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AHHOTAIIMMU JIEKIIUU

Inflationary models in the Einstein and modified gravity
producing the best fit to present observational data
(AudasaimnoHHble MOJENHN B 3MHIITEHHOBCKON U
MoAu(ULIIPOBAHHON I'PpaBUTALlMU, HaHOOIee XOPOIIo
ONMUCHIBAIOLIYEe COBPEMEHHbIE HA0/I0NaTebHbIE JaHHbIE)
A. A. CrapoGuHcKuii
Hremumym meopemuuecxkoti pusuku um. JI. [. Jlanday PAH,
Mocksa, Poccus

Recent observational data on angular fluctuations of the CMB
temperature obtained in the Planck and other recent CMB experiments,
while supporting generic predictions of the inflationary scenario
with one effective scalar field (smallness of the quantities ng —1
and r characterizing deviation from the flat power spectrum
for primordial scalar perturbations and tensor-to-scalar ratio for
perturbations respectively; absence of spatial curvature; strong upper
limit on non-Gaussianity of perturbations), strongly restrict concrete
inflationary models. In particular, exponential potential models (power-
law inflation), the simplest hybrid inflationary models and the monomial
power-law potential models of degree n > 2 are disfavoured by the
data. On the other hand, models which produce the best fit to the
data include the pioneer inflationary R + R? model (Starobinsky, 1980)
and the recently proposed Higgs model (Bezrukov and Shaposhnikov,
2008) which predictions practically coincide in the gravitational sector.
In both models gravity is modified (scalar-tensor) and becomes scale-
free for curvatures much exceeding that at the end of inflation. Similar
observational predictions can be also obtained in a two-parametric
family of models in the scope of the Einstein gravity. For all these
models, 7 ~ 3(ns —1)2. I remind old results about generality of inflation
in such models and discuss their post-inflationary behaviour including
creation and heating of usual matter.
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F(R) bigravity
S. Nojiri
Kobayashi-Maskawa Institute for the Origin of Particles and the
Universe and Physics Department, Nagoya University, Japan

[ will talk about the F(R) extension of bigravity theory and its
application to the cosmology. Starting with a brief review of the dark
energy problem, we explain the recent development of the massive
gravity, which is the theory of massive spin two field, and also bigravity,
where the massive spin two field couples with gravity. After that, we
propose an extension of the bigravity theory to F(R) type gravity and
show how we can construct a F(R) bigravity model which reproduce
any given history of the expansion of the universe. We may talk about
the superluminal mode and the bouncing universe in the model.

MopudunupoBaHHble TeOPpUU I'paBUTALUN U KOCMOJOIUs

C. 1. Onuuios
Institucio Catalana de Recerca i Estudis Avancats, Barcelona, Spain
Institut de Ciencies de I’Espai, Barcelona, Spain

B slekuu paccMaTpuBaroTCs CBOHCTBA psila MOAU(ULIUPOBAHHBIX TeO-
pHii rpaBUTalMU, BKAOUas F'(R) rpaBUTaL{i0, MOIU(UIMPOBAHHYIO Tpa-
BUTaLMIO0 ¢ ujeHoM [aycca-bBonne u F(R,G) teoputo. B neransix o6-
CY?KI2eTCsl BO3MOXKHOCTb MOCTPOEHUS XKHU3HECTOCOOHBIX HH(JISLHUOHHBIX
Mozesell ¢ TeMHOH 3Heprued. Takrke obcyxxpaercs mpobsema OyayLIMX
cunrynsprocreit (Big Rip) u ykasbiBaeTcsi myTh peleHHs] 3TOH mpobJie-
MBI.

CrpyHHas 4 HeJIOKaJbHAsl TEOPUM TPABUTALUU
C. . Oguuios
Institucio Catalana de Recerca i Estudis Avancats, Barcelona, Spain
Institut de Ciencies de I’Espai, Barcelona, Spain

B slekuuu paccMaTprBalOTCS CBOMCTBA Psiia CTPYHHBIX, HEJOKAJbHBIX
U HEMUHHUMaJbHBIX TeOpUH rpaBUTalLMU. B nmertansix obcyxparmoTcs Koc-
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MOJIOTHYECKHE TIPHJIO2KEHUSA B 3TUX TEOPUAX. CTpOI/ITCH SKBHBaJIEHTHOE
OIIMCaHHe C HUCIIOJb30BaHUEM rpaBHTpr}omei HEOHHOpOﬂHOﬁ XKHIKOCTH.

HHTerpupyemMble MHOrOMepHbIE KOCMOJIOTUYECKHE MOAEIU U
¢dyHaameHTaNbHBIE (pU3NUYecKue KOHCTaHThI (PPK)
B. H. MenbpHUKOB
Bcepoccutickutl HayuHo-uccaedo8amesvCKuli uncmumym
memponoeuneckoli cayxcbol, Mockea, Poccus

B snexuun 6ynyT mpencTaBjeHbl METOABI W TOJY4YeHHBIE Pe3yJIbTaThl
MHTErPUPOBAHUSI MHOTOMEPHBIX KOCMOJIOTUUECKHUX MOJesell ¢ pa3jnudyHbI-
MU HUCTOYHMKAMH U MX POJib B PEIIeHHH OCHOBHBIX MPOOJEM COBPEMEH-
HOHM (PU3HKH U (hyHIAMEeHTaJbHOH METPOJOTHH. BynyT onucaHbl cBolicTBa
KJ1aCCHUECKMX H KBAaHTOBBIX OHJIbAPAOB, a Takxke Bapuauuun PPK B mo-
JeJsX C OOTIONHUTEbHBIMU M3MepeHUsiMu. KpaTtko OymeT n3JjoxkeHa cu-
Tyalus Mo MJaHUPyeMOMY NepeXoly Ha HOBble onpenesenus enuHun CH,
ocHoBaHHbIe Ha PDK.

Kocmosioruueckne Momesu ¢ HEMUHUMAJIbHON KUHETUYECKOU
CBSI3BIO
C. B. Cyukos
Kasanckuti gpedeparoroiti ynusepcumem, Kazano, Poccus

B nekuuu kpaTko 06CYyXKIAIOTCS HEMUHUMaJsbHble 0000ILIEHHS TeO-
pHH TpPaBUTAUHUM W AETaJbHO PAacCMATPUBAETCS TEOPHS CO CKaJSIPHBIM
rnoJieM, HEMUHUMaJbHO CBSI3aHHBIM C KPUBHM3HOH MOCPEICTBOM YJIEHOB C
TIPOU3BOAHBIMH (HEMHUHHMMAaJ/bHAs KMHeTHYecKasi cBs3b). C yuyeToM HeMH-
HUMaJIbHOH KHHETHUeCKOH CBSI3M HCCJeNYIOTCS 0COOEHHOCTH KOCMOJIOTH-
YecKOro ClieHapus U 0Ka3blBAeTCsl, YTO HEMUHHUMAJIbHAS CBSI3b MPUBOIUT
K CYL1eCTBEHHO HOBOMY HH(JSLHOHHOMY MeXaHH3MY.
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Mopenu MacCMBHO¥ I'paBUTALU
M. C. BonkoB
Laboratoire de Mathématiques et Physique Théorique, Université de
Tours, France

Ha6nionaemoe yckopeHHOe paciidpeHde Haied BceseHHOH MOXKHO
0OBSCHUTb, Tpearosaras, 4yTo rpaBUTOHbI UMeIOT Maccy. B sekuuu pac-
CMaTpPUBAIOTCS HEKOTOpPbIE aCMeKThl MOJeJell rPaBUTALMH C MAaCCHBHBIMU
rpaBuTOoHaMU. B yactHocTH 06cykaaetcs Teopust [laynu-Pupua, paspbis-
HocTh Bannama-Besnbrmana-3axapoBa W Mexanuam Baiinuireiina, npo-
6sema «1yxoB» BysnbBapa-Jlesepa, Teopuu 6e3 «ILyXOB» U UX KOCMOJIOTH-
YyecKHe pellleHHs W pPelleHHs, OMHUCHIBAOIIHe YepPHbIe JbIPbI.

KupanbHasg KOCMoOJIOTMYECKasi MOJeJIb: PaHHSS M MO3IHSS
UHpIgIUAA
C. B. UepsoHn
Yavarnosckull eocydapcmaennoili nedazoeuyeckull YHusepcumem um.
H. H. Yrvanosa, Yreamnosck, Poccus

CopnepxxaHue nepBol Jekuu: KocMosoruueckre Moiesid ¢ KHpaabHbI-
MU (PU3UYECKHMH TIOJISIMH U YCJIOBUS paHHEH WHDASIUH; TPUOTHKEHHBIE
U TOUHBIE METOMBI UCCJeN0BAHUS PaHHEH WHMJISLNH; TIOCTAaHOBKA 3afa4H
MOUCKA PellIeHUH IJisi CAMOEHCTBYIOLIET0 CKAJNSPHOTO MOJIs; PEKOHCTPYK-
s IOTeHLHaJa; KocMosiorudeckre Bo3myleHusi B KKM u crnektp moui-
HOCTH; aJICOPUTM COTOCTABJIEHUs ¢ HabJ/rofaTeNbHBIMU qaHHbIMU. Conep-
JKaHWe BTOPOH JieKuuu:KocMosoruueckue Moaeu ¢ KUPaJbHBIMU (hU3H-
YeCKHMH MOJSIMUA U YCJOBUS MO3AHEH UHDASALUNH; BKJIIOUEHHE HIeaJbHON
JKHAKOCTH M XOJIOMHOT'O TEMHOTO BellleCTBa Ha IMO3JHEH CTaJuM 3BOJIO-
uuu BceesenHoit; X-CDM Monenb v HaO 0faTe JbHble JaHHbBIE, COMIOCTAB-
nenue ¢ A-CDM wmopesbio; pazbueHne BO3MYLIEHUH Ha MH(JIATOHHBIE U
BO3MYIIEHHUS] TEMHOTO CEKTOPA; MPUJIOKEHHEe TEOPHUH K CJyUyalo IBYXKOM-
MOHEHTHOTO KUPAJBHOTO M0JIsT; BJAUSIHHAE CJAa0bIX MOJIEH TEMHOTO CeKTopa
Ha KOCMOJIOTHYeCKHe BO3MYILEHHS; pelleHUs AJisi SKCIOHEHLIHaJbHOH H
CTeleHHOH UH(DJIALHUH.
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HemMuHuMaJdbHas Teopus moJs
A. b. banakun
Kasanckuti gpedepanroroiti ynusepcumem, Kazanv, Poccus

HemunumanbHast Teopus moJist NpyU3BaHa pacllMPUTb WOEI0 FeOMETpPHU-
3alMUU MoJeJsieldl B3aUMOAEHCTBUS (PU3NUECKHUX CHUCTEM C IOJIEM TATCOTe-
HUSl 32 CUeT BBeNEeHHUS HOBBIX MepPEeKPECTHHIX CBfI3€H, KJIOUEBYIO pPoJib B
KOTOPBIX HUT'PaeT KPUBH3HA MPOCTPAHCTBa-BpeMeHH. JlaHHAst HayKa 00b-
e[MHSEeT MOAeNH HEMUHHUMaJbHOTO B3aUMOJEHCTBUS CKaJSpPHOro, MCeBI0-
CKaJISIPHOTO, BEKTOPHOTO, 3JIEKTPOMATHUTHOTO U KaJnOPOBOYHOTO TMOJEH
C TPaBUTALMOHHBIM ToJieM. B sekunsax o6cyxnanTcs pyHaaMeHTalbHbIe
MPUHUMIBL 1 MaTeMaTHYeCKHe acleKThl HEMUHUMAJbHOH TEOpPUU MoJis, a
TakKe e€ MPUJIOKEHHUS K acTpo(pHU3HKe, KOCMOJIOTUM U TEOPHUH NETEKTH-
pPOBaHUSA TPABUTALIMOHHOTO U3JyUYeHHUs .

CepxHoBbIe 3Be3bl TUNA la Kak cTaHmapTHBIE CBeYd Ha
KOCMOJIOTUYECKHNX PacCTOsIHUAX BO BceseHHOM
N. ©. bukmaen
Kaszanckuti ¢pedepanvroiii ynusepcumem, Kasano, Poccus

B Jlekuuu 1 naercst 0630p OCHOBHBIX METOAOB W HHCTPYMEHTOB OIpe-
JleJleHHs] LIKaJ PacCTOSSHUH B aCTPOHOMHHM — TPHUIOHOMETpPUYecKHe Ma-
paJlJIaKChl, 3aBUCHUMOCTD MEPUON—CBETHUMOCTD /ISl 3Be3[-lieens, HOBbIE
M CBepPXHOBbIE 3Be3fbl, 3akoH XaObsa. B Jlekuun 2 paccmartpuBaercs
KJaccH(UKaLKs CBEPXHOBBIX 3Be3l M 00CYXKAaeTcsl POJib CBEPXHOBBIX
tuna la B 06HapyXeHHH YCKOPEHHOTr0 paciuupeHusi BeesieHHOH.
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Ultra-high energy collisions near black holes: new developments
O. B. Zaslavskii
Department of Physics and Techonology, Kharkov V. N. Karazin
National University, Kharkov, Ukraine

We suggest brief review of the effect of acceleration of particles by
rotating and charged black holes to unbound energies in the centre of
mass frame. Simple and general explanations of the effect are given:
(i) the kinematic one based on the behaviour of relative velocity of
colliding particles near the horizon, (ii) the geometric one, based on
properties of particles’ four-velocities with respect to a local light cone
near the horizon. The similar effect near the inner black hole horizon is
also discussed and the role of the bifurcation point is revealed. We also
consider which energies can be detected by an observer at infinity. The
possible role of gravitational radiation is discussed.

Peculiarity Of Petrov classification at regular horizons of
stationary black holes
I. V. Tanatarov!? and O. B. Zaslavskii?
INSC Kharkov Institute of Physics and Technology
2V.N. Karazin Kharkov National University

A number of principal properties of black hole horizons, such as
the constancy of surface gravity and rigidity of rotation, can be derived
from the sole condition of the horizon’s regularity [1] for an arbitrary
dirty black hole. A dirty black hole is the one that can be surrounded
by matter, and there is no restriction on either this matter or field
equations. We consider here axisymmetric stationary dirty black holes
with regular non-extremal or extremal horizons [2].
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What can regularity specily regarding the algebraic structure of
spacetime in the vicinity of a horizon? The restrictions appear to not be
essential, however posing valid questions turns out to be not trivial. The
reason for this is the following. Petrov type at a point is determined
from the algebraic point of view from whether some of a number of
algebraic constructions are equal to zero or not. Thus, suppose A is one
of those constructions and in the vicinity of the horizon A # 0. Then,
(i) it can or can not turn to zero at the horizon itself—and if it does,
and this changes the Petrov type at the horizon, then the horizon is an
algebraically special surface; (ii) A can turn to zero in one reference
frame and not turn to zero in another—and then Petrov type depends
on the frame.

The second item does not happen in normal circumstances, as
the constructions used are invariant under Lorentz boosts, so the
determination of Petrov type does not depend on the frame, which
is its one of its essential virtues. In the horizon limit, however, the
static/ZAMO frame, which is most simple and convenient, and reflects
best the underlying symmetries, becomes singular, and the Lorentz
transformation relating it to the regular frame of e.g. an observer
freely falling into the black hole is singular — which is also one of
the basic properties of a horizon. Thus the true Petrov type calculated
on horizon can and does differ from the “boosted Petrov type”, which is
the analogous characteristic calculated in the singular frame. Regularity
is shown to allow both this difference and for the horizon to be an
algebraically special surface.

The relation between true and boosted Petrov types on-horizon
and off-horizon, which all can be different in general, is studied. The
on-horizon mutual alignment of the principal null directions and the
generator is investigated in detail. The study applies for all regular
metrics, irrespective of the extremality of the horizon.
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Circular restricted three-body problem in the mechanics of
general relativity
M. E. Abishev, B. A. Zhami, S. Toktarbay and Ye. K. Aimuratov
Al-Farabi Kazakh National University, Almaty, Kazakhstan

In this work we investigate the relativistic equation of translational
motion of a test body in the field of two bodies in the mechanics of
general relativity, corresponding to the circular restricted three-body
problem. The calculations have been performed within the frame of
adiabatic theory of motion in the mechanics of general relativity that
developed by Abdildin M. M. [1, 2]. We based on the Lagrange function
for N bodies [2, 3], which in our case takes a specific form. So, we can
write the Hamilton function as:

2 2
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where my and ms are the masses of bodies, m is the mass of the test
body where the first ones are more massive than the test body, pi and
po are the momenta of massive bodies, p' is the momentum of the test
body, 75 and 7 are the radius vectors of the corresponding bodies, v is
the gravitational constant, ¢ is the speed of light.

The evolutionary equations of motion have been investigated by
the asymptotic methods of adiabatic theory, through the process of
averaging the corresponding equations using the vector elements M
(the orbital moment) and A (the Laplace vector), which give the
possibility to formulate the orbital stability of the problem.

Jluteparypa
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Derivation of the Post-Newtonian metric
B. A. Zhami, Ye. K. Aimuratov and K. A. Boshkayev
Al-Farabi Kazakh National University, Almaty, Kazakhstan

Fock proposed in [1] a method to analyze Einstein’s equations in
the presence of matter and derive approximate solutions. This approach
takes into account the internal properties of the gravitational source.

In this work we derived the Post-Newtonian metric using the Fock
method. As a starting point we consider the Newtonian metric [3].
Then on the basis of the successive approximate method we define
the perturbation functions from the Einstein equations. As a result we
obtained the Post-Newtonian metric.

Chandrasekhar, in his work using the Fock method, obtained in Ref.
[2] a solution similar to that of Abdildin [4, 5]. However, it is not
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difficult to show that Chandrasekhar’s solution is equivalent [6] to the
solution which is given in Ref. [4, 5]. Therefore, the identification of the
density, at the level of the energy-momentum tensor allows to calculate
the corresponding metric functions that show the equivalence of the
metrics.

JIuteparypa

[1] V. A. Fock, Theory of Space, Time and Gravitation (Pergamon
Press, London, 1959).

[2] S. Chandrasekhar, Astrophys. J. 142. 1488 (1965).

[3] L. D. Landau and E. M. Lifshitz, The Classical Theory of Fields
(Butterworth-Heinemann Press, Oxford, 1975).

[4] M. M. Abdildin, Mechanis of Einstein Gravitation Theory (Nauka,
Alma-Ata, 1988).

[6] M. M. Abdildin, The Problem of Bodies Motion in General
Relativity (Kazakh University Press, Almaty, 2006).

[6] K. Boshkayev, H, Quevedo and R. Ruffini, Phys. Rev. D 86, 064043
(2012).

Astrophysical implications of general relativistic white dwarfs
Kuantay Boshkayev
Al-Farabi Kazakh National University

We present recent results on general relativistic uniformly rotating
white dwarfs [1]. Namely, on the basis of the general relativistic
Feynman-Metropolis-Teller theory for white dwarfs [2] we focus
on the applications of the general relativistic uniformly rotating
white dwarfs to several astrophysical phenomena related to the spin-
up and spin-down stages, delayed gravitational collapse of super-
Chandrasekhar white dwarfs, where we estimate the “spinning down”
lifetime due to the magnetic dipole breaking. In addition we describe
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the physical properties of Soft Gamma Repeaters and Anomalous
X-Ray Pulsars (SGRs and AXPs) as massive fast rotating highly
magnetized white dwarfs [3]. We describe one of the so-called low
magnetic field magnetars SGR 041845729 as a massive fast rotating
highly magnetized white dwarf. We give bounds for the mass,
radius, moment of inertia, and magnetic field for these sources by
requesting the stability of realistic general relativistic uniformly rotating
configurations.

Jluteparypa

[1] K. Boshkayev, J. A. Rueda, R. Ruffini, I. Siutsou. Ap/J, 762, 117.
2013.

[2] M. Rotondo, J. A. Rueda,R. Ruffini, S. Xue. Phys.Rev.D, 84,
084007. 2011.

[3] M. Malheiro, J. A. Rueda, R. Ruifini. PAS/, 64, 56, 2012.

Kocmosoruueckue peiieHus Ha OpaHe NP 3aJaHHBIX CKaJSPHBIX
MoJIX
E. B. [lla6anos
Yavsanosckuil eocydapcmeennili nedacozuneckuill yHusepcumem
umenu M. .H. ¥rvanosa, Yrvanosck, Poccus

B pa6ore [1] ypaBHeHune ®puamana OblJIO TpeNCTaBJIEHO Yepe3 Cy-
nepnoteHunan W:

W

m - Lw <1 N 2Ab) W) = V() + U,
p

_4d¢

= (1)

(H — napamerp Xa66sa, Mp — mJaHKOBCKasi Macca, A\, — HaTsKeHHe
OpaHbl) U OBIIK HAHIEHBl IPUMePbl TOUHBIX PEIIeHUH NJIS1 3aJaHHbIX 3BO-
JIIOUMH CKaJISIPHOTO MOJIS: JIOTapU(PMHUUECKOH, CTeeHHONH U 3KCIIOHEeHIH-
anbHOH. Kpome Toro, paccmMaTpHBa/MCh HEKOTOpble CIeLlMa/IbHbE BHBI

U(¢) =
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ypaBHeHusi PpuamaHa, CB3aHHbIE C B BBICOKO-3HEPreTHUECKUM IPee-
JIOM W rpaBuTauuedt DiHTeliHa — [aycca — Bonne [1]:

1

H? =
GM2N,

W*, s =2, 2/3. (2)

B nacrosiuieil paboTe mpeacTaB/eHbl HOBble TOUHbIE PElLeHHs] ypaBHEHHS
(2) st 9BOMIOLMH CKAJSIPHOTO MMOJISI, PACCMATPUBAEMBIX B KOCMOJIOTHU
[2]: ¢ = Aln(tanh(\t)), ¢ = Aln(tan(\t)), ¢ = A/sinh(\t), ¢ =
Aarctan(exp(\t)), ¢ = Asin~1(\¢t).

Hamnpumep, mas ¢ = Aln(tanh(At))

W = exp (— ii142)\(tan()\t) + Cot()\t))) , s=2, (3

2\, M,
H= Fexp (— iiA2A(tan(/\1t) + cot(At))) . s=2
6 M2\, 2\, M,
(4)
V(¢)=exp (— &)AZAQA(ZCOSh(gb/A))) _AW(;—p(e%I;(ﬁ))Q’
s=2. (5)

Agtop npusnaresnen npogeccopy C. B. UepBoHy 3a KOHCysbTaLMK U 00-
cyXJeHre paboThl.
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Pacuért yria oTK/JOHeHHUs CBeTa B TEOPUM TPaBUTALUU
YUYHTHIBAIOWIEH KBAHTOBbIE MOMPABKHU
A. B. Hukonaes
Yavsanosckuil eocydapecmeentolii nedaeoeuneckuil ynusepcumemn
umenu HU.H. Yrvanosa, Yrvarnosck, Poccus

Jna peueHusi npo6JeMbl TEMHOH MaTepHH COBpeMeHHble Yy4eHHBIe
NpefsaraioT pasjduHble pelleHHs. B onHOH U3 TakUX TEOpPUH 3TOT 3¢-
(eKT 0OBSCHSETCA C MOMOIIBI0 KBAHTOBBIX MONPABOK K rpaBUTAaLuUM [1].
ABTopam ¢ e€ TMOMOLIbIO YAaJ0Ch OMUCATh KPUBbIE BpalleHUs raJaKTHK,
6e3 npusseuenuss CDM [2]. B pamkax maHHOH TeOpHH pacCUMTaH yroJ
OTKJ/IOHEHHS CBeTa ISl TajJakTHKH B BakyyMe. HoBoe BblpakeHue MoOxeT
ObITb HUCIIOJIB30BAHO B (hOpMYyJe JIMH3BI [J5 OLEHKH 3(PPeKTOB rpaBUTa-
LIUOHHOTO JIMH3UPOBaHMUS.

B npepesne cnaboro moJsi, IONYCTHUMO NPOU3BOAUTbL PacyéT yrja OT-
KJIOHEHUS] MaCCHUBHBIM I10JIEM C MOMOILBIO CJeAyolied (popMyJIbl

%Z):fg/_ooq),b (1)

U3 gog = 142P yey A8 TEOPUH YUUTHIBAIOLIEH KBAHTOBBIE MOMPABKH

1
o= ((1+2m” ) m-1)
2 To

rae ro - BUOUMBIH paguyc rajakTvku [3], v - KoHctaHTa. [logcraBss B
(1) mosyyum BeIpakeHHe JJISI YIJIa OTKJIOHEHHS] B 3TOH TEOPHH

4GoM N 2mv 8GoMv  8vGoM ( b >

[1]

d:

(2)

In— +1
c2b c? c2b c2b . 270 +

TakuM 00pa3oM MMeeM N00aBKY

™ 4GOM b

BesnunHa nompaBkM K CTAaHIAPTHOMY BBIDaXKEHHIO MOJNYYEHHOMY B
OTO, nocratoyHo Masna, 4ToObl He NMPOTHBOPEUUTb pe3ysbTaTaM JHUH3H-
pOBaHHUS AJIs 3BE3N (HAampHMep COJHIIA), HO BO3MOXKHO, OHa JOCTAaTOYHA
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1715 TOro 4TOOBl OOBSCHUTh TPABUTALMOHHOE JIMH3HPOBAHHE HA TajaKTH-
Kax 6e3 mpus/edyenuss CDM.

Bripaxkato 6saronapHocts npodeccopy Ueppony C.B. 3a xoHcysbra-
LMH U T0JIe3Hble 00CYKAEHHUS.
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Mogeab COTHEYHOro BeTpa € y4eTOM TYpPOYJIeHTHOCTHU IJIa3Mbl U
MEeTOJ, MAaKCHMAaJbHOH 3HTPONUH
[1. IT. Muponos, B. M. KypaBseB

Yavarnosckull eocydapcmsennoili ynusepcumem, Yavanosck, Poccus

PaccmaTpuBaeTcsi HecTauWOHapHas MaTeMaTHdecKas MoJesb paiu-
aJIbHOTO TeYeHHs MJa3Mbl 32 CUET ee HarpeBa B OKPECTHOCTH XpoMocde-
pHl ¥ HYKHe# yacTu KopoHbl CosiHIa (COMHEUHBIH BeTep), YUUThIBAOIIAs
KpoMme cuJl ApxuMena M TATOTEHHs HaJUUHe CAydalHbIX (DAYKTyalHid B
noToke maasmel [1, 2]. 3amaua pelraercsi ¢ MOMOIIbI0 METOIA MaKCHMAaJIb-
HOM aHTpomnuH [3, 4, 5, 6, 7]. B ocHoBe moxxona Jiexxut meton PeliHosba-
ca A/ yCpeIHEHHUs MO aHCaMOJI0 CAYyUalHO-BO3MYILEHHBIX YPAaBHEHHH.
YcpenHeHHasi cucTeMa UMeeT CJeAYIOINWH BUA:

¢
ox?’

(‘;a):j (ﬁﬁiﬁj—i-ﬁ <uiluj/> +ﬁi <p’uj,> —i—Uj <p’uil> +F5ij> =—p
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2 () o
A¢p =4nGp, P={(P(p+/)).

31ech p - yCpejHEeHHOe 3HaUeHHe MIOTHOCTH MOTOKA YaCTHLL COJIHEeY-
Horo BeTpa, U , U’ - ycpelHEHHBe KOMIOHEHTBl CKOPOCTH MOTOKA 4Ya-
CTHLL COJIHe4YHoro BeTpa, (G - rpaBUTAlMOHHas noctosiHHas. [lociennee
COOTHOLUeHHe MpeacTaB/seT coboll ycpelHeHHOe ypaBHEeHHE COCTOSHUSA
nJa3Mbl B CoJHEUHOM BeTpe. Lyl maHHOW Mone/aM BbIYMCJEHBI 3aMKHY-
Thle YpaBHeHHsl yCpelHEeHHOH AMHAMHUKHU M NPOaHAJM3MPOBAHBl YCJOBUSA
YCTOMYMBOCTH pelueHHi. [IpoBefeHO cpaBHeHHE C WMEIOLIUMHUCS NAHHBI-
MU O COJIHEUHOM BeTpe.
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Cosmological solutions of a scalar-tensor theory with
non-universal couplings
J. M. Alimi®, A. A. Golubtsova® and V. Reverdy®
(a) Laboratoire de Univers et Théories (LUTh), Observatoire de
Paris, Meudon, France
(b) Peoples’ Friendship University of Russia, Moscow, Russia

To solve modern cosmological problems it is necessary to revise
the general relativity and make required modifications. The simplest
generalizations of Einstein’s theory of gravity are scalar-tensor theories.
In [1] the AWE hypothesis within the framework of a scalar-tensor
theory was suggested for a unified description of dark matter and dark
energy based on a relaxation of the weak equivalence principle on
large scales. The AWE hypothesis assumes that the invisible sector
experiences the background spacetime with a different gravitational
strength than the ordinary matter, which is formulated in terms of the
non-universality of the couplings to gravity for the visible and invisible
sectors.

Here we consider exact solutions of cosmological type for this model
both in Jordan and Einstein frames, when the conformal couplings are
given by reciprocal exponential functions. To obtain solutions we use the
sigma-model approach presented [2, 3]. The form of coupling functions
is motivated by two features: 1) in this case one can find solutions to
the geodesic equations since the target space is a homogeneous space;
2) earlier it was shown in [1] that the cosmic acceleration in the Jordan
frame requires inverse proportionality of the couplings.
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We start from the flat FLWR ansatz for the metric. The analytical
solutions in elliptical functions are obtained and the behavior of the scale
factor in the Jordan frame is studied using numerical computations. For
certain parameters the solutions can describe an accelerated expansion.
An analytical approximation in exponential functions is derived.

We also show how to extend our approach for an anisotropic case.

JIuteparypa

[1] J.-M. Alimi and A. Fuzfa, The Abnormally Weighting Energy
Hypothesis: the Missing Link between Dark Matter and Dark
Energy, JCAP, 0809: 014, (2008).

[2] A. A. Golubtsova and V.D. Ivaschchuk, Exact solutions in gravity
with a sigma model source, Gen. Relativ. Gravit. 44, 10, 2571-2594
(2012).

[3] J.-M. Alimi, A.A. Golubtsova and V. Reverdy, Elliptic solutions
of generalized Brans-Dicke gravity with a non-universal coupling,
arXiv:1311.6384 [gr-qc].

Kocmosoruueckasas 1uHaMuKa B 0000MEHHON MoanGUIUpPOBaAHHON
rpaBUTanA
M. A. Ckyropesa
Poccutickuii ynusepcumem Opyncbol Hapodos (YuebHo-HauHbLll
uxcmumym epasumayuu u Kocmoroeuu), Mockea, Poccus

B stoii paboTe paccMoTpeHa KOoCMOJIOTMUecKass NHHAMHKa B 00006-
MEHHOH MOAU(HUIIMPOBAHHON TpaBUTALMH ¢ ujeHOM RIIR, mo6aBjieHHBIM
B MJIOTHOCTD Jarpanxkuana R+ RY. Onucano sausiHue ciaraemoro ROIR
Ha M3BECTHble pelleHUs] MOIU(UIMPOBAHHOH TeopuH rpaButauuu f(R).
Mpl nokasbiBaeM, uTo B yacTHoOM cayuyae N = 3, o6e monpaskd RV u
ROR B narpaHHaHe OfMHAKOBO BayKHBI JJIl CTENEHHBIX pellleHHd. DTH
pelLleHHs U UX XapakTep YCTOWYMBOCTH OB U3yUeHBI C MOMOLIbLIO TEO-
pUM AMHAMHUYecKUX cucTeM. Hekortopele pesynbraTol B ciaydae N # 3
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(BKJtOYast ycjoBHe YCTOHUMBOCTH pelieHust ne CUTTepa B paccMaTpHBa-
€MOU MOJIeJIH) MOJy4eHbl IPYyTHMH MeTOLAMH.

Mopgeay MHIYUMPOBAHHOW IPaBUTALMU C MOTEHIMAJAMH THUMA
Xurrca u oTpuLaTeJbHON KOCMOJOTNYECKON MOCTOSHHOMN
C. IO. BepHoB
HHUH foeproii Pusuxu um. /1.B. Ckobervybirna
Mockosckoeo Tocydapcmeennoco ¥Husepcumema uM.
M.B. Jlomorocosa, Mocksa, Poccus

Kocmosornueckre MozeM ¢ HEMHHHMasbHO B3aMMOAEHCTBYIOLIHUM
CKaJIIPHBIM T10JIeM SIBJISIIOTCS 00BbEKTOM aKTHBHBIX HccaefoBaHuH. Mpes
onucatb UHQJISALHUIO ¢ TOMOIIbl0 6030Ha Xwurrca, npeackasaHHoro Cras-
JNapTHOH MOJEJbI0 3/eMEHTApHbIX YacTHL, SIBJASETCS SPKUM MPUMepPOM
MCIIOJIb30BAHUS B KOCMOJIOTHH Pe3yJbTaTOB (PU3WKH 3JeMEeHTapHBIX 4Ya-
crun [1]. AHanu3 CBOHCTB JAaHHOH MOJeNH, MpefycMaTpUBalollell HeMHU-
HMMaJbHOe B3aUMOLEHCTBHE I'PaBUTAlMU ¢ 6030HOM XHITCA, CTal 0CO-
OeHHO aKTyaJleH 1ocJie OTKpbITHSl 6030Ha Xurrca Ha bosbiiom agpoHHOM
kossaiinepe (CERN), a Takxke mosydeHus: JaHHbIX acTPO(PHU3UYECKUX Ha-
oaronenu ¢ nmomoripio yeraHoBku PLANCK [2].

B Moém mokname OymyT mpeacTaBjeHbl pe3yabTaThl paboThl [3], B
KOTOPOW M3yueHa AWHAMHKA pellleHWH B MOAEJNH C HEMUHHMAaJbHO B3a-
UMOIeHCTBYIOLIUM CKaJsipHbIM [10JIeM, MOTeHIUaNIoM THIa XHUrrca U oT-
prLAaTeJbHOH KOCMOJIOTHYeCcKOH mocTosiHHOH. [lokasaHo, 4To ArHaMHKa
pelleHHH CYLIECTBEHHO MEHsIeTCsl M3-3a I0sIBJEHHUS HeJOCTHKHMOH 00-
JIACTH 3HAYEHWH MOJS U ero MepBod MPOM3BOAHOM, COOTBETCTBYIOILHMX
YUCTO MHUMBIM 3HaueHUAM Napamerpa Xab6sa. B atux mopensx uHIs-
LUOHHAs CTaAusl 3BONIOLUUN BceneHHOH nmepexomuT B KBa3sHLUKIAWYECKHH
3Tan 3BOJIOLUM C KoJieOaHUsAMHU napaMerpa Xab6sa OT IONOXKUTeJNbHBIX
0O OTpHULIATe/bHbIX 3HaueHWH. B 3aBUCUMOCTH OT HauasbHBIX YCJIOBHH
CHCTeMa MOKET BBIMOJHATH ONWH WUJH HECKOJbKO IMKJOB BOKDPYT HeNO-
CTHXKHUMOU 00J1aCTH, MpexX[e 4eM TPaeKTOPUSl KOCHETCS IPaHULbl 3TOH
o6sacT ¥ YHIET Ha OeCKOHEUHOCTb, PU 3TOM napamerp Xab6Ja cTaHeT
OTpULIaTe/NbHBIM HaBcerga. Takum o6pasoM, pellleHUs ypaBHeHUH 1BHXKe-
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HHUS B MOIENSX C MOTEHIHaJoM ThUna XWUITca U OTPULATEbHOH KOCMO-
JIOTUYECKOH MOCTOSIHHOM MOTYT OMMCHIBaTh LUKJAWYecKylo BceseHHyio
NoC/IeIyIOIIMM BBIXOJOM Ha CTaiuio cxkKatus. B moknane 6yner npencras-
JIeH cyydyaidl MHAYUHMPOBAaHHOH TPaBUTALUM, ONUCHIBAEMBbIH NEHCTBHEM CO
ckajasipoM PuruuM, yMHOXKeHHBIM Ha KBaapaT (yHKUMH Toas. JlaHHBIH
caydal v ero o6o0LieHHe MOAPOGHO PacCMOTPeHbl B cTaThe [3].

Pa6ora BeimosiHeHa Tpy YacTU4YHOH mopnepkke rpanta PODU Nell-
01-00894-a.
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TouHble pemeHNs B KOCMOJOTHYECKHUX MOJENSIX ¢ HEMUHUMAJBHO
B3aMMOJAEHCTBYIOUMMHU CKAJIAPHBIMHU MOJSIMHA
C. IO. Bephos
HHH foeproti Pusuxu um. . B. Ckobervybina
Mockosckozo T'ocydapcmeennoco ¥nusepcumema um.
M.B. Jlomornocosa, Mocksa, Poccus

KocMosioruueckyie Moje M ¢ MUHMMAaJbHO U HEMHHUMAJbHO B3aHMO-
JNEeHCTBYIOUIUMU CKaJSPHBIMUA MONSMH aKTHUBHO HCCJAEAYIOTCS B HACTOS-
Iee BpeMs U Kak UH(MJISAIUOHHBIE MOENH, U /IS ONUCAHUS TEMHOH dHEP-
rud. BaxxHyo posib B KOCMOJIOTHUECKUX MOJEJSIX UTPaeT CUCTeMa ypas-
Henuil dpupmMaHna, onuceiBaIas 3BoJLUI0 BeenenHoit. JlanHas cucre-
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Ma HeJIMHEeHHbIX 0ObIKHOBEHHBIX NU((epeHlnanbHbIX YPaBHEHUH OKa3bl-
BaeTCsl UHTEIPUPYEMOH TOJIbKO /sl OUeHb HeOOJbLIOr0 YHUCJa MOTEeHLH-
a/oB. CIIMCOK MHTErpUpyeMblX KOCMOJOTMYECKHX CHCTEM C MHUHHMaJsbHO
B3aMMOJEUCTBYIOLIMM CKaJSIpHBIM T0JieM TpeacTaBieH B craTtbe [1]. B
nokJsane OyfeT [0Ka3aHO, KaK U3 HHTerpupyeMod KOCMOJIOTMYECKOH Mo-
JeJy ¢ MUHAMAJ/JbHO B3aHMOJAEHCTBYIOLUM CKaNSIPHBIM T10JIEM MOXKHO I10-
JYUYUTb HHTETPUPYEMYIO MOZeJ/b ¢ HEMMHHMAaJbHO B3aHMOAEHCTBYIOILHM
CKaJIIPHBIM moJieM [2].

Yacto n/si MOCTPOeHHsT (PU3UUECKH HHTEPECHOM KOCMOJIOTMUECKOH
MOJIeJIM JOCTaTOYHO MMeThb YaCTHOe pelleHHe ypaBHeHMH DHUHIITeHHa ¢
TpebyeMbIMU CBOMCTBAMH, TAKHMH Kak IMOBeleHHe napamerpa Xabbaa u
YCTOMYUBOCTh perleHusi. Iyt mosyueHHs MOTeHUHAMA CKAJNSPHOTO MOJS
pa3pabaTelBAlOTCS METOAbl PeKOHCTPYKUHH. OTHUM M3 aKTHBHO HCIIOJb-
3yeMbIX METOOB PEKOHCTPYKIHUM B MOIEJSIX C MUHHMAaJbHO B3aWMOAEH-
CTBYIOILMMH CKaJ/IIPHBIMU TMOJISIMM SIBJSIeTCSl MeTO[ CYIeproTeHLuaJa.
KioueBass oco6eHHOCTb JAaHHOrO MeToda — TO, YTO NapameTp Xab6sa
paccmaTpuBaeTcsl Kak (PyHKLHS CKaJsgpHOro MoJs, 103B0JsIeT BOCCTaHAaB-
JIMBATh NOTEHLMAJN CKAJSIPHOTO 10J151 6e3 alpUOPHO 3aAaHHOTO NMOBENEHHUS
napametpa Xa66sa kKak (yHKLUH BpPeMeHH WM MacluTaGHOro ¢akrtopa
metpukd Ppuamana [3].

B nokaame OyayT mpencTaBJieHbl pe3ysbTaThl cTaTbd [4], B KOTOpPOH
MeTOf CyNeprnoTeHLHala HCIO0JAb30BaH /51 PEKOHCTPYKLHMH KOCMOJIOTH-
YyecKUX MojieJiell ¢ HeMHHHUMaJ/bHO B3aUMOAEHCTBYIOLIUM CKaJsSIPHbIM I10-
JgeMm. B gactHocTH, OyneT mpencTaBieHa MoIeJb WHAYIUPOBAHHOU Ipa-
BUTALUKU C MOJMHOMHAJBHBIM IOTEHLHAJOM liecTol creneHu. [laHHas
Mone/ b 00/afaeT TOYHBIM pelleHHeM ¢ HEMOHOTOHHBIM MOBeIeHHEM Ma-
paMeTrpa Xa60/a, aCHMITOTHUECKH CTPEMSAILIUMCS K yCTOHUMBOMY pellle-
nuto ne Currepa [4, 5].

Pa6oTa BeIMOJIHEHA MTPY YaCTUYHOH Mopaep:kKe rpaHTa HayuHo# miko-
ae: HII-3042.2014.2.
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TouHble penieHUs] B HEJOKAJbHON KOCMOJIOTHU
E. O. [lo3neesa
HHH sdeproii gusuxu umenu /1.B. Cxobesvyovina, MI'Y umernu M.B.
Jlomorocosa, Mocksa, Poccus

PaccmoTpeHbl MOnesM HeJIOKAJbHOH TpaBUTaUuM [1], BK/OYamLive
¢pynkuuo f(O7'R), rne O - onepatop HanamGepa, a R — ckanspHas
KprBU3Ha. OTMeTUM, YTO JaHHAas KOMOMHALUs sBJseTcs 6e3pasMepHOH,
TakuM 00pa3oM, mogobHass MoAH(HKALUS TPaBUTALUMM He IpearnoJaraet
BBeleHHe HOBOro pasMmepHoro napamertpa. [lonpo6GHo momoOHBIE Mone/n
omnucaHbl B 0630pe [2].

AsropuTM, MO3BOJISIIOIIME BOCCTaHABJAMBATh (DYHKLHIO f MO 3amaH-
HOMY TOBefleHHI0 napameTpa Xab6sa, pa3BUT AJs JIOKAJbHOU CKaJISPHO—
TEH30pHOH (HOPMYJIUPOBKH naHHOU Monesu [3]. C MoMOIILbI0 JaHHO#H Mpo-
Leoyphl MOJyUYeH SIBHBIM BUA MOZU(pHUUPYIOIEH (QyHKUHUH f, /S KOTO-
poll CYLIEeCTBYIOT pellleHUsl ypaBHeHHH IpaBUTalLUK Cc napameTpoM Xao-
6712 06paTHO MPOMOPLHUOHANBHBIM BpeMeHH: H = n/t (Tak Ha3biBaeMoe
CTeNeHHOe pelleHHe, 7 — MPOU3BOJIbHOE NeHCTBUTEbHOE Ync0). CooT-
BETCTBYIOLIMe pelleHHs HakleHbl B iBHOM Buze. [lokasaHo, uto mjs mno-
YTH BCeX 3HaUeHUH n Moguduuupyomas QyHKuUus f siBaseTcs CyMMOH
SKCMOHEHUHANbHBIX QYHKIUH. OTMETHM, UTO MOAENH C (yHKIHed [ B
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BHJIE CYMMBI 9KCIIOHEHIIMAMBHBIX (DYHKLUHH TaKxKe 06/afal0T pelieHUus MU
ne Currepa, T.e. PelIEHHUSIMU C MOCTOSIHHBIM NapameTpoM Xatosa [4].

B noknane 6ynyT mpencrtaBjeHbl MopgdUUUpYOlLHe PYHKUUN f, mpu
KOTOPBIX T'PaBUTALIMOHHBIE YPAaBHEHMSs JOMYCKaIOT Kak peuleHus e CHT-
Tepa, TaK U CTerneHHoe perleHue. JloK/1aL OCHOBAH Ha pe3yJbTatax pado-
Thl [5] ¥ MOC/TENYOMHUX UCCAEIOBAHHUSX.

Pa6oTa BblMo/IHEHA NPH YaCTHUHOH nopaepxkKe rpanta HayuHo# wiko-
asl: HII-3042.2014.2.
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IlocTpoeHnne Teopum rpaBuTanuu Ha 0a3e U30METPUUYECKUX
BJIOXKEHMI M CTPYKTypa JarpaHKHaHa TaKoH Teopuu
A. A. Ulesikun, C. A. [Tacton
Canxm-Ilemepbypeckuii eocydapcmeennoill YyHusepcumen,
Canxkm-ITlemepbype, Poccus

O61mas Teoprsi OTHOCHUTENBHOCTH MO3BOJISIET OMHUCBIBATH 'PABUTALHIO
B TepMHMHaX TeOMEeTPHH MPOCTPAHCTBA-BpeMeHH. B KkauecTBe OCHOBHOH
reOMeTPUYEeCKOd XapaKTEePUCTUKH MHOT000pasvst 0ObIYHO OepeTcsi MeT-
pHKa g, (z). B cuny Toro, 4To KBaHTOBaHHe METPHKH KakK (pU3HUeCKO-
TO TOJIS COMPSI)KEHO C M3BECTHBIMH TPYAHOCTSIMH, He JIHILEHbl CMBbICJA
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NOMNBITKA TOCTPOHUTh TEOPHIO I'PaBUTALMH Ha 0ase KakoH-nubo npyroi
reoMeTPUUYECKOH XapaKTePUCTUKH MHorooOpasus. B yacTHocTH, B3sIB B
KayecTBe TaKUX XapaKTEePHUCTHK perep KU CBS3HOCTb, MOXKHO MPUHTH K
neTyieBOH (opMyJupoBKe TpaBuTauuu. ONHAKO CYLIECTBYIOT W APYTHE
BeJMYUHBI, B TEPMHHAX KOTOPBIX MOXKeT OBIThb ONHCaHO MHoroobpasue.

B 1975 rony Penxe u Teiitenn6oiim [1] mpensioxuau paccMaTpuBaTh
Halle 4-MepHoe MHOroo6pasue Kak MOBEPXHOCTb, BJIO2KEHHYIO B IJIOCKOE
10-mepHOe oOBeMJIOlLIee MPOCTPAHCTBO. MeTpuKa MpU 3TOM CTaHOBUTCS
UHIYLIMPOBAHHOH U MOXeT OBITb BbIpaxkeHa depe3 (DYHKLHIO BJIOXKEHHS
Y (@"): g (®) = 9,y (2)0yyP (T)Nap, THE Tap — METPHKA OOBEMJIIOLLIE-
ro npoctpaHcTBa. [lonctaBuB 3TO BIpaXKeHHe [/ METPHUKHU B JeHCTBUe
duinmreliHa-[Mnb6epTa ¥ MpoBapbUpoBaB MO Y%, MOXKHO MOJYYHUTH TEO-
pHI0, IMHAMHU4eCKOH IepeMeHHOH B KOTOPOH fiBaseTcs (PYHKLHUS BJOXKe-
HUs y®(z#). YpaBHeHHs MOJS B TaKOH TEOPHH SIBJISIOTCS 0000LIeHHEM
ypaBHenu#l Jiinwreiina: (GM — kTH)b, = 0, tne b, = D,0,y* -
BTOpasi KBajipaTHUHash opMa MOBepXHOCTH. TeH3op DUHIITEHHA Takxke
MOXKeT ObITb BbIpaxkeH uepe3 b, Mpu NoMoLlx ypasHeHus [aycca.

EcrecTBeHHOe TIOSIB/IEHHE TJIOCKOTO MPOCTPAHCTBA-BPEMEHH B TaKOH
TEOPUH MOXeT 00JIeTYUTb €e KBaHTOBaHHe. TeM He MeHee, B TAKOM TO[-
XOle Mbl BCe ellle BBIHYXKIE€Hbl BBOIUTb KOOPIMHATBl HA MOBEPXHOCTH.
Jlnsi mosiHOro M3baBJieHUs] OT KOOPAUHAT B padoTe [2] Oblio mpemsoxe-
HO caenytoulee. Ecau onpenennte B 10-MepHOM MJIOCKOM MPOCTpPaHCTBE
HaGop M3 LIeCTH CKaIAPHBEIX moael 2 (y®), To ypaBHenus 2z = const 3a-
JaayT B 9TOM NPOCTPAHCTBE CEMEHCTBO YeTbIPEXMEPHBIX MMOBEPXHOCTEH.
TlockonbKy U3 24, Kak ¥ U3 y®, MOXKHO CKOHCTPYHPOBATh BTOPYIO KBaapa-
THUYHYIO (DOPMY MOBEPXHOCTH, TO BO3MOXKHO Nepe(opMyJUpPOBaTh TEOPHUIO
BJIOJKEHHS B (DOPME TEOPHHU MOJIS B MIOCKOM 00beMJIIOIIEM TIPOCTPAHCTBE.
B [2] rakas Teopus Oblia HazBaHa Teopuei pa3dOUeHHUs.

OnHako JarpaH:KHMaH TAaKOH TeOpUHM NPH MOJHOH KBHBAaJEHTHOCTH
¢ Teopuel BioxkeHusl Pemxe-TefiTenp0ofiMa MMeeT J0CTaTOYHO HeecTe-
CTBEHHBIH C TOUKH 3pPeHHUS] TeOPHH NoJisl BUJ; GoJsiee TOTO, OH He SIBJeTCS
MHBapUaHTHBIM OTHOCUTEJBHO aHaJsora AudQeoMop(ru3MoB TakoH TeOpUH
— npeo6pasopanuii 24 — f4(z). B noknane 6ynyT o6CyKaaThCs BO3MOXK-
Hble JlarpaHKHaHbl TEOPUH pa3OHeHHs], UX CBOHCTBA U COOTBETCTBYIOLIME
UM ypaBHEHHS JBHKEHHS.



TE3UCHI TOKJIAIOB 31
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Thin-shell Schwarzschild-Ellis wormhole stability analysis
Alina Khaybullina, Ramil Izmailov
M. Akmullah Bashkir State Pedagogical University, Zel dovich
International Center for Astrophysics

We investigate the stability regions of the thin-shells obtained by
gluing the exterior Schwarzschild vacuum with two distinct classes
of Ellis wormholes, one with zero and the other with nonzero total
mass. Using the new concepts of thin-shell "mass"and of "external
force"discovered recently by Garcia, Lobo and Visser, we shall apply
their method to the explicit cases where some of the energy conditions
in the bulk (on two sides) are violated. The stability regions are
analyzed.

The method allows any two arbitrary spherically symmetric
spacetimes to be glued together by cut and paste procedure. Thus, for
the static and spherically symmetric spacetime, the single manifold M
is obtained by gluing two bulk spherically symmetric spacetimes M
and M_ at a timelike junction surface ¥, i.e., at f(r,7) =r—a(r) =0.
The surface stress-energy tensor may be written in terms of the surface
energy density o and the surface pressure P as S;; = diag(—o, P, P).
GLV [1] work out the general conservation law

d(cA) n PdA B

= AG 1
dr dr @ (1)
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d

where @ = d—a, the shell surface area A = 4mwa? and there is an entirely
T

new term

E:ﬁ [cb;(a)\/l—bz(a)+a2+<1>’_(a)\/1—b‘a@+a2 . (2)

We shall employ the novel GLV formalism for investigating the
stability regions of the linearly perturbed spherical motion of the thin-
shell moving in the bulk spacetime. We want to address the stability
of a thin shell obtained by gluing together a Schwarzschild black
hole and an Ellis wormhole, both asymptotically flat, at some suitable
"standard"coordinate radius. We shall consider both massless (special
case of Class III) and massive (Class II) Ellis wormholes [2] respectively
gluing them with the Schwarzschild vacuum exterior. In other words,
the asymptotic masses on one side will be the Ellis mass and on the
other side the Schwarzschild mass. The configuration is somewhat like
a gravastar with exotic matter interior and a vacuum exterior (For
different kinds of gravastars and their stabilities, see, e.g.,). Thus it
would be of interest to see what are the stable regions as determined by
the joint effects of nonzero thin-shell mass as well as the new "external
force"term discovered by GLV.

This work was supported by an internal grant of M. Akmullah
Bashkir State Pedagogical University on natural sciences field.
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PacueT rpaBUTalMOHHOI HEPrUU KPOTOBOI HOpPbI // Tuma daamuca
III
P. ®. Munrasosa, P. H. HU3mausos
Mexcdyrapodruiii Hayuro-obpasosamenvroili yermp um. 4. b.
3eavdosuua, Ypa, Poccus
Bawkupckuil eocydapcmsernnoili nedacocuieckuti yHugepcumem um.
M. Axmyano

['paBUTAallMOHHOH 3Hepruell Ha3blBAlOT Pa3HOCTb JHEPTUH-MacChl U
MOJIHOW MeXaHU4YeCKOW >Hepruu. V3BecTHO, UTO B JIOKAJbHBIX HCTOUHH-
Kax, 00/1aalolIuX CTaTUYeCKH C(epHUuecKol CUMMeTpPHeH U YIOBJIETBO-
PSIOIIMX 3IHEPreTHYeCKHUM YCJIOBUSM, 0O0Ilasi TPaBUTALHMOHHAS 3IHEPTHUs
orpuuatenpHa. EcTecTBeHeH Bompoc o TOM, KakK TpaBUTAlMOHHAs IHep-
rusi BefeT ceOs NPU HApyLIEHUHW SHePreTHUeCKUX ycJoBHH. Takum 06-
pasom, OyneT HapylIeHO OLHO HJIM HeCKOJbKO HepreTHYecKHX YCJOBHH,
B YaCTHOCTH, cjlaboe 3HepreTHyeckoe ycjoBue p > 0 ¥ / WJIH H30TPOI-
HOe 3HepreTuyeckoe ycioBue p + p, = 0, rae p - MJIOTHOCTb SHEPTUH
BelllecTBa U p, - paauajbHoe naBjeHue [1].

B pa6ote 6yneT paccMOTpeHa CUMMETpPUYHAsi METPUKA CIEeLHaJbHOTO
tuna Anauca kaacea Il (G =c=1)

dr? = —dt* + dI* + (I* +m?) [d6” + sin® 0dy?] . (1)

o(l) = V2 [g — tan"! <l>] @)

m

rie m > 0, —0o < | < 0o ¥ ropJioBHHA Bo3HMKaeT npu [ = 0 [2].
PaccmoTpuM mpencTaBieHHe TpaBUTALMOHHOH 3Heprud (JIuHpeH-
Benn, bunak, Kai [3, 4]), onpenensiemoe cienyioiieit Gopmynoii:

Ec = Qwge — Eu (3)

rie Ejs - 370 cyMMa pPa3MYHBIX BHIOB IHEPrHH (9HEPTHs IMOKOs, KH-
HeTHYecKast SHEPrusi, BHYTPEHHss SHEPTUsl U Jp.), OolpefesseMas yepe3

ypaBHEeHHe
1 o
Bu =g [ oo/ amrtar 4)

m
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u QwEc - 3Heprus-macca, onucbiBaeMasi ypaBHeHHEM

1 (o)
QwEec = 87r/ Po - Arr?dr. (5)
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CrekTp peJqsiTUBHCTCKOrO M3JyYeHHUS JIEKTPUUYECKUX 3apsifoB U
DUTOJEeN TIPU UX CBOOOXHOM MaJeHUU B YEPHYIO ObIPY
A. A. Waukuit®, U. J1. Hosukos®®, JI. H. Jlunatosa®
(a) Pusuueckuti uncmumym um. Jlebedesa PAH, Mocksea, Poccus
(b) The Nielse Bohr International Academy, Copenhagen, Denmark

PaccmoTpeHo nBHKeHHe 3/MEKTPUUECKHUX 3apsiloB M AWIOJEH, paau-
aJbHO M CBOOOAHO Majawmolux Ha yepHyio ablpy LlBapuwmunpna. O6pat-
HBIM BJIMSIHUEM 3JIEKTPOMArHMTHBIX MOJIeld Ha YepHYIO AblpYy npeHebpera-
eM. Jlunoab CUMTaeM TOUEYHOH YacTHLEH, M03TOMYy AedopMalueH, CBs-
3aHHOHM C BO3JIEUCTBHEM Ha HEro MPUJUBHBIX CUJ npeHebperaem. HatineHn
CMEKTP MOLIHOCTH 3JIEKTPOMAarHUTHOTO W3JYy4YeHUs [Jis 3TUX MYJbTHIIO-
Jei (MoHomosss WU punoJsi). HaliieHbl pa3iuuusi B criekTpax AJsi Pa3HbIX
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OpHeHTalUH Majamliero numoJs. Paspaboran 061Ul METON HAXOXKIEHUS
M3JIy4YaeMbIX MYJbTHIOJBHBIX 3JEKTPOMAarHUTHBIX MOJEH [/ CBOOOLHO
NafalUX B YePHYIO IbIPY MYJbTHIONEH (B TOM YHC/Ie U [/ MyJbTHIIO-
JIel BBICLIMX MOPSIIKOB - KBAaAPYTOJaed U T.1.).

[Tosy4yeHHOe pelleHre MOKAa3aJ0, UTO MUKW H3Jy4eHUs] HAXOASTCS Ha
yacToTax nopsiaka c/ry (31ech W najnee ¢ M ry - CKOPOCTb CBeTa M pa-
JIUYC TOPU30HTA COOBITHH COOTBETCTBEHHO). Tak, Hampumep, B cJaydae
YyepHOHU AbIpbl B LleHTpe MujeuHoro myTu ¢ Maccoit My ~ 106 Mg, 60b-
asi 4yacTb 3JeKTPOMAarHUTHOH HEPruM OUMOJIs HU3JydaeTcss Ha AJHUHAX
BOJIH A\, ~ rg ~ 106[km]. Takne BoJHBI TeXHHUECKH HEBO3MOXKHO 3ape-
THCTPUpOBaTh Ha 3emJe. bBosee Toro, naxke nss 4epHOH ABIPHI C Maccou
nopsinka maccel CoJiHLIIA MAakCHMyM H3Jy4eHHUs TPUXOAMUTCS Ha NJIUHY
BOJIHBI MOpsIIKA OJHOI'O KHJOMeTpa, UTO KpailiHe 3aTpylHseT perucrpa-
LU0 TakKUX BOJH. [I03TOMy MBI TakKe OMNpENeNUIH ACHMITOTHUECKOE
NoBefileHUe 3JIeKTPOMArHWTHOIO CIIeKTpa 3TOr0 H3Jy4eHHs Ha OOJIbLUHX
4acToTax.

JetanpHBIM aHaMU3 MOKasaJj, UTO aCUMITOTHKA MJIOTHOCTH IHEPTHH
U3JlyuyeHHUs] MOAYMHSAETCS CTEelIeHHOMY 3aKOHY C IOKasaTeJseM CTeleHH
paBHBIM 2 U ¢opMa CIleKTpa UMeeT XapakTepHyio (opmy. erekTupo-
BaHHE TAKOrO CIEKTpa AAacT peasbHYI0 BO3MOXKHOCTb ONpele/MTh Maccy
YepHOH AbIPBl HOBBIM He3aBUCHMBIM croco0oM. Kpome 3Toro, BeposiTHO,
TakKe TOSIBUTCH BO3MOXKHOCTb OMNpeNe/UTb 10 KOCBEHHBIM MPHU3HAKaM
HEKOTOpble CBOHCTBA 3aMarHUUeHHOM MaTepUM, aKKpeLUPYHoLled Ha 3Ty
YepHY10 IBIPY.
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b-gyx njs cynepcTpyHsl B ¢hopMaau3Me YNCTHIX CIIMHOPOB
1. B. baxmaros
Kaszawnckuti (Tlpusosxcckuti) gpedeparvrolii ynusepcumem, Kasawo,
Poccus

B onucaHuu CymepcTpyHBl ¢ MOMOIIBIO (hOpMaIM3Ma YHCTHIX CIIHMHO-
poB otcyTcTBytoT ayxu Panneesa-IlomoBa b u ¢ Kak (yHIaMeHTaJsb-
Hble TIOJIfA. b-IyX MOXKeT ObITh MOCTPOEH KaK COCTaBHOH oreparop, YHO-
BeTBOpsiIOIIKA cooTHoweHuo {Q,b} = T, rne @ — BPCT-oneparop
u T - rojoMopdHBIA TeH30p 3Hepruu-umnyabca [2]. Ias cymeperpy-
Hbl B IJIOCKOM M TyCTOM IPOCTPAaHCTBEe-BPEMEHHM TaKOH b-IyX SIBJISIET-
csl TOJIOMOP(HBIM IOJIEM, ONHAKO IJis CYNEepCTPYHBl Ha TPOM3BOJBHOM
MPOCTPAHCTBEHHO-BpEMEHHOM (DOHE OH YTpauuBaeT CBOHCTBO roJioMOp(d-
HOCTH, M YIOBJETBOPsET COOTHOLIeHHI0 Ob = [Q, )] ans HekoToporo ).

B pa6ote [1] sBHbIH BuA (GyHKUMH 2 ObLI MOJyUYeH /s caydasi Cy-
nepctpyH Ttuna IIB B npoctpancte AdSs x S°, a B HacTosle#l paGoTe
HalimeH BUA () 1/ CymnepcTpyHB B (POHOBOM CyTE€PCHMMETPHUUHOM T10-
ne MakcBenna [3]. [Ipennonaraercs, 4To pe3ynbTaT 3TOH pPaGoThl OyneT
rosie3eH [/ MOHWMaHHS CTPYKTYpbl b-IyXa HAJsi CyNepcTpyHbl B IPO-
CTPAHCTBE C TPOM3BOJbHBIMHU TOJISIMH M3 CIeKTpa cynepcTpyH tuma Il
B cBoro ouepenb, 3T0 HEOOXOMUMO /IS OCJENOBATENBHOH (POPMYNHPOB-
KA CTPYHHOH TEOPHHM BO3MYILIEHUH Ha MPOU3BOJBHOM MPOCTPAHCTBEHHO-
BpPeMeHHOM (pOHe, NMOCKOJNBKY b-IyX B IBHOM BHIIE€ BO3HHKAET B METJEBBIX
CTPyHHBIX ammautyaax, U ux BPCT-uHBapuanTHOCTb obecrednBaeTcs
cBofictBoM Ib = [Q, ).

Pa6ora BbimosnHeHa npu nonjep:kke rpanta FAPESP 2011/00157-1.
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Eifect of seli-action in the wormhole spacetime
A. A. Popov
Kazan Federal University, Kazan, Russia

The motion of a charged point-like object in a fixed background
spacetime, is affected by the coupling between the object’s own charge,
and the field that this charge induces. This coupling results in a self-
force acting on the object. At leading order, the object’s acceleration
due to this self-force (in the absence of non-gravitational external
interactions) is proportional to ¢?/M, where ¢ and M denotes the
object’s charge and mass, respectively. This leading order is obtained by
treating the particle’s field as a linear perturbation over a fixed curved
background spacetime. Analysis of the self-force in curved spacetime
also has a practical motivation: one possible source for LISA - the
planned spacebased gravitational wave detector, is a binary system with
an extreme mass ratio, which inspirals toward coalescence. Here, the
self-force is required for the calculation of the accurate orbital evolution
of such systems. These orbits are needed in order to design templates
for the gravitational waveforms of the emitted gravitational radiation.

In this work we review the procedure of renormalization of the
self-potential for a scalar and electric point charge at rest in static
curved spacetime. This procedure is suitable for the fields with arbitrary
mass m and coupling of scalar field to the curvature of spacetime.
The asymptotic behavior of self-potential is obtained in the limit the
Compton wave length 1/m of the massive fields is much smaller than
the characteristic scale of curvature of the background gravitational
field. The self-force is calculated in this limit. We also present a method
that allows for the calculation of the self-force on the static electric
charge in the long throat of the wormhole that is the region of spacetime

ds® = —dt? + dp2 + r(p)2 (d92 + sin? 9d902)
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where metric function r(p) is slowly varying

ewkg = Ly/L < 1,

where )
r(p
L.p) = —2,
«(p) NGT;
and L is a characteristic scale of variation of r(p):
1 r I 1/2 P 1/3
F77 Bt | 13 A B s
We have demonstrated that in the throat of wormhole with
2 2 P2
(o) =+ —L
L+ 0,
Top

(ro is radius of the throat, pg is the parameter which describes the
length of the throat and we assume 73 < p3) the self-force can be both
attractive and repulsive depending on the particle position. This means
that the supposition about the attractive character of the self-force in
the wormhole spacetime (N. Khusnutdinov and 1. Bakhmatov, Phys.
Rev. D76 (2007), p. 124015) is not valid.

Kocmosornueckass Mmogeab ¢ HEMUHUMAJbHON KHHETHUYECKOU
CBSI3bI0
P. A. A6sanos, C. B. Cyukos
Kasanckuii (I[pusorscckuil) gpedeparvroiti yrusepcumem, Kasauo,
Poccus

B pa6ote ucciemoBaHa KocMoJIOTHYecKass Mojesb C HEeMHHHMaJb-
HOU KHHETHYeCKOU CBSI3bl0 CKAaJSIPHOTO MOJSI C KPHUBU3HOH, a Tak-
JKe UeaNbHOH JBYXKOMIIOHEHTHOH XKHIKOCTBIO W KOCMOJOTHYECKON
noctosinHOH. IlokasaHo, 4TO paccmaTpuBaeMasi MOAEJNb XOPOIIO OIHU-
CblBaeT OCHOBHbIe 3MOXU 3BOJIOUMH BceseHHOH, BKJOYas MepBHY-
HYI0 UHGJIALNIO, PAIHALMOHHO-IOMUHUPOBAHHYIO CTAANI0, MaTepHAJbHO-
JOMHUHHPOBAHHYIO CTAHIO, U CTAUI0 COBPEMEHHOTO YCKOPEHHOT'0 PACLIU-
peHusi (BTOPHUHYIO MHQJISIIHIO).
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TouHble perynsipHble pelmeHHs B TEOPUU I'PABUTALNHU C
HEMUHHIMAJbHOI KNHETUYECKOH CBA3BIO
P. B. Kopoases, C. B. Cyukos
Kasawnckuti ([pusosscckuii) gpedeparvroitl ynusepcumem, Kasamo,
Poccus

BosbIMHCTBO (heHOMEHOJIOTMUECKUX MOAesNed B KOCMOJIOTHH TIpef-
CTaBJSAIOT cO00H CKaslsgpHO-TeH30pHBle Teopud. OcoOBIH HHTEepeC BhI3bl-
BAIOT MOJEJH C HEMUHHMAJbHOH CBSI3bI0 MEXKAY MPOW3BOAHBIMH CKaJsp-
HOro MoJisl U KpUBHU3HOH. Psim paboT mocBsillleH MCC/IelOBAHUIO CTaTUYe-
CKHX pelIeHWH B TaKHUX MOJEJSIX, ONUCHIBAIOLINX, HallpUMEpP, KPOTOBBIE
Hopbl (cM. [1]) nau yepHble apiphl [1, 3].

B Haweii paboTe paccMaTpUBaeTCsl TEOPUSl TPABUTALUH C AEHCTBHEM

s= | dx@{;i — e (g +1C ) q,%,u} , (1)

rIe ¢ - 6eamaccoBoe CKaJsipHOe MoJe, 7) - apaMeTp, OTBedalllui 32 Be-
JIMYHHY HEMHHHMAJbHOH CBf3H, @, - METPHKA NPOCTPAaHCTBAa-BDEMEHH,
g = det(gu), R - cxanspHas kpuBu3Ha U G, - TeH3op DHHIITeHHa.
Uueno € onpefiesisieT 3HaK KHHETUYECKOHW 3HEPrUU CKaJssIpHOTO IMO0J.
Bribop € = —1 NpUBOOUT K TEOPHHU C (PAHTOMHBIM CKaJsSPHBIM IMOJEM,
06/1aJal0UM OTpHULIaTeNbHBIM KHHETHYeCKHM 4JjeHoM. [l KaHoHUue-
CKOTO CKaJISIPHOTO TOJISl C TOJOXKHUTEJbHOH KHUHeTHYECKOH Heprued Mbl
LOJIXKHBI TTOJIOKUTB € = 1.

Pa6ora Beimo/siHeHa NpH noaaep:kke ¢oHaa «uHacTus».
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CkaasipHble MYJbTHUKPOTOBbIE HOPBI
A. U. Eropos, I1. E. Kawaprun, C. B. Cymikos
Kaszawnckuti (Tlpusosxcckuti) gedeparvrolii ynusepcumem, Kaszawo,
Poccus

KpoToBbiMH HOpamu B (pU3HYeCKOH JHTepaType Ha3blBAlOT TYHHEJH,
CBfI3BIBAIOILIME YAasNeHHble o6jacTd BcesneHHOH WM coelMHSIOIINE Pa3-
JIMYHble BceseHHble. B o611ell TeOpHH OTHOCHTENBHOCTH M3BECTHBI pellle-
HUSl ypaBHeHUH DUHIITEHHA, KOTOpPble MHTEPNPETUPYIOTCS Kak I'paBUTa-
IIMOHHOE T10JIe, CO3/laBaeMoe IBYMsl U OoJiee ToYeyHbIMH Maccamu [1]. B
Halel paboTe MOCTPOEHO pelleHHe, ONUCHIBAIOIIEe HECKOJIBKO KPOTOBBIX
HOp B TEOPHH I'PaBHUTALMU CO CKAJSPHBIM TOJIEM.

B pabGote ucnonb3oBaH chaenyollMid nonxon. PaccmarpuBaercsi pe-
ILIeHWe, OIMHUChIBaIee ChepryeckKd CUMMETPHUHYIO KPOTOBYIO HOpDbHl B
TEOPHH I'PAaBUTAIMK CO CKAJSIPHBIM mosieM [2]

ds® = —dt? + [dr? + (1 + a?)(d6? + sin® 0dp?)),

rae r € (—00,+00), m, a — KOHCTaHTbl MHTerpupoBaHusi. C MOMOILIbIO
npeoGpaszoBanuii p(r,0) = Vr? +a?sinf, z(r,0) = rcosf peuenne me-
PEIUChIBAETCS B OCECHMMETPHYHYIO BEHJIEBY CHCTEMY KOOPIHHAT

ds? = —e2dt? + 2V N[dp? + d2?] + pPe P dy?,

rie v U A — (QYHKLUUHU NepeMeHHbIX p U 2. 3aTeM B 3TOH cHCTeMe KO-
OpOMHAT LEHTP KOOPAMHAT CIABUIAeTCs [0 OCH 2z C IIOMOLIbI 3aMeHbl
z — z — z;. TakuM 06pa3oM IoJyyaeTcsl MoJle KpOTOBOH HOPBI, PacroJo-
JKeHHOU B TOYKe z;. Tak kak B MeTpuke Belins ypaBHeHHs Ha (yHKIUIO
A JIMHEHHO, 3HAYUT pelleHHe OJs1 N KPOTOBBIX HOP MOXKHO MOJYYHTb
U3 NPUHLUNA CYNepro3uLUH, CKJalblBasi TPaBUTallUOHHbIE MOTEHLUAJbI
pelLleHHH, HaXOAIMXCsA B TOYKax z;, ¢ = 1,n. Jlajee, o Cyneprnosu-
pPOBaHHOMY 3HaYeHHMI0 A MOXHO HalTH OTBeyawllyl eMy (yHKLUHIO v,
TO eCTb NOJYUHUTh HOBOe pelleHHe ypaBHEHHH, ONHCBIBAIOLlee CYIepIo-
3ULUI0 M KPOTOBBIX HOP, PacloJsIOXKeHHBIX BOJb ocH z. IIpocTpaHcTBO-
BpeMsi MyJIbTUKPOTOBBIX HOpP MUMEET CJIOKHYIO TOMOJOIMYECKYIO CTPYKTY-
py, B 4aCTHOCTH OHO oO./1afaeT 2" pa3/iMYHbBIMH aCUMITOTHYECKH I1J10C-
KUMH 00/1aCcTIMHU.
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Dynamo-optical phenomena in Einstein-Maxwell-axion theory
Timur Alpin
Kazan Federal University, Kazan, Russia

A self-consistent Einstein-Maxwell-axion model is formulated for
the case when the motion of the medium is characterized by non-
vanishing expansion, acceleration, shear and vorticity (in [1] we
considered the same model without axion field). The model is based
on the decomposition of the Lagrangian with respect to the irreducible
set of invariants, quadratic in the Maxwell tensor, linear in pseudo-
scalar of axion field and it’s covariant derivative (following [2]), and
also linear in the covariant derivative of the velocity four-vector of the
medium as whole.

The modified evolutionary equations are obtained, which describe
the influence of irregularity of the medium motion on the
electromagnetic, axion and gravitational fields. We applied the non-
minimal Einstein-Maxwell-axion model to the case of pp-wave
symmetry of system and obtained a dependence of electric and magnetic
fields on retarded time. We have shown the possibility of anomalous
growth of of electric and magnetic fields.
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CrpukuuoHHble 3(p(PeKThl, UHAYLMPOBaHHbIEe TEMHOI IHepruen
H. H. Ton6unosa
Kaszawnckuti (Tlpusosxcckuti) gpedeparvrolii ynusepcumem, Kasawo,
Poccus

PaccmotpeHa Monesib B3aUMOIEHCTBHUS 3JIeKTPOAMHAMUYECKOH cHcTe-
MBI C KOCMMYECKOH TEMHOH 3Hepruei, OCHOBaHHAs Ha BBEIEHWM B Ja-
rpaHXHaH HOBOTO KpOCC-HHBapHaHTa, KBalpaTHUYHOro no teHsopy Makc-
BeJlJa U JIMHEHHOTO MO TeH30py AaBjeHHs TeMHOH sHepruu. OCHOBHIBA-
SICb Ha aHaJIOTMM C KJACCUYECKOH 3JIeKTPOAMHAMMKOH CIJIOLIHBIX Cpen
[1], Mbl mosaraeM, 4TO 3Ta 4acTh JarpaH:KMaHa OMHCHIBAET SIBIEHHUS
3MEKTPOCTPUKIMH HM/UIH MarHUTOCTPUKUHUH. [losyueHbl pacuivpeHHble
YPaBHEHHUS 3JEKTPOMAarHUTHOIO M TPAaBUTALlMOHHOTO MOJIeH, HCCJ/eN0Ba-
Ha CTPYKTypa TeH3opa JIMHEHHOro OTKJ/HMKa Cpelbl, pacCMOTpeHbl KOC-
MOJIOTHUeCKHe NPUJIOKEHUS Mofend. B paMKax U30TPOMHOH OXHOPOLHOH
KOCMOJIOTHYECKOM MOJIe/IH UCCe0BaHbl 0COOeHHOCTH 3((eKTHBHOTO MO-
KazareJssl NpesoMJeHUs1 cpelbl, (Pa30BOM U TPYNIOBOH CKOPOCTH 3JeK-
TPOMarHUTHBIX BOJIH B Cpefie, MOABEPKEHHOH 3/MeKTPOCTPUKLHUOHHBIM U
MarHUTOCTPUKLMOHHBIM BO3[eHCTBHSIM CO CTOPOHBl TeMHOH 3Hepru, -
KaK (DyHKLUHH KOCMOJIOTHYeCKOro BpeMeHHU. [IpoaHau3upoBaHbl yCa0BUS
BO3HUKHOBEHHs TaK Ha3blBaeMbIX HEOCBELleHHbIX (TE€MHBIX) 310X B HC-
Topun BcesleHHOH, B TeueHHe KOTOPBIX KBaapar 3(P¢eKTUBHOrO MOKa3a-
TeJisl IPeJIOMJIEHUS] OKasblBaeTcs OTpULATe/bHBIM. B KauecTBe NMpHMepoB
paccMOTpeHBl TPU BapHaHTa MOBeNEHHUS NABJEHHS TEMHOH HepPruH, IMo-
JaydyeHHble B paMmkax ACDM - mopenu, Moiesnu TeMHOH 3Hepruu ¢ -
(beKTUBHBIM ypaBHEHHeM COCTOSIHMS, 3aBUCSLIMM OT BpPeMEHM, a TaKxKe
MozieJIt ApXMMeI0BOr0 B3aUMOIEHCTBHS MeXKIy TEMHOH SHeprued U Tem-
HO# Mmarepuedt [2].
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On Schwarzschild superspace
A. V. Aminova, M. Kh. Lyulinskiy
Department of Relativity Theory and Gravity, Kazan Federal
University

Modern theoretical physics often use geometric spaces with exotic
features as an arena of action. Most of all, this is due to the success
of particle physics, where the methods of Clifford algebras are applied.
In this case it is possible to bring to the study of physical phenomena
powerful mathematical tools. The theory of supermanifolds is related
with the concept of supersymmetry developed in fundamental works
of Gol’dman and Lichtman, Volkov and Akulov, Wess and Zumino. The
supersymmetry relates space-time symmetries and internal symmetries.
It is the basis of new theory of gravity — supergravity as well as
superstring theory, which is a candidate for a unified theory of all the
fundamental interactions. This work is devoted to the construction of
supersymmetric cosmological models in the framework of a consistent
supersymmetric approach developed in the works of A. V. Aminova and
S. V. Mochalov.

Consistent approach to the supersymmetric theory of gravity
means that the supergeometry is defined by supersymmetry properties.
This approach requires the development of group-invariant methods
of supergravity. In this direction we not only have almost no
concrete results, but the very principles that should guide the
relationship between supersymmetry and supergeometry were not
clearly formulated. The first steps in this direction were made in
[4]. The given work continues that line. We regard supersymmetry
as an automorphism of a supergeometric structure, in particular, as
infinitesimal supertransformation preserving a metric of a superspace.
The metric is defined as an invariant of a Lie supergroup of
supertransformations in the spirit of Kleyn‘s program, the idea of which
is to consider the symmetry, or a group of transformations as a basis for
determining the geometry of space. In this paper supergroup-invariant
methods are applied to the physically significant case of a spherically
symmetric world. The supersymmetric generalization of spherically
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symmetric world was obtained. We consider the important case of
supersymmetric Schwarzschild space defined by the equation Ric = 0.
With [5] we considered supergeodesical curve in Schwarzschild space.
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The classical motion of the test particles in the space—time of
static cylindrically symmetric wormhole WhCR®
A. V. Aminova, P. I. Chumarov
Department of Relativity Theory and Gravity, Kazan Federal
University

We study the exact static cylindrically symmetric solutions in 6—d
Kaluza-Klein theory. The general static cylindrically symmetric metric
can be written as [1]

ds® = 21 W g2 — 2O+ +E(wW) gy 2 _ (26w g2 _ 2B ge2 (1)
where wu is an arbitrary cylindrical radial coordinate, z € (—o0, +00) is

the longitudinal coordinate, and ¢ € [0,27] is the angular coordinate.
Following K. Bronnikov and J. Lemos [1] we make the definition:
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Definition 1 We say that the metric (1) describes a cylindrically
symmetric wormhole if the “circle radius” R(u) := e?) has a minimum
R(ug) > 0 at some point w = ug and for all possible values of u the
metric functions [(u), v(u), £&(u) in (1) are smooth and finite.The
throat of a cylindrically symmetric wormhole with metric (1) is a
hypersurface defined by the equation u = uy.

In [2] we constructed static cylindrically symmetric solutions in 6-
dimensional Kaluza-Klein theory with two gauge fields A,, B,, one
scalar field yx and dilaton field v as source. After reducing to the
four-dimensional effective theory, we obtain the action, consisting of
Einstein—Poincaré action, two gauge field actions, scalar and dilaton
field actions. In the case of radial gauge fields we found three types
of static cylindrically symmetric wormholes: WhCR®™ with nonzero
electric and magnetic charges, WhCR® with nonzero electric charge and
WhCR™ with nonzero magnetic charge. For longitudinal gauge fields
was found nine types of dyonic wormholes WhCLFledlm | 5 = 1,23
in the case of nonzero electric and magnetic charges as well as the
wormhole WhCL3l® with nonzero electric charge and the wormhole
WhCL?™ with nonzero magnetic charge. We considered the wormhole
solution of the type WhCR®. The corresponding metric with a special
choice of parameters is given by

AT(w)
4ab = hZ, 0 < 4la| < he, ®
ke = /2], Ae = Veoshheu, hege #0,

ds? = I;eAe(u) (l~€e_2dt2 — 2atblug, 2 _ o2bug.2 €2aud¢2) ,

here he > 0, e := Q¢/he, a, b are constants, the constant Q. is the
electric charge in dimensionless units, a # 0, b # 0 and if a > 0 (a < 0)
then b > 4a (b < 4a).

Using the Lagrangian formulation of classical mechanics, we
obtained the the equation of motion of uncharged test particle, moving
along time-like or null geodesics in the space-time (2). It was shown
that for the uncharged test point particles radial finite motion is
impossible.
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In the case of motion on hypersurface z = const we conclude the
difference of behaviour of the particles with extremely large values
(positive or negative) of w, depending to the sign of a. If a > 0
the particles with total energy E, angular momentum Ly and initial
coordinate ¢g can only moving on asymptotically spiral trajectories. If
a < 0, the particles move radially when u — +oo0.

The motion on hypersurface ¢ = const also depends of the sign of
a. I a > 0, the motion of particle is infinite for u — +o0 and it is finite
if u — —o0; and vice versa, if a < 0.
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dNeKTPpOMAarHUTHbIE BOJHBI B aKCHOHHO-aKTHUBHOMN
PeNSITUBUCTCKOU TJIa3Me
A. E. 3asn
Kaszawnckuti (Tpusosxcckuti) gedeparvrolii ynusepcumem, Kasawo,
Poccus

B Hacrosime#t pabore ucc/enyercss npouecc pacnpocTPaHEHHs dJIeK-
TPOMarHUTHBIX BOJH B 0€CCTOJIKHOBUTEJIbHOH DPeJSITUBUCTCKOH IMJa3Me
Ha (oHe r106aJbHOr0 aKCHOHHOTO MOJISl, BeJMYMHA KOTOPOTO MEHSeTCs
co BpeMeHeM. [Toka3aHo, 4TO aKCHOHHOE I10Jie BJIMSiET TOJBKO Ha pac-
MPOCTPaHEeHHe MONepeyHbIX BOJH, XapaKTep KOTOPOrO Tenepb 3aBUCUT OT
HamnpaBJ/leHHs] BpalleHHUs MJIOCKOCTH MOJsApU3alMd. B yacTHOCTH, BOJIHEI
C OHUM HarpaBJieHHeM BpallleHHs MJIOCKOCTH TOJSIPH3AlMK PaciIpocTpa-
HAIOTCS 0e3 3aTyXaHHs, B TO BpeMs Kak [Jis BOJIH, MMEIOIIHX TPOTH-
BOTOJIO’KHOE HaIpaBJ/ieHHe BpalleHUs! MJIOCKOCTH MOJsIPU3allkH, M/1a3Ma
Henpo3payHa B KOPOTKOBOJHOBOH 06JIaCTH.

Pa6oTa BbinosiHeHa npu nopaep:xkke rpanta PODPU Nel14-02-00598.
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