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DIPOLE OF THE LUMINOSITY DISTANCE AS A TEST FOR DARK ENERGY MODELS

The dependence of Hubble parameter on redshift can be determined directly from the dipole of luminosity distance to
Supernovae la. We investigate the possibility of using the data on dipole of the luminosity distance obtained from the
Supernovae la compilations SDSS, Union2.1, JLA and Pantheon to distinguish the dark energy models.
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Introduction. According to the Planck data the dark energy in current epoch is close to the cosmological constant. This
makes it much harder to detect the temporal variation of the dark energy equation of state parameter and to distinguish the
dark energy models. The reliability of w(z) determination will be significantly higher if the dependence H(z) is measured
directly instead of (or along with) the luminosity or angular diameter distances since taking numerical derivatives from the
current observational data leads to the inaccurate results. Recent interest to testing the isotropy of the Supernovae la
magnitude-redshift relation [1, 2] brings attention to the dipole of luminosity distance as a possible direct measure of the
Hubble parameter [3]. In this paper we make an attempt to re-estimate the potential of the luminosity distance dipole to
discriminate the dark energy models using current data on Supernovae la.

Dipole of the luminosity distance. According to [3, 4] the first-order expansion of directional dependence of the
luminosity distance reads:

di(z,n)=dO(z)+d(z)(n-e),

where the monopole is

dL(0)(z)=(1+2)[0zdz//H(Z')
and the dipole is

dL(1)(z)=|v0|(1+2)2/H(z).
The variance of dipole

(AdL(1)(z))2=3(In(10)/5)2Am2(dL(0)(z))2
leads to the following estimate for precision of the H(z) determination [3]:
AH(z)/H(z)=[In(10)31/2/(5|v0|)J[dL(0)(z)H(z)/(1+z)2]Am.

Note that, according to [3], the uniform sky coverage by the Supernovae la survey is not necessary for using the
luminosity distance dipole as a cosmological test. The properties of a possible survey designed for such a test are
discussed in [3].

Model and data. As the dark energy model we use the minimally coupled classical scalar field with the equation of state
parameter obtained from the condition ca?=p e/ de=const [5]:

w(a) = paelpde = (1 + ca?)(1 + wo)/(1 + wo— (wo— ca?)exp(3(1 + ca?)In(a))) — 1.

We investigate 2 cases: distinguishing between the best-fit quintessential and phantom models with the parameters
obtained from the same dataset (as it was done in [5,6]) and distinguishing the mean model from the model with all
parameters at 10 or 20 confidence limits (in the manner of [7]).

The cosmological parameters and their confidence ranges are obtained by the Monte Carlo Markov chain (MCMC) [8] method
implemented in the CosmoMC code (http://cosmologist.info/cosmomc). We assume the spatial flatness of the Universe.

In the first case we use the best-fit parameters (Table 1) estimated in [5] from the following datasets:

CMB temperature fluctuations and polarization angular power spectra from the 7-year WMAP data (WMAP7)[9-11];
Baryon acoustic oscillations from SDSS DR7 (BAO) [12];

Hubble constant measurements from HST (HST) [13];

Big Bang Nucleosynthesis prior on the baryon abundance (BBN) [14,15];

Supernovae la from SDSS compilation (SN SDSS) [16] (SALT2 [17] and MLCS2k2 [18] light curve fittings).
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Table 1
The best-fit values of cosmological parameters for the models with quintessential (QSF) and phantom (PSF) scalar fields
determined from 2 observational datasets: WMAP7+HST+BBN+BAO+SN SDSS SALT2 (g1, p1)
and WMAP7+HST+BBN+BAO+SN SDSS MLCS2k2 (g2, p) (from [5])

Parameters QSF, SALT2 (q1) PSF, SALT2 (p1) QSF, MLCS2k2 (q,) PSF, MLCS2k2 (p,)
Q. 0.730 0.723 0.702 0.692
Wwo -0.996 -1.043 -0.830 -1.002
e -0.022 -1.120 -0.880 -1.190
100, 0.226 0.223 0.226 0.223
Quinl® 0.110 0.115 0.108 0.119
H, 70.2 70.4 66.3 67.8

In the second case we determine the mean values of cosmological parameters and their confidence ranges (Table 2)
from the combined dataset including:

e CMB TT, TE, EE angular power spectra and lensing from Planck [19];

e B-mode polarization for 2 frequency channels from BICEP2/Keck Array (BK) [20];
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e power spectrum of galaxies from WiggleZ Dark Energy Survey [21];

e Supernovae la from JLA compilation [22];
e Hubble constant determination [23].

Here we apply flat priors with ranges of values [-2,-0.33] for wo and [-2,0] for ca2, so the dark energy model involves both

quintessence and phantom subclasses.

Table 2

The mean values, 10 and 20 confidence limits for cosmological parameters obtained

from the observational dataset Planck2015+WiggleZ+SN JLA+BK

Parameters

mean * 10 20

Qe

0.691_0.012%).012 _0A024+0.022

Wo

+0.062 +0.120
-1 -024-0.058 -0.125

Ca

+0.145 +0.781
-1 -460-04540 -0.540

10Q,4°

+0.002 +0.003
0 -222-0.002 -0.003

2
Qcinh

+0.001 +0.003
0-119-0.001 -0.003

Hy

+1.2 +2.4
67-9-1 2 -2.3

For estimates based on the luminosity distance dipole we use the following Supernovae la compilations:

1. SDSS [16]: 288 SNe (MLCS2k2, SALT2 light curve fitters): only statistical uncertainties;

2. Union2.1 [24]: 580 SNe (SALT2): both statistical and systematic uncertainties;

3. JLA [22]: 740 SNe (SALT2): both statistical and systematic uncertainties;

4. Pantheon [25]: 1048 SNe (SALT2): both statistical and systematic uncertainties.

We assume vo = 369.0 km/s (from the CMB dipole which is due to the same motion) [26].

Results and discussion. In the left panels of Fig. 1-4 we present the calculated quantities AHmodei(z)/H?(z) and
compare them with the corresponding quantities AH(z)/H?(z) obtained from the luminosity distance dipole using the data
from Supernovae compilations in 16 redshift bins with the width 0.1 (0<z<1.6). In the right panels we estimate the number of
Supernovae that is needed to distinguish between the models from the left panels.

From Fig. 1-4 it is clear that distinguishing between the best-fit models and between the mean model and the model with
all parameters at 1o limits is not realistic at all. The number of Supernovae necessary to distinguish the model with mean
parameters from the model with all parameters at the limits of their 20 confidence ranges is minimal in the first redshift bin
(0<z<0.1). For SN SDSS with MLCS2k2 fitting it is 1998 or 4063, for SN SDSS with SALT2 fitting 2735 or 5563, for SN
Union2.1 4466 or 9083, for SN JLA 5411 or 11006, for SN Pantheon C11 3074 or 6252 and for SN Pantheon G10 3040 or
6183 for the upper or lower limits correspondingly. For higher redshift bins the needed numbers of Supernovae are larger at
least by one order of magnitude.

Conclusion. We have found that despite the major increase in number of Supernovae in available compilations over the
last 12 years the current prospects of using the dipole of luminosity distance for distinguishing the dark energy models are
not bright. This is partly due to the fact that the uncertainties in determination of the cosmological parameters from other
data are now much smaller and the tests for dark energy equation of state parameter should be more precise. Another
reason is that now taken into account systematic errors result in the larger total ones. So, to make the luminosity distance
dipole useful as the cosmological test it is necessary not only to increase largely the number of Supernovae (especially the
low-redshift ones) in a dataset, but also to reduce the uncertainties of distance moduli by improving the light curve fitting
and to control better the systematics.
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Fig. 1. Left: the theoretical relative differences AHogei(2)/H?(2)=|Hphant(2)-Hquin(2)/Hquini(z) compared to AH(z)/H?*(z)
from Supernovae compilations. Right: the minimal number of Supernovae that is necessary for distinguishing
the models in left panel if the uncertainties of Supernovae magnitudes are the same as in the compilation from legend.
After a comma we quote the data (type of Supernovae light curve fitting) used to estimate

the best-fit parameters for the pair of compared models
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Fig. 2. Left: the theoretical relative differences AHmogei(2)/H?(2)=|H1(2)0(2)-Hmean(2)|//Hmean’(2)
(for upper and lower limits) compared to AH(z)/H?(z) from Supernovae compilations. Right: the minimal number
of Supernovae that is necessary for distinguishing the models in left panel if the uncertainties
of Supernovae magnitudes are the same as in the compilation from legend
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Fig. 3. Left: the theoretical relative differences AHmogei(2)/H?(2)=|Hphant(2)-Hquint(2)|/Hquini’(z) compared to AH(z)/H*(z)
from Supernovae compilations. Right: the minimal number of Supernovae that is necessary
for distinguishing the models in left panel if the uncertainties of Supernovae magnitudes are the same as
in the compilation from legend. After a comma we quote the data (type of Supernovae light curve fitting) used
to estimate the best-fit parameters for the pair of compared models
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Fig. 4. Left: the theoretical relative differences AHmogei(2)/H?(2)=|H1(2)0(2)-Hmean(Z)|/Hmean(2)
(for upper and lower limits) compared to AH(z)/H?(z) from Supernovae compilations. Right: the minimal number
of Supernovae that is necessary for distinguishing the models in left panel if the uncertainties
of Supernovae magnitudes are the same as in the compilation from legend

Acknowledgements. This work has been supported in part by the Department of target training of Taras Shevchenko
National University of Kyiv under National Academy of Sciences of Ukraine (project 6®). Author acknowledges the usage
of CosmoMC package.



~ 32 ~ B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LlleBueHka ISSN 1728-3817

References

[1] B. Javanmardi, Probing the Isotropy of Cosmic Acceleration Traced By Type la Supernovae / B. Javanmardi, C. Porciani, P. Kroupa, J. Pflamm-
Altenburg // Astrophys. J. 810, 47 (2015).

[2] U. Andrade, Isotropy of low redshift type la supernovae: A Bayesian analysis / U. Andrade, C.A.P. Bengaly, J.S. Alcaniz, B. Santos // Phys. Rev. D 97,
083518 (2018).

[3] C. Bonvin, Dipole of the Luminosity Distance: A Direct Measure of H(z) / C. Bonvin, R. Durrer, M. Kunz // Phys. Rev. Lett. 96, 191302 (2006).

[4] C. Bonvin, Fluctuations of the luminosity distance / C. Bonvin, R. Durrer, A. Gasparini // Phys. Rev. D 73, 023523 (2006).

[5] B. Novosyadlyj, Quintessence versus phantom dark energy: the arbitrating power of current and future observations / B. Novosyadlyj, O. Sergijenko,
R. Durrer, V. Pelykh // J. Cosmol. Astropart. Phys. 06, 042 (2013).

[6] B. Novosyadlyj, Distinguishability of scalar field models of dark energy with time variable equation of state parameter / B. Novosyadlyj, O. Sergijenko,
S. Apunevych // J. Phys. Stud. 15, 1901 (2011).

[7] O. Sergijenko, Scalar field as dark energy accelerating expansion of the Universe / O. Sergijenko, B. Novosyadlyj / Kin. Phys. Cel. Bod. 24, p. 259-270 (2008).

[8] A. Lewis, Cosmological parameters from CMB and other data: a Monte Carlo approach / A. Lewis, S. Bridle // Phys. Rev. D 66, 103511 (2002).

[9] N. Jarosik, Seven-year Wilkinson Microwave Anisotropy Probe (WMAP) observations: sky maps, systematic errors and basic results / N. Jarosik,
C.L. Bennett, J. Dunkley et.al. // Astrophys. J. Suppl. 192, 14 (2011).

[10] E. Komatsu, Seven-year Wilkinson Microwave Anisotropy Probe (WMAP) observations: cosmological interpretation / E. Komatsu, K.M. Smith,
J. Dunkley et.al. // Astrophys. J. Suppl. 192, 18 (2011).

[11] D. Larson, Seven-year Wilkinson Microwave Anisotropy Probe (WMAP) observations: power spectra and WMAP-derived parameters / D. Larson,
J. Dunkley, G. Hinshaw et. al. // Astrophys. J. Suppl. 192, 16 (2011).

[12] W.J. Percival, Baryon acoustic oscillations in the Sloan Digital Sky Survey Data Release 7 galaxy sample / W.J. Percival, B.A. Reid, D.J. Eisenstein et
al. // Mon. Not. Roy. Astron. Soc. 401, 2148 (2010).

[13] A.G. Riess, A Redetermination of the Hubble constant with the Hubble Space Telescope from a differential distance ladder / A.G. Riess, L. Macri,
S. Casertano et al. // Astrophys. J. 699, 539 (2009).

[14] G. Steigman, Primordial nucleosynthesis in the precision cosmology era / G. Steigman // Ann. Rev. Nucl. Part. Phys. 57, 463 (2007).

[15] E.L. Wright, Constraints on dark energy from supernovae, gamma ray bursts, acoustic oscillations, nucleosynthesis and large scale structure and the
Hubble constant / E.L. Wright // Astrophys. J. 664, 633 (2007).

[16] R. Kessler, First-year Sloan Digital Sky Survey-ll (SDSS-II) supernova results: Hubble diagram and cosmological parameters / R. Kessler,
A.C. Becker, D. Cinabro et al. // Astrophys. J. Suppl. 185, 32 (2009).

[17] J. Guy, SALT2: using distant supernovae to improve the use of type la supernovae as distance indicators / J. Guy, P. Astier, S. Baumont et al. //
Astron. Astrophys. 466, 11 (2007).

[18] S. Jha, Improved distances to type la supernovae with multicolor light curve shapes: MLCS2K2 / S. Jha, A.G. Riess, R.P. Kirshner // Astrophys. J.
659, 122 (2007).

[19] Planck Collaboration, Planck 2015 results. XI. CMB power spectra, likelihoods, and robustness of parameters / Planck Collaboration // Astron.
Astrophys. 594, A11 (2016).

[20] Keck Array and BICEP2 Collaborations, BICEP2 / Keck Array VI: Improved Constraints On Cosmology and Foregrounds When Adding 95 GHz Data
From Keck Array / Keck Array and BICEP2 Collaborations // Phys. Rev. Lett. 116, 031302 (2016).

[21] D. Parkinson, The WiggleZ dark energy survey: final data release and cosmological results / D. Parkinson et al. / Phys. Rev. D 86, 103518 (2012).
[22] M. Betoule, Improved cosmological constraints from a joint analysis of the SDSS-Il and SNLS supernova samples / M. Betoule et al. // Astron. Astrophys.
568, A22 (2014).

[23] G. Efstathiou, HQ revisited / G. Efstathiou // Mon. Not. Roy. Astron. Soc. 440, 1138 (2014).

[24] N. Suzuki, The Hubble space telescope cluster supernova survey: V. Improving the dark energy constraints above z > 1 and building an early-type-
hosted supernova sample / N. Suzuki, D. Rubin, C. Lidman et al. // Astrophys. J. 746, 85 (2012).

[25] D.M. Scolnic, The Complete Light-curve Sample of Spectroscopically Confirmed SNe la from Pan-STARRS1 and Cosmological Constraints from the
Combined Pantheon Sample / D.M. Scolnic, D.O. Jones, A. Rest et al. // Astrophys. J. 859, 101 (2018).

[26] M. Tanabashi, Review of Particle Physics / M. Tanabashi et al. (Particle Data Group) / Phys. Rev. D 98, 030001 (2018)
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O. CeprieHko, kaHA. ¢i3.-maT. HayK,
AcTpoHoMiyHa o6cepBaTopis
KuiBcbkoro HauioHanbHoro yHiBepcuteTy imeHi Tapaca LLleB4eHka

OMNONb BIOCTAHI 3A CBITHICTIO SIK TECT AN MOOENEN TEMHOI EHEPTIIi

32id0H0 3 daHuMU KocMiyHOi o6cepeamopii [TnaHk meMHa eHepezisi 8 cy4acHy enoxy € 6nu3bkoto do kocMonoziyHol cmanoi. Lje ycknadHroe eu-
sieJ1IeHHs1 3MiHU napamMempa pieHsIHHSI cmaHy meMHol eHepeii 3 Yacom i po3pi3zHeHHs1 Mmodesneli meMHol eHepeii. HadiliHicmb eu3Ha4eHHs1 3anexHo-
cmi w(z) cymmeeo 3pocme, kw0 6e3nocepedHbo suMipssmu 3anexHicmb H(z) 3amicmb (Yu pa3om 3) eidcmaHreli 3a ceimHicmio 4u Kymoeum Oia-
MempoM, OCKinbKu pe3ysibmamu 4ucriogo2o OughepeHyitosaHHs1 Cy4yacHUX criocmepexyeaHux GaHUX € Hemo4YHuUMUu. 3anexHicmb napamempa
a66na ei0 4ep8oHO20 3MileHHs1 MOXXHa eu3Ha4Yumu 6e3nocepedHbOo 3 Aunosis eidcmaHi 3a ceimHicmio 0o HadHoeux muny la. [poaHanizoeaHo
MoXnueicmb sukopucmaHHs 0aHux w000 dunons eidcmaHi 3a ceimHicmio, ompumaHux i3 komninayili HaOHoeux muny la SDSS, Union2.1, JLA ma
Pantheon, dns po3pisHeHHs1 Modeneli meMHoI eHepeail. YcmaHoesieHo, W0 moYyHicmb eu3HayeHHs1 eidcmanell i Kinbkicmb HaGHOBUX Yy YuX KOMMi-
nayiasx HedocmamHi Ons1 eukopucmaHHs 3anexHocmi napamempa Fa66na ei0 4yepeoHO20 3MiWeHHsI, ompumaHoi 6e3nocepedHbO 3 Aumnoss eidc-
maHi 3a ceimHicmio, Ans1 po3pizHeHHs1 Modesnell CKansipHO-M0/1b080I MeMHOI eHepeii 3 6apomponHUM pieHAHHSIM cmaHy. Ha yepeoHux 3miujeHHsIX
0<z<0.1, de Yymnueicmb maKo20 KOCMOJI02i4HO20 mecmy Halisuwa, KinlbKicmb HadHo8uX, HeobXxiOHa Onsi eidpi3HeHHs Mmodeni i3 cepedHiMu 3Ha-
YeHHsIMU napamempie 8i0 Modesii 3i 3Ha4YeHHsIMU napamempie Ha Mexax 20 doeip4yo20 diana3oHy, nepeeuwye Kinbkicms ycix HaBHoeux y Halinos-
Hiwiii Ha cbo200Hi komninsayii Pantheon He MeHwe HiX y 1.9 pa3a, AKWo NoxubKu € Juwe cmamucmuYyHUMU, | He MeHWe HiX y 2.9 pa3a 3a HasiHO-
cmi cucmemMamu4Hux noxu6ok. [ns npakmu4yHo20 eUKOpucmaHHsi 8 MalibymHbomy GaHux wjodo Aurnons eidcmaHi 3a ceimHicmio Heo6xiOHO sk
36inbwyeamu Kinbkicmb HaOHOBUX y 8Ka3aHOMY Oiarna3oHi Yepe8OHUX 3MiujeHb, MakK i NoKpawyyeamu moyHicmb himyeaHHs1 Kpueux 6/1UCKy Hao-
Hoeux muny la ma KOHMPOL cucMmemMamuku.

Kntoyoei crnoea: memHa eHepezisi, HaGHo8i muny la, kocMonoziyHi napamempu.

O. CeprueHko, kaHa. ¢us.-mat. HayK,
AcTpoHoMuyeckasn o6cepBaTopus
KueBckoro HauMoHanbHoro yHuBepcurteta umenn Tapaca LLeBuYeHko

AUNONb PACCTOAHUSA NO CBETUMOCTU KAK TECT ANA MOAENEW TEMHOW SHEPIUU

CoznacHo GaHHbIM KocMmuYeckoli o6cepeamopuu lMnaHK meMHasi 3Hep2usi 8 co8PeMeHHYH 3roxy 6/1u3ka K KocMosio2u4ecKoli MocmosiHHol. 3mo
3ampyOHsiem o6Hapy)XeHue U3MEHeHUs1 napamempa ypaeHeHUs COCMOSIHUSI MEeMHOU 3Hepa2uu co epeMeHeM U pa3nuyusi Modeneii meMHoU 3Hepauu.
HadexHocmb onpedesnieHusi 3agucumMocmu w(z) cyuyeCmeeHHO eo3pacmem, ec/iu HernocpedcMmeeHHO u3mepums 3asucumocms H(z) emecmo (unu
emMecme ¢) paccmosiHuli 110 ceemuMocmu unu yainoeomy duamempy, MOCKOJIbKY pe3ysibmambl YUC/IeHHo20 OugbghepeHUyUpo8aHUsi CO8PEMEHHbIX
HabnodaeMbix GaHHbIX s18/ISIlOMCSI HEMOYHbIMU. 3asucumMocmb napamempa Xa661a om KpacHO20 CMelWeHUs] MOXHO orfpedesiumb HarnpsiMyro u3
dunons paccmosiHuU No ceemuMocmu ceepxHoebix muna 1a. lpoaHanu3uposaHa 803MOXHOCMb UCMO/b308aHUs OaHHbIX MO AUMOJII0 PAacCMOSIHUS
no ceemumocmu, nosy4YeHHbIX U3 KoMnunasayul ceepxHoebix muna 1a SDSS, Union2.1, JLA u Pantheon, dns pa3nu4yeHusi Modesneli meMHOU 3Hepauu.
YcmaHoeneHo, Yymo mo4YHocmb onpedesieHusi paccmosiHUll U KOJIU4ecimeo C8epxXHOB8bIX 8 IMUX KOMMUNSAYUsIX He00CMamoYHbl O/ UCMOsb308aHUs
3aeucumocmu napamempa Xa665a om KpacHO20 CMeWw,eHUsl, Mosly4eHHOU HanpsMyro u3 Ournosisi paccmosiHUsl Mo ceemumocmu, Onsi Pa3fiuyeHust
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modernell ckansipHo-rosnieeoli memMHol 3Hepa2uu ¢ 6apomponHbIM ypasHeHUeM cocmosiHusl. Ha KpacHbix cmewjeHusix 0 <z <0.1, 20e yyecmeumersib-
HOCMb MaKo20 KOCMOJI02UYECKO20 mecma sie/isiemcsi 8bICOKOU, KO/IU4ecmeo ceepXHO8bIX, Heobxodumoe Osnisi omJiu4deHuUsi Modesnu co cpedHUMU
3HaYeHUsIMU napamempos om Modesiu CO 3Ha4YeHUsIMU napaMempos Ha 2paHuyax 20 doeepumenibHO20 Auana3oHa, npesbiwaem Kou4ecmeo ecex
Cc8epXHO8bIX 8 camoli MosIHOU Ha ce200Hs1 Komnunsiyuu Pantheon He MeHble Yem 8 1.9 pa3a, ec/iu Mo2peWHOCMU sI8JISIFOMCS MOJILKO cmamucmuye-
CKUMU, U He MeHee YyeM & 2.9 pa3a npu Hanu4uu cucmemamuyeckux rnozpewHocmel. [ns npakmuyecko2o ucronb3oeaHusi 8 6ydyujem AaHHbIX Mo
ounonsmM paccmosiHull No ceemuMocmu Heo6xo0UMO KaK yeesiu4yueams KOSIUYeCmeo C8ePXHOB8bLIX 8 YyKa3aHHOM duana3oHe KpacHbIX CMeujeHul, mak
u yny4ywams mo4YHOCMb MOG20HKU Kpuebix 6/1ecka ceepxHo8bIx muna 1a u KOHmMpPOJsIbL cucmeMamuku.
Knioyeenie crioga: meMHasi aHepausi, ceepxHoeble muna 1a, KocMosioa2u4eckue napamempsbl
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MPUCKOPEHHSA TA NOWUPEHHA KOCMIYHUX MPOMEHIB HAOBUCOKUX EHEPTIA
Y NOKANbHOMY BCECBITI

Po3nodin peyosuHu e JlokanbsHomy Bceceimi (3o ~ 100 Mnk), oco6nueo e palioHi Hadckyn4yeHHs Lieu (~ 20 Mnk), dyxe Heod-
HOpPIOHUli i éKIOYaE eci efleMeHmMu eesluKoMacwmabHOi cmpyKmypu: 2ajiakmuKu ma iXHi CKyn4yeHHsl, HAOCKyn4eHHsl, pinameH-
mu, wapu ma nycmomu (8olidu). O4ikyembcsi, o po3nodin nosasanakmu4Ho2o mazHimHozo nons ([FMI1) eidnoeidae po3no-
diny eycmuHu 6apioHHoi pe4oeuHu. KocmiyHi npomeHi Hadesucokux eHepeil (KIMTHBE) 3 no3azanakmuyHux Oxepes 3a3Haromb
cymmesux gioxuneHb y MIMI, ympydHtoroqdu nowyk ixHix dxepen. Kpim mozo, nomik sidepHoz2o komnoHeHma KIMHBE nocna6-
nroembscsi 8Hacnidok ¢pomodesinmezpayii s0ep npu e3aeModil 3 poHOBUM MIKPOXeusIbo8UM ma iHghpayepeoOHUM UIMPOMIHFO-
8aHHAM. Y pobomi oyiHeHo ennue yux ¢pakmopie Ha nowupeHHss KIMHBE eid dxepen y JlokanbHomy Bceceimi, 30kpema docii-
J)xeHo G08XUHY einbHO20 Npobicy ma mazHimHe eidxuneHHs si10ep H(p), He, O, Si ma Fe. ns nomeHuyiliHux Oxepen KMHBE
8 JlokanbHomy Bceceimi oyiHeHo munu ma eHepeii 10ep, siki MOXymb docssiamu 3emii i e0oOHo4ac 36epeamu 38 '30K HanpsiMKie
npu6ymmsi 3 Nos1I0)KeHHsIM OXepesna e Mexax ~ 1pad.

Knroyoei cnoea: eenukomacwmabHa cmpykmypa, JlokanbHuli Bceceim, mixxzanakmu4Hi Ma2HImMHi Nons, KOCMi4Hi NpomMeHi
HadeuCOKuUX eHepeill, akmueHi si0pa 2anakmuk, 2asakmuku 3i crasaxoM 30peymeopeHHs.

BeTyn. KocmivHi npomeHi Hagsmcokmx eHeprin (KIMHBE) — NOTOKM BUCOKOEHEPreTUYHUX YaCTUHOK 3 eHepriaMu noHag
10" eB, L0 CYTTEBO NEPEeBULLYIOTb MOXMMBOCTI 38MHUX MPUCKOPIOBAYIB, € BUHSITKOBO BaXIIMBUM [Kepenom iHdopmalLii
npo disnky pyHaaMeHTanbHUX B3aeMOofin 3a Mexamun cTaHaapTHOI MoAeni, ogHaK AOCi HEBIAOMI iXHi acTpodisnyHi oxepe-
na Ta MexaHiamu npuckopeHHs [1, 3, 14]. Y pamkax enekTpoMarHiTHOro NpPUCKOPEHHS 3apspKeHUX YaCTUHOK BMMOIM A0
po3mipiB obrnacTen NPUCKOPEHHSI Ta 40 BEMNWMYMHW eNEeKTPOMarHiTHUX NoriB BUKOHYIOTLCS B PSAI ranakTuyHuX i nosaranak-
TUYHUX acTPOdI3NYHMX JXKepen: y MarHitocpepax Monoavx MinicekyHaAHUX MarHeTapiB (y Hawin [anakTuui Ta B ranaktu-
Kax 3 akTMBHUM 30peyTBOopeHHAM (FTA30)), y pensaTuBICTCbKUX CTPYMEHSX KOCMOMOTYHMX raMMa-crnanaxis i akTuBHUX saep
ranaktuk (AAl) [4, 14]. CnocTtepexyBaHa i3oTponia notoky KMHBE cBiguntb Npo AOMiHYBaHHS no3aranakTU4HOro KoMmo-
HeHTa KIMNHBE Ta cyTtTeBe BiaxuneHHs Tpaektopinn KMHBE B MixranaktuiHux marnitHux nonsx (MIMIM) ax o gudysiiHoro
pexunMy X NOLUMPEHHS!, KONW BiACTaHb A0 iX Axepen 3Ha4yHo nepeswuLlye npobir (macwTab poscisHHa) KIMHBE y MIMIN [7].
OfHak Onst KOCMIYHMX NMPOMEHIB rpaHnYHO Bucokux eHeprin (KMTBE, E>5-10"° eB), o 3HaxoaaTbca Ha BEPLUMHI eHepreTu-
YHOTO CrekTpa KOCMIYHMX MPOMEHIB (MakcHMmarnbHa eHepris 3a4eTeKTOBaHUX KOCMiYHMX MpomMeHiB aopieHioe 3-102° eB), i
Ans kocmonoriyHo 6nusbknx — y JlokanbHomy BeecsiTi (J1B, o ~ 100 Mnk) — gxxepen moxHa odikyBaTu, LWo ix pyx y MITIM
He BCTUrHe BMINTW Ha AMY3iiHMIA pexuM, a BiabyBaTUMeTbCs B T. 3B. 6aniCTUMHOMY peXuMmi, KONW BiOXWMIEHHSA TPAEKTOPIN
KMrBE y MI'MI 6yayTe He HagTO BENUKUMK M HANPSIMKW iX Npuxoay Ha HebecHin cdpepi OyayTb kopentoBaT 3 NOMNOXeH-
HAMKW Dxepen y mexax ~ 1 pag (~57°). Tomy HanGinbLL NepcnekTMBHUM HanpsMoM noluyky mkepen KMHBE € nowyk kope-
nauin Hanpsawmkis npuxoay KMNIFBE 3 noTeHUiiHumy nosaranaktuyHumuy gxxepenamm J1B.

Posnoain pevoBuHu B JlokanbHomy BceciTi, 30kpema B pavioHi HagckynyeHHs [isu (HCO,~ 20 Mpk), cunbHO HeEOOHOPI-
OHWA | BKIIOYAE BCi €MeMeHTW BenMKOMaclUTabHOT CTPYKTYpW: ranakTuku Ta iXHi CKYMYEeHHs, HaACKynyeHHs, dinameHTn
" wapw (3okpeMa JlokanbHWi ginameHT, Wo BKMovae JlokanbHWUiA Wwap, A0 AKoro HanexuTtb Micuesa rpyna), NoOpOXHUHU —
Bonam [6, 8, 13, 15, 16]. Po3noain noteHuiiHnx pxepen KMHBE — AAl, FTA30 Ta posnogin marHiTHux nonis y JlokansHomy
BcecaiTi MmatoTb BigcTexxyBaTu po3nogin 6apioHHOT MaTepil, y skomy goMiHytoTb Benukuin Atpaktop (BA,~ 80 Mpk), Hagcky-
nyeHHs lMepcest — Pn6 (HCIP,~ 70 Mpk) Ta HaackynyeHHs Oisu [16, 20, 21]. Ons BU3HAYEHHS NEPCMNEKTUB OETEKTYBaHHS
KMIBE Bia noteHuinHnx mxepen y JIB y Hawih poboTi M1 OLIHIOEMO XapaKTepUCTUKN aaep (eHepris, 3apsag), ki MOXyTb
pocartn 3emni i BogHovac 36epertu 3B'A30k HaNpsIMKIB NpubYTTA 3 no3uuieto Axxepena B mexax ~ 1 pag.

BenukomacwrtabHa ctpyktypa JlokansHoro BcecBity. JlokanbHuin BeecsiT — o6nacte ~100 Mnk HaBkosno Hawoi [a-
NaKkTMkM — NpubnnM3HO BABIYI NEpeBULLYE 3a PO3MIPOM CepeaHIo BiACTaHb MK CKYNMYEHHAMMW ranakTuk — Hanbinbwumm rpa-
BiTaLiNHO MOB'A3aHNMK CTPYyKTypamu y BcecBiTi, TOMy MiCTUTb yCi TMNOBI enemMeHTn BenukomacluTabHoi cTpykTypu Beeci-
Ty. Ha iioro HavimeHwmnx macwTtabax Hawa Manaktvka i nogibHa oo Hel ranaktuka M31 (TymaHHicTe AHOpOMeam) Ha Biac-
TaHi 770 KNk pasoM 3 Kinbkoma gecAaTkamMun KapriMKoBUX ranakTuk yTBoptoTb MicueBy rpyny ranaktuk. Pasom 3 nogioHummn
rpynamu ranaktuk LleHtasp A/M83 (~4Mnk) i M81 (~3.6 Mnik, Bkntoyae ranaktnku M81 i M82) i geskumu iHWunmmn MicueBa
rpyna BxoauTb Y JlokanbHWi wap — MnvHUenodibHy KOHLEHTpaLilo ranaktuk pagiycom ~ 5 Mnk 3aBtoBwku ~ 1.5 Mnk
[6, 13, 15, 19]. NokanbHWIA Wap € YaCcTUHO (NOTOBLLEHHSIM) JlokanbHOro dinameHTy — uuniHapuyHoOT obnacti (pagiyc ~ 2 Mnk)
NiABULLEHOT KOHLEHTpALT ranakTuk, Lo TArHETbCS Big ckynyeHHs [iv ao ckynueHHst isu (Ha BigctaHi ~ 16.5 Mnk Big MIN) i
BNMBaETbLCS (y340BX JlokanbHOro dinameHTy iCHye peanbHUii NOTIK Na3my MiXranakTU4Horo cepefoBmila) y Ginb noTy-
XKHUIA pinamMeHT, SKuii BKNtoYae ckynyeHHst [iBun n noeaHye ABi HanbinbLUi koHUEeHTpaLii MaTepii B JlokanbHomy BcecBiTi —
HazckynyeHHst Benukuii ATpaktop (Ha BigcTtaHi 80 Mnk Big MIN) Ta Hagckyn4yeHHs Mepces — Pu6 (70 Mnk Big MIN). CkynyeH-
HS ranakTuk [iBn cknagae npu LbOMy LieHTpanbHy YacTuHy HaackyndeHHs [isu (pagiyc 20 Mnk), Ha nepudepii akoro 3Ha-
xogmnteca MI™ (puc. 1) [8, 16, 20, 21].
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