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ABTOpPbI CKanu 1 HaLWnu cny4van, Korga MaccuBHas 3Be3aa ncyessna, a HUKakou
CBEPXHOBOW He ObI1o BUAHO. OHM NCNonb3yT apXuBHble JaHHble XabbnoBCKOro
Terneckona ans noncka ncyesHysLlmnx (6e3 B3pbiBa) MaccmBHbIX 3Be34. iccnegosaHo 15
ranakTuk. BelgeneHo Heckonbko kKaHomMaartoB. [eTanbHbl aHanmsa rnokasar, Yto O4HO
coObITE ENCTBUTENBLHO OYEHb MOXOXE Ha NCHYE3HOBEHME XKENTOro CBepXrmraHta (Macca
okono 25-30 macc ConHua) 6e3 B3pbiBa. OTO NPUMEPHO TO, YTO U OXMOANOCh, T.e., NYyCTb U
Ha OYeHb HMU3KOW CTaTUCTUKE, HO NOATBEPXKAAET UAEH O "TUXOM Kosifance" HEKOTOPbIX
MacCCUBHbIX 3Be3M. XOTH B CTaTbe NPMBEAEH NULLb OOMH XOPOLUMW KaHAWAAT, 40NSA Taknx
COObITUN MOXET ObITb AOBONBbHO OOMbLLUOMW.
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YTO Takoe YepHaa abipa’

s pusuka s acrpoHoma
OOnagaer onpeaereHHbIMA OOnagaet onpeaerIeHHbIMA
BHYTPEHHHMU CBOMCTBaMU BHEITHUMHU ITPOSIBICHUSIMU

OOBEKT, 001 1AI0IIHI TOPH3OHTOM. KomnaxTHoe (pasmMep ropu3oHTa)
MAaCCHBHOE TEJIO, HE TPOSIBIISIOIIEE

MIPU3HAKOB HAJIWYHUS TIOBEPXHOCTH,
Y YbU HEJIpa HEAOCTYIIHBI JJ1s1 HAOIIOCHUH.




OCHOBHbIE TUMbl YEPHbIX AbIP:
1Ba Pea/IbHbIX N ABa TMNOTETUYECKUX

/ \

3Be3/IHbIE MACChI CeepxMaccuBHBIC

llepBu4nbie ITpomeKyTOYHbIE




YepHble Abipbl B ABOMHbBIX CUCTEMAX

Cuctema Jlebeaob X-1 6bina
BblerieHa Kak kaHaugat

B IBOMHYIO C YepHOU Oblpon
B Ha4yane 70-X rT.

«YepHagqa gbipa B UCTouvHMKe Jlebegb X-1 —
9TO CamMas KoHCcepBaTMBHaA rmnoTesa»
(3. Cannutep)




RaHAMAATbl B YepHble Ablpbl

Black Hole Binaries in the Milky Way
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[Moyemy cunTaem nx kKaHgungaramm?
* HET Nynbcauumn

* 0COBEHHOCTU U3NyYeHnsd

* TAXKEJIbIE!




PeHTreHOBCKMe HOBbIE
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ManomaccuBHbIE
PEHTICHOBCKHUE JIBOMHBIE
C YEPHBIMHU JILIPAMHU.

Jlydnimne KaHAuaThl.

B MUHUMYyME MOXKHO
YBUAETh BTOPUYHBIN
KOMIIOHEHT, YTO
MO3BOJISIET MOJYYUTh
XOPOIIYIO OLIEHKY MacCChI
YEPHOM JIbIPHL.
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\/ CBeTUMMOCTb B CMOKOMHOM COCTOAHUU

(Garcia et al. 2001, cm. Psaltis astro-ph/0410536)
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PeHTreHoBCKMIM BapcTep

PactyT Temneparypa
Y IJIOTHOCTD




ASM Counts s’

J[1BOMHbIE CUCTEMbI C AblPpaMmM N He3

Y KaHOMaaToB B YepHble Ablpbl HET 6apcTEPHbIX BCMbILLEK, XOTH, ecnu Obl He ObINO rOpMU3oHTa, TO
OHM AO0IMKHbI ObINK Obl ObITh B pAAe NOTEHLUMAaNbHbIX anbTepHATUBHBLIX MOAENEN.
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(APOD A. Eckart & R. Genzel )

-
Camasa ngoctoBepHada Y/ — Sgr A*

C BbICOKOW TOYHOCTLHO
Mbl 3HAEM ONHAMUKY BHYTPU
LeHTparibHOM YrrioBOMN CeKyHAbl.

OueHka maccol Y[ ~4 10° M,

Bb1n10 Obl 300POBO OTKPbLITh
pagunonynbcap okorno Sgr A*

Stellar Velocities in the SgrAs Cluster, 2002,/2003
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... I oHa cTaHoBUTCA Bce Bonee 10CTOBEPHOM

18985.50

Keck! LA Galaciic

Center Group

HabntogeHus npoaomkarTtcs,
N pacTeT YMNCIo 3Be3[,
C U3BECTHbIMUK OpbUTaMM.
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Sgr A*

® 1996
® 1997
® 1998

0.2 0.0 -0.2
ARA from Sgr A* (arcsec)

Cnyyan Sgr A* yHUKaneH.

bnarogaps npamMbIM N3MepeHNsIM
HECKONbKMNX 3BE3OHbIX OpOUT

cTano BO3MOXHbIM TOYHO ONpeaennuTb
Maccy LeHTparbHoro obbekra.

Kpome Toro, ectb XXecTKknn npeaen
Ha pa3Mep LeHTparnbHOro obbekTa,
YTO BaXXHO ONS

oOcyXaeHunst ansTepHaTuB.

3Be3ana SO-2 nmeet opbutanbHbIN
nepuog 15.2 net n 60nbLUY0 NONyoCh
npumepHo 0.005 nk.



(PeBHMBLEB 1 Op.)
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- HabntoaeHmna Ha cnyTHUKe Integral

S

Cenvyac «Halua» YepHas ablpa « MOMYUTY,
HO paHblUe 3TO ObINO He TaKk.

CuuTtaetcs, 4yto npumepHo 350 net Hasan
Sgr A* Haxoauncsa B «BbICOKOM» COCTOSHUN.
Cenyac xecTkoe nanyyeHue ot Sgr A*
ngobpanock Ao Sgr B2, koTopbln BUOEH

3a cyeT donyopecueHUnn.

OGnacTb ranakTM4eckoro LeHTpa
perynspHo HabnrogaeTcsa Ha
cnyTHuKe Integral.
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Sgr A* 0EMOHCTPUPYET PEHTIEHOBCKME BCIbILLKN.

Benbiwkn nponcxogart npuMepHo
pa3 B geHb. [1pn 3TOM NOTOK
BO3pacTaeT B HECKOSIbKO pas,

a MHorga v curbHee.

Ou4eHb Apkas BCnblLKa

Habntoganack 3 okTsa6psa 2002 T.

Ona anunacbk 2700 cekyHa.

[ToTok Bo3poc B 160 pas.

CeeTmocTb coctaBuna 3.6 103° apr/c.

Bo Bcnbiwke 31 aBrycta 2004

Obinn 0bHapyxeH KBasunepuog 22.2 MyH.

B pamkax npocton mogesnu 310 no3sonseT
OLIEHNTb CKOPOCTb BpaLLeHUs YepHON Oblpbl
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hardness ratio
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B13yanmsauma YepHbIX Ablp

1804.03909



[laneHne B YepHyto Ablpy
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\/KaK yBnaetTb OANMHOHYHYH HepPHYHO ﬂblpy?

'

1. AKKpeuus
2. MukponuHanpoBaHue




MWKPOANH3NPOBaHKME

CKOpOCTh, Macca, pacCTOSIHUE

v e
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Residual flux

~ MWKPONMH3NPOBaHKE U
OAUNF

O4YHble YePpHble AblpPbl

CobbiTne OGLE-1999-BUL-32
OueHb annHHOEe cobbiTne: 641 aHewn.

OueHka maccbl NMMH3bI >4 M,
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B LeHTpaX ra1akTukK....




HemHOro nctopum ...

NcTopusa HauynHaeTcsa B 60-e rr.,

Korga 6binu naeHTndmumpoBaHbl kKBasapb! (LUMnat 1963).
HemenneHHo Obina Bbicka3aHa rmnoresa

00 akKkpeumn BeLLeCcTBa CBEPXMACCUBHbLIMU YEPHBLIMU OblpaMu.
(Connutep, 3enbgosud, HoBukos, JlnHaeH-benn)
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Mo gaHHBIM YaHagpb! n
Kocmunyeckoro teneckona
yOanocb 0OHapyXuTb
CBEpPXMaCCUBHYIO
YepHyto abipy B M31

M~ 108 Msolar
Lx ~ 103 apr/c




HepHaa abipa B [yMaHHOCTM AHAPOMEAb!

B Tymannoctn AHIpomMensl,

KaK 1 B Hameu I anakTuke,

€CTh CBEPXMACCHBHAs Y€PHAs JbIPA.

[Ipruem, B M31 ona muanmym pas B 10 Tsxenee
- ee Macca nopsiaka 100 MUIIITHOHOB COJTHEYHBIX.

Tak ke, Kak U y Hac, "MOHCTp CIUT':
CBETUMOCTH COCTABJISIET
MUJUTAAPIHBIC TOJIA OT

MPEICIBHOM, T.H. DNJUHT TOHOBCKOMU.

before 20086 since 2006

[IpaBna, y Hac apIpa BpeMs OT BpEMEHU
"BCXpanbIBaeT" BO CHE:

MIPOUCXOIAT BCIIBILIKHU.

Ternepp U3MEHEHNST AKTUBHOCTU JBIPHI
OTKpbUIA U B M3 1.

arXiv: 1011.1224



- OnpeaeneHmne macc

CBEPXMACCUBHbBIX HEPHbIX AbIP

CoOTHOLLEHNE MexXay Maccon YepHOM aOblpbl U Maccon bangoxa
N3mepeHne opbuT 3Be3a N Ma3epHbIX NCTOUYHUKOB

KuHemaTtuka rasa

[Mpodomnb 3B€34HON MNSIOTHOCTU
PeBepbepalOHHOE KapTUpoBaHue

KoHe4yHO, Bcerga MOXHO AaTb BEPXHUM
npegern Ha Maccy, MUCxXoasa U3 Toro, Yto
CBETMMOCTb HE NPEeBOCXOaUT
KPUTUYECKYIO (SOANHITOHOBCKYHO).

- Radial Velocity +

Radial Velocities near the Nucleus of M84




-/ Ma3zepbsl

Habniogasa aBmkeHne masepHbIX UCTOYHUKOB
B ranaktnke NGC 4258, ctano BO3MOXHbIM
nameputb maccy BHyTpu 0.2 nk.

[TonyyeHo 3Ha4yeHune

35-40 mmnnnuoHoB macc ConHua.

JTO Hambonee TOYHbIN MEeTOoA.




(km/s)

Velocily

's)

Residuals (km,

< KnHemaTmKa rasa

2000 — -

ta ] [nsa M87 ckopocCTu raza namepeHsbl
e .08 Y | BHYTPU OOQHOW MUNMUCEKYHAObLI Oyrn
“ | (5pc).

Macca 3 10° M,,

1500 Y

OfgHa 13 cambIx TsKenbIX YepPHbIX OblP

1000 -

- e
il

500 '
200 -
| ] ™ -
L] - L - 3 . - -
) - "';-‘-'-3'-'. - -'.:' ' ---'-"t-'.-g""-?-'l-'"-"" == —
am W =" . ]
200 . X rea = 208

e 11 |

~—

0.6 -0.4 0.2 0 (0.2 0.4

6
oy . A , N ) ( <
Position along the slit (arcsec) N\ )



Me,,

—" CoOTHOLEHMe MeXX 1y MacCamm
4epHOW Ablpbl M BANAXKS
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CueHapuu obpa3oBaHUA U
3BOJIFOLLMM MACCUBHbIX YEPHbIX AbIP

Big Bang
. Direct Collapse ‘ Death of Massive‘

° Stars °

200 Myr
500 Myr @ . ‘ Track the growth of ‘ ‘
black holes and

halos ’
‘ @ Most halos are seeded but
seeds are ~100 solar masses

Halos grow
via merging.

| Gyr Few halos are seeded, but seeds
are ~10* solar masses

Some black holes are
ejected by gravitational
wave radiation.

Black holes grow
via accretion and

merging.

o

)
~

3

. . .
Today virtually all >10'° solar mass -
- - galaxies contain supermassive 5
black holes ~90% of ~107 solar mass
o ss

~50% of ~10% s galaxies contain ~10* solar

galaxies contain >10° solar mass black holes
mass black holes - -
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KpynHomacwTabHaa CTpyKTypa

£=28.62

(Kravtsov et al.)

CeroaHsi ctTaHOapTHOW
MOAErnbo

ABNAETCH T.H.
uepapxu4yeckas.

YncneHHoe
MOAEenMpoBaHme
SBOOUMU
KpyrnHomMmacLuTabHoum
CTPYKTYPbl N OTAENbHbIX
«CTPOUTENbHbLIX DITOKOB»
OOCTUINO BbICOKOIO
YPOBHS.



KpynHomacwTabHaa CTPYKTYpa




\/ PocT ckonaeHuna ralakTuk

B npouecce pocTta CTpyKTypbl MPOUCXOOAT
MHOFOYMNCNEHHbIE CITUAHUS «CTPOUTENBbHbBIX BTOKOBY.
Kaxgbi n3 6rioKkoB MOXET UMETb BHYTPU

YEepPHYIo ObIpy.

[Nocne cnuaHna YepHas Ablpa MeasieHHO ABUraeTcst
K LEHTPY HOBOW CTPYKTYPHbI.

(DOpMI/IpOBaHI/Ie KPYMNHbIX rajilakTukK 3aKaH4YnBaeTCA
Ha z~2, nNocre 3Toro NPOUCXOOUT TOJIbKO
nornoweHne HeGoNbLLINX CMyTHNKOB.




EAMHaA moaenb

"% “Blazar"

; Viewing down the je

A

oy
“Quasar | Seyfert 1"

Viewng at an angle to the jet ‘,v
~

‘Radio Galaxy / Seyfert 2"

\ (L -t 0550 dpm Mo b
Viewing at A from the jet

B pamkax egquHon moaenu
CBOWCTBA pasfnyHbIX

aKTUBHbIX ranakTuk
00BbACHATCA CBOMCTBaMM Topa
BOKPYr YepHOu Oblpbl

N ero opueHTaumen.



) — MpuAnBHOE pa3pylleHue 38e3n

CBEPXMACCNBHBIM HEPHbBIMW OblPaMW




~ BcnblwKa 8 NGC 5905
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o

~n
r v

''''''

- - ~ T - r - v L 4 —— v - ! — v v a o

N ’

o




«TeHb» YepHOoW Ablpbl

Size of Black Hole Shadow
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HekoTopble getann MoXHO HaUTK B e-nNpuHTe astro-ph/9912263



Event horizon telescope

http://eventhorizontelescope.org



https://iopscience.iop.org/article/10.3847/2041-8213/ab0ec7

HepHaa aAbipa B M8/

GRMHD models

SANE, a, = -0.94, Rh;g), = 80 SANE, a, = 0, R;.;“h e MAD, a, = 0.94, Rhigh = 10

MS87*  April 11, 2017

Simulated EHT observations

vlvofl

April 10

Brightness Temperature (10° K)

P

Brightness Temperature (10" K)

HH rhtness Inn;n rature l]l) l\l




TeHb YepHOW Ablpbl,
nocaegHAA yctonymaasa opbuTa n ApKoe KObLO

R, =R/ [1-r,/R
b. = 3v3M
e
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i hoton rin -
05 P 8 lobs/Io
3 ."‘l
i i II
ﬁ"-‘- _— iII |
i ||I lensing ring
- |
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- gravitational falloff of emission profile
01k redshift
ot dimming —
0.0t = : : | b/M
2 3 4 ] & 7 8

1906.00873



Bpallatolmeca YepHble Ablpbl
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B Sgr A* HeT noBepxHOCTU?

Habnopaetcsa Tonbko
N3ryyYeHne oT NnoTokKa,
HO He OT NMOBEPXHOCTMW.
Haunbonee nerko ato
o0bsACHAETCH HanM4nem
FOPU30HTA.
99.6% »Hepruu JT0HKHO BBIJETATH B OTOKE

10 KOHTAaKTa € «KIIOBCPXHOCTBIO».
910 HCBO3MO’KHO, 3BHAYUT ITOBCPXHOCTHU HCT.




GW150914 13-50 no
MOCKOBCKOMY BPpeMeHM

LIGO Livingston Data LIGO Hanford Data
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http://www.ligo.org

OdumumnansHoe obbsasnenne 11 doespans 2016 roga.
3a 16 gHen coBMeCTHbIX HabnaeHnn AByX AETEKTOPOB
HageXHO 0bHapy>XeHO O4HO CObbLITUM — CnNUsHKE ABYX YepHbIX Ablp B >400 Mnk oT Hac.



http://journals.aps.org/prl/pdf/10.1103/PhysRevlLett.116.061102

CnvsiHMe ABYX YepHbIX AbIp

. T ! i B TeueHne MHOrmnx rietT HECKOSbKO rpynn
Inspiral Merger Ring-

down YYEHbIX 3aHMManuchb pacdetamu doopm
OXXWAAeMbIX CUTHANOB OT CIUSHUI

/') “/ "“' O g HENTPOHHBLIX 3BE3/ N YepPHbIX AbIp.
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[Ona noncka Ha LIGO ucnonb3yeTca oKomno
250000 paccunTaHHbIX OPM CIUAHUN.

|
O N WS
Separation (Rg)

0.30 0.35 0.40 0.45
Time (s)



http://journals.aps.org/prl/pdf/10.1103/PhysRevLett.116.061102

[TapameTpbl Mapbl YEPHbIX AbIP

[1o yacToTe n oopme curHana MOoXXHO 4OCTaTOYHO TOYHO ONpenenUTb MHOTME napamMeTpbl.
Bbicokasi Macca ogHO3Ha4YHO roBOPUT O TOM, YTO 3TO HE MOTYT BbITb HENTPOHHbLIE 3BE3bI.
OTHoLleHue curHan/wym = 24

[locToBEpHOCTb AeTeKkTnpoBaHuda >5.1 curma.

Primary black hole mass 3613&19
Secondary black hole mass 20T M
Final black hole mass 621 M,
Final black hole spin [i.ﬁ?iﬂ_‘f}?

C e e 160 .
Luminosity distance 41015 Mpc
Source redshift z 0.091<

.04




www.ligo.caltech.edu

CBEeTUMOCTb M 3HeprosblaeneHmne

[MpumepHo Tpy Mmacchl ConHua NnepeLuno B 3HEPTUO rpaBUTaLMOHHbBIX BOJH.
MakcnmanbHas cBeTMMOCTb gocTturna 3.6x10°° apr/c, T.e. 1028 cBeTmocTen ConHua.
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Frequency (Hz)
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MOLLHOCTb

100 000 000 000 000 000 000 000 ceetumocTen ConHua.

Yucno Bonoc Ha ronnoBe 100 000

Yucno nrogen Ha 3emne 10 000 000 000

Yucno 3Be3n B anaktuke 100 000 000 000

Yucno ranaktuk B sBuanmon 4Yactm sceneHHom 100 000 000 000
Yucno 3Be3n Bo BcerneHHon 100 000 000 000 000 000 000 000

Hanford, Washington (H1) Livingston, Louisiana (L1)
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CobbiTua LIGO/VIRGO 3a nepBble ABa CceaHca

OguvHHaguaTtb Benneckos (o anpens 2019 r.).

« GW150914 OOVH 13 BCNNECKOB C HENTPOHHOI 3BE300iA.

+ GW151012 MaTb cobbITHl — coBMecTHO ¢ VIRGO

« GW151226 (arXiv: 1811.12907, 1811.12940).

« GW170104

. GW170808 Masses in tilggolasr’fwealslsaeg Graveyard
« GW170729

« GW170809 - VIRGO
« GW170814 - VIRGO
« GW170817 — VIRGO, H3
« GW170818 - VIRGO
« GW170823 - VIRGO

e

La
GW170104 '

GW151012

/ 6W170818-HLV
v

GW151226
) GW170608

GW170729

L7

/ GW170817-HLV

GW170809

4 GW170814-HLV

e ® C
LIGO-Virgo Neutron Stars

LIGO-Virgo | Frank Elavsky | Northwestern

https://www.ligo.caltech.edu/gallery



Pe3synbtaTthl 2019 roaa

TpETHCTEEEe o e ele) OKono Tpex OecATKOB CObbITUIN 3a anpernb-OKTAbpb

50% area: 24 deg?

Ma EEGap 90% area: 104 deg?

BBH distance: 874+171 Mpc 60°

NSBH %
. " 4

Terrestnal | <1% o

BNS | 0%

0 1305 30°
Mpc

Mocneaytowan o6paboTka NO3BONAMNA BbIABUTD
@ ® B AAHHbIX AOMNOJ/IHUTE/IbHbIE COObITUA.

652 Mpc




Bropow kaTtanor LIGO/VIRGO

BTropoit KaTanor cobbitnit LIGO 1 VIRGO. Masses in the Stellar Graveyard

B Hero Bowio 39 cobbiTnin U3 in Solar Masses
NepBOM NOJIOBUHbI TPETLErO CeaHCa

(anpenb-okTAbpL 2019),

a TaK»Ke 8 cobbITUIN U3 paHHUX CEaHCOB.

Bcero 47.

2010.14527, 2010.14533

Cumulative Count of Events
01 = 3, 02 =8, 03a =39, Total =50
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LIGO-Virgo Neutron Stars

-i Elavsky. Aaron G
0 LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern
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[INCKM BOKPYT YePHbIX Ablp: B3r1A/4 CO CTOPOHbI

a=0.998M

= 4

=

Temnepartypa gucka

t image

[Inckn «n3 BECKOHEYHOCTMY.
Cnesa: HeBpalyatouwasics Y
CnpaBa: BpaLlatoLLasicsi.

http://web.pd.astro.it/calvani



[nckn n3 «MHTepcTennapa»

— ——

1502.03808



[TpaBUAbHbBIN ANCK U INHUA Kene3a
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Line flux Fy (keV cm™® 57! kev )
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0

Energy (keV)

10

[aHHble XMM-Newton

To, YTO NINHNA TAHETCA
BMNSIOTb OO0 3HEPrum
meHee 4 k3B, rosoput
O TOM, 4YTO Ablpa
ObICTPO BpaLlaeTcs
(Torga OnCK MoXeT
noaxoamnTb Gnuxe K
FOPU3OHTY).



