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306paxkeHne npotonnaneTHoro gucka (obcepeatopusi ALMA).




1306parkeHne akkpeumoHnHoro ancka ¢ gxetom (aHTasus
XYBOXKHNKA).




Y710 He Tak ¢ guckamu?

W13-3a ruranTcknx pasmepos (~ Mapg. KM. Ansi NpOTOMAAHEHTHOIO
ANCKa) xapakTepHble yncna PeiiHonbaca B akKpewnpyroLwmx
NOTOKAax AOCTUratoT 1019,

3710 canwkom mHoro!

Mpn Takoe Manoii BA3KOCTN BpeMsi (POPMUPOBAHUNS MIAHET N3
NPOTONNAHETHOrO AMCKa Npeebiwano bel Bo3pacT BeenenHoii.
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Summary. The outward transfer of the angular momen-
tum of the accreting matter leads to the formation of
a disk around the black hole. The structure and radi-
ation spectrum of the disk depend, mainly on the rate
of matter inflow M into the disk at its external boundary.
The depend on the effici of hani of

angular momentum transport (connected with the
e anatin Fald and frirhilancs) to wealbear T AT — 10—9

saturated by broad recombination and resonance
emission lines. Variability, connected with the character
of the motion of the black hole, with gas flows in a
binary system and with eclipses, is possible. Under
certain conditions, the hard radiation can evaporate
the gas. This can counteract the matter inflow into the
disk and lead to autoregulation of the accretion.
AL



Kak BO3HUKaeT TypbyneHTHOCTbL?

Mpn HanM4YMN BHEWHEro MarHWTHOro nons Typbynnsauus
MPOUCXOANT 33 CHET MarHUTOpoOTauuoHHol Heyctoliumsoctu (MRI).
OaHako:

1. MRI He paboTaeT B cnabomoHnsosaHHbIx obnacTsix
(BHYTpEHHME YaCTN NPOTOMIAHETHBIX ANCKOB).

2. MRI He paboTaeT npw pacTyuwieid NnpoTUB BEKTOPA CUJbI
TArOTEHUS! Yr0BOMA CKOPOCTU BPALLEHUS NOTOKA
(norpatunyHble cnon BOoKpyr HeTpoHHbIx 38834 (NS), benbix
kapaukos (WD) nnun monogbix 38€3g (YSO)).



MpocTeiiwas mogens. CABUTOBLIA ALK

E
Towards Central Object

(nctounuk Afshordi, Mukhopadhyay and Narayan, ApJ, 2005)



Knaccudukaums BpalaTeNbHbIX CABUTOBbLIX MOTOKOB
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[lokpnTnyeckas TypOyNeHTHOCTb.

MoTOK SIBNSETCS JINHERHO YCTORYNBLIM (HET SKCNOHEHLMANBHO
PACTYLLNX JINHERHBIX BO3MYLLEHNIA).

1. TypbyneHnTHOCTb B NofobHbBIX NOTOKaxX Ha3bIBAETCS
JOKPUTUYHECKOIA.

2. TypbyneHTHCTb NOALEPKNBAETCS 33 CYET TPAH3UEHTHOrO
poOCTa NWHEWHbIX BO3MYLLEHWNIA.

WNccneposaTe TypbyneHTHOCTL B NOAOBHBIX TEYEHUAX OUEHb
CNOXHO N3-3a ruraHTckoro Yncna Pelinonbaca. B nabopaTtopHbix
YCTaHOBKax Heobxoaumbl bonblune pasmepsl u/uanm bbicTpoe
BpaweHue. B yncnenHbix akcnepumeHTax — BbICOKOE
NPOCTPaHCTBEHHOE pa3peLUeHue.

Mbl ncnons3osanu cynepkomnbsrotep JIoMoHOCOB 1 cBOBOAHbLIN KOZ,
4151 TUAPOANHAMUYECKUX cuMMynsaunii Athena.



Habntopaemasi TypbyneHTHOCTb

Turbulencel No turbulence | Turbulence

1.93

Y

(cm. Lesur & Longaretti, A&A, 2005 n Rincon, Ogilvie & Cossu,
A&A, 2007)



TpansnTHOe 4ncno Penonbaca

Lesur & Longaretti, A&A, 2005 =
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BoamoxHo TypbyneHTHOCTb npn g > —6.67 He Habntoganack n3-3a
HEAOCTaTOYHOrO YMCAEHHOrO paspelueHus’?



Onpepaenerne TpaH3nTHOro Yucna PeliHonbaca

PaseuTas TypbyneHTHOCTb XapaKTepPU3YeTCs CYLUECTBEHHLIM
OTTOKOM MOMEHTa umnynbca (o) OT ueHTpa notoka (Ha pucyHke
g = —10).
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Onpepaenerne TpaH3nTHOro Yucna PeliHonbaca

VcpeaHEHHbIW MO BpeMeHU NOTOK MOMEHTa UMNYAbCa Npu
pasnu4HbIx Yucnax Pelinonbaca.
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Cumynauum B KyOM4YecKoM siLLnKe

Lesur & Longaretti, A&A, 2005 =
Nx=Ny=Nz=128 ——
10° ‘
5% 10° 1

2x10° | 1

sx10* | 4

2x 10 | 1

Ry

5x10° | i3 1

2x 10°

SXIOZ L L L L L I I I
-1 -0 -9 8 -7 -6 -5 -4 3 2

VBenudeHne paspeLleHunst No3BoAMAO CABUHYTL TpaHuLy
nHabntopaemoii TypbynenTHocTn. BaxHbl MenkomacliTabhble
haykTyaumu.



CI/IMyJ'ISIU'VII/I B BbITAHYTOM MO BEPTUKANUN ALLNKE

BoiTarneaHue silwmka no BepTUKaAN YMEHbLUAET TPAH3NTHOE YMCIO
Peiinonbaca. g = —4, L, = 1 cooTBeTCBYET KYBUYECKOMY ALLMKY,
Ny =N, =128, N, = 128L,.
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CI/IMyJ'IﬂLI'VII/I B BbITAHYTOM MO BEPTUKANUN ALLNKE

Lesur & Longaretti, A&A, 2005 =
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Bkitoyerue kpynHomacluTabHbix B BEpTUKaNLHOM HampasjieHunu
hyKTyaumii CyLLECTBEHHO ynpoLlaeT Typbyausauunto.



CI/IMyJ'ISILI'VIVI B BbITAHYTOM MO BEPTUKANN ALLNKE U JINHElHbIE
BO3MYLLEHUA
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Mockoneky 3a nepegady aHeprum K paykTyaumsiMm oTseYaeT
JINHENHBIA MeXaHNM3M [OJXKHA CYLEeCTBOBAaTh KOPpPenaumsa mexay
notepeli HenuHelHOW YCTORUMBOCTY 1 (haKTOPOM MaKCUMaNbLHOIO
TPaAH3WEHTHOrO YCUAEHUS INHENHBIX BO3MYLLEHWA ONpeaenéHHOro
Tnna.



CI/IMyJ'IﬂLI'VII/I B BbITAHYTOM MO BEPTUKANN ALLNKE U JINHElHbIE
BO3MYLLEHUA

Rp

-3 -2

Mbl 0bHapyxuan Takoli KNacc NMHERHbIX BO3MYLLEHNA.



TypbyneHTHOCTb B KennepoBckom TedeHumn 6e3 MarHuTHOro

nonsa’?

Ecnun obHapy>xxeHHast Koppensauns MoxeT bbiTb npogseHa B obnacTs
g > 0, To TypbyneHTHOCTb KennepoBckoro TeuveHus (g = 3/2)
MoXeT bbiTb 0bHapyeHa npu yucneH Peiinonbaca R ~ 108.
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CraTbs c pesynbTaTaMu paboTbl NPOXOAUT PELLEH3UNIO B BELYLLEM
MNUpPOBOM acTpocpmanyeckom xypHane Astronomy & Astrophysics
(Impact factor: 5.014). MpenpuHT: arXiv:1803.05459.
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ABSTRACT

Context. Enhanced angular momentum transfer through the boundary layer near the surface of weakly magnetised accreting star is
required in order to explain the observed accretion timescales in low-mass X-ray binaries, cataclysmic variables or young stars with
massive protoplanetary discs. Accretion disc boundary layer is locally by and boundless
flow of the cyclonic type, which is linearly stable. Its non-linear instability at the shear rates of order of the rotational frequency
remains an issue.

Aims. We argue that hydrodynamical suberitical turbulence in such a flow is sustained by the non-linear feedback from essentially
three-dimensional vortices, which are generated by quasi-two-dimensional trailing shearing spirals grown to high amplitude via the

swing amplification. We refer to those thy ional vortices as cross-rolls, since they are aligned in the shearwise direction in
contrast to streamwise rolls generated by the anti-lift-up mechanism in rotating shear flow on the Rayleigh line.
Methods. Transient growth of cross-rolls is studied i and further fr with direct numerical simulations (DNS) of

dynamics of non-linear perturbations.
Results. DNS performed in a tall box show that transition Reynolds number Rz as function of shear rate accords with the line of
constant maximum transient growth of cross-rolls. The transition in the tall box has been observed until the shear rate three times
higher than the rotational frequency, when Rz ~ 50000.

Conclusions. Assuming that the cross-rolls are also responsible for turbulence in the Keplerian flow, we estimate Rz < 10% in this
case. Our results imply that non-linear stability of Keplerian flow should be verified by extending turbulentsolutions found in the
cyclonic regime across the solid-body line rather than entering a quasi-Keplerian regime from the side of the Rayleigh line. The most




