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H. A. TuxoHos

Ha ocHoBe apXMBHBIX CHUMKOB KOCMHMUECKOro Tesieckorna WM. Xa006Ja rpoBeleHa 3Be3aHasi (hOTOMETPHsI
ranaktikd NGC 4068. Ha nosnyuenHo# nuarpamme lepuuimnpynra—Peccena (CM-nuarpamma) BUHbI BETBH
MOJIOJbIX W CTapblX 3Be3/l. sl OLLeHKH METAJIMYHOCTH MOJIOJbIX 3BE3JL UCI0JIb30BAHbl M30XPOHBI PA3HOT0
BO3pacTa U MeTasnuHocTH. CoBMellleHHe H30XpoH U CM-jauarpamMmbl 3Be3]l TIOKA3bIBAET, UTO MOJIOJIbIE
3Be3nbl NGC 4068 uMeloT BbICOKYIO MeTalJIMYHOCTb, BIMJIOTH 10 MeTasaanuHoctd CosHua (Z = 0.02).
[TockosibKy 3Be3/1bl BbICOKOH METaJ/VIMUHOCTH HAGJII01A0TCSl 110 BCEMY TeJly FajlakTHKH, TO MOAKHO TOBOPUTD
O BbICOKOH METaJ/IJIMUHOCTH BCEH TaJlaKTHKH, a HEe OJHOro JIoKajbHOro otbema. [lokazaHo moJsioxkeHHe
NGC 4068 cpenu 105 uppery/isipHbIX raJlakTHK Pa3HON MeTaJIJIHUHOCTH HA JUarpaMme 3aBUCHMOCTH MEXKLY
MEeTaJIJIMUHOCTAMH CTapblX W MOJIOJAbIX 3Be3/l. [1ouTH JiMHeliHAs 3aBUCHMOCTb MEXK/y STHMH NapameTpamu
yKa3blBaeT Ha OTCYTCTBME MNpoLeccoB ObICTPOro oGorauleHusl rajakTHK MeTajulaMH Ha COBPEMEHHOM
sTane ux 3BOJOUMU. [losyueHHble pe3y/ibTaThl He MOATBEPXKIAIOT 3aKJ/0UeHHe O HU3KOH MeTaJIMUHOCTH
NGC 4068, cnenannoe $lposoBoit u jap. B pabGore 06 oOHApY:KEHMH B 3TOH TajakKTHKE MaCCHBHOH
HU3KOMETAJIMUHON 3Be3/bl C MMOBBILIEHHBIM COJlepXKaHHeM a30oTa. PaccMaTpuBaeTcss BapHaHT MNPSMbIX
usmepenuit MetasmuHoctd NGC 4068: npeacraBieHbl KOOPAMHATHI U 006JaCTH OTOXKIECTBJECHUS TPEX
HanboJjiee SIPKUX CBEPXTMraHTOB C GoJiblUWM mnokasatesieM w1pera (V — I), KOTOpbiil yka3blBaeT Ha HX
BBICOKYI0 METAJIIMYHOCTb.

KuoueBbie caoBa: memoost: qbomomempuﬂ — canaaKmuKu: Kkapaukosvle — eaAaAKMUKU: omaoenvHoLe:

NGC 4068 — 38e30vi: caepxeueanmol — MemariliHOCHLb

1. BBEAEHUE

B nenaBneil ny6smkaunn Yarovova et al. (2023)
Ob1J10 00bSIBJIEHO 00 OTKPBITUH MACCUBHOH HU3KOMe-
TaJUIMUHON 3Be3Jlbl C BBICOKMM COJepKaHHEM a30Ta
B KapJskoBo# rasaktike NGC 4068, merayiuHOCTb
KOTOpO# aBTOpPbl cTaTbM oueHuau npumepHo B 0.1
MeTasnuHoctH CoJHLa.

[anaktuka NGC 4068 HeoJHOKpaTHO BXOjWJA B
Hallld CIUCKU uccienyeMbix 00bekToB (Tikhonov,
2018a; b), HO He MpHUBJIeKasa BHUMAaHHSI KAKUM-JIMO0
OTKJIOHEHHUEM MEeTAJIIMUHOCTH OT CPEJIHEro 3HaueHHusi
(06buHO Z = 0.004—0.008 ), XapakTepHOTO /151 Uppe-
TyJsIpHBIX rasiakThK. [To3aToMy /17151 BbISICHEHU S TTIPUUH -
Hbl OLIeHKH CcToJ1b HU3KOH MeTasinuHocTH NGC 4068
Mbl GoJiee JeTalbHO U3YUYMJIM 3BE3JHbIH COCTaB 3TOU
raJakTHKH.

DBOJIOLMOHHBIN TyTh 3B€3/Ibl 3aBUCUT OT TPeX Ma-
paMeTpoB: HayaJbHOH MacCChl, XHMHUECKOTO COCTaBa
U TpPUCYTCTBUSI OJM3KUX cocenel. st OJM3KUX U
SIPKUX 3BE€3Jl HA OCHOBE CIIeKTpaJibHbIX HaOJII0IeHUH
noJlydeHbl 3HAYEHHsI COCTABJISIIOLIMX MacC pasHbIX
xumuueckux snementoB (H, He, O, C, Fe, Ne, N,
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U 1p.) XUMHUECKHH COCTaB 3Be3JL MPEeACTaBJISETCs]
B Buje cooTHoweHust: X +Y +Z =1, e X,Y, 7
YKa3bIBatoT J0JI10 BOJOPOJA, Ie/IUsl H BCeX OCTaJIbHbIX
3JIEMEHTOB TslKeJlee reJiis B Macce 3Be3fibl. B actpo-
(hu3KMKe NPUHSTO HAa3bIBAaTh MeTaJJIaMi BCE 3JIeMEHTbI
TsKeJlee TeJidsl, XOTs MHOTMe M3 HUX HACTOSILIUMU
MeTaJylaMu He SIBJIsIIOTCS. FI3amMepenus nokasaJu, 4to
CoJiHLe CONepKUT NPUMEPHO 2% MeTasII0B, TO eCTh
7 = 0.02 (Anders and Grevesse, 1989; Grevesse and
Sauval, 1998; Vagnozzi et al., 2017), xots B Heko-
Topbix u3mMepenusx (Asplund et al., 2006; 2009) no-
Jiydasach 6oJsiee HM3Kasl MeTaslnuHocTh: (Z = 0.012
1 Z = 0.013). DT n3MepeHus MOKa3bIBaIOT, UTO Me-
tajunyHocTh CoJiHUA HaXOAMTCSl B MHTepBaje OT
Z =0.012 no Z = 0.02, ¢ 60Jb11I0} BEpOSTHOCTbIO
OJmKe K 3HaueHuto Z = 0.02.

[TapameTp Z ucnoJib3yloT TakxkKe st 0603Haue-
HHSl CpeJHEro 3HauyeHWs MeETaJJIMUHOCTH 3BEe3JHbIX
CKOIJICHUH WJIM JaKe LIeJIbIX TaJlakTHK. B ruraHTckux
CNUpaJIbHBIX TraJakTHKax HabJoJaeTcsi 3HAYUTe N b-
HbIH IPajIMeHT MeTAJIMUHOCTH BJOJb paalyca J1CKa,
M03TOMY BO3HHUKAaeT HEOINpPedeJIeHHOCTb TpH Ipej-
CTaBJIEHUH 3HAUEHHSI METAJIIMUHOCTH 3THX rajlaKTHK.
B uppery/sipHbIX rajakTHKax rpajMeHT MeTaJJIHuHO-
CTH BJIOJIb pajidyca rajlakTHKH TakKyKe CYLIEeCTBYET,
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Ta6auua 1. [Tapamerpsi ranaktnku NGC 4068

RA (J2000) | Dec(J2000) |vp, kmc™! | Ay, mag | Itras, mag | (m — M), mag | D, Mnk | [Fe/H]| By, mag | Mp, mag
12P 04™ 0038 | +52° 357 18" 206 0.058 2411 28.06 410 | —-1.82| 13.15 —15.0
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Puc. 1. Uzo6paxenne ranakruku NGC 4068 B pusbrpe F606W na ACS/WFC-cruMke KocMUueckoro Tesieckona uM. Xat6ua.
Pasmep cuuvka 35 x 3'5. CeBep cripaBa, BOCTOK BBepxy. OG03HAUEHHsI ClleyOlIHe: KPACHBIE KBAAPAThl — KPAaCHbIE CBEPXTH-
TaHTbl BLICOKOH METa/IJIMUHOCTH, CHHHE KPYKKH — ToJTy6ble CBEPXTUTaHThI, IPKOCTh KOTOPLIX MPEBLIIIALCT APKOCTb CBEPXTHIaHTa
C SMUCCHOHHBIMH JINHUSIMU; UYE€PHBIH TPEYroJbHUK — roJ1y6as 3Be3/la ¢ SMHCCHOHHBIMU JIMHUSIMU, KOTOPYIO H3yuaJu Yarovova et al.
(2023). M0OXKHO OTMETHTB, UTO BLICOKOMETA/TMUHbIC 3B€3/lbl He KOHLEHTPHPYIOTCS B OJHOH 06J1acTH, a pacrpeeneHbl Mo BCeMy
Testy ranakTHki. Lludpsl 1, 2 1 3 MapKupYIOT 3Be3/1bl, KOTOpble 06cyzKaaloTes fanee (cM. puc. 10 u pasnen 4).

HO OH 3HAUMTEJIbHO MeHbllle, YeM B CHHPaJsbHbIX,
M03TOMY OOBIYHO €ro He MPHUHUMAKT BO BHUMAaHHE.
M3amepeHust pasHbIX 10 Macce CHUpaJsbHbIX U Hppe-
TYJSIPHBIX TaJaKTHK M0Ka3aJ/u, YTo CyLIeCTBYeT Kop-
peJIsiLUs MeXK/ly CBETHMOCTBIO HJIM MacCOl rajlakTHKH
1 ee MetasuiMuHocThio. [Tocsie nepBoro coobuieHust o
takoil 3aBucumoct (Lequeux et al., 1979) nosiBusiocs
MHOIO aHaJIOTHUHBIX HccjenoBaHui. OueHb BaxHO
OTMETHTb, UYTO BO BCeX MyOJHKAIMSX Ha auarpam-
Max 3aBUCHMOCTH MeXKJly CBETHMMOCTbIO TajlakKTHK M
MX MeTalJIMUHOCTbIO HabutojaeTcsl oueHb 0oJbllIoe
paccesinde ToueK. HacTHUHO 3TO CBSI3aHO ¢ Heonpe-
JIeJIEHHOCTbIO B U3MEPEHHSIX CBETUMOCTH WJIH MaccChl
raJlakTHK, HO OCHOBHAS IPUUMHA COCTOMUT B PA3JIHUMSIX

ACTPO®U3UYECKUN BIOJVIETEHD  1oMm79  Ne |

HUCTOPHH SBGSHOOGPaSOBaHHH rajlakTHK, 4TO INPUBOAUT
K pa3J/iMiusiM B HACbILIEHHOCTHU MeTaJjlJlaMH Tra3ollbl-
JIEBOU cpeabl U B KOHEUHOM CHeTe K pa3J/ruyusiM B
METaJIJIMYHOCTH 3BE3 /1.

[anaktuka NGC 4068 no mopdosoruu u pusnde-
CKMM MapameTpam HUYEM He OTJIMYAEeTCsl OT CPEIHEro
MpeacTaBUTes UPPETyJIsSPHBIX TaIaKTHK. Ee xapakre-
pUCTHKHM aHbl B Tabmuiie 1. Paccrosnue, uamepentoe
TRGB-wmetonom, 1 CM-nuarpamMmma ee 3Be3ji Obliu
npencrasienbl B crathe Karachentsev et al. (2006).
Ha CM-paunarpamme, npyBejieHHON B 3TOH CTaTbe, He
nokasanbl camble sipkue 3Be3nbl NGC 4068, Ho pesko
BbIJleIsIeTCsT sipKasi To/y6ast 3Be3zia ¢ GOMbIIUM OTPH-
1llaTeIbHbIM MTOKa3aTeJs1eM 11BeTa, KoTopasi u Oblia 06b-
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1, mag

V — I, mag

Puc. 2. CM-punarpamma 3Be3n rasaxkruku NGC4068.
Boinenensl 06/1acTi CoO 3Be31aMH PA3HbIX THIOB: TOJyObIX
(BSG) u kpacubix cepxrurantoB (RSG), AGB-3Besn
(AGB) u kpacubix rurantoB (RGB). Kpyxkom ormeuena
3Be3fia ¢ GOJILLIMM OTPHLATEbHBIM TT0Ka3aTeseM LBeTa,
KoTopylto uayunsn Yarovova et al. (2023).

eKTOM nccyenioBanus y Yarovova et al. (2023). [To na-
LLIMM U3MEePEHHsIM 3Ta 3Be3/1a MMeeT 1oKa3aTeJlb LiBeTa
(V —1I)=—-0"61 u 6aeck I =21768. Takoe 3Ha-
UeHHe IMoKaszaTesisl LBeTa MOKeT ObITb TOJIbLKO Y MO-
JIOJION 3BE3JIbl C CHJIbHBIMH SMHUCCHOHHBIMH JIMHUSIMH,
KoTopble MnonajatloT B noJocy ¢uistpa F606W (V')
M YMEHbIIAIOT 3HAUeHHe ToKasaTessi LBeTa 3Be3[bl

(V —1).

2. 3BBE3IHAS ®OTOMETPHSI

CHHMMKM M3 apXMBa KOCMHMUECKOro TeJsecKorna
Xa66s1a Oblin mosyuensl ¢ kamepoit ACS/WFC B
puabrpax F814W u F606W ¢ skcnosuumsvu 900 ¢
1 1200 ¢ coorBercTBeHHO. M300paxKeHne rajakTHKU
NGC 4068 ¢ duabrpom F606W (V') npeacrapieHo
Ha puc. 1. Pagmep cuumka pasen 35 x 375.

3Be3aHast (OTOMETPHST TaJIaKTHKKU BHIMOJHSIACh
nakerom nporpamm DOLPHOT 2.0 (Dolphin, 2016).
[Taker DOLPHOT 2.0 HCIOJIL30BAJICST B COOTBETCTBHUH
C peKoMeHJalUsIMu A. I[on(bHHal), a npoueaypa ¢o-
TOMETPUU COCTOSJIA M3 TPEABAPUTENBHOTO MaCKH-
pPOBaHUs IJIOXHX IUKCEJCH, YIAJeHUs CJeI0B KOC-
MHUECKHX YacTHll U jajbHelled PSF-doTomerpuu.
PesysibTathl (hOTOMETPUM 3Be3J] MPOLIIH CeJEKIHI0

Dhttp://americano.dolphinsim. com/dolphot/
dolphot.pdf
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no napamerpam «CHI» u « SHARP», uro nosBosu-
JIO ynanutb U3 Tabauibl GoToMeTpun Bce auddys-
Hble 00beKTbl U M300paKeHHUs1 TECHO PacIoJOKEeHHbIX
3Be3Jl B lieHTpasbHbix obaactsax NGC 4068. doro-
MEeTPUUECKHH TIpeJiesl UCMOJb3yeMbIX CHUMKOB PaBeH
npuMepHo I = 27™0, a 3Be3/Hble BEJHUUMHBI SPKHX
KpacHbIx cBepxruranToB U rurantoB NGC 4068 paBHbl
I =19"0u Tl =24™1, To eCTb OHH HaxoJAATCH jaaJe-
Ko oT doTomerpudeckoro npenena HST-cuumkos, u
TOUHOCTb MX POTOMETPHUHU paBHa puMepHo 0702,

[TosyueHHast npu oTomeTpuun 3Be3J JMarpamma
[epuumpynra—Peccena (CM-nuarpamma) npencran-
JieHa Ha puc. 2. Ha nmarpamme Xopoiio BHIHBI BeT-
BU rosyobix (BSG) n kpacubix (RSG) cBepxruran-
TOB, a TaKKe BeTBb CTapbIX 3Be3Jl — KPACHbIX T'M-
rautoB (RGB) n o6macts AGB-3Be3n (AGB). Bun
pacrnpesiesieHusl KpPacHbIX TMIAHTOB MO BCEMY T0JIIO
CHUMKA TMOKAa3bIBAET, UTO pas3Mep 3BE3MHOTO Trajo
NGC 4068 3HaunTesbHO MPEBOCXOAUT pa3Mep CHUM-
ka HST (puc. 3a), HO TOHKHH TUCK C MOJIOJILIMH 3B€3-
JlaMH He BbIXOJUT 3a npefienbl HST-cuumka (puc. 3b).

3. UIBMEPEHME PACCTOSIHUNSA

Paccrosnue 1o NGC 4068 namepsioch HEOJHO-
KpaTHo ¢ ucnoJsb3oBanueM TRGB-wmerona (Jacobs
et al., 2009; Karachentsev et al., 2006, u npyrue
ny6saukaunu ). MeToj1 1aeT Xopollue pedyJ/bTaThl NpH
YCJOBHH TIPaBWJILHOTO BbIGOpPaA HYy:KHbIX 3Be3nl. [le-
JIO B TOM, UTO KpacCHble T'HTaHTbl, HEOOXOAUMBIE IS
TRGB-meTtoa, yaille Bcero BoIGUPAIOT MO Tesy BCei
raJakTHKH, YTOObl YBEJHUUTb YHCIEHHOCTb BbIOOPKH.
Ho npu takoM nojixojie B BBIGOPKY M0OMaAA0T 3BE3/1bl
pasHoi MeTaJVIMYHOCTH, KOTOPble UMEIOT pa3jHyHble
snauenusi TRGB-ckauka. Kpome Toro, 3Be3jibl, Bbl-
OpaHHble 110 BCeMy TeJly TrajlakKTUKH, MOTYT HMeTb
pasHble BeJIMUHHBI MOTJIOIIEHHUS CBETA Ta30Tbl/IEBBIMH
o0/lakaMHM M3-3a WX KJOUKOBATOIO pacrpeseseHust
B rasaktike. CBOH BKJaj B yBeJHUeHHE OLLIMOKH
uamepenust nosoxkeuusi TRGB-ckauka BHOCAT KOH-
LIEHTPUPYIOLIHECS B LEHTPAJbHBIX 00/1aCTSX rajaKkTH-
k1 AGB-3Be3nbl, KOTOpBIE MO SPKOCTH MPEBOCXOMAT
KpacHble M’HraHTbl, HO UMEIOT aHaJIOTHUHbIE [TOKa3aTe-
Ju 11Beta (puc. 2). UtoObl yMEHbIIUTh BJAUSIHHE BCEX
YKa3aHHBIX MPUUKMH, Mbl MPOBEJH BbIOOPKY 3Be3J Ha
nepudepun NGC 4068, ryie HaxoasATCs TOJLKO 3Be3]1bl
rajo. Yuc/ao KpacHbIX TMTFaHTOB MPH 3TOM YME€Hb-
IIMJIOCh, HO B BbIOOpPKE HCUE3IU HEHYXKHble Kpac-
Hbl€ CBEPXTUIaHTbl U 3HAUMTEJILHO COKPATHIIOCh YHCJIO
AGB-3Be3.

Jnsi 0ObeKTMBHOrO ~ M3MEPEHHSI  I0JIOXKEeHHs]
TRGB-ckauka Mbl ucnosnb3oBaau gyHkuuio Cobesi
(Madore and Freedman, 1995), makcuMymbl KOTOpPOH
COOTBETCTBYIOT PE3KHM H3MEHEHHSIM UHMCJEHHOCTH
3Be3jl, uTo HabJllofaeTcsl Ha TpaHulle BeTBM Kpac-
HbIX TUraHtoB U onpenensiercss Kak TRGB-ckadok

(puc. 4).
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Puc. 3. Bun pacnpenesnenus no nomo HST-cuumka crapbix

3Be3Jl — KpPACHBIX MMTAHTOB (@) W MOJIOJBIX 3B€3Jl — ToJyObIX

TMraHTOB U CBEPXTUTAHTOB (b) BH,HHO, UTO raJio raJlJakTHKH U3 KPACHBIX THTAHTOB MPOCTUPAETCS 3a MpeAeJIbl HST-cHumka.
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Puc. 4. CM-nuarpamma 3Be3n raso NGC4068 u dynxuus cerumoctu 3tux 3Be3n ¢ TRGB-ckaukom npu [ = 2471
[opusontanbhoii munueit ormeueno noJsoxenne TRGB-ckauka na CM-nnarpamme.

st onpesesieHHst pacCcTOSIHUSI Mbl  M3MEPHJIH
nonoxenne TRGB-ckauka (Itrgp = 24™11), no-
KaszaTe/b 1[BeTa BEPILINHBI BETBU KPACHBIX TMIaHTOB
(V —I)Trgs = 1™51 1 nokasaTteJib LiBeTa BETBHU I'M-
rantoB (V — I)_s5 = 1™33 na yposue M = —3™5.
BesmunHa mnorJiolleHdsi cBeTa B HampaBJeHUH Ha
rajJakTvky MpuHuMasnach u3 pabotel Schlafly and
Finkbeiner (2011): Ap =0™078, Ay = 07058,
A =07032.

Wcnonbsys ypaBHeHusi u3 pabothl Lee et al.
(1993), Mbl OTpeeIIu paccTosiHue
D =410£0.25 Mnk, MoOLyJb  PacCTOSHHUS
(m— M) =28"06 U MeTa/uIMYHOCTb KPACHBIX T'H-
rantoB raso [Fe/H] = —1.82. Ciiesyer oT™MeTHTb, UTO
9Ta HU3Kasl OlleHKa MeTaJVIMYHOCTH 3Be3/l OTHOCHTCS
TOJIBKO K CTapbIM KPaCHBIM THTaHTaM TaJjio U He MOXKeT

ACTPO®U3UYECKHWN BIOJUVIETEHD  ToM79  Ne |

CJIY>KMTb [OKa3aTesieM HU3KOH MeTaslJIMUHOCTH BCeH
raJakTHKH.

[Tosiyuennoe 3uavenue paccrosiiusi 1o NGC 4068
(D = 4.1 Mnk) B npezenax oliMO0K H3MepEHH CO-
oTBeTcTBYeT UMetoumcst B NED pesysbratam npy-
rux asTopoB (D = 4.3 Mik), 0olHaKO OUeBHMJHO, UTO
MeHblllee 3HAaUeHHe PACCTOSIHUS HAlllero U3MepeHHs
SIBJISIETCSl pe3ysIbTaToM BbIOOpa 3Be3s Ha nepudepunt
raJakTHKHM, I71e MOrJIOlLeHHe CBeTa CaMoi raJakTHKOH
NGC 4068 npakTuueckn OTCyTCTBYET.

WroroBble pesysbTathl MpuBeieHbl B Tabmuie |,
rne: RA u Dec — npsimoe Bocxoxk/ieHHe U CKJIOHEHHE
raJakTHKM, v, — JyueBas CKOpoCTb, Ay — BeJUUHHA
SKCTHUHKUMU B ¢uabTpe V, ITrgp — M0JI0XKeHHEe
TRGB-ckauka Ha gyHKIMH CBETUMOCTH B pusbTpe 1,
(m — M) — Mojiy/ib pacCTOSIHUSI JI0 TaJIaKTHKH, D —
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Puc. 5. Mzoxponn Bertelli et al. (1994 ) nns 3Be3n Bo3pac-
ta o1 10 10 100 MJH J1eT (cBepXy BHH3) ¢ METAJIJIHYHOCTBIO
Z = 0.004u Z = 0.02. [IBe HaK/IOHHbIE THHUH YKA3bIBAIOT
TM0JIOXKEHHS BETBEN KpacHbIX cBepXrurantos. [1pu namene-
HHUM METAJUIMUHOCTH 3B€3]l BETBH KPACHBIX CBEPXTHI'AHTOB
M3MEHSIIOT CBOE MOJI0XKEHHE H HAKJIOH.

paccTosiHUe JI0 raJakTHKH B Meranapcekax, [Fe/H] —
METaJIJIMUHOCTb KPACHBIX THIaHTOB raJjio, By — BUaM-
Masl 3Be3jiHasi BesiMuuHa, Mp — abCcoJloTHas 3Be3/1-
Hasl BeJIMUMHA raJlakKTHKK B pUJbTpe B.

4. METAJIJIMHHOCTDb MOJIOJAbIX 3BE3/1
NGC 4068

[Toctpoennass CM-nunarpamma NGC 4068 nosso-
JIIeT OTpe/eJIUTh METaJVIMUHOCTh HEKOTOPBIX THIOB
3Be3JL MyTeM BIMCHIBAHMSI B JMarpamMmy TeopeTHue-
CKMX M30XpOH. Hanpumep, BeTBb KpacHbIX CBEpXIH-
FaHTOB H3MEHsIeT cBoe MosiokeHne Ha CM-narpamme
MpH yBEJMUEHHH MeTa/uIMUHOCTH 3Be3l. OcobeH-
HO OoJibllIie HW3MEHEHHS] BHIHbI HAa YdyacTKe 3Be3[
HauBbICILIEH CBETUMOCTH. YKa3aHHasi 3aBHCHMOCTb
M03BOJISIET [PUMEHSTh TeopeTHUecKHe H30XPOHbI
JUIS. OLLEHKH MeTa/lJIMUHOCTH STHUX MOJIOJBbIX 3Be3/L.
[Ipu yBennueHMH MeTAJUVIMUHOCTH 3Be3JL HabJIIoaa-
I0TCSl BO3pacTaHue oKasaTessl 1IBeTa U yBeJMueHHe
HaKJIOHa BETBM KpacHbIX cBepXruraHrop Ha CM-
nuarpamMme. Ha puc. 5 mokasaHbl H30XPOHBI 3Be3JL
¢ MetasuinuHoctbio Z = 0.004 u Z = 0.02, gamoume
HarJIsiIHOE Mpe/icTaBaeHre 00 3ToM shdekTe.

st cpaBHeHUs1 HAaGJIONEHUH C TEOPETHUECKUMH
paGoTaMH MOXKHO MCMOJIb30BAaTh H30XPOHBI U3 Gasbl
nanubix PARSEC (Bressan et al., 2012) qm60 u3o-
xponnbl Bertelli et al. (1994). IlepBrie Gosiee netanbHO
TMPEeCTABJSIOT 3BOJIOLUMOHHbIE H3MEHEHHsl 3Be3ll, a
BTOpBIe GoJiee YN0OHbI IS TPAKTHUECKOTO TPUMeHe-
Hus. Kakux-160 MPUHIMIHANBHBIX PA3JIHUHI MEXKITY
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HUMH HET, T03TOMY B asibHel1IeM Mbl Oy/leM HCMOJIb-
3oBath u3oxponsl Bertelli et al. (1994). Pesysbrarsl
CpaBHeHHs] U30XPOH U mnoJjyueHHoH CM-nuarpamMmbl
TpejCcTaBJeHbl Ha puc. 6.

B pat6ore Bertelli et al. (1994) nac unrepecytor
M30XPOHbI ¢ MeTamIudHocThio Z = 0.004, 0.008 wu
0.02. M3 cratbu Yarovova et al. (2023) caenyer, uto
metananunocth NGC 4068 B 10 pas Hike meras-
quuHocTd CoJiHIIAa W I0/KHA ObITh paBHA MPUMEPHO
Z = 0.002. OnHako U30XPOHBI TAKOH METAJIJIMUHOCTH
He UMeeT CMbICJIa UCI0JIb30BaTh, MOCKOJbKY pe3yJib-
TaT BUJIEH JIazKe 110 H30XPOHaM GoJiee BLICOKOH MeTasl-
quunoctd. Ha puc. 6a npencrasnena CM-nuarpamma
3Be3l NGC 4068 u cuctema M30XpOH Bo3pacra OT
8 10 40 mJH JsieT ¢ MeTasHuHocThlO Z = 0.004 (B
naTh pa3 Huxke MerajsnyHoctd CosHua). Buano,
UTO 9TH U30XPOHbBI COBEPIIEHHO HE OMUCBLIBAIOT BETBb
kpacHbix cBepxrurantoB NGC 4068. Ha puc. 6b B
CM-pmarpammy Brvcanbl M30xpoHbl Z = 0.008 (B
2.5 pasa Menblile MeTasanuHocty CosHua). Kaxer-
Csl, UTO M30XPOHBI XOPOILIO BIHUCHIBAIOTCS B BETBb
KPaCHBIX CBEPXTHIAaHTOB, HO CaMble MOJIOJIble H sIPKHE
CBEPXTUTaHTbI PACMOJIOKEHDI 38 MpeieslaMi H30XPOH.
OnHaKO UMEHHO Y 3Be3J1 CaMOH BbICOKOH CBETHMOCTH,
HO pa3HOH MeTaslJIMUHOCTH, HabJIOal0TCs pas/nums
B nokasaressix usera (V' —I). Ilostomy ToT dakr,
UTO KpacCHble CBEPXTUIaHTbl BbICOKOH CBETHMOCTH Ha-
XOIATCA 3a rnpenesamMd H30xpoH Z = 0.008, ykasbl-
BaeT Ha ellle 6oJjiee BBICOKYIO MeTaJJIMUHOCTb 3THX
3Bes/l. M HakoHell, Ha puc. 6¢ MoKa3aHbl H30XPOHbI C
metananuHoctbio Costua (Z = 0.02). Ha muarpamme
BH/IHO, UTO HAa 3TH U30XPOHbI MOMNAJAI0T BCEe KpacHble
CBEPXTUIaHTbl BBICOKOH CBETUMOCTH.

[IpencraBiennbie Ha pUc. 6 AMarpaMMbl ¥ K30XPO-
HbI MMOKa3bIBaloOT, 4To MoJoable 38e31bl NGC 4068 ¢
Bo3pacTom j1o 40 MJIH JIeT UMEIOT MeTaJIJIMYHOCTD, 110-
UTH paBHyI0 MeTananuHocTH CoJiHIa, TO3TOMY BBIBOJ
aBTOpoB ctaThk (Yarovova et al., 2023) o Hu3KO# Me-
TAJJIMUHOCTH TajlakKTHKH sIBJisieTCsl oliMO0UHbIM. Me-
tanmuHocTb NGC 4068 pasna ne 0.1 metannnuHocTu
CosHuia, a MouTH paBHa coJHeyHol. KoHeuHo, oueHb
CTapble KpacHble TUTAHThI IaJl0 ITOH raJakTHKH UMEIOT
HU3KYIO METAJIJIMYHOCTb, HO Pedb UJIET O COBPEMEHHOM
3HaueHnu metammuuHocTy 3Be3n NGC 4068, kotopas
OTpe/IeJISIeTCS 10 MOJIOJIbIM 3BE3/1aM.

PaccmoTpum BO3MOXKHOCTD JIOKAJIBHOTO MOHHKE-
HHSl METaJIJIMYHOCTH 3BE€3]l MMEHHO B MecTe pacro-
JIOXKeHHs1 u3yuyaeMol roJjy6oil 3Be3mbl. Ha puc. 7
npencrapieHa CM-nuarpaMma Bcel TrallakTHKH M
CM-nmarpamma 3Be3/1 B HeOOJIbILIOM T10JI€ PAJHYyCOM
R =20" Bokpyr roJyGoii 3Be3bl. EcTecTBeHHO,
M3-3a MaJsiblx pa3mepoB nojsi Ha CM-nuarpamme
OTCYTCTBYIOT OUEHb SIPKHE KpacHble CBEepPXTHIaHTHI,
HO JIaXKe M0 UMEIOLLIMMCSI CBEPXTHTaHTaM MOXKHO yBe-
PEHHO OTpeie/ITh MoJIOXKEeHHEe BETBU 3THX 3Be3]L. [Be
O/IMHAKOBble HAKJIOHHbIE JIMHMU Ha JBYX JAUMarpammax
TOYHO COOTBETCTBYIOT MOJIO’KEHHUSIM BETBEH KpacHbIX
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Puc. 6. CM-pmuarpammbl Bcex 3Be3n NGC 4068 u Bnucaunsle usoxpous! Bertelli et al. (1994) Bospacra or 8 no 40 mun
JeT U ¢ MetassnuHocthio Z = 0.004, 0.008 u 0.02. Mzoxponsl ¢ mertamanunoctbio Z = 0.004 u 0.008 He omuchBaIOT
T10J107KEeHHsT SIPUaiLnX KpacHbIX cBepXrurantoB rnpu (V' — I) > 1.7 u npu I < 20, 10CKOJIbKY 9TH 3Be3/1bl HMEIOT G0J1ee BbICOKYIO
MeTaslJIM4HOCTh. TosIbKO y H30XPOH ¢ MeTa/uIuHoCTbio CosHua (Z = 0.02) BUAHO XOpolliee COBMNAIeHHE C [10J102KeHHeM THX 3Be3]L.
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Puc. 7. CM-muarpammbr asist 38e3n ranaktukd NGC 4068 u anist yuactka noqisi paanycom R = 20" (400 nk) Bokpyr roay6oii
3Be3fibl. Hak/oHHble JIMHUK TOKAa3bIBAIOT MOJIOXKEHHST BeTBel KpacHBIX CBepXrUraHtoB. OTCYTCTBHE KAKHUX-JMOO Pas3jHuni B
MOJIOXKEHHSIX BETBEH KPACHBIX CBEPXTHraHToB Ha JByx CM-1narpaMmax yKasblBaeT Ha paBeHCTBO METaJJIMUHOCTEN 3Be3J 06enX

CM-pnnarpamm.

CBEPXTUIaHTOB. DTO 3HAUMT, UTO 3BE3J1bl MAJIOTO 10151
(R = 20") umeroT Ty Ke caMyl0 METAJJIHUHOCTh, Y4TO
M 3Be3/bl Bcell rajakThku. B npoTuBHOM ciyuae
Ha0J/0a/10Ch Obl pasJ/juuue B TOJIOXKEHUSIX BeTBeH
KPaCHbIX CBEpPXTMIaHTOB, KaK 3TO BMJHO Ha pHUC. O.
M neHTHYHOCTD MOJIOXKEHHH BETBEH KPACHBIX CBEPX-
ruranutoB nokaswiBaet, uto B NGC 4068 orcyrcTByer
Kakoe-JMO0 JIOKaJbHOE MOHMKEHHE MeTasJHUHOCTH
3Be3J1 B MeCTe PacroJ/ioxKeH s rosy6oil 3Be3ibl.

BoJibilioe pasinuie B METANJIHUHOCTSIX IaJlaKTHKH
NGC 4068 u ee sipkoil 3Be3jibl MOXKHO OblLIO Obl
00bSICHUTL OBbICTPbIM MOBBIIIEHHEM METaJTHUHOCTH

ACTPO®U3UYECKHUN BIOJUVIETEHD  ToM79  Ne |

raJJakTHKH Ha COBPEMEHHOM 3Tare 3BOJIIOLHH, B TO
BpeMsl KaK B TeJsle FaJlakKTHKHM OCTaJjlach Kakasi-To 00-
JIACTh C MaJIbIM 3HAUEHHEM METaJIJIMUHOCTH, B KOTOPOH
1 oOpasoBaJgiach rojybast 3sesza. BoamorkeH Jid Takoi
npotecc?

Cpanum ranaktuky NGC 4068 ¢ npyrumu uppe-
TYJSIPHBIMH TaJIaKTUKAMK [0 CKOPOCTH oOoralleHust
MEeXK3Be3/IHOH Cpe/bl TajakTHK 32 BpeMsi HUX 3BO-
JrouMH. 151 3TOro J0CTaTOUHO COMOCTAaBUTb MeTaJl-
JIMYHOCTb MOJIOJIIX M CTapbIX 3Be€3Jl 3THX TaJaKTHK.
JlomycTuM, 4TO Cpelid rajiakTUK BhIOOPKH OyIyT Hal-
JIeHbl TaJIaKTHKH C BbICOKOH METaJNIMYHOCTBIO MOJIO-
JIbIX 3Be€3Jl MPH HU3KOH METAJNIMYHOCTH CTaphblX, UTO
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Puc. 8. lnarpaMmma 3aBHCHMOCTH MKy METaNTHUHOCTSIMH
KPACHbIX CBEPXTHIAHTOB M KPACHbIX UrantoB ajst 105 up-
perynsipHbIX raakTik. KBaapaTom oTMeueHo noJioxeHue ra-
saxktuky NGC 4068. Bunno xopoliee COOTBETCTBHE MEXKLy
METaJJINUHOCTSIMH CTAPBIX H MOJIOJBIX 3B€3Jl, TO €CTh OCHOB-
HOI1 TPOLECC HACHILLEHHS] TAJIAKTHK MEeTa/JIAMH [POHCXOIHI
HECKOJIbKO MUJLTHAPJIOB JIET Ha3al.

710Ka3aJ10 Obl BO3MOXKHOCTb OBICTPOTrO U CPABHUTEIb-
HO HeJaBHEro yBeJMUEHHS] METa/IMYHOCTH TajlaKTHK.
Pa6ota 1o u3mepenuio MeTayIMuHOCTH 3B€3]L PA3HOTO
Bo3pacra Oblia BbimosHena Hamu panee (Tikhonov,
2018a), nosToMy 3/1eCh Mbl BOCMOJIb30BAJIUCh €€ pe-
3yJIbTaTaMH.

Ha puc. 8 niist 105 upperysisipHbIX raJakTHK noka-
3aHa 3aBUCUMOCTb MEXK/y METaJIMUHOCTAMH CTapbIX
M MOJIOJIbIX 3B€3]l, KpACHbIX TMTAHTOB M CBEPXIHUraH-
TOB. B KauecTBe napamerpa MeTaJIMUHOCTH CBEPXIH-
raHTOB HCIOJIb30BAJICS UX MTOKasatesb upeta (V — 1),
KOTOPbIH YBeJIMUUBACTCS TPH MOBBILIEHHH MeTa/Iny-
HoCTH 3Be3/l. Ha puc. 8 BUIHO, UTO ralakTHUKU C HU3-
KOH MeTa/UIMYHOCTbIO CTapblX 3B€3Jl UMEIOT HHU3KYIO
METAJIJINUHOCTb M MOJIOABIX 3Be3Jl, a BbICOKAs Me-
TaJJIMUHOCTb CTAapbIX 3B€3Jl COOTBETCTBYET BbICOKOM
MeTaJIJINUHOCTH MoJioblX. CuleyeT 3aMeTHTb, UTO,
BO-TIEPBbIX, B rajakTHKax MeTaslJHUHOCTb MOJOJbIX
3Be3JL BCerja Bblllle METa/JVIMYHOCTH CTapblX 3Be3J,
TO eCTb HaO0Jl0/1aeTcsl TMOBbILLIEHHe MeTaJIMYHOCTH
MEK3Be3/IHOH Cpellbl 3a BpeMsl 3BOJIOLUMHU Ta/IaKTHK.
Bo-BTOpbIX, C/10Ba «BbICOKAsI META/IMYHOCTb CTapbiX
3Be3/l» He 03HAualoT, YTO MX METaJJIMUHOCTb MMeeT
TaKoe yKe 3HaueHHe, Kak M y BbICOKOMETa/IMYHbIX MO-
JojiblX 3Be3/l. CpaBHEHHE MeTaslJIMUHOCTH OTHOCHTCS
TOJIBKO K OINpPe/IeIeHHOMY THITY 3Be3J] — FMIaHTaM HJI1
CBEpPXTUraHTaM.

[Toutu J'II/IHefIHy}O 3aBUCHUMOCTb Ha pHUC. 8 MOXKHO
00bICHUTD TE€M, YTO OCHOBHO€ HACDBILIEHHE ME2K3BE3 /1~
HOH Cpellbl raJlakTHK MeTaJl/laMH MPOUCXOANJI0 MHJI-
JinapAbl JIET Ha3a. Kamaaﬂ rajlakThuka roJiyuyudJsia B TOT

ACTPOPU3UYECKWH BIOJIJIETEHD
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Puc. 9. CM-juarpamma 3Besjt yactu rajgaktikd NGC 1569
(xpacHble Touku) u 3Be31 NGC 4068 (uephble Touku). [1pu
6oJiee BLICOKOH CBETMMOCTH H HMHTEHCHBHOCTH MPOILECCOB
3Be3noob6pasoBanusi NGC 1569 obsanaer MeHbllell MeTas-
JINYHOCTBIO 3Be3J1, ueM Goiee caabas ragaktika NGC 4068,
YTO BHJHO MO TMOJIOKEHHIO BETBH KPACHBIX CBEPXTMTaHTOB
NGC 1569 caieBa ot BetBu NGC 4068.

MepuoJi CBOe 3HaUeHHEe MEeTaJJIMUHOCTH, B 3aBUCUMO-
CTH OT [ePBUUHON HHTEHCUBHOCTH TPOLIECCOB 3BE3J10-
00pa3oBaHHusl, KOTOPbIe, B CBOIO OUepe/ib, 3aBUCEJH OT
MHOTHX yCJIOBHH. B Xone nasibHedied 3BOJIOIMH ra-
JIAKTUKM TOBbILLIAJIH CBOIO METAJIJINYHOCTD, HO C MEHb-
el ckopocTblo. B MpPOTUBHOM cJiyuae He BO3HHKJA
O6bl TaK XOpOIIO BHUAMMAs Ha PUC. 8 3aBUCUMOCTb
MeXKJly MEeTaJVIMUHOCTSIMH MOJIOJBIX M CTapbiX 3BE3I.
Eciin 6bl y HEKOTOPBIX rajJakTHK MPOU3OIIO Pe3Koe
yBeJIMUeHNEe METAIJTUIHOCTH B HEIABHEM TMPOILILIOM, TO
Ha AMarpamme puc. 8 NossBUINCH Obl OTKJIOHEHHST ITHX
rajlakTHK OT 0OllleH 3aBUCHMOCTH.

Mcexons U3 BbllleCKa3aHHOTO, MOXKHO YTBEPK/IATh,
YTO Ha COBPEMEHHOM 3Tare 3BOJIOLNH FraJakKTHK HeJlb-
351 OJKHJIATh TMOSIBJIEHUST MOJIOJIbIX BbICOKOMETAJIINY-
HBIX 3Be3Jl B TaJaKTHKaX ¢ HU3KOH MeTa/JHUHOCTBIO,
MOCKOJIbKY OTCYTCTBYIOT YCJIOBHSI Ul OUeHb OypHO-
ro 3Be31000pa3oBaHusi, KOTOPble CYLLECTBOBAJM MPH
POKIIEHUH TaJlakKTHK. B mepByio ouepenp 3To0 OTHO-
CHUTCS K HAJIMUHUIO B raJlakTHKaX JIeHCTBUTENBHO 6OJb-
IIMX Macc Bojoposa. BepositHo, uto HabJtogaemble
B HACTOsilllee BPeMsi B TaJaKTHKaX BCIBILIKH 3BE3/10-
00pa30BaHus SIBJSAIOTCA TOJBKO OJeHBIM MOA00HEM
TeX OypPHBIX MPOLLECCOB 3B€3/1000pa30BaHHUsl, KOTOPbIe
MPOUCXO/IUJIM TIPH POKIEHUH rasiakThK. [l npumepa
MoxkHOo mpuBectH ragsaktuky NGC 1569, rne xpac-
Hble CBEPXIHTaHThbl UMEIOT MEHbLLYI0 MEeTaJIMYHOCTb,
uem cBepxrurautl NGC 4068. Ha puc. 9 kpacHbl-
Mu Toukamu mokazaHa CM-muarpamma NGC 1569,
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Puc. 10. Ha nanensix (a), (b) u (¢) npeacrasnensi o6actu (207 x 20”) Bokpyr Tpex (cM.
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puc. 1) KpacHbIX CBEPXTUTAHTOB C

60JIbLLIMM TTOKa3aTeseM LBETA, UTO YKa3bIBAE€T HA BbICOKYIO METAJIJIMUHOCTL 3TUX 3BE3/1.
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Puc. 11. CM-puarpammel 3Be31 Tpex o6J1acTeil, U306 paxKeHs KOTOPbIX peAcTaB/eHbl Ha puc. 10. MoKHO OTMETHUTb, UTO BOJIU3HU
Ka’KJ10r0 KPaCHOrO CBEPXTMraHTa HaxoauTcs rosy6oi ceepxruradt. Ceepxrurantsol o6sacteil N1 u N2 ynasenbl or obJactef
3Be311000pa30BaHHUsl, & BOKPYT CBEPXIUraHToB ob.1acTi N3 pacrosoxena o6uupHas 06/1acTb 38€31000pa30BaHHUsl.

a uepHbiMd — NGC 4068. CoBMellleHe JBYX aua-
rpamMm TmpoBoauaoch 1o 3HaueHnto TRGB-ckauka
(BepTHKa/MbHAS OCb) U TIOJOKEHUIO BETBEH TOJyOBIX
CBEpPXTMraHTOB (ropu3oHTtajbHasi ocb). Ha coBme-
1lEHHON auarpamme (puc. 9) BUIHO, UTO TOJOXKEHHS
BETBEH KPACHBIX CBEPXIHTAHTOB HE COBMAAAIOT, TO
eCTb raJlakKTUKM MMElOT pasHble 3HAUeHUsl MeTaJlIny-
HOCTH MOJIO/IbIX 3Be3/l. bouee sipkas (Mp = —17™17)
ranaktika NGC 1569 ¢ oueHb MHTEHCHBHBIMH MPO-
lieccamu 3Be31000pa3oBanus o0JaaeT MeHbLIel Me-
TaJJIMUHOCTBIO, ueM OoJiee caabast (Mp = —1570)
NGC 4068. Takasi uHBepcHsi CBETUMOCTH W MeTaJl-
JIMUHOCTH MOATBEPKIAET TPENOoN0KEHHE O TOM, UTO
OCHOBHOM YPOBEeHb METaJVIMUHOCTH UPPETYJIsipHbIe ra-
JIAKTHKH MOJTYYHJIH B 1aJI€KOM MPOLIJIOM, KOTJIa yCJI0-
BHSI /151 3B€3/1000pa30BaHUs1 OblJIM COBEPLIEHHO HHbI-
MH JUlsl Kaxkao# ranaktuku. Kpome toro, nuarpam-
Ma (puc. 9) ykasbiBaeT Ha BO3MOXKHOCTb TOSIBJEHHS
60JIbLLIOK OIMOKHU MPU UCIOJb30BAHUU 3aBUCUMOCTH
«CBETMMOCTb — METAJVIMYHOCTb» TPH U3MEPEHHH Me-
TAJJIMYHOCTH TO CBETUMOCTH TaJIaKTHKH, Kak ObLIO
cnenano B pa6ore Yarovova et al. (2023).

Ttom79 Nel
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Ha CM-puarpamme (puc. 6) BbeISIOTCS HECKOJb-
KO SIPKHX 3Be3Jl C [oKasaTejeM LBeTa MPUMEPHO
(V. —1I)~2. MOXHO TNpSIMBIM METOJIOM pELIUTb
Bonpoc o MerajuuHocTH rasnaktiku NGC 4068,
€CJIM TIOJIyYHTh CIIEKTPbl HECKOJbKHX TaKMX 3Be3/L.
YroO6bl CBeCTH K MUHUMYMY armnapaTypHble OLIHOKH,
CJlellyeT HCMOoJIb30BaTh il HaOJIOJleHUi Ha 6-M
teneckone bTA CAO PAH rty ke anmnaparypy,
KOTOpylo ucrosb3oBaau Yarovova et al. (2023) npwu
HaOJIIOIEHUSIX SMUCCHOHHOTO 00beKTa. KoopauHaTkl
HanboJiee MpPeICTaBUTENbHBIX KPACHBIX CBEpPXIHraH-
toB Ha 31oxy J2000.0 caenytoime:

1) 12203™ 51378 +52° 34’ 46”8,

2) 12h04™ 10370 +52° 35 247,

3) 12M03™ 59390 +52° 35 00”8.
HepBbIe JIB€ 3Be€3JIbl pacIlioJio2KeHbl Ha OKpa-
WHE TraJlJakTUKH, a TpeTbs BXOIAUT B COCTaB ob6Ji1a-
CTH SBGSLLOOGPaSOBaHHH C FOJIy6bIMH U KpaCHbIMH

CBEpXTruraHtTaMu. ﬂﬂﬂ yILOéCTBa OTO2KIAECTBJICHUA Ha
puc. 10 npeacTaBJi€Hbl 00J1aCTH 3TUX 3Be3J] HA OCHOBE
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Puc. 12. 3aBucUMOCTb MeX/y CBETUMOCTbIO TaJaKTHKH H
roKasareJsieM 1[BeTa ee MOJIOJIbIX 3Be3/] — KPACHbIX CBEPXTH-
FaHTOB, UTO MO2KHO MTPUHSITH KK 9KBUBAJIEHT METAJIIMYHOCTH.
Keagpatom ormeueno mosoxkenue ranaktikn NGC 4068.
CiuienyeT oTMeTHTb GOJIbLLIOE paccesiHie TOUeK B MpecTaB-
JIEHHOH 3aBHCHUMOCTH, KOTOPOE JIeJIaeT MPAKTHUECKH HEBO3-
MOKHbBIM H3MepeHHe MeTa/NIMUHOCTH FralaKTHKK Ha OCHOBE ee
CBETHMOCTH.

HST-cunvka B c¢unbrpe F814W, a Ha puc. 11
nokazanbl CM-auarpammbl 3Be31 3THX o6JacTed.
MOXKHO OTMETHTb, UTO B OJIM3KOM COCEICTBE K
KpacHbIM cBepxrurantam B obOsactsax N1 u N2
HaxoNATCS TOJyOble CBEPXTHraHThl, TIPH OTCYTCTBHH
BETBH roJlyOblX 3Be3J1 60J1ee HU3KOH CBETHUMOCTH.

5. SAKJIIOUEHHME W BbIBO/IbI

Ha ocHoBe CHMMKOB ¢ KOCMHUYECKOro TeJsiecKona
M. Xab66sa nonsydena CM-nuarpamma 3Bess uppe-
ryasipioit ranaktuku NGC 4068, Ha KoTOpoi BU/IHBI
MOJIOJIble 3B€3JIbl — ToJIyOble U KpacHble CBEPXTUTaH-
Thl, @ TaKxKe CTapoe 3Be3/HOe HacejieHhe — Kpac-
Hble rurantbl. [l 3Be3/1 rajo HaiaeHbl MOJ0KeHHe
BepXHeH TPaHWIbl BETBH KPACHBIX THIAHTOB M MOKa-
3aTe/lb 1lBeTa BETBH TMUTAHTOB, UTO MO3BOJMJIO HaM
onpeneuth paccrosinve 1o NGC 4068 u merasinu-
HOCTb 3Be3]l nepudepru. CpaBHeHHE TeOPeTHUECKHUX
uzoxpon Bertelli et al. (1994) ¢ CM-muarpammori
3Be3nn NGC 4068 nokaszaso, 4To KpacHble CBEPXIH-
FaHTbl UMEIOT BBICOKYIO MeTasJIMUHOCTb, CPaBHUMYIO
¢ merasuuHocTbio CosHua. Bospact cBepXxrurantos
COCTaBJISIET HECKOJIbKO JIECATKOB MHJIIMOHOB JIET,
pacrnpejiesieHbl OHH 10 BCeMy TeJsly TaJakTHKH. IDTO
03HAYaeT, UTO MeXK3Be3J/lHble ras3ornblieBble 00JaKa
raJakTHKK y2Ke OblIH HACBILLEHbl METaIIaMH J1eCATKH
MHUJIJTHOHOB JieT Ha3al. [losryueHHbIe pe3y ibTaThl Mpo-
THBOpEUYaT BO3MOKHOCTH MOSIBJIEHHs] MaJloMeTaJ/IHy-
Hot 3Be3sibl B NGC 4068, 0 ueM coob1iaercsi B paboTe
Yarovova et al. (2023).

ACTPOPU3IUYECKWH BIOJIJIETEHD

[Ipu ob6cyxKneHnu 3aBHCUMOCTH MeTaJVIMYHOCTH
3Be3Jl OT CBETUMOCTH TaJIaKTHKH Yy»Ke TOBOPHJIOCH
0 0O0JIbLLIOM pacCesiHUd TOUYeK Ha 3TOH 3aBUCHMO-
cti. AHajlornuHoe paccesinie HabJ/1I0/1aeTCsl HA Halllel
nparpamMe (puc. 12), rae mokazaHa 3aBHCHMOCTb
MEXJly CBETHMOCTBIO TaJaKTHK W MOKa3aTeseM lBe-
ta (V — I) BeTBH KpacHbIX cBepxruraHtoB. [Tokasza-
TeJlb LIBETA YBEJMUHUBAETCS C POCTOM METaJIMYHOCTH
3Be3J1, MO3ITOMY €r0 MOXKHO TIPUHUMATh 33 SKBUBAJEHT
MeTa/lIMUHOCTH. TOUHOCTh OTnpeseseHust mokasaress
1BETa KPACHBIX CBEPXTHUraHToOB He Xxyxe 0703, no-
TOMY paccesiHMe TOUYeK Ha Juarpamme 0OYCJIOBJIEHO
He MJIOXOH TOUHOCTBIO B U3MEPEHUsIX CBETUMOCTH ra-
JIAKTHK WJIM TIOKa3aTessi 11BeTa 3Be3ll, a peajbHbIMU
pa3NuMAMH METAJVIMYHOCTH TaJaKTHK. 3aBHCUMOCTb
MeXJly BeJIMUMHAMHU Ha pUC. |2 MOXKHO MpeACTaBUTh B
BHJle JIMHEHHOTOo ypaBHeHHUsl. OJIHAKO ecsid Mbl OyjieM
MCIOJIb30BaTh 3TO ypaBHeHHe 0e3 yueTa paccesiHusl
MCXOJIHBIX JIAHHBIX, TO Pe3yJbTaT MOMKET 0Ka3aThCs
OueHb Jajiek OT peasbHOro. Yarovova et al. (2023)
oleHuBa/M MeTa/nuHocTh ranakTuku NGC 4068 no
ee CBeTHMOCTH, HO He yuJii 60JIbILIOH pazdpoc pesyJib-
TATOB /IS OTAEbHBIX FaJlaKTHK, T03TOMY MOJyUeHHAas!
UMH ¥ Haia oleHka MetajnuuHoctTd NGC 4068 cy-
LLIECTBEHHO Pa3JjiMyaoTes.

3ameTuM, 4To 0OBbIUHO 32 MeTa/JIMUHOCTb BCel ra-
JIAKTHKH MPUHUMAIOT MeTasnuHocTh ee H I[-o6aacreit
M3-3a JIETKOCTH UX HabJoieHui. BeposiTHO, B 60Jb-
IIMHCTBE CJyyaeB 3TO JeHCTBUTesNIbHO TakK. OJHaKo
cJelyeT MPUHMMAaTh BO BHUMaHHe BO3MOXKHOCTb
najieHusl Ha rajlakTHKY MeKrajakTHUecKUX 00JIakoB
rasa, B peayJbTaTe KOTOPOIO MOXKET MOHHU3UThCS
MeTaJUIMUHOCTh MEXK3BE3JHOH Cpejibl B OT/AEJbHOH
006J1aCTH, XOT5l METAJNIMYHOCTh BCEH raJlaKTUKH MOXKET
ObITb BbICOKOH. M Takue ciyuan TpeOyoT OTIeJbHOr0
paccmoTpenusi. Mbl noJiaraem, 4to NpH OTCYTCTBHH
CMeKTpaJbHbIX U3MEPEHHH MHOTHX 3Be3]1 OTpejiesieHue
METaJIJIMUHOCTH TaJlaKTHKK MO MOJIOKEHHIO ee MOJIO-
nbix 3Be3n Ha CM-puarpamme sipjsieTcst Haubogiee
BEPHbIM pellieHHeM, MPH YCJOBUH UCIOJIb30BaHHUS sl
M3MepEeHHsl He OJIHOH 3Be3Jibl, a BCell BETBH KPACHbIX
CBEPXTMIaHTOB.
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Metallicity of Young Stars of the NGC 4068 Galaxy

N. Tikhonov!

!Special Astrophysical Observatory of RAS, Nizhnii Arkhyz, 369167 Russia

Based on archival images from the Hubble Space Telescope, stellar photometry of the galaxy NGC 4068
was carried out. The resulting Hertzsprung-Russell diagram (CM diagram) shows branches of young and
old stars. To estimate the metallicity of young stars, isochrones of different ages and metallicities were used.
A combination of isochrones and the CM diagram of stars shows that the young stars of NGC 4068 have
high metallicity, up to the metallicity of the Sun (Z = 0.02). Since stars of high metallicity are observed
throughout the body of the galaxy, we can talk about high metallicity of the entire galaxy, and not just one
local region. The position of NGC 4068 among 105 irregular galaxies of different metallicities is shown on a
diagram of the dependence between the metallicities of old and young stars. The almost linear dependence
between these parameters indicates the absence of processes of rapid enrichment of galaxies with metals
at the present stage of their evolution. The obtained results do not confirm the conclusion about the low
metallicity of NGC 4068 reported by Yarovova et al. in the paper on their unveiling a nitrogen-rich massive
low-metallicity star in this galaxy. For direct measurements of the metallicity of NGC 4068, the coordinates
and fields of identification of the three brightest supergiants with a high colorindex (V' — I'), which indicates

their high metallicity, are presented.

Keywords: fechniques: photometric—galaxies: dwarf—galaxies: individual: NGC4068—stars:

supegiants—metallicity
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