XVMUYECKHUI COCTAB BAPUEBOI 3BE3/HI ¢ JIEBEA

B. ®. I'onka', A. B. FOmenko'?, 4. X. Kum?,

®. A. Mycaes>*, I. A. T'anazyraunos*

© 2003

L Aempornomunecran obcepsamopus npu O0ecckom HALUOHAALHOM YHUBEPCUMEE
napk Ileewenko, 65014 Odecca, Yrpauna,
e-mail: gopka@arctur.tenet.odessa.ua

2 Kagpedpa nayx o 3emae, Jonbyx Hayuonarvwd yrueepcumemn
561-756, Yondocro (FOoicnan) Kopes
e-mail: yna@odessa.net

3Meom0ynap00m;m UEHMP GCMPOHOMUMECKUT U MEOUKO-OUOAOLUYECKUT UCCAEI08AHUTE

4 Oneyuaavnan acmpodusuuecras obcepsamopus PAH
noc. Huotcrnuti Apzws, 369167 Kapauaeso- Yepreccrasn Pecnybauka, Poccus
e-mail: faig@sao.ru, gala@sao.ru

MeTomoM CHHTETHYECKOIO CIIEKTPA IMOJIYYEHO IETAJHHOE COAEPXKAHNE XUMUIECKUX SJIEMEHTOB B
armocdepe oxHON u3 sapduaiimux 6apuesbix 38e31 ( Cyg. Mcnonb30Baanch HOBbIE ATOMHBIE U MO-
JieKyJisspHble Janable. CIekTp 3Be3/bl HOMy4YeH Ha 2-M reneckorne obcepBaropun Tepckon ¢ pas-
pemenuem okosio 80000, B auanazone mjwa BosH 349.5-1000 aM. Ocoboe BHUMaHWE YIEISIOCDH
JIeTAJIbHOMY aHAJINU3Y COAEPIKAHUS I TsXKEJIbIX deMenToB. Onpeneensl comepkanus 5l xumu-
YeCKOro JIEMEHTa B arMocdepe UCCIIelyeMOil 3Be3/Ibl.

THE CHEMICAL COMPOSITION OF THE BARIUM STAR ¢ CYGNI, by Gopka V. F.
Yushchenko A. V., Kim Chulhee, Musaev F. A., Galazutdinov G. A. — In this paper we report
the results of abundance determinations in the atmosphere of the mild-barium star { Cyg. The spec-
trum of this star was obtained with the 2-m telescope of the Terskol Observatory. The spectral
resolution was near 80000, the wavelength range was from 349.5 to 1000 nm. We used the newest
atomic data and the spectrum synthesis method. It permitted us to find the abundances of 51 ele-
ments in the atmosphere of { Cyg.

BBEJAEHUWNE

Bapuesble 3Be3/1pl Kak KJIACC MIEKYJ/ISPHBIX 3Be371 Obln 0TKpbITHl Bujgensmanom n Kunanom 8 1951 1. [3],
1 00'bsICHEHUE TEKYAIPHOCTH XUMUIECKOr0 COCTaBa MX aTMOC(ep fABJSIEeTCs BayKHBIM C TOYKU 3PEHUS
MTOITBEPXKIEHUsT HAIErO TIOHUMAHUS 3BE3HOI IBOJIIOINN, TEOPUN HYKJIEOCHHTE3a d1eMeHTOB. C 00Ha-
PYZKeHNeM JIBOMCTBEHHOCTH GapUeBbIX 3Be31T [15] crasmo sicHO MpOMCXOXK JeHIe STOTO THUIA EKYISIPHOCTH
y 3Be3j crnekTpaababix kiaccoB G, K. Cunekrp ¢ Cyg 4erko mokasblBaeT HaIUYHe JOMOJTHUTETHEHOTO
u3aydenns B yabrpaduoserosoit vacru. B pabore [18] ma ocmoBanmu mamubix HST sta nsoitnas cu-
cTeMa pasperiena — morydensr pororpadun 6es0ro kapanka B yiabrpaduosieroom puiabrpe. [lepuon
obparenns 6e0ro Kaparka BOKPYT spKOii 3Be3bl cocrasiger 6489 cyr (9], aro okomo 18 jer.

Bapuesbie 3Be3/1b1 BXOAAT B JIBOWHBIE CUCTEMBI B Tape C GEJbIM KapJauKOM (IPO3IBOIONMOHUPO-
BaBIIeil 38e3/10i1). VIMeHHO pe3ysbraToM cOpOca BEIecTBa, 0OOTAIEHHOTO JTEMEHTAMHU S-IIPOIIECCa Ha
cragun AGB, ob0bscusiercs derHoMen OapueBbIX 3B€37,. BOJIBIUMHCTBO OapUEBbIX 3BE3J, UMEIOT U30bI-
TOK B YJbTPaGdHUOIETOBON 00/1aCTH CIIEKTPA, YTO OObICHIETCS HAJUYIUEM U3JIydeHus: 6e/10r0 Kap/auka.
CuexkTpbl HapueBbIX 3BE3]] UMEIOT YCUJIEHHbIE JIMHUNM Oapus U MOJIEKYJISAPHBIX COEJUHEHW ¢ yIJIepo-
oM, takux kKak CH, CN, Cy. B 3aBucumoctut oT cujibl inHUKM MOHU3UpOBaHHOTO Oapus Ba A 455.4 wwm,
HapueBbie 3BE3/bI JEIATCA HA TSTh MOAKIACCOB. KCTh U JIpyroe pasieiieHne ODapuUeBBIX 3BE3[l, KOTIA
3Be3/IbI C n30bITKAMY Oapus MeHbine 1 dex u HOpMaJbHBIME, He YCUIEHHBIMU JIMHUSIMUA MOJIEKYJT, COJIep-
Kallnx yrjaepo/, MO0 OTHOHMICHWIO K COOTBETCTBYIOIIUM JIMHUAM B COJTHEYHOM CIEKTPE €IIle Ha3bIBalOT
ymeperno-6apuessiemu (mild-barium) 3Be3maMu u paccMaTpUBAOT KaK OapueBble 3BE3JIbI, OTJIMIA0-
IIMeCst OT K/JIACCHYeCKuX OapueBbix 3se3q [19)].

Teoperuyeckue KpuBble pacIpOCTPAHEHHOCTU 3/IEMEHTOB S-TIPOTecca B OapUeBbIX 3BE3/aX sl pa3-
JMYHBIX Mojesielt onybiukoBanbl B paborax [7, 14]. s cpaBHeHMsi 9TUX KPUBBIX C HaOJIIOJEHUsIMU
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Xumungeckuii cocras ( Cyg

n Z R O) N  DaemeHT | n Z P O) N  DaemeHT
1 6 -0.00£0.21 4 CI 24 39 +0.15+£0.15 3 YI
2 8 —-0.46 1 OI +0.48+0.16 22 YII
3 11 -0.37£0.16 5 Nal 25 40 +0.24+0.04 8 Zrl
4 12 +0.2240.22 6 Mgl +0.61£0.11 7 Zrll
+0.26 2 Mgll 26 41 +0.13 1 NbI*
5 13 -0.11+0.06 8 All 27 42 +0.13£0.12 3 Mol
6 14 -0.05+0.13 52 Sil 28 44 -0.02 2 Rul
7 15 +0.10 1 PI 29 45 <+0.2 2 RhI*
8 16 +0.20£0.26 5 SI 30 46 +0.36 1 PdI*
9 19 +0.00£0.26 3 KI 31 49 -0.12 1 Inl
10 20 +0.0240.09 5 Cal 32 57 +40.51£0.20 12 Lall
11 21  +0.06+0.11 4 Scl 33 58 +0.36+£0.16 43 Cell
+0.08+£0.15 10 SclII 34 59 +40.19+0.19 6 Prll
12 22 —0.07%0.06 23 Til 35 60 +0.42+0.17 70 NdII
+0.00+0.11 31 Till 36 62 +0.31£0.15 14 SmII
13 23 -0.01+0.12 40 VI 37 63 +0.45+0.05 4 Eull
14 24 -0.11+£0.06 26 Crl 38 64 +0.27+0.19 4 GdII
+0.14+0.06 14 CrlI 39 65 +0.12 1 TbII*
15 25 -0.26+0.15 21 Mnl 40 66 +0.28+0.19 5 DylII
16 26 +0.02+0.10 92 Fel 41 68 +0.35 1 ErlIl
+0.06+0.08 6 Fell 42 69 <+0.2 1 TmlII
17 27 -0.024+0.09 11 Col 43 72  +0.45 1 HfII*
18 28 +0.044+0.07 28 Nil 44 76  +0.30 2 OsI*
19 29 +0.44+0.45 3 Cul 45 77 <+0.5 2 IrI*
20 30 +0.00+0.24 4 Znl 46 78 <+0.5 1 Pt1*
21 32 +0.28 1 Gel 47 81 <+0.5 1 TII*
22 37 -0.12 1 RblI 48 82 <+0.2 2 PbI*
23 38 +0.2240.10 3 Srl

HeO6XO,ZLI/IMbI JeTa/JIbHbIe Ha6.HIO,ZLa.eMbIe KPUBBIE PACIIPOCTPAHEHHOCTU XUMHNYICCKUX SJICMEHTOB B PDeaJlb-
HBIX 6apI/IeBbIX 3Be3/1aX.

HABJIIOJJATEJIbHBII MATEPUAJI I OBPABOTKA

¢ Cyg (HD 202109, HR 8115, GC 29661, cuexrpasbhbiii kiaacc G8III-I1ITa-Ba0.6SB [9]) sisasiercs npo-
TOTUIIOM yMepeHHO-OapueBbiX 3Be3/1. B manHoit pabore Oblia MOCTaB/IEHA IeJIb HAMOOJIEE ETAJILHOTO
WCCIIEIOBAHMST XUMUIECKOTO COJIEPYKAHUs 9TOM OapueBoil 3BE3JbI C XOPOIIO HCCIEIOBAHHBIMU PaHee
napamerpamu |1, 4, 6, 10, 19, 21|. Xumudeckuii cocTaB 9TOi 3BE3/bI TAKIKE yKe UCCIETOBAIC, HO Ceii-
9aC MOSBUIACH BO3MOXKHOCTH 0O/ TOTHOTO MCCIEOBAHUS C WCIOTH30BAHNEM BBICOKOKATECTBEHHOTO
CIEKTPAJILHOIO MaTepuaJia, HOBbIX aTOMHBIX JAHHBIX U HOBBIX METOIUK 00pabOTKM HAO/IIOIEHUI.

Hareit 3atadeii 661710 u3ydeHue BCEX 3JEMEHTOB, JUHUU KOTOPBIX B UCCAEAYEMOM JUAMA30HE MIPU-
TOJTHBI I QHAJIN3a, C MOJAKII0UYeHeM HanboJiee MOTHBIX U HOBBIX CIIUCKOB ATOMHBIX U MOJIEKYJISIPHBIX
nauubix [5, 13, 16, 17]. Ocoboe BHUMaHME yuejsioCh HaubO/Iee TsKeIbIM JeMeHTaM HeHTPOHHOIO
3axBaTa, KOTOpbIe 00pa3yloTcs B pe3yabTare s-Tporecca B 3Be3fax Ha cragun AGB. dms sroro wnc-
[0JIb30BAINCH CUCKK JuHuii Moprona [16] n apyrue crmcku aToOMHBIX JMHUIHA, MHDOPMATHBHBIE C
9TOil TOUKN 3pEeHus, COEPKAIINEe HOBbIE JAHHDBIE JJI TAKEJIbIX JIEMEHTOB.

¢ Cyg siBasiercst oHO# n3 sipuaiimmx Gapuesbix 38e37 (my = 3.2 [9]). Mbl ucnons3oBanu crekrp
3Be3/IbI, OIYyUYeHHBIN HA 2-M Tejeckore obcepBaropuu Tepckos. CrnekTpasbHOe pa3pelieHne JaHHOTO
cuekrpa R =280 000, nuamnazon gsun Boax 349.5-1000 HMm, oTHOIIEHWE CUT'HAJIA K IIYMY B KDACHO 4acTu
cuekTpa Boie 100. Ha nepsowm srame 6111 poBepenbl mapameTpsl Mogenu armocdepst aig ( Cyg. B
pesyJibTare Hamu ObLIn MpuHATH ciaegytoue snadenus: Topp = 5050 K, 1g g = 2.8, vmicro = 1.45 KM/C,
Umacro — 3-3.5 kM/c. [Ipu onpeesiennn remneparypbl Hapsijly € IPYTUME METOJMKAMU MCIIOIb30BAIACH
MeTo/uKa, onucanHas B pabore Kosrioxa u ['oposoii [12]. Mer nareprnonuposaan momenu Kypyia [13],
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Conep:xanne xuMmudeckux daemeHToB B armocdepe ( Cyg orHOCHTENBHO UX comepxkanuii B armocdepe ComHIa

9TOOBI TOJIYUINTh MOJEIb C HAeHHBIMI [TapaMeTPaMIT.

s naenTudpukanyy TUHUN ObLIN MPOU3BEIEHBI PACIETHI CUHTETUYECKOI0 CIIEKTPA [IJid BCEro Ha-
OJII0A€MOr0 THAIa30Ha. JTOT CHHTETUIECKUI CIIEKTP CPABHUBAJICA C PEAJbHBIM CIIEKTpOM. BoLan oTo-
Opaubl HEOJIEHIMPOBAHHbBIE U CIAD00/IeHIMPOBAHHBIC JIMHUY ITOTJIONIEHUS B CIIEKTPE UCCIeTyeMOil 3B€3-
el J1s pacdera XUMHIYECKOTO COMEPIKAHNSA SIEMEHTOB METOIO0M CHHTETHIECKOTO CIIEKTPa HCIIOIL30-
Basack nporpamma Kypyua SYNTHE [13], mopuduimposanas st paborhbl B PeXKUME aBTOMATHYECKOIT
MOATOHKN CHUHTETHYIECKOro CreKTpa K Hadmomaemomy [20]. YTo6bl HCKIIOUNTE OMNOKY, CBA3AHHBIE C
CHJIAMY OCITAJLASITOPOB, MBI TIPUMeHUIN anddepeHnaabHbIii MeTOI NCCAEI0BAHNSA COMEPKAHNST XUMU-
YeCKHX 9JEMEHTOB B aTMOCdepe 3Be3bl 0 OTHOIIEHHIO K COTHEIHOMY CONEP:KAHMUI0 STUX JJEMEHTOB.
Ucnonw3oBascs amiac ciiekrpa nenrpa aucka Comnxua Jdens0ysist u ap. [8] n mozgesns armocdepst Conia
Xomserepa n Mromep [11].

PE3VYJIBTATBHI

B tabsnie gjist mcciie10BaHHBIX HAME DJIEMEHTOB IIPUBOMATCA WX ATOMHBIE HOMEPA, MOJIy9IeHHBbIE Ha-
MU OTHOCHUTEJIbHBIE COIEPKAHMS XUMUUIECKUX 371eMeHToB B armocdepe ( Cyg, cpeaHne KBaJIpaTUIHbIE
ommbKY HANIEHHBIX 3HAYEHUN W KOJIMIECTBO CIIEKTPAIbHBIX JIMHUM, 110 KOTOPBIM ITPOBOJIUIOCH OIIPe-
JleJIeHre COIEePXKaHns JaHHOTO dieMenTa. s 971eMeHTOB, OTMEeUYeHHBIX 3BE3J0TKOI, COOTBETCTBYIOIIIE
quann B criektpe CoHIa C1abbl M COMEPKAHNE ITUX HIEMEHTOB TIOTYIeHO 6€3 CPABHEHUST C COTHETHBIM
CIIEKTPOM.

Ha pucynke nokaszano cojeprkanue XuMudeckux siemenToB B armocdepe ¢ Cyg Mo OTHOIIEHUIO K
ux coznepxkanuio B armocdepe Conuna. Hamu Haiinens! 3Hadenns coepKannii 48 s1eMeHToB. 3HAMEHUST
cozepzKanuii smtusi, azora u G6apusi B3sTbl 13 pador [21, 10, 4]. Beero B armocdepe ¢ Cyg ussecrHo
coflepyKaHNe WM BEPXHUI Tpees comepKanud 51 XUMUTIeCKOro JIeMeHTa.

[Tonyyenubie HaMu HADIIOJAEMbIE 3HAYEHUSA COAEPKAHUN XMMUIECKUX JJIEMEHTOB B DapueBoit 3B€3-
Jie ABJIIOTCS Hambojiee MOJIHBIMU Ha cerofHdmuuii MoMenT. CpaBHEHNE C TEOPETUYECKUMU pacueTaMu
ITO3BOJIUT yTOYHUTH, KAKUM 00pa30M n/ieT oboralieHne 3jieMeHTaM1 S-11poliecca, 6osiee TOYHO OMUCATH
SIBJIEHNUS, TTPOUCXOAAINNE B KPACHBIX TMTAHTAX Ha OMpPeJeTeHHBIX CTAINAX IBOIIONNN, MOIETUPOBATDH
MIPOIIECCHI, MPOUCXOAAIINE B 3BE3/1aX HA CTAUN aCUMIITOTUIECKON BeTBU KpacHbIX ruranToB. C Hatmeit
TOYKU 3PEHUsi yMEPEeHHO-OapueBbie 3BE3bl sIBJIAIOTCS TPOJOIKEeHneM OapueBbix 3Be3m. [Ipobiiema B
TOM, 9TO MOXKHO JOBOJILHO JIETKO (M OMIMOOYHO) MPUYUCIATH K KJIACCY yMEPEHHO-0APUEBbIX 3BE3]| U
JIpyTHUe 3Be3/Ibl C HEeTOYHO OIMpEJe/IeHHBIMU 3HAYEHUsIMU COJIEPXKAHUS Oapusi, U 3TU O00BEKTHI MOTYT
3aMbIBATh CBOWCTBA IPYIIbl OAPUEBBIX 3Be31 ¢ HEOOIbIMMY U30bITKAMU Dapust — yMepPeHHO-0apUeBbIX
3Be3/l, TUIINYHBIM IpeJCTaBUTeIeM KOTOphIX aBjsgercs ( Cyg.
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Bapuesbie 3Be3/1bI COCTAB/ISIOT OKOJIO OJTHOT'O MIPOTIEHTA OT ODIIEro YNC/Ia BCEX 3BE3]T CIIEKTPAIbHBIX
kiaccoB G, K 6e3 anomasnit, HO uccaegoBaHue U 0ObICHEHNE UX MPUPOILI UMEIOT OO0JIbIIOe 3HAUEHUE
B acTpodu3uKe.

Hannasi paboTa ObLIa 9aCTUYHO MOJJIepyKaHa IPAHTOM MOCTJIOKTOPAHTYphbl HallMOHAIBHOTO YHUBEPCH-
rera HYoubyk (FOxnas Kopest) za 2002 rog.
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