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N3ydennl naHOpaMHBbIE CIHEKTPBI MIECTH yIbTPAasdpKuxX penrredosckux wucrounukos (ULX) B
rasmakrukax Aarensbl. [JocTpoeHbl KAPTHI MEK3BE3THOIO MOTJIONEHUs B OOIACTIX 9TUX 00BEKTOB.
C npujedennem n3obpaxkenuit, mosydeHHbXx ¢ HST, ObLIM MOCTPOEHBI TOYHBIE CETKU KOOPIUHAT
u obuapyxkeno, uro Bce oobekTbl ULX naxonsrcs psaaom (50-240 0k) ¢ MOJIOABIME MACCUBHBIMU
ckomtenusmu. DoroMerpusi CKOILUIEHUIT W CpaBHEHHE C MOJEJbHBbIMUA TpekaMu Srarburst99
TTO3BOJIMJIM OTIPEJIEJINTh BO3PACTA W MACCHI CKOIJIeHWH. Bce CkomieHwsi OKa3ajuch MOJIOIBIMH,
e crapine 5 mun Jer. Maccer 3Be3n, npemmecrBenaukoB ULX, — we menee 50 macce Conmna.
Harmmu pe3yabrarsl moKa3sBaroT, 9T0 00bekThl ULX mosiBUIINCH B PE3yJIbTAaTe SBOJIIONNN HAnbOJIee
MACCUBHBIX 3Be3/l, OHU, BEPOATHO, ObLITH BHIOPOIIEHBI 3 CBOUX POAUTEIbCKUX CKOIIenuit. CKopocThb
BbIOpOca cocrapisier 10-50 kM /c. DTO coryracyercst Kak co ClieHaprueM BBIOPOCA 3BE3]1 B PE3yJIbTaTe
OGJIM3KUX TPOXOXKIEHUI, TAK U C BAPHAHTOM BbIOPOCA B PE3YJILTATE B3PHIBA CBEPXHOBOM.

BBEJIEHUE

TodeqyHble UCTOYHUKHN, HE CBA3AHHBIE C SAPOM TAJAKTUKH, PEHTIEHOBCKAs CBETUMOCTH KOTOPBIX IIPEBBIMIAET
103%3pr/c (samuHrTonoBCcKuUil mpesen A uepHOil AbIphI ¢ Maccoit 10My), Ha3BIBAIOTCA YALTPAAPKAMU
peurredockumu  ucrounukamu (ULX). Tlockosbky y wmuorux ULX wHabuomaercs [epeMEHHOCTb B
PEHTTEHOBCKOM [Hana3oHe [5], Mpeamosaraercs, 9TO IHEPreTHKY OOJIbINel YacTH 3TUX OOBEKTOB MOYKHO
O0BbSICHUTDL aKKpenueil Ha KOMIAKTHBINA 00bekT. [Ipeamonaraercs, 9To 370 MOryT ObITH JIMOO UEPHDBIE JIBIPHI
3BE3THBIX MACC C OOJIBINIAM TEMITOM aKKPEIHHU W, BO3MOXKHO, C CHJIbHOW aHU30TPONUeil 3Ty ueHus, Tuh0 depHbIe
JIbIPBI IIPOMEXKYTO4UHBIX Mace [4, 10].

Tasmakrukn Anrenast (NGC 4038/4039), naxonsmuecs Ha paccrostaun 22 Mk [11], aBisirorest TpoToTHIAMA
B3auUMOJEHCTBYIOIMX — rajakruk [12].  Beoblmku — 3Be3noobpasoBadus, WHUINMUPOBAHHBIE —IIPUJIUBHBIM
B3aMMOJIEHiCTBHEM, TIPUBEIN K OOPa30BAHWIO MHOTOYWMCJIEHHBIX CKOIUIEHHWH pasHoro Bo3pacra [13]. Kak wu
B Jpyrux B3aumogeiicrByionux ranakrukax (NGC3256/3257, NGC5774/5775) B rajakrukax AHTEHHBI
HabII0aeTCst GOJIBINOE YHCIIO YIBTPASPKUX PEHTITEHOBCKUX MCTOYHHUKOB [15].

HABJIFOJEHNA 1 AHAJIN3

Crekrpasibabie nannblie morydensbt Ha 8.2-M reneckorne VLT B EBponeiickoit 1oxxHoit ob6cepBaropun. Habmonenus
nposoguinch Ha mpubope VIMOS (Visible Multi Object Spectrograph) [6] B pexume HHTErpagbHOM
cnekrpockormu o (IFU). Tlpm HaGMOAEeHMAX ¢ BBICOKAM MpOCTpaHCTBeHHBIM paspemenuem (0.33" /mkr)
pa3Mmep mosa mpubopa cocTasan 13.5” x13.5”. Boumi mostydeHs! CIeKTpsI B ABYX auanasonax: 4150-6200 A ¢
mucnepeneit 0.6 A /mxr u 5200-7400 A ¢ aucnepeneit 0.51 A /nxn. UncTka KOCMIYECKHX 9aCTHI] TPOU3BOIUIACD,
ucnonb3ysi cranpaprabie nakersl IRAF. O6paborka crekTpoB mpoBoamiachk ¢ momomipio Vimos Pipeline [14],
¢ mopaboTaHHOit (DyHKIMEH OIpeaeeHnsa CIeI0B BOJOKOH mpu ciaaboMm ypoBHe curiaia. Ilocme obpaborkm
bOPMUPOBAICH TPEXMEPHBIE KYObI JAHHBIX.

doromerpuyecKre TaHHbIE, UCIOJIb30BAHHbBIE B JaHHON pabore, Obuin mosrydensl Ha Hubble Space Telescope
(HST) ¢ ucnonnzosanuem kamepst WFPC2 B suBape 1996 rozga. 13 apxusa HST GbLiu nosty 9eHsl n300pazkeHus B
crenyfomux dunprpax: F336 W, F439W, F555W u F814W. Aneprypras (poromMerpusi CKOILIEHUH TPOBOIUIACH
C HCHOJb30BaHWEM CTaHapTHbIX nakeroB IRAF. ®on onpepensiica psagoM € ONTHYECKAM OOBEKTOM Ha
CrJIazKeHHOM M300paKeHUH, II0JIyY€HHOM IOC/Ie BblYMTaHMs BCeX o0bekToB B nporpamme Sextractor [1]. Mot
TaK)Ke HCIOJIb30Basn IupokodopmarHoe nzobpaxenne NGC 4038/4039, nomyuennoe 20 mrons 2004 roga Ha
ACS kamepe HST B dpunbrpe F435W.

[Ipu comocraB/ieHNN PEHTTEHOBCKUX U ONTUYECKUX OOBEKTOB BAYKHBIM BOIMPOCOM SBJISIETCS TOYHOCTD
npuBsizKu cerok Koopauwnar. Ha wzobpakenme ACS Oblia HaHeceHa ceTKa KoopAwHAT 1m0 15 obbekram wu3
karajgora 2MASS [3], a 3arem, WCIOIB3ysi BTOPUYHBIE CTAHIAPTHI, CETKA KOODAWHAT Oblia MEepeHeceHa Ha
uzobpaxkenne WFPC2. Urorosasg rounocrs cocrapiger 0.2, Ha 3D-kybe 1aHHBIX TakzKe ObLTa HAHECEHA CeTKa,
KOOPAWMHAT C PE3yJAbTUPYIOMmeil TogrocThio 0.2 mocpencTBOM MEHTPHPOBAHUS MO CAMOMY SIPKOMY OOBEKTY Ha,
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Puc. 1. Ilpumep amammza 3D-u306pazkeHns yIbLTPagpKOT0 PeHTTEHOBCKOTo mcrounmka X11. Kpyxok mmamerpom 0.6”
COOTBETCTBYET ITOJIOKEHHIO PEHTTEHOBCKOTO UCTOYHNKA. B BEPXHUX ABYX psAMax MPEICTABICHBI TOTOKY B JIMHUSX U KapPTa,
MEK3BE3/HOr0 mnorJioieHus. Bosee ceersbie 06/1acTi COOTBETCTBYIOT GGIbIINM BenduHaM. BHu3y npejcrasiieHa CBepTKa
uzobpaxkenuit VIMOS ¢ dunsrpom F555W, a rakxke npsmoe uzobpaxenne ACS B dusbrpe F435W

3D-uzobpaxkenuu u Ha nzobpaxkenun ACS. Xorst abCOTIOTHAS TOYHOCTH PEHTTEHOBCKUX KOOPAMHAT TEJIECKOTIa,
Chandra cocrasager 0.6”, BHyrpennss tognocts — 0.17-0.2” B 3aBucuMocTu oT gpkocTH oObekTa. s
COTJIACOBAHUSI PEHTTEHOBCKUX W ONTUYECKUX KOOPJMHAT MbI TIPOM3BENIN JIMHEHHBIA CIBUT ONTUYECKONW CUCTEMbI
KOODJMHAT 110 UCTOYHUKY X37, KOTODBIii sIBJIAETCH KBa3apOM [2] U I10JI0KEHHEe KOTOPOIrO HAJAEXKHO U3MEPercs.
VTak, BHyTPEHHSIST TOYHOCTh HAINAX PEHTTEHOBCKUX W ONMTHYECKUX KOOpAWHAT cocrasmuser 0.2".
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Puc. 2. Ipyxusernas muarpamMma MoIejabHOro pacdera Starburst99 mns merasumunocreit 17 (Toncras jupus, Ha
KOTOPO# KPECTUKAMH OTMEYEHBI BO3pACTa ¥depe3 1 MJIH JIeT, HaduHas ¢ 1 MJIH JIeT B HKHEH 9aCTh Juarpammbl) u 27c
(ronkag smams). Iloka3aHbl HCIPABIEHHBIE 33 MEXK3BE3IHOE MOTJIONEHAs] PE3YIbTAThl (POTOMETPUM KAXKIOTO CKOIIEHHS
¢ 6okcamu omrumbox

Ha vamux croekTpaibHBIX H300parkKeHusaX Mbl OLpeAeInIn napamMerpsl auauit rymanuocreit (Hy, Hg, [O I11],
[SII]). [Ipurnumasi BO BHMMAaHHWe, 4TO B ciaydae B IepeHoca M3JIyYeHHs] B Ta30BBIX TYMAaHHOCTSIX OTHOIIEHHE
Ho/Hpg=2.87 [9], u nupuHuMas 3aKOH MEXK3BE3HOIO HOIVIOMEHHs [8], MBI IOCTPOM/IM KapTy HOMIOMEHHs Ay
JUTSL Kaxkaoro obbekTa (cM. puc. 1).

BO3PACT I MACCHI CKOILJIEHU, CBA3AHHBIX C ULX

Bbuin paccuuranbl 1Ba 9BOIONMOHHBIX TPEKa C UCIOJAb30BaHUEM HporpamMbl Starburst99 [7] s eauuuyHOl
BCIBINKN 3Be37000pa3oBanust, ¢yukimeit Cannurepa ¢ a=2.35 n MerajumuHoctsamu 1Zc u 2Z;. Ha
apyxusernoii auarpamme (U-B), (V-I) (puc. 2) noka3aHbl pe3yJbTaTbl MOAEIbHBIX PACUYETOB U UCIPABJIEHHbIE
3a MeK3Be3/[HOe TIOrJIoNeHne pe3yabraThl doromerpun. Ha sBosmonmonnom tpeke ¢ Z =175 0003HAYEHDI
MOMEHTBI BpeMeHU 4depe3 1 MJIH JIeT, U U3 COOTBETCTBHS I[BETOB CKOIUIEHWH HA TPEKE MOYKHO CJIEJIATh BBIBOJ, O
BO3pacTe KaxkJ0ro ckomieHus (cM. tabi. 1). 3Hasd omeHky Bo3pacTa ckomieHus mo muarpamme V., (V-I) mbr
OTIPEJILIISIIIA MACCY CKOILIEHUSI.

Tabmuma 1. Pesyaprarer anammsa ULX B ranakrukax Anrennst. [IpescraBieHbl PEHTIEHOBCKUE KOODIUMHATHI, BO3PACT,
MacCCa CKOIIEHHS U PACCTOSHUE OT IIEHTPA CKOIJIEHUA OO PEHTTeHOBCKHX KoopamHar ULX

ULX RA (2000.0) Dec (2000.0) Bospacr, wun ster  Macca, 108 Mg Paccrosmue, nx

X-11 12:01:51.32 —18:52:25.3 4.3+0.5 4 46
X-16 12:01:52.08 —18:51:33.6 2.31+0.3 1.6 188
X-31 12:01:54.27 —18:52:01.9 2.84+0.3 2.5 240
X-32 12:01:54.35 —18:52:10.3 3.240.5 3.6 210
X-35 12:01:54.77 —18:52:52.1 5.04+0.5 4 62
X-42 12:01:55.65 —18:52:15.0 3.1£0.3 2.5 150

Ha pucynke 3 mpencrasiiena rucrorpaMma pacupezesenns Bo3pactoB. V3 gumarpamMMbl MOXKHO CJI€JIaTh
BBIBOJI, UTO Macca 3Be3/, B3PHIBAIOIINXCS KaK C CBEPXHOBBIE, cocTaBisieT He MeHee 50M . Tam ke npezcrasiena
TUCTOTPAMMa, PACIIPEeIeHrs MPOEKITMOHHOr0 paccrosinus Mexk 1y ULX u poaurenbckum ckomtennem. Kazxibrit
13 00BEKTOB HAXOAUTCS JAJIEKO OT POAUTEIHCKOTO CKOILJIEHNUS , UTO MOYKET TOBOPUTD O TOM, 9TO ABOIHA CHCTEMA,
ObLTa BRIOPOIIEHA B CAMOM Hadase (DOPMUPOBAHUS CKOILIEHUsI [IPU TPOUHBIX-YETBEPHBIX B3aMMOJIEHCTBUIX, a
3aTeM JBOJIIOIMOHUPOBAJIA, YIAJISAACH OT POAUTEIHCKOrO CKOMIeHus. Hammm pe3yibraTsl CBUIETEIBCTBYIOT, 9TO
ULX 310 MOJ01BIe OOBEKTBI C BO3PACTOM MeHee 5 MJIH JieT. VX mpeanecTBeHHUKY OBLIH MACCHBHBIE 3BE3/IbI
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Puc. 3. Pacnpenenenme Bozpactos ckortenwmii, cBsa3anabx ¢ ULX. IlITpuxaMmu moKa3aHBl MUHAMAJIBHBIE MACCHI 3BE3T,
B3PBIBAIOIMXCA KaK CBEPXHOBBIE 33 TAHHOE BpeMs sBommorum (a). Pacrnpemesenne MPOEKITMOHHBIX DPACCTOSHWIA OT
PEHTTEHOBCKOr0 MCTOYHHUKA 10 HeHTpa ckomseHus. OrTmedeno takxke paccrogame or SS433 (BO3MOXKHOrO mpoTOTHIA
ULX B lamakruke) mo Gimkaiimero ckorenus 3se37 (6)

c maccamu ne menee 50My. Eciaum maccuBuas 3Be3ma ObLia BHIOPOIIEHA M3 CKOIJIEHHS BO BPEMsI BCIIBIIIKH
CBEPXHOBOM1, TO Torga macca npemmectsenHnka ULX cranoBuTcs gaxke 6ombitne 50M . Ynanennocts ULX ot
ponuTensckoro ckorieHus cocrasiser H0-240 mk, u /s TPOXOXKIEHUS TAKOI'O PACCTOSHUSA CKOPOCTH BBIOPOCA
U3 CKOIUIEHHUST JIOJKHA cOCTAaBIATH or 10 1m0 50 KM/c.
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