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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.

YOK 524.7
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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
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2. Observations and data reduction. In this analyzis the XMM-Newton (EPIC), SWIFT (BAT and XRT), and INTEGRAL
(ISGRI) datasets. In this section we describe the reduction performed to the initial data to obtain the lightcurves are used.
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Fig. 1. 0.5-12 keV XMM/EPIC lightcurve of NGC 4748

XMM-Newton. NGC 4748 was being observed by the XMM-Newton mission 14 January 2014 (OBSID 0723100401,
Pl name: B.Kelly) during 68645 secs. During the observational time all the three EPIC cameras were operated in Large-
window mode, using the Medium Filters for the MOS cameras and Thin Filter for the PN camera. The EPIC data were
processed using the standard software package XMM SAS version 14.0. The standard SAS chains epproc and emproc
were applied for primary data reduction. The single- and double-photon events were taken into account (i.e., the
PATTERN_4 option was applied). To exclude bad pixels and near-CCD-egde events from our consideration, the filter
FLAG=0 was also applied. The source counts were extracted from the source-centered 30 sec-radii circular regions, while to
extract the background counts were chosen the empty regions on the same CCD chip.
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Fig. 2. SWIFT/XRT 0.2-10 keV lightcurve Fig. 3. SWIFT/BAT 14-195 keV lightcurve

The effective exposure time for combined EPIC lightcurve is ~ 68 ksecs, with the averaged count rate on the level of
16.56 cts/s.

INTEGRAL. The ISGRI dataset of the INTEGRAL observations analyzed in the present paper includes all the data
publicly available in INTEGRAL data archive on 1st April 2017, i.e. spacecraft revolutions from 0077 to 1080. The total
ISGRI exposure time of the dataset which had been used is 1.04 Ms (including all the observations when the object was at
the angle less than 10° off-axis). The JEM-X dataset contains only 61 ks exposure with near 1500 counts, thus we analyzed
here only the lightcurve in 3-35 keV energy range. Due to the low-counting JEM-X statistics its lightcurve is not good enough
for further modeling.

We performed INTEGRAL IBIS/ISGRI data analysis with version 10.1 of the Off-line Scientific Analysis software (OSA).
We used standard recipes of lightcurve extraction for IBIS/ISGRI and OSA software. The source is detected by ISGRI up to
150 keV. These two lightcurves were merged into one as they were too low-counting for fruitful analysis.

The significances of detection are 290 in 17-80 keV and 300 in 80-250 keV. The IBIS/ISGRI lightcurves have been
extracted in two energy bands (17-80 keV and 80-250 keV).

Swift. The Swift/BAT stacked spectra in 14-195 keV energy range and Crab-weighted light curve are available from the
70 month catalog (2004-2010) web page: http://swift.gsfc.nasa.gov/results/bs70mon/SWIFT_J1252.31323. We have
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rebinned the light curve to 3-month time bin. The effective exposure time is 7.093 Ms, with the average count-rate 2.04*10° cts.
The resulting BAT lightcurve is shown on the Fig.3. The Swift/XRT lightcurve was obtained using the online software
provided by Department of Physics and Astronomy of the University of Leichester (XROA), http://www.swift.ac.uk/user
_objects/. We used single-pass centroid with the maximum of 10 attempts and 6° search radius. The Swift/’XRT
observations of NGC 4748 were performed in photon counting mode, target ID is 35363.

To extract the 0.2-10 keV lightcurve and spectra of NGC 4748 averaged all the counts to 1000 sec time bin, and
collected the source and background counts from the 20 00-radii circular areas around the source and from empty zone in
the field-of-wiev (for the background). The resulting lightcurve is shown on the Fig.2.

2. Lightcurves and variability. The analyzis of the lightcurves on short (200 sec) timescales revealed the
synchronization of the XMM-Newton/EPIC lightcurves in the soft (0.5-2 keV) and hard (2-10 keV) energy ranges, with the
correlation coefficient value near 0.7. That is why we have summed the hard and soft energy lightcurves obtained by both
MOS cameras and also the PN camera, and after that tested it for the presence of variability/periodicity. We have calculated
the variances:

o’ =1

N
i=0

(F(ti)f<F>)2 , and mean-squared errors: <AF2> = ﬁgAFf (1)

Table 1
Lightcurves variances and errors
lightcurve variance o® observational error <AF2> units
INTEGRAL/ISGRI 0.011 0.077 cts
INTEGRAL/JEM-X 0.04 0.67 cts
SWIFT/BAT 1.33 242 mCrabs
SWIFT/XRT 0.0075 0.0028 cts
XMM-Newton/EPIC 8.45 0.000283 cts
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Fig. 4. Autocorrelation function for XMM/EPIC lightcurve

As one can easily see from this Table, only on the XMM/EPIC and SWIFT/XRT lightcurves have &° > <AF2> and thus

demonstrate the signs of variability. But the counting statistics of the XRT lightcurve is not enough for autocorrelation
analyzis, so we have performed the further analysis only to XMM/EPIC one, looking for the periodicity of the fast variability
disclosed here. Thus, we have constructed the autocorrelation function for it:

AF(At):ﬁiF(tn)F(tn +At) (2)

This test we have applied to the 0.5-12 keV XMM-Newton/EPIC lightcurve with 10 sec time bin (lightcurve in the same
energy range but with 200 sec time bin is shown on the Fig.1). Sampling was performed in 3000 points, i.e. 30 ksec. The
error bars to AF were simulated using the Monte-Carlo modeling. The following plot is shown on the Fig. 4.

The AF shown on the Fig.4 can be considered of a sign of periodicity, but it is too blurred to determine the value of the
period of these variations. Thus additionally to the autocorrelation we have appplied the FFT analysis. Power spectral
density function (PSD) is shown on the Fig.5. As we can see, there is a maximun between 8500 and 10500 seconds.
Smoothing this curve give a value of 10025 sec, which can be interpreted as an estimation of the "period".
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Fig. 5. FFT power spectral density function for XMM/EPIC lightcurve

Rapid quasiperiodical variations in a non-blazar AGN can be interpreted as a sign of the presence of the hot spot on the
accretion disk (or hotter/denser blob of matter) orbiting the central black hole [6]. The velocity of this blob orbiting the BH at
the distance R from its center can be easily calculated using the formula:

2GM

V3R)="T 3
(R) B 3)
where M is mass of a matter inside the sphere of radius R and G is a gravitational constant. In the same time,
2nR
V(R)= - (4)

where T is the period of the variations. Now, supposing that the blob is orbiting the innermost stable orbit, i.e., for a
Schwarzschild BH, that R :%RSh, we can calculate the mass of the central BH. Using the shortest time interval between
two maximums on AF (i.e. T=10 ks) as a period:

3
472 [%j :GMBHTZ, (5)
Tc?
M, =————=6.23*10" Me. 6
BH 6TEG\/§ ® (6)

However, one should note that presuming that the blob is moving on the innermost stable orbit is just a quite rough
approximation, and thus our estimation is but an upper limit of the BH mass.

In the same time, the orbiting blob is not the only reason which can cause such variability. Taking into account that the
periodicity is not finally confirmed the other possible cause of it can be an inhomegeneity of the hot corona above the
accretion disk.

5. Conclusions. In this work it was disclosed the short-term variability of NGC 4748 in 0.1-12 keV energy range.
Supposing that this variability is an effect of the hotter or denser blob of matter orbiting the BH near the innermost stable
orbit, we had estimated the upper limit on the mass of the central black hole in NGC 4748, using the autocorrelation anlyzis
and FFT power spectral density function. Both methods had shown the estimation of the periodicity at level of 10° sec, which

unable us to estimate the upper limit on the black hole mass in this system on the level of 6.23*10" Me.

Acknowledgements. This paper is based on observations obtained with XMM-Newton, an ESA science mission with
instruments and contributions directly funded by ESA Member States and the USA (NASA).

This work made use of data supplied by the UK Swift Science Data Centre at the University of Leicester, and data provided
by the High Energy Astrophysics Science Archive Research Center (HEASARC), which is a service of the Astrophysics
Science Division at NASA/GSFC and the High Energy Astrophysics Division of the Smithsonian Astrophysical Observatory.
This research has made use of the NASA/IPAC Extragalactic Database (NED) which is operated by the Jet Propulsion
Laboratory, California Institute of Technology, under contract with the National Aeronautics and Space Administration.

References

1. Bentz M.C., Katz S. The AGN Black Hole Mass Database/ Bentz M.C., Katz S. // Publ. Astron. Soc. Pacific. — 2015. —. Vol. 127, Is. 947. — P. 67.

2. Gallimore J. F., Axon, D.J., O'Dea C.P. et al. A Survey of Kiloparsec-Scale Radio Outflows in Radio-Quiet Active Galactic Nuclei / Gallimore J. F., Axon,
D.J., O'Dea C.P., Baum S.A,, Pedlar A. // Astron. Journal. — 2006. — VVol.132, Is.2. — P.546-569.

3. Grier C. J., Martini, P., Watson, L.C., et al. Stellar Velocity Dispersion Measurements in High-luminosity Quasar Hosts and Implications for the AGN
Black Hole Mass Scale/ Grier C. J., Martini, P., Watson, L.C., Peterson, B. M., Bentz M. C., Dasyra K. M., Dietrich M., Ferrarese L., Pogge R. W., Zu Y.
/I Astroph. Jornal. —2013. — Vol. 773. — P. 90.

4. Hao C. N., Xia Shude Mao X.Y., Hong W., Deng Z. G. The Physical Connections among Infrared QSOs, Palomar-Green QSOs, and Narrow-Line
Seyfert 1 Galaxies/ Hao C. N., Xia Shude Mao X.Y., Hong W., Deng Z. G. // Astron. Journal. — 2005. — Vol.625. — P.78.

5. Landi R., Bassani L., Malizia A., Stephen J. B. et al. Swift/’XRT observations of unidentified INTEGRAL/IBIS sources/ Landi R., Bassani L., Malizia A.,
Stephen J. B., Bazzano A., Fiocchi M., Bird A. J. // MNRAS. — 2005. — Vol. 403. — P. 945.

6. Mushotzky R., Done C., Pounds K.A. X-ray spectra and time variability of active galactic nuclei/ Mushotzky R., Done C., Pounds K.A.// Ann.Rev of
Astron.&Astroph. — 1993. — Vol. 31. - P. 717-761.



~ 22 ~ B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LlleBueHka ISSN 1728-3817

7. Osterbrock D. E., De Robertis, M. M. Optical spectra of IRAS "warm" galaxies / Osterbrock D. E., De Robertis, M. M. // Publ.of Astron.Soc.Pasific.
—1985. —Vol. 97. — P. 1129-1141.

8. Pal M., Dewangan G. C., Misra R., Pawar P. K. X-ray/UV variability and the origin of soft X-ray excess emission from Il Zw 177/ Pal M., Dewangan G. C.,
Misra R., Pawar P. K. // MNRAS. — 2016. — Vol .457. — P. 875-886.

9. Panessa F., De Rosa, A.,Bassani, L., et al. Narrow-line Seyfert 1 galaxies at hard X-rays / Panessa F., de Rosa A., Bassani L., Bazzano A., Bird A.,
Landi R., Malizia A., Miniutti G., Molina M., Ubertini P. // MNRAS. — 2011. — Vol. 417. — P. 2426-2439.

10. Paturel G., Dubois P., Petit C., Woelfel F. Comparison LEDA/SIMBAD octobre 2002. Catalogue to be published in 2003 / Paturel G., Dubois P., Petit C.,

Woelfel F. // LEDA. — 2002. —id. 0.

11. Veron-Cetty M.-P., Véron P. A catalogue of quasars and active nuclei: 12th edition/ Veron-Cetty M.-P., Véron P. // Astron.&Astroph. — 2006. — Vol. 455.
—-P.773-777.

12. Wang T., Lu Y. Black hole mass and velocity dispersion of narrow line region in active galactic nuclei and narrow line Seyfert 1 galaxies/ Wang T.,
Lu Y. // Astron.&Astroph. — 2001. — Vol. 377. — P. 52-59.

13. Woo J.H, Treu T., Barth A.J. et al. The Lick AGN Monitoring Project: The MBH — sigma Relation For Reverberation-Mapped Active Galaxies/ Woo J.H,
Treu T., Barth A.J., Wright S.A., Walsh J.L., Bentz M.C., Martiny P., Bennert V.N., Canalizo G., Fllippenko A.V. // Astroph.Journal. —2010. — Vol. 716. — P. 269-280.

Hapinwna pno peakonerii 05.09.17

E. ®enopoBa, kaHA. u3.-MaT. HayK
AcTpoHoMMYeckasa obcepBaTopus
KuneBckoro HaunoHanbHoro yHuBepcuteta umenu Tapaca LLleBueHko

ONPEOENEHUE BEPXHEN NrPAHULIbI MACCbl YEPHOM AbIPbI
HA OCHOBE PEHTFTEHOBCKOM ®OTOMETPUMU NGC 4748

AHanusupyromcsi ece docmynHbie OaHHble peHmaeHoeckoli gpomomempuu 2anakmuku Celipepma 1 muna c y3kumu nuHusasmu NGC 4748,
a umeHHo XMM-Newton/EPIC, INTEGRAL (ISGRI u JEM-X), a makxe SWIFT (BAT u XRT) ¢ yenbto oyeHumb, HacKo/ibko 3mo npedcmassnsemcs
803MOXHbIM, Maccy yeHmpanbHol 4épHol Obipbl MO NepeMeHHOCMU Kpuebix 6necka. Ha komno3zumuoii kpueoii 6necka XMM/EPIC 6binu
06HapyXeHbI Keasunepuoduyeckue eapuayuu nomoka e duanasoHe 0.5-10.0 keB Ha epemeHHbIX Macwmabax 10° cekynd. dmu eapuayuu 6biIu
UHMepnpemupoeaHbl Kak criedcmeue u3sy4eHus MI0MHO20 20psiYe20 KOMKa Mamepuu, o6pawarouje2ocsi 80Kpy2 UeHmpasbHol YEpHOU ObIpbl M0
mpaekmopuu, 6nu3koli kK Haubosiee eHympeHHel cmabunbHoli opbume. AHanu3 amoli kKpueoli 6/1ecka ¢ NMOMOWbIO asMOKOPPENsIYUOHHOU

hYHKYUU 110380J1UJ1 yCMaHOo8UMb 8€PXHIOI0 2paHUUy Maccbl 4EPHOU Obipbl Ha yposHe 6.23 * 10" Me.
Kntoyesnbie croea: akmueHble s10pa 2aakmuk, peHmMa2eHo8CKoe u3JlyyeHue, Macca 4epHoli Obipbl.

0. ®enopoBa, kaHA. di3.-maT. Hayk
AcTpoHOMiYHa ob6cepBaTopist
KuiBcbkoro HauioHanbHoro yHiBepcuteTy imeHi Tapaca LLleBYeHka

BU3HAYEHHA BEPXHbOI MEXXI MACU YOPHOI AIPKU
HA OCHOBI PEHTIEHIBCbKOI ®OTOMETPIi NGC 4748

AHanisyrombcsi eci docmynHi daHi peHmzeHiecbkoi gpomomempii 2anakmuku Celigpepma 1 muny 3 ey3bkumu niHismu NGC 4748, a came XMM-
Newton/EPIC, INTEGRAL (ISGRI i JEM-X), a makoxx SWIFT (BAT i XRT) i3 Memoto oyiHuUmu, HacKinbKu ye Mosiueo, Macy yeHmpasbHOi YopHoi dipu
3a 3miHHicmro Kpueux 6nucky. Ha komnosummHil kpuseiii 6nucky XMM/EPIC 6ynu 3HailiOeHi kea3unepioOuyHi eapuauyii momoky e Oiana3oHi
0.5-10.0 keB Ha 4acosux macwma6ax 10° cekyHO. Lji eapiayii irmepnpemyeanucs sik Hacnidok eunpomiH8aHHs1 2ycmoz2o 2apsi4oi 2pydKku Mmamepir,
wo obepmaembCsi HaBKOJ/I0 UeHmMpanbHOI YopHOi dipu Mo mpaekmopii, 6nu3bkoi 00 Halibinbw eHymMpiWHbLOi cmabunbHoi op6imu. AHani3 uier

Kpueoi 651ucky 3a G0omMo2010 aemoKoppessyiliHol hyHKYii do3eos1ue ecmaHoeumMuU 8epXHIO MeXy Macu YopHoi dipu Ha pieHi 6.23 * 10" Me.
Knroyoei cnoea: akmueHi ssi0pa 2anakmuk, peHmeaeHiecbke 8unpoMiHO8aHHs, Maca YOpHoI dipu.

YK 521.9

H. MawrypoBa, kaHA. ¢i3.-maT. Hayk,

A. MomasaH, Mon. Hayk. cniBpo6., HOl "MukonaiBcbka acTpoHoMmi4Ha o6cepBaTopia”

0. KoxyxoB, kaHA. TeXH. HayK, LileHTp npuitomy i 06po6ku cneuianbHoi iHopmaLii Ta KOHTpoOnM
Hagiraui“Horo nons HauioHanbHOro LEeHTPy ynpaBniHHsA Ta BUNpobyBaHb kKocMiYyHMX 3acobiB [IKA Ykpainu

N33 - CNOCTEPEXXEHHSA ACTEPOIA 2014 JO25 Y NEPIOA MO0 TICHOIO 3BNIMXXEHHA
13 3EMINEIO Y KBITHI 2017 POKY

HaeedeHo acmpomempuyHi pe3ynbmamu o6po6Ku crocmepexeHb nomeHyiliHo-He6e3neyHo2o acmepoida 2014 JO25, wo
odepxaHo Ha Hoeomy 0.30 M meneckoni HayioHanbHo20 yeHmpy ynpaeniHHs ma eunpobyeaHb KOCMi4HUX 3acobie (c. 3anicyi)
i meneckoni KT-50 komnnekcy Mo6umen HAl "MAO" (M. Mukonais). OmpumaHo Macue mornoyeHmpu4HuUx rnoJsioxeHb acmepoida 3a
3 damu cnocmepexeHb y cucmemi onopHoz2o kamasio2y UCAC-4. OyiHku no3uyiliHoi mo4YHocmi nosioxeHb acmepoida 064ucsieHo
winsixoM nopieHsiHHSI 3 eghemepudoro HORIZONS na6opamopii NASA JPL. CepedHri 3HavyeHHsi CKIl pisHuuyb (O—- ) mo o6ox

KoopOuHamax 3Haxodsimbcsi 8 Oiana3oHi (0.1-0.2) "dnsi cnocmepexeHb y Mukonaeei i (0.3—-0.4)" dnsi cnocmepexeHb y 3anicysix.
Knroyoei crnoea: acmepoidu, [133-cnocmepexxeHHs.

Bctyn. BMCOKOTOYHI acTpOMETpPWYHI CNOCTEPEXEHHsT acTepoidiB HeobxigHi anst Toro, wob ob'ekTn, siki Bneplle
BiOKpWTiI, He OynuM BTpadveHi B ManWbyTHbOMY 4Yepe3 HETOYHOCTI BM3HA4YeHHs opbiTW, a TakoX AnS 3MeHLUEHHSA
HEBM3HAYEHOCTEN Yy 3HAYEeHHsIX enemMeHTiB opbiTn. Actepoig 2014 JO25 HanexuTb Jo knacy AMNOSIIIOHOB i BXOAUTb A0
rpynu Tak 3BaHuX MOTEeHUiNHO-Hebe3ne4yHnx actepoigis, nepioguyHo Habnmxatoumcb Ao 3emni meHw Hix Ha 0.05 a.o. BiH
oyB Bigkputuin A. F'payepom 5 TpaBHsa 2014 p. 3a AOMOMOro aBTOMaTU30BAHOro Teneckona Ha niky MayHT-JleMMoH y
Mexax KataniHcbkoro npoekty ornagy Heba [1]. 3a gonomoroto gaHux kocmivHoi micii NEOWISE 6ynu oTpumaHi ouiHkn
fOiameTpa  anbbeno uporo actepoiga. 3HadHi po3mipu acTtepoiga (6nusbko 650 m) i Bucoke anbbeno (0.25) 3pobunu
Moro LikaBol MEeTOK ANS pagapHMX CnocTepexeHb Mig 4Yac nponboTy nobnuay 3emni B kBiTHI 2017 p. OgHak TOYHICTb
o6uncneHHsa opbitn 3a cnoctepexeHHamn 2014 p. 6yna HedocTaTHbLOKW ANst NPOBEAEHHS pafapHUX CMOCTEPEXEHb.
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