spaceengine.org

2 okTs6pst 2017 r

Astron, & Aseophys 24, 337355 (1975)

Black Holes in Binary Systems. Obse
.1 Shakura

Steraber Astronomcal nsttste, Moscow, USSR

R. A. Suny
Lo of Appiod Mt ey of s, Mosow, USSR

Reccived June 1972

‘Summary. The outward transfer of the angular momen-
tum of the accreting matter leads 1o the formation of
 disk sround the black hol. The sructure and rds

tion spestrum ofthe disk depend, mainly on he rate

magnetic field and turbulence) s weaker. If M =102

the disk around the black hole i a
year

powerul souree of X.ray radation with v~ 1~ 10ke
and Tuminosity L~ 10°7 — 10" xgfs. If the flux. of the
accreing matter decteass,the ffctive temperature of
the radiation and the luminosity wil drop. On the
other hand, when M > 10 the optical uminosity

of the disk exceeds the solar value. The main contri-
buton to the opial luminosiy of the blck ole

from erdinion of it pat o he X and
Uhraviokt enegy which s nitally produecd in the
conta Hgh tomperaare regons o th dsk and which
s then absorbed by the low temperature outer regions.
The opicat radiain speceim o sueh Sjeces ot be

rvational Appearance

saturated by broad _recombination and reson
o s Variabilly conmesed i e mmm
of the motion of the biack hole, with gas flows
binary sysem, and with eclipss s posibie Undzr
ceran ondions the bard rdision can evaor

o This can councra the e aow e the
i ead o seneglaion o he acreton

108531070 M0 e uminsity o the disk around

the back ok sablld e crcl e of
L0 M s ction of e et
sl g e v s wheres e
o s i sy o s
o egons of e i The o e
e e ik ot ooty s
e ncom, o b pra

Of o e Sk kS . .
s s i o ot o e

ms ~ Xeray

Koy ot back bl ~ binary



Poxk aenne mpoToniageTHOro aucKa

1) Munumasbaoe Bpamenune I'MO
M~ 108My), | ~ 20 mk:
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Ar dr dr
ITocrosnusre OopTa
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A= —r? =14.5km/c knx "~

B=-Q+A=—12xm/c Kk~
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naror Q¢ ~ —A— B = —25kmM/c Kuk~ .
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Poxnenne
2) XapaKTepHOe BpPeMs CXKATHUsl BJIOJIb OCH BPAIIEHUS.

o Bpewms coGoguoro nanenust: t(M ~ 1Mg,/ ~ 1000 a.e.) ~ 10% + 105 zrer.

o Bpewms ocenanus B ruJIpOCTaTUYECKOM DPEXKHIME:
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TypOyJIEHTHOM JICKE - Ha CEMHUHAPE).
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= oTcroja, o Kpaiiaeit mepe, § < 0.1.
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Pox neane mporonianeTHOTO JIHCKA

Equatorial regions:
period = 25.6 days

60 degrees:
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Dullemond & Monnier (2010).
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_ Tporomnamersniit Ao - s D eNOR

YpaBHEHUs THJIPOAMHAMUKH B CJIydae aKCHaabHOM cummerpun 0/9¢p = 0):
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[IpoTomianeTHbI AUCK - KAK AKKPEIIOHHBIT JIICK

Basosnie IIPEIIOJIOZKEHN A MO/Ie/IN CTaHIapPTHOTI'O aKKPEIMOHHOI'O JIMCKa:

o Teomerpuuecku Torkmit noroxk — 6(r) = h(r)/r < 1.
0 AsuMyTajIbHOE OBUZKEHHE Ia30BBIX JIEMEHTOB O/IN3KO K KPyTOBOMY.

0 Bce dusmueckne BesnunHbBI, XapaKTEPU3YIOINE UCK, IIJIABHO MEHSIOTCS B
paauabHOM HalpaBJICHUH.

0 DddekTuBHOE BSI3KOE HAIPsIZKEHHE B a3UMyTaJbHOM HAIPaBJICHUH, Wiy,
napaMerpusyercs kak Wr, = ap, rne 0 < a < 1.

Torga cucrema ypasuenunit (1-16) CHIbHO yOpOUIIAETCs, U B INIABHOM
MOPSIZKE 10 § IUHAMUKA TMOTOKA B BEPTUKAJIBHOM U PATHATBHOM
HAIIPABJIEHNAX Pa3/IeJIsAeTCs:

0 B aszuMyTasbHOM HaIpaBJIEHUH JIBHKEHUE BEIECTBA OJIM3KO K KPYTOBOMY
KEIUIEPOBCKOMY ABUXKEHUIO, 2 = V,, /I ~ Qy, onucsiBaeMoMy OpGUTAIbLHO

GM,

qacToroit Qx = ;

0 B paanajabHOM HAIPABJIEHUH IPOLECC AaKKPEIUH OIMCHIBACTCS
nuddY3NOHHBIM ypPaBHEHUEM HA IOBEPXHOCTHYIO ILIOTHOCTH
>(r)= [ p(r,z)dz.

0 B BepTHKAJIbHOM HAIPABJIEHUN COXPAHSIETCS THAPOCTATHYECKOE PABHOBECHE,
a CTPYKTypa JIMCKa OIKCBHIBACTCA GAJAHCOM BI3KOTO SHEPrOBBIACICHUS U
(JSIy<9ncThIM) IEPEHOCOM Tellla Ha IIOBEPXHOCTD JHCKA.
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,Z[I/IHa,MI/IKa, B pa/inaJIbHOM HallpaBJICHNUU:

0 VYcnoBHE BEPTHKAIBHOTO MMIPOCTATUIECKOTO PABHOBECHs (CM. CIIef. Ciaiin)
ZaeT, 9To P/p ~ Vgéz , ¥ TOTJa U3 PaJHajIbHOrO HGajIaHca CHII:

Qo GM. r=3/2,
,’3

0 DBOJIIOIMS TOBEPXHOCTHOMN IJIOTHOCTH JUCKA:

T 19 M
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‘
[Iporo
Beprukanpnas cTpyKTypa gucka:
Qo BepTHKa.J'IbHOe TUAPOCTATUYIECKOE paBHOBECHUE:
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CrammoHapHbIil AKKPEIMOHHBINA JUCK B OJHO30HHON aIllIPpOKCUMAIIVN:
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_ kT
wiMy
X
=4

)

Pc



[Ipobistema 3 dekTHBHON BAZKOCTH B MPOTOILIAHETHOM JIHCKE

o JlokasbHast yCTORUINBOCTL (OHOPOIHOIO) KEILJIEPOBCKOIO HOTOKA 110
Kpurepuio Pajest:

dj
E>O7

e j = Qr? - VIEeTbHBI MOMEHT UMITYJIbCA BPAIIAIOIIETOCs BEIIeCTBA.

o OIHOPOIHBIN KEIJIEPOBCKUI MOTOK - JIMHEWHO YCTONYIUB
= CBEPXKPUTHYIECKAs TYPOYIEHTHOCTh HEBO3MOYKHA.

o B 1abopaTOpHBIX W YHUCJIEHHBIX 9KCIIEPUMEHTaxX He BT
TypGy/eHTHOCTH BILIOTH 10 Re = hes/vm ~ 10° + 108,
CwM., k npumepy, padorst Ji et al. (2006) u Shen & Stone (2006).

o Ho!
Re > 10",

o Jlokputnueckas TypbysenraocTs pu 108 < R < 10107,

Ja - ecsin TpaH3MEHTHBIE BO3MYIIEHUS C g ~ Re?/® OyIyT /aBaTh
HOJIOKUTEJIbHYIO 06paTHYIO cBsi3b (“obxonHoil” (bypass) cuenapui).
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MaruuTopoTanoHHast HEyCTONIHBOCTD.
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[Ipobistema 3 dekTHBHON BAZKOCTH B MPOTOILIAHETHOM JIHCKE

}I}LI‘IIHT()I)()TELHH()IIII‘dH H()y(ZT()f"I‘H/IB()(lTI).

http://www.dcu.ie http://www.dcu.ie

B mpocreiimieit Mofenu ¢ BHEIIHIM BEPTUKAJILHBIM MATHUTHBIM IIOJIEM MaJIble
ocecHMMeTprUHbIe Bo3Mymenus o« e~k pactyr mpu ycmopun
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IIpobmema acbdexT

Dead zone

Cosmic
rays?

Nonthermal
ionization
of full disk column

Resistive quenching
of MRI, suppressed
angular momentum
transport

Collisional ionization MRR-active Ambipolar diffusion
atT>103K (r<1AU), surface layer dominates
MRIturbulent

Figure 7
Schematic structure of the protoplanetary disk if the low ionization fraction at radi 7 ~ 1 AU quenches angular momentum transpore
due to the magnetorotational instability (MRI), forming a dead zone (Gammie 1996). X-rays, produced from the cooling of plasma
confined within magnetic field loops in the stellar corona, ionize the disk surface, but fail to penetrate to the midplane. The image in
the lower left shows density isosurfaces computed from a simulation of a fully turbulent disk (K. Beckwith, P.J. Armitage & J.B. Simon,
unpublished simulations).

P. Armitage (2011).
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Philip J. Armitage

subcritical baroclinic

instability vertical

self-sustained instabilit
vortex motion | Y
|

constant specific
angular momentum

self-gravity
overdensities

magnetorotational
instability

Fig. 16 A summary of the most important instabilities that can be present in protoplanetary disks.
Self-gravity is important for sufficiently masslve and cold disks. Il leads to spiral arms and gravita-
tional torques between regions of ds y. The bility occurs wi

a weak magnetic field is sufficiently coupled (o differential rotation. The magnetic field acts to cou-
ple fluid elements at different radii, leading to an instability that can sustain MHD turbulence and
angular momentum transport. The vertical shear instability feeds off the vertical shear that is set
up in disks with realistic temperature profiles. Itis a linear instability characterized by near-vertical
growing modes. The subcrit ity is a li instability that operates in the
presence of a sufficiently steep radial entropy gradient. It resembles radial convection, and leads to
self-sustained vortices within the disk.

P. Armitage (2015).

o (=] =

12N G4



