CragpgapTHbIE JUCKHA B aCTPOQU3UKE

spaceengine.org

27 centsiopst 2018 1.

Astron. & Astophys. 24, 337355 (1973)

Black Holes in Binary Systems. Observational Appearance

N. 1. Shak:
Straberg Astronomical nstiste, Moo, USSR

inyacy
Institue of Appied Mathemaics, Acadeny of Sceaces, Moscow, USSR

Received June 6, 1972

‘Summary. The outward transfer of the angular momen-
i of the acreing mater eads o the formation of
sk around the black hole. The sucure and radr

magnetc fld and trbulenc) is weake. 1 N = 10
30107437 he disk around the black e i 3
powertulsourc of X-ray radiation with v~ — 10ke v
and luminosty L~ 105~ 10° rgf, 1 the flus of the
acceting mater decreses, the ffctive temperature of
the radiation and the luminosity will drop. On. the
. [
othe hand,when 1 > 1072 Mo mw.w Tuminosiy
ofthe disk cxceods the solar value. The main contri-
buon 1 e opat Iummosu) or the black hole
reradiation of that part o the X-ay and
Uinaiole cnrgy which s mially produoet o the
central high temperatur regions ofthe disk and which
s then absorbed by the low temperstue auter regions
The optcal radition spectrum of such objecs must be

broad_recombination and resor
oo i Varablty, comeasa ith e charascs
o the moton o the blck hoks with g fows in 3

system and i possible. Under

the gas. This can counteract the matte iflow o the
disk and lead to autoregulation of the accreion
I K310 -;‘:; the luminosity of the disk around
the black hole is sibilized at the critcal leel of
L1002 p ol faction of the acrting
el e e gavtationa i whers he
s gt of i Tlows outwith g slcky om te
central regions of the disk. The outlowing matter is
puelothedis md\anm\und compltely transiorms
he supercrtcal regime
O arcion e ek ek iy apper oo b .
optical st with  strong outow of mater

ords: black hols — binary ystems ~ Xoray



Poxk terne mpoTOmaaHeTHOTO JAMCKA,
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Bpamerue rnobyn: Goodman et. al (1993)
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Poxk terne mpoTOmaaHeTHOTO JAMCKA,

2) XapakTepHOe BPeMs CXKATHS BLOJIb OCH BDAIEHUS.

o Bpewms cobomnoro magemnus: tr(M ~ 1Mg, ~ 1000 a.e.) ~ 10* = 105 ner.

o Bpewms ocemaHusa B THAPOCTATHYIECKOM DPEXKUME:
p LU _Jo-1D)Tpdz  (y= 1)K %
ST T 20T4 T 20(ump)t (hQ)S’

re UCIIOJb30BaHO, YTO

KT
2= MLLE Cs =~ hQ.
Hmy -

=10 (fogpnret) (5) ()
~ —— | | < c
e 1000r/cn2 ) \5/) \Troa

(BelBOA B CpaBHEHWE C XapPAKTEDHBIM BPEMEHEM BBHICBEUNBAHUS B
TypOyI€HTHOM JUCKEe - Ha CEMHHADE).

B uncmax:

= OTCIOJa, 110 Kpaliueit mepe, § < 0.1.
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Poxk terne mpoTOmaaHeTHOTO JAMCKA,
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Dullemond & Monnier (2010).
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IIpoTomIaHETHBIN JUCK - KaK aKKPEIMOHHBIN JIHCK

Bazosbie HIPEAIIOJIOKEHNUA MOIE/IM CTAHJAPTHOIO aKKPEIUOHHOI'O JHUCKA:

o Teomerpuuecku Toukumil notox — 6(r) = h(r)/r < 1.
0 A3uWMyTanIbHOE ABHKEHHE Ta30BBIX YJIEMEHTOB 0JIM3KO K KPYTOBOMY.

0 Bce dusudeckue BeIUYUUHLI, XaPAKTEPUIYIOMIUE IUCK, IJIABHO MEHSIOTCS B
paauajJbHOM HAIpaBJICHUH.

0 DddexkTuBHOE BA3KOE HANPAXKEHAE B a3UMYTaJIbHOM HAIPABJICHUH, Wrp,
napamerpusyerca kKak Wr, = ap, roe 0 < a < 1.

Torpa cucrema ypasueruii (1-16) cubHO ynpomaercs, u B TJIABHOM
MOpsIKe M0 § IWHAMUKA MOTOKA B BEPTUKAIBHOM U PATUATHHOM
HAIIPABJIEHUAX Pa3IesIsaeTCs:

0 B a3uMyTaJIbHOM HAIIDaBJIEHUH JBHUXKEHHE BEIECTBA OJIM3KO K KPYTOBOMY
KeIUIEPOBCKOMY ABHIKEHHUIO, 2 = V,, /r ~ Q, onucsiBaeMOMy OpGHTAIBHOM

qacToTol QK = 4/ GM..

o B paanajsbHOM HAIPaBJIEHUM IIPOIECC AKKPEIUHU ONUCHIBAETCSI
nuddy3uOHHBIM yPABHEHHEM HA IOBEPXHOCTHYIO INIOTHOCTH

>(r)= [ p(r,z)dz.
0 B BepTHKaJHLHOM HAIIPABJIEHUH COXPAHAETCH THAPOCTATUYECKOE DaBHOBECHE,

a CTPYKTypa JIUCKA OIHMCHIBACTCA BAJAHCOM BA3ZKOTO SHEPTOBBIACICHAA U
(JIy<mCTBIM) EPEHOCOM TeIIa Ha IHOBEPXHOCTH NHUCKA.
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JuHaMuKa B PaiiaibHOM HAIIPABJICHUMN:

0 VcnoBHEE BEPTHKAILHOTO MEAPOCTATHIECKOTO PDABHOBECHS (CM. CIIeH. Craiin)
JaeT, 910 P/p ~ Vgﬁz, ¥ TOLJa U3 PAAMAIBLHOTO OAJIAHCA CHIL:

Q~ G—A::,* ~ 32,

r
O DBOJIIOIUS TOBEPXHOCTHON IMJIOTHOCTH JAUCKA:
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BeprukaipHag CTPYKTypa JUCKA:
o BeprukajgbHOE THAPOCTATHYECKOE PABHOBECHE:

1P - g2,
p 0z

cs ~ hQ.
ci(2)

(*)
Y- 1 2 2 ol
T(hQ) 1-— 72 nna cnydas p(z) = Kp(z)7.

2 iop2
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CrarmoHapHbIil aKKPENMOHHBIN TMCK B OHO30HHON alTPOKCUMAIINN:

v = acsh,
2 — vkTe
S l/'mH7
Uz
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4
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[Ipobitema 3dbpekTHBHON BABKOCTH B MPOTOILIAHETHOM JIMCKE

o JlokaysbHAA YCTOHYUBOCTD (OHOPOTHOTO) KETLIEPOBCKOTO TIOTOKA TIO
kpurepuio Pases:

dj
E>O’

e f = Qr? - VIEeIbHBIH MOMEHT WMITY/IbCA BPAIAIONIErOCs BEIIeCTBA.

o OAHOPOAHDBIA KEIIEPOBCKUIA LI0TOK - JIMHEHHO yCTONYUB
= CBEPXKPUTHUYIECKAS TYPOYT€HTHOCTh HEBO3MOKHA.

o B s1aG0paTOPHBIX W YUCAEHHBIX SKCIIEPUMEHTAX He BHUIAT
rypGyrenrrocTy BILIOTh 210 Re = hCs/vm ~ 10° + 10°.
Cwm., k mpumepy, paGorsr Ji et al. (2006) m Shen & Stone (2006).

o Ho!
Re > 10",

o Joxpuruueckas TypbymeraraocTs mpu 108 < R < 10107,

Jla - ecnin TpaH3WeHTHbIE BO3MYINEHUs C g ~ Re?/® OynoyT IaBaThb
TIOJIOKUTENbHY IO 06paTHYIO cBA3b (“obxommoii” (bypass) crienapwmit).
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MaruuTopoTanuoHHast HeyCTONINBOCTD.

https://ay201b.wordpress.com/2011/04/11/the-

magnetorotational-instability /

https://ay201b.wordpress.com/2011/04/11/the-

magnetorotational-instability/




[Ipobitema 3dbpekTHBHON BABKOCTH B MPOTOILIAHETHOM JIMCKE

MarauropoTanoHHasd HeyCTOMIUBOCTD.

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

B mpocreiimeii Mogen ¢ BHEIIHUM BEPTUKAJIbHBIM MArHUTHBIM IIOJIEM MaJible
ocecMMMeTpHUIHBIE BO3MYyIIenHus o« e*{~*K pactyr mpu ycrorun
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[Ipobitema abpexr
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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
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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 ityis 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).
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