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[IpencraBnen ataac crnekrpa Ble]-3Be3nbt CI Cam, nmosyuenHoro Ha 6-m tesieckornie BTA CAO PAH co
crnekrporpadom HIC B unreppasne miun Bosn 395—780um ¢ paspemienuem A/AX > 60000. Ataac ¢
oToxkecTBIeHHeM 0KoJ10 400 criekTpasibHBIX JeTajeil HIII0CTPUPYET padHooOpa3ue 0coGEHHOCTEH CrieKTpa
YHUKaJIbHOH 3Be3/ibl, POPMUPYIOLLMXCS B KOMILIEKCHOH OKO0JI03BE3/IHON cpele. B criekTpe NOMHHMPYIOT
MolIHble ofHonuKoBble 3Muccuu HI, Hel u MHO»KeCcTBO ABYXMMKOBBIX pa3pellieHHbIX W 3arpelleHHbIX
SMHCCHH HOHOB XuMHuecknX 3jemeHToB oT CNO-Tpuamsl no meramios (Mg, Al, Ti, V, Cr, Fe) ¢
«IPAMOYroJibHbIMU» nipodunsimu. [1peobnanaior B cniektpe smuccuu Fe Il u [Fell], onnako oGHapy:keHbl 1
HECKOJILKO JIBYXITMKOBbIX 3ampelileHHbIx amuccuii nonos: [V 1], [Cr 1], [NiII]. Arnac cosnaH B rpaduueckom
BUJE, KAXKIOMY 3lleJIe-TIOPSAKY COOTBETCTBYET OTHAEJbHbIA PUCYHOK. CMHMCOK OTOXKIECTBJIEHHBIX JIMHUH,
BKJIIOUAs Psijl U3BECTHBIX MEXK3BE3/IHbIX JieTasel, npuBejieH B hopme Tabuibl. s CI Cam noxrsep:kaeH

CTaTyC CBEpXIruraHra.

KunoueBsle cioBa: Mmemoool: cnekmpockonus — 36e30bl: ¢ IMUCCUOHHBIMIL AUHUAMU, Be — 36e30ut:

omoeavnuuvre: Cl Cam

1. BBEJIEHUE
Topsiuas 3Be3ma ClCam — onTUYECKMH KOM-
MOHEHT PEHTIeHOBCKOH JIBOMHOM CUCTEMbI

XTE J0421+560. IlpucranbHblii HHTepec acTpPOHO-
MOB K 3TOMYy OObEKTY BO3HHMK [OCJE€ PerucTpauuu
BecHOH 1998T. MOLIHOW PEHTreHOBCKOH BCIIBILIKH,
KOTOpasi coueTajsach C POCTOM BHIMMOrO TOTOKA
Ha faBe 3Be3jHble Benauuunbl (Clark et al., 2000).
[Tocsie perucTpauyn HEMPOAOIKUTENBHON BCIBILIKH
HauyaJoCh WHTEHCHBHOE H3yueHHe 00beKTa BO BCEX
JManasoHax JJIMH BOJIH, U Pe3yJbTaTbl MOCJeyI0OLIMX
uceenoBanuil nosposua otHectd Cl Cam K yJbT-
pasipkiM peHTreHOBCKMM HcTouHHKam (Bartlett et al.,
2019), 1eMOHCTPUPYIOLLIMM YMEPEHHYIO TEPEMEHHOCTh
PEHTreHOBCKOro M ONTHUYECKOro 1notoka. Peructpauus
nepBbIX nocJse BenbilKy crektpos CI Cam B ontu-
UeCcKOM JiMarna3oHe BblsIBUJIa OCHOBHble 0COOEHHOCTH:
molHble smuccun HI, Hel u mHoxXecTBO paspe-
LIEHHBbIX W 3anpelleHHblX smuccuid Fell ¢ nayxmnu-
KoBbIMH TipodussiMu (Miroshnichenko et al., 2002;
Robinson et al., 2002). [lns usyueHus moBeneHHs
ontuyeckoro crekrpa ClCam co BpemeHnem mnpuH-
LMMHAJbHB HAGJIONEHNST ¢ BBICOKUM CIIEKTPAJbHBIM

"E-mail: Valentina.R11@yandex.ru

paspellieHdeM, BbinoJHeHHble Robinson et al. (2002)
uepe3 JiBe Helesnd nocse Bembiku 19981 Ha 2.7-M
Tesieckone o6cepBatopun McDonald. Robinson et al.
(2002) oTOXKIECTBUJIM JleTajd CIHEKTPa, OLEHUJIH
MX TlapameTpbl M yKasaau o0jacTh (OopMHPOBAHUS
pasJIMUHBIX THIIOB sMHCCHi. 115 NOHUMaHHs1 0coOeH-
HOCTeH CreKTpoB 3Be3n ¢ ¢eHomeHoMm Ble] BaxHbI
pa6otel Maravelias et al. (2017; 2018). IToayuus
CTEKTPbl C BBICOKMM paspellieHHeM st BbIOOPKH
Ble]-3Be3n, aBTopbl 3THX paboT U3YUMJIH pasjHuHble
THUIbl SMUCCHH U MPHUILLIN K BBIBOZY O BOSHUKHOBEHHU
crelUIeCcKnX BYXITHUKOBBIX SMHCCHH B COBOKYMHO-
CTH 000JI0UEUHBIX CTPYKTYP B OKOJIO3BE3/IHOH cpejie,
yallle BCEro B BHJIE ONTHUYECKH TOHKOTO KOMIAKTHOIO
JIUCKA WJIM K€ COBOKYMHOCTH KOHIEHTPUUHBIX JIyT.
Maravelias et al. (2018) paccmoTrpeny Bo3MOXxKHble
BapHaHTbl (POPMHUPOBAHUS TOJOOHON OKOJIO3BE3HOH
cpesibl. OHUM M3 OCHOBOMOJAraloUMX pesyJ/bTaToB
yKa3aHHOH paboThl fIBJISAETCS BBIBOJ OO OTCYTCTBHM
eIMHOTO MHEHHSI O TOM, $IBJISIETCS JIH JIBOHCTBEH-
HOCTb MPHUUHON 06pa3oBaHUs KOJIbLEBBIX CTPYKTYP,
MOCKOJIbKY KOMIAHbOH €CTb He Yy BCeX H3YUeHHbIX
00bekToB ¢ peHomeHoM Ble]. CnienoBaTenibHO, MOXKHO
paccmaTpuBaTh M aJbTepHATHBHbIE CLIEHAPHH, TaKHe
KakK (KBa3ueprouuecKue ) BBIOpoChl MacChl, BbI3BAH-
Hbl€ MyJIbCALUAMH UM IPYTUMH HECTAaOUIBbHOCTSIMH.
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B nocnennue Tpu necATHETHS Ha HECKOJbKHX
S1IeNBHBIX criekTporpagax 6-m  Tteneckona BTA
CAO PAH BbimosHsieTcsl CMEKTPOCKOMHUS BbICOKOTO
paspelleHdsl H30paHHbIX TOPSUMX 3Be3Jl PaJMUHbIX
macc (LBV-kanmunaros, Be- u Ble]-3Be3n, B TOM
uncse 1 ClCam) no nporpammam E. JI. Hennona
u A. C. Mupounnuenko. IlepBbie pesdysbraThl s
CICam Obun ony6saukoBansl B 2002r. B pabo-
Te Miroshnichenko et al. (2002), B KoTopo¥i BbiIsiBJIEHbI
OCHOBHble OCOOEHHOCTH CIeKTpa — KpaiHe MHTeH-
cuHble smMuccud HI u Hel u mMHOXKecTBO 3Muccuii
MOHOB psijla 3J1EMEHTOB, NPEHMYLIECTBEHHO »KeJe3a,
C «IIPSIMOYTOJIbHBIMH>», TIOUTH BEPTHKAJbHBIMH, MPO-
¢pussimu. OmbIT MepBbIX JeT paGoThl C ONTHUECKUM
cniektpom CICam mnokasas HeoOXOAUMOCTb M BO3-
MOKHOCTb BbIIOJIHEHHUS CMIEKTPaJbHOIO MOHUTOPHHIA
3Be3Jibl JUISl OTCJICKUBAHUS [TePEMEHHOCTH NpoduJieit
CTEKTPaJIbHBIX JleTajell U KapTHHbBI JIyueBbIX CKOPO-
cTefl. dta TpyLoeMKas 3agaya TpedyeT MHOTOKPaTHbIX
HaOJII0/IEHUH ¢ BBICOKMM CIEKTpaJsibHbIM pa3pelleHu-
eM B LIMPOKOM MHTepBajie JUIMH BOJIH. Pe3ysbraThl
aHasu3a onrtudeckux crektpoB 3a 2002—2023 rr.
ony6ankoBanbl B pabore Klochkova et al. (2024).
Bce cnekTpbl /st 3THX AT CofiepKaT <IPSIMOYTOJib-
Hble» TPOMUIN JIBYXITHKOBBIX HU3KOBO30OYK/IEHHbIX
9MUCCHI HOHOB. HeoxKM1aHHBIM OKaszaJjcsi BbIBOJL O
CTMOKOHHOM KHHEMAaTHUECKOM COCTOSIHUM CHCTEMbI
CICam: cpennsiss CKOPOCTb MO SMHUCCHSIM JJIsT BCeX
nar  nabmonenuii  V;.(aver) = —53.1 £ 0.5kmc L.
[Tomyamnintyna usmeHeHus (cpemHeKBaapaTHUHOE
ykaonenne) AV, =2.5kmc~ . TloBenenune sanpe-

menHo# Jiunuu [N 1115755 A co BpemeHeMm He OT-
JIMYaeTcss OT JIPYTHX SMHCCHH C BepPTHKAJIbHBIMU
npocunsmu. JlyueBas CKOpOCTb, COOTBETCTBYIOLIAS
ee MoJI0XKeHHI0, cTabu/bHA Ha TPOTSKEHUH HoYeH
Habsmoaenuii nocse 2002 . ¥ NpUHSATA 32 CUCTEMHYIO:
V,=-554+06kmc .

Murepec k uccaenopanuio CI Cam He ocsabGeBaer.
Pesysbrathl ee j10JroBpeMeHHON MHOTOIBETHON (ho-
TOMETPHHU IEMOHCTPHUPYIOT c1abyio (hOTOMETPUUECKYIO
HeCcTaOWJILHOCTb 3Be3Jlbl, UTO M03BOJISIET 0XKHMIATh B
6ynyiem nosropenus B cuctreme Cl Cam necrannapr-
HbIX cOObITHH. [T03TOMY MBI COUM aKTyasIbHOH TOJI-
FOTOBKY JIeTa/JIbHOTrO CHEKTPasbHOro aTyaca, KOTopbli
MOZKeT 3HAUUTENbHO 06JIErYUTD JasbHelIIee H3yueHne
ONTHYECKOTO CMeKTpa 3Be3/bl. B pasnene 2 nanHo#
CTaTbH KPATKO ONUCaHbl MeTO bl HabJt01eHHH 1 00pa-
60TKH 1aHHbIX. CITMCOK BCEX OTOXK/IECTBJIEHHbIX CIeK-
TpaJIbHBIX JI€TaJsiell, ONMUcaHne ataaca i KOMMeHTapuu
K OTJEJbHBIM €ro ()parMeHTaM MpeiCcTaBieHbl B pa3-
nene 3. B pasnene 4 Mbl KpaTko CyMMHpPYyeM OCHOBHbIE
pe3yJibTaThbl M NpeJIcTaBJisieM MOJHbIH atJac.

2. HABJIIOAEHUWS 1 OBPABOTKA
CIIEKTPOB
st cosmanusi aTyaca Mbl MCMOJIb30BAJH J1BA
CIIEKTPA BbICOKOTO pa3pelleHHst U3 KOJIJIEKLHH CIeK-
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KJIOUKOBA wu np.

TPOB, TIOJIyUeHHBIX B XOJie JIOJTOBPEMEHHOTO CIieK-
TPaJIbHOTO MOHHTOPHMHTA 3TOH 3Be3bl Ha 6-M TeJje-
ckorie BTA B coueranuu ¢ suiessie-crnekrporpagom
H3C (Panchuk et al., 2017), craumonapHo pacrno-
JoxKeHHbIM B (hokyce Hacmura. HIC obecneunBaer
criekTpasbHoe  paspeiienne R = A/AX > 60000.
JIJ/1s1 TOJIroTOBKM atsiaca Mbl BbIOPaJM M3 KOJIIEKLHH
criektp, nosydennbiii 03.09.2015 (JD = 2457269.47).
[TpenmyliiecTBO 3TOro CrekTpa 3akjaroyaercs B TOM,
UTO OH 3aPETUCTPUPOBAH B ILIMPOKOM MHTEpPBaJIe UTHH
BosiH 395—698 um. Jlng npojsieHuss AuManasoHa B
JUIMHHOBOJIHOBYIO 00J1acTb, 10 A = 778 HM, Mbl NpH-
Baekau crnektp 3a 09.02.2023 (JD = 2459985.28).
O6a cnekrpa nosyuensl ¢ marpuuei [13C ¢ uuc-
JoM 3JsieMeHTOB 4608 x 2048, pa3mep 3JemMeHTa
0.0135 x 0.0135 mm; wym cuutbiBanust 1.8e~. Ilas
YMEeHbILIEHUsT TI0TePb MOTOKA Ha BXOJHOH IIEJIH
cniektporpa HOC chabxken pesaresnem nzobpaxe-
Husl 3Be3sibl. C HCMOJIb30BaHHEM pe3aTesisi KaxJibli
CMEKTPaJIbHbII MOPSIIOK TTOBTOPSIETCS TPHIK/IbI.

DKCTPaKIMs OJHOMEPHBIX TaHHBIX U3 JBYMEPHBIX
s1IeNae-u300paykeHni  BBITIOJIHEHA C HCMOJIb30Ba-
HueM KoHTekcta ECHELLE nakera MIDAS, Moau-
¢uposantoro Yushkin and Klochkova  (2005)
C YYeTOM TeOMEeTpPHH 3liejyie-Kajapa CHeKTporpa-
dba HIC. Cuyenbl KOCMHUECKMX YaCTHIL YJaJeHbl
CTAH/APTHBIM MTPHEMOM — MeJIMaHHBbIM YCpeJHEeHHEM
mapbl CMEKTPOB, TOJNYUEHHBIX MOCJEI0BATENbHHO.
JIn1st KamMOPOBKH 1IKAJIbI JITHH BOJIH UCII0JIb30BAIACh
namna ¢ HanosHenueM Th-Ar. Bee mnocienytonme
1arv B 06paboTKe 0THOMEPHbIX CIIEKTPOB BbITOJIHEHbI
C HCMOJIb30BAaHHEM COBPEMEHHOH BEpCHH MaKeTa
DECH20t (Galazutdinov, 2022). CucremaTtnueckas
omMOKa H3MepeHUH TeJMOLUEeHTPUUYECKOl JydeBoU
ckopocTd V. 1o TesulypUueCKUM JeTalssM H 10
MerK3Be3IHbIM JIMHUAM aybJera Nal He npesblliaer
0.25kmMc™! no oamo#t JMHKK; oMGKa H3Mepenus V.
10 LMPOKUM JleTasisiM He npesbitaer 0.5 km ¢, OT-
METHM, UTO BbICOKAsl TOYHOCTb OMNpEeEHUS IeJIH0-
LIEHTPUUECKOH CKOPOCTH CJYKHJIA JOTIOJHUTEIbHBIM
KpUTepHeM HaleAKHOCTH OTOXKIECTBJEHHUSI.

3. AVIAC U CITMCOK
OTOKAECTBJIEHHbBIX JIMHW

Arnac npencraiisieT co60i COBOKYMHOCTb 59 pH-
CYHKOB, KaKIbIil U3 KOTOPBIX COOTBETCTBYET OT/IENb-
Homy stense-nopsiaky cnekrpa ClCam. Ilepekpbi-
THe MOPSJIKOB YMEHbLIAeTCs C JJIMHOK BOJIHBI M, HAYH-
Hasi ¢ A~ 5600 A, MEK 1y HUMH ITOSIBJISIIOTCS Pa3PbIBLL.
[To ocu opaMHaT yKasaHa OTHOCHTeJbHAs UHTEHCHB-
HOCTD I /Icont, IO OCH abcice — HabJoaeMast 11—
Ha BoJsiHbl. Ha pucyHkax oTMeueHbl OTOXK1eCTBJIEHHbIE
3JIEMEHTBI CIIeKTpa ¢ J1a00pPaTOPHOH JUIMHOH BOJIHBI,

okpyrienHo# 1o 0.1 A. TTosiokeHne oToXKiecTBIIEH-
HbIX JleTaslell Ha PUCYHKax COOTBETCTBYET HabJIto-
JaeMOl JJTMHE BOJIHBL. BepuinHbl CHIBHBIX 3MHCCHH
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HI u Hel na pucynkax arnaca obGpesaHbl, HO TMpu
HeOOXOJMMOCTH HX TOJIHBIH MPO(UIb MOXKHO BUIETH
Ha puc. | u 2 B cratbe Klochkova et al. (2024).

Bce neranu criektpa nepeuMciieHbl B TabJuue |,
I KaKJI0H M3 HHUX yKasaHa JabopaTopHas IJIH-
Ha BOJIHbI, M JJ1s1 OOJILIIMHCTBA JIMHUI TpHUBEEH
MyJibTHIIIET corsiacHo Moore (1945). B atnac u B
TabsuLy | BKJ/IOUEHbl TaKxkKe HeCKOJbKO H3BECTHBIX
Mexk3Be3nHbIx abcopbuuid. B aTsiace, HuXKe YpOBHS
KOHTHHYYyMa, yKa3aHbl HecKosibko DIBs, mexk3Besn-
uble netranu Call, KI u mexxspesaHble KOMIIOHEHTbI
nybaera D-suuit Na l. bosiee nonpo6Ho Mexk3Be3i-
Hble JIeTa/ll B CIEKTPe M MEK3BE3JHOE TMOTJIONIeHHEe
s Cl Cam usyuennl patnee Klochkova et al. (2024).
HeckosibKo hparMeHTOB aTsiaca Coep:Kat TeslypHu-
yeckue abcop6unu mosiekysn Oo u HoO, nx nosoxke-
HHUS1 HA PUCYHKAaX OTMeUeHbl TOUKaMu. Toukamu 60Jib-
LLIero pa3Mepa MoKasaHbl MOJOKEHHS TeNTypHUECKUX
smucenit [O 115577 u 6300 A.

Oroxaectiienue nerageil B criekrpax Cl Cam mbl
BBITIOJHUJIN, MCIOJb30BaB HH(OPMALIMIO U3 CTaTel,
OCHOBaHHLIX Ha criektpockonuu Ha HOC/BTA poa-
cTBeHHbIX 3Be3Jl ¢ penomenom Ble] (Chentsov et al.,
2010; Klochkova and Chentsov, 2016), a Tak:xe cBe-
nenust U3 6asbl nanubix VALD (Kupka et al., 1999)
1 TabJML, MYJBTUILIETOB B H3BecTHOH padore Moore
(1945).

Pucynok 2 B cratbe Klochkova et al. (2024) ne-
MOHCTPHUPYET OCHOBHO€ pasJ/nuKe JBYX THIOB 3MHC-
cuil B cnektpe CICam, a MMeHHO MHOTOKpaTHOE
passidude IHUPUH UHTeHCHBHBIX amuccuidl H I, Hel u
IMUCCHH C <IPSIMOYrOJIbHBIMU» MPOGUIIMUA. DMHUC-
cun HI, Hel siBnsdtorcst NOMUHUPYIOILIUMH J€TaJISIMHU
B criektpe Cl Cam, HHTEHCHBHOCTb BEPLUHH UX MPO-
(usieil mpeBbIllIaeT ypoBeHb JOKAJIbHOTO KOHTHHYYMa
B 25—45 pas. [Ipuuem, B oT/iHuME OT CMIEKTPOB 6OJIb-
mMHCTBa 3Be3n ¢ Ble]-dhenomenom, npopuas Ha B
cnektpe Cl Cam omHonukoBbi# (cM. puc. | B cTaTbe
Klochkova et al., 2024). Jlns cpaBHeHHs] yKaKeM
npocdunn Ha B paborax Aret et al. (2016), Maravelias
et al. (2018), Miroshnichenko et al. (2023).

[Ipy craurMoHapHOM MOJIOXKEHHH 3SMUCCHOHHOTO
npocunss Ha 3apeructpupoBaHbl He3HAUUTEJbHbIE
M3MeHEHHs HHTEHCUBHOCTH BEPLUMHbI MPOHIIs 3TOH
qunnn (Klochkova et al., 2024) u namuune HeGoJb-
1oro rop6a Ha ee JIJIMHHOBOJIHOBOM Kpbliie ( Zickgraf,
2003; Klochkova et al., 2024). OtmeTum oTcyTCTBHE
npoduieir Tuna P Cyg B crekrpe ClCam y Bcex
gunuit H I v Hel, uto cBuaeTenbecTBYeT 06 OTCYTCTBUU
BeTpa M CBSI3aHHOHW C HUM MoTepell BellecTBa (CM.
puc. 1 u 2 B pabore Klochkova et al., 2024). Or-
cyrcrBue npoduseit tuna P Cyg 6bi10 moguepkHyTO
1 B caMoM paHHeM uccienoBanud cnekrpoB Cl Cam,
MOJIyUeHHbIX C BBICOKMM paspellieHHeM cpasy rocJje
BenbilKy B anpesie 1998 rona (Robinson et al., 2002).
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Puc. 1. [Ipocuin u3bpanHblx sMUCCUI HOHOB B CIEKTpE,

noJyuennom 3 ceursiopss 2015 r. Ilosioxkenne BepTHKA/HN

COOTBETCTBYET CHCTEMHOH CKOPOCTH Vays = —55.4KMc ™ .

Caenyiomiasi xapaktepHasi MeKyJsipHOCTb CIeK-
Tpa — MHOMKECTBO Y3KHX JBYXTHKOBBIX 3MHCCHH
nonoB (Fell, [Fell], Crll, [CrlII], STII, [SI], NII,
[N II] u np.). [To KoMuecTBY HalIEHHBIX Y3KUX IMUC-
CHH W MO MX MHTEHCHBHOCTH JUAMPYIOT MOHBbI Fell,
B Ipe/CTaBJeHHOM WHTepBaJsie JUIMH BoJH ux 110.
3anperniennbix smuccnit [Fell] B uetbipe pasza menb-
111e, OHH UMEIOT HEBBICOKYIO MHTEHCHBHOCTb, B OCHOB-
Hom He Bbiie 10% Haj JOKAJIbHBIM KOHTHHYYMOM.
Jns wnmioctpaumu Ha puc. | TpHBeneHbl THITHYHbBIE
pa3peuienHble smuccun Fell u nmapa cambix uHTEH-
CHBHBIX B HalleM CIeKTpe 3alpelleHHbIX 3MHCCHH
[Fell]. ¥ Bcex mpoduseil 3ampelieHHbIX W paspe-
LLIEHHbIX SMHUCCHI Ha PUCYHKe OTHOLLEHHe HHTEHCHB-
Hoctell mukoB V/R > 1, a Takke Bce OHM HMEIOT
rJyOOKYI0 LIeHTpaJsibHYyt0 Jenpeccuto. 3arpeLieHHble
IMHUCCHH HECKOJIbKO YxKe paszperieHHbX. ConocTaB-
JIeHHe aHaJIOTMUYHBIX PUCYHKOB JUI Pa3JMUHBIX 14T
nabmonenuii, npuBeneHubix Klochkova et al. (2024),
YKa3bIBA€T Ha CHHXPOHHOCTb H3MEHEHHH HHTEHCUBHO-
CTH Y pa3pelleHHbIX U 3arpelleHHbIX SMUCCHH.
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KJIOUKOBA wu np.
Ta6auua 1. Ileranu, otoxkaectsienHble B criektpe CI Cam

s, A Element s, A Element s, A Element s, A Element

(multiplet) (multiplet) (multiplet) (multiplet)
3964.73 | Hel(5) 4287.40 | [Fell](7F) 4541.52 | Fell (38) 4825.72 | Fell (30)
3970.07 | He 4296.85 | Felll (121) 4549.47 | Fell (38) 4833.20 | Fell (30)
3973.26 | O11(6) 4303.17 | Fell (27) 4555.89 | Fell (37) 4840.00 | Fell (30)
3982.72 | O11(6) 4313.43 | OI1(78) 4558.58 | Fell (20) 4848.25 | Crll(30)
3995.00 | NII(12) 4319.63 | OI1(2) 4576.33 | Fell (38) 4855.54 | Fell (25)
4002.55 | Fell(190) 4325.77 | O11(2) 4580.07 | Fell (26) 4861.33 | HS
4009.27 | HeI(55) 4340.46 | Hy 4582.84 | Fell (37) 4871.27 | Fell (25)
4023.97 | Hel(54) 4351.76 | Fell (27) 4583.83 | Fell (38) 4876.41 | Crll(30)
4026.19 | Hel(18) 4359.33 | [Fell](7F) 4588.22 | Crll (44) 4889.63 | [Fell] (4F)
4068.62 | [SII](1F) 4363.21 | [OIII](2F) 4596.18 | O1I(15) 4893.78 | Fell (36)
4069.64 | O11(10) 4369.28 | O11(26) 4601.48 | NII(5) 4905.35 | [Fell](20F)
4076.22 | [STI](1F) 4384.32 | Fell (32) 4607.15 | N1I(5) 4906.88 | O11(28)
4101.74 | HS 4385.38 | Fell (27) 4620.51 | Fell (38) 4921.93 | Hel (48)
4112.03 | O1I(21) 4387.93 | Hel(51) 4629.34 | Fell (37) 4923.92 | Fell (42)
4119.22 | O11(30) 4410.06 | CII(40) 4635.33 | Fell (186) 4930.5 | [Felll](1F)
4120.82 | Hel(16) 4413.60 | Fell (32) 4643.09 | NII(5) 4950.74 | [Fell] (20F)
4122.98 | Felll (118) || 4413.78 | [Fell](7F) 4649.14 | O1I(1) 4958.92 | [OII](1F)
4128.07 | Sill(3) 4416.27 | [Fell] 6F 4656.97 | Fell (43) 4973.39 | [Fell] (20F)
4130.89 | Sill(3) 4416.37 | S11(53) 4658.03 | [Felll](3F) || 4976.33 | [V II](7F)
413793 | Felll (118) || 4419.60 | Felll (4) 4663.7 | Fell (44) 4984.5 | Fell
4143.76 | HeI(53) 4427.99 | Mgll(9) 4665.80 | Fell (26) 4990.5 | Fell
4168.41 | ST1I(44) 4433.99 | Mgll(9) 4666.78 | Fell (37) 4993.35 | Fell (36)
4174.04 | ST1(65) 4437.55 | Hel(50) 4667.28 | NII(11) 5001.47 | NII(19)
4178.85 | Fell (28) 4452.11 | [Fell](7F) 4670.17 | Fell (25) 5002.02 | Felll (19)
4179.67 | NI1(50) 4457.96 | [Fell](6F) 4679.23 | Fel(688) 5006.84 | [OIII](1F)
4185.92 | Fell 4461.43 | Fell (26) 4685.68 | Hell (1) 5011.3 | [Felll](1F)
4185.95 | S1I 4471.48 | Hel(14) 4701.5 | [Felll](3F) || 5014.03 | SII(15)
4233.17 | Fell (27) 447491 | [Fell](7F) 4713.14 | Hel (12) 5015.68 | Hel(4)
4243.98 | [Fell](21F) || 4481.13 | Mgll (4) 4728.07 | [Fell](4F) || 5018.44 | Fell (42)
4257.38 | [Fell] 4488.33 | Till(115) 4731.44 | Fell (43) 5022.79 | Fell
4257.42 | STI(66) 4491.40 | Fell (37) 47339 | [Felll](3F) || 5027.19 | STI(1)
4263.70 | Fell 4508.28 | Fell (37) 4754.7 | [Felll](3F) || 5037.0 | CII(17)
4267.80 | S11(49) 4515.33 | Fell (37) 4762.47 | DIB 5041.06 | Sill(5)
4276.8 | [Fell] 4520.22 | Fell (37) 4769.4 | [Felll](3F) || 5047.29 | CII(15)
4273.42 | Felll (121) || 4522.63 | Fell (38) 4814.55 | [Fell](20F) || 5047.74 | Hel (47)
4278.54 | S1I(49) 4534.17 | Fell (37) 4824.14 | Crl1I(30) 5061.79 | Fell
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Ta6auua 1. (ITponosmkenue)

s, A Element s, A Element s, A Element s, A Element
(multiplet) (multiplet) (multiplet) (multiplet)
5065.42 | [Till](19F) || 5432.98 | Fell (55) 5747.29 | NI11(9) 6158.19 | O1(10)
5073.59 | NII(10) 5433.15 | [Fell] (18F) 5754.64 | N1IJ(3) 6160.75 | Fell(161)
5075.83 | Fell 5445.97 | Fell (53) 5780.48 | DIB 6195.98 | DIB
5081.92 | Fell (221) 5457.72 | Fell 5793.16 | Fell (47) 6203.05 | DIB
5086.69 | Felll (5) 5466.55 | SII(11) 5795.16 | DIB 6229.34 | Fell (34)
5089.28 | Fell 5472.63 | Crll(50) 5797.06 | DIB 6231.75 | AI11(10)
5093.47 | Fell (205) 5478.36 | Crll (50) 5813.67 | Fell (163) 6233.52 | Fell
5100.65 | Fell (35) 5481.17 | [Fel](20F) 5823.17 | Fell (164) 6238.38 | Fell (74)
5106.11 | Fell 5487.52 | [V II](5F) 5835.43 | Fell (58) 6240.66 | Fel(64)
5117.11 | Fell 5492.82 | Till (68) 5849.81 | DIB 6242.52 | NII1(57)
5120.34 | Fell (35) 5503.18 | Crll (50) 5875.66 | Hel(11) 6247.56 | Fell (74)
5127.32 | Felll (5) 5506.27 | Fell 5889.95 | Nal(1) 6248.92 | Fell
5132.66 | Fell (35) 5510.68 | Crll(23) 5895.92 | Nal(1) 6270.24 | Fel(342)
5276.00 | Fell (48) 5525.14 | Fell (56) 5910.57 | DIB 6283.86 | DIB
5284.09 | Fell (41) 5529.94 | Till (68) 5952.53 | Fell (182) 6291.83 | Fell
5291.67 | Fell 5534.86 | Fell (55) 5957.61 | Sill (4) 6300.23 | [OI](1F) tellur
5298.79 | Fel(875) 5544.20 | Fell 5978.97 | Sill (4) 6305.51 | STI(19)
5306.6 | Felll(113) || 5548.21 | Fell 5979.90 | Felll (117) || 6312.68 | S1I1(26)
5316.61 | Fell (49) 5554.68 | [V I1](20F) 5991.38 | Fell (46) 6317.99 | Fell
5322.78 | Crll(24) 5564.94 | SII(6) 5999.30 | Felll(117) || 6318.23 | Mgl (23)
5325.56 | Fell (19) 5567.82 | Fell 6007.34 | [NiIl](8F) 6318.75 | Mgl (23)
5337.71 | Fell (48) 5577.34 | [O1](3F) tellur || 6032.30 | Felll (117) || 6324.80 | DIB
5330.6 | Fell 5588.15 | [Fell] (39F) 6041.90 | SI(10) 6331.96 | Fell (199)
5339.65 | [CrII](12F) || 5606.11 | STI(11) 6045.50 | Fell (200) 6347.09 | Sill(2)
5346.56 | Fell (49) 5609.73 | DIB 6061.50 | [CrI](12F) || 6369.46 | Fell (40)
5354.15 | [CrII] (12F) || 5627.49 | Fell (57) 6067.88 | [CrI](12F) || 6371.36 | Sill(2)
5362.86 | Fell (48) 5639.96 | SII(14) 6077.80 | [Till](26F) || 6379.32 | DIB
5376.47 | [Fell](19F) || 5640.32 | STI(11) 6084.11 | Fell (46) 6383.75 | Fell
5381.02 | Till (69) 5648.90 | Fel 625) 6103.54 | Fell (200) 6385.47 | Fell
5395.86 | Fell 5666.64 | N1I(3) 6113.38 | Fell (46) 6402.42 | Fel(1344)
5408.84 | Fell (184) 5676.02 | NII(3) 6116.05 | Fell (46) 6407.30 | Fell (74)
5412.64 | [Fell](17F) || 5679.56 | N 11 (3) 6124.57 | [Till](22F || 6416.90 | Fell (74)
5414.09 | Fell (49) 5686.21 | NII(3) 6129.71 | Fell (46) 6432.65 | Fell (40)
5420.90 | Crll(23) 5696.60 | AlIII(2) 6147.74 | Fell (74) 6442.97 | Fell
5425.27 | Fell (49) 5710.76 | NII(3) 6149.24 | Fell (74) 6446.43 | Fell (199)
5427.83 | Fell 5730.67 | NII(3) 6155.98 | OI(10) 6456.38 | Fell (74)
ACTPO®PU3SUUECKHH BIOJIJIETEHb  ToM80 Ned 2025
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KJIOUKOBA wu np.

Ta6auua 1. (ITponosmkenue)

s, A Element s, A Element s, A Element s, A Element
(multiplet) (multiplet) (multiplet) (multiplet)
6482.07 | N1I(8) 6770.05 | DIB 7155.14 | [Fell](14F) || 7462.38 | Fell (73)
6482.20 | Fell (199) 6779.74 | CII(14) 7181.02 | Fel(33) 7468.29 | N1(3)
6491.61 | Till (91) 6780.27 | CII(14) 7191.66 | Fel(1274) || 7479.69 | Fell (72)
6493.06 | Fell 6783.75 | CII(14) 7222.39 | Fell (73) 7495.67 | Fel(1275)
6504.9 | NII(45) 6811.44 | DIB 7231.12 | CII(3) 7497.68 | [V II](3F)
6506.33 | Fell 6823.48 | Al (9) 7236.19 | CII(3) 7506.54 | Fell
6533.0 | NII(45) 6829.01 | [Fell](31F) 7237.17 | CII(3) 7513.17 | Fell
6548.1 | [NII](1F) 6829.61 | Fel (1195) 7255.28 | Sil1(59) 7515.13 | [V II] (4F)
6562.82 | Ha 6837.00 | Fel(1225) 7278.48 | Fel(1274) || 7515.88 | Fell (73)
6578.03 | CI1(2) 6837.14 | AlII(9) 7281.35 | Hel(45) 7533.84 | [V II](3F)
6582.85 | CI1(2) 6852.67 | DIB 7289.05 | Fell (72) 7571.69 | [V II](3F)
6583.6 | [NII](1F) 6857.25 | Fel(1006) 7301.57 | Fell (72) 7578.96 | S1
6586.69 | Fell 6860.29 | Fel(205) 7341.78 | Fel(1307) || 7698.98 | KI(1)
6613.62 | DIB 6861.93 | Fel(109) 7353.53 | Fel(1251) || 7711.71 | Fell (73)
6626.75 | [Till](37F) || 7042.06 | AIII(3) 7357.20 | DIB 7724.7 | [ST1](3F)
6630.5 | NII(41) 7056.60 | AlII(3) 7363.96 | Fel(1274) || 7731.7 | Fell
6638.36 | Fel(1279) || 7065.72 | Hel(10) 7377.83 | [Nill](2F) 7752.86 | [CrlI](11F)
6660.71 | DIB 7115.13 | CII(20) 7379.57 | [Nill] (2F) 7771.96 | OI(1)
6665.15 | DIB 7119.45 | CII(20) 7388.16 | [Fell](14F) || 7775.40 | OI(1)
6678.15 | Hel(46) 7125.49 | CII(20) 7774.18 | OI(1)
6721.36 | O11(4) 7411.90 | [V II](4F) 7413.33 | [Nill](2F)
6726.84 | CI1(21) 7134.99 | Fell (197) 7452.50 | [Fell](14F)

Hasnuuue 3anpelieHHbIX JIMHUA CPeid COBOKYIHO-
CTH 3THX Y3KHX IMHUCCHH yKa3blBaeT Ha UX (hOPMUPO-
BaHHe B ONTHUECKH TOHKOH U c/1a00 pacLIUpsitolLencs
cpenie. Panee Zickgraf et al. (1985) npenioxkuian Mmo-
nesb (popMHPOBaHHSI THOPUIHOIO CleKTpa ropsiuero
MAaCCHBHOIO THIIEPTUIaHTa B CTPYKTYPHPOBAHHON OKO-
JI03BE3/IHOM cpejfie. B nocJienytoliye rojibl 3Ta Mojiesb
JIByXKOMITOHEHTHOTO BeTpa MoJiyuusa HabJtofaTelb-
HOe U TeopeTHueckoe 000CHOBaHHUe, a cTaTbs Zickgral
et al. (1985) siBasieTcss B HAcToOsillee BPeMs LIMPOKO
UUTHPYEMOH.

Mayuu crexkrppl ClCam, mnoJyueHHble Ha
HAC/BTA B nauase 2002 r., Miroshnichenko et al.
(2002) mpunM K BbIBOLY O (POPMHUPOBAHMH Y3KHX
CTeKTPaJIbHBIX JeTasell B HAKIOHHOM OKOJIO3BE3/IHOM
JHCcKe, BUAMMOM ¢ pebpa. Cremuduueckue npopuin
TUX SMHUCCHH HMEIOT MOUTH BepPTHKAJbHbIE CKJIOHBI
M BOTHYTble BEpILIMHbI, UTO TMOJTBEP:KIAET UX (op-
MHpPOBaHHE B ONTHYECKH TOHKOM M OJIM3KO pacro-

ACTPOPU3IUYECKWH BIOJIJIETEHD

JIOXKEHHOM K 3Be3jle KOMMaKTHOM JucKe. Hasnuue
CTPYKTYpPbI Y BEPIIMH pa3pellieHHbIX W 3anpelleHHbIX
9MUCCHI YKa3blBaeT Ha CTpaTH(UKALMIO Cpelbl HX
(opmupoBanus. 31eCh YMECTHO OTMETHTb OTCYTCTBHE
nojlo6HON  CTPOTrOH  MPSIMOYTOJILHOCTH — TpoduJieit
B CreKTpax 3Be3l ¢ Ble]-jeHomeHoM — usieHOB
BLIOOPKM B BblllleynoMsiHyToil paGote Maravelias
et al. (2018). Cornacuo pesyasratam Klochkova
et al. (2024), B cnekrpe ClCam uHTEHCHBHOCTH
KOPOTKOBOJIHOBBIX TMHKOB Y3KMX 3MHCCHH BbIlle
JUTAHHOBOJTHOBBIX JI/Is1 BCEX NaT HallUX HaOlOJeHHH,
3a uckiouenuem crnekrpa 13.01.2011 ¢ oGpaTHbiM
otHotieHueM V /R u criektpa 3a 18.11.2008 ¢ paBHo#
MHTEHCHBHOCTBIO MUKOB. [l 3THX 3MHUCCHE Obl1o
BBISIBJIEHO CYIIECTBEHHOE CHUKEHHE HHTEHCHBHOCTEH
no Mepe yJajeHust BO BpeMeHH OT Benbiiku 1998 T.
Kak cnenyer u3 ¢parmMentoB atiaca u tabauiibl 1, B

criektpe CI Cam npucyTcTBYIOT c/1abble CUMMETPHY-
Hbl€ SMUCCHH MHOTOKPATHO MOHM30BAHHBIX KHCJIOPO/IA
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u meraqnos ([OII], Silll, AlIIl, Felll, [Felll]).
OMHUCCHU Pa3/IMUHbBIX THIIOB (DOPMHUPYIOTCS B pa3JIvy-
HBIX (PU3HUECKHUX YCJIOBHSAX KOMIJIEKCHOH 060JI0UKH 1
MMEIOT MHOTOKPATHO pasjinyaionidecs HPHHBI, UTO
xopolio uJoctpupyer puc.2 B padore Klochkova

et al. (2024). Amuccun [O 11114959 u 5007 A nuskoii
MHTEHCHBHOCTH C CHMMETPHUUHBIMU MPOPHUIAMU (CM.
pHUC.2) OTOXKJECTBJIEHbl HAJEXKHO, HX [0JIOXKEHHS,
Kak cJenyer u3 tabauibl 1 B cratbe Klochkova et al.
(2024), cooTBeTcTBYIOT O0O0lleldl KapTHHE JyueBbIX
CKOPOCTEH.

dparmeHTH at/aca ¢ TeJypUIeCKUMH 3arpeleH-

HpiMi smuccusivia [O 1]5577 u 6300 A (puc.3) ne
CoJlepKaT SIBHbIX SMHCCHH, KOTOPble MOTJIH Obl MPH-
Hajiexatb cucreMe ClCam. Ha puc.3a smub ¢
TPYZIOM MOXKHO BHJIETb CJaOBbIil CJe/l JeTaqu C HH-
TEHCHBHOCTBIO HUXKe 5% OKOJIO TeslTypHuecKoli sie-

tann [O1] 5577 A. Eule HuxKe MHTEHCHBHOCTbL Jle-
TaJii, KOTOPYH0 MOXKHO pacCMaTpPUBATh KaK IMUC-

cuto [O1]6300 A ¢ ee MOHMIKEHHBIM TOTEHIMAJIOM
B030yxJeHus1. [logo6Hasi KapTHHa caabblX IMHUCCHH

[O1]5577 u 6300 A 3adpukcnpoana uisi Gosbiieii
JI0JIM 3Be3JL BIOOPKH, BKJtouast M sipkyto Ble]-3Besny
3 Pup (Chentsov et al., 2010; Maravelias et al., 2018).
Kak cnenyer u3 pa6orsl Chentsov et al. (2010),
criekTp 6oJiee X0J0HOH 3Be3nbl 3 Pup cyliecTBeH-
Ho otsmyaercst ot cnektpa ClCam. B ux cnekrpax
pasHble THUMbl npoduaein amuccuit HI u smuccuii
MeTaJlJI0B, KpOMe TOTO, B crniekTpe 3 Pup o6Hapy»keHbl
(oTtochepHble SMUCCHH C YBEPEHHO BbISIBJEHHOH Me-
PEMEHHOCTbIO TOJI0KEHNH.

Otmetnm, uto Robinson et al. (2002) ykazanu Ha
Hasure smuccuu [O1] 5577 B crekTpax BbICOKOTO
paspetuenusi, R = 60000, nocJse BcnblLKK. banskoe
KAuecTBO CIMEKTPaJibHBIX JaHHbIX B HalleM atJace
1 B pabote Robinson et al. (2002) nosBossier Ham
FOBOPHUTb O PeaslbHOCTH pas3yinunil (PU3HUECKHX yCs0-
BUH B 00J1aCTH (pOPMUPOBAHUS STHX IMHUCCHH Cpasdy
nocJie BCMbILKA U crycts 17 jer. [Tomumo cutyatmu
¢ smuccuedt [O 1] 5577, MOXKHO OTMETHTb U pas/nuus
B ipouJisix smuccuil merasiion. K npumepy, Ha puc. 7
B pa6ore Robinson et al. (2002) npocduan smuccuit
nonos Till, Crll, Fell umetor okpyr/ible BepivHbl,
MpH 3TOM MPOGUIH ITHX Ke IMHCCHH MeTaJlIoB Ha
(hparmeHTax Haulero atjaca (CM. puc.4) — JAByXMH-
KOBBI€, UTO XOPOILIO HITIOCTPUPYET MPOLIE/IINE 3a FO-
J1bl U3MEeHEeHHUs (PU3HUECKUX YCJOBHI B OKOJI03BE3/IHON
cpene CI Cam.

[TonuepkHem HacbillleHHOCThb cniektpa CI Cam ne-
TaJsIMH a30Ta: 3TO MHOXKECTBO pa3pellieHHbIX IMUC-
cuit nona NI, uTo Xopoio WIIIOCTPUPYET pHC. D,
a Tak)Ke UHTEHCHBHble 3amnpenieHHble aMuccud [N ]
(puc.6). [Tanenn (a) puc.7 coNePKUT U JOCTATOUYHO

CUJIbHYIO 3MHccHIO atomMa azora NI17468.3 A. 3ra
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0COOEHHOCTD CIeKTpa Yy JaJeKo MPO3IBOJIOIHOHHPO-
BaBIlIeH 3Be3/lbl MOXET €CTECTBEHHO OObBACHATHCS
HapabOTKOH a30Ta Ha MpelecTByoUMX pas3ax IBo-
JIIOUMU MaCCHBHOH 3Be3/bl M IMOCJEIYIOLMM BbIHO-
COM CBeKeHapaOOTaHHOTO 3JeMEeHTa B OKOJIO3BE3/I-
Hyto cpemy. Takum oGpa3om, MMeeTcsl yKazaHue Ha
BBICOKYIO HCXOJIHYI0 MaccCy 3Be3/lbl U JIOBOJ OTHO-
cutb CI Cam K cBepxrurantam. OCHOBHbIE KDUTEPHH,
KOTOpble MO3BOJISIIOT KJaCU(PULUHUPOBATh 3Be3jly Kak
Ble]-cBepxrurant, npusesetsl B 0630pe Kraus (2019).
Ble]-eHoMeH coCTOUT B HAJHUMHK B CTIEKTPE 3BE3/IbI
COBOKYIHOCTH psiia MeKyJISIPHbIX JeTajell: CHIbHbIX
smuccuit HI (u Hel B crnekrpax HauGoJiee ropsunx
00beKTOB ¢ Teg > 20000 K), a TakKke smuccHii pas-
peLleHHbIX JIMHUH HOHOB METaJlJIoB M HM3KOBO30YK-
JIeHHBIX 3alpelleHHbIX JHHUHA. BTopbiM cyllecTBeH-
HbIM TMpHU3HAKOM 3Be3]l ¢ (eHomeHoM Ble] spnser-
cs1 6oJiblol H3bbITok MK-noroka, o6ycnoB/eHHbIN
MPUCYTCTBMEM B 000JI0UKe 3Be3J/ibl ropsiueil Mbliu.
CoBokynHocThb H3BecTHbIX ocobeHHocTer CI Cam co-
OTBETCTBYeT 3THUM TpeGoBaHusIM. OJHAKO CO BpeMe-
HU OoTKpbiTHs1 eHomeHa Ble] (Allen and Swings,
1976) u3BecTHO, UTO 3BE3/Ibl, OTBEUAIOLIHE STHM JIBYM
OCHOBHBIM MPH3HAKaM, COCTABJISAIOT TPYMIy BecbMa
pasHOPOJHBIX 06'HEKTOB.

Kak caenyer u3 tabsuipl 1, MTOMHMO MHOTOYHC-
JIEHHBIX 3MMCCHH HOHOB, B crekrpe ClCam orox-
JIECTBJIEHBl SMUCCHUHU U HelTpasbHbix aToMoB N1, O I,
Mg, okoJsio 20 siunuii Fe . [Tanesns (a) puc. 7, napsiay
C MHTeHCHBHbIMH 3smuccusiMd uoHoB Fell u [VII],
COJIEP2KHUT IMUCCHM HelTpasibHbix aToMoB N1 u Fel.
Ha puc. 7b nokazan tpursier Mg l. Bece kommnonenTh
MK-Ttpunsiera atoma Kucjopoja O17773 A umeior
BbICOKYIO HHTEHCHUBHOCTb.

3anpeniennbie JguHun  ay6saera [Call] 7291 wu

7323 A, tunnunble st 3Be3n ¢ enomernom Ble]
(cm., Hanpumep, nyoaukauun Chentsov et al., 2010;
Klochkova and Chentsov, 2016; Maravelias et al.,
2018), orcyrcrByiot B cniektpe CI Cam. OrcyrcTBre

annuit xy6aera [Ca 11w manin [O 116300 A B criexTpe
CICam 6bl10 oT™MeueHo panee B paGore Aret et al.
(2016).

Kak noxasasu Klochkova et al. (2024), uHTeH-
CHBHOCTb M TOJIOXKeHHE SMUCCHE BOM3H A 4686 A B
CreKTpe 3Be3/Ibl U3MeHsI0TCS cylilecTBeHHo. Ha puc. 6
B ctaTbe Klochkova et al. (2024) npencrasneHnnt dhpar-
MEeHTbI JJI51 LIecTH JaT HabJoneHud. B criektpax «1»,
«3», «4» u «b» 3Ta JIMHUS OTCYTCTBYET, B CIEKTpe
«2» MHTEHCHMBHOCTb 3MMCCHM Hu3Ka (MeHee 5% oT
JIOKAJIbHOTO KOHTHHYYMa). 3HauuTe/ibHasi UHTEHCUB-
HOCTb 9TO JIMHUH, 0KOJIO 16% OT ypOBHS JIOKAJILHOTO
KOHTHHYyMa (cM. puc. 8a), 3aperucTpupoBaHa Jiuilib B
criektpe 3a centsiopb 2015 1., KOTOPBIH HCMOMB30BAH
HaMH Jist CO3JiaHust laHHoro aTsaca. [Ipoduib 3To#

2025



580

KJIOUKOBA wu np.

1.7
1.6
1.5
1.4
1.3

1.2

4950.7 [FelI] 4958.9 [OTII]

L1 4973 4 [Fell]

1.0

0.9

4993.4 Fell

5001.1 NII

4990.5 Fell

49763 [V1I]
4984.5 Fell

4984.8 DIB

Relative intensity

3.0 5015.7 Hel

5018.4 Fell

2.5

2.0

5002.0 Felll
5001.5 N1II

5011.3 [Felll]

1.5

5006.8 [O111]

1.0

5022.8 Fell
50272 S11

5047.7 Hel

5041.1 Sill

50472 Cll

5037.0 CII

5020

5030

Wavelength, A

Puc. 2. boysunosckue smuccun [O 111] 4959 u

JIMHUM HMMeeT HEeTHNHUHyl (opMy, a JyueBasl CKO-
POCTb, COOTBETCTBYIOLIAS MOJOXKEHHIO TOH JAeTaJH,
V(A 4686) = 63.2km ¢!, sHaunTesbHO OTIMUAETCS
OT CKOPOCTH M0 APYrMM 3MHccHsiM. Mmerouimecs: B
HacTosillee BPEMsl CTEKTPhl BBICOKOTO pa3pelleHust He
JIAI0T BO3MOXKHOCTH PELIMTb BOMPOC O HAJeKHOCTH
TaKoH JeTaln JJIsl OLEHKM OpOHTalbHOrO MepHoaa
M 0 JIOKaJu3alMd (OPMHPOBAHUS 3TOH SMHUCCHH B
cucreme CI Cam. B nauiem cnekrpe 3a 03.09.2015, B

ACTPOPU3IUYECKWH BIOJIJIETEHD

5007 A, nanes (a) u (b) coOTBETCTBEHHO.

KOTOPOM YBEPEHHO 3aperucTpUpoBaHa SMHCCHsT BOJU-
34 A~ 4686 A, nabsrogaercss W elle OJHA BakHasi
0COOEHHOCTh — TOHWKEHHAsi HHTEHCUBHOCTb 3MHC-
cuil ¢ «npsimoyrosibHbiMu» nipodunsmMu (Klochkova
et al., 2024). Dto coBnajeHre MO3BOJISIET TOBOPUTH

0 TosIBJIEHHH 3MuccHH \ 4686 A B Kakue-To ¢hasbl

HeOMpeIeNIeHHOro MoKa OpOUTAIbHOTO TIepUOJIA.
[TpennosoxkeHne o BO3MOXKHOH JIBOHCTBEHHOCTH

CI Cam 6110 BbICKa3aHO ellle JI0 BCIIBIIKH, B paHHEH
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pa6ote Miroshnichenko (1995). [Tos:xe oHo moaTBep-
munoch (Klochkova et al., 2024) o6napyenuem B
cnekrpax 2019—2023 rr. HeGosb1IOH BLIOOPKH POTO-

ctepubix abcop6umit Felll, NII, Till u SII ¢ ne-
PEMEHHBIM MOJI0YKEHUEM, OJIHAKO JJIs1 IPUHSITHST 3TOTO

pesyJibTaTa 0ueBHHA HEOOXOIMMOCTb MHOTOKPATHOTO
yBeJIMUeHUsT 00'beMa BbICOKOKAUECTBEHHBIX CITEKTPOB.
B criektpe 2015T., HCMOJIL30BAaHHOM B CO3JIaHHM aT-
Jaca, porocdepHble aOCOPOLMH He HAUJIEHHI.

ACTPO®U3UYECKHUN BIOJVIETEHD  1oMm80  Ne 4

Bkpatue ocraHoBuMcs Ha CJ0KHOM Tpodusie
D-aunuit Nal (puc.8b). Komnuexchbiii npoduib
KaxK10i JIMHUK Jy6JieTa BKJIOUAET JIBE MEK3Be3/l-
Hble abcopObuuu: co ckopocTsaMH —7.1 £0.5 wH
—5.8 £ 0.3 kKM C_l, a TakxKe OKOJIO3BE3JIHYI0 3MHC-
cuto. TouHoe TO/OKEHHE SMHUCCHH yKa3aTb HEBO3-
MOKHO, TOCKOJIbKY e Mpo(u/b HCKaxKeH ab-
COpOLMOHHBIMUA  KOMIOHeHTaMu. CorylacHO JIaHHBIM
Klochkova et al. (2024), nosioxenune Bcex KOMIMOHEHT
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Puc. 4. ®parments criektpa ¢ amuccusimua nonos Mg 11, Till, FeIl.

IIY6J'I€T3 CTa6I/IJ'IbHO, a I10JIO2KEHHE JIBYX MEK3BE3IHbIX
86COP6L[I/Iﬁ corJiacyetrcsa C I0JI0O2KEHUEM KOMITOHEHT

Mex3BesHoro Kagaus K1 7696 A.

Hapsny ¢ ynomsinytoit 3Besno#t 3 Pup, 6ju3kum
anasiorom CI Cam M02KHO cUMTaTh ylaaJeHHYyIO ropsi-
uyto 3Be3ry MWC 17 ¢ denomenom B[e] (Klochkova
and Chentsov, 2016). Ee crabu/bHblii crieKTp co-
JIEPKUT MPUMEPHO TOT ke Habop amuccuid: HI, Hel,
paspelieHHble U 3arpelleHHble SMUCCHH HOHOB. Kak

ACTPOPU3IUYECKWH BIOJIJIETEHD

u B criektpe ClCam, B cnektpe MWC 17 He Gbliu
HaiinieHbl otocdephble abcopbuun (Klochkova and
Chentsov, 2016). OtcyrcTBHe doTochepHbIX JHHUH

MOXKET ObITb CJIeJJICTBHEM 6bICTpOFO BpalleHHs1 3BE3/1bl
COBMECTHO C CHJIbHBIM OKOJIO3BE3/IHbIX KOHTHHYYMOM,

ByaJsIMpyIOLIUM a6CcopOLMH. DKCTpeMasbHasi UHTeH-
cUBHOCTb Har B ee criekTpe M3BeCTHA CO BpeMeHH pe-
TMCTPALMH TIePBbIX CMEKTpabHbIX TaHHbIX (Zickgraf,
2003). I1pu sToMm, cornacHo pesyasratam Klochkova

tom80 Ned 2025
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and Chentsov (2016), B cnektpe MWC 17 HeT 3muc-
CUi ¢ BepTHKaJbHbIMH ckiaoHamu. Klochkova and
Chentsov (2016) oTMeTH/IH pasjiesieHHOCTb PoduIIs
Ha abcopbuuett, HO nepeMeHHOCTb ee MOJIOXKEHH ST Ha
npocuse He 6bli1a HafiieHa. IHTeHCHBHOCTD Mpothu-
qeit (Fell, [Fell], [O 1] u T.1.) MHOrOKpaTHoO MpeBbI-
l1aeT uX UHTeHcHBHOCTD B criektpe CI Cam. B cnek-
tpe MWC 17 HeT Toro n3o6unusi SMUCCUI a3oTa, KO-
Topoe 6bl10 06Hapy:keHo B criekrpe CI Cam, mpucyr-

ACTPO®U3UYECKHUN BIOJVIETEHD  1om 80  Ne 4

CTBYIOT JIMUIb TPHU HU3BECTHbIC 3allpelleHHbIe JAeTaJin

[N II], npruem untencusrocts smuccun [N 11] 5755 A
B 5.5 pa3 mpeBblllIaeT WHTEHCHUBHOCTb ITOH JIMHUH B
cniektpe CI Cam. OcHoBHas npo6sema, Tpedyiolias
pelleH st VISl 3TOH Mapbl U IPYTHX POJICTBEHHbIX 3BE3]L
CO CJIOXKHBIMH 060JIOUKAMH, — 3TO OIpejiesieHHe HX

YAaJI€HHOCTH U CBE€TUMOCTH.
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4. OCHOBHBIE PE3VYJIBTATDBI

Mbl npencTaB/sieM MOATOTOBJNEHHbBIH aTJac ONTH-
yeckoro criekrpa Ble]-3Be3nnt CI Cam (ceMm. puc. 9) u
pe3yJibTaThbl JIETAAbHOTO OTOXK/IECTBJIEHHS CMEKTPa B
uHTepBasie 1MH BosiH 395780 HM. ATsac siBasiercs
HeOOXO/IUMBIM TPUJIOKEHHEM K MCCJIEIOBAHHUIO CIeK-
tpa CI Cam, BoinosiHennomy Klochkova et al. (2024).
COBOKYITHOCTb JieTaJiel, HabJ/110/1aeMbIX B ONITHUECKOM
cniektpe CI Cam, mo3BoJsisieT paccMaTpuBaTh ee Kak

ACTPOPU3IUYECKWH BIOJIJIETEHD

obHaxkeHHoe (stripped) simpo 3Be3nbl, MoTepsiBIIEH B
X0/l 3BOJIIOLNH COOCTBEHHYIO aTMOC(hEpPY U OKPYKeH-
HOH KOMIIJIEKCHOH ra3onbliieBoi 060J0ukoii. Mamyue-
HHE 3TOr0 ropsiuero siipa o6ecreunBaeT HerpepbiBHbIA
cnektp CICam. Bce smuccun B HabJojlaeMoM or1-
THUECKOM clleKTpe (POPMUPYIOTCS B KOMIJIEKCHOH Or1-

THUECKH TOHKOH 00o0Ji0uKe. B atsiace oToxaecTB/IeHO
nonasJsioniee 60gabHIMHCTBO (0Kos0 400) neraneit ¢

MeKyJ/IsIPHBIMU TIPOUISIMU PA3JIMUHbBIX THTOB. B uact-
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Puc. 7. Dmuccun atoma N1 (a) u tpunsiera Mgl (b).

HOCTH, OTMETHM OGHapy:KeHHe JBYXMHKOBBLIX 3arpe-
uieHHbiX smuccuit uonoB [V II] u [Crll] Heckosbkux
MYJIBTUTIIETOB.

Bricokoe kauecTBO HaGJ/1I01aTENbHBIX IAHHBIX 1a€T
HaM OCHOBaHHe HajesiTbcst Ha Oyjylllee HCMoJb30-
BaHHe Pe3yJIbTaTOB 3TOH PabOThl B CMEKTPOCKOMUH
CICam u npyrux ropsiunx 3Be3jl C KOMIJIEKCHBIMU
ra3ornblaeBbIMH 000J0uKaMu U ¢ Ble]-dbeHomenom B
cnekrpax (Maravelias et al., 2018; Miroshnichenko
et al., 2020), a TakxKe psiga ropssunx 3Be3J ¢ HESICHBIM

ACTPO®U3UYECKHWN BIOJVIETEHD  1oMm 80  Ne 4

spoJiolionHbIM cratycom (Klochkova and Chentsov,
2004; Miroshnichenko et al., 2021; Klochkova et
al., 2022a; Bakhytkyzy et al., 2025). OueBumna
MPUTOJIHOCTb PE3yJILTaTOB AeTa/lbHOM CIEKTPOCKONUH
U B HCCJENOBAHUSIX H300paKEHUH OKOJIO3BE3HON
npocTpaHcTBeHHo# cTpykTyphl (Liimets et al., 2022).
Artnac Moxer ObIThb TaKxkKe T0JIe3eH I H3yueHHs
CMEKTPOB PEJIKO BCTPEYAIOUlerocsi THIA 3Be31L —
CBEPXTHUTAHTOB C 9KCTPEMAJbHBIM Je(HUIUTOM BOJIO-
poJia B COCTaBe JABOHUHBIX CUCTEM C 00LIeH 060JI0UKOH.
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COOTBETCTBEHHO.

[IpumepamMu MoryT ObITH Topsiude 3Be3/bl U SQr
(Kipper and Klochkova, 2008) u KS Per (Kipper and
Klochkova, 2012) ¢ akkpeUMOHbIMU JIUCKAMH B TeC-
HBIX IBOMHBIX CHCTEMaX ¢ GOJIbIIMM ePUIUTOM BOIO-
pona (HdBs), xotopble cunratorcst mpejiiecTBeHHH-
kamu cBepxHoBbIX THIA SN la. MHoXKecTBO Mo106HbIX
0CcOOEHHOCTEH CcojlepKaT U CHEeKTPbl MaJoOMacCHBHbIX
post-AGB cBepxruraHToB Ha 3aBeplleHHH Mepexo/a
K CTagud TJIaHeTapHoOH TyMaHHOCTH. OTJHUHBIM

ACTPOPU3IUYECKWH BIOJIJIETEHD

MPUMEPOM SIBJSIETCS ropsiuasi 3Be3fla B CHCTEME
MK-ucrounuka IRAS 01005+7910 (Klochkova et al.,
2014), B onTHUECKOM CMEKTpe KOTOPOH OTOKIECTB-
Jienbl 3anpetieHdbie smuccuu [N 1], [N II], [O ], [S IT]
u [Fell]. Hannuue sanpemennsix smuccuit [N 1]
u [S1I] yka3biBaeT Ha Hauyaj0 HOHM3AUMH OKOJIO-
3Be3IHOM 000JI0UKM W OJU30CTh (Dasbl MJaaHeTapHOM
TymMaHHocTH. BJjiMdkoe coueranne ocoGeHHOCTeH
BBISIBJIEHO M B CTeKTpe ynajseHHoro B—cBepxruranta
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ACTPOPU3UYECKWH BIOJIJIETEHD
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Relative intensity

ACTPOPU3UYECKWH BIOJIJIETEHD
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LSIII+52°24 (Klochkova et al., 2022b) c He
BIOJIHE SICHBIM CTaTyCcOM. JTa 3Be3/la — PeKOpJICMeH
M0 HHTEHCHBHOCTH smuccud He, nocturatouiedt
sHaueHuil I/I.one > 70. Jlunun Ha u HB unmeror
npodusb tuna P Cyg, ux BerpoBasi ab6copOUMOH-
Hasi KOMIIOHEHTa MeHsIeT TM0JIOXKeHHe B MHTepBa-
ne Vg = —(270 = 290) km ¢ 1. Cnektp conepxuT
MHorouucsieHHble paspetiennbie (O 1, Silll, AlIIL,
CIlI, Fel, Fell, Felll) u 3anpeliieHHble 3MHCCHH

ACTPOPU3IUYECKWH BIOJIJIETEHD

KJIOUKOBA wu np.

nuskoro Bo3Oyxnenus ([N II], [O 1], [SII]). 3a cuer
Ha6smonenunit Ha BTA + H9C B npousBoJibHbIe 1aThI
2010—2021 rr. BbIsIBJIeHbl MPU3HAKHU [E€PEMEHHOCTH
BeTpa M CTpaTH(UKALMS CKOPOCTH B TMPOTSKEHHOH
atmocepe. [lo nonoxkennsim a6ecopbumit NIl u O 11
Hali/leHa epeMeHHOCTb CO BpEMeHeM JIyueBOH CKOpO-
cTH B unTepBase Vo, = —(127.2 = 178.3) km ¢, uto
YKa3blBaeT Ha MPUCYTCTBHE KOMIAHbOHA M (MJIM) Ha
nyJibcalliu B atMocdepe.

Bnaronapsi BbICOKOMY KauecTBY CIEKTpasbHbIX
JaHHbIX B atyace U B pabore Robinson et al. (2002)
Mbl CMOIIM CJlelaTh KOPPEKTHOE COMOCTaBJIeHHEe
npocunel y3KUX JTUCKOBBIX SMUCCHH JJIs1 IBYX pas-
JIeJIEeHHHbIX BO BPEMEHH 3TaroB CIEeKTPOCKOINH 3Be3-
Jibl. BbIsIBIEHO CHHIKeHHE MHTEHCHBHOCTH SMHCCHH
[O1] 5577 A u usmeHeHue HopMbl BEPILIMH SMUCCHH
nonoB Till, Crll, Fell; ux npocdusu ¢ okpyrieHHbIMu
nocJie BCIBIIIKH BeplIMHAMHU MPHOGPENH JBYXMHKO-
BbIH BHJI, UTO CBUJIETEJIbCTBYET O PeaJbHOCTH Pa3su-
uuil pu3MUecKUX ycJ0BHH B 006JacTH (hOPMHUPOBaHHUS
JIUCKOBBIX 3MMCCHI Cpasy rocJie BCIbILIKH U CIYyCTs
17 ner.

Ocraercs He BIOJIHE ornpeae/JeHHbIM U IMOBEACHUE

SMHCCHH BBICOKOTO BO3GYKIeHHST BO/IM3H A 4686 A.
B cBsi3u ¢ 310i npobJieMoil HHTepeCcHO H300paKeHue
B ¢uastpax [OIIl] u Ha smuccuonHoit o6oJouku
octatka cBepxHoBo# (G150.3+4.5, 1leHTpUpOBAHHOK
na ClCam, HemnaBHO moJsiyueHHoe B paGore Fesen
et al. (2024). K coxxanenuio, oTCyTCTBHE CBeIEHHH
06 ynasenHocty RSN G150.3+4.5 noka He 1o3Bo-
JISIeT TOBOPUTb O (hM3UUECKOH B3aHMOCBSI3H 060JI0UKH
cBepxHoBoi 1 CI Cam.

BJIATOJAPHOCTH
Ha6umonenus na teseckonax CAO PAH Boinodsins-

I0TCS IPH Mojiep:kke MUHHUCTEPCTBA HAYKH U BbICIIIE-
ro o6pasoBanust Poccuiickoit ®enepauui.

SMHAHCHUPOBAHUWE
Pa6ota BbimosiHeHa B paMKax rocyaapCTBEHHOTO
sananusi CAO PAH, yrBep:knennoro Munncrepctsom
HayKH 1 Bbicliero o6pasosanusi Poccuiickoit ®enepa-
LIMH.

KOH®JIMKT MHTEPECOB

ABTOpbI 3a51BJISIIOT 06 OTCYTCTBHH KOHMJIMKTA HH-
TEpPeCoB.

Tom80 Ned 2025



Ble]-3BE3JIA CICAM: ATJIAC CIIEKTPA BbICOKOI'O PA3PEUIEHMSI

CIIMCOK JIMTEPATYPbI

1. D. A. Allen and J. P. Swings, Astron. and Astrophys. 47,
293 (1976).

2.A. Aret, M. Kraus,
Notices Royal Astron. Soc. 456 (2),
DOI:10.1093/mnras/stv2758

3. A. Bakhytkyzy, A. S. Miroshnichenko,
V. G. Klochkova, et al., Galaxies 13 (2), id. 17
(2025). DOI:10.3390/galaxies 13020017

4.E. S. Bartlett, J. S. Clark, and [. Negueruela,
Astron. and Astrophys. 622, id. A93 (2019).
DOI:10.1051/0004-6361/201834315

5.E. L. Chentsov, V. G. Klochkova, and
A. S. Miroshnichenko, Astrophysical Bulletin 65 (2),
150 (2010). DOI:10. 1134/51990341310020057

6.J. S. Clark, A. S. Miroshnichenko, V. M. Larionov,
et al., Astron. and Astrophys. 356, 50 (2000).

7.R. A. Fesen, M. Drechsler, N. Martino, and Y. Sainty,
Res. Notes Amer. Astron. Soc. 8 (5), id. 129 (2024).
DOI:10.3847/2515-5172/ad4971

8. G. A. Galazutdinov, Astrophysical Bulletin 77 (4), 519
(2022). DOI:10.1134/S1990341322040034

9. T. Kipper and V. G. Klochkova, Baltic Astronomy 17,
195 (2008). DOI:10.48550/arXiv.0806.2709

10. T. Kipper and V. G. Klochkova, Baltic Astronomy 21,
219 (2012). DOI:10.1515/astro-2017-0382

and M. Slechta, Monthly
1424 (2016).

11.V. G. Klochkova and E. L. Chentsov,
Astronomy Reports 48 (12), 1005 (2004).
DOI:10.1134/1.1836024

12.V. G. Klochkova and E. L. Chentsov,
Astrophysical ~ Bulletin =~ 71 (1), 33 (2016).

DOI:10.1134/S1990341316010041

13. V. G. Klochkova, E. L. Chentsov, V. E. Panchuk,
et al., Astrophysical Bulletin 69 (4), 439 (2014).
DOI:10.1134/S1990341314040063

14. V. G. Klochkova, E. S. Islentieva, and V. E. Panchuk,
Astronomy Reports 66 (11), 998 (2022a).
DOI:10.1134/S1063772922110099

15.V. G. Klochkova, A. S. Miroshnichenko,
V. E. Panchuk, Astronomy Reports 68 (6),
(2024). DOI:10.1134/S1063772924700501

16.V. G. Klochkova, A. S. Miroshnichenko,
V. E. Panchuk, et al., Astronomy Reports 66 (5),

429 (2022b). DOI:10.1 134/8 1063772922060051

and

o83

ACTPOPU3UYECKWH BIOJIJIETEHD

595

17. M. Kraus, Galaxies 7 (4), id. 83
DOI:10.3390/galaxies7040083

18. F. Kupka, N. Piskunov, T. A. Ryabchikova, et al.,
Astron. and Astrophys. Suppl. 138, 119 (1999).
DOI:10.1051/aas:1999267

19. T. Liimets, M. Kraus, A. Moiseev, et al., Galaxies
10 (2), id. 41 (2022). DOI:10.3390/galaxies 10020041

20. G. Maravelias, M. Kraus, A. Aret, et al., ASP Conf.
Ser. 508, 213 (2017).

21. G. Maravelias, M. Kraus, L. S. Cidale, et al., Monthly
Notices Royal Astron. Soc. 480 (1), 320 (2018).
DOI:10.1093/mnras/sty1747

22.A. S. Miroshnichenko,  Astronomical
Astrophysical Transactions 6 (4), 251

DOI:10.1080/1055679950823207 1

23. A. S. Miroshnichenko, S. Danford, S. V. Zharikov,
et al., Astrophys. J. 897 (1), id. 48 (2020).

DOI:10.3847/1538-4357/ab93d9

24. A. S. Miroshnichenko, V. G. Klochkova, K. S.
Bjorkman, and V. E. Panchuk, Astron. and Astrophys.
390, 627 (2002). DOI:10.1051/0004-6361:20020798

25.A. S. Miroshnichenko, V. G. Klochkova,
E. L. Chentsov, et al, Monthly Notices
Royal Astron. Soc. 507 (1), 879 (2021).
DOI:10.1093/mnras/stab2193

26.A. S. Miroshnichenko, S. V.  Zharikov,
N. Manset, et al, Galax1es 11 (1), id. 36 (2023).

DOL: 10.3390/ga1ax1esl 1010036

27.C. E. Moore, Contributions from the Princeton
University Observatory 20, 1 (1945).

28. V. E. Panchuk, V. G. Klochkova, and M. V. Yushkin,

(2019).

and
(1995).

Astronomy  Reports 61 (9), 820 (2017).
DOI:10.1134/S1063772917080091

29.E. L. Robinson, I. 1. Ivans, and W. F
Welsh, Astrophys. J. 565 (2), 1169 (2002).

DOI:10.1086/324715

30. M. V. Yushkin and V. G. Klochkova, Preprint No. 206,
SAO RAS (Spec. Astrophys. Obs., Nizhny Arkhyz,
2005).

31. F J. Zickgraf, Astron. and Astrophys. 408, 257 (2003).
DOI:10.1051,/0004-6361:20030999

32. F J. Zickgraf, B. Woli, O. Stahl, et al.,
Astrophys. 143, 421 (1985).

Astron. and

tom80 Ned 2025



596 KJIOYKOBA u np.
B |e] star Cl Cam: a High-Resolution Spectrum Atlas in the Range of 395—780 nm

V. G. Klochkova', A. S. Miroshnichenko?3, V. N. Komarova', and N. S. Tavolzhanskaya'

1 Special Astrophysical Observatory, Russian Academy of Sciences, Nizhnii Arkhyz, 369167 Russia
2 University of North Carolina, Greensboro, NC 27402, USA
3 Fesenkov Astrophysical Institute, Almaty 050020, Kazakhstan

The atlas of the spectrum of the B[e] star CI Cam obtained with the 6-m BTA telescope of the SAO RAS
applying the NES spectrograph in the wavelength range of 395—780 nm with a resolution of A/AX >
60 000 is presented. The atlas identifies about 400 spectral features and illustrates the diversity of spectral
features of the unique star, forming in a complex circumstellar environment. The spectrum is dominated by
forceful single-peaked H 1, He I emissions and numerous double-peaked permitted and forbidden emission
lines of ions of chemical elements starting from the CNO triad up to metals (Mg, Al, Ti, V, Cr, Fe) with
“rectangular” profiles. The Fell and [Fell] emissions predominate in the spectrum. However, several
double-peaked forbidden ion emissions were also detected: [V II], [CrlI], [Nill]. The atlas is presented
graphically, with a separate figure corresponding to each echelle order. A list of identified lines, including
a number of known interstellar features is presented in table form. CICam’s supergiant status has been
confirmed.

Keywords: techniques: spectroscopic—stars: emission-line, Be—stars: individual: CI Cam
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