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«[xenmc Ya60» obrnagaet coctaBHbIM 3epKaniom 6,5 MeTpa B AnamMeTpe ¢ nioLwiaabio
cobupatoLlen NOBEPXHOCTU 25 M?, CKPbITbIM OT UH(PPAaAKPACHOIro U3ny4eHnUsa co CTOPOHbI
ConHua u 3emnu TennosbiM 3kpaHomM-2l Teneckon 6yaeT pasmeLléH Ha rarno-
opbute B TouKe JlarpaHxa L, cuctemel ConHue — 3emns.

[lata 3anycka: 25
aekabpa 2021r




Teneckon umenn xenmca Yabba
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JWST umeeT cneaytowimne
Hay4YHbl€ NHCTPYMEHTbI ANs
npoBeaeHNsa nccrneaoBaHus
KocMoca:

*Kamepa
OrvKHEro nHpakpacHoro
ananasoHa (anrn. Near-Infr
ared Camera);

*[Tpnbop ana pabotbl B
cpegHeM gnanasoHe
NHJOPaKpPaCcHOro U3ny4yeHus
(anrn. Mid-Infrared
Instrument, MIRI);

-CnekTporpad 6nuxHero
MH(paKpacHOro gnanasoHa
(anrn. Near-Infrared
Spectrograph, NIRSpec);

«[laTyMK TOMHOro HaBeaeHUs
(anrn. Fine Guidance
Sensor, FGS) n ycTponcTeo
dopmMmmpoBaHUs
n3obpaxeHnsa B OnmxHem
NH(ppakpacHOM ananasoHe
n 6ecLuenesomn
cnektporpad (aHrn. Near
InfraRed Imager and
Slitless Spectrograph,
NIRISS).




AcTpoHoMbl oTKpbInu oT 70 go 170 kKaHauMAATOB B MosioAble nnaHeTbl-
CUpOTbI, BXOAALLUX B 3Be3AHYI0 accouuauuio BepxHero CkopnuoHa
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https://nplus1.ru/news/2021/12/22/rogue-planets

[NonoxxeHue 115
NoTeHLUManbHbIX NJIaHET-CUPOT,
HanAEeHHbIX B HanpaBieHnn
BEepXHen YacTtu co3Besns
CkoprnunoHa un B 3MeeHocCLe.

N. Risinger (skysurvey.org), ESO

[paKTUyecku Bce U3BECTHbIE Ha
CEerofHsALWHNIA AeHb 3K30MnaHeTbl 6bIau
HalJeHbl Y CBOUX POAUTENbCKUX 3BE3/.
OfHaKo B KOHLe MpoLLIoro Beka
aCTPOHOMbI OTKPbI/IX MepBble NNaHeTbl-
CUPOTLI — Tesa NaaHeTapHoli Macchbl (g0
13 macc lOnuTepa), HaxoasLwWwmecs B
MeXX3Be34HOM MPOCTPaHCTBE U He

% CBA3aHHble rPaBUTALMOHHO CO 3BE3A0IiA

NN KOPUYHEBbBIM KapiMkoM. 3a
nocnenHue aBa AecATUNETUSA UX 6bINO

| o6Hapy)XeHO YyTb 60nee ABagUaTh LITYK,

Yalle BCero noJobHble OTKPbITUSA
[lenatoTcs MeToloM rpaBUTaLMOHHOIO
MUKPOJIMH3UPOBaHUA.




B pa6oTe ncnonb3oBanucb gaHHble HabntogeHum teneckonos VLT, VISTA, MPG 1 apyrux HaseMHbIX U
KOCMWYECKMX TeNecKornoB. B obuien cnoXxHocTn nccnegosatenu obpabotanu 80,8 TbiCAY LUMPOKOYTOSIbHbIX
CHUMKOB, MOJTlydeHHbIX C NOMOLLbIO 18 pasnunyHbix Kamep 3a nocnegHue 20 ner.

YyacTok Heba B
HanpaB/ieHNUU BepXHeN
yacTu co3Be3ans
CkopnuoHa. B ueHTpe
Kagpa HaxoauTca
KPOXOTHas ApKO-KpacHas
TOYKa — OAUH U3
KaHAMAaToB B MaHeTy-
CUPOTY.




Yuncno HangeHHbIX NIaHET-CUPOT B 3BE3AHOM accoumnaLmmn NpeBbILWaeT B
HECKOJIbKO pa3 3HaYeHus, KOTopble AatoT TeopeTUyeckne Moaenu B criyvae, ecinm
Nofo06Hble 06BEKTbLI POPMUPYIOTCA NYTEM Kosiarnca He6oNbLOro MONEKYISAPHOIO
obnaka. iccnepgoBaTtenu CYMTAKOT, YTO HEMasbIN BKNaA B NONyAAUMIO NaHeT-
CUPOT AOSHKEH AaBaTb MeXaHU3M Bblbpoca NaaHeT-rmraHToB U3 UX CUCTEM, B
3TOM Criy4yae noao6Hble CObbITUS AO/MKHbI MPOMCXOAUTb B TeyeHue nepsbix 3-10
MWJIMOHOB NET CyLLecTBOBaHUA cnuctembl. Oxknpaercs, 4To Bcero B MneyHom
[lyTn MOXET 6bITb HECKOIbKO MUNTNAPA0B ra3oBbIX TMMraHTOB-CUPOT U eLLe
60nbLle NOoAO06HbIX 3K30M/IaHEeT, CpaBHUMbIX MO Macce ¢ 3eMnen.
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Supplementary Figure 2: Density of sources per 0.2 magnitude bin as a function of magnitude for
all the sources in the DANCe catalogue.



lNnaHeTa-ruraHT Ha LWMPOKON OpobUTE B MAaCCUBHOM
ABOMHOM cucteme B LleHTaBpa
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N306paxkeHune b Cen (AB)b.
[MnaHeTa 0603Ha4YeHa
6ykBoM b, hoHoBbIe 3BE3AbI
= olal

Markus Fanson et al. /
Nature, 2021

ACTPOHOMbI NPU MOMOLLM
MeToAa NPAMbIX
HabNAEHUI OTKPbIIN
MaCCUBHYIO 9K30MNaHeTy-
ruraHT b Cen (AB) b c
KpaTHOW U LLMPOKOM
op6uTton. OHa HaxoguTcs OT
OYeHb MacCMBHOM napbl
3Be3/ Ha paccTosiHuu, B 560
pa3 npesblLakoLLLEM
paccTosiHne Mexay 3emMnen n
ConHueM. 3TO O3HAYaET, YTO
9K30MnaHeTbl MOryT
BCTpe4vaTbCs B ropasfo
6051€ee MacCMBHbIX 3BE34HbIX
cucTemax, YeM cUnTasnocb
paHee.
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a, uet J2-J3 B 3aBUCMMOCTM OT abCONOTHOW 3BE3AHOW BENNYMNHbI
J2. 6, uset K1-K2 B 3aBncumMocT OT abCOnNOTHON BENMUYUHBI

K1. lNnaneta b Cen (AB) b nsobpaxeHa kak cMHe-3erneHas 3ses3fa u
COOTBETCTBYET TEM X€E LBETOBbIM TEHOAEHLMNAM, KOTOPbIE OBbIYHO
HabnogarTca Ang MONoAbIX NiaHETHbIX N cyD3Be3HbIX CYTHUKOB
3Be3/, 0603Ha4YEHHbIX PMONETOBLIMU N YEPHBIMU CUMBOSIAMM C
nonocamu ownbok. Cnumeonbl 6€3 NorpeLHoCcTen - Monioaslie n
NofieBble KOPUYHEBBLIE KapPrNKM.

pynna acTpoHOMOB BO rnaBse ¢ Mapkycom fAHcoHomM (Markus Janson)
n3 CTOKroNbMCKOro YHMBEpPCUTETA CO0OLMIa 06 OTKPbITUN NNAHETbI-
ruradTa b Cen (AB) b B MaccuBHOM TeCHOM ABOMHOWN 3BE€3HOW
cucteme b Cen AB, pacnonoxeHHon Ha pacctosiHun 305 cBeTOBbIX NeT
oT ConHua. HabnrogeHna senuck B nepunopg ¢ mapta 2019 roga no
anpenb 2021 roga npu nomowm npneMHmka SPHERE, ycTaHOBNEHHOIO
Ha KoMnnekce TeneckonosB VLT B Ynnun, B pamkax nporpammbl BEAST
(B-star Exoplanet Abundance Study).

CuctemMa coCcTOUT U3 3Be3[ ¢ obLen maccomn 6—10 macc

ConHua. bonee maccuBHasa 3Be3fa o6o3HavyaeTca b Cen A n umeet
cnekTpanbHbIn Knacc B2,5V, yto cooTBeTCTBYET 3PDEKTUBHOM
Temnepartype npmmepHo 18 TbicAY KesibBUHOB, CBOMCTBA BTOPOM
3Be3/bl elle He onpegenexbl. MnaHety b Cen (AB) b oTHecnu k
cynepronuTepam, OHa BpalllaeTcsi cpa3y BOKpPYr o6enx 3sesf,
OTHOCSICb K MJ1aHeTaM C KpaTHOW OpouTON.

9k3onnaHeTa obnagaeT maccon npumepHo 10,9 macc lOnuTepa, a ee
BO3pacT oueHmnBaeTcs B 15 MUNNNMOHOB neT. Ee oTnnyntenoHomn
OCOOGEHHOCTbIO CTasia opbuTa — NpM COOTHOLLEHUM MACC M1aHETbI U
3Be3f 0,10-0,17 NpoLeHTOB (YTO CXOXKEe C COOTHOLLEeHNeM ans lonutepa
n ConHua), paccTosiHne Mexy 3K30MaaHeTon 1 NapoW 3Be3y,
NPUMEPHO B CTO pa3s 6onblue, YeM oT lOnuTtepa ao ConHua.



OQHOW U3 MHTEePECHbIX 3aAa4 B 9K30M/TaHETOSIOMNN ABMSIETCS YCTAHOB/IEHWNE CBSI3WN MEXAY MacCou
pPOAMTENbCKON 3BE3/bl U CBOMCTBAMM 3K30MIaHeT, 06palllatoMxcs BOKPYr Hee. B 4acTHOCTH, yYeHbIM
M3BECTHO, YTO MJIAHETbI-TUraHTbl Yallle BCTpeYaroTca Ha 6/IM3KUX opbuTax BOKpYr 3Be3f ¢ Maccoi ao 1,9
Maccbl CofHUa, Bbille 3TOro 3HauYeHUs YacToTa NosAB/IEHUS NOAOGHbIX TeN 6bICTPO YMEHbLUAETCH. TO MOXKET
03HauaTb, YTO NpoLecchl 06pa3oBaHMs MAHET UAYT XyXe y 60/51ee MaCCUBHbIX 3BE3/l, a N/IAHETbI-TUraHTbl
BOKPYI 3Be3[, ¢ Maccamu 6onee Tpex Macc CosnHua MoryT 6biTb PEAKUM SIBJIEHUEM U NPaKTUYECKU
oTcyTCcTBOBaTb. CBSA3bIBAIOT 3TO, B YaCTHOCTM, C MOLLHbIMM NMOTOKaMM U3/TyYeHUs OT 3BE3/1bl, KOTOPble MOTYT
ncnapsaTb OKpYXKatollee BELLLECTBO OKOI03BE3AHOIO AMCKa.

WccnepoBaTeny cCYMTAKOT, YTO TaKoW 06BEKT BpsAA M ChOpMUPOBAICA Ha TEKYLLEN OpoUTe 3a CUYET
MexaHM3Ma aKKpeLuu BellecTBa NpoTon/1aHeTHOro Anucka Ha sapo. CKopee Bcero aK3ornnaHeTa
obpasoBanacb B Apyron 061acTu CUCTEMbI, @ 3aTEM MUTPUPOBaa Ha HbIHELLHIOK OpoUTY, NM60
copMupoBanach 3a cHeT MexaHn3Ma rpaBUTaLMOHHON HECTABUNBbHOCTU OKONO3BE3AHOro Ancka. Eile oguH
Ba)XHbl BbIBOJ, — 3BE€3/bl M 3BE€3/IHble CUCTEMbI C Maccol He MeHee 6—10 macc ConHLa AeACTBUTENbHO
MOryT 06nafaTb 9K30MIaHeETaMU-TUraHTaMM Ha LUMPOKMKX OpoUTax.

https://nplus1.ru/news/2021/12/08/b-centauri-planet



HabntogeHna teneckona Event Horizon 3a 3anyckom u
KonnuMauuneun ctpyun-gxeta B ranaktmke LleHTaBp A

a) Cen A: TANAMI (3.7cm) b) Cen A: EHT (1.3mm) ©) M87: VLBA (7mm)
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Figure 1: The jet structure of Cen A in comparison with M 87. The left panel (a) shows the large scale
jet of Cen A from an 8 GHz (A3.7cm) TANAMI?! observation in November 20112 on a logarithmic color scale.
The middle panel (b) depicts our final EHT image from April 2017, blurred to the nominal resolution for a uniform
weighting of the visibilities (the beams are shown in the bottom right corners). The reconstruction is based on
the rPICARD data and is shown on a square-root scale, where values below a brightness temperature of 3 x 108 K
are clipped, due to a lower dynamic range compared to the longer-wavelength observations. An unclipped and
unconvolved version of this image is shown in Figure 2. The right panel (c¢) shows the M 87 jet at 43 GHz (A 7mm)

from a Very Long Baseline Array observation in June 2013-%¢ on a logarithmic scale. North is up and east is to the
left. The physical, linear scales of the full field of views shown in the three images are 2 parsec (pc) for TANAMI
(left), 0.007 pc for the EHT (middle), and 0.6 pc for the VLBA (right).

Mbl BUOAMM CUBbHO KONMMMMUPOBAHHLINA, aCUMMETPUYHO-OCBETIIEHHbIN MO KpasM OXKET, a Takke bonee cnabbin
KOHTpAXeT. Mbl 0BGHapy>Xunn, 4To CTPYKTypa UCTOYHUKA LleHTaBpa A o4eHb XopoLLo HanoMmnHaeT axeT B Meccbe
87 Ha macwTabax ~ 500 06. Kpome Toro, Mbl M AEHTUDULIMPYEM MOMOXKEHNE CBEPXMACCUBHOM YEPHOW AbIPbI
LleHTaBpa A NoO OTHOLLEHUIO K SAPY pas3peLLleHHON CTpyn Ha A1,3 MM 1 3akrno4aeM, YTO TEHb FOPU3OHTa COBLITUN
MCTOYHMKA JomkHa 6biTh BUaHauHishetbrakdture Astronomy https://arxiv.org/abs/2111.03356



C nomotpto 1kHOM yacT Teneckorna ropu3oHTa coObITUH (M3 ceBepHOTro nonyiapus co3Besnue Llenrasp (oH ke - Kenrasp)
BU/IHO) YIAJI0Ch MPOHAOI0AaTh OCHOBAHHUE J)KeTa aKTUBHOTO fJIpa C YIJIOBBIM pa3penieHueM B 16 pa3 jyuiie, yeM A0 3TOro.
HaGmonenus Benuck Ha BosiHe 1.3 MM. BusiHa 10oBOJBHO siIcHasi KApTHHKA, MOX0XKast Ha TO, YTO HaOmonaeTcs B M87.

http://xray.sai.msu.ru/~polar/sci_rev/403.html
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Figure 2: linage analysis of the final model. The model image shown in the lefl panel (a) corresponds Lo
the image from Figure 1 with a pixel size of 2 pas. Hcere, the tentative position of the jet apex is indicated with a
circle. The size of the circle indicates the uncertainty in the apex location. The right panel (b) shows the central
brightness temperatures along the jet ridgelines from the model in four quadrants as a function of distance to the
jet apex. The quadrants I, II, III, and IV correspond to the similarly marked regions of the jet in the left pancl.
Negative values for the distance to the jet apex are assigned for the counterjet region. Brightness temperatures of
the lainter NW (orange line) and brighter SE (blue line) arms are shown in the upper and lower panels, respectively.



Teneckon ropmsoHTa cobbITUn

https://eventhorizontelescope.org/




GWTC-3: cnusiHne KoOMnakTHbIX ABOWHbIX, Ha6nogaemble LIGO n VIRGO
(neTekTop rpaBUTaLMNOHHDbIX BOJIH): 31 ceaHC HabnogeHun

GW191103.012549
GW191105_143521
GW191109-010717
GW191113_071753
GW191126_115259
GW191127_050227
GW191129_134029
GW191204_110529
GW191204_171526
GW191215_223052
GW191216-213338
GW191219_163120
GW191222_033537
GW191230_180458
GW200105_162426
GW200112_155838
GW200115_042309
GW200128_022011
GW200129_065458

https://arxiv.org/abs/2111.03606
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Figure 7. Marginal posterior distributions for the source chirp mass M, mass ratio g, effective inspiral spin y.g, effective
precession spin xp and luminosity distance Dp for O3b candidates with pastro > 0.5 plus GW200105.162426. The vertical
extent of each colored region is proportional to one-dimensional marginal posterior distribution at a given parameter value
for the corresponding event. We highlight with italics GW200105_162426 as it has pastro < 0.5, as well as GW191219_163120
because of potential uncertainties in its pasiro and because it has significant posterior support outside of mass ratios where the
waveform models have been calibrated. Results for GW200308_173609 and GW200322_091133 include a prior-dominated mode
at large distances and high masses: the hatched posterior probability distribution shown on the lower half of the plots for these
candidates exclude these low-likelihood, prior-dominated modes. Colors correspond to the date of observation.



Event M M M Mo X off D, s M Xf AQ) SNR
(Mo)  Mo)  (Ms) (M) (Gpe) (Mo) (deg”)

GWI91103.012549 200177 834700 118t02 7972 02riy1s 099100020700 19.0532 07EiIo0C 2500 8910:
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B ctonbuax ykasaHa nonHasa macca nctoyHmka M, macca ympna M, maccbl KOMNOHEHTOB mi,
9P EKTUBHLIN MHCNIUPanbHbIM CMUH €, CBETOBOE paccTossHue. DL, kpacHoe cmelleHune z,

KoHe4yHas macca Mf, koHeuHbIn cnuH f, nokanu3aumna Heba n SNR ceTeBoro cornacoBaHHOro

Hpm%HBI JTAaHHBIE 32 BTOPYIO YaCTh TPETHEro ceaHca HayuyHbIX HaOmoneHui Ha LIGO u
Virgo (u HemHoro - KAGRA). B karanor Bomnuio 35 coObituii. [looBuHa U3 HUX yxKe
aHOHCHUPOBAJIACh PaHbIIIe, 10 X0y paOOThl. A Apyras MOJIOBUHA - IPEACTaBIEHA TOJIBKO ceryac.
Bcero (¢ yueToM JIByX IEpPBBIX CEAHCOB U MEPBOM MOJIOBUHBI TPETHETO) YKCIIO
3apPEruCTPUPOBAHHBIX CIUSHUM BBIPOCHO 10 90 mTYyK.



https://arxiv.org/abs/2111.03606
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Figure 8.  Credible-region contours in the plane of total mass M and mass ratio ¢ for O3b candidates with pastro > 0.5
plus GW200105_.162426. Each contour represents the 90% credible region for a different candidate. Highlighted contours
are for the NSBH candidates GW191219_163120, GW200105_162426 and GW200115_042309; the NSBH or low-mass BBH
candidate GW200210.092254; GW191204_171526, which has inferred yx.g > 0; GVV20022’_060421 which has 85% probability
that yes < 0, and GW200220~061928 which prob‘mbly has the most massive source of the O3b candidates. We highlight with
italics GW200105_.162426 as it has pastro < 0.5, as well as GW191219_163120 because of potential uncertainties in its pastro and
because it has significant posterior support outside of mass ratios where the waveform models have been calibrated. Results for
GW200308_173609 and GW200322_091133 are indicated with dashed lines to highlight that these include a prior-dominated
mode at large distances and high masses. The dotted lines delineate regions where the primary and secondary can have a mass
below 3Mg. For the region above the mo = 3Mg line, both objects in the binary have masses above 3Mg. The small island
at M ~ 175Mg is part of the (nearby) contour for GW200208_222617.



TESS: kaTanor MHTepeCHbIX 00 BLEKTOB
(ak3onnaHeT) https://arxiv.org/abs/2103.12538

2241 kaHgmgaTa Ha 3K3onaaHeTbl, UAEHTUMULNPOBaHHbIE C MOMOLLBLIO AaHHbIX CO CNYTHUKA AN
nccnegoBaHns TPaH3nUTHbIX ak3onnaHeT (TESS) Bo Bpems ero aoByxneTHen OCHOBHON MUCCUMN.

TESS PrRIME MissioN TOI CATALOG
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Figure 1. The TESS two-year target observation map. Each point in this map represents a target observed at two-minute
cadence. The color of the dot represents the number of times it was observed. The U-shaped red curve shows the galactic
plane, with the position of the galactic center shown by the red star. Over the course of its two-year primary mission, TESS
observed 26 sectors for approximately 27 days each, covering ~ 70% of the sky. Each sector is a 24° x 96° field of view. The
TESS “continuous viewing zones” (~ 351 days of observation) at each ecliptic pole are clearly visible, as are the regions of the
sky observed during more than one sector. In Year 2, during Sectors 14-16 and 24-26, the camera boresight was shifted from
the nominal +54° orientation northward to an +85° ecliptic latitude, due to excessive contamination by stray Earth-light and
moonlight in cameras 1 and 2 in those sectors. These gaps will be filled in part during the first Extended Mission.
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Figure 5. Sky positions of the TESS Prime Mission TOIs. RA is on the horizontal axis and declination is on the vertical axis.
The black points are TOIs. The blue points are previously known planets (NASA Exoplanet Archive, accessed 14 August 2020).
The points within the multi-colored swaths are stars (Tmag < 13.5) observed in the TESS Prime Mission. Fewer TOIs appear
in Sectors 11 and 12 because the field of view was crowded and this limited the number of viable TCEs for vetting.

https://arxiv.org/abs/2103.12538
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Figure 8. Period distribution for TOIs, subdivided by host star spectral type (M,K,G,F,A). False positive TOIs and TOIs
with P = 0 are not included. For each spectral type, TESS has detected many TOIs in the 1-10 day period regime. These data
are not corrected for completeness.



[ Prime Missior TOIs
Barclay (2020) predicton Tmag<10.5
400p- Prime Mission TFOP FPs b

N planets per bin

L L) L] L] L) LI J I L] L) —l L] " L] L | I L] L] L L] I l I
Lo BB NN O e T e
e | o0 1t |
5 s ( (! o |
;g """""",T'a\ XONG ] i RO "T'TTf:""ffTsfu'bfﬂé'ﬁtﬁﬁe’ """ 7 I o '—E """"
© - /\‘~ . @ ,“_‘ . ¢ 3 5 P - q r - i g
H - B - =
) T
c 20RA ) 5 3 |
e e L S o n S W R A i e A A e 1 bEdesg= == ————
£ g 8 T W A . [
1- 1 = . = S -
g 0 ® 1F :
B Barclay (2020) predicton Tmag<10.5 ] [ ]
i O TOis 1L
i @ TOI Known Planets 1L
i i @® Confirmed TESS planets y { v
1 10 100 0 100 200 300 400
Period (days) N planets per bin

Figure 10. TOIs in period-radius space. The period in days is on the horizontal axis and the planet radius in Earth radii
is on the vertical axis. The solid dark orange circles are TESS planets confirmed either with a mass measurement or another
validation method. The red diamonds are known planets from other surveys re-detected by TESS. The open orange circles are
TOI planet candidates excluding confirmed TESS planets, known planets, and false positives. The light blue open circles are
the predicted TESS planet yield from Barclay (2020) for stars brighter than Tmag = 10.5. The banding in the simulated points,
for example at 4Rg, is an artifact of the period-radius bins in which occurrence rates were calculated. The top histogram shows
the distribution of TOIs in period space. The histogram at right shows the distribution of TOIs in radius space. The TOls,
including known planets and confirmed TFESS planets, are the orange histogram. The predicted planet yield from Barclay (2020)
is in light blue, and the false positives as of 8 Oct. 2020 are in grey.
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Figure 12. Planet radius (in Rg) vs. host star distance (in pc). Solid dark orange circles are TESS planets confirmed either
with a mass measurement or other validation method; orange open circles are TOIs (with known false positives removed); the
solid red diamonds are known planets from other surveys re-detected by TFESS; and blue open circles are known exoplanets from
outside the TESS mission (NASA Exoplanet Archive, accessed 8 Oct. 2020). Point size is scaled by transit depth.
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Hopmaanble, 3dKpPbIiTbi€ NbJ1IbIO raJlakKTUKN B 3MNoxXxy penoHn3aummn

HenasHune HabntogeHusa ALMA u Spitzer onpegenunn 6onee MHOrOYUCIIEHHYO, MEHEE
9KCTpeMarsibHy Nonynaumio 3aTeMHEHHbIX ranakTuk Ha z = 3—6. OgHako B arnoxy
penoHn3aummn ata nonynsuns noka He noareepXxaeHa. 3gecb Mbl coobliaem 0o
OTKPbITUM OBYX 3aTEHEHHbIX MNbIfbIO ranakTuk 3Be3goobpasoBaHnda Ha z = 6.6813 +
0.0005 n z = 7.3521 £ 0.0005. 3T 0OBLEKTHLI HE OOHAPYXMBAKOTCA B CYLLECTBYHOLLNX YO-
OaHHbIX NOKOSA CUCTEMbI OTCYETa N Dbl OOHapPYXXEHbI TONbLKO B UX AalflbHEM
NHdpakpacHoM ananasoHe [C |l] NMHUI 1 N3NyYeHNa KOHTUHYYMa MbIIN Kak CyTHUKK
TUNWUYHBIX ranakTuK, CBETALMXCA B YP-gmMana3oHe, Ha TOM Xe KpacHOM cMmelleHun. [1se
raslakTUKN OEMOHCTPUPYIOT Boree HU3KY MHpaKpacHY CBETUMOCTb U CKOPOCTb
3Be34000pa3oBaHus, YeM SKCTpeMarbHble BCMbIWKM 3Be30000pa3oBaHus, B
COOTBETCTBMU C TUMNYHbLIMMW ranakTukamu 3Be3foodbpasoBaHmda npun z = 7. JT1a
NoNyNAUUsS CUSTbHO 3aTEHEHHbIX MNbIfbI0 ranakTuk, no-suaumomy, BHocut 10-25% B
KOCMMYecKnn MacLutabd z > 6. NNoTHOCTb CKOPOCTK 3Be34006pa3oBaHuS.

Fudamoto, Y., Oesch, PA, Schouws, S. et

«OnvVOAnKOBaHO: 22 cenTabps 2021 1 al. HopmarbHble, 3aKpbITble MbIfbo rasiakTUKN B 3MOXy
A 2 pevoHnsaumn. Nature 597, 489—-492 (2021)

https://www.nature.com/articles/s41586-021-03846-z
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CBugeTenbcTBa HeCcMeLLMBaeMoCTU Boagopoaa u
renusl B ycrioBusax BHyTpeHHeu yactu lOnutepa

noBeneHue paszpl H-He B COOTBETCTBYIOMINX IUIAHETAPHBIX YCIAOBUSAX OCTACTCA IIOXO
OTPAHUYECHHBIM, IOTOMY YTO €TO CJIIOXKHO ONPEACIUTH C TTOMOIIBIO BEIYHCICHUM, a TAKKE
MIOTOMY, YTO 3KCTPEMAJILHBIC 3HAYCHUS TEMIIEPATYPHI U JABJICHUS TPYIHO TOCTUYb
AKCHEPUMEHTAIIBHO. 37I€Ch MBI COOOIIIAEM, UTO MOAXOASIINE 3HAYCHUS TEMITEPATYPhI U
JABJIEHUSI MOTYT OBITh JOCTUTHYTHI C MOMOIIBIO JIa3epHOTO yaapHoro cxarus H |- O0pa3is
He, npenBaputesnbHO cKaThle B AYCHKaX C alIMa3HOM HAKOBAJIIBHEW. DTO MO3BOJISIET HAM
ucciieoBath cBoricTBa cMeceit H-He Bo BHyTpenHux ycnoBusix FOnurepa, oOHapyKuBas
00J1aCTh HECMENIUBAEMOCTH BJI0JIb [ ForoHno. YeTkoe NpephIBUCTOEC U3MEHEHHE
OTpakaTeIbHOW CIIOCOOHOCTH 00pa3la yKa3bIBa€T Ha TO, YTO 3Ta 00JIACTh 3aKAaHYMBAETCS
Bbiie 150 ruranackaneit npu temmeparype 10 200 keIbBUHOB 1 4TO 00JIe€ TOHKOE U3MEHEHUE
OTpaKaTeJIbHON CIIOCOOHOCTH MPOUCXOAUT Bblle 93 ruranackanei npu temmeparype 4700
KEJIbBUHOB.

https://www.nature.com/articles/s41586-021-03516-0



da30B0€ MOBE/ICHNE TEIUIBIX TUNIOTHBIX cMecei Bogopoa u renus (H-He) Bnusier Ha Halle moHMMaHKe SBOIIOIUU
FOnurepa u CarypHa u ux BHyTpeHHUX cTpykTyp . Hanmpumep, ocaxnenne He u3 armocdepst H-He Ha ypoBHe
npumepHo 1-10 merabap 1 HECKOIBKO THICSY KEJIbBUHOB ObLIO MPU3BAHO OOBSICHUTH KaK U30BITOUYHYIO CBETUMOCTD
Carypna , Tak u ucromenue He u neona (Ne) B IOnurepe. armocdeps 1o HabmoneHusM 30112 "I'anumneo"

[IpuHuMas BO BHUMaHue MpoQWIK JaBiIeHUs U Temneparypsl i KOnuTepa, 3T SKCiepruMeHTaIbHbIE OTPAHUYCHUS
HECMEIIMBAEMOCTH JJIsl CMECH, OJTM3KOHM K IMTPOTOCOIHEYHOM, ITPEIIoIaratoT, 4To pazaenenue (a3 H-He Biusier Ha Gomnbliryro
9acTh - [0 HAIIIMM OIIEHKaM, OKOJIO 15 MpoIeHTOB pajauyca - BHyTpeHHel yactu KOnuTepa. 910 OTKphITHE 00ECIIeYNBACT
MUKPO(DU3UIECKYIO TTOIEPKKY Monenelt FOnurepa, KoTopble HCHOIb3YIOT MHOTOCIOWHBIN HHTEPhEP ISl OObSICHEHUS
HaOIIOICHUI KOCMUYecKuX anmaparoB Juno u Galileo
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KpyXKn - akcnepumMmeHTanbHble AaHHble, paHee onybnukoBaHHble Ans nnoTHocTen Huke 0,32 r Ha Monb (CM.
Ccbinky 24 ) 1 HeonybnuKoBaHHbIe Ana 6onee BbICOKUX NMOTHOCTEN. LIBET KaXaoM TOYKU YKa3biBaeT M3MEPEHHYI0
oTpaxaTenbHY CrnocOOHOCTb Ha OPOHTE yaapHOM BOSHbI, @ LUBETOBas 3anuBka ooHa gaet nogobpaHHyro
oTpaxaTenbHYy cnocobHOCTb. MNOTHOCTL BOAOPOAA OLEHMBAETCA C MOMOLLbLO ab initio ypaBHEHUSI COCTOSAHUS
ncx. 44 | yTo XOpPOLLO cornacyeTcs ¢ aKkcnepuMeHTom 24, MyTu NNoTHOCTL-TeMnepaTypa ABYX M3MEPEHHbIX 3eCh
Kpusbix [toroHno H-He ana 11 mon.% He npu npeasaputensHom cxatum 4 [Tla n gna 33 mon.% He npu

npegBapuUTesibHOM CXKXaTuK 2 [Tla nokasaHbl CNAOLHBLIMU U NMYHKTUPHbLIMA YE€PHbIMU JINMHNAMIA

COOTBETCTBEHHO. [NnaHKkun norpeLHocTen ObINn OLEHEHbI MyTEM PacnpOCTPaHEHNS CyYaliHbIX U

cucTeMaTuyecKknx HeonpeaerneHHoCTeN B Cnyvyae YMCTOro Bogopoaa, Kak ang tekywmux nsmepeHnn H — He, kak
https://www.nature.com/articles/s41586-021-03516-0/figures/7

0ObsACHEeHO B pasaene «MeToabi».



PeHTreHOBCKue KBa3unepumoanieckmne n3BepxeHumns
ABYX paHee CMOKOWMHbIX ranakTmuk

Keasunepuoguueckne nssepxeHms (QPE) - 3To BCnneckn peHTreHOBCKOro U3nyyYeHns O4eHb
BbICOKOW aMMNNUTyObl, MOBTOPSOLLINECH KaXable HECKOMbKO YacoB M BO3HMKaKOLLMe BO6NM3un
LleHTpanbHbIX CBEPXMACCUBHbIX YEPHbIX AbIP SAep ranakTuk . B HacTosuiee Bpems
HEN3BECTHO, YTO BbI3bIBAET 3TN COOLITMSA, KaK AOMIO OHU ANSATCSA U Kak OHWU CBSI3aHbl C
d13n4EeCKMMIN CBONCTBAMU BHYTPEHHNX aKKPELMOHHBIX MOTOKOB. PaHee Obinin N3BECTHbI TOMbLKO
OBa TaKNUX UCTOYHMKA, OOHAPYKEHHbIX CNy4YanHO Ui B apXUBHbIX AAHHbIX , C IMHUAMU
N3Ny4YeHnst B UX ONTUYECKUX CMEKTPAX, Knaccmnumpyrowmx nx sapa Kak cogepkalime akTuBHO
aKKpEeLMPYHOLLYIO CBEPXMACCUBHYHO YEPHYIO Ablpy. 34ecb Mbl coobwaem o HabnogeHnax QPE
B ABYX OPYrMX ranakTukax, NoflyYeHHbIX C MOMOLLbK CMENoro U CUCTEMaTUYECKOro nomncka
NONOBMHbI PEHTIEHOBCKOro Heba. OnTnyeckme CNekTpbl 3TUX ranakTuK He NokasbiBaoT
NPU3HaKOB aKTUBHOCTN YEepPHOW Ablpbl, YTO YKa3bIBAET HA TO, YTO ANS 3anycka 3TUX COObITUI He
TpebyeTcs CyLLECTBYIOLWNIA paHEeE aKKPELMOHHbIN NOTOK, TUMUYHbLIA A9 aKTUBHbIX S4ep
ranaktuk. [lencteutenbHoO, nepuoabl, amnnutyabl n npodunn QPE, npeacraBneHHble 30€Ch,
HECOBMECTUMbI C CYLLIECTBYIOLLMMN MOAENAMMU, KOTOPbIE BbI3bIBAOT HECTAOUITLHOCTH,
Bbl3BaHHblE pagnaLUNOHHbLIM OaBEHMEM B aKKpeunoHHoM aucke. Bmecto storo QPE moryt
yNpaBnsaTbCA BpallaloLWMMCs KOMNaKTHbIM 06bekToMm. Kpome Toro, nx Habnogaemblie CBOMCTBA
TpebytoT, 4TOObI Macca BTOPUYHOIo 06bekTa bbifia HAMHOMO MEHbLLIE MacCbl OCHOBHOIO Tena |
n Oyaywime peHTreHOBCKME HabnoaeHns MoryT orpaHn4nTb BO3MOXHbIE UBMEHEHNSA B UX
nepuoae n3-3a opoutanbHOW aBonoLUun. Ata moaens MoxeT caenatb QPE Xn3HecnoCobHbIM
KaHOMOATOM Ha POfb 3MEKTPOMAarHUTHbLIX 3KBUBANEHTOB Tak Ha3biBaEMbIX CrivMpanem c
SKCTpeManbHbIM OTHOLLEHMEM MAcCC, YTO MOXET MMETb 3HaUYUTENbHbIE NOCNeaACTBUSA ANs
acTpPodM3NKN N KOCMOMNOTMN C MHOXECTBOM MECCEHKEPOB

https://www.nature.com/articles/s41586-021-03394-6
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a , kpmBas bnecka eROSITA B
AnanasoHax aHeprum 0,2—-0,6 k3B u
0,6-2,3 k3B (KpyXku n kBagpartbl
COOTBETCTBEHHO), C KPACHbIM U
OpaHXeBbIM BblaeneHmem cnabbix u
ApPKUX HabnogeHumn

COOTBETCTBEHHO. 6 , eROSITA
PeHTreHOBCKME CNeKTpbl CBETION U
cnaboro COCTOSIHMI OPaHXXEBOTO U
KpacHoro LBeTa, Kak Ha a . ¢, KpuBble
peHTreHoBckoro 6rnecka XMM-Newton c
BblyMTaHneM poHa ¢ nHtepsanom 500 ¢
n Y®-notokn XMM-Newton nokasaHbl
Ha HWKHUX NaHenax (eguHuubl apr

cm 2 ¢ 7', rae F ,- cnekTpanbHas
MNAOTHOCTb NOTOKA, A - ANWHA BOSHbI B
aHrcTpemax), Npu 3aToMm crnyyam
OTCYTCTBUSA OETEKTUPOBAHUS NOKa3aHbI
Kak BepxHue npegernsbl. I - KpyBas
6necka NICER-XTI 3a BblveTOM

doHa. CpegHsst NpoaoMKUTENBHOCTb
HapacTaHus 1 3aTtyxaHua (1 gucnepcus)
cocTaBnsieT NpnbnNnanTesnbHo 7,6 Y (~
1,0 4), a paccTosiHMe OT NuKa Ao nuka
cocTaBnsieT NpnbnuanTenbHo 18,5 4 (~
2,7 4). Bce norpelwwHocTn paBHbl 1 0,
OKasaHbl B BUe rnoroc norpeLuHoCcTen
NI 3aLLITPUXOBAHHBIX 0BnacTen.
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