsore DESI LIS. Panee ™Mbl cmesasu
OLIEHKY JIOJIM “Oe37I0MHBIX” PEHTIeHOBCKUX 00beK-
TOB B 3aBUCHMOCTH OT PEHTT€HOBCKOTO MOTOKa MO

nabmonennsim ePO3UTA B nose Hpipbl JlokmaHna

[MMCbMA B ACTPOHOMMWYECKUM JKYPHAJI

Ttom49 Ne7

(osist “6e310MHBIX” 0O'BEKTOB COCTABJISIET BEJUUUHY
(1—-P.), cm. puc. 15 B pabore DbesnbBenepckuii
u ap., 2022). Kak moxkHo Buzmeth, B mnoJie JIbIpbl
Jlokmana ontuueckas riy6una DESI LIS nocratouna
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Puc. 9. nOBerHOCTHaﬂ MJIOTHOCTb ONTHYECKUX O0OBLEKTOB B 3aBUCUMOCTH OT pacCcTosgHUA 10 TOYEYHOro0 PEHTTE€HOBCKOIO
HUCTOUHUKA B TECTOBOU BblGOpKe OINTHYECKOI'O OTO2KACCTBJICHHUSA. CI'[J'[OLL[Haﬂ, MyHKTUPHasl, LITPUXOBbIC IMHUK — MOBEPXHOCTHAas
[IJIOTHOCTb ONTHYECKHUX KOMIIAHbOHOB, BCE€X ONTHUECKHX 06BEKTOB MM0J151 U GJIMKAHIIKUX 00'BEKTOB M0JIsI COOTBETCTBEHHO.

JUISl PETUCTPALIMK ONTHUECKUX KOMIaHbOHOB y GoJiee
uem 80% ucrounnkoB ePO3UTA ¢ peHTreHOBCKUM
notokoM Fy o592 = 7 x 107 spret em™2,

Wnentuduupposatsh “6e3/10MHble” PEHTTEHOBCKHE
o6bekTbl B SRGz-CatD nosposisier BesinunHa Py
(croniben srg_match_p0), npuBeneHHas Jist Kaxkaoro
PEHTreHOBCKOTO MCTOUYHHKA B Kartasiore. OnTHueckoe
OTOXKJIECTBJIEHHE PEHTTEHOBCKUX UCTOUHHKOB JJISI 3a-
JaHHOro 1opora Py s BbINOIHACTCA B 2 9Tana (cm.
Takxke puc.3 B paGore bBembBenepckuii u ap., 2022)
CJIe/lyIOIM 00pa3oM:

1. U3 BBIGOPKH PEHTTEHOBCKUX HCTOUHHKOB OTOH -
paioTcst 00beKThI ¢ Fy > P ihres, KOTOPbIE CUK~
TAlOTCSl PEHTTEHOBCKUMH 0ObeKTaMH, He UMe-
IOILIMMH  ONITHYECKOro KoMNaHboHa (“6e3mom-
Hole”) B 0630ope DESI LIS.

2. Jlng oCTaBIIMXCS PEHTTEHOBCKUX OOBEKTOB C
Py < By thres B KauecTBe HanOOJI€E BEPOSITHOTO
ONTHYECKOT0 KOMIMaHbOHA BbIOMpAETCsl OMNTH-
YeCKUH 0ObEKT B OKPECTHOCTH PEHTI€HOBCKOrO
MCTOUHHMKA C MAKCUMaJIbHbIM 3HAYEHHEM pP;.

[1pu nostydeHun BIGOPOK ONTHUECKHX KOMIAHbO-
HOB PEHTIreHOBCKMX HCTOYHUKOB H “0e3/10MHbIX PEHT-
reHOBCKHUX 00beKToB u3 Katasnora SRGz-CatD Bcra-
eT BONpoC BbIGOpa HauJyylero nopora Py jhres. [1pu
MCC/IeIOBAHUH PEHTIeHOBCKMX OOBEKTOB C KOMIIa-
HbOHAMM M 63 HUX 3HaueHHe ONTHMaJIbHOro nopora
P} thres MOXKET BbIOMpPATLCS pasHbIM. Tak, ymeHbLias
3HaueHWe Mopora, Mbl jejaeM BbIOOPKY ONTHUYECKHX
KOMIaHbOHOB GoJiee YHCTOH (MPH 9TOM TaKKe yMeHb-
mas ee noJsHoty). C JIpyroél CTOPOHBI, yBeJgHUeHHE
Py thres 1€1a€T GOJiee YMCTOH BBIGOPKY “G€310MHBIX”
00BEKTOB (OJHOBPEMEHHO YBEJUUNBAs TOJHOTY Bbl-
OOPKH ONTHUECKUX KOMITAHbOHOB).

[MMCbMA B ACTPOHOMMUYECKUN )KYPHAJI

6.2.1. CpaBHeHMe KauecTBa MoJeJel onTvue-
CKOT'O OTOX/€CTBJEHUSI PEHTT€HOBCKMX HCTOUYHH-
KoB. Ha puc. 9 nokazana 3aBUCMMOCTb MOBEPXHOCT-
HOU TJIOTHOCTH ONTHUECKHUX 0OBEKTOB OT PACCTOSHUS
JIO TOUEUHOr0 PEHTTeHOBCKOIO HMCTOUHHKA B TECTO-
BO BLIOOPKE ONTHUECKOTO OTOXKIECTBJIEHHS (CIJIONI -
Hasl, MyHKTUPHAsI, LIITPUXOBbIE JIHHUH — MOBEPXHOCT-
Hasl IVIOTHOCTb ONTHUECKUX KOMIIAHbOHOB, BCEX OIl-
TUUECKUX OOBEKTOB MoJisi U OJMKANIIMX K peHTre-
HOBCKHM HCTOUHMKAM OO'BEKTOB I0JISI COOTBETCTBEH-
Ho). Kak cnenyer u3 puc.9, ¢ pocToM paccTosiHus
JIO PEHTTreHOBCKOro o0bekrta, Ha d > 5" mjioTHOCTDb
OMMKAUILINX ONTHUECKUX OOBEKTOB I0JsI HauuHaeT
MPEeBOCXOAUThL MJIOTHOCTb ONTHUECKHX KOMIMAHbOHOB
PEHTTeHOBCKUX HMCTOUHHMKOB, UTO MOXKET MPUBECTH K
YMEeHbIIEHUI0O TOYHOCTH MOJENH ONTHUECKOrO OTOXK-
JIECTBJIEHUS 10 OJIMKANIIIEMY OMTUUECKOMY COCELY.

Jlasiee Mbl CpaBHUM OKa3aTesld KauecTBa MOJIeJH
OTOXKJIECTBJIEHUS 110 OJIMKAIlIeMy ONTHUECKOMY CO-
ceny u Jayuiedl mojenn SRGz (onucanubie B 1. 5.1.1
u . 5.1.2 cootBercTBeHHO) 1o MeTpuke ROCAUC.
Mbl onpe/iesiiM, HACKOJIbKO XOPOLIO BbIOpaHHble MO-
JIeJI TIO3BOJISIIOT PaHXKMPOBATh JIBa Kjacca OMNTH-
yeckHX 0ObEeKTOB B TECTOBOH BbIOOpKe: (i) onTHue-
CKHe KOMIMaHbOHbI TOUEUHBIX PEHTTEHOBCKHX HCTOY-
HUKOB (CrjiolIHast JiMHUs Ha puc. 9) u (ii) Ganxaiiiime
K PEHTTeHOBCKHM HMCTOUHHKAM OMNTHUYECKHE OOBEKThI
noJisi (LITpUXoBast JJUHUS Ha puc. 9).

Kak moxkHo0 BuaeTb u3 tabJ. 6, Mojie/ib OTOXK1eCTB-
geunsi SRGQz 3HauuTeIbHO Jyullle paHKUPYeT ONTH-
yecKre KOMNaHbOHbI M OsMzKaillie onTHueckue 00b-
€KTbI [10J151, YeM ONTHUYECKOE OTOXK/IECTBJIEHHE MO OJIH-
XKatimemy ontuueckomy coceny. Merpuka ROCAUC
paccuuThiBajgach Mo BCeM ONTHUECKMM KOMMaHbOHAM
1 OJIMKAWIIMM ONTHYECKUM O0OBEKTaM MoJist B TeCTO-
Bo# BeiGopke. st pacuetra ROC AU Cr~5 OblN HC-
M0JIb30BaHbl ONTHUECKHE KOMIAHbOHBI, PACTIOJI0MKEH -
Hble Jasiee 5” OT peHTreHOBCKOTO MCTOYHHKA, W BCe
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MEIIEPAKOB u np.

Ta6auua 6. PesysnbraTbl cpaBHEHHSI MOJIEIH OTOXKIAECTBJAEHHUS MO OJKAUIIEMY ONTHUECKOMY COCEly U JIyullel MOJeH
SRGQGz B 3anaue paH:KUpoBaHHsl OJIMKANLINX ONTHUECKHX HCTOUHHKOB

Mojgenb ROCAUC ROCAUCR>5
OtoxecTBIEHHE T10 OJlHKalIIEMY ONTHIECKOMY COCELY 0.797 0.532
SRGz Modelmateh (3x) 0.981 0.957

Mpumeuanue. Merpuka ROCAUC paccunTbiBaiach 1o BCeM ONTHUECKMM KOMIAHbOHAM H GJIMXKAHIIUM ONTHUECKMM 0G'beKTaM M0JIst
B TecToBoi BhiGOpKe. Jlaisi pacueta ROC AUCR~ 5+ OblIM HCIIOJIB30BAHBI ONTHYECKHE KOMIAHLOHBI, PACMOJIOKeHHbIe nanee 5 or
PEHTIEHOBCKOTO MCTOUHHKA, U BCe GJlKaLIne ONTHYECKHE 00BEKTBI T10J151 B TECTOBOI BHIOOPKE.

OJIKalIlIe ONTHUECKHe OOBEKTHI TOJIsT B TECTOBOH
BbIGOpKe. 3/1eCh Pa3/iMuHe B KAUECTBe MOJIeJIel CTaHO-
BHTCST 0COOEHHO 3aMeTHO — MOJeJb OJTHKAHIIIEro or-
THUUECKOTO COCe/la OKa3bIBaeTCsl OJIM3Ka K CayUaiiHOMY
BbiOopy onrtudeckoro ucrounuka (ROCAUCRs51 ~
~50%), B TO Bpemsi kak mozaesb SRGz Bee ele ne-
MOHCTPUPYET JOCTaTOYHO BBICOKOE KaueCTBO PaHKH-
posanusi (ROCAUCprssr =~ 97%) onTHYecKUx 06b-
€KTOB.

6.2.2. ToyHOCTb M MOJHOTA OTOXJIECTBJEHHUS
ONTUYECKUX KOMMAHbOHOB W KJaaccH(UKaLUU
PEHTreHOBCKUX O00BbEeKTOB Kak “6e310MHbIX".
B s10M pasjesne Mbl pacCMOTPUM 3aBUCUMOCTb METPHUK
TOUHOCTH M MOJHOTBI ONTHUECKOTO OTOXKIECTBJEHHUS
PEHTreHOBCKMX HCTOYHMKOB OT BbIOpPAHHOrO Mopora
M0 napameTpy OTOXKJAeCTBJeHUsT Py Jyuuiell Mojesu
SRGz (nas1 MOArOTOBJIEHHONH TECTOBOH BLIOOPKH B
06/1aCTH HaUBBICILIEH MIOTHOCTH OOBEKTOB CMEKTPO-
ckoryeckoro o63opa SDSS, em. . 3.3.1 un. 5.1.4).

TecroBasi BbIGOPKA PEHTIEHOBCKHX MCTOYHMKOB C
TOUHO OTIpe/eJIeHHBIMH ONTHUECKUMH KOMMaHbOHAMH
Obly1a MOArOTOBJIeHA HaMu paHee (cM. 1. 5.1.3). V3 Hee
Mbl TIOJIyUHJIH BBIGOPKY PEHTTEHOBCKHX HCTOYHHMKOB,
MMeIoLLUX TakKe “Oe3nomuble” 00bekTbl B DESI LIS.
JL71s1 3TOro 7151 KaXK/I0r0 PEHTTeHOBCKOTO UCTOUHHKA
Mbl CJlydailHbIM 00pa3oM pasbirpbiBajii COObITHE OT-
CYTCTBHSI y PEHTTEHOBCKOTO UCTOUHHMKA OMTHUYECKOTO
KOMIaHbOHA B COOTBETCTBUM C pacripejiesenrem bep-
HYJUI C TapaMeTpoM BeposiTHOCTH P, (BesnunHbl P,
OblIM paHee M3MEPEHbl HAMH I KayKIAOTO PEHTre-
HOBCKOTO 00'bekTa, cM. popmyJy (6)). Ecau ontuue-
CKHH KOMMNaHbOH “BblNajan’ OTCYTCTBYIOLUHUM, TO OH
yrajsiics U3 Bbl6opkH. [losydenHast Takum o6pasom
TecToBast BLIOOPKA COJIeprKaa PEHTTeHOBCKHE HCTOU-
HUKH C ONTHYECKUMM KOMIIaHbOHAMH, “Oe3aoMHble”
pEHTreHOBCKHEe 0OBEKThl M BCE ONTHUECKHE 00BEKThI
noJist B 30”-0KpeCTHOCTH PEHTIeHOBCKHX HCTOYHH-
KoB. Jlasiee Mbl MPUMEHWIH JIyUIIyl0 MOJENb OMTH-
yeckoro otoxaectBieHnss SRGz k naHHoll TecTo-
BOH BBIOOPKE W JIIS1 KaxKJI0H Mapbl PeHTIeHOBCKHUH—
ONTHYECKHUH UCTOUHMK OTIPENEUN BEJHUHHBI p;, P;
Py nsrg_match_flag (cm. Tab6a. 2).

Perymupyst nopor oToxKaeCcTBIeHUsS Py thres = Ty 1
0TOMpast Mapbl PEHTTeHOBCKMH—ONTHYECKUH 0OBEKT C

[MMCbMA B ACTPOHOMUYECKUN J)KYPHAJI

Py <t,, Mbl HMeeM BO3MOXKHOCTb 110JIyuaTb BbIOOPKH
(o6aasatolliMe pasJjMyHONd MOJHOTOH MW TOUHOCTHIO)
peHTreHoBckux ctouHukoB ePO3UTA ¢ ontruecku-
MH KoMmnaHboHaMu. Otbupass 00bekTol ¢ Py > tp,
Mbl M0Jly4aeM BbIOOPKH “0€3/I0MHbIX” PEHTIeHOBCKHX
HUCTOUHHUKOB.

Ha puc. 10 nokazaHbl 3aBUCUMOCTH TOUHOCTb —
nojinota (cnesa) W P ipres — MoHOTA  (Cnpasa)
OTOXK/IECTBJIEHHS OMTHUECKUX KOMIAHbOHOB (BEPXHSS
navenb) u “Gesgomubix” B DESI LIS (Hmxuas
naHesib) PEHTIEHOBCKMX OODBEKTOB Ha TeCTOBOH
BbiOopKe. CIJIOLIHBIMU JIMHUSIMM TTOKa3aHa Jydlias
Mojenb ortoxaecTBaeHuss SRQGz, MWITPUXOBBIMH —
MOJIeJIb OTOXKJECTBJEHUSI MO OJiMKakleMy OnTHUe-
ckoMy cocely. B noanucsix k rpadukam ykasaHbl
noKasareJsiu cpejiHell TouHocT moaener (AP, u APy).
Kak wmoxHo Buaeth, mojenb SRGz mnokasbiBaer
BBICOKYI0O TOUHOCTb OTNTHUECKOTO OTOXKIECTBJIEHUS
peHTreHoBCcKHX HcTouHHKOB ePO3UTA.

Ha puc. 11 mnokasana 3aBHCUMOCTb P thres —
MoJIHAS TOYHOCTb OTTHUECKOTO  OTOXKIECTBJIEHUS
pentreroBckux HctounukoB ePO3UTA. CruoiHoi
JIMHUEN ToKa3aHa Jiyulliasi MOjie]b OTOXKJIeCTBJIeHHS
SRGz, wTpuxoBoil — Mozeb OTOXKIECTBJEHHS IO
OsmkanileMy onTHueckoMmy coceny. Makcumaiib-
Hasi TOUHOCTb OTOXKJecTBJeHusi B Mmogaeaun SRGz
cocTaBasger Precisionx max = 0.93 (cooTBercTByeT
P@,thres = 0'24)'

Mbl nenaem BbIBOJ, uTO OJIM3KMH K ONTHMaJb-
HOMY OTOOp ONTHYECKHX KOMIMAHbOHOB PEHTIeHOB-
CKMX UCTOUHHKOB MOZKET ObIThb C/Ie/IaH 10 CJELYIOLUM
kputepusam SRGz: srg_match_flag=1 n P pres =
= 0.24. B otoGpannyio ¢ Iy < Py tpres BBIOOPKY MOMNa-
ayT ~95% ONTHUECKHX KOMIIAHbOHOB PEHTTEHOBCKUX
MCTOUHHUKOB (M3 TECTOBOH BBLIGOPKH) C TOUHOCTBIO
oT6Opa KOMNaHbOHOB ~94%. OTMeTHM, 4TO MaKCH-
MaJibHast IOJIHOTA OTOXKIECTBJEHHST ONTHUECKUX KOM-
MaHbOHOB PeHTreHOBCKUX HeTOuHUKOB ePO3UTA nist
monen SRGz cocrasasier Recalle max = 96%. B oto-
OpanHylo ¢ Py > P ipres BbIOOPKY nonanyt ~82%
BCEX PEHTIeHOBCKMX HCTOUHHKOB 0€3 ONTHYECKOro
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Puc. 10. 3aBUcHMOCTH TOUHOCTb — MOJIHOTA (CJ1€BA) U P tpres — MOJIHOTA (CIIPABA ) OTOXKIECTBJ/ICHHS ONITHUCCKHX KOMIAHLOHOB
(BepxHsist naHesb) u “6e3noMubix” B DESI LIS (HuxKHSAS naHesb) peHTTreHOBCKUX 00 EKTOB Ha TecTOBOH BbiGopKe. CIJIOLHBIMH
JIMHUSIMHU [TOKa3aHa Jiyuilast MoJiesib 0ToxKaecTBIeHuss SRGz, LITPUXOBBIMH — MOJIE/b OTOXKAECTBIIEHHS N0 GJIMKaHILIeMy ONTH-
yeckoMy coceny. MakcHuMasibHast MOJIHOTA OTOKIECTB/IEHHS ONTHUECKHX KOMITAHBOHOB PEHTreHOBCKHUX HeTouHnkoB ePO3UTA
JUIst ipesictaBenHoi Mosesn SRGz cocrasasier Recalle,max = 96%.

komnanboHa B DESI LIS, npu 3T0M ¢ TouHOCTHL 0TGO-
pa “6e310MHbIX” PEHTTeHOBCKHUX 0O'bEKTOB COCTABHUT
~85%.

[Tosyuennble HaMu pe3yJibTaThl 10 ONTHUECKOMY
OTOXKJIECTBJIEHHIO MCTOUHHKOB B 0630pe ePO3MTA
MOXKHO TI0MPo0OBaTh CPaBHUTb C  pe3yJbTaTaMH
OTOXK/IECTBJIEHHST TOUEUHBIX PEHTTEHOBCKUX 0O BHEKTOB
B OTKpbITHIX JaHHbIX ePO3MTA (panuuii Bbimyck
nauubix  Teseckona ePO3UMTA u ART-XC um.
M.H. [laBnunckoro) B mose eFEDS (cm. Canb-
Bato u ap., 2022). OTMeTHUM, UTO pPEHTTEHOBCKHM
0630p eFEDS wumeer npenesnbHbifi MOTOK 6.5 X
x 10715 spr/c/cm?, uto ~2 pasa riybike paccmar-
pUBaeMbIX 3/1eChb JIAaHHBIX JIBYXJeTHero 0630pa BCero

[MMCbMA B ACTPOHOMMUYECKUN )KYPHAJI

ne6ba ePO3UTA. OtoxnecTBieHre ONTHYECKHX
kKomnaHboHOB B noJsie eFEDS mposoausiock B 0630pe
DESI LIS (DR8). B pa6ore CanbBato u ap. (2022)
MCIOJIb30BaJIMCh HE3aBUCHMO JIBa Pa3JIMUHBIX METO/Ia
OTITUYECKOTO OTOKJIECTBJIEHHST TOUEUHBIX PEHTI€HOB-
ckux ucrounnkoB — NWAY (CasbBato u ap., 2018)
1 ASTROMATCH (Pywus u np., 2018). Ha TecroBoii
BbIOOPKE, Moiesinpyioliel pentreHoBeKyio (eFEDS ) u
ontuueckyto (DESI LIS) BeiGopkH, aBTOpbI OlIeHUIH
MaKCHMaJIbHYIO MOJIHOTY OTOXKJecTBaeHus1 Recall, =
=0.95 u Recall. =0.89 (nna merogoB NWAY u
ASTROMATCH cootBerctBenno). Takum o6paszom,
Mbl MOXKEM 3aKJIOUdTh, uTo nokazatein SRGz
(Recallemax = 0.96) n1s nyxJetHero o63opa ePO-
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MEIIEPAKOB u np.
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Puc. 11. 3aBucumoctb Py ipres — MOJMHAS TOUHOCTb ONTHUECKOTO OTOXKAECTBJICHHST PEHTreHOBCKHX HcTouHHKoB ePO3MTA.
CrulolHoO# JMHKel oKa3aHa Jyuliast Mojesb oToxKaecTsiaenust SRGz, 1WTPUXOBOK — MOJ€e/b OTOXKAECTBJIEHHs N0 OJIHKal -
1IeMy OnTHUeCKoMy cocey. MakcumasbHasi TOUHOCTb OTOXKAecTBJAeHHs B Mojienid SRGz cocraBasier Precisionx max = 0.93

(cootBeTcTBYeT Py thres = 0.24).

3UTA cooTBeTCTBYIOT TOKA3aTENM OTOXKIECTBIEHHS
JIyULIMX METOJIOB, MpeJACTaBJEHHbIX B JHTepaType
s noast eFEDS. Mbl oTmeuaem, uto mnpsimoe
CpaBHeHHEe Pa3JIHUHbIX METOJ0B OTOXKIECTBJIEHHSI Ha
OJIHMX M TeX »Ke PEHTIeHOBCKHMX M ONTHYECKHX JaHHbIX
NpeJICTaBJISIET ONpeieJieHHbIH UHTEPEC, HO BBIXOJIHUT 3a
paMKH aHHOH paboThl.

HakoHell, cTouT 0TMeTHTD, uTO, X0Ts1 0630p DESI
LIS cocTout u3 nanHbix Tpex GoToMeTpHUECKHX 0630-
pos (DECaLS s 6 < 32° u MzLS, BASS nais 6 2
2 32°), ero JaHHble HMEIOT JIOCTATOYHO XOPOILIYio ho-
TOMETPUUECKYIO KPOCC-KaNMOPOBKY (MPUMEHUTENbHO
K 3aj1auam, pelaeMblM B 1aHHOH paborte). [Tokasaresu
ONTHYECKOTO OTOXKJECTBJIEHHUS] PEHTTeHOBCKUX HCTOU-
HUKOB, (hoToMeTpuuecKol Knaccudukainu u photo-z
He T0Ka3blBalOT CHCTEMATHYECKHX OTJMUMHA B 3aBH-
CUMOCTH OT HCIOJIb3yeMoro 0030pHOT0O TeJjiecKona B
coctape DESI LIS. B T0 ke Bpemsi Ha MeTPUKH OI1-
THUECKOTO OTOXK/IECTBJIEHHUS OKA3bIBAIOT BJAMSIHUE Bbl-
ypcJ/sieMble HAMH MaKCHMaJibHble ONTHYEeCKHEe BeJsh-
YUHBI ( Glim, Zlim, CM. Popmyaty (5)) hoTOMeTpHUIECKOTO
0030pa B OKPECTHOCTH PEHTTEHOBCKOTO UCTOYHHKA.

6.3. @oromerpuueckas kiraccuguxanns SRGz

B stom pasnene Mbl olleHMM KauecTBO (DOTOMET-
puuecko# kinaccupukaumn SRGz peHTreHOBCKUX HC-
TouHnkoB B 0630pe ePO3MTA, onupasich Ha crek-
tTpockonuuecke (SDSS DRI17) u actpomerpuue-
ckue (GAIA DR2) nannbie. Mbl GyjeM HCHOJb-
30BaTh BbIOOPKY PEHTIeHOBCKMX HMCTOUHHKOB B Te-
croBoii obsactu SDSS, koropasi He yuacTBoBaJja

[MMCbMA B ACTPOHOMUYECKUN J)KYPHAJI

B oOyueHHuH Mojesaed kjaaccupukaumu. M3 karasora
SRGz-CatD namu Gblin 0oToOpaHbl TOUEUHbIE PEHT-
FeHOBCKHE HUCTOYHMKH C ONTHUECKMMH KOMIaHbOHA-
mu (P <0.24 aoist s1yutiedl MOiesIn OTOXKAECTBJICHUS
SRGz, cM. n. 6.2). Ml ocTaB/siid B BbIGOPKE TOJMb-
Ko HauboJsiee BEpPOSITHbIE OMNTHUYECKHE KOMIMAaHbOHbI
(srg_match_flag =18 SRGz-CatD).

Pesysbrathl (hoToMeTpuuecKo# KiaaccudUKaluu
PEHTreHOBCKUX OOBEKTOB C OMNTHYECKHMH KOMMa-
HLOHAMH, MMEIOIIMX CIEeKTPOCKOMUYeCcKylo/acTpo-
MeTPUUECKYI0 KJIAaCCH(UKALMIO, TpeacTaB/eHbl B
Taba. 7. M3 ~464Tbic. TOYEUHBIX PEHTI€HOBCKHX
ucrounnkoB ePO3UTA (¢ Jior-BeposiTHOCTbIO Jie-
TekTUpoBaHuss £ > 6) B TectoBoil obsmacth SDSS
0K0JI0 426 Thic. 00'bEKTOB MMEIOT ONTHUECKHH KOM-
naHboH corsacHo kKputepuio Fp < 0.24. Ilna nau-
6oJiee BeposiTHBIX (srg _match_flag = 1) onrtuue-
CKHX KOMIIaHbOHOB B JIaHHOH BBIOOpPKE Mbl HMeeM
179 582 BHeranakTHuecKux 06beKTOB (CreKTPaIbHBIH
kiace GALAXY wmm QSO B karajmore SDSS
DR17), 30999 acrpomerpuueckux 3Be3J (0OBHEKTbI
¢ S/N >5 no mnapamiakcy WM COOCTBEHHOMY
npxenuio B katanore GAIA DR2). Cpenu 3Besn
GAIA umeercs 406 criekTpaJibHbIX 3Be3Jl U3 Ka-
tagora SDSS, 85 u3 KOTOpbIX SIBJSIOTCS KaTa-
KJIU3MHUUYECKUMH Te€pPEeMEHHbIMU (110 CleKTpaJbHOMY
noaknaccy SDSS). Takum o6paszom, = mnoJoBHHA
ONTHYECKUX KOMMAaHbOHOB TOUYEUHBIX PEHTTEHOBCKUX
ncrounnkoB o63opa ePO3UTA B tecToBOil 006.1a-
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Tabauua 7. Pesynbrathl GOTOMETPHUECKOMH, CMEKTPOCKONMUUECKOH U aCTPOMETPHUECKOH KJaCcCH(PUKALMU UCTOUHHKOB

ePO3MTA B recroBoii o6sactu SDSS

# Nx Photo-QSO Photo-GALAXY Photo-STAR

Bce o6bekThl £ > 6 464 404

Py <0.24, srg_match_flag=1 426370

Modely ciass 426 370 343 656 48225 34489
QSO/GALAXY 179582 0.9976 0.0024
QSO 165531 0.9908 0.0073 0.0019
GALAXY 14051 0.2681 0.7232 0.0087
STAR GAIA 30999 0.0061 0.0010 0.9929
STAR SDSS (non-CV) 406 0.0296 0.0049 0.9655
STAR SDSS (CV) 85 0.2118 0.0000 0.7882
Models ciqss 426 370 349962 42322 34 086
QSO/GALAXY 179582 0.9982 0.0018
QSO 165531 0.9927 0.0060 0.0013
GALAXY 14051 0.2731 0.7188 0.0080
STAR GAIA 30999 0.0049 0.0007 0.9944
STAR SDSS (non-CV) 406 0.0172 0.0025 0.9803
STAR SDSS (CV) 85 0.2000 0.0000 0.8000

ToueuHble onTHUECKHE KOMITAHbOHBI PEHTI€HOBCKUX HCTOUHHKOB
Models,ciass 273578 239747 466 33365
QSO/GALAXY 149453 0.9980 0.0020
QSO 147519 0.9985 0.0001 0.0013
GALAXY 1934 0.9364 0.0140 0.0496
STAR GAIA 30822 0.0040 0.0000 0.9960
STAR SDSS (non-CV) 403 0.0149 0.0000 0.9851
STAR SDSS (CV) 85 0.2000 0.0000 0.8000
[TpoTsikeHHbIE ONTHYECKHE KOMIAHLOHBI PEHTTEHOBCKUX HCTOUHUKOB

Models ciqss 152792 110215 41 856 721
QSO/GALAXY 30129 0.9989 0.0011
QSO 18012 0.9446 0.0544 0.0009
GALAXY 12117 0.1673 0.8313 0.0014
STAR GAIA 177 0.1638 0.1186 0.7175
STAR SDSS (non-CV) 3 0.3333 0.3333 0.3333

IMMCbMA B ACTPOHOMMWUECKHW JKYPHAJI
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cti SDSS umeer wuamepeHHblli CHeKTpoCKonuue-
CKMil/acTpoMeTpHuecKHil Kaacc.

B BepxHux pazyenax tabJ. 7 COLEPKUTCS CpaBHe-
HUe JIByX paHee MpeJCTaBJeHHbIX MOjiesiell (hoToMeT-
puueckoit Knaccuukaunn Model; cjass 1 Models class
(cm. . refsec:classgmodel, n. 5.2.2) Ha ocHoBe mno-
Kaszaresied MaTpulbl nyTaHuubl Recall;j. B xauectse
MCTHHHBIX KJACCOB pacCMaTpPUBAIOTCS:

1) BHerasakTHUecKHe OOBEKTbl MO CIEKTPOCKO-
min — QSO/GALAXY SDSS,

2) cnekrpockonuueckue kBazapbl SDSS — QSO,

3) crekTpocKonuueckhe rasaktukdn SDSS —
GALAXY,

4) actpomerpuueckue 3Be3ibl — STAR GAIA,

5) acTpoMeTpuuecKHe 3Be3Jibl, UMeIolIHe CIeK-
TpasibHyI0 KJacCU(UKalUIO (He KaTaK/JIH3MHUeCKHe
nepemennble) — STAR SDSS (non-CV),

6) acTpoMeTpHUueCKHe 3Be3/ibl, MMEIOLIHe CreK-
TPaJIbHYIO KJIaCCHPUKALNIO KATAKJIU3MUUECKUX repe-
MeHHbIX — STAR SDSS (CV).

dotomerpuueckas kiaaccuduKalys BHIMOIHAIACH
moziessimu SRGz no Tpem Kjaaccam (CM. COOTBETCTBY-
10111e CTOJObI B TabJ1. 7 ):

1) poTomerpuueckue kBazapsl — Photo-QSO,

2) dortomerpuueckre rajaktiki — Photo-GA-
LAXY,

3) poromerpuueckue 3Be3jibl — Photo-STAR.

Tabsimiia 7 mokasblBaeT, UTO COCTaBHasi MOJIeNb
doromerpuueckoit knaccuduxauuu Models ¢jass Npe-
BOCXOAUT Mojenb Modely ¢lass 1O OOJILIIMHCTBY
nokasareseil. B wactnoctu, Models ¢jass TPaBUILHO
ka1accuduunpyer 99.1% BHerasaktHueckux oGbek-
T0B, 98% 3Be3, 80% KaTakJIM3MHUECKHUX MTePEMEHHBIX
(kak knacc Photo-STAR) B TecroBo#i BbiGopke. s
Model; ¢|ass 2TH NOKaszaten cocrassior 99.8, 99.3
u 78.8% cootrBerctBenHo. [lasiee st oTomeTprue-
cKOH kJjaccudukauuu B katasore SRGz Mbl 6yjnem
paccMaTpuBaTh TOLKO Jyullyto Mojeb Models ¢jass.

Haum pedysibTaTbl MOXKHO CPaBHUTD C pedyJibTaTta-
MH (OTOMETPUUECKOH K/IacCH(UKAIIMM HCKYCCTBEH-
HOH HeHpoceTblo ONTHUECKUX OOBEKTOB B KaTtajore
SDSS uz pa6orsl (bpeutia u ap., 2015). s nyutiei
JIByXKJIaCCOBOH MOJIIH Ha OCHOBE (DOTOMETPHUECKHX
Jantbix SDSS (em. tabn. 12 B Bpeutna u jp., 2015),
MOJIHOTA KJlacCU(DUKALMK ONTHUECKUX 3Be3/l W KBa3a-
poB cocraBusa 88 u 95% coorBeTcTBeHHO. B Haleil
paboTe (KaK MOxKHO BUJIeTb U3 TabJ1. 7) moaenu SRGz
JIEMOHCTPUPYIOT OUeHb BBICOKYIO (>99%) mnoJHoTy
thoToMeTpHUECKOH KlacCUpUKaLMHU 15l 3Be3]1, BHera-
JIAKTHYEeCKHX 00beKToB (06e3 pasjiesieHdsl Ha KJacchl
QSO/GALAXY) u KBazapos (CrekTpasibHbI Kaace
QSO). Jlna cpaBHeHus Jyudlllasi TpexKJaaccoBasi MO-
JleJIb ONITHUECKUX 00 BEKTOB M0JIs, 10 JaHHbIM SDSS

[MMCbMA B ACTPOHOMUYECKUN J)KYPHAJI

MEIIEPAKOB u np.

(cm. Taba. 13 B bpenma u ap., 2015), nemoHctpu-
pyeT cJieytolde 3HaueHus MeTpuku nosiHoThl: 90%
(cnexktpasbhbiil kiace QSO), 97% (GALAXY), 86%
(STAR).

Caienryer OoTMeTHTb, UTO, XOTSl OCHOBHasi Mmacca
PEHTreHOBCKHMX 3Be3Jl OueHb XOPOIIO pacro3HaeT-
cst poTomeTpuueckum kaaccudukaropom SRGz, nas
HEKOTOPbIX Ba’KHbIX THITOB 3BE3JL MOJHOTA KJ1acCHHU-
KalHMU 3aMeTHO CHUxKaeTcsl. Peub ujieT o KaTakJIu3MHu-
yecKHxX nepeMeHHbIX (noakaace CV B crieKkTpaibHOM
karajsore SDSS). Kak moxHo Buaetb u3 TtabdJ.7,
MOJIHOTA KJacCH(UKALMK KaTaK/JIH3MHUECKUX Mepe-
MeHHBIX cocTaBisieT ~80%, npu sTom 20% KaTak/an3-
MHUECKHX MepeMeHHbIX B TeCTOBOH BbIOOPKE KJacCH-
¢uLmpylores Kak poromerprdeckue kBadapsl (Photo-
QSO). HeonHoznauHocTh (hOTOMETPHUECKOMN KJIACCH-
(hUKaLMK KaTaKJIM3MHUECKUX MepeMeHHbIX CBsi3aHa C
TeM, UTO JAHHBII THIT PEHTTEHOBCKHMX 3B€3/l 4acTo Je-
MOHCTPHPYET BBICOKOE OTHOLLIEHHe peHTreH/onTHKa,
6J113K0€ M0 BeJIMUHHE K PEHTTeHOBCKHM KBa3apam (CM.
Jasee).

Hpyroit npoGsemMoii MpeacTaBJeHHOW —MOJeN
SRQGz siBasieTcst HEOHO3HAUHOCTD (HOTOMETPHUECKOH
KJaccH(UKalMKM KBa3apoB W rajakTvk. B TecToBoil
o6Jactn 426 370 ToueuHbIX PEHTT€HOBCKHUX HCTOUHH-
koB ePO3UTA Obiin KnaccupuUMpoBaHbl Jyulllel
monesbio SRGz Ha caemyioume (oToMeTpUuecKne
kjaccol: 349 962 keazapa (Photo-QSO), 42 322 ra-
snaktuku (Photo-GALAXY) u 34 086 3Besn (Photo-
STAR). Monenb SRGz nokasbiBaeT cJjemylonye
3HAUEHHUST METPUK MOJHOTHI KJIACCU(DUKALMH IO CTIeK-
TPOCKOMMUECKHM/acTpoMeTpuueckuM  Kiaacam: 99%
(cnexkrpanbhbiil kiace QSO), 72% (GALAXY), 99%
(STAR). Kak MoxHO BuzeTb W3 TabJ. 7, CHH:KeHHe
MOJIHOTHI KJaCCH(UKALIMY TalaKTHK CBSI3aHO C “riepe-
TekaHHeM~ O00BEKTOB CMEKTPOCKOMMUECKOTro KJacca
GALAXY B coromerpuueckuii kimacc Photo-QSO,
27% cnekTpaJbHbIX TaJlAKTUK HJIEHTHOUIUPYIOTCS
MOJIE/IbI0 KaK (hOTOMETPHUUECKHe KBazapbl. B HmK-
HUX pasjenax TabJs. 7 Mbl TPUBOJIMM pPe3yJbTaThbl
(hoTOMeTpUUECKOH KIACCU(PUKALMK  OTIEAbHO s
TOUEUYHBIX W MPOTSIKEHHBIX ONTHUECKUX HCTOUHHKOB.
Kak moxHo BuaeTb, 94% TOUueUHBIX ONTHUECKHX
00beKToB crniekTpasnbHoro knacca GALAXY knaccu-
¢uLmpyloTes Kak poromerpudeckne kBadapsol (Photo-
QSO). C japyroir cropoHbl, 83% MpOTSKEHHBIX
ONTHYECKHX KOMMAHbOHOB CIEKTPAJbHOrO KJjacca
GALAXY k/aaccupuumpyoTesi Kak poToMeTprHuecKre
ranaktuki (Photo-GALAXY), u tosnbko 17% — kak
tdoromerpuueckre kBazapbl (Photo-QSO). Paszne-
JIeHhe MeXJy CcrekTpajbHbiMU Kjaccamd QSO u
GALAXY B karasiore SDSS 6asupyercsi Ha BbiGOpe
ONTUMaJbHOTO 1AabJ/oHa CMEeKTpa LEHTPaAJbHBbIX 06-
Jacreil ontnuecknx o6bektoB (boaron u ap., 2012).
doromerpuueckas MyTaHHLA MKy CHeKTPaJbHbIMU
KBazapaMl W TrajakKTHKaMH HOCHT OOBEKTHBHBIN
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Puc. 12. ®oromerpuueckas knaccudukauys SRGz toueunsix ontnueckux o6bekToB (type = PSF, DUP) o63opa DESI
LIS, sBJslIOLIMXCSl KOMIAHbOHAMH TOUEUHBIX PEHTIeHOBCKUX HCTOUHUKOB AByxJleTHero 0630pa ePO3MTA (B TecToBO# 06s1acTH
SDSS), Ha nyiocKocTH 1iBeTOBOE paccTosinue (g — Wi) — BesinunHa g. JIeBblit cTosGel rpadKkoB — (OTOMETPHUECKHE 3BE3]IbI,
Cpe/iHuil — (hoTOMETpHUECKHE raJlakTHKH, NPaBblil cTo16el — (hoToMeTpUuecKHe KBadapbl. BepXHsis, cpeHsis U HIXKHSASI CTPOU -
KM rpacuKOB IEMOHCTPUPYIOT PEHTTeHOBCKHE HCTOUHHKH, HMEIOLIHe KOMITaHbOHOM CIIEKTPOCKOMHMUECKHEe KBa3aphbl, raJakTHKH
W CTEKTPOCKOMHUECKHe/acTpoMeTpHUeCKHe 3Be3/Ibl (COOTBETCTBEHHO). KpacHble H 3e/ieHble TOUKH — CrieKTpaJibHble KBasaphbl
v ranaktikd SDSS, nypnypabie Toukd — 3Be3nbl GAIA, xentbie, cuHue, uepHblie Toukd — CV, WD u Bce npoume KJjacchl
crekrpockonuueckux 3se3ft SDSS. Koutypsl Ha rpadukax coorserctsylor 0.05, 0.35, 0.65, 0.95 kBanTuU/IM pacnpeneneHus
CTIEKTPOCKONHYECKUX KBA3aPOB U Fa/laKTHK, aCTPOMETPHUECKHUX 3Be3/1 (B3SIThI C PUC. 5—8 COOTBETCTBEHHO).

XapakTep W CBsi3aHa C TeM, UTO Mbl MbITAEMCS MPell-
CKa3aTb OMTHUECKYIO CMEKTPaAJbHYIO KiacCHUKALHIO
sijpa TaJakTHKM Ha OCHOBE OTHOLUEHHUSI MOJHbIX
MOTOKOB 00'b€KTa B HECKOJIbKMX LIMPOKHUX (DUIIBTpaX
B MK, onTryeckom 1 peHTreHOBCKOM JiMana3oHax.
Panee B n. 6.1 mMbl oToGpaJsin Tpu napbl GoTOMeT-
pHUECKHX TPHU3HAKOB, KOTOPblE HAUJIyUYLIUM 00pa3oM
pasaessiioT pa3JnuHble KAacchl: ONTHUECKHE 00 beKThI

[MMCbMA B ACTPOHOMMUYECKUN )KYPHAJI

noJisi, ONTHUYECKHEe KOMIIaHbOHbBI, PEHTIE€HOBCKHE KBA-
3apbl, rajlakTHKH, 3Be3/ibl. Ha puc. 5—8 mbl nokaszasu
pacrpesie/sieHusl CHeKTpasibHbIX KBa3apoB, rajlakTHK
M aCTPOMETPHUECKUX 3Be3Jl — KOMMAaHbOHOB TOYeU-
HBIX peHTreHOBCKHX HcTouHMKOB ePO3UMTA. Mat-
pHLLbI MyTaHULbI (POTOMETPHUECKOH KJacCU(UKaLMH,
NPHUBEJIEHHbIE B JIBYX HHXKHHUX NaHess1x TabJl. 7, MOryT
ObITh MOKa3aHbl HANISAMHO Ha rpadukax Haubosee
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Puc. 13. ®oromerpuueckas kinaccudukaunsi SRGz ToueuHblx onruuecknx o6bekToB (type = PSF, DU P) o63opa DESI
LIS, siBasttolxcsi KOMIMaHbOHAMM TOUEUHBIX PEHTTEHOBCKHUX HCTOUHUKOB JiByXJeTHero o63opa ePO3UTA (B TectoBoii o6a1acTu
SDSS), na nockocth uBet (g — ) — BesuunHa Wa (noapoGHoe onycanye cM. puc. 12).

BaKHbIX (hOTOMETPUUECKUX NMpU3HaKoB. [paduueckas
JIEMOHCTPALMS MATPHIL MyTaHULbI MEXKJy CMEKTpasib-
HO/acTpoMeTpHuecKoil U GOTOMETPHUECKOH KAaCCH-
(bMKALMSAMH PEHTTeHOBCKUX MCTOUHHKOB (B paccMaT-
puBaemoil TectoBoil obsactu SDSS) npuBeneHa Ha
puc. 12—15 (ToueuHble oNTHUECKHE KOMMAHbLOHBLI) M
puc. 16—19 (nmpoTsikeHHble ONTHUECKHE KOMIMAHbO-
Hbl). Ha kaknom pucyHke JieBblii cTosifell rpacdu-
KOB — (poTOMETpHUECKHE KBazapbl, cpeaHuil — o-
TOMETPUUECKHE TaJIAKTUKH, TMpaBblil cTos16el — ho-
TOMeTPUUECKHE 3Be3/Ibl. BepxHsisi, cpelHsss M HHUXK-
HSSl CTPOKH TpauKOB NEMOHCTPUPYIOT PEHTTEHOB-

[MMCbMA B ACTPOHOMMWYECKUM JKYPHAJI

CKHe MCTOUHHKH, MMelolllMe KOMIaHbOHOM CIeKTpO-
CKOITMUECKHEe KBa3aphbl, TaJaKTHKH M CIIEKTPOCKOIH-
yeckHe/acTpoMeTpHUeCcK e 3Be3/bl (COOTBETCTBEHHO ).
KpacHble 1 3esieHble TOUKH — CHEKTpaJibHble KBa3a-
pbl ¥ ranakTiku SDSS; nypnypHble TOUKH — 3Be3/1bl
GAIA; xentbie, cunue, yepHble Toukd — CV (kaTa-
KAu3Mudeckue nepemennble), WD (6esble Kapauku)
M TIpouMe KJacchl CreKkTpockonuueckux 3pe3n SDSS
cooTBeTCcTBeHHO. KoHTYphI Ha rpachukax COOTBETCTBY-

ot 0.05, 0.35, 0.65, 0.95 KBaHTHJISIM pacripe/ieseHnH
CMEKTPOCKOMUYECKHX KBA3apOB H TajlakTHK, aCcTPO-

MeTpHUecKnXx 3Be3s (B3sAThl ¢ puc.d5—8). Ha pucyn-
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Puc. 14. ®oromerpuueckas kinaccudukauys SRGz toueunsix ontHueckux o6bekToB (type = PSF, DUP) o63opa DESI
LIS, sBJsiI0LIMXCSl KOMIAaHbOHAMH TOUEUHBIX PEHTIeHOBCKUX HCTOUHUKOB AByxJleTHero 0630pa ePO3MTA (B TecToBOI 06s1acTH

SDSS), na niockoctu uset (Wi — Wa) — otHolenue pentren/ontuka X/ z (nogpo6Hoe onucanue cM. puc. 12).

Kax MOXKHO YBHJeTb HaubGoJiee 4acTo BCTpeyarollin-
ecsl owIMOKHM (hoTOMeTpUUeCcKol KJjaccuduKaluuu, H
B KakKWX 00J1aCTsIX MPOCTPaHCTBA MapaMeTpoB OHH
MPOUCXOJISAT.

[IpuBenenHasi rpaduueckasi MHTEpIIpeTalllUsi MaT-
pHUIL TyTaHHILl (POTOMETPUUECKON KJacCH(UKAIMH
(cm. puc. 12—19) noaTBepKIaeT BCe CKa3aHHOE HAMU
paHee B OTHOIIEHHH CJIOXKHOCTH pasJiesieHHsi CIIEKTPO-
CKOTIHUECKHX KJ1aCCOB ONTHUECKUX KBA3apOB U TaJlaK-
TUK MPUMEHHTEJIbHO K PEHTIeHOBCKHM HCTOYHHMKAM.
Tak, Ha rpacukax XOpollo BHJIHO, UTO CIEKTpaJjb-
Hble raJJaKTHKH — TOUeUHble ONTHUECKHE MCTOUYHUKH

[MMCbMA B ACTPOHOMMUYECKUN )KYPHAJI

JiexKat B 006J1aCTH CMEeKTpaJbHbIX KBa3apoB, U, TAKUM
00pa3oM, JaHHble THUIbl ONTHUECKUX KOMIAHbLOHOB He
MOTyT ObITb pasie/ieHbl B BHIOPAHHOM MPOCTPAHCTBE
hoToMeTpHUuecKUX MpHU3HAKOB. [IpoBeneHHble 3jleCh
UCCJIeZIOBAHUST IEMOHCTPUPYIOT HEOOXOJUMOCTb Bbl-
paboOTKK HOBOW CXeMbl JI/I aBTOMATHUECKOH (hOTOMET-

queCKOﬁ K.HaCCI/I(bI/IKaLLI/IH BHEra/JlakTH4eCKUX PEHT-
F€HOBCKHX HCTOUYHHUKOB, KOTOpasli Jydlle OTpazKaeT

(hU3HUECKYIO TPUPOJlY pACCMATPUBAEMbIX PEHTT€HOB-
ckUX 006beKTOB. /laHHAas 3ajaya BHIXOAWT 3a PaMKH
npeacTaBaeHHON pabGoTbl. HeoOX0MUMO OTMETUTB,
4yTo 0OHAPYKEHHbIH HAMU MEePeTOK 0ObEKTOB MEKIY
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Puc. 15. ®oromerpuueckas kinaccudukaunss SRGz ToueuHblx ontuuecknx o6bekToB (type = PSF, DU P) o63opa DESI
LIS, siBasttolxcsi KOMIMaHbOHAMM TOUEUHBIX PEHTTEHOBCKHUX HCTOUHUKOB JiByXJeTHero o63opa ePO3UTA (B TectoBoii o6a1acTu
SDSS), na nyiockocTH 1BeToBoe pacctostuue (z — Wa) — otroutenue pentren/ UK (X/W1)savato) (101poGHOE OMUcaHUe CM.

puc. 12).

(hoTOMETPHUECKUMHU KJaccaMH KBa3apoB M TajiaKTHK
OKa3blBaeTCsl HECYLIeCTBEHEH JUlsl MHOTHX 3ajad, Tie
BAa)KHO OIPEIC/NTb, SBJSAETCS JIM PEHTICHOBCKHUH
MCTOUYHHUK 3Be3/10H [a/akTHKK WM BHErasakTHUECKUM
00BEKTOM.

CJ10KHOCTb  KJ1acCH(UKALIMM  KaTaKJIH3MHUYECKUX
nepemMeHHbIX, OJM3KHX K PEHTreHOBCKUM KBa3apam
B BbIOPAHHOM (POTOMETPUUECKOM MPU3HAKOBOM MPO-
CTPAHCTBE, XOPOLLO BUIHA U3 TPUBE/ICHHOH BbILIE Ipa-
(bryecKoil HHTeprnpeTali MaTPHLL MyTaHHULbl KJACCH-
¢uxaumu. Tounoe otoxnectsaenne CV-3Be3n (a Tak-
JKe JIPYruX KJacCoB PEHTTeHOBCKUX JBOHHbBIX ) TpeOy-

[MMCbMA B ACTPOHOMMWYECKUM JKYPHAJI

eT TIPUBJIEYEeHHS] JOTIOMHUTEIbHBIX (POTOMETPHUECKHX
JIaHHBIX, HH(OPMALMK O MePEMEHHOCTH ONTHUECKHX
00bEKTOB, HCIOJb30BaHUA 0030pOB HebOa B Y3KHX
CreKTpasbHbIX JuHUsAX (Hanpumep, VPHAS+ (Ipio
u 1p., 2014) u nojnoGuble MpoekTbl). Mbl niaHupyem
nojapoOHee OCTAHOBUTbCS Ha 3ajaue (HOTOMETpHUUe-

CKOH KJIaCCI/Id)I/IKaLII/II/I KaTakK/JIM3MHUUYECKUX TepeEMeEH-
HbIX B MOCJICAYIOLIHUX CTATbsIX, a TaKXKe IMPEeACTaABUTb

CreLHaM3upoBaHHble MOJEIH KJaacCH(pHUKALUU IS
OTOK/IECTBJIEHHST PEHTT€HOBCKUX JIBOUHBIX 3BE3J1 Cpe-
JI TOUEUHBbIX HCTOUHHUKOB 0630pa ePO3UTA.
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Puc. 16. otomerpuueckas knaccuduxauus SRGz npoTszkeHHbIX ONTHUECKUX 00beKTOB (type = REX, SER, DEV , EXP)
o63opa DESI LIS, siBasitolmxcsi KOMIaHbOHAMH TOUEUHBIX PEHTTEHOBCKMX MCTOUYHHKOB JiByxJeTHero o63opa ePO3VTA (B
TectoBoit o6sact SDSS), Ha muockocTH LBeToBoe paccrositue (¢ — W) — BesmunHa g (1moapoGHOe onucaHue cM. puc. 12).

Ha puc. 20—-23 nokasana dQortomerpuueckas

kjaaccupukaius SRGz s BceX ONTHUECKHX KOM-
NaHbOHOB TOYEUHBbIX PEHTIeHOBCKMX HMCTOYHUKOB

ePO3UTA u3 paccMaTpuBaeMoil TeCTOBOH 06JIaCTH.
HaGop pucyHKOB 1eMOHCTpUpPYeT pe3dyJbTaTbl K/ac-
cUUKaLMU B IPOEKLMH Ha yeTbipe (OTOMETPHUUYECKHX
MJIOCKOCTH (ueTblpe napbl (OTOMETPHUUECKHUX MpPH-
3HAKOB, HAMWJ/IyulIUM 00Pa30M pasielsIoLUX Kaacchl
PEHTreHOBCKUX 00BEKTOB, CM. Bbille). Ha kaxmom
pHUCYHKe, JieBblii cTosOel] rpahukoB — hoToMeTpHue-
CKHe KBaszapbl, CpeiHuil — poToMeTpuuecKHe rajak-
THKH, NIPaBblil cTo/16el] — POTOMETPUUECKHE 3BE3JIBI.

[MMCbMA B ACTPOHOMMUYECKUN )KYPHAJI

BepxHsist cTpouka rpauKoB — TOUeUHble ONTHUECKHE
KOMIMAHbOHbI PEHTIT€HOBCKUX HMCTOUHMKOB, HUXKHSIS
CTpOUKa — MPOTSKEHHbIE ONTHUECKHE KOMMAHbOHBI.
CruioliHble KOHTYpbl Ha rpadMkax COOTBETCTBYIOT
0.05, 0.35, 0.65, 0.95 kBaHTHJIAM pacnpejeseHHi
CTEKTPOCKOMNWUECKUX KBA3apoB, TraJaKTHK, acTpo-
MeTpHUeCKHX 3Be3l (B3sAThbl ¢ puc. 5—8). Ll TpuxoBbie
KoHTypbl cooTBeTcTBYIOT 0.05, 0.35, 0.65, 0.95 KBaH-
THJISIM pacnpejeseHdii poToMeTprueckux 00bEKTOB
Ha rpaduKax.

Pazsune CrijiolHbIX U HITPUXOBBIX KOHTYPOB Ha
MpeNCcTaB/IeHHbIX rpauKax MOKa3biBAeT paccora-
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Puc. 17. ®otomerpuueckas knaccuduxauust SRGz npoTszkeHHbIX ONTHUECKUX 00beKTOB (type = REX, SER, DEV , EXP)
o63opa DESI LIS, siBasitolmxcst KOMOaHbOHAMH TOUEUHBIX PEHTIEHOBCKMX MCTOUYHHKOB JiByxJeTHero o63opa ePO3VTA (B
TecToBO# 06s1acTH SDSS), Ha nuiockocTH 1BeT (g — 7) — BesuunHa Wa (noapoGHoe oncaHte cM. puc. 12).

coBaHHe MexJy CeKTpaJbHOl/acTpoMeTpuyecKofi
(TecTOBOI) W TMOJHON (hOTOMETPHUUECKOH BHIOOpKA-
MH PEHTTeHOBCKHX OOBEKTOB B paccMaTpUBaeMoH
obsactTi. B crnekTpasbHbIX BBIOOPKAX OTCYTCTBYeT
3HAUUTEJIBbHOE YHCIO c1abbiX g > 225 u (g —17) > 1
ONTHYECKUX 0ObEKTOB (KBA3apoB M rajlakTHK), KOTO-
pble BUIIHBI B OJHOH (hOTOMETpHUECKOH BhIGOPKE. Mbl
TakKKe HaOJ/IOfaeM 3aMEeTHOE Pa3J/IMuMe CIUIOLIHBIX
M LITPUXOBBIX KOHTYPOB Ha 3HauYeHWUsX [OKa3aTessi
pentren/ontuka X/z > 2 (ua rpagukax hotomer-
pPHUECKHX 3B€3J1— TOUEUHbIX ONTHYECKHX 0O'bEKTOB).
Takxke Ha BepxHel NpaBol naHesu puc. 23 obpauiaer

[MMCbMA B ACTPOHOMUYECKUN J)KYPHAJI

Ha ceOs BHUMaHHMe MHTepecHast jeTajb B 00JacTH
(X/W1)salvato > 0, (2 — Wa) distance ~ 1, xotopas,
Mo-BUAMMOMY, OOYCJIOBJI€HA PEHTIeHOBCKMUMH KBa-
3apamu, JIOXKHO KJjaccuduuupoBaHHbiMd SRGz kak
3Be3/ibl. AHAJOTMUHBIM 00Pa30M MOXKHO OOBSCHHUTDH
0coOeHHOCTb Ha BepxHel npaBoil naneau puc. 20 B
006J1aCTH 1IBETOBBIX paccTosiiuil (g — W1) distance ~
~ 1—-2, n BesinuuH g > 20. B kauecTBe NpakTHUECKOH
PEKOMEHIALMH Mbl PEKOMEHIYeM C OCTOPOKHOCTBIO
OTHOCHTbCSI K pesyJbTaTtaM KJjaccupukauuud ¢oTo-

METPHUYECKHUX O6”beKTOB, CYUIECTBEHHO BbIXOASUIHUX 3a
npeneJsbl BHEIHEro CIJIOIHOro KOHTypa 1o BeJHUYH -
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Puc. 18. ®oromerpuueckas knaccudukauuss SR Gz npotskeHHbIX onTHUecKUX 06bekToB (type = REX, SER, DEV , EX P)
o63opa DESI LIS, sBasiommxcst KOMNIaHbOHAMH TOUEUHBIX PEHTTEHOBCKMX HCTOUHHKOB AByxJeTHero o63opa ePO3HMTA (B

TectoBoil o6aactn SDSS), na niockoctu user (Wi — We) — otnowenne pentren/ontnka X/z (noapoGHoe onucaHue cM.

puc. 12).

HaM LBETOB, 1IBETOBBIX PACCTOSTHUH WJIH OTHOLIEHWH
pentren/ontuka( K).

3aMeTuM, 4TO YyKa3aHHble BbIllle OCOOEHHOCTH
KJacCU(UKALMM PEHTTEHOBCKUX HCTOUHHKOB SIBJISI-
forcst oOLWMMHU 1IpH  paboTe ¢ (OTOMETPUUECKUMH
JlaHHbIMU 0630poB Heba. LlenHocTh hoToMeTpHUeCcKO#
KJaccu(UKAIMM — B €e MacCOBOCTH: MHOTOBOJIHOBbIE
(hoToMeTpHUECKHE IaHHbIE JOCTYMHbBI /151 BCEX PEHT-
reHoBckux uctounukoB ePO3UTA, B To Bpemsi kak
CHEeKTPOCKOMUYeCcKas/acTpoMeTpruecKas Kaaccudu-
Kalusl B HacTosilllee BpeMsi orpaHudyeHa BblOOPKOH

[MMCbMA B ACTPOHOMMUYECKUN )KYPHAJI

JIOCTATOUHO SIPKUX ONTHUecKUX oObekToB. Kak yxe
OblJI0 CKasaHo, B BbIOPAHHOH TeCTOBOM 06JsacTh

SDSS ~50% onTHYeCKUX KOMMAaHbOHOB TOUEUHBIX
PEHTIeHOBCKMX HMCTOUHMKOB He MMEIOT CIEeKTPOCKO-

nuyeckoii/acTpoMeTpuueckoil Kaaccudukauuu. s
npyrux obsacteit 063opa ePO3MTA crniekrpockonu-
yecKoe MOKPbITHE 3aMeTHO HHKe (3a HCKJ/IoueHHeM
oT/esbHbIX noJiel). [TosToMy HallM BbICOKOTOUHbIE
Mojiesin oTomerTpuueckol kJaaccudukaumun SRGz,
NPeJCTaBAIT OOJBIION HHTEpEC.
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Puc. 19. ®oromerpuueckas knaccuduxauus SRGz npoTszkeHHbIX ONTHUECKUX 00beKTOB (type = REX, SER, DEV , EXP)
o63opa DESI LIS, siBasitolmxcst KOMOaHbOHAMH TOUEUHBIX PEHTIEHOBCKMX MCTOUYHHKOB JiByxJeTHero o63opa ePO3VTA (B
TecToBol 061acTH SDSS), Ha niocKocTH LBeToBoe paccTosiuue (z — Wa) — otHowenue pentren/ UK (X/W1 )sanato ). J1eBbiit
croJi6el rpachkoB — (hOoTOMeTpHUECHe 3Be3/Ibl, CpeHHil — (HOTOMeTpHUECKHe raJlaKTHKH, NPaBbli cTo/16el — (GoToMeTpHye-

cKHe KBa3apbl (1104po6HOe ONUcaHue cM. puc. 12).

6.4. Oroxcrectsienne, Kaaccugukauus u photo-z
TOYEUHBIX PEHTreHOBCKHX HCTouHHKOB ePOSH TA
B obuactu Stripe82X

PenrrenoBckuti 0630p B o6aactu Stripe82X u co-
CTaBJIEHHBIH HA €ro OCHOBE KATaJsIoT ONMTHUECKUX KOM-
MaHbOHOB PEHTIeHOBCKUX MCTOUHHKOB, HX (hOTOMET-
pUUECKHX KPACHBIX CMEILIeHHH, UMEIOIINXCS JIJIST 4aCTH
00bEKTOB CIEKTPOCKOMMYECKUX KPACHBIX CMeLleHHH
(Ananna u ap., 2017; JlTaMacca u np., 2016; bpenta
u jap., 2019) naioT HaM BO3MOXKHOCTb KOMILJIEKCHO

[MMCbMA B ACTPOHOMUYECKUN J)KYPHAJI

cpaBHUTb pedysbrathl SRGz st 0630pa ePO3UTA
M pes3yJ/ibTaThl OTOXKJECTBJIEHHUS, KJacCH(UKALWK H
photo-z, nosyueHHble 1pyruMu KOMaH1aMHu Ha OJIHOH
U TOM »Ke TJo1aaKke Heba, 10CTaTOUHO OOJBIIOHN MJI0-
utaam (31.3 kB. rpasycos).

CHayasia Mbl COMOCTaBUJIN Bech KaTaJior Stripe82X
(6181 pentrenoBckuii ucrounuk Chandra u XMM-
Newton) ¢ karajqorom TOU€UHBIX PEHTIEHOBCKHX
o6bekToB ePO3UTA (no naHHbIM 1BYX JieT 0o630pa
ne6a) B pamuyce 30" u nosyunan 1936 06bekroB
Stripe82X B okpectHoct ucrounukoB ePO3UTA.
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Puc. 20. doromerpuueckas kinaccudukaunst SRGz onTuueckux KOMNaHbOHOB TOUEUHbBIX PEHTTeHOBCKUX HCTOUHMKOB JIBYXJIET-
Hero o63opa ePO3UTA (srg_match_flag = 1, Pempty < 0.24) Ha nocKocTH 11BeTOBOe paccTosiiue (g — Wi)distance —
BeJsIMuKHa g. J1eBblil cTosbel rpaukoB — hoToMeTpHUECKHE KBa3aphbl, CpeHHI — (OTOMETPHUECKHE raJaKTHKH, PaBbIil CTOJ -
6ell — oToMeTpHUecKHe 3Be3/bl. BepxHsis cTpouka rpadukoB — Toueunble (type = PSF, DU P) ontHueckre KOMIAHbOHBI
PEHTreHOBCKHUX MCTOYHHKOB U3 0630pa DESI LIS, HuxHssA cTpouka — npotsikeHHble ((type = REX, SER, DEV, EXP))
onTHueckue KomrnanboHbl. CrioliHble KOHTYPBI Ha rpadukax cootBerctByioT 0.05, 0.35, 0.65, 0.95 KBaHTH/ISAM pacrnpe/iesieHn i
CTIEKTPOCKOMHUECKUX KBa3apOB, ra/IaKTHK, aCTPOMETPHUECKHX 3Be3]L (B35iThl ¢ puc. 5—8). LLITpuXxoBble KOHTYPbI COOTBETCTBYIOT
0.05, 0.35, 0.65, 0.95 kBaHTU/IAM pacripe/eseHnil hOTOMETPHUECKHX 00BEKTOB Ha TpahHKax.

[MTMCbMA B ACTPOHOMUWYECKUM )KYPHAJT tom49 Ne7 2023
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Puc. 21. doromerpuueckas knaccupuxauns SRGz ontHyecKnx KOMNaHbLOHOB TOUEYHBIX PEHTT€HOBCKUX HCTOUHUKOB JBYXJIET-
Hero 063opa ePO3UTA na miockoct (g — r) — Bennurna Wa (mogpo6Hee cM. MoAmUch K puc. 20).
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Puc. 22. ®oromerpuueckas knaccudpukauus SRGz onTHUECKHX KOMIAHbOHOB TOUEUHBIX PEHTT€HOBCKUX MCTOUHMKOB JIBYX-

nethero o63opa ePO3UTA na niockoctu user (Wi — Wa) — oTHolenue pentren/ontika X/z (noapoGHee cM. MOAMKCH K
puc. 20).
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Puc. 23. doromerpuueckas knaccupuxauns SRGz ontHyecKnx KOMNaHbLOHOB TOUEUHBIX PEHTT€HOBCKUX HCTOUHUKOB JBYXJIET-
Hero o63opa ePO3MTA Ha nockocTH BeToBoe pacctosiiue (z — Wa) — otnotenne pentren/ UK (X/W1 )sanato (MoapoGHee
CM. MOJMHUCD K pHc. 20).
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Ta6auna 8. Pe3yJibTaThl ONTHYECKOTO OTOXKJIECTBJIeHUs ToueuHbIX HcTOUHUKOB ePO3UTA B ob6sactu Stripe82X

# Nx Recall
Bce o6bekThl S82X 6181
BriGopka S82X xeRASS:4 (30”) 1936
- HET HaJIeXKHOTO ONTHYECKOTr0 OTOXKAeCTB/IeHHS B S82X 24
- onTHYecKoe oToxaecTBIeHHe B S82X (0 < QF < 4) 1912
- onTHueckoe oToxecTBieHue B S82X (0 < QF <4) x DESILIS (17) 1850
- ontuyeckoe oroxkaecTsierre B S82X (QF = 1) x DESI LIS (17) 1650

HauGoJsiee HanexHbie (QF = 1) komnanborbl S82X xeRASS:4 B DESI LIS (1650)
Bri6opka Py < 0.24 1551 0.968
Bri6opka Py < 0.24 u match_flag=1,2 1508 0.941
Bri6opka Py < 0.24 u match_flag=1 1472 0.919
Onruueckue koMnanboHbl (QF > 0) S82XxeRASS:4 B DESI LIS (1850)
Bri6opka Py < 0.24 1785 0.965
Bri6opka Py < 0.24 u match_flag=1,2 1707 0.923
Bri6opka Py < 0.24 1 match_flag=1 1649 0.891
- SRGz QSO 1426
- SRGz GALAXY 118
- SRGz STAR 105
Ontnueckue komnanboHbl S82X xeRASS:4 B DESI LIS ¢ zspec > 0 (1384)

Bri6opka Py < 0.24 1359 0.982
Bri6opka Py < 0.24 u match_flag=1,2 1338 0.967
Bri6opka Py < 0.24 1 match_flag=1 1315 0.950

N3 nux 1912 ucTOUHMKOB MMEIOT HaJIeXKHOEe ONTHUe-
cKoe oToxuecTBjenne B Stripe82X (¢ mapamerpom
KauecTBa OTOXKJECTBJeHUs B npenenax 0 < QF <4,
cMm. Ananna u qp., 2017) u 24 He uMelOT onTHUe-
CKOro ortoxkaectsJjeHust. Jlasee mbl cooTHecqau 1912
ONTHUECKHX KOMMaHbOHOB Stripe82X ¢ karajorom
ontuueckoro o63opa DESI LIS B kpy:kke paamyca
1” w nosiyunsin BHIGOPKY ONTHUECKUX KOMIAHbOHOB
(1850 o6beKkTOB).

M3 1850 ncTOUHUKOB BHIGOPKH OMTHUECKHX KOM-
nanboHoB 1649 o6bekToB (89%) oréupatorcsi SRGz
B COOTBETCTBHH C ONTHMAJIbHBIMH KPUTEPUSIMH OT-
6opa (Fy <0.24 u srg_match_flag=1, cm. n. 6.2).
OTMmerHM, UYTO J0JIS1 KOMIMAHbOHOB, JIOXKHO OTOPO-
lIeHHasi HaMH KakK “6e3/loMHble” MPH UCMOJb30BAHHU
dunbrpa Py <0.24, cocraBuna ~4% (cm. taba. 8).

[MMCbMA B ACTPOHOMMUYECKUN )KYPHAJI

Hoast oTOpoLIEeHHBIX KOMITaHBOHOB XOPOLIO CcorJiacy-
I0TCSl CO C/IelaHHBIMU paHee OLleHKaMH MO TeCTOBOH
o6aactu SDSS (5% noreps npu ot6ope Py < 0.24 u
srg_match_flag=1, cm. n. 6.2). CymmapHble noTepu
OTITUUECKUX KOMMaHbOHOB Ha Stripe82X mpu ot6ope
(Pp <0.24 u srg_match_flag=1) cocraBumu ~11%,
uTo B 2 pasa 6oJiblle, UeM OKHJaeMble 10 TECTOBOH
o6aactu SDSS ~5%). Pasnnune B cymMmapHbIX T10-
TepsiX ONTHYECKUX KOMMAaHbOHOB MOXKeT ObITb 00Yy-
CJIOBJIEHO BO3MOXKHBIMHM HETOUYHOCTSIMH MPH OTGOpe
KoMnaHboHOB B Stripe82X no kpureputo 0 < QF <
<4 (Anauna u ap., 2017). Ilpu or60ope onTHUECKUX
KOMIaHbOHOB 110 60Jiee CTPOromMy Kputeputo QF = 1,
1650 06BHEKTOB MMEIOT €IMHCTBEHHBIH OMNTHUECKHH
ucrounnk DESI LIS B kpyxke paauyca 1”; norepu
ONTHUYECKUX KOMIMNAHbOHOB npu otoope (Fy <0.24 u
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Puc. 24. TounocTb hOTOMETPHUECKHX KPACHBIX CMELIEHHH ONTHUECKHX KOMITAaHbOHOB TOUEUHBIX PEHTT€HOBCKHX HCTOUHMKOB
ePO3UTA B o6sactu Stripe82X pasubimu Metonamu: ciesa — SRGz, B uentpe — Ananna u 1p. (2017), cnpaBa — bpetna n

1p. (2019).

srg_match_flag=1) cokpattatrorcsi 10 ~8%, uto yxe
JI0OBOJILHO OJIM3KO K olleHKe 5%, 1oJyueHHOl HaMH1 Ha
TecToBOH BbiGopke SDSS (em. n. 6.2).

Ha BoiGopke 1850 onTHuecKnX KOMNAHbOHOB
TOUEUHBIX peHTreHoBcKHMX HcTouHnKoB ePO3UTA B
nose Stripe82X, 58 006beKTOB HJIEHTUDUIMPOBAHBI
Kak 3Be3npl (Morph=1) Ha ocHoBe ammpokcuma-
UMK oToMeTprUuecKuMH 11abjoHaMd AHaHHA W .
(2017), a 21 saBnasieTcsi CEKTPOCKONMMUUYECKOH 3Be3-
no# (SpClass=STAR). Mbl cpaBHUIH pe3yJbTaThl
KJ1accuduKalny 3Be3i U3 cratbM (AHanHa u J1p.,
2017) ¢ doromerpuueckoil knaccudukaured SRGz
JUISl YKA3aHHBIX ONTHUECKUX MCTOUHHUKOB U MOJYUUIH
xopoulee corsacue: mojenb SRGz pacnodnaer kak
(oTromerpuueckue 3Be3ibl 54 U3 H8 06BEKTOB C
Morph=1un 20 u3 21 cnekTpocKOm1MuIecKoil 3Be3bl.

M3 1850 UCTOUHHKOB BBIOOPKH ONTHUECKHX KOM-
nanboHoB, 1384 obGbekra (75%) uMelOT CrHeKTpo-
CKOIMMYECKHEe H3MepeHHusi, MpH 3TOM He SBJSIOTCS
CTEKTPOCKOMUUECKUMH 3Be3/laMH M HMEIOT H3Mepe-
HHE CMeKTpaJbHOr0 KPAaCHOro CMelleHHsl B KaTaJore
Stripe82X (cm. ta6a. 8). 1315 (95%) uz 1384 ucrou-
HUKOB oTbupatotcst SRGz npu Mcnosb3oBaHuu or-
TUMaJIbHbIX MapaMeTPOB ONTHUECKOr0 OTOXK/eCTBJIE-
Hus (Py <0.24, srg_match_flag=1). [lanee mbl cpaB-
HUM TOUHOCTb (DOTOMETPHUECKHUX KPACHBIX CMeLLeHHH
SRQGz a5t BHerajakTHUeCKMX PEHTIeHOBCKHUX UCTOU-
HukoB ePO3UTA B noJsie Stripe82X, umMetoniunx crek-
TPOCKOTIHUECKHE H3MEPEHHUsT KDACHOTO CMEIIeHHS.

B karanore Stripe82X cobpaHbl nuamepenusi ¢o-
TOMETPUUECKUX KPACHBIX CMELLEHHH, BbIMOJHEHHbIE
IByMmsi moaxonamu: (i) meronom mabjoHoB (AHaHHA
u ap., 2017), (ii) ¢ npuMeHeHHEM HCKYCCTBEHHbIX
HellpoHHbIX cetell (bpewma u np., 2019). s 1370
(u3 1384) onTHyecKUX KOMMAHLOHOB PEHTT€HOBCKHX

[MMCbMA B ACTPOHOMUYECKUN J)KYPHAJI

MUCTOUHHKOB B KaTtaJsiore Stripe82X umeltoresi criek-
TpaJibHble U3MepeHHst KPaCHOTO CMellleH s, u3Mepe-
Hust photo-z o6ouMK MeTOaMM, yKa3aHHBIMU BbILLIE,
a takxke uaMmepenue photo-z mozmenbio SRGz. Mul
Oy/leM HCIOoJIb30BaTh 3TY BBIOOPKY PEHTTEHOBCKHX
UCTOUHHMKOB B oOsactu Stripe82X mjs anasusa Tou-
HOCTH (POTOMETpHUECKHX KpacHbIX cMellleHnit SRGz B
063ope He6a ePO3MTA B cpaBHeHUH C pe3ysbTaTaMu
JPYrUX rpymil.

Ha puc. 24 nokasaHbl quarpamMmbl paccesius (110
ocH abclmMce — CreKTpaJbHOe KpacHoe CMelleHue,
M0 OCH OpAMHAT — (pOTOMETPHUECKOE KpacHoe cMe-
menue) g 1370 onTHueckux KOMMaHbOHOB TOUeU-
HbIX peHTreHoBcKHMX HcTouHnKoB ePO3UTA B mose
Stripe82X. Ha nanenu cjeBa noxaszanbl (hoTOMET-
puueckue KpachHble cMmenlenust SRGz, nocepennne —
MoJiesib abJIoHOB U3 paboThl (AHanHa u jp., 2017),
npaBas naHesb — MallMHHOe oOyueHHe Ha 6ase Hell-
poceteit (bpetna u np., 2019). B 3arnaBuu rpaguxos
NpHUBEJIEHbl CTAHIAPTHBIE METPUKH OLIEHKH KauecTBa
photo-z kBasapoB: aucnepcusi MPOrHO30B MO BeJH-
UMHEe KOJIOKOJIa pacrpeliesieHust oy Ap M J10J1s1 Bbl-
6pOCOB N~0.15 (CM. 1. 5.3.2).

Kak moxHo Buaetb, SRGz cyuiecTBeHHO NpeBoc-
XOIUT Apyrue Moaeau photo-z peHTreHOBCKUX HCTOU-
HUKOB, TpeJCTaBJ/eHHble B JUTepatype st 06JacTi
Stripe82X. Ha BbiGopke onTHUECKHX KOMMAaHbOHOB
TOUEUHBIX PEHTIeHOBCKUX HcTOUHUKOB ePO3MTA us-
MepeHHst POTOMETPUUECKUX KPACHBIX CMEIIeHHH CH-
cremoil SRGz GoJsiee uem B 2 pasa Jyuilie U3MepeHUH
photo-z, nosyuennbix apyrumu rpynnamu (Ananua
u ap., 2017; Bpemma u ap., 2019). MoxHo oTme-
TUTb BBICOKYIO TOUHOCTb HM3MepeHu# goTomeTpHue-
CKUX KpacHblX cMelleHuid SRz Kak ¢ TOUKH 3peHust
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JIMCTIEPCHH TIPOTHO3a KPACHOTO CMELEeHHs (TN AprAD R
~3.1%), Tak ¥ N0 BeJUUMHE BBLIOPOCOB (=015 ~
~ 7.8%). KauectBo wmopeneit SRGz o6ycJoBieHo,
B 3HAUUTEJbHOH CTerneHH, 00JbUIOH TPEHHPOBOUHON
BbIOOPKOW KBa3apoB W OOJILIIUM pa3HOOOpa3neM UcC-
nosb3yembix B SRGz poTomMeTpriyecKnx 1aHHbIX (CM.
TaKXKe CpaBHEHHe TOYHOCTH photo-z peHTreHOBCKUX
KBa3apoB /sl pa3Horo Habopa JaHHbIX (HOTOMETpH-
yecknx 0030poB Heba B paborax (MeluepsikoB U Jp.,
2018; bopucos u ap., 2022)).

CuyielyeT OTMETHTb, UTO MPeACTaBJEHHbIH 3JeCh
pesyJbraT 1no TouHocTd photo-z B mose Stripe82X
MOXKHO CUMTAThb XapaKTepHbIM JJIsi BCEX PEHTreHOB-
CKHX HCTOUHHKOB B 00J1acTH TMepeceuyeHus 0630poOB
DESI LIS, SDSS, Pan-STARRSI. TouHnocth
photo-z B nose Stripe82X otlenuBanach s 3/4
OTNTHUECKHUX KOMIMAaHbOHOB PEHTIeHOBCKUX HCTOUHH-
koB ePO3UTA. Jlns ocrabuieiics 1/4 06beKTOB,
KaK MOYKHO OXKHJIaTh, TOYHOCTb M3MepeHHH photo-z
OyJIeT CHUXKATbCSl TIPH PacCMOTPeHHH OoJiee cabbixX
ONTHYECKHX 0O'HEKTOB.

7. BbIBOJIbI

B paGore onucanbl mMeTonbl cucteMbl SRGz ans
(hM3MUYECKOr0 OTOXKIECTBJEHHS] TOUEUHBIX pEHTre-
HOBCKHUX HcTOuHHKOB 0630pa ePO3MTA no doto-
MeTPUUYECKHM JIaHHBIM B 00JIaCTH MOKPBITHSI 0630pa
DESI Legacy Imaging Surveys DR9. Paccmorpennl
MOJIEe/IM MalIMHHOTO 00yueHHsl, BXOJSIIME B COCTaB
cucrembl SRGz (Bepcusi 2.1), nospoJuBiMe sl
87% nuolany Beeil BHerasakTuueckoil obmactu (0 <
< 1 < 180°,|b| > 20°) moJiyudTh HaJeKHbIe H3Me-
peHHs KOCMOJIOTHYECKOTO KPAacHOro CMeLleHHsl H
(hM3MYECKOTO KJlacca PEHTTeHOBCKUX 0O BEKTOB (3B€3-
na/KBasap/ranakTika), onupasich Ha MHOrOBOJIHOBbIE
tdoromeTpuueckue naHHble 0630pos Heba DESI LIS,
SDSS, Pan-STARRS, WISE, ePO3ZUTA.

YHuukanbHol ocobGeHHOCTbIO cucTeMbl SRGz sB-
JISleTCsl TO, UTO ee MoJie/ib paboThl C JJaHHbIMH (aJsro-
PHUTMbl OTOXKJIECTBJIEHHUS], KaaccudpuKkauun, photo-z)
LeJTMKOM OMUPAETCs Ha IBPUCTHUECKHE MOJXO0/Ibl Ma-
LLIMHHOTO 00YU€eHHs1, UTO M03BOJISIET 3HAUUTEJIBHO YBe-
JIMUUTH TOYHOCTb U3MepeHHst (PU3NUECKHUX XapaKTepH-
CTHK PEHTT€HOBCKHX 0OBEKTOB MO (HOTOMETPHUECKUM
JIAHHBIM.

Hasi cranpaptHoro BeiGopa napametpos SRQGz,
MOJIHOTA OTOXKAECTBJIEHUST ONTHYECKUX KOMIAHbOHOB
B o6sactu DESI LIS cocrasasier 95% (TouHOCTb OT-
6opa onTHUeCKUX KoMmmanboHoB 94%), nosnora 82%
(TouHocTb 85%) KJacCH(UKALMY PEHTIEHOBCKUX HC-
TOYHHKOB, HE UMEIOIIIMX OTNITHUECKOTO NMapTHepa (“6e3-
JoMHbIX” |, aHri. hostless). B SRGz nocruraercs
BbICOKAsl [OJIHOTA (POTOMETpHUECKOH KlaccHUKaluK
ONTHYECKUX KOMMAHbOHOB PEHTI€HOBCKUX HCTOUHH-
KOB (>99% /151 BHEraJakTHUECKHX 00bEKTOB: KBasap

[MMCbMA B ACTPOHOMMUYECKUN )KYPHAJI

WM TaJIaKTHKA) HA TECTOBOH BbIOOPKE O0OBEKTOB CO
cnexktpamu SDSS 1 3Besn GAIA.

B cratbe BbIMOJHEH aHAINM3 BaXKHOCTH (HOTO-
MeTPUYECKUX TPU3HAKOB /ISl OTOXKIECTBJEHHS Of-
THUECKUX KOMIIAHbOHOB PEHTI€HOBCKHX HCTOYHHKOB
ePO3UTA, a Takxke pasjiesieHHsi Ha KJacChl PeHTre-
HOBCKHMX KBa3apoB rajlakTuk W 3Besil. [lokazaHo, uto
otHollenust pentren/ontuka-MK, BBesenHble Hamu
MPHU3HAKH LIBETOBBIX PACCTOSIHUM, a TAK:Ke ONTHUECKHE
usera (Hampumep, (g — 7)), user (W — Ws) u K-
BeJIMUMHA Wa HrpatoT 60JIbLIYIO POJib NIPH PasieseHHH
Ha KJ1acChl PEHTTeHOBCKUX 00bEKTOB.

TounocTb oTOMETPUUYECKHUX KPACHBIX CMeElleHHH

SRGz TecTHpoBanach Ha BhIGOpKe 3/4 Beex onTHue-
CKHX KOMITaHbOHOB (/1/151 KOTOPbIX JIOCTYIHbI CIIEKTPO-
CKOITMYECKHe U3MepeHH sl ) PEHTTeHOBCKUX HCTOUHUKOB
ePO3UTA B mnone Stripe82X. Tounocts photo-z
PEHTreHOBCKMX HMCTOUHHKOB COCTaBMJA: ONMAD =
= 3.1% (HopmaJsiM3oBaHHOe MeaHaHHOe abCOJIIOTHOE
OTKJIOHEHHE TIPOrHO3a) U n~g.15 = 7.8% (1051 KaTa-
cTpohuyeckux BbiOpocoB). [1peacraB/ieHHble pesyJib-
taThl photo-z s ucrounukoB ePO3UTA B nose
Stripe82X 6osee uem B 2 paza (1o o6eMM MeTpUKaM —
ONMAD Y M>0.15) TIPEBOCXOJSIT Pe3yJbTaThbl APYrux
rpynn (Anauna u ap., 2017; bpemma u np., 2019),
ony6JIMKOoBaHHbIe B KaTaJore Stripe82X.

B 3akstoueHHe OTMeTHM, UTO B COOTBETCTBHM C
NOJUTUKOH PoCCHICKOro KOHCOpLMyMa TeJiecKorna
CPI'/ePO3UTA ny6iukauusi JaHHBIX —KaTaJjora
SRGz-CatD B oTKpBITBIH 10CTYI GYET MTPOUCXOAUTD
B rpouecce MyOGJMKAUMH KaTajJoroB PeHTreHOBCKHX
ncrouHnkoB Teseckona ePO3UTA mnsi pasmuuHbix
y4acTKoB He0a, Kl1accoB 0ObEKTOB U T.JL.

B Hawmnx njanax — jgasbHeillliee pa3BUTHE CHCTe-
Mbl SRGz B MHTepecax HayKH PEHTTEHOBCKOro 00-

sopa He6a CPI'/ePO3UTA, kotopoe GyieT WATH B
HECKOJIbKUX HaTpaBJ/IeHHUSIX.

Mbl ucenenyem psii HeHpOCETEBBIX aJTOPUTMOB
JUISl TIPUMEHEHHUs] WX B MOJEJSAX KJacCH(pHUKALUU U
BEPOSITHOCTHOH perpeccud Ha TabJHUUHBIX JTaHHbIX
(oromerpuueckux karanoro. Kak cienyer us o63opa
Bopucosa u np. (2021), HefipoceTeBble MoneaH Ha
reTeporeHHbIX TAOJMUHBIX TAHHBIX BIJIOTHYIO TIPUOJH-
3UJIUCb MO TOYHOCTH KJACCH(PHUKALMH K JPEBOBHI-
HbIM aHcaMOJIsSIM TpajndeHTHoro OycTuHra. B nepsyto
ouepesib 3TO CBSI3aHO C COBEPILIEHCTBOBAHHEM MO-
nejiell Taybokoro oOydyeHHsI HA OCHOBE aJIrOpPUT-
MOB Helipocereli-Tpancdopmepos (auri. transformer
neural architecture) u mexaHusma BHUMaHHS (CM.
Camnanmnu u gap., 2021). Bkiouenue m0g06HBIX
monesieit B cucteMy SRQGz npencrasasier 6oJblIoN
MHTEpeC M MOTEHIMAJbHO TO3BOJHUT JIOMOJHUTENHHO
YJAYULIUTb M3MepeHHst (PU3MUECKHX XapaKTepUCTHUK
PEHTreHOBCKHUX 0OHEKTOB.

Tom49 Ne7 2023



492

Takxke B pamkax cuctembl SRGz B rpynme mo
PEHTreHOBCKOMY KaTaJslory HaM1 pa3BUBaeTCs MH(ppa-
CTPYKTYpa JUIsl XpaHeHUs W JocTyna K H3oOpaxe-
HUSIM OTKPBITHIX (hOTOMETPHUECKHX 0030pOB C T10-
CJeNyIOUIMM HX aHAJM30M C TOMOILbI0 HeHpoceTeH.
Chnenytouim 1arom pa3sutuss SRGz B 3ToM Ha-
NpaBJieHUH SIBJSIIOTCS HEHpoCeTeBble MOJENH OTOXK-
JlecTBJIeHUs], Kaaccudukauuun v photo-z, paborato-
llMe HEMoCPeNCTBEHHO C ChIPbIMH JAHHBIMU 0030pOB
Heb6a B peHTreHoBcKoM, ontuueckom, MK n npyrux
JanasoHax crekrpa. DTO MO3BOJUT 0OoJjiee MOJHO
MCIOJb30BaTh MOTEHUHA] HEHPOCETEBbIX MOJIXOMIO0B,
3aKJ/II0YAIOLIMACS B BO3MOXKHOCTH aBTOMATHU€CKOTO
M3BJICUEHHS] CKATBIX BEKTOPHBIX MPEACTaBJIEHUH M3
CBIPBIX JaHHBIX 0030poB Heba (B MepBYyO ouepe/ib, B
BH/Jle MACCHUBOB H300pakKeHHi, TabJIHLL).

ITo Hccse0BaHle OCHOBAHO HA HAOJII0IeHUSIX Te-
geckona ePO3UTA na 6opry o6cepBatopun CPI.
O6cepBatopuss CPI' usroroBnena Pockocmocom B
uHTepecax Poccuiickoii akajemun Hayk B Jjuue MH-
cTuTyTa KocMuueckux uccaenopanuit (MKW) B pam-
kax Poccuiickoil denepanbHOi HayuHOH MpPOrpamMMbl
¢ yuactHeM [epmMaHCKOro IEHTpa aBHALMd M KOC-
moHaBTHKH (DLR). Pentrenosckuii teneckon CPI
M3rOTOBJIEH KOHCOPLUMYMOM TFepMaHCKHX MHCTHTYTOB
Bo rynaBe ¢ VHCTUTYTOM BHE3eMHOH acTpogu3UKH
O61uecta um. Makca I[lnanka (MPE) npu nognep:x-
ke DLR. Kocmuuecku#i annapat CPI' cnpoekTtupo-
BaH, M3roTOBJIEH, 3anylleH u ynpasasercs HITO um.
JlaBoukuHa u ero cybnoapsinuukamu. [lpuem nayu-
HbIX JIAHHBIX OCYLILECTBJSIETCSI KOMIJIEKCOM aHTeHH
JaJbHEl KOCMHUeCKOH ¢Bsidu B MenBexbux 03epax,
Yecypuiicke u baiikonype u dunancupyercsi Poc-
KocMocoM. [cnosib3oBaHHble B HacTosiled paboTte
JlaHHble Teseckona ePosuta o6padoTaHbl ¢ TOMOLLBIO
nporpamMmmHoro o6ecrneuennsi eSASS, paspaboranno-
ro repmanckum kKoncopuuymom ePO3UTA, u npo-
rpaMmMmHoro obtecrnedenusi, pazpaboTaHHOrO POCCHI-
CKMM KoHcopuuymoM Tesneckona CPT/ePO3MUTA.
Cucrema SRGz cosnana B HayuHoil paGoueit rpynre
MO MOMCKY PEHTTeHOBCKUX HCTOYHMKOB, HX OTOXK-
JIECTBJIEHHIO W COCTaBJIEHHIO KartaJjora Mo JaHHbIM
teneckona CPI'/ePO3UTA B otene acTpodusHKu
Bbicoknx sHepruil MKW PAH.

Pa6ora BbinosiHeHa npu nojjepxke rpanta PHO
21-12-00343. Pacora U.®. bukmaesa u 1.M. Xamu-
TOBa YAaCTHUHO MojulepxKaHa cybcuaueii MuHoGpHay-
ku PO FZSM-2023-0015, Boienennoit Kazanckomy
(henepabHOMY YHUBEPCHTETY JI/Isl BBITIOJHEHHS FOCY -
JIAPCTBEHHOTO 3a/laHus B cpepe HAyUHOH JesiTebHO-
CTH.
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