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ABSTRACT. In the present work we have com-
puted the accretion disk time evolution over 50 orbital
periods on high resolution grid (the grid size is equal
to 140*180*140) for microquasar CYG X-1 for the
case of intermediate mass transfer rate (the initial
one-point density is equal to 8.184-10'2 e¢m ™3, that
corresponds to mass transfer rate order of 5-10~ solar
mass per year). Our task in the present research is to
generate ON-OFF-states (high/soft+low/hard states)
in the accretion disk of the given microquasar. For
this purpose we will simulate the precession motion
of an accretion disk (the precession period is equal
to 8 orbital ones in the present simulations). Thus,
our key goal in the present work is to show that the
precession motion in an accretion disk of microquasars
results in ON-OFF state production. We have used
the radiation cooling explicitly to obtain the real
magnitudes of temperature in the calculations. The
results show that in disk over the precession motion
the mass accretion rate modulation occurs. This
modulation is such that the states of low accretion
rate replaced by the high accretion rate states, thus
this replacement occur on the very short time scales,
order of 15 + 20 minutes that in turn makes about
of 0.0025 of orbital period. The relation of the
magnitude of accretion rate between both states is
by a factor of 100. The centre disk temperature also
shows the strong modulations in the magnitudes.
These temperature modulations are that that centre
disk high temperatures are corresponding to the low
mass accretion rate and centre disk low temperatures
are corresponding to the high mass accretion rate. We
interpret this situation as ON-OFF-state (high/soft -
low/hard states) generation in our calculations. The
ON-state time intervals are equal to OFF-state time
intervals and these intervals are equal to 2 precession
periods. The calculations also show that the time
intervals of OFF-state are longer in space below

orbital plane relatively these intervals upper orbital
plane. This circumstance is explained by as follows:
the one-point stream motion is strong nonuniform over
the precession motion. The most part of this stream
is moving upper orbital plane and a gas is more dense
in this space. Thus, a gas in space in the disk centre
below orbital plane have the relatively small density
and radiation cooling is not effective in this case. The
temperatures are strong increased in this case and
the jets are launched more often in the disk centre
below orbital plane in our present research. Finally we
may conclude that we show above haw the precession
mechanism of ON-OFF-state (high/soft - low/hard
states) generation is working in our present research.
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AHOTATIIA. B npencrasieniit poboTi Mu BUKOHAIIH
qucesibHe OOYMC/IEHHSI €BOJIIONIT aKpeIifHOTO JUCKY
mpoTsiroM 50 opOiTaJIbHUX I1epPio/iiB 3 BUKOPUCTAHHSIM
YHUCIOBOI CITKM BHCOKOTO PO3JijieHHs (pO3Mip CiTKH
140*180*140) myis mikpoksazapa CYG X-1, Bunasox
MMPOMI2KHOT ~ TBHUJKOCTI TIEPEHOCY PEYOBUHU, IO
nopisrtoe 5:107° Mg /pix (mouaTkoBa KOHIEHTpariis
pevoBuHU B 1epimiii Toumi JlarpaHkKa CTaHOBUTH
8.184-10'2 em™3). Ilepen HaMm cTOsiTa 3aJada
3reHepyBaTH BKJIIOYEHI Ta BUKJIIOYEHI CTaHU B
aKpeIiftHoMy JUCKY JIaHOTO MIiKpOKBa3apa. st
BUPINTEHHA TTOCTABIEHOl 3a/adi HaM TOTpiOHO OyiI0
3MOJIETIOBATH TIpellecifiHmil pyX akpenifiHoro aucky (B
HAIUX OOYMCJIEHHSX TMIperecifiHuit mepioy JOpiBHIOE
BOCbME  OpPOITAIBLHUAM  TI€PIOJAM). Takum 4uHOM,
KJIIOUOBUM 3aBIaHHSM JaHOI poboTH OyJI0 IMOKa3aTH,
IO Tpeneciiiuuii pyX akperiiiHOro JUCKY TPUBOIUTD
JI0 TeHepallil BKJIOYEHHX Ta BUKJIIOYEHUX CTaHIB
TaKoOro JucKy. Mu BUKOPHCTOBYBaJIM paJiialliiiHe
OXOJIOJIZKEHHSI B  SIBHOMY BUJi, 100 Oep:KaTu
peajibHI 3HAYEHHs TEMIEPATYpU B ODYMCIIEHHSIX.
Pesynbratn obumciens mokazasid, IO B JUCKY
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I dYac TPerecifiHOro PpyXy MOJIYJIIOITHCS CHJIbHI
3minn mBuUAKOCTI akperil. IIi momymsmii Taxi, 1o
CTaHW HU3BKOI INMBUJJIKOCTI aKpelil 3MiHIOIOTbHCH
CTaHaMU BHMCOKOI IIBHJIKOCTI aKperil, e Big0yBaeTbCs
IIPOTSATOM Jy?Ke KOPOTKOI'O IPOMIXKKY dYacy, OJIM3bKO
15 + 20 xBuawun, mo Bignosimae 0.0025 opbiTaabHOTO
repioy. CuiBBiHOIIEHH Mi»K  IIBUIKOCTSAMEI
BHCOKOI Ta HH3bKOI akpemil CKJIajJae BeJIUYINHY
6smspko 100. Temmeparypa B HeHTPI JUCKY IIij dac
MIPETIECITHOrO PYXY TaKOXK IMOKA3y€ CUJIBHI MOMYJISIIIT
3a BEJIMYMHOIO. i momymamii Taki, moO BHUCOKA
TeMIlepaTypa B IEHTPl JUCKY BiJIIOBiJIa€ HUIBKIl
IIBUJIKOCTI aKperril Ta, HaBIaKN, HU3bKa TeMIIEPATypa
B TIIEHTPpl JIUCKY BIiJIMIOBiJla€ BHUCOKi#l TIBUJIKOCTI
akperii. Muwu iHTepHnpeTyBajd HASIBHICTH BKa3aHUX
CTaHIB B HAmMNUX OOYHUC/IEHHAX SK MOJETIOBAHHS
BKJIIOUEHUX Ta BUKJIIOUEHUX CTaHIB B aKpEIilHOMY
jgucky. OO4YHC/IeHHsT TOKa3aJiy, [0 YacoBl iHTepBaju
BUKJIIOYEHUX CTaHiB NpuOJU3HO PiBHI 9acOBUM
inTepBajlaM BKJIIOYECHUX CTAHIB 1 BOHU BCI pasoM
npuOJM3HO PpIBHI  JBOM  TIpEreciitHuM — mepiojaM.
OO6uncienHst TAKOXK MOKA3aJIH, M0 YaCOBl iHTEpBAIN
BUKJ/IIOYEHUX CTaHIB B 00jacTi HuK4Ie opOiTaabHOT
TUIONIUHN 32 BEJIMYNHOIO 3HAYHO OiIbIN aHAJIOTITHUX
craHiB B objacTi Buine opbitanbHOl miaomuau. Lle
[IOB’SI3aHO 3 THUM, M0 Ta30BUN MOTIK, IO PyXa€ThCs
3 meprrol Toukm Jlarpam:ka, M 9ac IpereciitHoro
PYXY JINCKY PYXA€ThCS 37€01IBITOTO BHUIIE OpOiTaIbHOT
IUIOIIWHU 3aBJIIKM YOMY Ta3 B IEHTPI JUCKY B Il
obJracti HabaraTo miIbHINIE, HiK Ta3 B IEHTPl JUCKY
HUKYe OpOITAJIbHOI IUIOMMHM. 3 i€l TPUYNHU ra3 B
obsiacti HmK4Ye OpOITAMBHOI IUIONIMHU MAa€ BHUCOKY
TeMIIEpATypy 3HAYHO 4YACTiNlle 3aBJgKHA TOMY, IO
TYT pajiaiiifHe  OXOJO/KeHHsST He  edeKTUBHE.
Tax cama nOpuUYMHA TPUBOJIUTH JO TOrO, IO B
HAIUX OOYMCJIEHHSIX B 00J/acTi HUXK4e opbiTajabHOT
IUIOIIAHA JPKETU 3allyCKAITHCA HADAraTo dacTile.
Takum 9rHOM, B NPEICTABICHUX OOYHC/IEHHAX MU
ITOKA3aJ/Iu K ITPAITIOE TPEIeCiiiHnil MexaHi3M reHeparii
BKJIIOYEHUX Ta BUKJIIOYEHUX CTAaHIB Ha IIPUKJIAJII
mikpokBazapa CYG X-1.

1. Introduction

In the present research we have continued to
simulate the ON- and OFF-states generations on the
base of microquasar Cyg X-1 by the methods of 3-D
numerical hydrodynamics (Nazarenko & Nazarenko,
2014, 2015, 2016, 2017; Nazarenko, 2018, 2019).
The present work is devoted to ON- and OFF-states
simulations in accretion disk on the base of classical
microquasar Cyg X-1 in the case of high resolution
grid. The goal of the present research is to compute
the donor’s wind, one-point-stream formation, its
motion in Roche lobe of accretor, accretion disk
formation and it’s slaved precession on high resolution

grid to see haw the low numerical viscosity will be
affects on the results. We have used such the overflow
degree, that one is corresponding to the mass transfer
rate order of 5-107Y solar mass per year.

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,
2018, 2019). Shortly, this algorithm is as follows: to
resolve the non-stationary FEuler’s hydrodynamical
equations we have used the astrophysical variant of
"large-particles" code by Belotserkovskii and Davydov
(Belotserkovskii & Davydov, 1982); to simulate 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
radiation 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 precession 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 81,84. In the present simulations the grid
size is equal to 140*180*140. The cell sizes in orbital
plane are equal to 0.00755 and this size in the vertical
direction is equal to 0.01. The last means that in
our present simulations the jets will be launched on
highness of 10000 Schwarzschild radiuses.

3. The results

Before a starting precession we run our simulations
over 2.6 precession periods to show a stationary state
in disk over long time. The precession starting is on
time equal to -0.25. After a precession starting we
run our simulation over 9 <+ 10 precession periods to
have the results over long time. This time interval is
containing two ON-states and two OFF-states. The
mass accretion rate in a disk over OFF-states are
equal to 2.5-107!0 solar mass per year. The mass
accretion rate in a disk over on states are equal to
5.5-10~8 solar mass per year. We show mass accretion
rate in a disk versus time on Fig. 1. This figure
shows that to ON-states are corresponding high mass
accretion rate and on contrary to OFF-states are
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Figure 1: The mass accretion rate versus time.
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Figure 2: The central disk’s temperature upper orbital
plane versus time.

corresponding low mass accretion rate. This result is
in the full corresponding with classical microquasars
essential properties. The Fig. 2 and Fig. 3 show the
central disk temperature upper and below orbital
plane respectively. From these figures it is led that the
transition between both states are occurring suddenly,
on the very short time scale,order of 20 minutes of
orbital time. The comparison of both the last two
Figures show that the ON-state time intervals below
orbital plane are much shortly relatively these intervals
upper orbital plane. This circumstance is explained
by the following: the distribution of one-point stream
motion relatively the disk plane over the precession
motion is strong nonuniform; the most part of this
stream is moving upper orbital plane and this results
in small density in the disk centre below orbital plane.
As a result of it the OFF-state time intervals in the
disk centre below orbital plane are very long. The last
means that the jet launch below orbital plane must
be occurring much often relatively this process upper
orbital plane.
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Figure 3: The central disk’s temperature below orbital
plane versus time.

4. Summary and conclusions

The present calculations show that in the case of
intermediate mass transfer rate (order of 10° — 10%
solar mass per year) the time intervals of ON- and
OFF-states are practically the same. The transition
between both states is on very short time scale, order
of 20 minutes of orbital plane. The low mass accretion
rate is corresponding to OFF-states and high mass
accretion rate is corresponding to ON-states. The
relation between both mass accretion rates is order of
100 that is in good accordance with the observations
commonly (Fender et al., 2003; Fender et al., 2004;
Fabrika, 1993; Fabrika, 2004) and is in the very good
accordance with observational data of Cyg X-1 (X-ray
observations — Lachowicz et al., 2006) partially. The
analyse of the present simulations show that the jet
launch is occurring more often below orbital plane in
comparison with this launch upper orbital plane.
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