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KpaTko wu3ji03KeHa HMCTOpHs CIEKTPOCKONMYECKUX HCCaenoBanuii maposbix ckomaenuii (IIIC).
[MpencraBiersbl MeTOmbI ONpejereHus Merajimdnocrn u xumudeckoro cocrasa IIIC. lano
COBPEMEHHOE COCTOsTHHE OIMHUCAHUS COlepKaHusA 3jieMeHToB B armocdepax 3se3 1IC.

BBEJIEHUE

Ucropus uccrenoanus raposbix ckomienuii (IIIC) nHaunHaercs B TEJIECKONMYECKYIO IMOXY, Korjaa 26 aBrycra
1665 r. A6paxam Un obuapyxun B cosesnuun Crpenbiia auddy3Hbl 0ObEKT, BIOCIEACTBAN HOJIYYUBIIAN
masBanue M 22, a crmycrss HECKOJIBKO JieT damyHs Laseit obparns BHUMaHue HA CTPAHHBIN By 3Be316I w Cen
(1677 r.) u nuddysnoe uATHBILIKO B co3Be3auu Lepkyneca, suocaeacrsuu M 13 (1714 r.). IIpouwio Godee cra
ster, mpexke dem dpaniy3ckuii acrponom [Ilapias Mecbe B 1764 r. HaYaJI CHCTEMATHIECKHAE TIOUCKU TYMAHHBIX
0OBEKTOB, KOTOPbIE HE MEHsIJI CBOEro HoJioKeHusi cpeau 38e3:1. B 1771 1. on omyOGaukoBas CBO 3HAMEHUTHII
Karasor, kyna Borwm nomo6ube o0bekThl (103 oobekra, Tperhe usmanue [83]). K xoumy 18 croserns Buibsam
TCepuiesib ¢ GoJsiee MOIIHBIM TEJECKOLNOM YBUIE] BCE U3BECTHbIE K TOMY BpemeHu (33) 11apoBble CKOIJIEHHS,
Pa3pEeIIeHHbIME Ha 3BE3JIbI, U OTKPBLI eme 37. VIMEHHO OH NpeIoXKua TepMuH maposoe ckomienue (globular
cluster). Tammon (1828 r.) momosaua cnucok IIC no mabmaogenusm B FOxuom monymmapuun. K Hacrosmmemy
BPEMEHH OIIeHKA UX IMOJIHOro KosimdectBa B lamakTuke nopsiaka 180 £ 20. Ilapossie ckomnenns [amakTuku
comepxar 10106 3pe3n, ux muamerpsr cocrasisior 20-60 mk, maccer — 104-10° M, [5].

IIEPBBIE CIIEKTPHI 3BE3/] 1 IIIAPOBBIX CKOILJIEHUN

Yunbam Xérruac (1824-1910 rr.) ommuuM W3 NEpBLIX OHeHWs 3HadeHwe orkpbiroro I. P. Kupxrodbom u
P. B. Byuzenom B 1859 r. mMerosa CHeKTpajbHOrO aHAIM3a /i u3ydeHus HeOecHbix Tes. llepBbie cnekTpbl
[UTAHETAPHBIX TYMAHHOCTEH U 3BE3/IHBIX CKOIUIEHHH ObIN oIy YeHbl XerrnacoM B 1864 r. [58] crycrst mourn cro
JIeT 1mocJie Bbixoa Karasiora Mecbe. Yuibam XErruHC yCTAHOBUII CXO/ICTBO CIEKTPOB MHOTHX 3BE3/1 CO CIIEKTPOM
Coumnna, ucciaenys o61acTh aauH BosaH oT A4870 10 A 3300 A [57]. XérruHC BrepBbIe MOIYYNI U HCCIIETOBAT
CHEKTPBI Fa30BbIX TYMAaHHOCTE, COCTOMAIINE U3 OTJAEIbHBIX JIMHAN u3iydenus. HabioaeHus oH IPOBOIUI HA
20-cMm Tesreckorme — pedpaKkTOpe CO CHEKTPOCKOIOM COOCTBEHHOW KOHCTDPYKINHU. lIpakTudyecku B OIHO W TO
ke Bpems ¢ Xerruucom, B 1863-1868 rr. uranbsnckuii acrpobusuk Anpxeno Cékku (1818-1878 rr.) usyumi
CIeKTPHI 4 THIC. 3BE3T U CO3IAJ TIEPBYIO KTACCU(MDUKAIUIO 3BE3MHBIX CIEKTPOB, PA3IE/INB UX HA, Y€THIPE KJIACCA.
Awmepukanckuii soburess acrpornomun enpu Ipanep (1837-1882 rr.) B 1872 1. mosyuust nepsyio ¢gororpaduio
crieKkTpa 3Be31bl Beru, a B majbHeeM — CieKTpbl SpKuX 3BE31, JIyHBI, MIaHeT, KOMET U TYMAHHOCTEH.

Cuekrpasibubie ucciaenoanus [IIC npoBoauauch Kak [0 MX MHTErPAJIbHBIM (COCTABHBIM) CIEKTPAM, TaK
U TI0 CIEKTpaM OTIEJIbHbIX 3Be3]. AHamu3 cocrapHbix crnekTpoB IIIC Bmepsbie Gbur mposenen @arom [45].
Cuagama (1911 r.) ma 36" pedaexrope Kpocemn Jlukckoit o6cepsaropun (Mayar-TamMunTon), mo cnekTpam ¢
aucriepcueit 430 A /MM, JJIATENLHOCTh SKCIO3UIMK paBHsiach 13—-16 gacam. 3areM B paborax, BBIIOJHEHHBIX
ua 60" pedprexrope obcepsaropun Mayur-Buncon, @ar nokazan [46], uto B cmekTpax ckommnernit M 53, M 13,
NGC6229, M92, M22, NGC6934, M 15 gomwmnaupyror Jjunuu Bomopoma cepuu bambmepa m Hu K Call,
CIEKTPbI BCEX CKOIUIEHUI ANMPOKCUMUPYIOTCS CIEKTPOM CIEKTPajIbHOro Kiacca F. 3Be3mbl MIapoBBIX
CKOTLJIEHHIT, MEHSAIOIIHe CBOM OJiecK, “aHopMaJIbHbIE”, IPErKIe BCero, 00paTuin Ha cebs BHUMAHHE aCTPOHOMOB.
Bapuapn [6] u Baseii [97] 6buin nepBbiMu OTKpbIBaTedsiMu 0OJbIIOro uucia nepemennbix 3ses3n B IIC.
9TO OKA3aJIMCh KOPOTKONEPUOAMIECKUE MyIbCUpyIolue mepemennbie 3Be3abl Ttuma RR Lyr. Omum ceirpasm
BBLIAOINYIOCs poJib B uccienoBannu lajmakruku. B 1918 r. Xapsoy Ilenu, npunsas mpaBuibHOE TOJKOBAHUE
acummerpun pacrpenenenus IIIC oraocurensro CosHiia u ucnosb308aB 38e361 Tuma RR Lyr kak nHanKaTOphI
paccrosinus IIC, ompemesnin MeCTo raJakTUuaeckoro mneHtpa u nosoxkenune CosmHednoit cucrembl B [amakTuke
(50 IIC, 10 knk) [113].
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ITEPBBIE CITEKTPBI 3BE3/ IIIC
n OINNPEAEJIEHN A XMMNYECKOT'O COCTABA 1 METAJIJIMYHOCTMU IIIC

ITepeoie cnekrpsr 3Be3 B IIIC 6bumm nmosmydersr B 1913-1914 rr. ITuzom [96] mast 3Be3n ckomenust M 13 Ha
cnekrporpade ¢ y3Koil Imenbo, ycranopaernom Ha 60" pedrekTope obceparopun Maynr-Buicon B obaacru
aH BosH A 3900-5000 A. Dkcnosunum GuUTH eme Gosiee JIHTEIBHBIME, 9YeM MPH MOJYYeHHH CIEeKTPOB
ckomtenuii, u cocrasisiin 21-22 gaca. Coekrpor 19 3Be3n ckomrenus M 13 ykiafpBaauch B JIOBOJIBHO
MPABWIBHYIO MOCIEI0BATEIHLHOCTh CIEKTPAIBHBIX KiaccoB Sp or AQ mo GO. Tlepebie onpesesieHust JIydeBoi
ckopocru 3se3y IIIC soinonnenst Coudepom [118] B 1918 1. Beprua JIlunnbuan B 1922 r. nepsbiM oTMerus
ocsabsenue yunuit mojoc mosekyasl muana CN A 4215 B cuekrpax 3se3q IIIC (mabmonenus Ha obcepBaropun
Maynt-Buncon, 60" pednexrop) [78]. B nambmeiimenm 3Ta 0COGEHHOCTH CIEKTPOB CBHITPATIA BAXKHYH POJb B
ncciaenoBannn xumudeckoro cocrapa IIIC. Om rtakske 3amerus, dro 3pe3anl IIIC npuHammexkar K Toil ke
IPYIIe TaJaKTHYECKOr0 HACEJIEeHUs, YTO U BBICOKOCKOPOCTHbIE 3Be3/bl. B 1946 r. Maiiau [80] mo cuekrpam c
mucniepeneit 430 A /vu (36" pedaexrop Kpocermn) obmapysxu pazmmmaume coctasabx criektpos IIIC B mpeemax
crekTpanbHbiX KiaaccoB A5—GS u obparun saumanue, yro ocjaabienve juanu K Call u smuun crponmust Sr Il
HATIOMMHAET CIIEKTPBI 3BE3/[ C OCIADJIEHHBIMHA JIMHUSAMHI B COTHEYHOI OKpecTHOCTH. 3aTem B 1947 r. [Tormep [103]
110 CIIeKTpaM, moaydeHHbIM Ha KaccerpenosckoMm ciekrporpade u kamepe IImuara obcepsaropun Maxk-loramm,
TTOITBEPAUII OCIA0JIEHNe MOTJIOINeHns B cuHeil objactu crektpa B mosioce CN y 3Be37 CIEKTPabHBIX KJIACCOB
G u K ckomwiennit M3 u M 13. O6uapyxenune Baymom [7] B 1952 roiy skcrpeManbHO C1abbIX JMHU METaJIOB
B ckomreausXx M 92 u M 3 u ormuus cniekrpos 3Be371 IIIC u 3Be3 mOJIst COTHEYHON METAIJInIHOCTH MOXKHO
CYMTATH TIEPBBIM CEPHE3HBIM yKa3aHUEeM Ha MOHMKEHHOe cojiepKanmne Metaiios B 3Be3gax 111C, morydennoe mo
cekTpaM ¢ yMmeperHoit aucniepereit 38 A /v (200 reneckomn obeepsaropun MayrT-Ilamomap).

9Ty mepBble HCCIEAOBAHMS BbIABWINA cxoxecTh crnekTpoB 3e3n IIIC u 3Be3m monsd ¢ ocsiabieHHbIMA
JIMHASIMA B CIEKTPAX W BBICOKAMU TPOCTPAHCTBEHHBIMHU CKODOCTSMHE, T.€. CO 3Be3maMu C J1eHUIuTOM
MeTasnoB. JanbHelle KOJnIecTBeHHbIe OEHKH XuMudeckoro cocrasa 3se3 IIIC u 3Be3 . mostst ¢ neduimrom
METAJIJIOB TAKZK€ CPABHUBAJINCH U COTOCTABJISINCH MeXK Iy co0oii. [lepBoit paboToi M0 KOJTMIECTBEHHOM OIEHKE
CONIepKaHUsI JEMEHTOB B 3Be3/aX C JAepUIUTOM MEeTasioB MOXKHO cUuTaTh pabory Mapruma um Bapbapsr
OIsaprmmisnaos [111]. Habaromerwns nyia KapaukOB CIEKTPATbHOTO Kiacca F momywensr ma 100 remeckomne
obcepsaropun Maynr-Buncon, mucrepcus 10 A /mm, muanazon mmum somn A4220-4680 A. Onpeneneno, 4ro
OTHOIIIEHUE BOIOPOIA K YKejie3y B 2 pa3a BhIMIE B BHICOKOCKOPOCTHBIX KAPJIUKAX ITO OTHOIIEHUIO K COIEPKAHUIO
B HU3KOCKOPOCTHBIX KapJukax. Ha srom ke remeckone Uembepsen u Asuiep [36] asis 3Be3a-cybkapiukos
CIEKTPAJILHOrO Kjacca A 00HADYKUIN JeDUIUT CONEPKAHNS KaJIbIus u keje3a. U Tosbko B 1956 r. Maprepur
u Txebpu Bepbumku [24] onpeneswnu counepxkanue psga dinementoB Mg, Al) Ca, Sc, Ti, Cr, Mn, Fe,
Sr, Y, Zr, Ba y 3Be3n ¢ gmedunmurom merasioB. B 1954 r. ObLIO MOKA3aHO MO CIIEKTPAM, TOJIYIE€HHBIM
na [lamomapckoM Tesieckorne, 9To 3Be3Jbl CHeKTpaabHOro kiacca B ckomnenus NGC 1647 mmeror CriekTphl,
OTIMYAOMHIeC OT CIHEKTPOB CBOMX aHasoros B mose |50]. Ormedeno, aro qunmm Hel A 4121, 4144 A cnabee
y 3Be3n LIIC, a auaum Sill \4128, 4132 A ycuensr Mo cpaBHEHMIO CO CHEKTPOM 3Be3JbI CTaHAapra X Hya.
Bo3moxkHO, 9TO mepBoe yroMuHAHEE O TPODIEMAX XUMUIECKOrO COCTaBa 38e371, ropu3onTaabaoi sersu ['B IIIC.
B 1959 r. Xenbdepom, Bamaepcreiinom u Ipuncreiinom [55] GBII0 BBITOIHEHO MEPBOE OMPEIEIeHNe COJEPIKAHIS
6ombioro psma ssaementoB: Na, Mg, Ca, Sc, Ti, Cr, Mn, Fe, Co, Ni, Zn, Sr, Y, Zr, Ba, La, Ce, Nd,
Sm, Eu B armocdepax 3Be3n IIIC, sro Oputm K-rurants mapoBbix ckomiaeruit M 13 mw M 92. CnekTpsr
noiyuensl Ha IlajmomapckoM Kyze-ciekrporpade B obmactu gamn soin 4000-4900 A ¢ pucnepcueit 17.8 u
9 A /um. Temmeparypa BO30YKIeHHS OMpeeAIach MO OTHOMEHNIO WHTEHCHBHOCTeH Tap JmHE xeymesa Fel
C PA3JIMYAIOIIMMHUCS [TOTEHIIUATIAMI BO30Y2K/IeHNs HUKHEro yposHs. liist onpesesienust CoepKaHuil 371eMEeHTOB
HCIIOJIb30BAJINCH KPUBBIE POCTA, TTPEICTABIIAIONHE COO0M 3aBUCUMOCTh SKBUBAJIEHTHON mupubbl KW nuaun ot
KOJINYECTBA ATOMOB, YYACTBYIOIIUX B ee 06pa3oBanuu (/1Jis CPABHEHMs MCIIOJIb30BAJIUCH TEOPETUYECKIE KPUBbIE
pocra BpyGeins [141]).

Jlpyeue memodv. onpedeaerus memansuwnocmu IIC.

Uccnenyss cyOKapauKy ¥ 3BE3IbI-KAPJIUKH CIEKTPAJIBHOrO Kjacca F mo ¢oroMerpudyeckuM HaOIIOAEHUIM
(cucrema Moprana—/Ixoncona) wHa 13" pedpakrrope obcepsaropmm Max-onann, Hsmcu Pomam [105]
OOHApy KWUJla, 4TO psf 3BE3I-CyOKapJIMKOB IOJIST MO CBOEH KUHeMaTuKe HamoMuHaloT kunemaruky IIIC u
MOoKa3bIBal0T 3aMeTHbil u30biTok B Y®. Tor dakr, yro B F-, G-, K-3Be3max mnorsomienne B JTUHUAX
37eMEHTOB JKeJe3HOTO MHUKa ONMpeaeadeT BUJ yabTpadmoneroBoii u cumeil gacti crmektpa (A 3000-5000 A),
OTIPEJI/IAII PA3BUTHE METOJIOB M WCIOJb30BAHUE MHOIONBETHONW (DOTOMETPUU U PACIPEIETEHUN SHEPruu B
cekrpax oraenbubix 3Be3n IC s ompenesieHus METaJIMYHOCTH UM XMUMHYECKOTO COCTaBa CKOIJIEHUN W
3Be3/, B CKOIUleHHMsX. Tak, Hanpumep, Kak 6buio nokaszano Cauammxem [107, 108], B doromerpuyeckoii
cucreme Moprana—/I:koHcoHa BepTUKaabHBIE casur B nserax 0 (U—B) wa (B-V) = 0.6 xoppenupyer
¢ merasumuHocrbio cyOkapiaukos [Fe/H] = lgA(Fe) — lgA(Fe)g, mosyuenHoii panee MeTOHOM KPUBBIX
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pocra, rae lg A(Fe) — comepxkanue xkenesa B 3Be3zue, a lgA(Fe)s — comepxkanue kenesa ua Commie B
uikase cojgepxkanus Bogopoza lg A(H) =12. cnonb3oBanue mecrunsernoii poromerpuu, cucrembl Crebunca—
Yurdopaa [74] u cucremsbr DDO [81] no3sosmiio nccsrenoBath copeprkanue saemenTos rpymnsl CNO HezaBucnHMo
OT COJIEPXKAHUs JJEMEHTOB Keje3noro nuka. ®oromerpuyeckasi cucrema C, M, Ty, T5 Obuta mpemioxkeHa
Basuepcreitnom u Xemnbdepom [139] cremmanbro myst nccrenoanusi K-ruraHToB U COCTOSIA M3 CIIENHATBHO
BBIODAHHBIX YYACTKOB CIEKTPA, YyBCTBUTEIbHBIX K cofepkaHuio CNO U MOIIOMEHUI0 B JIMHUASIX METAJJIOB.
YyBCTBHTETHHOCTE TIOJIOC OKHCH THTaHa B 0bmactu 7 000 A ncrmomnzoBasack ais seicokomerammmanbx 1IC [88],
BusIbHIOCCKas (poromerpuyeckas cucrema [144] — s uarerpaabHoil hoToMerpun 1mapoBbix ckomenuit. Meros
Cupna-Iluna [112] nconb3yeT pactpe ieTeHns SHEPTUN B y3KINX yaacTKax crmexTpa (160 A) u ayscruTensrocTs
Y®-obnactu crekTpa K MONJIOMIEHUI0 B JIMHUSAX METasjioB, HO HE 3aBUCHT OT MEXK3BE3/IHOIO MOKPACHEHWsI
B orTimyue OT (HOTOMETPUYIECKNX METOmOB. B 310l pabore moaydensl HOBbIE (DYHIAMEHTAJbHBIE JAHHBIE
dopmupoBanus u 3BoOIIONMY [aTaKTHKU, HHTEPIPETUPYEMbIE KAK HEPAPXUYECKOe CJIUMAHUE TPOTO(GPATMEHTOB
B OTJIMYME OT MOJENH JrreHa u Ap. [44], onuckiBatomeil popmuposanre I'aJakTHKN Kak OZHOPOHBIN KOJITIATIC.
Ocobo caepyer ynomsinyrb meros IIpecrona [104], unu § merox, rae 6 S = 10[Sp(H) — Sp(Call)] — pasuuuue
B OIpeNesieHNH CIEKTPAJIbHOTO KJjacca Sp MO JUHHUSM BOJOPOJAA W JIMHUAM Kajblius. Meronm NpejioKeH
[Ipecronom ats 3se3n Tuna RR Lyr ¢ ucnosnbsopanueM crnektpos ymepernoro (10-20 A) paspemternus. Meros
OCHOBaH HAa TOM, YTO B JHANA30HE CIEKTPATHHBIX KIaccOB A3-F5 u B COOTBETCTBYIOIIEM WM IHAMA30HE
TEMIIEPATYP HEIPO3PAYHOCTH B KOHTHHYYME OIpeensercs moriomenneM Ha H™ u cBI3aHO-CBODOIHBIMU U
CBODOHO-CBOOOIHBIMY TIEPEX0IaMH BOJOPOJA W 3aBUCUT OT COJEPKAHUS BOJOPOA, & WHTEHCHUBHOCTDH JIMHUM
BOZIOPO/IA 3ABUCUT OT TEMIIEPATYPbl U HE 3AaBUCUT OT COAEPKAHUS METAJLIOB, B TO BpeMs KAK WHTEHCUBHOCTH
JIMHUN KAJIBIUS 3aBUCUT U OT TEMIIEPATYPHI, U OT COAEp:KaHus KaJblus. Ha OCHOBE 3TOr0 MeToa BBITOIHEHO
olpe/ieJieHre MeTajuInaHocTH 60Jbinoro yucsa 3se3x tuna RR Lyr gy 17 IIIC [25]. Bee nepeuncientbie MeTost
HE SIBJISIOTCS MPSIMBIMUA METO/IAMU OTTPEEIEHIUST METAJINIHOCTH ¥ TPEOYIOT KaIHOPOBOK IO CIIEKTPAM BBICOKOT'O
pasperieHus.

Ocobenroctun Mopdosorun nuarpammvbl et C—3Be3gHas peandnaa My TakkKe ObLIH UCIOIL30BAHbBI I
olpe/iesieHust cojepxkanus MerauioB. Kak nokaszasnu uccienosanus, ypeiaudenue merasuimanocru [Fe/H| wiun
MAaCCOBOH JIO/IM TAXKE/IbIX 3JIEMEHTOB Z NPUBOAUT K cMmemnenuio sersu ruranTos (BI') B kpacuyo cTOpoHy
u wuckaxkenuio ropusonraabhoii Bersu (I'B). Oamaxko na mopdouoruio muarpammbl C—My BiudiorT Takike
coziepyKaHue reJis U BO3pacT cKomsienns. VI, Tem He Menee, ObIT TIPE/IJIOYKEH Psifl MHIUKATOPOB, MCIOJIb3YIOINX
ocobeHHOCTH MOP]OIOruy quarpaMMbl, Jijisi OnpejereHus MerajuimaHoctu. 91o: § V. — Boicora BI' nag I'B na
B-V = 1.40 [109]; ne mokpacuesiiee 3uadenne (B—V) BT, coorsercraytomee ceerumoctr I'B [110]; HakioH
BT ornocurensuo Touku nepecedenus ['B u BT [47]. Ilepsbie aBa 3aBucdaT OT HOKPACHEHUs, HOCJIEAHUI — HE
3aBHCHT, HO TepsieT dyBcTBUTEIbHOCTH pH [Fe/H] < —1.5.

IMoppons uror wiaccuueckoil smoxu ucciaenoanus 1IC, ocranoumcs wa pabore Iuna u Becra [145].
B meit onpenenena merasmmmaroctsh 121 IIIC Tamaktukm m 3 IIIC B Mamgom Maremtanosom Ob6make. s
60 IAPOBBLIX CKOIIEHHUH HCIIOMB30BATICH CIIEKTPOrpaMMbl ¢ muciepcreii 121 A /mm B mmanasone A 3600-5700 A,
nosyvennsie Ha 1-M Veanckom pedekrope B Cheppo Tomomo. VI3MepeHHbie MCeBI09KBUBAICHTHBIE IIHPIHBI
suauit H, Call K, G-tosiocer u siuauit Mg Ib, a rakake Hezapucdinuit O mOKpacHeHus: (DOTOMETPUIECKUI UHIEKC
Q39 (Mepa 6moxwpoBKE mHE B obmacTi 38204100 A) u HOBBIE TemmepaTypHble KaanOpoBkn Kosn [37, 3§]
HCIOJIB30BAIUCH IS OMPE/IETeHNs] MEeTAJUIMIHOCTH. ABTOpaMu OBbLIO yCTaHOBJIEHO, 9T0 MerajumdHocTb 1IC
[Fe/H] nexxur B mmanazome or +0.24 no —2.58. Omnpenenenusi mius merammnanbix 11IC ([Fe/H] ~ +0.2),
HAXO/AIIMXCs 110 HALPABJIEHUIO K 1eHTpy lasakruku, B3sarhl u3 padorsl Maskana [79]. Ilo onpenesenusim
ABTOPOB CAMBIMK METAJIMYHBIMU CKOMIeHuaMu sapigiorcs ckomenus NGC 5927, 6553 (¢ MeTaamIHOCThIO
[Fe/H] ~ —0.3), camoe nuskomerainanoe ckortenne NGC 5053, ero [Fe/H] = —2.58. CpaBrenue onpezenennii
MEeTAJIJIMIHOCTH CKOTIJIEHUI C MCIIOJIb30BAHNEM DA3JIMYHBIX METOIOB TTOKa3as0 3aMerHbIil pa3bpoc B [Fe/H], on
pasen £0.5 dex.

COAEP>XK AHVNE XVIMMNYECKNX 9JIEMEHTOB B ATMOC®EPAX 3BE3/] IIIC

CyImecTBeHHON COCTABIISIONIEH ONPEeIeHUsT XUMUIECKOTO COCTABA 3BE3/L 10 BHICOKOIUCIIEPCHOHHBIM CIIEKTPAM
ABJIAETCA 3HAHNE TapaMeTpoB aTMocdep 3Be3, mpexkae Bcero addeKTnBHOi TemmepaTypsl 1oy, W yCKOpEHUS
CHJIBL TsKecTw Ha mnoBepxHocru 1gg. B onpenenennn stux mapamerpos s 3Be3z LIC ceirpanu BazKHYyTIO
pouib (bOTOMETPUYECKHEe METOIBI, HCIOIB3YIONIe KAJIHOPOBKY PA3JINYHbIX TOoKasareseil nsera [3, 37, 38] u nux
rTeoperuyieckoe obocHosanue [13, 51|, a B nocienHee Bpems u apyrue Meroipl, rakue kak meros K-norokos [4].
AHann3 MKaIbl METAJUIMYHOCTH, BHIMOIHEHHbIH Bemutom n I'ycrasccoroMm [14], mpuBes K M3MEHEHUIO IKaJbl B
cropony Gousbiiero peduiura Boicokomeraumanbix [IC (or —0.3 o —0.7 dex) u3-3a Heydera B BbIYUCIEHUSIX
MCTOYHUKOB Hempo3padnoctu B Y@ u cuneit obactu. Co3manne MHOTOCTONHBIX Moeseil armocdep [y 3Be3T
¢ pedunurom MerasuioB [12] mO3BOIMIO AKTMBHO [PUMEHUTH METOJ PAaCYeTa CUHTETUYECKOrO CHEKTPA 1isd
uccrenoBanus 38e37 ¢ nedunurom Merasios [137], a 3arem u st 3sesn [IC [9-11].
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Teaudi. B 1983 r. Byuonu u np. [26] onpenenwnn comepxaunue renust aias psga [IC, ucnonssys R-meros,
OIIMPAIOIIUTCS HA DBOJIOLUUOHHBIE PACYETHL. BbLIO MOJIyYeHO CpellHee 3HaYeHue couepKanus rejus (10 Macce)
pasaoe Y = 0.23+£0.02. Canmapuc u ap. B 2004 r. [106] mepeonpenennin comepKaHue Tejusi ¥ IOy I
BesinduHy cojiep:kanus reius B rajakrudeckux [IIC Y = 0.250 4+ 0.006. Oguako B pszge paboT MOKA3aHO, 9TO
COZIEpKaHNUe TeJIhs MOXKeT 3aMeTHO pasudarbca y 3e3n LIIC. Tak, mOHMKEHHOE COMEPKAHUE TeJIus y 3BE3]
cuneii yacru I'B ormeuasioch mo cnekrpam ¢ ymepennoil aucuepcueii (cm., nanpumep, [68]). B 2003 r. mus
3Be3]] ['B maposbrx ckomtennit M 3 u M 13 ¢ remneparypoit Thg, > 12000 K no ciekTpam ¢ BBICOKO# Juctepcueit
yBEPEHHO O0HAPYKEHO [OHKKEeHHOe cozepkanue resud [87]. U eciu Bapuanuu conepkanus renus za ['B moxkuO
00bsicHUTh, HaTpuMep, muddysueil, To B ckorurennn NGC 6218 (M 12, [Fe/H] = —1.31 £ 0.028 dex), Kapperroii
u ap. [32] obuapyzkeHbl Bapuanuu copep:kanus Harpus okosio B3ayrus (bump) ma BT, koropble, 110 MHEHHIO
aBTOPOB, OTPAXKAIOT PA3IUIAIONIECECT HAYAIHHOE COMEPKAHNE Te/IUsT Y PACCMATPUBAEMBIX 3BE3]I.

JTumudi. Turanrer IIIC He 00HAPYKUBAIOT 3aMETHOIO COMEPXKAHUs JUTHA. Kak U y TMPAHTOB raJjo, JTUTUI B
ux armocdepax HCTOIAeTcss B mporecce 3Boionun [35]. TONBKO y TpeX MIaHTOB TPEX IMAPOBBIX CKOIJICHHMH
M3, M5, NGC362 obuapykeH Jjiaruii; oauH U3 HUX sBiasgercsa nepemenHoi 3pe3moit ABI' ruma W Vir
(lgA(Li) = 3.0 [72], 1.8 [29], 1.2 [123], rme lg A(Li) — comepkanue JuTHS B LIKAJE CONEPIKAHUST BOJOPOIA
lg A(H) = 12). TIpeanaraemblii MEXaHU3M HOSABICHAS JUTUS B aTMOcdepax MMranTos, 1. H. “Be-transport” [27] —
auTHit 0bpa3yercss B C0e TOpeHus BoAOpoma Ha cragun ABI' m 3areM BBIHOCHTCS B TTOBEPXHOCTHBIE CJIOW
BCJIEJICTBUE DJIyDOKOro nepemMernuBanus, B 38e31ax ABI cosiHedHO METAITIMIHOCTH 3TOT MEXAaHU3M JeiCTByeT
B He-cioe. Ha mpenmer mnowcka gwrus IInmadoscku m ap. [99] wccaenosanm 261 rurant B derbipex HIC:
M3, M13, M 15, u M 92. He 6b1710 06HApPY?KEHO HU OHOIO MT'AHTA, UMEIOIIEro B CIIEKTPAX JIMHUIO JIUTUS C
skpuBagenTHoit mmpuroit EW (Li) > 20 mA. B mammx uccrenosanmusax ruraatos 111C Tompko 38e3ma M 13 11-90
JIEMOHCTpUpPYeT He3HauYuTesIbHOe cojepxkanue surus 1g A(Li) = —0.25, y ocraibHbIX 3Be31 HAM HE YJIAJI0Ch ero
obHapyxwuTh [69]. Conep:kanue smtus y 38e31 Trouku nosopora (TII), T.e. mpakruueckn y 3Be3n I'Tl, 6iusko
K COIEPXKAHUIO y 3Be3[] raio npu rux MeraimdHocrsx [128]. IMackuru u Mosapo (1998 r.) [93] mast 3Be3sn
TII ckomrennst NGC 6397 nomyunnu 3nadenne 1g A(Li) = 2.28 +0.10, B TO Ke BpeMsi CyOTHraHTBI MOKA3aJIn
ucroienue jutus u 3Hadenus coxepxkanuii 1g A(Li) = 1.81 u 1.2. dns 3Be3xn TII ckomnenus M 92 Boscraapa
u ap. [17] momyuen pasbpoc B comepxauuu jutus, 1g A(Li) or 2.01 g0 2.57, HO cpeznHee 3HaUeHHe OGIN3KO K
3HAYEHUIO, OOHAPYKUBAEMOMY y 3Be3/ 110Js. TasHa u ap. [133] mus 3e3n [ ckomwienns NGC 6397 nonyuuniu
suauenne jurug 1g A(Li) = 2.23 £0.07, uro Takyke XOPOIIO COIJIACYETCS CO 3HAYCHUSIMMU, MOJIYYEHHBIMU I
3Be3z rauo [128]. B 6osee no3auux paborax y 3se3z TII Besudunbl copepkaHus JIMTUS HE CTOJIb OJHO3HAYHbL:
tak B ckormtenus NGC 6752 Obin 0OHApYKEHbI aHTUKOppesanun comepxkanus Li, Na u N u anTuxkoppessus
¢ copepxanuem O [94].

Yaaepod, azom. ObGHapy:KeHHbIE €IIe [0 MEPBbIM CIEKTPOrPAMMAaM, MCIOJb3YIOMUMCS I CIIEKTPAJIbHOMN
kiaccudukanuu, ociabsenne u paszdpoc wmuTeHCHBHOCTEH mosioc mosiekys CN, NH, CH wuncnupuposasn
3HAYUTEIHHOE YUCJIO PADOT MO OMPEIETEHUIO COJEPIKAHUN yriaeposia, ero u30TOMoB, a30Ta, a TakxKe pabor 1o
TPAKTOBKE MOBEJEHNs MHTEHCHBHOCTEIN T10J10C, HAanpuMep [65].

Tak, 66110 OOHAPYKEHO PA3TMYNE B TOBEIEHUHN HHTEHCUBHOCTEH 1os10c y ruranToB II1C u mosis — 3Be3/1b1 oJ1st
He TTOKa3bIBAJIM 3aMETHBIH pa36poc MHTEHCUBHOCTEH B OTJIMYHME OT 3Be3[ CKoruteHuii [52, 116]. B To ke Bpems,
uaTeHCHBHOCTH 110J10¢c CN pasinganuch OT CKOIIEHHsT K CKOILIEHUIO, ObLIA OOHAPYKEHBI TUTAHTBI C yCUJICHHBIMU
nosmocamu CN-strong u ocmabmennsivu monocamu CN-weak [90]. Camned u Cyut [129] o6HapyKuiu y THTAHTOB
ckorternit M3 u M 13, a Kap6ou u ap. [28] — y ruranros ckomienus M 92, [Fe/H] =—-2.24, nedbunur yruepoaa
7 u30BITOK a30Ta. Psii CKOIJIEHWIT TTPOSBUIA BApUAIIUU COJEPXKAHUIN yriIepoaa M a30Ta, ITO CKomieHust M 55,
NGC 6397 [19]. Oys ckomnenuss M 5 (rakaxke Kak u ayig M 92, M3 u M 13) y rurantoB B 1uama3oHe CBETUMOCTE
—2.0™ < My <—1.3" obuapykeHbl aHTUKOppe sun nareacuBHocTel mojgoc mojekya CN—CH u comep:kanwmii
N-C, ucromenune yriaepona [C/Fe] <-0.5 u 3amernoe oboramenne azorom +0.5 < [N/Fe] < +1.2 [120]. T.o.,
y rurantoB IIIC M3, M 10, M 13 x cepeaune 90-x romoB ObLIM YBEPEHHO OOHAPYKEHBbI AHTUKOPPEJISIIUN
mexcty maTencusHOCTAME moioc CN (A\3883, 4215A) u CH, a takxke c comepmanuem xucaopona [O/Fe]
u yriepona [C/Fe]. IIpouneHTHOE COOTHOIEHWE T'MTAHTOB ¢ ycwieHHbIMH mnosiocamu CN-strong m ruraHToB
¢ ocmabsenabiMu nosocamu CN-weak Takxke OTIMYAETCs OT CKOILIEHHMS K CKOILUIEHHIO. Tak, y CKOIUIeHUs
M 10, ornomenune wucia rurantoB CN-strong k rurantam CN-weak paBuo 1:2, B TO BpeMsi KaK CKOILJIEHUE
M 13 coumepzkur npeumymiecrsenuo rurantbl CN-strong. ITockonbky cymmapuoe counepxkanue [(C+ N+ 0)/Fe]
OKAa3aJI0Ch TEM Ke CaMbIM B TIpefenax ommbok onpenenenuit u s CN-strong u qms CN-weak ruranTos, ObL1a
MPeJIOKEHA TUIIOTe3a, 9To IpeobpaszoBanHoe BeriecTBo B peakiysax C = N u O = N BbIiHOCHTCsT HA TOBEPXHOCTD
CN-strong rurantos [121]. Teopun riyGoOKOro nepeMeniuBaHWusi MPEICKa3bIBAIOT MOBEPXHOCTHOE HMCTOIIEHWE
CoZlepKaHus yriaepona s 3se3, bosee aprux, dem My < —0.4". TosbKo B TAKUX KPACHBIX IHTAHTAX JIOJKHA,
OTCYTCTBOBATH HEOJHOPOJHOCTH MOJIEKYJIAPHONW MAacChl, 3aNpPEINaloas obpainerne ([UPKYJIAIU0) MEXKIy
OCHOBAHUEM KOHBEKTHBHOI 0D0OJIOYKY U CJIOEM rOpeHus Bogopoia. OIHAKO, CIIEKTPOCKOMUIECKUE UCCIEIOBAHMS
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ruranToB ckoruienust M 92, BeimosnHeHHble Benmenom u ap. [15], OOHAPYKWJIM yMEHBINEHHE COJEPKAHMUS
yriepona Ha Gosee uskux cerumoctsx (My =0.5-1.0™), gem npenckasaunubie (My =-0.4™). JanbHeilue
ucceioBaHus ruraHToB ckoruienust M3 [124] B nmamasome cBermmocteit 1.5™ < My < 0™ mokasaun, 49To
comepxkanue C + N crporo nocrosiuao cpenu CN-weak ruranTos, B TO BpeMsi KAK OHO PACTET C TPOIABUKEHUEM
Braosb BI' mmsi CN-strong 3ee3n. s oObscHeHWsT TPWBJIEYEH TUOPUIHBIN CIEHAPWN, BKJIIOYAIONUI OoJiee
ri1yGOKOe [epeMelIuBaHie U HEOJHOPOIHOCTh J03Be3JHOro BemiecrBa. Jlamxkep u ap. [76] obuapyxkumu y
cyoruranros M 92 wucromenne yriepona o[C/Fe]~1.0 nus 3Be3n, Bocxomsmumx no BT mo Bepriwmubl, u
3HAYUTE/ILHBIE BAPUAIMU A30Ta, KOTOPbIE [0 WX MHEHUIO WMET J03Be3JHOe HpoucxoxkjaeHue. [lomobmbre
BapuaIwn ObLIH OOHADPYKEHbI U J1JIst cyOruranTos ckorterust M 5 [19]. B pa6ore 2002 r. mo M 13 Bpuin n 1p. [20]
obuapyzkuiu y cybruranros pasdpoc na dakrop ~ 6 B [C/Fe|]. Ha ocroBe srux Habionenuil cuesan BbIBOL O
cymecrenroii qucnepcun [C/Fe] B mporockonienny u, BO3MOXKHO, IPYTUX JEIKUX 3JIEMEHTOB CPEZN BCEX 3BE3[T
B M 13. TIpu srom ormeueno, uro amiumuryna pasbpoca [C/Fe] moxer Bbi3BaTh TPYAHOCTH OPU OObICHEHUU
ee MyTeM aKKPEIUU BelIeCTBA OT 3BE3J, aCUMTOTHIECKON BeTBu ruranToB ABI cpennHmx Macc Kak BHEIHErO
MexaHusMma “3arpsasuenus’. B pabore 2004 r. Bpunu u ap. [21] mus 3se3n [II HIC 47 Tuc naiigenst: 1) yBepentbie
anrukoppensinun Mexay [C/Fe] u [N/Fe] mma CN-strong 3Be3f, MOKa3bIBAOIINX HCYEPIAHWEe yTJIepoja U
oboralienue a3oToM; 2) colepKaHue 00OUX JIEMEHTOB HAXOAMUTCH B XODPOLIEM COIVIACHU C HAfiIeHHBIME JJIs
MTPO3BOIIOIMOHUPOBABITHX 3Be31 BI' 9T0ro ckomenus, 3a UCKIIOYEHHEM HEOOJIBINNX OTAUYUN CO 3BE3IaMU C
My ~+6.5™, naxoggauumucs Ha sepumde BIY 3) nonydennoe ucromenue C u oboramenue N BecbMa 110106HO
ormeuennomy i 3Be3n TII ckommenus M 71 uaeHTHYIHON METAIMIHOCTH, HO 0OJiee HU3KOW MEHTPAIbHOMN
KOHIIEHTPAIMK U CKOPOCTH yOeranusi. B To ke camoe BpeMmsi, OI00HOE MOBBIMIEHHOE cofepzKanne N 1 3aMeTHOe
yMenbIrienue cojep:kanus C HaOIIOMAIOTCA IS aHAJOTMYHBIX 3Be31 B Oojiee OEIHOM MeTaJliaMH CKOIJIEHUN
M 5. ABTOpbI HHTEPHPETUPYIOT ITU PE3YJIbTATHI KAK CBUIAETEJHCTBO JAEHCTBUS HEKOTOPOrO ODOTAIEHWsS WJIH
aKKpenuu B paHHel ucropuu ckomienns. Hanbosee BepOATHBIN HCTOYHUK — ITO UCTEUYEHUE BEIECTBA, OT 3BE3]
ABT. Opaako mosiydeHHBbIE PE3yIbTAThl UCKIIOYAIOT MPOCTOE MOBEPXHOCTHOE 3arps3HEHUE U PEIoIaraioT
BOBJIEYEHWE B ITOT TIPOIECC GOJIBINOI TOIM Mace 3Be3J cKoreHus. B arom ke roxy Bpuaw u np. [22] mposesn
HCCIIEIOBAHUE COJIEPXKAHUN yryiepoja u a3ora y ciaadbix 3Be3z ckomienuss M 13. C yderom pabor mpyrux
aBTOPOB TI0 STOMY CKOILJIEHWIO JJIs 3BE3]I, HAXOAANIUXCS B PA3JIMIHBIX YBOJIIOIMUOHHBIX CTAIUAX, OBLI OTMEYEH
3aMeTHBIN Pa3bpoC CoMepKAHUS YIIIepoJa JJisd BCEX BOJIONUOHHBIX CTAJUN U 3aMETHOE UCTOIEHUE yraeposa
npu nponapuxkennn Brob BI. 3e3apr IIIC 8ou3u TII obmapyxuan Bapuarmuun CN-, CH-mostoc B ckomiennsix
NGC6752 u M4 [130] u 47 Tuc [56], 4ro noxrBepKAaeT TakKe CueHaApUil J103Be31HOro 0boraleHus.

Barem, CN-weak u CN-strong 6bun Haiizenst y IIIC u cpenu 3831 ABI. Cvmur u Hoppuc [122] obHapyskuian
CN sapuanuu y 38e31 ABI' u BI' ckomnennit M5, M4 u NGC 6752.

Hzomonnwuiti cocmas yeaepoda. Jluawm wsosekynsr Co cucrembr CBaHa ObLINM  HMCIOIB30BAHBI IS
ompeesienus: u3oronuoro cocrasa yriaepoga y CH 3sesupl [9] B ckomienuun w Cen. Ilonydennoe ornomenue
120 /13C ~ 10 HECKOTHLKO IOHEZKEHO 110 CPABHEHHMIO ¢ IIPEICKAZAHAAMH CTaH apTHOi Teopun. B pabore Canresa u
Cwmura [130] nccnenopaiuck nzorors! yriaepoa B [IIC NGC 6752 u M 4, nmeronux 6uMoJaIbHOE PACTpe/IesieHIe
mosioc CH. ObBuapy:KeHO JOCTATOYHO HU3KOE 10 CPABHEHWIO CO CTAHIAPTHON TeopHuell OTHOIIEHWE H30TOMOB
120/13C ~ 3-10. Inst oO6bsAcHeHus MOJTyYeHHBIX 3HAUEHUI TPUBJIEYEHa TUMOTe3a ITyGOKOTO MepeMenuBaHus.
B 2003 r. ITaBienko u ap. [95] npoBeneHbl OnpesesieHuss W30TOIHOIO COCTABA YIJIEPOAA Y 3BE3J 4YeTbiPex
IIC M71, M5, M3, M13 no momocam mosiekyasl CO nHa 2 um. OOHApPYKEeHbI HU3KWE 3HAYEHUS BETUIHH
120 /13C ~ 3-7, 6/m3KHe K MOTyYeHHBIM paHee JIPYTHME aBTOpaMu. PacCMOTPeH psJi MEXaHH3MOB, TPHBOIAIIIX
K W3MEHEHHIO MOBEPXHOCTHOIO M30TOIHOTO COCTAaBA: MEPUAMOHAJbHAS NMpPKyasuus [131], TypOymenTHas
nuddysus [16], riybokoe nepemernusanue (uupkysisinus) [18]. ITunagoseku u ap. [98] uccienosanu conepranue
u3oronoB B psime ruranToB B IIIC M3, Brawduas rurant IV-101 ¢ w3bbitkoM Jjimtus. B TO Bpemsi Kak y
Tpex ruranTop obHapyzkeno orHomenune 2C/13C ~ 6+ 1.5, Tunmanoe ara rurantos 11C, oTHOMeERMe H30TONOB
yriepoma B borarom juruem ruradate 1V-101 ~ 11 + 1.5, Boire, yem HalI€HHOE B APYTUX TMTAHTAX CKOTLICHUST
noy106H0# Temneparypbl. Kombunanus wusbbrrounoro surus u 12C/BC mna sesmer IV-101 cormacyerca ¢
MTPEITOIOKEHUEM aHOMAJIBHO YHEPTETHIHOTO CJIOEBOTO MOPEHHUsT BOAOPO/IA U MEPEMEINBAHNS B 3BE3/IaX HU3KUX
MacCc U MerajuindHocrell Ha Bocxongieil BT

Kucaopod. I306b1TOMHOE TI0 OTHOIIEHUIO K JKeJle3y COleprKaHHe KHCIOPOIa y 3Be3 ¢ AeUIUTOM MeTaJJIOB
6110 06Hapykeno Konru u ap. [39]. [Ipobiiema 3ak/rouaercs B TOM, YTO COAEPIKAHUS KUCJIOPOAA, OIPE/ICIEHHbIE
1O 3amperieHHbiM U pasperteHHbiM JuHusAM O u MomekynsipHbIM ocobenHoCTsIM (nuHun Mostekysabl OH),
He cormacytorca Mexy coboit [66]. Comepmanne O, onpenenennoe no suausm [OI] 6300, 6360 A, [O/Fe]
nopsaka 0.4 dex [66], Gosee HU3KOE, YeM B CJydae WCIIOIb30BAHUS JUHWUN HHGPAKPACHONO TPHUILIETA 7770 A
wim YO nmuuit mosekynst OH ([O/Fe] no 0.9dex) [59]. Kpome Toro, onpenenenus comepaHus KHCIOPOAA,
OCHOBAHHbIE Ha JIMHUAX TPHIJIeTa Kucioposa ua 7770 A, nokaseisator 3amernsiii Tpens [O/Fe| ¢ ymenbmennem
merasmndaocT [33]. Hu neJITP-pacuersr [132], un u3menenue mkasbl remueparyp [67] Takyke He CHsn
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CYNIECTBYIOIIMX MPOTUBOPEYNil s 3TUX ABYX rpymn junuii. Curyanus yciaokuena tem, dro juHun [O]]
HCIOJB3YIOTCst B aHanu3e rurantoB, a WK-rpumiera — y KapiukoB npu MeraamaudHocTsax Huke —2.0dex.
Hammu ompemenenus comep:kaHus KUCIOPOMA [Jisi 3Be3a ¢ JepUIMTOM METAJIOB M0 JIMHUSM TPUILIETA,
yuurbiBaome ueJ/ITP-sdpdexrsr, a Takke no 3amperuennoil aunuu kucaopoga B JITP upubnukenuun [84]
TOBOPAT O HAJUYUU TPEHAA B ToBegeHun cofep:xkaums O u 3ameTHbix u3bbITKax cozep:xkaums O B
obnacru [Fe/H]~-3dex. [Ipumenenue ruaponunamudeckux 3D-moseneii paer emie OAMH INAHC DELIUTH
JIAHHYIO TIPOBJIeMy B DAMKax MOJEJINPOBaHUsS 3Be3qHbIX arMocdep [89]. B mesnom, kak mokasaHo B pabore
Mykuuoit u ap. [114], npu merawmydnocrax ~—2dex NONPABKU B OUPEAEJIEHUM CONEDPXKAHMA [0 JIMHUAM
rpumiera, O I uz-3a weyuera we/ITP-apdexTor cocrapmsitor ~ 0.2 dex v HE3HAYUTEILHBI TIPYU UCIOIH30BAHUN
3D-mozeneit. B cayuae sanperiennoil Jswunum [OI] nabmonaercs obparHas KapruHa — HE3HAYUTEIbHDI
(mpakruyecku orcyrcrByior) ueJ/ITP-nonpasku, a pacuer ¢ 3D-monensmu tpebyer koppekimu ~ 0.2 dex.
OuHOlM U3 UpUYMH pa3iuuuil B COLEPXKAHUM KUCJIOPOZa, obHapyKubaembix y cybkapsiukos ([O/Fe| > 0.7 dex
npu [Fe/H] <-1.5) u rurantos mosst rano ([O/Fe] oxomo 0.4 dex Ha Tex Ke METAJUIMTIHOCTSAX), MOXKET OBITH
BO3MOJKHOCTb OCTabyienns (MM TIOJHOTO HCYe3HOBEHH:A) 3alperieHHoil JuHumM Kuciopoga Ha 6300 A: mpn
TEMIIe TIOTePW MACChI, HEHAMHOT'O ITPEBOCXOISIIEM KJIACCHIECKUM, BOKPYT TUTaHTa (DOPMUDPYETCS XOJIOTHA,
MEJJIEHHO PACIIUPSAIONIAsCsa 000JI09Ka, ¥ (POPMHUPYIOMAACS B ITON 000JOYKE IMUCCUOHHAS JIMHUS KUCJIOPOIA
MOZKET 3aIOJIHUTh 3BE3IHYI0 abCOPOIMOHHYI0 arHNIO [75]. Bompoc paccorsiacoBanust comepKaHust KHCIOPOA,
HOJIyYEHHOrO [0 DPa3HBbIM IPYIaM JuHUI Bce emie ocraercsa OTKpbiTbiM [48]. CymecrByiomue mpobiembl
OTIPeIe/IEHUsT COMEP>KAHNSA KHUCJIOPOMA It 3BE3J MOJIs TaJi0, COOTBETCTBEHHO, ABTOMATUYECKU MEPEHOCATCS
na 3pe3apl IIC nomobuoit merammmanocru. Oupenesienne copepxkanusa kuciaopona y 3pesn IIC obbrano
BBIMIOJIHSIETCST TIO0 3AIpeIneHHoil juann kuciaopona 6300 A. B paGore [102] momydveno, uro comepxkanue O y
sBe3y [IC uuxke, yem y 3Be3z raio ([O/Fe|uic < [O/Fe|rano), 1 3HaYEHMs COnepKAaHUIT HAXOAATCS B IPEIEIaX
—-0.36 < [O/Fe| < 0.6. Uccnenys comepkanue Kuciaopona B ckorernn M 92 ([Fe/H] =-2.2), ITunadockn [100]
OOHApyKWJla BapHUaly COJEPKAHMUS KHUCIOPOJA W AHTHUKOPPEISIMIO € Ccojep:KaHueMm aszora. Ilpu 3rom
cymmapHas sennunna [(C+ N+ O)/Fe] = +0.03 £ 0.05, uro cBumereabcrByer B nonb3y neidicreus ON-npkia
ropenus Bojopoga. He cuwmras ckomnenunsi w Cen, 0cOObIM CKOILIEHHMEM B MOBEIEHUH COJEPIKAHUS JIEMKUX
smemenToB CNO B armocdepax ruranTop spiaserca ckomrenune M 13: uccienoBaHWsS BBISBUIN 3aMETHBIE
Bapuauuu copepxkanus [O/Fe] or 0.46 no —0.76 dex! [10, 71, 102]. AnTUKOppEIAIMUA MEXKY UHTEHCUBHOCTAMU
MOJIOC TIHAHA W COJEp’KaHMeM KHCJIOpoAa OOHapyxKeHbl Takke 1yst M 15 [116]. Murepnperanusi BeJnanH
couepxkanwuii snementTos CNO B ckorenun M 13, npennoxennas B pabore [119], — 910 nepsuunas HeoJHOPOJHAS
PaCIpOCTPAHEHHOCTh 3JIEMEHTOB COBMECTHO C 0Oojiee mo3nuuMu ddderTamu TIyOOKOr0o MepeMeninBaHus B
KPACHBIX TUTAHTAX.

Hamputi. PaccMOTprM TIOBEZEHUE 3JIEMEHTOB, 00pa3yIomUXcs B IUKJIAX TIPOTOHHOTO 3aXBATA, CJIELYIOMAX
nocie nenodkn CNO 1@UKIOB, M WrpalImumx BasKHYK POJIb B ONPEJIETEHHHA MEXaHW3MOB HMPOM3BOJICTBA
9TUX JJEMEHTOB, XapaKTepU3yIOIMuX MPONecchl Kak nporekaomue B 3Be3gax 1IC, tak u obecneduBaromux
oboramenve IIIC. Hauwrasi ¢ mepBbix pabOT MO XUMHUYECKOMY COCTaBY 3BE3, COAEP:KAHWE HATPUS MOKA3AJIO
3aMEeTHBIN pa3dpoc u Haau4dne W3OLITKOB y PsAa THCAHTOB IO, a y K-rurantoB ¢ mnedunuToM MeTasiioB —
HeTPUBHAJBHBIN X0/ ¢ MertajuindHocThio [1]. Innadoscku u ap. [101] uccaemoBanu ruralnThl U CyOrUTaHThI MAJI0
u He obHapyxKuiu u3bbITKOB HATpHs, a Hauw Hebousbwoil aedunur [Na/Fe]=-0.17 £0.22 upu nekoropom
yBenndennn 3Hadenuii [Na/Fe| ¢ mpoasuskeHneM BIOJIb SBOIONMOHHON craiuu u pa3dpocom 3uadenuii [Na/Fe]
or —0.6 1o +0.3. Oupenenenue conepxanus Na 6b110 Boinosneno Kaperroit u ap. [30]. Oxu Hawwm s 38e31 ¢
[Fe/H] < —0.6 cpennee 3unauenue [Na/Fe] =—0.09 +0.19. I'parron u np. [49] onennsn [Na/Fe] B 3Be31ax, 6eaHbIX
MeTaJUIaMU, HAXO/SAIIUXCs HA BETBU PUIAHTOB: /1Jist 3Be3., Huzkueil yacru BI conepxanue [Na/Fe] =—-0.09 £ 0.15,
a nas 3Be3q Bepxueil yacrn [Na/Fe] =—0.024+0.15. IlosydeHHble 3HAYEHWS] B MPEIENax OIMIMOOK COBIIAIAIOT
MeXKy OO0 M TaKKe HEe3HAYMTEIHHO OTJIMYAIOTCA OT CPEJHEro 3HAYEHWs /IS TUTAHTOB rajo. B orinmume
OT 3Be3]] IHOJIS, TMFAHTLI OeQHBIX MerasuiaMu maposbix ckomrenuil ([Fe/H]<—1.5) moka3bIBaoT 3aMeTHLIE
u30bITKU cojepKanus Na u aHTukoppesduuu Mexiay coxepzkanusimu Na u kucsiopoga O (wm Al u O).
[Munagoscku ap. [102] nposenero nccenoBanue 57 ruranTos, npuHaexamwx psnxy IIC, u Haiineno cpenmee
suadenue <[Na/Fe|>=0.24, Gosee BbicOKOe, U4eM y 3Be3/ 110Jisd C AePUIUTOM. DTUMU KE ABTOPAMU OTMEYEHbI
AHTUKOPPENANNHA, B 9acTHOCTH, comepkanmii Na m O m yka3aHo, 9TO WX NPUPOJA HEONpeaeaeHHa. B omuoi
u3 1epBbix pabor 10 06bsacHeHuo npuund u3bbirkoB HaTpus Korrpesr u na Kocra [40] npennosoxuiuu, 4ro
23Na MOoKeT OBITh CHHTE3MPOBAH HEHTPOHHBIM 3axBaToM 22Ne B IIporecce ropeHus reimsg. B Gojee mo3aHux
paborax m36bITOK Na B 3TUX 3B€37aX 00bSICHAIOT, C OMHOM CTOPOHDBI, CHHTE30M HATPUA B BHICOKOTEMIIEPATYPHOM
NeNa-muksie TPOTOHHOrO 3axBaTa y 3Be3f, Haxoasmmxca wa ['Il, m mocmemyoommM BBIHOCOM BEIECTBA,
oboramiennoro Na (u obennennoro Q) Ha moBepxHOCTb B craguu ruranta [41, 43, 75]. Xors anTUKOppesiius
O-Na cymectByer cpenu sipkux rurantos 6omsmmmucTsa [IC ([Fe/H] <-1) [71], ckomnenne M 13 BriaensieTcs
BbICOKUM IporeHToM 3Be3/ ¢ pedunurom kuciaoposa ([O/Fe] <—0.4) u coorBercrBytonumu u3bbITKaMu HATPHs
([Na/Fe] > +0.4). [Ipyrue CKOIUIEHHsS] IMEIOT MeHee BhIparKeHHbIe BapHAIMK COJEPKAHUS KUCIOPOA, & 3Be3JIbI
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TOJIs UMEIOT HEe3HAUMUTEIHHBIN pa3bpoc n M30BITOK COfeprKaHusd KUCaopoaa. Creayer OTMETHTh, YTO TMTAHTBI
Gorarbix MeTaJl/IaMy [MAPOBBIX cKolLteHuit, Hanpumep, M 71 ([Fe/H| =-0.8), umeror orxomenne [Na/Fe|, 6auskoe
K HYJIIO, T. €. JeMOHCTPUPYIOT COMHEYHYI0 mpomopimio. Ilockonbky pa3dpoc uarencusHocreir mojgoc CH, CN u
anrukoppessanun Na—Q Obuin obHapyxkenbl u cpeau Kapiaukos LIIC, mabmogaemsrii pazdpoc Na moxker ObITH
TaK»Ke BbI3BAH HEOJHOPOJIHOCTHIO HAYAIHHOTO XUMHYECKOr'O COCTABA.

Maznuii, antomunut. Kak uzsecrno, y 38e37 1oss rajuo Maruuii naxogurcs B usbbirke (okoso 0.3-0.5 dex),
Kak ¥ japyrue a-sjaeMeHThl [85]. Kak MBI yke ymoMuHasM, MIyGOKMM IEpEMeNTuBAHWEM, 3aTParnBaIONINM
cnoii peaknuit Ha sapax CNO, MOXKHO O0bICHUTH ODHAPYKEHHYIO AHTHKOPPEISIHMIO COMEPXKAHUN HATPUS
u kuciopona y dvacru ruranrop IIC. Jlamxkep u ap. [75] Tak:Ke MPEANOJIOXKUINA, YTO NPU CHHTE3E
narpusi B NeNa-nukie amomunuii Mmoxker cuaresupoBarbes B MgAl-ukie. g uaTepBaia MeTAIMIHOCTER
-1.9< [Fe/H] <-1.0 nmo Bweibopke 3Be3n mosns u IIIC obHapy»keHa KOPDENSIIUs CONEPXKAHUI HATPUS U
AJIOMUHUS, KAYECTBEHHO HOATBEpKaaomas npeanosoxkenue Jlamxkepa u ap. [75]. Anrukoppessius Mg—Al
obHapy»keHa y 3Be3n ckomeHuss M 13 [70] uw w Cen [91]. IIpu sroMm comeprKaHue aJIOMUHUS H3MEHSETCS
na ¢dakrop 30, a marausg Tojabko Ha dakTop 3. dAprue rurantbl ckomreHus w Cen MOKA3bIBAIOT HE
TOJILKO Koppessiinu Mg—Al, nogobuse M 13, HO U OJWHAKOBBIN AUANA30H COAEPIKAHUN MArHUS U aJIFOMUHUS,
[Mg/Fe] ~0.4-0.0 u [Al/Fe] ~0.0-1.0. K romy ke, B ckomrennn M 13 pacupezernenne coep:Kanus alioOMAHAS
[Al/Fe] HocuT GuMomasbHbIi Xapakrep BIosb Beeit B, B To BpeMst Kak pacrpejieieHne CONeprKaHus HATPUs
[Na/Fe] 6umomanbHO TONBKO st 3Be3J, CBeTUMOCTHbIO Bbimie My ~2™ [34]. B To ke Bpems, rUrantel
BBICOKOMETAJUINYHOrO cKorteHnss M 71 He mokaszanm momoOHBIX Koppessimmii [37], a B NGC 7006 [70] ara
3aBHCUMOCTH He Crojb siBHa. Mg—Al-anrukoppensnuu, mogobHble HaiigeHHbiM B ckomnennn M 13, HO B
MenbIreil crenenn, obuapyzkui Hlerpon [115] B sipkux rurantax ckomienwit M 92 u M 5. Yacrs TpymHOCTEi
B uccienopannu Mg—Al-koppessiuit 00ycioBIeHa TPYTHOCTSIME OIPE/IETIEHUs] PEATBHOIO COIEPXKAHUS MATHUS
u aymovuanst. OOBIYHO MCIOIB3YIONINECs JuHuu Maraus 5528, 5711 A jocraTouno cHIBHBIE, UX HHTEHCUBHOCTD
3aBHCHT OT BBIOOPaA TYpOYJEHTHOH CKOPOCTH M (MM) KOHCTAHT YIMMPEHHs; JTHHUE Ke amoMuaus )\ 6688 A
ocnabesator mpu [Fe/H] < —-1.5, a pe3oHaHCHbIe 3HAYUTENHHO TOABEpXKeHbI OoTKIOHeHusM or JITP. U Bce xe
HAOIIOIATEIbHBIE TPYAHOCTH HE MOT'YT HOJHOCThIO orpuniarh Hajgudue Mg—Al-koppessinuii y 3se3n psaga IIC.
Jlamxep u 1ap. [77] OpeanonoKuim, 94To TermioBas (TepMajbHast) HeCTaOMIBLHOCTh BOJOPOIHOrO ciosi H morsa
O6bl OODbACHUTH aHOMaJbHBbIE copepxkanusa Na u Al mabmogaembie B Kpacubix ruranrax IIC. Ucnonsays
COBpEMEeHHBIE TapaMeTPhl PEAKIINH, TPU TEMIIEPATyPax ~ (70775)-107 K BO3MOKHO MpON3BOACTBO HADIIOIAEMBIX
u30bitkoB Al u ucromenuss Mg. B pabore [82] ocyuiecTBisiercs MONbITKA MOAEIMPOBAHUS HECTAOMILHOCTH
ciaoss H mpocTbiM MexaHW3MOM u3MEHEHHWs BhIpaOOTKU dHepruu B obmactu cioesoro ropenus H. Ilokaszamo,
9TO HE3HAYUTEJbHbIE TEMIEPATYPHbIE HEYCTONYMBOCTH MUHUMAJIBHO M3MEHSIOT MOBEPXHOCTHOE COJIEP2KAHUE.

Hsomonnuti cocmas maznus. B pabore [115] nposemeno wuccienoBanue nu30TonoB Mg 100 JmHEAM
vostekynet MgH B Tpex 3Be3gax ckommenus M 13. 3Be3mpl ¢ HM3KHM cofiep:kaHmeM Mg U  BBICOKUM
conepxanuam Al obramgaior coorromennem (2°Mg + 26Mg) /2*Mg, HpeBbITAONIM COMHEYHOE, 9TO yKa3bIBACT
Ha IpenMyIecTBeHHOe paspymenne 24 Mg B MgAl nmuxie. MgAl nuxsr mpoxoauT ¢ 605Iee BBICOKOI TeMIepaTy poil
(T ~7-108K [42]), wem 3HAYEHHEE TeMIEPATYPbl, KOTOPOE MOMKET GBITH JOCTHTHYTO B KAHOHHYECKHX MOJENAX
TOpeHnsi BOJOPOJA B CJI0€ B 3BE3JaX HU3KUX MaCC W HU3KUX MeTajandHocTeidi. Moxker CyIecTBoBaTh [1Ba
pellieHus 3TOro BOIPOca: 1) HOBbIE PACYEThI HYKJIEOCUHTE3a, IOCTYJIUPYIOLIHME TEMIIEPATYPHbIE HECTAOUIbHOCTH
ropeHusi BOJOPOJA B CJIOE U POCT TEMIEPATYpPbl [0 BBICOKUX 3HaUeHUil wim 2) oforaileHue CKOIJICHUs
MPOJyKTaMHU HYKJIEOCUHTE3a B 3BE3/1aX OOJIBINUX MACC MPEIbIIYIIUX MOKOJEHUH, i KOTOPBIX HET IpobsemM
C IOCTUKEHWEM BBICOKOH Temmeparypbl. HO He MOHATHO, KAaKUM O0Opa30M 3TU 3Be3/bl 00OTAIAIOT CKOILJIEHUE
TaK, 970 (POPMUPYIONIUECS BIIOCIEACTBUU 3BE3/IbL [TOJIYIAI0T PA3HOE KOJTMIECTBO BEIECTBA, [IPOIIEJIIIEro 4epe3
IMKJT MPOTOHHOTO 3axBaTa. OTBETOM Ha 3TOT BOMpOC sBsgerca pabora Momra w ap. [143], BubmonHennas
st 3Be3 ckomtenmit M 13 u M 71, B KOTOpOil mOKa3aHo, 4ro ABa mokoJeHus 3pe3n ABI' npoussoast
HabJII0IaeMble OTHOIIEHNS H30TONOB. IlepBoe mokosenne 6eaubix Metauiamu 38e31 ABIT oboramaer ckomienne
U ABJISETCA OTBETCTBEHHDBIM 32 BBICOKOE cojleprkanue u3oronos 2°Mg/?4Mg n 26Mg/?*Mg B 3Be31aX CKOMICHMIt
C XUMHUYECKUM COCTABOM, UIEHTUYHBIM 3BE3aM IMOJIA TON K€ METAIINIHOCTH.

Cpasuurenbubiii ananu3 cogepxkanuii Na, Mg, u Al nua nyx ckomwienuit M3 u M 13 [63] nokasas, uro
CollepKaHus ITUX dj1eMeHToB B 3Be3max M 13 ma 0.10-0.20 dex Boire, yem B M 3 (T e. y 3Be3x ckomaenus M 13
BO3MOXKEH JIOIOJIHUTEIbHbIl CUHTE3 C NPOTOHHLIM 3aXBATOM). A CPaBHEHHE C TMIAHTAMM [0JIS [AJ0 OBOPUT
B MOJIb3y TOro, 4to anomajbuoe comepxkaume O, Na, Mg, u Al B 3Be3max ckomienuit M3 u M 13 umeer
nepsuunyio (103Be31HyI0) npuposy. B pabore [126] nposeneno uccienosanue rurantos ckorienuii M3, M 13
¥ 3BE3 TOJIsi TOI00HOM MeTaangHoCcTH. Bee Tpu rpynmbr mokassBaoT ucroinerne C ¢ TpOIBUKEHUEM BI0/Ib
BT, naunnaromeecs na yposue B3ayrus (bump) na BI, HO npu 3TOoM conepKanus yriepoja npubin3uTesbHO Ha,
0.7-0.9 dex nuxe B 3Be31ax IIIC, yem B 3Be3max mous. [Tosenenue O, Na, Mg, u Al yerko pazaugaercs 11t Tpex
3Be3HBIX IPynn. [MranTsl mojisd rajao u CyOKapJInKyA JeMOHCTPHUPYIOT MOJIOXKUATEIbHYI0 Koppessanuio Na ¢ Mg,
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KaK MpPeJICKa3bIBAIOT TEOPUM B3PBIBHOTO WJIM THAPOCTATUYIECKOTO TMOPEHHUs yIriepoja B CBepXHOBbIX I Twuma.
3Be3abl ckomnennit M3 u M 13 npuBomsT JOKA3aTEIbCTBO MTPOXOXKIEHUS PEAKIH BBICOKOTEMIIEPATYPHOIO
cuHTe3a ¢ ydacrtuem 3axsara mpoTroHoB B ON-, NeNa-, u MgAl-nukiaax, B TO BpeMsi KaK HET HUKaKOTO
CBUJETE/IbCTBA TAKOrO CHHTE3a y 3Be3n rajo. Ho cremeHb CHHTE3a € 3aXBaTOM MPOTOHOB B M3 MeHbIe
(umxe), gem y M 13: ruranrsr M 3 noka3biBaioT TOIHKO HEG0 b0 Aedurur O 1 COOTBETCTBYIOIIEE YBEINIeHNE
comepxkanus Na, MeHee BbICOKHE comepxKkanust Al, MeHbIIee KOJIMIecTBa 3B€3], C HU3KUM Mg U COOTBETCTBEHHO
BBICOKUM Na, U HeT HUKAKOrO MpU3HaKa TOro, 4to ucroiienus O — dyHruus npoasmxkenus Baojb Bl kak 3To
uaitneno ays M 13. B pabore [8] yuciieHHO ucciie0BaHbl aHOMAIMU XUMUYeCKoro cocrasa B [anakruueckux I11C,
OTIMpAsiCh Ha CIEHAPHH BHEIHEro 3arpsi3nenns. PaccMoTpena HEOTHOPOIHOCTD COMEPIKAHMUS JIETKUX 3IEeMEHTOB
C, N, O, Na u Al B 3Be3gax IIIC ¢ ucnosib30BaHueM IOCIEIHUX 3BE3IHBIX MOJe/eil OeIHbIX MeTalIaMi 3Be3
ABT ¢ yyerom u Ge3 yuera TPeThero 3mu30a MepeMeruBanusa. Pe3yabraTsl 1 Mofereil 6e3 ydyera TpeThero
4epnka 6osiee coBMecTuMbl ¢ Habmoaernsmu. Ouu 00bsACHAIOT 3aMeTHbLi paszbpoc cogeprxanuit [N /Fe|] u [C/Fe],
6umonanbHocTh pacnpezesnenns [N/Fe] B uekoropsix IIIC, koppensinuio conepkanust resmst ¢ [N/Fe] u [Al/Fe]
u anrukoppessanuio ¢ [C/Fe], [O/Fe] u [Na/Fe] suyrpu IIIC, antuxoppenanuun C-N u Mg-Al, Ho HaxogaTca B
pasHorjacuu ¢ Habmaonaemoit antukoppessanneit O—Na.

Q-9NEMEHMBL U INEMEHINBL HCEAELIHO20 NUKA. DJEMEHTHI, CHHTE3UPYEMbIE B PEAKIMIX MPUCOCTHHEHUS
a~gacrun, (Mg, Si, Ca u Ti), nokassiBaror oboramenue (OTHOCUTENBLHO sAep Kejie3a) B arMocdepax Crapbix
3Be3z B rajgakrudeckoM node ~ 0.3-0.5 dex [85], 4To cBUAETEIBbCTBYET B [0JIb3Y PA3IMYHBIX [1yTel HOIOJIHEeHs
MEK3BE3/IHOM CPeJIbl JKeJIe30M ¥ JIeMeHTaMu a-Tiporecca. Kak mokaszano B padore [140], saseMeHTHI a-Tiporiecca
(B TOM 4mciie U KUCIOPOA) 0OPa3yloTCs BHYTPU OYEHb MACCUBHBIX 3B€3Jl, BIOCJIEACTBUM B3DbIBAIOLIUXCH KaK
cBepxHoBble Il Tnna, a cyiecTBenHast 70715 3JIEMEHTOB YKeJIE3HOTO MTNKa, MOYKET ITPOU3BOIUTHCS BO BPEMsi B3PhIBA,
JIBOHHBIX Gesibix Kapiukos (cBepxHoBbie la Tuna). OmHO U3 1EPBBIX OUPEJEIeHUli CONEPKAHUNA (-3JIEMEHTOB B
3Be3nax IIC eermonneno Inmadosekn n ap. [102]. B paGore moka3aHo, 9T0 pACTPOCTPAHEHHOCTD (-3JIEMEHTOB
B ruranrax [[IC momoGHa pacnpocTpaHEHHOCTH B KapJukax mmois, 3se3nax tuna RR Lyr mong m ruranrax
raso. B ckortennn NGC 6397 [133] mosydeHo copepranne a-smemenToB (Ca, Ti) 1 511eMeHTOB KeIe3HOro HKa
(Sc, Cr, Ni), koTopoe corJiacyercs ¢ COuepKaHUeM, OLIPEJEJEHHBIM [IJIsl 3B€3/] 1015 10J00HO MeTa/LIMIHOCTH,
comepxanue Mg, Na — okojocomHedHoe, MerajandHocTh ckomrenus [Fe/H|~-2. 9ro rosopur B momb3y
XOPOIIEro MepeMeITnBAHNs MEeXK3BEe3IHOH Cpeabl Ha 310Xy (GopMupoBaHusA CKomaeHus. B pabore Xeitmeca u
1p. [53] y 3Be3xn ckoruternss M 10 mccieoBanbl copep:kanus Al, a-37€MEHTOB, JIEMEHTOB JKEJIE3HOTO KA ¥
3JIEMEHTOB, 00pa3ymonuxcs B Ipoleccax HeHTpoHHOro 3axBara. CpenHsis METAIMYHOCTh CKOIJIEHUsI DABHA
<[Fe/H]> =-1.45 £ 0.04, obuapyxen u36bITOK amomuns < [Al/Fe]> ~0.33 £0.19 u a-snemenTos: +0.2—40.4,
SJIEMEHTBI KEJIE3HOIO IIMKa II0Ka3bIBAIOT coiHevdnoe orHomenue K kenesy [El/Fe]~0, coxep:kanue esporius
Haxoqurcs B u3bbiTke <[Eu/Fe]> ~ +0.41. 3a uckioueHneM MarHUs, CONEPIKAHUS (-9TEMEHTOB U IJIEMEHTOB
JKEJIE3HOTO [HMKA TOJOOHBI /st 3Be3. moss u 38e3/ 6osbiuncrsa IIIC (ue cunras w Cen u M 22) [2].

Codepotcanue ostcenesa, memananuynocms. 3pe3npl [1IC, Kak npaBuiio, MOKA3bIBAIOT HE3HAIUTETHHBIMH
pa3dpoC MEeTaIMYHOCTH, 33 HUCKIoUYeHmeM aByx ckommeHuii w Cen m M22. [Ing w Cen wnabiomaercs
OGUMOJANBHOCTD B PACIPE/Ie/IeHIN METAIMYHOCTH ¥ 3HadeHus Jiexkar B upenenax —2.20 < [Fe/H] < -0.70 [64].
Hast cromtennst M 22 pas6poc merasunaaoctn ~ 0.5 dex [61]. Jast Apyrux CKOIUIEHMil, KaK MOYKHO BHJIETh
BBIIIIE B TEKCTE, JUCIEPCUs METAINYHOCTH He3HAYWTE/bHA. Hampumep, cpeaHss MeTaJIM9HOCTh CKOILIEHUST
NGC 2808 pasua [Fe/H]=-1.10+0.0065dex mo 123 3Bezgam [31]. He TONBKO CHEKTpajbHbIE, HO U BCE
HCIOJIB3YTONIUECS METO/bI OIPEIEIeHs] METANIMIHOCTH JAI0T 3aMETHYIO OJHOPOJHOCTH TI0 9TOMY MapaMerpy
BHYTDH CKOMJIeHWst (CM., Hampumep, st ckortennss M5 mo V, I doromerpun [54]). Oxnako omnpenenenue
COZIEPYKAHUS 2KeJle3a U METAJLUIMIHOCTH [0 CIEKTPAM CTAJKHBAETCS C PIIOM MpObIeM. ITO, MPexke BCEro,
yuer BiusHusa orkjoHenuit or JITP ua ompernenenue comepxkanus xkejne3a. Orkmonenusm ot JITP B Gombmreit
CTEIeHU [O/IBEPKEHbI JIMHUNA HEATPAJIBHOIO JKejie3a. ITO CKA3bIBAETCS HA ONPEIETEHUN YCKOPEHWS CUJIbI
TsiKecTH lg g mo ycioBuio moHM3anuoHHOro pasHoBecus st aromos Fel m Fell. HeJITP-monpaBku paBHbI
0.1dex nma [Fe/H]=-1 u 0.2dex na [Fe/H|=-2.5 [134]. Ognako, B pabore lykunoit u ap. [114] maiinennse
we/ITP-mompaBku [y1st comep:kanus keje3a, onpeneneHaoro mo juausMm Fel, mocruraor ~0.9 u ~ 0.6 dex
B 3D- u 1D-monenax coorsercrsenno. IIpu ucnosibzoBanuu aunuii Fell ornu menbine, u pasusiorca 0.4 dex
st 3D-moneneit. HeJITP-noaxon npu uccnenosaunu IIIC mius onpenenennst lgg u [Fe/H] 6b11 ncnonbp3oBan
upu cpasauTenbHoM uccrenosanun 3se3x BI' u ABT' ckomenust M5 [60]. 3HadeHnst MeTauIMgaHOCTH 3TOrO
CKOIIJIEHWsI, TIOJyYeHHbIe PA3HBIMEU aBropamu, paBHbl —1.4, —1.17, —-1.11, —1.21 (cMm. ccbutkn B [60]). 3Be3asr
BI' u ABI' He nokasaju 3aMeTHBIX OTJIUYUI B COAEPKAHUU HMCCIEAYyEeMbIX 3JIeMeHTOB. Jljisg OmHOH u TOMH Ke
3Be37pBI ¢ yueToM u 6e3 ydera HeJITP-mompaBok momydeno ormmame B Thg, — 50K, B lgg — 0.13, B V; - 0.05, B
cojiep2KaHuy xKejes3a, onpezaesennoro o guaugam Fel, —0.05, mo muauam Fe I — 0.09, B mesiom mo MeTasiimanocTu
[Fe/H] — 0.1 dex. B meiicTBUTEILHOCTH, 3TO HEGOJIBIINE OTINYHNS, IPAKTHIECKU HAXO/SIINECS B TIPEJIENIaX OIMNOOK
onpenenennii. Kak crnocod n3bexkars Biusaus orkiaonenuit or JITP ma onpenesenue comeprkanus xese3a, B
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pabore [73] B KauecTBe METAJUIMYHOCTH TPUHATO 3HAYEHWE ¥Kejie3a, ompejesneHHoe o jnHusMm Fell, menee
MIOABEPKEHHBIM BausHnuio oTkyaonennit ot JITP. Ncnonb3oBanue muamii xKejte3a pa3andHbIX CTAIUN HOHU3AIII
TS OTIPEJIETIEHN s CoMlepyKaHus JKese3a y ropsunx 3e31 [IIC oo emme oany npobiemy. Tommcon n ap. [135]
st ropsiunx 3pesn, ckomtennii M 13 u w Cen obHapyzkuiu, 4ro copep:kanue Fe, onpeneneHHoe 1O JIMHUSIM
noromenus Felll B obmactu aymn Boan 1875-1900 A, mmke wa 0.5 dex gyt 3e3aspr Barnard29 (M 13) u ma,
0.8 dex nyis 3Be3apr ROA5701 (w Cen). Yabrpaduosuerossie sunuu FeIll cucremaruyuecku naBasy 3aHUKEHHOE
snadenne Ha 0.6 dex. 3arem, Tommncorom u ap. [136] GbLIH TPOAHAIM3UPOBAHBI TAPAMETDHI JINHUI U TIPEJIOKEH
crucok Hamexkubix auauit Fe IIl B aroit obractu crmekTpa I/ OmpeaeseHnss COMepKaHus XKere3a.

Mapeaney. B 2006 r. [127] wucciemoBaro conep:kanme mapranna y 200 3se3n 19 ITIC, maxonmsmuxcst B
nuanasone merajsmmanoctu —2.7 < [Fe/H] < —0.7. Tlosyueno, 4ro nosejeHue u cpeinue coaepKaHus JJisd 3BE3.1
OIC <[Mn/Fe|>=-0.37 £ 0.07 u nons ramo <[Mn/Fe]>=-0.36 £ 0.08 mox06HEL.

Medsv u uyunx. B 2003 r. HaMu Ha OCHOBE OJHODPOIHOIO CIEKTPAIBHOIO MaTepuaja ObLIO BBIITOJHEHO
HCCIeIoBaHNe coseprKannii Meau u nmHKa y 90 3Be37 ¢ nedurnrom meranios [86]. HeJITP-conep:kanue Mean B
sBe3gax IIIC uccienosano B pabore Cummepep u ap. [117]. ABropsl nposesnu cpaBHenue ganubix i 3se3z [IC
u moJist ¢ BeenenneM HeJITP-monpaBok miist pe3yabraroB paboTsl [86]. B mesnom, HabIIIOIAIOTCS CXOTHBIE TPEH BT
JITsl TUCAHTOB MOJIsl TAJI0 W IapoBbix ckomtenuii. Ho misa ckomnenus w Cen TpeHI OTCYTCTBYET MOJTHOCTBIO,
snadenne [Cu/Fe] nemoncTpupyer oquHaKOBBIN JedUIUT B IMIUPOKOM AMana3oHe MeTajumdHocred. B obmactu
MeraandHocTH ~ —1.35 (u ckomenus M 5), ornomenue [Cu/Fe] Haaunaer 6p1cTPO pacTH KaK y THFAHTOB OIS
rajo, TaK U y BBICOKOMeTAMu4IHbIX ckomtennit ([Fe/H] >-1.35).

daemenmost, 00PA3YINOULUECS 8 NPOUECCAT HETUMPOHHBIT 3ATBAINO6. DJIEMEHTHI 3a YKEeIe3HBIM THKOM
0o0pa3yorcs B IPOIEeccax HERTPOHHBIX 3aXBATOB, KOTOPBIE PA3JIEISIOTC Ha, MEJJIEHHBIN, S-IPOIEcC U ObICTPbIi
r-TIPOIIECC 10 CPABHEHUIO ¢ (-pacnagoM. ViMeercs: GOIBINON psifi HCTOYHUKOB, OTBETCTBEHHBIX 33 MTPOXOXKICHIE
9THUX IIPOLECCOB, OT MacCUBHbLIX CBepXHOBbIX II Tuma g0 3Be3n ABI. Tak, 3pesapr na craguu ABI' umeror
YTJIEPOTHO-KUCIOPOIHOE SIAPO U JIBA, CJIOEBLIX MCTOYHWKA MOPEHUsI TeJIus U BOJOPOJa. B 30He ropeHus rejvs
TeMIIEPATypPa MOXKET JIOCTUraTh 3HadeHuil, obecreduBaiomux 3h@EKTUBHOE MPOU3BOIACTBO HEHTPOHOB ITyTEM
peaxkmuy MPUCOCINHEHNs (-9acTuIBl K aapy 22Ne mocpenctsom peakmuu 2°Ne (a, n)?°Mg. 9TH He#ATpOHDI
MOrYT OBITH 3aXBAYEHBI IPYTUMU JIEPTKUMHU JIEMEHTAME, CO34aBas CyIIEeCTBEHHOE 0DOralieHne a30TOM, HATPUEeM
u amoMuaueM. [1pu 5ToM HERTPOHHBIM MOTOK MOYKET 0Ka3aThCsl TOCTATOYHBIM TaKYKe JIJIsi 00eCIeYeHUs eMOYKN
s-mporiecca. B memom, copepkaHus 31eMeHTOB, 00Pa3yOUXCs B MIPOIECCaX HEMTPOHHBIX 3aXBATOB, TOKA3BIBAIOT
KakK pa3bpoc OT CKOIJIEHWS] K CKOIJIGHHIO W OTJIMYHE B COJEP’KAHWUU OT 3BE3J, MOJIsI TaJlo, TakK W XOpOoIlee
corsiacue € pesyinbraramMu 10 3Be3gam rajgo. B 1992 r. Bpayn u Basuiepcreiin [23] mus 3Be3n rpex HIC
OOHAPYKWUJIM 3aMETHbIE OTJINYUSI B COJEPKAHUM HE TOJHKO 3JIEMEHTOB S- ¥ 7T-TPOIECCOB, HO U OTJIHYUUS
BHYTDH [OAPYIIIbI 3JIEMEHTOB U 3Be3i BHyTpu ckoiuvtenus. B 1994 r. Baurype u ap. [138] uccienoBasu
TPU 3BE3IbI C YCUJICHHBIMU JIMHUSIME TSKEIbIX JIEMEHTOB B cKomeHun w Cen, Auama3oH MeTaJJIHIHOCTH
-2 < [Fe/H] <—0.5. Jns obbscHeHnusi obHapyKeHHbix umu u3bbirkoB Rb, Y, u Zr > 1.4 dex Gbuia BbLABUHYTA
rurnore3a 06 oboralneHnn TpoaykTamMu BoIopocos 38e31 ABT' 10 oboralmnenust poLyKTaMu CBEPXHOBBIX THIA a.
Usenc u ap. mposenu ucciaenosanue cofepxkanuii smementos B [IIC M4 (<[Fe/H|>=-1.18) u M5 [60] u
CPaBHUJIU CO 3BE3aMMU MOJIs rajo. Beuro moxydeno, uro B ckomtenuu M 4 pa3bpoc comepxkanust Eu oT 3Be3161 K
3Be3ie He npesbiaer + 0.1, npu 3roM HabIOIaeTC U30BITOK cofiep:kanus Eu y Bcex 3Be3J1 CKOIIEHUH U MOJIst
raJjio moJo0Ho# MerasingHocTr. Ba n La HaxomsaTcs B u36bITKE [0 CPABHEHUIO C COJEPIKAHUEM B 3BE37aX IPYTHUX
CKOIUIEHUH [10100HON MeTaJIMYHOCTH, B 3Be31aX cKomwienusd M 5 u noss rano. Cuenen u ap. [125] oupenenuin
conep:kanne Ca, Ba u Na B 3Be31ax ckorurennss M 15. Cpeznnue 3Hauenus comepxkanus <[Ba/Cal> cymecrsenHo
ornuyatorcs Ays 3se3 ckoreHuit M 15 u M 92 u pasubt —0.1 u —0.4 coorsercrenno. IIpumeuaressua padora
Hzxeiimca u np. [62] o onpenenennio conepxkanus Sr, Y, Ba u Eu y cy6ruranros u 3se3z TII B ITIIC NGC 6397,
NGC6752 u 47 Tuc/NGC 104 ¢ merammmanocrsio [Fe/H] =~ -2.0, -1.5, 0.7 coorBercTBeHHO. ABTOPbI HALLIN
eIMHOOOPa3HOE 00OTAIIEHNEe HIEMEHTAMHI T~ W S-TIPOIECCOB U COBMAIAIONIYI0 PACTPOCTPAHEHHOCTh COMEPKAHMIA
JaHHbIX 3JjeMeHToB y 3Be3x paccmorpentbix IIIC u moss raso. Ouyku u ap. [92] uccaenoBanu comepkanue
smemenToB Y, Zr, Eu B ckomrenuun M 15. Obnapy»)eHn pa3bpoc B comep:kanun, ocobeHHo Eu, or 3Be3mpI K
3Be3/1e, AHTUKOPPEJIslys MexK 1y orHotnenueM jerkux (Y, Zr, s-upouecc) K Tszxkesnbim (Eu, r-npouecc) anemenram
Heiirponnoro 3axsara ([Y/Eu] u [Zr/Eu]) u Eu. YcranoiieHa CI0XKHast HCTOPHUST OOOTAIIEHUS TPOTOCKOIICHUS 1
ckorutenust. Conepkanue 6apust, pybuaus u ceunna ucciegosano 8 IIIC M4 u M 5 [142]. Ins 3Be3x crouieHus
M4 maitnen u36niTok [Ba/Fe] =40.6, [Rb/Fe] =0.39+£0.02 u [Pb/Fe] =0.30 £0.02, ms 3Be3 cromaenns M5
obuapyxeHa connevynas upounopius [Ba/Fe]=0.0, [Rb/Fe]=0.00+0.05 u nedunur [Pb/Fe]=-0.35+0.02.
Cxomyienne M 4 o6amaeT 60/1€€ BEICOKUM COIEPIKAHUEM ITUX FJIEMEHTOB.

K coxanenuio, HaM He yJaJI0Ch OTPa3NTh BCE BOIIPOCHI, Kacakorpecst xumudeckoro cocrasa IIIC, B Tom umncie,
npobsiem ropsiunx 3Be3x ['B, Broporo nmapamerpa, oboramieHus U CaMOODOralieHus: CKOIUIEHWH. JTO MpeaMerT
JATHHEHITUX HAITIX 00CyKIeHUi.
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3AKJIIOUYEHUNE

Co BcrymienneM B ¢Tpoit GOJIBIIAX TEJIECKOMOB M IPOrPECCOM B MOIEJUPOBAHUY 3BE3/IHBIX aTMOCGED BO3POC
WHTEpEC K WCCJIEIOBAHUIO CIA0BIX OOBEKTOB, B TOM HYHCJI€, 3BE3J IIAPOBBIX CKOILIEHUIN, OXBATHIBAIOIIIX
BCIO JWarpaMMy I[BET —3Be3/Has BEJUYMHA CKOIJIeHHWs. 1aKOoif MHOIOCTOPOHHWI IOIXO[, ITO3BOJIMJI OTBETUTH
Ha MHOTHWE BOIPOCHI, PACCMOTPETh XWMWYECKHI COCTAB C PAa3/IMYHBIX TOYEK 3PEHWs, HO He IOCTaBUTH
okoHuarenbHyio To4Ky. Vcnons3oBanue He/ITP-nonxona, ruapoimHaMudecKkux MOJIeseil 1 ClieKTPOB BHICOKOIO
paspemtenus s apkux u caadbeix 3Be3n IIIC ocraercss akTyaJbHBIM U 10 HACTOSIIErO BPEMEHU, KaK U
TpeDOBaHWE HOBBIX PACYETOB HYKJIEOCHHTE3A, M3yUEHUs IPOIECCOB, OXBATHIBAIOIINX BHYTPEHHUE CJIOU 3BE3/IbI
u armocdepy, TOCTPOEHUS MOEIeH XUMUIECKOM SBOIONUN [aJakKTHKU U MTAPOBBIX CKOILJIEHUIA.
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