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10. Kyaps, kaHAa. ¢pu3.-mat. HaykK, CT. Hay4. coTp.
AcTpoHOoMUUecKkas o6cepBaTopus
KuneBckoro HaunoHanbHoOro yHuBepcuteta umenu Tapaca LLleBueHko

BAPNOHHAA 3ABUCUMOCTDb TAJIJIU — PULLEPA ONA FANAKTUK U3 KATAJNOIA 2MFGC

lMpedcmaeneHbl 6apuoHHble U 38e30Hble (Maccosbie) 3agucumocmu Tannu — Quwepa (T®), npokanubposaHHblie Ha 8bI6OPKax 2anakmuk u3 kamarsoaa
2MFGC, umetowyux oyeHKku 8000po0HbIx Macc. [pokanubposaHsbl 3agucumocmu Kak 0551 UcXoO0HOU 8blbopku eanakmuk obbemom N=2988, chopmuposaHHOU
o daHHbiM HyperLEDA u kamanoza 2MFGC, mak u 3agucuMocmu Ha ocHoge orpederieHHbIM 06pa3oM MoYUUEHHbIX no08bI6OPOK. [Jeyxnapamempuyeckas
b6apuoHHasi T®-3agucumocmpb 01 rnoYuweHHou ebibopku obbemom N=2831 u coomeemcmeyrowas eli 36e30Hasi 3agucumocms Onsi NOYUUWEHHOU 8bI60PKU
obbemom N=2790 xapakmepu3ytomcsi cmaHOapmHbIMU OMKIIOHEHUSIMU Ggrr =0.196 U o =0.207, COOMBEMCMBEHHO. Mo aHanozauu ¢ "06bI4HLIMU"

UHpakpacHbIMu 3agucumocmsamu Tannu — Quwepa (Mo ecmb 3agucuMocmsaMu abcomroMHbIX 38€30HbIX 8€/IUYUH OM WUPUHbI paduonuHuu 21 cm unu om
CKOpoCcMU 8palyeHusi 2anakmuk) Mbl pobyem yry4uwums 3agucumocmu 88edeHuemM Yembipex OOMofHUMErbHbIX peepeccopos (Mo8epXHOCMHYK SPKOCMb,
uHOeKc KoHUeHmpauuu, ysem u omHoweHue ocell). Oka3anock, 4mo egedeHue 00MoTHUMEIbHbIX peepeccopos 8 6apuUOHHYH U 38e30Hyt0 3agucumocmu TO

0ns1 ucxo0Hou ebibopku N=2988 ynydwaem Ggrz Ha 11 % u Ggrg Ha 17.5 %. Okasanocs makxke, 4mo wecmunapamempuyeckue 6apuoHHas u 3ee30Hasi

3agucumocmu T® xapakmepusyromcsi memu xe 3Ha4eHuUssMuU Opgrg U Ogye, YMoO U deyxnapaMempuweCKue peapeccuu npu HeckosbKo bonbwux obbemax

MOYULYEHHBIX 8bI60POK, MO ecmb MHo20MapamMempu4ecKue 3agucumocmu darom 803MOXHOCMb OUeHUSamb 6apUOHHbIE U 38€30Hble Macchl 071 HECKOMIbKO
66r1bWwe0 yucna 2anakmuk Ha MmoMm xe ypoeHe moyHocmu. B daHHOU pabome Ha Hawux ebibopkax Mu nodmeepxdaem u3eecmHsbili ghakm, ymo b6apuoHHbIe
3asUcuUMoCmU  UMerom MeHblWull pa3bpoc Mo CPasHeHUr C COoOMeemcmeyruuMU 38e30HbIMU 3asucumocmamu. [syxnapamempudeckasi 6apuoHHas
3a8UCUMOCMb Ha MOYULLEHHOU 8bI6OPKe OKa3anachk COBMECMHOU C 3a8UCUMOCMbIO Ol CEEPXMOHKUX OUCKOBbIX 2anakmuk.

Yu. Kudrya, Ph.D., senior researcher
Astronomical Observatory of National Taras Shevchenko University of Kyiv

BARYON TULLY-FISHER RELATION FOR GALAXIES FROM THE 2MFGC CATALOG

Baryon and stellar (mass) Tully-Fisher (TF) relations calibrated on samples of galaxies from the 2MFGC catalog, having hydrogen mass estimates, are
presented. The relations have been calibrated for both the initial sample of galaxies with the size N = 2988, formed from data of HyperLEDA and the 2MFGC
catalog, and the relations based on subsamples cleaned in certain way. The two-parameter baryon TF relation for the cleaned sample with size N = 2831 and
the corresponding stellar relation for the cleaned sample of size N = 2790 are characterized by standard deviations Gy =0.196 and Ggr =0.207,

respectively. By analogy with the "usual” infrared Tully-Fisher relations (that is, relations of absolute stellar magnitudes on the width of the 21-cm radio-line or
on the rotation velocity of galaxies), we try to improve the relations by introducing four additional regressors (surface brightness, concentration index, color and

axes ratio). It appeared that the introduction of additional regressors into the baryon and stellar TF relations for the initial sample N = 2988 improves Ggrz by
11 % and Ggrz by 17.5 %, respectively. It also appeared that the six-parameter baryon and stellar TF relations are characterized by the same values Ggr-

and Ggrz as the two-parameter regressions for somewhat larger sizes of cleaned samples, that is, the multiparameter relations make it possible to estimate

the baryon and stellar masses for a somewhat larger number of galaxies at the same level of accuracy. In this paper, on our samples, we confirm the known
fact that baryon TF relations have a smaller scatter in comparison with the corresponding stellar relations. The two-parameter baryon NF relation on the
cleaned sample appeared to be consistent with the relation for hyperfine disk galaxies.

YAK 524.8
V. Zhdanov, Dr. Sci., Prof., S. Dylda, stud. phys. fac.
Taras Shevchenko National University of Kyiv

HYDRODYNAMIC COSMOLOGICAL MODEL AND THE "COSMIC DOOMSDAY"™

We discuss the well-known “Big Rip” cosmological solutions in connection with a correspondence between hydrodynamic (H) and
scalar field (SF) models of the dynamical dark energy. Namely, we compare a minimally coupled self-interacting SF and the H-model with
a barotropic equation of state in the homogeneous isotropic Universe. In general case these models are not fully equivalent, though for
some SF potentials and some regimes of expansion they yield the same evolution of the energy density and the scale factor as functions of
time. We consider examples of the SF potentials, that provide such a restricted equivalence in case of linear H-model equations of state;
however, we show that in case of the canonical SF Lagrangians (with the standard kinetic term) there is no room for the Big Rip.

Introduction. In 2003 Caldwell et al [1] described an example of a cosmological evolution dubbed Big Rip, when the
energy density diverges in finite time. The reason for such a divergence owes to special equation of state (EOS)
p = p(e)=we with the EOS parameter w < —1. More generally, this is related with the existence of the phantom line in the

EOS corresponding to p+e=0. The interest to this situation has recently grown in view of the results of PLANK [2] that

© Zhdanov V., Dylda S., 2017
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show some tendency to confirm such inequality, though the Standard model value w = -1 is also within the error limits (see
also [3]). The occurrence of divergences has been discussed elsewhere (see, e.g. [4-6] for a review). Usually singularities
may indicate some incompleteness of the theory and they can be removed, e.g., by some change of EOS. For example,
among possible types of qualitative cosmological behavior [6,7] one can find models with a more complicated EOS, which
describe a transition from one phantom state to the other. Moreover, the hydrodynamic (H) model is an oversimplification of
the real physical picture, and it is desirable to relate it to a more consistent field theory.

Below we consider relations of the hydrodynamic description with the scalar field (SF) theory, which is widely used, e.g.,
to discuss inflationary scenarios of the early Universe and dynamical dark energy [8—10]. There are different approaches to
the problem of correspondence between H and SF models [8] dealing with general SF Lagrangians. In this paper we
consider a canonical minimally coupled SF with a self-interaction potential which fills the homogeneous isotropic Universe.
In accordance with observational data the space-time metric is assumed to be spatially flat. We consider barotropic EOS as
in many papers on homogeneous isotropic cosmology'. The requirement that the SF Lagrangian has the canonical form
imposes strong restriction on the possibility to relate H and SF models.

Basic relations. The Friedmann-Lemaitre-Robertson-Walker space-time metric of isotropic homogeneous cosmology
can be written as

ds® = g, dx"dx" = dt* —a’ (t)[ dy* +x°dO* |, 1)
leading to the Friedmann equations (the spatially flat case)
d%a 4r
e 3 a(e+3p), 2)
H 2= @e , H= 1da ,
3 a dt
here G=c=1.
Equations of the relativistic hydrodynamics (H-model) follow from the energy-momentum tensor of ideal fluid

T =huu,-g,p., @)

where h=e+p is the specific enthalpy, in case of the barotropic EOS the pressure p = p(e) is a function of the invariant

energy density e.
Now we consider a correspondence between the H-model and the model dealing with a minimally coupled scalar field
the Universe. The SF Lagrangian is assumed in the form

L. =3

= 2 9,0 -V(o) ,
where we introduce parameter s =1 in case of the canonical scalar field model, and s =-1 corresponds to the "phantom"

case. The corresponding energy-momentum tensor

TV =500, -9,k (5)
The SF-equations are

O®+3Hp+sV'(9)=0. (6)
Comparison of SF and H models. Due to conditions of isotropy and homogeneity the only non-zero components of (4) and
(5) take on the similar form with 7\’ =e, T\” =-g,p, (i,j=123)ifand only if

i

S . S . .
e:§(P2+V((P): P:E(PZ—V((P), p=do/dt. )

However, the SF and H models have different number of degrees of freedom. If we choose some EOS p = p(e) or,
equivalently, a dependence of specific enthalpy h = e+ p = h(e) on the energy density, equations (7) yield

o* =sh(e), e:§¢2+V(cp). (8)

This is an additional constraint on the initial values for the second order equations (6), which in the SF model must be
arbitrary. That is, there cannot be a complete equivalence of the SF and H models. If we suppose that the initial conditions

of the SF-model satisfy equations (8) at ¢t =t, . The question is, what are the restrictions for V(¢) so as to preserve (8) for
all t>t, ? With this aim we introduce a function ®(V), which is implicitly defined as a solution of the equation

st‘h[%\‘}-rvj, @)

with respect to 9; then from (8) we have ¢®> =@®(V)>0. In view of (3), it must be e >0 . We denote E(V)=s0O(V)/2+V .
For E(V) we have

' We note that in case of inhomogeneous cosmology the barotropic EOS with negative w cannot be applied, and some
modification is needed [11, 12].
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E-h(E)=V (10)

In order to provide the uniqueness of the solution of (10) with respect to E and (9) with respect to 3 it is sufficient that
h'<2-¢, (11)

where ¢ >0 can be arbitrarily small. This corresponds to dp/de <1-¢.

Derivative of (8) upon the time on account of (6) yields (assuming ¢ = 0)

2s‘(”TV = —sign()[2 - h'(E(V))]y24=E(V)O(V) , (12)
P

We have an equation for potential V (o), which is different for different signs of ¢.
Note that sometimes it is convenient to work with the equation

2

@(ﬂ = 6rE(V)0(V)[2-h'(EWV))], (13)

and then, when a solution of (13) is found, to check signs according to (12).
Linear equation of state. Now we consider examples with concrete equations of state. The simplest case deals with the
linear EOS:

h(e)=¢(e—e,))+h,=&e-n, n=%&e, —h,. (14)

Let us suppose & < 2, which corresponds to dp/de <1.
23(E_,V—n), E(V):2V_n
2-¢ 2-¢

AV _ o ciontoy loanse|[v_ 248 ) (228 Y
d—(p_ SSIgn((p)\/24 sé{[v 2t n) [4@ nj] (15)

For s& >0 the solution of this equation is

Vi)= gL {2+&+2-gooshlato-gy)]}, o= 2475

This is the necessary condition for H and SF models to describe the same evolution under additional condition
signm(2-€)o (e —¢y)] =-1.

In this case the H-model and SF-model describe the same solution for the scale factor. For example, in case of the slow-roll

regime of the inflation theory this is fulfilled, but this is violated near the minimum of the potential where one may have an

oscillatory behavior.

For h, =0, s&>0 we have

In this case 0 = , and equation (12) now takes on the form

V() =2{2+5+(2-E)cosh[a(o-o,)]}

and the additional condition is sign{(2—-&)¢(¢—¢,)} =-s.

In particular, for s§ <0 the expression in square brackets in the radicand of (15) must be negative, whence the potential
must be a bounded function. Then, there is no real non-trivial solution for the potential, if s§ <0 and (2-&)n=0.

For s¢ <0

V(o)=L {2+E+(2-8cos[alo—,)]|. sE<0, o= 24rsE
The additional condition is sign[n(2-&)psin(e—g,)] =-1.

For h, =0 V()= %{2 +&+(2-g)cos[a(p—g,)]}, o =y-24ns& ;the additional condition s sign[(2-&)dsin(e—g,)] = 1.

At last, consider the case n=0. It is easy to see that (15) can be fulfilled only if s&>0. This means that the case with
£<0 (yielding the’Big Rip” [1]) has no canonical scalar field counterpart. In the phantom case (s=-1) such
a counterpart is possible.
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B. XXpaHoB, a-p i3.-mat. Hayk, npod.,
C. Aunpa, ctya. dis. d-Ty,
KuiBcbkui HalioHanbHUi yHiBepcuteT iMeHi Tapaca LLeBuyeHka, Kuis

riAPOAMHAMIYHA KOCMOJOMYHA MOLESb | "KOCMIYHWUN KIHELIb CBITY"

062080peH0 €iOOMi KOCMOJ/IO2iYHi po3e'a3ku muny "Benukoz2o po3pusy "y 38'A3Ky 3 eidnoeiOHicmio 2idpoduHamivyHoi (H) i ckanspHo-
noneoeoi (SF) modeneli duHamiyHOi meMHoOI eHepeii. [lopieHsIHO MiHiManbHO 38'3aHy SF-modens i3 camodieto ma H-modenb i3 6apomponHum
pieHsIHHAAM cmaHy 8 OOHOpiOHOMYy i3omponHomy Bceceimi. 3azanom yi modesii He MoeHicmio ekeieaneHmHi, xo4a Onsi Aesikux nomexuyianie
CKansipHo20 rosisi Ui OesikuX peKumie po3wWupeHHs1 60HU Galomb maKy camy esoJlloUilo 2ycmuHuU eHepeil ma macuwma6bHozo ¢hakmopa 3 4acom.
Po3sansaHymo npuknadu nomeHyianie SF, siki 3a6e3neyyromb o6MexXeHy ekeieasieHmHicms y eunadky fiHiliHux pieHsiHb cmaHy H-modeni; odHak,
rnokasyemo, wo y eunadky KaHOHIYHUX Na2paHXuaHie cKassipHO20 noss (3i cmaHGapmHUM KiHemu4yHUM 4YiieHoM) Benukuli po3pue He 8UHUKae.

B. XXpaHos, Aa-p. du3.-mat. Hayk, npodp., C. Abinaa, ctya. ¢ums. c-Ta,
KueBckuin HaumoHanbHbIN YyHMBepcuteT umeHn Tapaca LleByeHko, Kues

rMAPOAUHAMUYECKAA KOCMOJIOMMYECKASI MOOESb U "KOCMUYECKUW KOHEL, CBETA"

O6cyxdaem xopouwo uzeecmHbie KOCMOJIo2u4ecKue peweHusi muna "bonbwozo pa3pbiea” 8 ces3u ¢ coo 2udpoduHamuyeckoli (H) u
ckansipHo-noneeoli (SF) modeneii duHamuveckoli meMHol 3Hepauu. A UMEHHO, cpagHU8aeM MUHUMaIbHO cesidaHHyto SF-modenb ¢ camodelicmeuem u
H-modenb ¢ 6apomponHbIM ypagHeHUeM cOocmosiHusi 8 OOHOpPOoJdHol u3omponHoli BceneHHoli. B o6ujem crnyvyae amu modenu He MOJIHOCMbIO
3Keusa/leHMHbI, xomsi O7is1 HEKOMOPbIX MOMEHUUAN08 CKalsPHO20 M0/l U HEKOMOPbIX PEXUMOE PacliUpeHUsi OHU Oarom MaKyio Xe 380JIIoUUI
naomHocmu 3Hepa2uu u MacwmabHoz2o0 ¢hakmopa co epemeHeM. Mbl paccmampueaem npumepbl SF-nomeHyuanos, komopble obecrneyusarom
0O2paHU4YeHHYI0 3K8U8a/IeHMHOCMb 8 Cily4Yae JIUHeUHbIX ypasHeHuli cocmosiHusi H-modenu; odHako, Mbi MoKa3bleaeM, Ymo & Crly4ae KaHOHUYEeCKUX
nazpaH)XuaHoe CKaslsipHO20 MoJisi (CO cmaHOapMHbIM KUHemMuYecKuM YsieHom) bonbwoli paspbie He 803HUKaem.
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DETERMINING THE UPPER LIMIT ON THE BLACK HOLE MASS
FROM NGC 4748 X-RAY PHOTOMETRY

In this paper, we analyze all the available X-ray photometrical data of the narrow-line Seyfert 1 galaxy NGC 4748, namely XMM-
Newton (EPIC and OM), INTEGRAL (ISGRI and JEM-X) as well as SWIFT (BAT and XRT) to estimate, if it's possible, the mass of
the central black hole from the variability of the lightcurves. In the XMM/EPIC composite lightcurve, we found fast quasiperiodic
variations of the 0.5-10.0 keV flux on a timescales of 10° seconds. These variations were interpreted as the result of the emission
of a dense hot clump of matter orbiting the central black hole near the innermost stable trajectory. The structure function analysis
of this lightcurve allowed us to put an upper limit to the mass of the central BH, as 6.23 * 10'Mo.

Key words: active galactic nucleus, X-rays, black hole mass.

1. Introduction. NGC 4748 is nearby narrow-line type 1 Seyfert (NLS1) galaxy in Corvus constellation at the redshift
z=0.01463 [10]. NGC 4748 is a barred spiral galaxy, interacting with the other slightly smaller spiral galaxy [7, 11], with
radio-quiet active nucleus (1.4 Ghz flux of 14.0+0.6 mJy, following [2]). There is present subnuclear starburst activity, but the
object is nonetheless AGN-dominated [13]. The mass of the black hole in the nucleus of NGC 4748 was determined by Hao

et al. [4] basing on the stellar vs. BH mass correlation, as 5.5*10°Me. Higher value of the BH mass was obtained by Wang &
Lu [12] using the correlation of the mass of BH and the velocity dispersion within the narrow line region, indicated by the

[OllN] line width, i.e. 4.2*10"Me. Later, the core of NGC 4748 was investigated in details by means of the reverberation
mapping method to HST/WFC3 data [3], and the black hole mass was re-calculated [1] to be 2.55 "3 10°Me. Here we try to

determine the upper limit on the central black hole mass value, applying the autocorrelation function and FFT analyses to
variable X-ray lightcurves of this object.

Following the results by Pal et al. [8] based on ROSAT/HRI data, NGC 4748 have quite steep photon-index
[=2.50£0.17. Similar result was obtained by Landi et al. [5], =2.20+0.11, for the SWIFT/XRT spectrum of NGC 4748. For
wide-band X-ray spectrum, Panessa et al. [9] obtained a photon index of =2.01+£0.13 and no cut-off at high energies, no
Fe-K emission lines and no reflection components in the composite SWIFT/XRT + INTEGRAL/ISGRI spectrum. They also
founded the hardness ratio between 0.1-2.0 keV and 2-10 keV band slightly higher than 1.

Here we use the X-ray observational data available by January 2017, namely, the data obtained by INTEGRAL, XMM-Newton
and Swift missions. This allowed us to analyze both a flux variability and wide-band 0.5-195 keV X-ray spectrum. The paper is
organized as follows. In the Section 1 we describe the data used and it's reduction. In Section 2 we analyze the flux variability on
different timescales. Finally, in Section 4 we discuss our results, and in the Section 5 we draw out our conclusions.

© Fedorova E., 2017



