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ABSTRACT. The present paper is devoted to small
radius accretion disk formation in microquasar CYG
X-1. The results show that in the case of the strong
wind action on a disk the disk radius is about of 20 + 30
per sent of accretor’s Roche lobe radius (it is about of
0.08 of orbital separation) instead of the standard disk
radius equal to 80 + 85 per sent of accretor’s Roche
lobe radius (the last magnitude is a disk radius equal
to 0.22 of orbital separation). In the present paper we
try to resolve the problem that is arising in the case
of microquasars when we investigate the accretion disk
formation in these objects. Indeed, since the micro-
quasars are the massive close binary systems (MCBS)
in which the donor is massive stars of O-B class the
strong wind is blowing from these stars. In this case
the problem is arising: what is the situation in which
an accretion disk in microqausars is formed. By the
other words, it means what are the processes and the
matter that are responsible for an accretion disk for-
mation in microquasars: is this matter from one-point
stream only or a disk is formed from the donor’s wind
in essential or one is formed from both processes simul-
taneously. This question is not idle since one is strong
affects on ON-OFF state generations in the precession
mechanism model. Since this mechanism is strong de-
pending from the magnitude of the disk centre density
and all the parameters affecting on it are very impor-
tant for calculations. The matter configuration in the
vicinity of one-point is one of these parameters that
strong affects on ON-OFF state production and disk
structure and the central disk density. By this reason
we have investigated in the present paper how the disk
structure is depending from the wind configuration in
the vicinity of one-point.

AHOTAIIIA. Ilpencrabiena craTTsi IPUCBSYEHA
dopMyBaHHIO aKpeIifiHOro JUCKY MaJjoro pajiycy B
mikpokBazapi CYG X-1. Pesymprarn mokasyors, mo
Yy BUIAJIKY il CMJIBHOT'O BITPY Ha JIMCK, PAJIiyC JIUCKY
cranouth 20-30% Bix paaiyca nopoxkuunm Poma
akperopa (me 3HaueHHs1 jopiBHioe 0,08 B opmHUISX

opbiTajbHUX TOALIIB) 3aMICTh CTAHAAPTHOIO 3HAYECHHS
paaiycy mucky, pisaoro 80-85% pagiyca mopoxxHUHKA
Poma axperopa, mo mgopiBuioe 0,22 B OXUHHUIIAX
opOitayibHUX TTOALIIB. B maniit crarTi Mu HaMaraemocst
BUPIIIMTH [pOOJIEMy, siIKa BUHUKAE Y BHUIAJIKY
MIKpOKBa3apiB, KOJIU MHU JOCTIIKYEMO (DOPMYBaHHS
aKpeIiiiHoro IMCKy B TaKumX 00’€KTax. Hiiicro,
MIKPDOKBa3apu € MACUBHUMH TICHUMU TOABIMHUMUI
cucTeMaMu, 0 MaloTh JJOHOpoM MacupHY 30pio O-B
KJIaCy, BiJl SIKOI JIMe CHJIBHUU BiTEp. ¥ ITHOMY BUIIQJIKY
BUHUKAE ITUTAHHS: SKOI [MOBUHHA OYTHU CUTYAIlisl JJIst
dopMyBaHHS AKpPEIitHOro OMCKYy B MIKpOKBa3apax.
[amumu  cioBamu, $Ki mporecu Ta PEYOBUHA, IO
BiZmoBitaloTh 3a (GOpMyBaHHS aKpPEIiHHOTO JIHUCKY:
U 1@ PEevYoBHHA, IO Tevye TiJAbKKH B IIOTOII BiJ
Toukn L1, um muck dopmyerbes 3ae0iaboro i3
BiTPy J0HOpa, dYu y POPMYyBaHHI aKpeIiifHoro
JIUCKY TPUHMAIOTh ydacTh O0OMaBa mporecu. Take
NIUTaHHS He IIyCTe, OCKIJIbKM BOHO JIy’Ke BILJIUBAE Ha
PeHepallii0 BKJIOYEHNX /BUKIIOUEHUX CTAHIB B MOJEJ
rpereciiiHoro MexaHismy 3armycky JkeT. Ockinbku
el MexaHi3M HaJITO 3aJI€XKUTh BiJI MIJIBHOCT] B IIEHTPI
JHUCKY, TO 2K BCl IapameTpH, IO BIUIUBAIOTH HA IO
MIBHICTh BaKJIMBI [ig obduciaenb. KouHddirypartist
pevoBUHU B OKOJHUIN TOUKH L1 sBJISIETHCA OTHUM
3 TaKUX TapaMeTpiB, KW Ma€ BEJUKHUIl BIJIUB
HA BUHUKHEHHS BKJIIOYEHUX/BUKJIIOUYEHUX CTAHIB,
CTPYKTYPy [AHWCKY Ta IMIbHICTH B MEHTPi aucky. 3
i€l TPUYUHY B JIAHIM CTATTI MU JOCIJIXKYBaJINA Te, sIK
CTPYKTYpa JIUCKY 3aJI€KUTh BiJl KOHDIrypariii BiTpy B
okoJmaii Toukuy L1,
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1. Introduction

The present paper is devoted to the numerical calcu-
lations of small radius accretion disk formation in mi-
croquasar CYG X-1. A s it is well known the classical
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microquasars are massive close binary systems (CBS)
in which donor and accretor are massive super giant of
class of O-B and massive black hole respectively. As
it is led from stated above the situation in which an
accretion disk is formed in microqausar are substan-
tially different from accretion disk formation in usual
X-ray binaries. This difference is that in microquasars
the strong wind is blowing from donor and this wind
is strong pressing an accretion disk. By this reason,
for instance, accretion disk in CYG X-1 have the very
small radius relatively it normal size for usual accretion
disks. The standard disk radius is about of 80 + 85 per
sent of the accretor’s Roche lobe radius because of the
donor’s tidal effects on the disk. On the other hand the
observations of CYG X-1 (Karitskaja E.A., Bochkarev
N., private communications) show that the disk radii
in this microquasar is the very small and is equal to
0.15 =+ 0.20 in units of the orbital separation. Such the
observations directly show on the affection of donor’s
wind on accretion disk structure in microquasars. By
such the way our goal in the present research is to con-
firm this affections by the method of 3-D numerical
hydrodynamics.

The paper have the four section. The first is an
introduction. The second is the numerical model de-
scription. On the third one we describe our numerical
results. The last section is the discuss and conclusions.

2. The numerical algorithm

The description of the numerical algorithm in use in
details is given in our previous works (Nazarenko &
Nazarenko, 2014, 2015, 2016, 2017; Nazarenko V.V.,
2018, 2019, 2020). Shortly, this algorithm is as fol-
lows: to resolve the non-stationary Euler’s hydrody-
namical equations we have used the astrophysical vari-
ant of "large-particles" code by Belotserkovskii and
Davydov (Belotserkovskii & Davydov, 1982); to sim-
ulate one-point-stream we use the donor’s atmosphere
model that in turn is constructed on the base Kurucz’s
grid (Kurucz, 1979) with the donor’s parameters; we
use the free-flow boundary conditions allowing to a gas
to flow freely via the calculation area boundaries; to
calculate mass flow real temperature we use the radia-
tion cooling explicitly (Cox& Daltabuit, 1971). In the
present calculation we use the rectangular coordinate
system centred on the donor’s centre. We have adopted
the donor’s mass to be equal to 40 solar mass and the
accretor’s mass to be equal to 10 solar mass. The pre-
cession period in the present simulations is about of 8
orbital periods. Hereafter all the distances will be given
in units of the orbital separations; the temperature will
be given in units of EV; the density will be given in
units of 10*! ¢m™3; the times in the figures (see below)
are given in units of the precession period. The initial
one-point density is equal to 0.3431. In the present

simulations the grid size is equal to 116%190*190. The
cell sizes in orbital plane are equal to 0.00955 and this
size in the vertical direction is equal to 0.0815. The last
means that in our present simulations the jets will be
launched on highness of 10000 Schwarzschild radiuses.

Accordingly Wijers and Pringle (Wijers R.A.M.J. &
Pringle J.E., 1999) we have choose the mass transfer
rate to be equal to 5 1078 solar mass per year. The
donor’s wind mass lost rate is order of 5 10~ solar
mass per year.

3. The results

Figure 1: The orbital plane disk structure in the case
of the strong wind in the vicinity of one-point

Figure 2: The orbital plane disk structure in flow lines
in the case of the strong wind in the vicinity of one-point

The first of the turn we will describe the results
of the disk formation for the case of the very narrow
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Figure 3: The disk structure in details in flow lines in
the case of the strong wind in the vicinity of one-point
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Figure 4: The dependence of the average-volume disk
density versus time for the case of strong wind in one-
point

donor’s wind in the vicinity of one-point. As the cal-
culations show the stationary state in disk is achieved
after first one orbital period of the calculations. The
disk structure in the orbital plane is shown in the
Fig. 1, Fig.2 and Fig.3. In Fig.1 we show the density
distribution and velocity field; in Fig.2 we show the
density distributions and flow lines and in Fig.3 we
show flow lines and density in the vicinity of the disk.
As it is led from Fig. 1 the one-point stream is absent
and the matter is flowing in a disk via the donor’s wind
only. The disk radius on Fig. 1 is about of 0.08 in scale
of the orbital separation. The Fig.1 also show that
the wind in this picture in the vicinity of one-point is
very narrow and the wideness of the region in which
the wind is absent in the vicinity of one-point is order
of 0.05 of the orbital separation. The Fig.5 show
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Figure 5: The orbital plane disk structure in the case
of the wide wind in the vicinity of one-point

that the disk radius is about of 0.22 when the disk
configuration in the vicinity of one-point is wide. Such
the way we may see how wind one-point configuration
is affecting on the disk structure.

4. Summary and conclusions

As the present calculations show, in the case of
strong action of the donor’s wind on a disk the disk
radii is about of 20 =+ 30 per sent of the accretor’s
Roche lobe radius. On the other hand, when the wind
configuration in the vicinity of one-point is the very
wide, the disk radii have the standard one.

In the future works we will analyse the influence
of the physical parameters (the binary mass transfer
rate, the wind configuration, the wind mass lost rate,
the disk’s viscosity) on the microquasar disk structure
variety.
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