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ABTOpPbI UCKanu 1 HaLWM Criyyan, Korga MaccmBHasi 3Be3ga ucyesna, a HUKakou
CBEPXHOBOM HE ObINO BUAHO. OHM NCNOMb3YIOT apXuBHble AaHHble XabbrnoBCKOro
Teneckona And nouncka nc4esHysLwmnx (6e3 B3pbiBa) MacCUBHbIX 3Be3d. MccnegosaHo 15
ranaktTuk. BelgeneHo Heckonbko KaHaMaaroB. [leTtanbHbi aHanus3 nokasars, YTo 0gHO
CcobbITMEe OENCTBUTENBLHO OYEHDL MOXOXE HA MCHE3HOBEHME XKENTOro ceepxruraHTa (macca
okoso 25-30 macc CornHua) 6e3 B3pbiBa. OTO NMPUMEPHO TO, YTO U OXKMAANOCh, T.e., NyCTb U
Ha OYEeHb HU3KOW CTaTUCTUKE, HO NoATBEPXAAET uaek o "TUXOM Korarice" HEKOTOPbIX
MacCUBHbIX 3Be3[. XOTS B CTaTbe NpuBedeH NuLLb OOAWUH XOPOLUUIA KaHauaart, 40N Takux
COObITUN MOXET ObITb JOBONBHO OOMbBLLOW.
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YTO TAKOE YEPHAA [ObIPA?

s pusuka

OO6nagaer onpeaeaeHHbIMU
BHYTPCHHUMH CBOMCTBAMHU

OO0beKT, 00MaAaroIUi TOPU3OHTOM.

st actpoHoma

OOnagaeTr onpeaeaeHHbIMU
BHCIITHUMH IIPOSIBJICHUSIMH

KoMnakTHOE (pa3Mep ropu3oHTa)
MAaCCHBHOE TEJ0, HE MPOSBIISIOLICE
PU3HAKOB HAJIMYMSI IOBEPXHOCTH,

Y YbU HEJpa HEAOCTYIHBI J1J1 HAOMIOIECHUM.
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3 6CHOBHbIE TWUT1bl HEPHbIX AbIP: @
~  ABA PEAJIbHbIX U BA TUMNOTETUYECKUX

3Be3HbIe MACChI CBepxMacCuBHbIEC

lepsuynnie [TpoMesKyTOUHBIE
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YEPHBIE AbIPbl B IBOUHbIX CUCTEMAX

Cucrtema Jlebegb X-1 6bbina
BblaerieHa Kak kaHguaar

B ABONHYIO C YepHOMN OblpOoU
B Ha4vane 70-X IT.

«YepHaqa gbipa B UctodHuke Jlebeob X-1 —
9TO camMad KoHCcepBaTuBHasa runoresar
(3. Cannutep)
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Black Hole Binaries in the Milky Way MoyeMy cunTaem ux kaHamaarammn?
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X-ray Nova
GS 2000 + 25
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MaisiomaccruBHBIE
PEHTICHOBCKHUE JIBOMHBIE
C YEPHBIMU JIbIPAMHM.

Jlydiuve KaHIuaaThl.
B MUHUMyME MOXHO

YBUICTh BTOPHYHBIA
KOMITOHEHT, 94TO
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JIBOMHbIE CUCTEMbI C AbIPAMW U BE3

- Y KkaHOugaToB B YepHbl€ Oblpbl HET 6apCTepr|x BCMbILLEK, XOTH, ecnun 6bl He BbINo rOPNU30HTA, TO
OHW OOMKHbI BbINM Obl ObITL B pAage norteHuunarbHbIX alilbTEPHATUBHbLIX Moaenemn.
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CAMAS NJOCTOBEPHAS U/, - SGR A*

(APOD

C BbICOKOM TOYHOCTHIO
Mbl 3HaeM ANHAMUKY BHYTPU
LeHTpanbHOW YrrioBON CeKyHAbl.

OueHka maccbl Y ~4 109 M,

Bbifio 66l 300POBO OTKPbLITH

paguonynbcap okono Sgr A*
Stellar Velocities in the SgrA+ Cluster, 2002,/2003
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... N OHA CTAHOBUTCA BCE BOJIEE
OJOCTOBEPHOW

1895.50 & HabntogeHnsa npogomKkatoTes,
W pacTeT YNCo 3Be3
C U3BECTHbIMW OpOMTaMMN.

KecklUCLA Gelaclic
Centar Group
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SGR A*

Cniyyan Sgr A* yHuKaneH.

brnarogapst npsasMbIM U3MEPEHUSIM
HECKOMMbKUX 3BE3AHbIX OpOUT

CTano BO3MOXHbIM TOMHO onpenennTb
Maccy LeHTparnbHOro obbekra.

Kpome Toro, ectb XXecTkuu npeaern
Ha pasMep LeHTpanbHOro o0bLEKTA,
YTO BaXKHO AnNd

obcyXOeHna anbTepHaTuB.

® 1996
& ~
a 1932 3se3ga SO-2 nmeet opbuTanbHbIN

nepuog 15.2 net n 60nbLIYHO NOYyOCh

npumepHo 0.005 nk.

0.2 0.0 -0.2
ARA from Sgr A* (arcsec)
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HABJIIOAEHUNA HA CIYTHUKE INTEGRAL -

Cenyvac «Hawa» YepHas ablpa « MOMYUTY,
HO paHblLe 3TO ObINO HE TaKk.

Cuntaetcs, 4to npumepHo 350 net Ha3ag
Sgr A* Haxogunca B «BbICOKOM» COCTOSAHUMN.
Cenyac XecTkoe nanydeHume ot Sgr A*
nobpanocb Ao Sgr B2, KoTopbin BUAEH

3a cyeT dornyopecueHLUnH.

(PeBHuBLEB 1 Op.)

O6nacTtb ranakTM4yeckoro LeHTpa -
perynsipHo HabnroaaeTcs Ha

cnyTHukKe Integral. \4
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9 PEHTI'EHOBCKVIE BCIbIWKW SGR A*

& Sgr A* [EeMOHCTPUPYET PEHTIEHOBCKNE BCMbILLKM.
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KAK YBUAETb OANHOYHYIO YEP
AblPY?

1. Akkpeums
2. MnkponuHanpoBaHue
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CKOpOCTI), Macca, paCCTOSHHUC

MWUKPOJIMH3UPOBAHWUE
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; MUKPOJIMH3NPOBAHVE U OAUHOYHBIE
o LlEPHbIE AblPbl
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B LUEHTPAX F'AJIAKTUK....




HEMHOI'O UCTOPUMN ...

NcTopusa HaunHaetcsa B 60-e rr.,,
korga 6binn naeHTudnumpoBaHbl kBasapbl (LUmuaTt 1963).
HemeaneHHo 6bina BbiCcKasaHa rmnoresa

00 aKkKkpeumn BELWECTBA CBEPXMACCUBHLIMWN YEPHLIMU AblpaMW.
(Connutep, 3enbgosud, Hosukos, JInHaeH-benn)

F




[Mo gaHHbIM YaHapbl U
Kocmuyeckoro Teneckona v
yaanocb ObHapyXuTb
CBEPXMaCCUBHYHO
YyepHyo abipy B M31

T M~(1-2) 10° Mgy
- Lx~ 10%spric




YEPHAA ObIPA B TYMAHHOCTW
AHAPOME/ZDI

B Tymannoctu AHapomensl,

KaK M B Halieu I ajakTuke,

€CTh CBEpXMACCHBHAsI YepHasl JbIpa.
[Ipuuem, B M31 oHa pa3 B 50 Tsxenee
- ee Macca 100-200 MUIMOHOB COJIHEYHBIX

Tak e, Kak 1 y Hac, 'MOHCTp CIUT'
CBETUMOCTbH COCTABJISICT

MUJUTAAPIHBIE IO OT before 2006
MPEACIILHOM, T.H. DIJIMHTTOHOBCKOM.

[IpaBna, y Hac apipa BpeMsi OT BpEMEHU
"BCxpamnbIBacT" BO CHE:

MPOUCXOMSIT BCIBIIIKH.

Tenepb U3MEHEHUSI aKTUBHOCTH JIBIPHI
OTKpbLIM 1 B M3 1.

since 20086
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OMNMPEAEJNTEHUE MACC
CBEPXMACCUBHbBIX HEPHbIX AblP

CoOTHOLLEHNE MEXOY Maccon YepHOU Aablpbl U Maccon tangxa
N3mepeHune opbut 3Be3g U MasepHbIX UCTOMHUKOB

KuHematunka rasa

[Mpodunnb 3Be34HON MNOTHOCTU

PeBepbepalnoHHoe KapTupoBaHue

KoHe4vHo, Bcerga MOXHO gaTb BEPXHUN
npegen Ha maccy, UCxoasa U3 Toro, YTo
CBETUMOCTb He NPEeBOCXoAUT
KPUTUYECKYIO (SA4NHITOHOBCKYHO).




MASEPDI

Habniogasa aBmxeHne ma3epHbIX MICTOYHUKOB
B ranaktnke NGC 4258, ctano BO3MOXHbIM
namepuTb maccy BHyTpu 0.2 nK.

[Tony4yeHo 3Ha4YyeHne

35-40 mmnnnunoHoB macc ConHua.

ITO Hanbonee ToYHbIN METOA.
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—~_ CLUEHAPUU OBPA3OBAHUA U

2BOJTIIOUMUN MACCUBHbBIX YEPHbBIX AbIP

Big Bang
. Direct Collapse . Death of Masswa

‘ Stars ‘

Track the growth of ‘ '
black holes and
halos

Most halos are seeded but
seeds are ~100 solar masses

200 Myr

500 Myr e . ‘

| Gyr Few halos are seeded, but seeds\

are ~10* solar masses

. Some black holes are
ejected by gravitational

wave radiation.
Black holes grow

3 Gyr via accretion and
merging.

6 Gyr
Today virtually all >10' solar mass - -
- . galaxies contain supermassive 5
13.6 Gyr - black holes ~90% of ~1 (" solar mass
~50% of ~10” so s galaxies contain ~10* solar

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




KPYIMHOMACLWUTABHAA CTPYKTYPA

£=28.62

(Kravtsov et al.)

CerogHsa ctaHOapTHOW
MoZernbio

SBMNSAETCH T.H.
uepapxu4yeckas.

UncneHHoe
MoaenMpoBaHne
aBonunmn
KpynHOMacLITabHOW
CTPYKTYpPbI N OTAENbHbIX
«CTPOUTENbHbIX BNOKOB»
OOCTUINO BbICOKOrO
YPOBHS.



KPYIMHOMACLUTABHAA CTPYKTYPA




POCT CKOIJTIEHUA TAJTAKTUK

B npouecce pocTta CTpyKTypbl NPOUCXOAAT
MHOFOYUCIIEHHbIE CITUAHUA « CTPOUTENBbHbIX OrTOKOBY.
Kaxxabln n3 6riokoB MOXET MMETb BHYTPU

YEepHYo AbIpY.

[Mocne cnusaHnsA YepHasa ablpa MeAsIEHHO ABUraeTcs
K LLlEHTPY HOBOW CTPYKTYPHbI.

(DOpMVIpOBaHI/Ie KPYMNHbIX rajriakTuk 3aKkaH4nBa€eTCA
Ha z~2, nocne 3Toro NPoOnCxXoanT TOJTbKO
nornowieHne HebonbLInX CMYyTHUKOB.




EANHAA MOZAEJIb

Ay
- “Blazar"

\V ewing down the jet

>

'\ / “Quasar | Seyfert 1"
Viewng at an angle to the jet "
._ =l

‘Radio Galaxy / Seyfert 2"

Viewing at 0° from the jet

B pamkax eguHon mogenu
CBOMCTBA pa3sfN4YHbIX aKTUBHbIX ranakTuk

0ObACHAIOTCA CcBOMCTBaMU Topa
BOKPYI YEPHOW Ablpbl U €f0 OpUEHTALIMEN. I\
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[MPUJTUBHOE PA3PYLLUEHWUE 3BE3 /]
CBEPXMACCMBHbIMVl YEPHbIMU AbIPAMU




BCIbILLKA B NGC 5905

43
10 :llll T 1 1 1 lllll T 1 1 1 IIII T T T lE no Bceﬁ BMHMMOCTM,
- NGC 5905 1 3Be3na Obina pasopBaHa
- o ROSAT ]
— i s Ohaawy NnPUINBHbIMU CUIMaMW.
If/! 42 -
1O E
) - 3
ol - 5
o | .
3 | .
= | | EcTb elle ABa o
& e E XOpOLIMX KaHauaara.
. : ] OHM Bbinn OTKPBITHI
‘L i i CI'IyTHVIKQ / ~RC
S 10| S |
f 5 — - Starburst Emission - — >~ — —EB——E
& N\ -
i v ! Nucleus .
1039 vl 1 1 ool 1 1 1 ||||||\\ 1 L1 1
0.1 1 10

Years since 1990.40



L/ TAMMA-BCTIbILIKA SW 1644+57
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U“ A N — 4
T OrPAHUYEHUA HA PASMEP SGR A* &

@) Ncnonb3ya VLBI, yoanocb NonyymT O4eHb XXeCTKOe OorpaHunveHune
Ha pasmMmep UcTodHMKa Sgr A*: 1 a.e.
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Relative declination (mas)




http://www.astro.ru.nl/~falcke/bh/

«TEHb» YEPHOW AbIPbl

Size of Black Hole Shadow

Hekotopble aetanu MOXXHO HanTu B e-npuHTe astro-ph/9912263

uu ()



EVENT HORIZON TELESCOPE

u . rf;" 2
http?/ /eventhb;iﬁntelescopeﬁq
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x/ ~ B SGR A* HET NOBEPXHOCTW? )
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Habntogaercsa Tonbko

n3ny4vyeHune Ot NoToKa,
HO HE OT NOBEPXHOCTH.

- \§ /(5‘ Hanbonee nerko aro i
- 0BbACHAETCA Hann4mMem e
e Ty ropM3oHTa. r .

99.6% >Heprum TOIKHO BB,




GW150914 13-50 NO
MOCKOBCKOMY BPEMEHW

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

OdmunansHoe obbsaenenne 11 pespansa 2016 roga.
3a 16 OHeN COBMECTHbLIX HabMaeHUN OBYX OETEKTOPOB
HageXHOo 0bHapyXeHO 04HO CODLITUM — CNINSAHME ,qsy»(qep@)( abip B >400 Mnk ot Hag.



< CJIMAHUE ABYX YEPHbIX AbIP

T 1

0.1103/PhysRevlett.116.061102

Strain (107%Y)

"o o o

1.0 K

— Numerical relativity
Il Reconstructed (template)
1 1

Inspiral Merger Ring-
down

- T T T
L 06}
“? 0.5 H — Black hole separation

(V) === Black hole relative velocity
2 04F

v
> 03E 1 1 1

0.30 0.35 0.40
Time (s)

0.45

O NWLbM

Separation (Rs)

B TeueHne MHOrmx fneT HECKOMbKO rpymnm
y4YeHbIX 3aHMManucb pacyeTamm opm
OXMUAAEMbIX CUTHANOB OT CINUSIHWN
HEUTPOHHbIX 3BE3/ U YEePHbIX AbIp.

[1Ns1 HENTPOHHbIX 3BE€3[ 3TO CMNOXHO, T.K.
Mbl HEQOCTATO4YHO TOYHO 3HAeEM EOS.
[ns dyepHbix abip — notomy 4to OTO
NS10X0 noggaeTcs NPAMbIM YNCITIEHHbBIM
pacyeTam.

(4

Tem He meHee, yaanocb [oCTaTo
paccymTatb PopMbl cUrHal
KPUTUYHO AN Pacro:

=
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“NMAPAMETPbI NAPbI YEPHbIX .blP

Mo yacToTe n bopme curHana MOXHO AOCTaTodHO TOYHO onpenenuTb MHOrme napameTpbl.
Beicokasg macca 0gHO3Ha4YHO rOBOPUT O TOM, YTO 3TO HE MOTYT BblTb HEMTPOHHLIE 3BE3AbI.
OTHoweHne curHan/wym = 24

[locToBEpHOCTb AeTeKkTnpoBaHus >5.1 curma.

)

("\
(ﬁ

Primary black hole mass 3617M
Secondary black hole mass 29 M,

" Final black hole mass 6214M,

SRevLett.116.061102

Final black hole spin 0.6719:03
Luminosity distance 410119 Mpc
Source redshift z ﬂﬂgw:m




CBETUMOCTDb W
JHEPIOBbIAEJTEHUE

[MpumepHOo Tpy macckl ConHua nepeLusio B 3HEPImo rpaBUTALMOHHbLIX BOJH.
MakcumanbHasa cBeTuMocTb gocTturna 3.6x10%6 apr/c, 1.e. 1023 cBetumocTen ConHua.

www.ligo.caltech.edu

LIGO Hanford
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LIGO Livingston




b MOLWHOCTDb

Nt 100 000 000 000 000 000 000 000 ceetumocTen ConHua.

Yucno Bonoc Ha rorose 100 000

Yucno nopgen Ha 3emne 10 000 000 000

Yucno 3Be3n B [anaktuke 100 000 000 000

Yucno ranaktuk B Bngumon vact scenenHHon 100 000 000 000
Yucno 3se3n Bo BcenenHHomn 100 000 000 000 000 000 000 000

Hanford, Washington (H1) Livingston, Louisiana (L1) o
__ 512 2
N 8 &
L 256 5
3 ©
c 128 el
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E)- 64 2 © |
V) £
02

0.30 0.35 0.40 0.45 0.30 0.35 0.40 0.45
Time (s) Time (s)
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AUNCKWU BOKPYT YEPHbIX AbIP:
B3rNA4 CO CTOPOHbI

a=0.998M

.

[NCKN «n3 BECKOHEYHOCTUNY .
CneBa: HeBpawatowasaca Y/,
CnipaBa: BpaLlatouascs.

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



ANCKU U3 <UHTEPCTEJUJ1APA»

1502.03808
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_~ NPABUNbHbLIK AUCK U NTUHUA XENE3A
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JINHN N BPALLEHWUE Y A @

9

. - . , . - [aHHble XMM-Newton

To, YTO NNHUSA TAHETCS
BMMOTb 40 SHEPrnu
MeHee 4 kaB, roBoput
O TOM, 4YTO Ablpa
ObICTPO BpaLlaeTcs e
(Torga OMCK MOXeT
noaxoanTk Grivxe
FOPU3OHTY).
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