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APPLICABILITY OF BULK VISCOUS MODELS

Aroonkumar Beesham

Department of Mathematical Sciences
University of Zululand, Kwa-Dlangezwa, South Africa
beeshama@unizulu.ac.za

ABSTRACT

Most studies in cosmology deal with a perfect fluid, i.e., one with negligible heat conduction and
viscosity. However, these dissipative processes are expected to play a part during certain stages of the
evolution of the universe, and should be taken into account. Bulk viscosity can be considered as a
candidate for dark energy. In this talk, the applicability of bulk viscous models is discussed, including
the relationship of bulk viscosity to the cosmological constant and a Chaplygin gas.
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BLACK HOLES AND WORMHOLES IN GR

K.A. Bronnikov

Peoples’ Freindship University of Russia,
Moscow, Russia

ABSTRACT

Plan of the lecture on womholes:
1. Notion of a wormhole. Different wormhole topologies
2. Directions of WH physics:

(a) consequences: what can happen if there is a wormhole?

(b) conditions: what is necessary if we wish to build a wormhole?

(c) solutions: spherically, cylindrically, axially symmetric, static or dynamic,...
(d) astrophysics: possible manifestations in the Universe

3. Static, spherical WHs: the necessity of exotic matter. A search for WHs without exotic matter: GR,
other theories. Examples of exact soltions.

4. Some results on the stability of spherically symmetric WHs

5. Cylindrical WH’s: different definitions of the throat. Flat or string asymptotics. The static case:
negative density in twice asymptotically regular wormholes

6. Rotation. Difficulty in obtaining good asymptotic behavior. Example: vacuum and scalar-vacuum
solutions. Thin shells: joining the throat region with flat space regions.

7. WHs in extra dimensions and WHs leading to extra dimensions.
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CHIRAL COSMOLOGICAL MODELS: DARK SECTOR FIELDS

S.V. Chervon

Ulyanovsk State Pedagogical University,
Ulyanovsk, Russia

ABSTRACT

A Chiral Cosmological Model (CCM) is presented as a Nonlinear Sigma Model (NSM) with the potential
of (self)interaction coupled to the gravitational field. CCMs have successive applications in descriptions
of the inflationary epoch of the Universe evolution; the present accelerated expansion of the Universe
also can be described by the chiral fields multiplet as dark energy in wide sense.

In the first section we will consider the general framework of a CCM: the action of the model, the
energy-momentum tensor, a chiral or target space, Einsteins and the chiral fields dynamic equations. To
be more illustrative we will be working with the two-component CCM in the Friedmann Universe. The
general equations of the model will be derived; kinetic and potential energy will be presented in terms
of scale factor/Hubble parameter; expression for an acceleration will be analysed as well.

In the next section we will study the perturbation theory for CCM with the aim to describe the struc-
ture formation using the progress achieved in the inflation theory. It will be shown that cosmological
perturbations from chiral fields can be decomposed for inflaton and the dark sector perturbations. The
two-component CCM will be studied in detail, the general solution for shortwave approximation is ob-
tained and analysed for power law Universe expansion.

Afterword we will consider the features of the Universe evolution by consideration of the dark sector
fields on the inflationary background. Basic background equations of the model will be presented in
terms of conformal time and dark sector fields influence on cosmological perturbations will be taken
into account. The solutions on exponential and power law inflation background in the longwave approx-
imation will be calculated.

Further perspectives of the CCM will be discussed.

References

[1] Chervon S.V. Chiral cosmological models: dark sector field description. Quantum Matter, v.2, 71-82,
2013.

[2] Beesham A., Maharaj S.D., Chervon S.V., Kubasov A.S. Exact Inflationary Solutions Inspired by
the Emergent Universe Scenario. International Journal of Theoretical Physics, 54:884-895, 2015.

[3] Chervon S.V., Beesham A., Maharaj S.D., Kubasov A.S. Emergent Universe Supported by Chiral
Cosmological Fields in 5D Einstein-Gauss-Bonnet Gravity. Gravitation & Cosmology, v.20, No. 3,
176-181, 2014.
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STABLE EXPONENTIAL COSMOLOGICAL SOLUTIONS IN THE
EINSTEIN-GAUSS-BONNET MODEL

V.D. Ivashchuk

Center for Gravitation and Fundamental Metrology, VNIIMS, Moscow, Russia
Institute of Gravitation and Cosmology, Peoples’ Friendship University of Russia,
Moscow, Russia
melnikov@vniims.ru

ABSTRACT

A (n + 1)-dimensional Einstein-Gauss-Bonnet model with A-term is considered. For diagonal cosmo-
logical type metrics the equations of motion are reduced to a set of Lagrange equations. The effec-
tive Lagrangian contains two minisuperspace metrics on R". The first one is the well-known 2-metric
of pseudo-Euclidean signature and the second one is the Finslerian 4-metric that is proportional to n-
dimensional Berwald-Moor-Shimada 4-metric. When a synchronous-like time gauge is considered the
equations of motion are reduced to an autonomous system of first order differential equations and the
solutions with exponential dependence of scale factors: a; ~ exp(Vit), i = 1,,n, are analysed for n > 3.
We study the stability of the exponential solutions with non-static volume factor, i.e. if K(v) = Y V'
is non-zero. We prove that under certain restriction R imposed solutions with K(v) > 0 are stable while
solutions with K(v) < 0 are unstable. Certain examples of stable solutions are presented. We show that
the solutions with v! =v?> =v3 = H > 0 and zero variation of the effective gravitational constant are
stable if the restriction R is obeyed.
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EXACT SOLUTIONS WITH SYMMETRIES IN EINSTEIN-GAUSS-BONNET GRAVITY

Sunil Maharaj

Astrophysics and Cosmology Research Unit,
School of Mathematics, Statistics and Computer ;, Science,
University of KwaZulu-Natal

ABSTRACT

Abstract: We first review the standard Einstein-Maxwell equations in general relativity and present some
simple solutions. The Einstein-Gauss-Bonnet equations are then studied and discussed. We obtain sev-
eral new exact solutions to the field equations in the EGB modified theory of gravity for a 5-dimensional
spherically symmetric static distribution. By using a transformation, the study is reduced to the analy-
sis of a single second order nonlinear differential equation. In general the condition of pressure isotropy
produces a first order differential equation which is an Abel equation of the second kind. Several families
of exact solutions are found.

The solutions appear to be physically acceptable and their properties are considered. On setting the
Gauss-Bonnet coupling to zero, exact solutions for 5-dimensional perfect fluids in the standard Einstein
theory are obtained.

References

[1] Exact barotropic distributions in Einstein-Gauss-Bonnet gravity, S D Maharaj, B Chilambwe and S
Hansraj, Physical Review D, 91, 084049 (2015)

[2] New models for perfect fluids in EGB gravity, B Chilambwe, S Hansraj and S D Maharaj, Interna-
tional Journal of Modern Physics D, 24, 1550051 (2015)

[3] Exact EGB models for spherical static perfect fluids, S Hansraj, B Chilambwe and S D Maharaj,
European Physical Journal C, 75, 277 (2015)
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MODEL SYSTEMS OF FIELDS IN THE THEORY OF GRAVITATION AND COSMOLOGY
AND FUNDAMENTAL CONSTANTS

V.N. Melnikov

Center for Gravitation and Fundamental Metrology, VNIIMS, Moscow, Russia
Institute of Gravitation and Cosmology, Peoples’ Friendship University of Russia,
Moscow, Russia
melnikov@vniims.ru

ABSTRACT
The lecture-report is devoted to two programs realized by the author with his students, post-graduates
from LMSU, VNIIMS, RUDN and his colleagues from VNIIMS. The first one was devoted to exact
solutions of Einstein and Friedman equations with fields in 4D and the second one — to the same for
multidimensional equations in arbitrary dimension in classical and quantum cases.

In the first program I should mention exact solutions of Einstein equations with classical cosmolog-
ical models for conformal scalar field (1968) and for scalar and electromagnetic fields, also with their
interactions (with Bronnikov), quantum cosmological model with a cosmological constant (with Kalinin
— creation from nothing, 1972); and quantum cosmological models with minimal and conformal scalar
fields (with Reshetov, 1971), nonsingular cosmological model with spontaneous symmetry breaking
(with Orlov, 1978-79) of the nonlinear conformal scalar field, exact solutions for nonlinear electrody-
namics, including Born—Infeld one, exact solution for dilaton type interaction with electromagnetic field
in GR (with Bronnikov, Shikin), non-singular field particle-like solution with gravitational field (with
Bronnikov, Shikin, Stanyukovich, 1979). Also, the conclusion that only G may vary with respect to
atomic system of measurements in the Jordan frame (with Zaitsev, 1978) etc. See realization of this
program in [1,2].

From 1987 in the frames of multidimensional Einstein equations, which are the low energy limit of
existing unified models, the author mainly with Ivashchuk and also with Bronnikov and Gavrilov with
students and post-graduates using sigma model approach were realizing the second program in cosmol-
ogy and gravitation [3—6] obtaining exact solutions with different sources: with cosmological constant
, also with scalar field (nonsingular, dynamically compactified, inflationary solutions were ingled out,
1994); with perfect fluid (PF), PF with a scalar field (e.g., nonsingular, inflationary solutions); viscous
fluid (e.g., nonsingular solutions with generation of mass and entropy; quintessence and coincidence in
a 2-component model, with Gavrilov); oscillating behavior near the singularity, billiards in Lobachevsky
space for systems with different sources (with Ivashchuk). In all cases mentioned above, solutions with
Ricci-flat factor spaces were obtained for any n, also with curvature in one factor space; with curvatures
in 2 factor spaces — only for the total dimensions D = 10; 11; with fields: scalar and forms of arbitrary
rank (with Ivashchuk, 1998); inflationary solutions generated by forms (p-branes); billiards for models
with branes (with Ivashchuk, 1999); quantum generalization (solutions to WDW-equation) for certain
cases where classical solutions were obtained; solutions for models with dilatonic fields with potentials,
billiard behavior for them also and recently quantum billiards for D-dimensional cosmological models
of generalized Bianchi-I type (all this with Ivashchuk) etc.

Some of these integrable models were also used for the calculation of temporal and space variations
of the effective gravitational and fine structure constants, including the case with nonlinear in curvature
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model (with Bronnikov). Comparison with the present experimental bounds allowed us to choose partic-
ular models or to single out some classes of solutions. Use of data on variations of fundamental constants
was suggested as a test of cosmological, gravitational and unified models (2007).

A class of solutions depending on the radial variable in any dimensions was found as well (with
Ivashchuk, Bronnikov): generalized Schwarzchild, Tangherlini solutions where BHs were singled out,
also with a minimal scalar field; generalized Reissner—Nordstrom solutions (BHs were also singled out),
the same was done with scalar field (no BHs); multi-temporal solutions; for dilaton-like interaction of
scalar and electromagnetic fields (BHs exist only for a special case); stability studies (stable solutions
only for the previous case); for obtained dilaton-forms (p-brane) interaction, the solutions’ stability was
found only in some cases, e.g. for one-form. PPN parameters for most models were calculated. Some
new results on constants their variations and quantum billiards see in [7-9].

References

[1] Staniukovich K. P. and Melnikov V. N. 1983 Hydrodynamics, Fields and Constants in the Theory
of Gravitation, Moscow, Energoatomizdat in Russian.

[2] Melnikov V. N. 2002 Fields and Constants in the Theory of Gravitation, (Rio de Janeiro: CBPF)
MO-02/02

[3] Melnikov V. N. 1993 Exact Solutions and Variations of Constants (Rio de Janeiro : CBPF) NF-
051/93

[4] Melnikov V. N. 1995 Multidimensional Cosmology and Gravitation (Rio de Janeiro: CBPF) MO-
002/95

[5] Melnikov V. N. 2002 Exact Solutions in Multidimensional Gravity and Cosmology Il (Rio de
Janeiro: CBPF) MO-03/02

[6] Melnikov V. N. 2006 Proc. Albert Einstein Century International Conference (Paris) 861 (New
York : AIP Conf Proc) p. 109

[7] Bronnikov K. A., Melnikov V. N. et al 2013 Gen. Rel. Gravitation 45, 12, 2509
[8] Ivashchuk V. D. and Melnikov V. N. 2014 Euro Phys. J 3, 2805, 1
[9] Ivashchuk V. D. and Melnikov V. N. 2016 J. Mod. Phys. A 31 1641009
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NEUTRON STARS IN MODIFIED GRAVITY

Subharthi Ray

Astrophysics and Cosmology Research Unit,
School of Mathematics, Statistics and Computer ;, Science,
University of KwaZulu-Natal

ABSTRACT

In our current understanding of the Universe, it is believed to be composed of about 4.9 % visible matter,
26.8 % dark matter and 68.3 % dark energy. Lack of proper understanding of these dark sectors (mainly
dark energy) prompted scientists to address the problem from various approaches, including building up
of phenomenological models with equation of states with a negative pressure, quintessence, etc. The
other group of scientists believe that the late time acceleration of the Universe which drives the idea of
dark energy, is just an artefact of modification of General Relativity at very large scales. There is a world
wide effort going on at present to look at the possible ’correct model’ of modified gravity theories so as
to avoid the concept of dark energy. In the process, there are many available modified gravity models
which are reasonably well tested for large scale structures. However, in order to make the theory of these
modified gravity models to be complete, they also need to be tested to be viable for the strong gravity
regime of a neutron star or a black hole. The present claim for the detection of the gravity waves from
the merger of two intermediate mass black holes on September 14, 2015, rules out many of the modified
gravity models. So also does the results from the Planck satellite mission. Here, I will briefly overview
a few of the modified gravity models, coming from different considerations, and then I will discuss a
particular case, where we study the structure of Neutron stars in the f(R)=R+aR> model. We will address
the issues we have faced in our study, and discuss the consequences and results.
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NEW EXPERIMENTAL TESTS OF THE FOUNDATIONS OF THEORIES OF GRAVITY

C. S. Unnikrishnan

Tata Institute of Fundamental Research
Mumbai 400005, India

ABSTRACT

The foundational pillars for the construction of Einstein general theory of relativity are special relativity
and the equivalence principle. Special relativity itself is based on the postulate of the invariance of
the relative one-way velocity of light, relative to any inertial observer. Of course, the definition of an
inertial observer is linked to what inertial forces are, which in turn goes back to the equivalence principle.
Further, these theories were constructed and completed with empty space as their background physical
space, well before observational cosmology and the knowledge about the real universe developed and
their foundational assumptions, and hence zero background gravity. Therefore, they are explicitly in
conflict with the gravitational background of the true matter-filled universe and their foundational aspects
are to be experimentally probed in the laboratory, in the new light of modern cosmological evidence.

After a brief mention of projected tests of the equivalence principle with sensitivity beyond 1 part
in 10", T will address experimental tests relating matter and gravity in the universe and the problem
of inertia and inertial forces. Ampere’s experiments on current-current interactions in electrodynamics
has a realizable counterpart in gravity in this new perspective involving cosmic gravity. The results
demonstrate that the conventional pseudo-forces have their origin in gravito-magnetic action involving
cosmic gravity. Further, quantum dynamical phases in this context are important in optical interferometry
and quantum Hall effect. I will also present some results on the dynamics of classical and quantum spin
confirming these ideas, ranging from geometric phases to spintronics.

Finally, these ideas have a serious prediction regarding the propagation and relative one-way velocity
of light because of the gravitational master frame of the universe playing the determining role as a
preferred frame. I will end with novel experimental results on the one-way relative velocity of light that
can be interpreted without ambiguity of theoretical assumptions related to clock synchronization.
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PEJIAINOHHBIN [TOJXO/ K TEOPUU 'PABUTALIMN 1 KOCMOJIOT'NN

1O.C. Bnagmvmupos

Quzmyecknit pakyabrer MI'Y nmmenn M.B. Jlomonocosa,
NucturyT rpaButarun u Kocmosorun PYJ/IH

ABCTPAKT
B Hacrosiiiee BpeMsi UMEIOTCs TPH TJIABHBIX MOJX0/a ([apaJurMbl, KOHIENIMN) K OMUCAHUIO (hu-
3UYECKOl PeasibHOCTH, B TOM YHCJIe K TpaBUTAIlMU U KocmoJoruu [1]: a) reopernko-nosesoit, 6)
reOMEeTPUIECKUIl 1 B) PEIAINNOHHBI. B paMKax 9THX MOJXOI0B MO-PA3HOMY TPaKTyIOTCs 1) mpu-
pojia IPOCTPAHCTBA-BPEMEHH, 2) COOTHOIEHUE I'DABUTAIUN U JICKTPOMAIHETU3MA, & TakxKe 3)
IOHUMaHue TPoOJIeEM KOCMOJIOTUN.

1. IIpupojga npocrpaHcTBa-BpEMEHN.

a) B TeopeTnko-11osieBoM 1mojxo e mpoCcTpaHCTBO-BPEMST SIBJISIETCST AlIPHOPHO 3a[aHHBIM (DOHOM,
Ha KOTOPOM IOMEIAETCd MaTepusi U Ha OCHOBE KOTOPOI'O CTPOUTCA BCs (pU3MYECKas TEOPHS.

6) B reomerpuueckoii mapaaurme mo obpasHomy omnpesenennto k. Yurepa: "IIpocrpancrso-
BpeMsI He eCTh apeHa Jijis (BU3MKK, 9TO BCs Kiaccuueckas usnka|2].

B) B pesIMOHHOM I0/IX0/Ie IPOCTPAHCTBO-BPEMsI HE UMEET CTaTyca CaMOCTOSITEeTHHON (hu3u-
YeCKOW KaTeropuu, a sBjsgeTcs aOCTpakiyeil OT CHCTEMbl OTHOIICHHI MeXKJIy MaTepuaIbHBIMU
00 bEKTaMU.

2. CooTHOIIIeHNE TPABATAIINNA U SJIEKTPOMATrHETH3MA.

a) B meopeTnko-1os1eBoii mapauryme rpaBUTAINS U 9JIEKTPOMATHETU3M SIBJISIFOTCS JIBYMsT He3a-
BUCUMBIMU BHUJIAMU B3aUMOJCHCTBUN, OTINYAIONIAMUACA TEH30PHOA PA3MEPHOCTBIO.

6) B reomerpuueckoil mapajurmMe 3J€KTPOMATHETH3M SIBJISIETCST CBOeOOPas3HBIM 00OOIIEeHHEM
rpaBUTAINNA B paMKaxX H-MepHO# Teopun Kayiisr.

B) B pessinnonHoii napaurme rpaBuTaIis He sIBJISIETC HE3aBUCUMBIM BUJIOM B3aUMOJIEHCTBHI,
a MpeJICTaB/IsgeT co0OI CBOCOOPA3HBII KBaPAT 3JIEKTPOMATHUTHBIX B3auMOICHCTBUIL.

3. IIpobieMbl KOCMOJIOT U,

a) B TeopeTnko-110/1€BOM M0/IX0/1€ KOCMOJIOTUsI CTPOUTCS HA 3apaHee 3a[aHHOM [TPOCTPAHCTBEHHO-
BpeMeHHOM hoHe.

6) B reomerpnueckoM MOJIXOJE CTABUTCS 33/a9a OINPEJIeIeHNsT NUCKPUBIEHHOCTH T[JIODATHHON
MIPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTYpPBI Beeli BeesleHHON Ha OCHOBe pereHuil ypaBHeHUi DifH-
mreiina (nm ux obobIIeHwit).

B) B pesisinmonHoil mapaurme cTaBUTCS 3a/a9a BHIBOJIA KJIACCUIECKUX TPOCTPAHCTBEHHO-BDEMEHHBIX
IIpeJICTaBJICHUN U3 CUCTEMBI 0oJiee 3JIEMEHTAPHBIX OTHOIIEHUM, MPUCYMNUX (U3UKE MUKPOMHUDA.
9T0, B YaCTHOCTU, OTHOCUTCS ¥ K 0OOCHOBAHUIO 3aKOHOMEPHOCTEH KOCMOJIOTUH.

Konkpernas ¢pusndeckast Teopusi B paMKax PeJIAIHOHHOIO I0X0/a CTPOUTCs Ha Oasze ajred-
pamdecKoil Teopun cucteM oTHomeHui |3, 4]. OHa MPUBOAUT K TEOPUH MPSIMOTO MEXKIACTUIHOTO
IPaBUTAIIMOHHOIO B3aMMOJeHCTBISI (DOKKEPOBCKOIO THUITA. B MPMIOKeHN K KOCMOJIOTUN TTOKa3bl-
BaeTCsd, YTO HAOJIIOIaeMOe KOCMOJIOTHYECKOe KpacHOe CMelleHrne O0yCJIOBJIEHO UCIYIEHHBIM, HO
erre He MOVIOMEHHBIM 3JIEKTPOMATHUTHBIM U3JIyYeHIeM, BKJIFoUast peJinkToBoe usiydenue [5]. Ha
OCHOBE 9TOI TEOPUHM IIPEJIIAraIOTCs TOJIX0/IbI K 0O0CHOBAHUIO Psijia JIPYTHUX HAOJIIOIAeMbIX sIBJICHU
aCcTPOPUIUKHI.
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BAPUAIMOHHBIN ®OPMAJIN3M BO BHEIIHUX ®OPMAX B [IOCTPUMAHOBBIX
[IPOCTPAHCTBAX COBPEMEHHOI TEOPUU I'PABUTAIIIN

B.H. ®posos

Moscow Pedagogical State University,
Institute of Physics, Technology and Information Systems,
M. Pirogovskaya ul. 29, Moscow 119992, Russian Federation
frolovbn@orc.ru

ABCTPAKT

N3znaraiorcd MaTeMaTudecKHe OCHOBBI ITOJIXO0JIa K COBPEMEHHOI Teopuu I'paBUTAIMOHHOIO ITOJIS,
OCHOBAHHOI'O Ha CUCTEMATUYIECKOM MCIIOJIb30BAHUNM MeOMETPUIECKH 0DODIEHHBIX ITOCTPUMAHOBBIX
upoctpanctB. Vcnoms3yercs dpopmamam BHerrHero auddepeHnnaabHOro UCIUC/IeHs], OCHOBBI
KOTOPOTO Oy/yT u3/102KeHbl. C IMOMOIIBIO JAHHOTO (hopMaIM3Ma OyIeT U3JI0yKeHa BapUAIIMOHHAS
IIpoIle/lypa IOJIyUeHUsl YpaBHEHUN I'PaBUTAIIMOHHOIO 10JIsI B IOCTPUMAHOBBIX IIPOCTPAHCTBAX Ha
OCHOBE MeTO/Ia HeollpeJieJIeHHbIX MHOXKuTes el Jlarpamxa.
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KOCMOJIOITMYECKHWE MOJIEJIN C YCKOPEHHLIM PACIINPEHUEM BCEJIEHHON

B.M. ZKypasies

VIIbSHOBCKHIT TOCY/IaPCTBEHHBIN YHUBEPCUTET
Hayuno-uccnenoBarenscknit texnoorundeckuit nactutyt um. C. I1. Kamursr
NucruryT maremarnku u Mexanuku num.H.J1.JIobauesckoro
Kazanckuit dbenepaibublii yHUBEPCUTET
zhvictorm@gmail.com

ABCTPAKT

B pabore uziaraiorcs obmume (pusndeckre 1 MaTeMaTndecKue aCIeKThl IOCTPOEHNsT KOCMOJIOITYe-
CKUX MOJIEJIEH, COIePKAIIIX SMOXU IEPBUUIHON 1 BTOPUIHOM nHbIdnmn. Marepua/ibHbIM HCTOUHM-
KOM TI'PaBUTAIIMOHHOIO TIOJI B PACCMATPUBAEMBIX MOIESX ABJIIETCs UeaabHast >KUJIKOCTh B (hop-
Me CMEeCH KOMIIOHEHT C Pa3/JIMIHBIM TUIIOM YpPaBHEHHSI COCTOSIHAS M CAMOIEHCTBYIONINM CKAJIAP-
HBIM T10JIeM. IIpocTpaHcTBO-BpeMs mpemogaraeTcsa uMmeronmmM MeTpuky Ppuamana-Pobeprcona-
Yokepa. OCHOBHBIMU (DU3NIECKUME IPEIIOJIOKEHISIMI ABJISIIOTCSA TPEIITOI0KEHNsT 00 OTHOPOI-
HOCTHU IIPOCTPAHCTBA BPEMEHH U TEPMOINHAMUIECKOM PABHOBECHH BCEX KOMIIOHEHT MATEPUHU, UTO
[IO3BOJISIET MCIIOJIb30BaThH OOIIIE COOTHOIIEHNsST TEPMOJIMHAMUKI TP BBIBOJE OCHOBHBIX XapaKTe-
PUCTUK KOCMOJIOTHYECKON 3BOJIIOINN.
[Lman neximm:

1. Beegenne
2. YcaoBue MeIJIEHHOI'O CKATHLIBAHIS.

(a) TlosHas sHeprus Marepun

(b) BapwanunoHHBIH TPUHITAIT

DddekTrBHOE YpaBHEHHE COCTOSHUSA MaTePUU

Ob61mue cBoiicTBa MOjiesiell ¢ KOMOMHUPOBAHHON MaTepueit
TepmomuamMuvdecKuit UHTErpaJsl JIBUKEHUS
Dueprerudeckas hazoBad MIOCKOCTh

Knaccudukanus Tpaekropuii Ha (a30Boil IIOCKOCTH

® N gt W
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KOCMOJIOTUYECKHNE MOJEJIN C HEMUHUMAJIbHOI KUHETUYECKON CBA3BIO

C.B. Cymkos

Kazanckuit deiepaabHblil YHUBEPCUTET,
Kazanb, Poccus

ABCTPAKT

Jlektust mOCBsIIIEeHa CKaIsIPHO-TEH30PHOM TEOPUH TPABUTAIINH, JIATPAHKUAH KOTOPOi COEPIKUT
wiensl Buga GMV¢ ¢y, rne GV — tenzop DitnmTeiina, n ¢ — dyHIaMeHTaIbHOE CKAJIAPHOE
nosie. Ilogo0HbIE YIEHBI ONUCHLIBAIOT HPSAMOE B3aMMOJEHCTBHE CKAJSIPHOIO II0Jisi ¢ KPUBHU3HOM
POCTPAHCTBa-BPEMEHH, [IPUIEM 5TO B3aUMOJIEHiCTBHUE OCYIIECTBIISIETCS] Yepe3 MPOU3BOJIHBIE, ITO
COOTBETCTBYET MOJIUDUKAIINN KUHETHIECKON SHEPIrUU CKaJsIpHOro moJist. [1o 9Toit npudune Takoe
B3aUMOJIEHCTBIE HA3LIBAIOT HEMUHUMAJILHOM KUHETHYIECKOH CBsI3bI0. B JIeknun jretaabHo paccMar-
PUBAIOTCST pa3IndHble KocMosorndeckue (1, 2, 3, 4, 5, 6, 7| u acrpodusndeckue |8, 9| npusokerns
TEOPUH I'PABUTAIMNA ¢ HEMUHUMAJILHON KUHETHIECKON CBA3BIO.
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THE EINSTEIN-MAXWELL-AETHER-AXION THEORY: THE POSSIBILITY OF A
DYNAMO-OPTICAL ANOMALY IN THE ELECTROMAGNETIC RESPONSE

Timur Alpin

Kazan Federal University,
Kremlevskaya street 18, 420008, Kazan, Russia
Timur.Alpin@kpfu.ru

ABSTRACT

We consider a pp-wave symmetric model in the framework of the Einstein-Maxwell-aether-axion the-
ory. Exact solutions to the equations of axion electrodynamics are obtained for the model, in which
pseudoscalar, electric and magnetic fields were constant before the arrival of a gravitational pp-wave.

The main result of the presented work is the prediction that the interaction between a unit dynamic
vector field, attributed to the macroscopic velocity of a cosmic substratum (aether, vacuum, dark matter,
etc.), on the one hand, and an electrodynamic system, on the other hand, can provoke an anomalous
electromagnetic response on the action of a pp-wave gravitational field.
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ON FOUNDATION OF THE WEYL-DIRAC THEORY OF GRAVITATION

O.V. Babourova,B.N. Frolov

Moscow Pedagogical State University,
Institute of Physics, Technology and Information Systems,
M. Pirogovskaya ul. 29, Moscow 119992, Russian Federation
baburovalorc.ru

ABSTRACT

In [1] the Poincaré—Weyl gauge theory of gravitation (PWTGQG) has been constructed, proceeding from
the requirement of the gauge invariance of the theory concerning the local Poincaré—Weyl group, in
which the Poincaré group transformations are supplemented by spacetime stretching and compression
(dilatations). It has been shown that spacetime obtains a geometrical structure of a Cartan—Weyl space.
Besides, in this theory a requirement appears of necessary existence of the additional scalar field having
so fundamental geometrical status, as well as the metrics, the tangent space metrics being the form, g,;, =
B 2g% (g’a"f? is the constant Minkowski metrics). The given scalar field coincides by the properties with
the scalar field introduced by Dirac. Such representation of the tangent space metrics is the consequence
of the statement proved in [2] (see also [3]).

Lemma (B.N. Frolov, 2003). A tangent space basis of the general affine-metric space can not be
chosen in a gauge covariant form as a rigid” basis, in which all metric tensor components represent a
set of the same numbers in each spacetime point.

Further on the basis of the PWTG the conformal theory of gravitation in a Cartan—Weyl space with
the Dirac scalar field has been developed [4], which generalizes the Einstein—Cartan and the Poincaré
gauge theories of gravitation on presence of nonmetricity of the Weyl’s type and uses the Dirac scalar
field for supporting conformance of the theory. This generalized theory of gravitation has been named
the Weyl-Dirac theory of gravitation.

We use the exterior form variational formalism on basis of the Lemma on the commutation rule
between variation and Hodge star dualization [4]. The independent variables are the nonholonomic
connection 1-form I'%, the basis 1-form 6¢, the Dirac scalar field (x), and the Lagrange multipliers
A% [4, 5]. The cosmological constant in the Einstein equation determines a vacuum energy density
(dark energy). In the Weyl-Dirac conformal theory of gravitation, an effective cosmological constant
B*A appears.

The variational field equations have been solved at the very early stage of evolution of universe for
the scale factor a(z) and the field (7). The solution has been obtained [4, 5],

ﬁ(t) _ ev(z) _ m’ a(t) _ aoe%(ﬂrto)(l _efl(t+t0))4/3. (1)

This solution realizes exponential diminution of the field 8, and thus sharp exponential decrease of
physical vacuum energy (dark energy) by many orders. Therefore application of the Weyl-Dirac theory
can give a way to solving, as a consequence of fields dynamics at the early Universe, the fundamental
problems of the modern theoretical physics — the cosmological constant problem.
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A static spherically symmetric solution of the field equations in vacuum (in case of A = 0) has been
obtained for a central compact mass m [4, 6].

kr 7 7
ds? = eF 7 dst,, dsip=e rdi*—er (dr* +r2(d6* +sin? 0 d¢?)). )

The metrics (2b) is known as the Yilmaz—Rosen (YR) metrics belonging to the Madjumdar—Papapetou
class. The interest to this metrics is the consequence of the fact that, if one puts, ro = ry = 2Gm/ 2,
then this metrics at large distances gives the same results as the Schwarzshild metrics even in the post-
Newtonian aproximation.

In [4] the authors has formulated the hypothesis that the Dirac scalar field is realized itself not only
as the ’dark energy’, but also as one of the components of the ’dark matter’ .

A radial motion of a test body under the metrics (2a) has been considered. If one uses the Newton
approximation, then one obtains the approximate equality ,

2 2
Vinf ~ Vinf/0 & (rg>
C2 R J Earth ’

3)

where vj,¢ g 1s the value of the velocity at infinity calculated under the condition k = 0.

The data on Galileo, Cassini and other Earth flyby of the interplanetary spacecrafts shows the in-
creases Avjyr in the asymptotic line-of-sight velocity v;,r, of the order of 1 =10 @ [8]. The authors
explain this as dark matter influence on motion of a test body.

The results were obtained within the framework of performance of the state task No 3.1968.2014/K
of the Ministry of education and science of the Russian Federation.

References

[1] Babourova O. V., Frolov B. N., Zhukovsky V. Ch. // Phys. Rev. D. — 2006. — Vol. 74. — Pp. 064012-
1-125 (arXiv:gr-qc/0508088).

[2] Frolov B. N. Poincaré Gauge Theory of Gravitation. - MPGU. — Moscow. — 2003.

[3] Babourova O. V., Frolov B. N., Febres E. V. // Russ. Phys. J. - 2015. — V. 58, No. 2. — P. 283-285;
Izv. Vyssh. Uch. Zaved. Fizika. — 2015. — V. 58, No. 2. -P. 129-130.

[4] Babourova O. V., Frolov B. N. // Mathematical foundations of the modern theory of gravitation. —
MPGU. — Moscow. — 2012.

[5] Babourova O. V., Frolov B. N. // Phys. Res. Intern. — V. 2015. — Article ID 952181.

[6] Babourova O. V., Frolov B. N., Kudlaev P. E., Romanova E. V. // In: Gravitation, Astrophysics,
Cosmology / Proc. 12th Asia-Pacif. Int. Conf. — 2016. — P. 191-195.

[7] Babourova O. V., Frolov B. N., Kudlaev P. E., Romanova E. V. // Vestnik RUDN, ser. “Mathematics.
Informatics. Physics”. — 2016. — to be published.

[8] Iorio L. // Int. J. Mod. Phys. D. —2015. — V. 24, No 6. — 1530015 (37 p.)

UISS 2016-18



Abstracts of the 5" Ulyanovsk International School-Seminar (UISS 2016), Ulyanovsk, Russia, September 19-30, 2016

DILATON-SPIN DARK MATTER AND EVOLUTION OF UNIVERSE
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ABSTRACT

The basic concept of the modern fundamental physics consists in proposition that spacetime geometrical
structure is compatible with the properties of matter filling the spacetime. As a result of this fact the
matter dynamics exhibits the constraints on a metric and a connection of the spacetime manifold.

In [1, 2] the perfect dilaton-spin fluid, as a model of the dilaton dark matter, is considered as the
source of the gravitational field. Each particle of such fluid is endowed with the spin-dilaton tensor
JPy =8P, +(1/4)8)J, where SP, is a spin tensor, J is a dilaton charge. Dilaton-spin matter generates the
geometrical structure of Cartan—Weyl spacetime with a curvature 2-form %, a torsion 2-form .7 and
a nonmetricity 1-form 2, obeing the Weyl’s condition, 2, = % gar 2.

In [3] the modified variational formalism is advanced, according to which the Dirac scalar field [4]
B is entered in the Lagrangian density (via Lagrange multipliers) as a representation of a tangent space
metric, g,p = ﬁzg%, where g%) are the constant components of the Minkowski metric tensor and an
arbitrary function of spacetime points 8 describes some scalar field of geometrical nature. Such a metric
tensor representation follows from the Poincare—Weyl gauge theory, advanced in [5], and corresponds to
a lemma (to B.N. Frolov, 2003) about a metric tensor of a general affine-metric space, proved in [6] (see
also [3]).

The Lagrangian density 4-form of the theory in exterior form formalism one can find in [3, 7]. We
use the exterior form variational formalism on the base of the Lemma on the commutation rule between
variation and Hodge star dualization [2]. The independent variables are the nonholonomic connection
1-form I'%, (I'-equation), the basis 1-form 8¢ (8-equation), the components of the tangent space metric
gap (g-equation), the Dirac scalar field (x) (B-equation), and the Lagrange multipliers, which yild the
Weyl’s condition and the tangent space metrics representation.

The solution of the variational equations is obtained for the evolution of the homogeneous and
isotropic universe (with Friedman—Robertson—Walker (FRW) metrics) filled with the dilaton-spin dark
matter and dark energy described by the generalized cosmological term B*A. We obtain the modified
Friedmann—Lemaitre (ModFL) equation [1],

N 2
() + 2 =5 Cre—um?), m
where € is a dilaton-spin dark matter energy density with the equation of state, p = we, €, is a vacuum
energy density with the equation of state, py = —&, <0, n is a fluid particles concentration, and a constant
E is determined by coupling constants of the Lagrangian density of the theory.

Let us consider the case of super early universe, when the scalar field B is very intensive and obeys
to the super-stiff equation of state, w = 1, and also the dilaton-spin fluid obeys to the super-stiff equa-
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tion of state. Then the modified Friedman-Lemaitre equation has the solution, a = ay;,(cosh 3At)%,
corresponding to the initial data, t = 0, @ = ap;jn.

This solution describes the inflation-like stage of the evolution of the Universe, which continues until
the equation of state of the dilaton matter will change and will become differ from the super-stiff equation
of state.

When a >> 1 the modified Friedman—-Lemaitre equation has the form,

a

where €(t) is the current value of the dilaton-spin fluid energy density. This equation is valid for the
most part of the history of the Universe. Before the point of inflection (d = 0),

1
1+3w)é, \ 30+
a ~ ((—W)> , 3)

2€,

one has a Friedman stage of Universe evolution with decelerating expantion. After this point one has a
modern post-Friedman stage with accelerating expention (“second inflation”).

The results were obtained within the framework of performance of the state task No 3.1968.2014/K
of the Ministry of education and science of the Russian Federation.
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BIRKHOFF’S THEOREM AND STRING CLOUDS

K.A. Bronnikov, M.V. Skvortsova

Peoples’ Freindship University of Russia,
Moscow, Russia

ABSTRACT

We consider spherically symmetric space-times in GR under the unconventional assumptions that the
spherical radius r is either a constant or has a null gradient in the (7,x) subspace orthogonal to the
symmetry spheres (i.e., (dr)> = 0). It is shown that solutions to the Einstein equations with r = const
contain an extra (fourth) spatial or temporal Killing vector and thus satisfy the Birkhoff theorem under
an additional physically motivated condition that the lateral pressure is functionally related to the energy
density. This leads to solutions that directly generalize the Bertotti-Robinson, Nariai and Plebanski-
Hacyan solutions. Under similar conditions, solutions with (d r)2 = () but r # const contain a null Killing
vector, which again indicates a Birkhoff-like behavior. Furthermore, it is shown that a perfect fluid with
isotropic pressure and a massive or self-interacting scalar field cannot be sources of gravitational fields
with a null but nonzero gradient of r. Exact radial wave solutions for such geometries are obtained with
an anisotropic fluid and a gas of radially directed cosmic strings combined with a massless scalar field
or pure radiation.

UISS 2016-21



Abstracts of the 5" Ulyanovsk International School-Seminar (UISS 2016), Ulyanovsk, Russia, September 19-30, 2016

RELATIVISTIC THERMODYNAMICS OF RADIATING STARS

Robert S. Bogadi, Megandhren Govender, Sunil Maharaj

Department of Mathematical Sciences
University of KwaZulu-Natal, South Africa
213572912@stu.ukzn.ac.za

ABSTRACT

In this work, we investigate the effect of anisotropic stresses (radial and tangential pressures being un-
equal) for a collapsing fluid sphere dissipating energy in the form of radial flux. The collapse starts
from an initial static sphere described by the Bowers and Liang solution and proceeds until the time of
formation of the horizon. We find that the surface redshift increases as the stellar fluid moves away
from isotropy. We explicitly show that the formation of the horizon is delayed in the presence of
anisotropy with the radial pressure dominating the tangential pressure. This is an interesting feature
of our model which directly links the anisotropy in the pressure to the dynamical nature of the collapse,
thus demonstrating that significantly different outcomes may be obtained through the inclusion of pres-
sure anisotropy in comparison with homogeneous, isotropic systems. The evolution of the temperature
profiles is investigated also by employing a causal heat transport equation of the Maxwell-Cattaneo form.
Both the Eckart and causal temperatures are enhanced by anisotropy at each interior point of the stellar
configuration.
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THE GRAVITATIONAL FIELD IN THE RELATIVISTIC UNIFORM MODEL WITHIN THE
FRAMEWORK OF THE COVARIANT THEORY OF GRAVITATION

Sergey G. Fedosin

Sviazeva Str. 22-79, Perm, 614088, Perm region, Russian Federation
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ABSTRACT

The relativistic theory describes the physics of phenomena more precisely than classical mechanics. This
leads to the fact that an ideal uniform model of a body with a constant mass density must be replaced by
the relativistic uniform model. In the relativistic model the mass density can be the coordinate function,
but it is considered a constant invariant mass density in the reference frames, associated with the particles
that make up the body. Due to the motion of the particles the effective mass density in the system differs
from the invariant values, which introduces additional corrections into the values of the field functions
and into the systems energy. For the relativistic uniform system with an invariant mass density the
exact expressions are determined for the potentials and strengths of the gravitational field, the energy of
particles and fields. It is shown that, as in the classical case for bodies with a constant mass density, in
the system with a zero vector potential of the gravitational field, the energy of the particles, associated
with the scalar field potential, is twice as large in the absolute value as the energy defined by the tensor
invariant of the gravitational field.
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WEYL-DIRAC THEORY OF GRAVITATION AND ITS CONSEQUENCES

B.N. Frolov, PE. Kudlaev
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Institute of Physics, Technology and Information Systems,
M. Pirogovskaya ul. 29, Moscow 119992, Russian Federation
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ABSTRACT
The Weyl-Dirac theory of gravitation has been developed in [1] on basis of the Poincaré—Weyl gauge
theory of gravitation (PWTG) [2]. This theory is the conformal theory of gravitation in a Cartan—Weyl
spacetime with the Dirac scalar field [3], which supports conformance of the theory.

In [1] the hypothesis has been formulated that the Dirac scalar field is realized itself not only as the
‘dark energy’, but also as one of the components of the ’dark matter’. The variational equations of the
theory are deduced in a formalism of external forms. The solution of these equations is obtained for the
static spherically symmetric case in vacuum [4] (A = 0, k is determined by the coupling constants in the
Lagrangian density),

kr T T
ds® = e]FTOds,z/R, dstp = e T dt? — eTO(er +r*(d6? +sin” 0d¢?)). (1)

The metrics (1b) is known as the Yilmaz—Rosen (YR) metrics [5, 6]. If we put, ro = r, = 2Gm/ 2,
then this metrics in the post-Newtonian aproximation at large distances gives the same results as the
Schwarzshild metrics. In the simplest case the constant k can be choozen as k = 1/+/I;, where [ is the
coupling constant in the Lagrangian density.

Let’s consider a radial motion of a test body under the influence of the metrics (1) [7]. The z-
component of the geodesic equation has the first integral (see [8]),

o (12k) 2 €At

ds

Let us divide (1) on ds® and put d@ =0, d¢ = 0. Then after some transformations we shall obtain

for radial movement the following functional dependence between the velocity v of a test body and the
radial coordinate r,

= Ey = const . (2)

2 ,
1% _ g 1 —(1+k) 8
—c2 = e r (1—_E02€ ( )r . (3)
This equation yields the identity,
Vinf 1
- =1-—= 4
2 E}’ X

where vj,r is an asymptotical value of the test body velocity at infinity.
Let’s apply the equalities (3) and (4) to the motion of interplanetary spacecrafts starting from the Earth
(ignoring its rotation). If we use the Newton approximation in this case, then we obtain the approximate

equality,
2 2
Vinf ™ Vinf/0 _ i (rg>
C2 R/ Earth ’

&)
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where vjy¢ g 1s the value of the test body velocity at infinity calculated in the case k = 0.

The data on Galileo, Cassini and other Earth flyby of the interplanetary spacecrafts shows the in-
creases Avys in the asymptotic line-of-sight velocity vi,z, of the order of 110 ** [9]. Therefore the
value of (5) is not zero. From this fact one can made two conclusions. First, we need to choose the
second sign in the solution (1). Second, the formula (5) allows to estimate the values of k£ and /; , and
thus the value of the Dirac field rest mass being derived by the Higgs machinary [10].

The results were obtained within the framework of performance of the state task No 3.1968.2014/K
of the Ministry of education and science of the Russian Federation.
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EFFECT OF SELF-ACTION IN THE WORMHOLE SPACETIMES

Arkady Popov
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Kazan, 420008, Russia

ABSTRACT

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 ¢g*> /M, where g 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.

In flat spacetime this effect is produced by a local distortion of the field lines associated with the
particles acceleration. For electrically charged particles in flat spacetime, the self-force is given by
the Abraham-Lorentz-Dirac formula. In the gravitational field the self-energy problem becomes more
complicated. The reason is that contribution to the self-energy in this case is non-local. The self-force
problem for an electric charge in a curved space background was first investigated by DeWitt and Brehme
and later by Hobbs[1]. The gravitational self-force was first calculated almost simultaneously by Mino,
Sasaki and Tanaka[2] and by Quinn and Wald[3]. Later, Quinn derived the equivalent formula for a
charge coupled to a minimally-coupled massless scalar field[4].

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.

A number of simple static configurations has been analyzed, including the self-force acting on scalar
or electric charges held static in the spacetime of a Schwarzschild black hole[5], electric or magnetic
dipoles which are static outside a Schwarzschild black hole[6], a static electric charge outside a Kerr
black hole[7] or a Kerr-Newman black hole[8], a static electric charge in a spherically-symmetric Brans-
Dicke field[9]. The self-force can be nonzero for a static particle in flat spacetimes of the topological
defects[10]. In curved spacetimes with nontrivial topological structure the investigations of this type
have the additional interesting features[11].

Unfortunately, the authors do not know the results of calculation of the self-force of the charge, which
is the source of a massive field. In this paper we consider the problem of computing the self-force on
a scalar charge at rest in the spacetimes of long throats, allowing for the arbitrary values of the mass of
field and coupling constant. It gives the possibility to compare the explicit calculation of the self-force
in the limit of large mass of the field with the corresponding result of paper[12].
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EXACT SOLUTIONS FOR A CHIRAL COSMOLOGICAL MODEL IN 5D EGB GRAVITY

A.S. Kubasov, S.V. Chervon S. Maharaj
Ilya Ulyanov State Pedagogical University University of KwaZulu-Natal

A. Beesham
University of Zululand

ABSTRACT

The set of exact solutions in the 2-component chiral cosmological model (CCM) in 5D Einstein-Gauss-
Bonnet (EGB) gravity have been obtained for the Emergent Universe in [1]. The evolution of a scale
factor was written in the form a(t) = A (B + e®)™. For obtaining this results, it was suggested the special
ansatz. In given contribution we study new possibilities for exact solutions construction with adopted
ansatz for various types of specially-flat Universe evolution including power-law, power-law-exponential
and hyperbolic scale factor.

The action of the model is:

1 1_ 1
S = / dx/=g <5R+ SORGE+ S hap(9) 90" — V(w)) , (1
where Rgp is the Lovelock tensor defined as Rgg = R? — 4R ;R + R e gR%?“?. @ is the Gauss-Bonnet
parameter.
Let us consider 5D space-time with FRW-type metric
d 2
ds? = —di* +a(t)? <1 _rgrz +1?(d6 + sin? 8(d@?* + sin? <pdx2))) : (2)

and a CCM with the 2-component diagonal metric of a target-space

dsis = h11d 9> 4 han (¢, w)dy?, (3)

The system of fields’ and Einstein equations may be found in [1]. We follow to the notations used in
[1]. For the case of spatially-flat Universe from Einstein’s equations we can express the kinetic and the
potential energy:

2 ) 1 ;

—3K(0) = [1+26¢H2}H:—g(h11¢2+h22(¢,llf)‘l72) “)
V ety o2 1y
g M+ H+oH (H +2H> ®)

To obtain the solution of the model under consideration we may use the decomposition suggested in
[1] and the special ansatz [2] which can be represented as:

h1§% = —3H, hyn(y)¥? = —6aH>*H, V($,y) = Vi(¢) +e/ Oy (y) (6)

where Vi (¢(¢)) = 6H*>+ 3H, /OO, (y(t)) = 6aH? (H? + 1H), the f(¢) — is the function on time,
defined from compatibility later on, 1] = 1.
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In the work [1] it was proved, that the exact solutions for the 2-component CCM for Emergent Uni-
verse can be obtained only for chiral fields without kinetic interaction. In given contribution we will
present the solutions with kinetic interaction of the chiral fields between them.

First of all let us consider the case without kinetic interaction between fields. So we set h11 = hyp = 1.
After that simplification we can represent “ansatz solution”:

¢*=-3H (7)

v = —6aH’H (8)

Vi(¢) = 6H>+ %H 9)
Va(y) = 60H> (H2 + %H) (10)

Substitution equations (7)-(10) into fields equations gives us identities. Note that for hyy = 1 we
obtain f(¢) = const and the term /(%) may be included into V5 ().

Thus to construct exact solutions we may use the evolution law of the universe. That is, for a given
scale factor a(t) (or Hubble parameter H(t)) one can obtain the form of the potential and the kinetic
energy from (7)-(10). Chiral fields may be defined in quadratures or in elementary functions depending
on given form of a scale factor.

To prove the existence of the solutions with the kinetic interaction between chiral fields we use the
ansatz (6). It gave us possibility to obtain the solution for power law expansion with the scale factor
a(t) = At™. The interaction term is

hyy = Clzm_l

The solution for the chiral fields is

m3 t5/2—m
— ¢, =V3mlnt, y—y, =1/60— 11
o —0 3mint, y—y. 6aC5/2_m (11)

The reconstruction of potentials gives

Vi(¢) =m(6m—3/2)exp (—zq)\/;_:;*) (12)

2v/60um3 e
VRO %)) (13)

5—2mpvC'

With the same method we obtain the solutions for the power-law-exponential expansion and for the
hyperbolic scale factor.

Va(y) =3am®(2m—1) (
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TIDAL ACCELERATION OF PARTICLES WITH RADIAL AND ANGULAR VELOCITIES
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ABSTRACT

We obtained geodesic deviation equations in the Kerr metric for relativistic particles with angular or
radial motion velocity. The radial movement of particles with such speed is possible up to the static
limit. Any particle moves around the black hole and receives the angular component of velocity in the
ergosphere.

A study of the sign of the deviation vector components helps us to know about geodesics diverge
or converge from each other. For example, if the angular momentum of the black hole is equal 0.98M,
along the radial direction geodetics diverge in case of any velocities.

The sign of polar and azimuth components of the vector deviation depends on the distance to the limit
of static, the angular momentum of the black hole, the particle velocity, and it can take both positive and
negative values.

For cases of polar and equatorial planes the velocity tends to zero or to the speed of light, we received
the deviation equations convenient for the analytical analysis.
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WHAT LIES BEYOND GENERAL RELATIVITY? AN EXPERIMENTAL PERSPECTIVE

C. S. Unnikrishnan

Tata Institute of Fundamental Research
Mumbai 400005, India

ABSTRACT

The recent detection of gravitational waves is considered the culmination of tests of all major predictions
of Einstein theory of gravity — the General Theory of Relativity. Combined with the precision tests of
equivalence principle, GTR is now considered the only reasonable survivor and it is projected to preserve
its winner status for centuries to come.

However, in spite of its triumph on every testable front so far, there is one glaring gap which was
bypassed in the construction of the theory by subsuming the gap itself as one of its starting postulates.
This is the problem of inertia and pseudo-forces, closely related to the physical origin of the equivalence
between inertia and the charge of gravity, or mass. Einstein’s expressed regret of not being able to
incorporate the Mach’s principle in GTR is the statement of this remaining gap in the theory.

It turns out that examining this gap closely takes us to hitherto unexplored foundations of the theories
of relativity that reveals serious issues about the true empirical basis and meaning of the foundations. We
discuss three crucial experiments, in electrodynamics of moving charges, propagation of light relative in-
ertial observers and current-current interactions in gravity to address and test the foundational postulates.
The results unambiguously point to the need for a paradigm change and show us what lies beyond general
relativity. Incorporating these experimental results can complete the theory, but renders it fundamentally
different in character with new predictions, while preserving all its tested predictions. We present the
modified theory in terms of a "Centenary Einstein’s Equation” and discuss some consequences.

The new paradigm, called Cosmic Relativity, provides the physically consistent covering paradigm
for theories of dynamics, relativity as well as gravitation in a comprehensive and consistent frame work
in the true universe, which is matter-energy filled with nearly critical density. It has no freedom of addi-
tional postulates and has unambiguous falsifiable predictions. We will derive the principle of relativity,
law of dynamics, the equivalence principle and all details of pseudo-forces from this framework. The
physical effects involving spin and gravity are emphasized in particular and relevant experimental results
will be presented.
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ULTRA-HIGH ENERGY PARTICLE COLLISIONS NEAR BLACK HOLES AND
SUPER-PENROSE PROCESS (REVIEW)

O.B. Zaslavskii
Kharkov V. N. Karazin National University

ABSTRACT

A brief review of the effect of acceleration of particles by rotating and charged black holes to unbound
energies in the centre of mass frame is suggested. 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,
(1) 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. Collisions in the magnetic field and near multi-black hole configurations
are discussed. Alternative mechanisms due to collisions inside ergosphere are also possible. We also
consider possibility of the super-Penrose process (infinite efficiency of the energy extraction).
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THE EVOLUTION COUPLING CONSTANTS IN THE THEORY OF INDUCED GRAVITY.
SOLUTION TO THE COSMOLOGICAL CONSTANT

Farkhat Zaripov
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ABSTRACT

This research is an extension of the author’s article, in which conformally invariant generalization of
string theory was suggested to higher-dimensional objects. Special cases of the proposed theory are
Einstein’s theory of gravity and string theory.

This work is devoted to the formation of self-consistent equations of the theory of induced gravity in
the presence of matter in the form of a perfect fluid that interacts with scalar fields. The study is done to
solve these equations for the case of the cosmological model. In this model time-evolving gravitational
and cosmological ’constants” take place which are determined by the square of scalar fields. The values
of which can be matched with the observational data.

The equations that describe the theory have solutions that can both match with the solutions of the
standard theory of gravity as well as it can differ from it. This is due to the fact that the fundamental
“constants” of the theory, such as gravitational and cosmological, can evolve over time and also depend
of the coordinates. Thus, in a rather general case the theory describes the two systems (stages): Einstein
and “evolving” or “restructuring” . This process is similar to the phenomenon of phase transition, where
the different phases (Einstein gravity system, but with different constants) transit into each other.

In this paper we investigate the so-called equilibrium solution:

Y(t) =cra+Yy, (D)

where c¢;, Yy - constants of integration, a(t) - the scale factor. This solution is interesting because , that
is, transitions from stage into stage (and vice versa) occur at the points where the second derivative of
the scale factor changes sign therefore goes from slow-motion expansion into accelerated and vice versa.

From the comparison of the equations follows that two gravitational constants manifest themselves:
Gerr = ]%LY(J - cosmological gravitational constant G.rr = |22—VY - constant (possibly) contributing to
the gravitational interaction between the massive bodies. In this model function is defined by solution
(1) and . Solution (1) is interesting because Y = c»d, that is, transitions from stage into stage (and vice
versa) occur at the points where the second derivative of the scale factor changes sign therefore goes
from slow-motion expansion into accelerated and vice versa.
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[IPOBHBIE YACTUIILI B IIATUMEPHON TEOPUU

B.I". Anues

MockoBcKHiT rOCY/IapCTBEHHBIN YHUBEPCUTET JU3aiiHa U TEXHOJIOTHH,
Mocksa,yn. Cagopandeckas, gom 33, Ctpoenne 1
bgaliyev@mail.ru

ABCTPAKT
PaccmoTpuM JBMKeHME Pa3/jndHOTO TUIA MPOOHBIX YACTHIL B IIATUMEPHON €INHON TEOPUHU IOJIL.
YpaBHEHUS JBUKEHHUS TUX TACTHI] HOJYIAIOTCA U3 ISITUMEPHBIX Treoje3ndeckux. s anasim-
3a 9TUX ypaBHEHWil OUCHb yJI0OEH MOHAJHBIN METOJ| B XPOHOMETPUIeCKoi Kagubposke [1]. Dror
METOJI TI03BOJIsIeT POU3BECTH KoBapuaHTHOEe (4-1)-paciierienne mATUMEPHOIO PUMaHOBaA MIPO-
CTPAHCTBA C BBIJIEJIEHNEM OCHOBHBIX (DU3MKO-IeOMETPHIECKUX XapaKTepucTUK. OOBIYHO TP 3TOM
IPUHATO HAKJIAIBIBATH HA ISITUMEPHYI0 PUMAHOBY T'€OMETPHIO YCIOBUE IMUINHIPUIHOCTH BIOJIb
[ISATONM KOOPJAMHATHI, UTO ITO3BOJISIET HAM B (DU3UKO-IeOMETPHIECKIX XapPaKTEPUCTHKAX M30aBUTHCS
OT sIBHOI 3aBHUCHUMOCTHU OT 3TOW KOOPJMHATHI. YCJIOBUE IMUJIUHJIPUIHOCTH, KAK U3BECTHO, M€OMET-
PUYECKH COOTBETCTBYET HAJIMIHWIO BeKTOpa KumHra BIOJIb JaHHON KoopauHarhl. [Ipm sTOoM B
PACIIEIIEHHBIX YPABHEHUAX T'€0Je3MIECKUX, a UMEHHO B IIPOEKIINN Ha HAIPaBJIEHUE BJIOJIb HSITOM
KOOPJIMHATHI, MbI ITOJIydaeM HHTerpaJj " aBuzkeHus ' mpoOHOM FIacTHUIBI BJIOIb 9TOM KOOPIUHATHI,
CBSA3aHHBIN C €€ 3JIeKTpUIecKuM 3apsagaoM. llogcranoBka gaHHOro mHTerpaJa "asuzKkennus"B Ipo-
eKITUIO YPABHEHUI I'e0JIe3MIeCKUX Ha MPOCTPAHCTBEHHO-BPEMEHHYIO TUIIEPIIOBEPXHOCTD JIACT HAM
ypaBHEHUE JIBUXKEHUS 3aPs?KeHHOI ITPOOHOIM YacTHUIlbl ¢ 00bIUHOI 4-cuitoit JIopeHIia, HO Ipu 3TOM
"mMacca 1oKOs1"9Toi TTPOOHON JaCTUIBI TPHOOPETAeT eIlé OJINH JIOPEHIEBCKUI MHOXKHUTEIb KaK B
CTO, Tos1bKO O cKOpoCThIO " IBUKeHMs1 " BJIOJIb TATONH KOOPINHATHI I CTAHOBUTCS y7Ke TePEeMEHHON
dyHKIMEN HOBOTO, CKAJSIPHOTO TPABUTAIMOHHOIO ITOJIS, CBSI3aHHOTO C JUATOHAJBHON MSATh-TIATH
KOMIIOHEHTOM msiTuMeTpuku |2, 3, 4]. D1o, B ¢BOIO Ouepejib, MOPOXKIAET MOSBJIEHUE eIE OJHOI
4-cuJibl B ypaBHEHUH reoJIe3nduecKoit: cuiibl Bpanca-/luke |5, 6], npucyreii Bcem Teopusim ¢ tiepe-
MEHHOI MacCOi MOKOsI IPOOHON YaCTUIIbI, B 9aCTHOCTH, CEMENCTBY CKAJIAPHO-TEH30PHBIX TEOPHIi,
rjie 9Ta 3aBUCUMOCTb MACChI OT CKaJIIPHOrO 10Jis BhiTekaeT u3 npuniuna Maxa. Takum obpazom,
MBI TIOJIYYIAEM €IME OHY CBA3b MIATHMEPHOTO MO/IX0/IA CO CKAJISIPHO-TEH30PHBIM U €10 COOTBETCTBUE
npunruiny Maxa. Kpome Toro, Takas repemMeHHasi Macca MOKOsl TPOOHOI YaCTHIIbI, 3aBUCSIIAA OT
CKAJISIPHOTO TI0JISA, TOSIBJISIETCST W B IIEJIOM DsJie COBCEM JPYTUX Teopuii, Kak Hampumep |[7], we
CBSIBAHHBIX C TSITUMEPUEM, HO U TaM OHA, B OTJIMYME OT IIsITUMePHs, He NMeeT OJHO3HATHON (hyHK-
IIMOHAJIBHON 3aBUCUMOCTH OT CKaJSIPHOTO 1MOJist. MOXKHO MoKa3aTh, UTO 3TOT IepeXojl K HOBOM
"Macce MmokKost"cCBsi3aH C yBeIWYEeHHEM Pas3MEPHOCTH PHUMAaHOBa IPOCTPAHCTBA. BbIparkeHue i
[ePEMEHHON MAaCChI IIOKOsI ITPOOHOM YacTUIbI B MATHMEPHUH COIEPXKUT JBa IapaMerpa: OIUH W3
HUX - 9TO 3aTPaBOYHAs IIOCTOSIHHASI MACCa [TOKOsI IIPOOHOM IacTUIIBI, & BTOPOIL - 3TO €€ 3JIeKTpute-
ckuit 3apaa. OH TakKe, OyIydn HHTEIPAJIOM JIBUKEHUsI, SIBJIAETCA Y HAC BEJIUINHON IOCTOSIHHOI
U K TOMY K€, TI0 COBMECTUTETHCTBY, BBIIOJIHIET POJIb CKAJIAPHOTO 3apsja. [lo kpaiineit mepe, B
Harty smoxy [6]. B cuny mpescraBiisirorierocsi Ham eCTeCTBEHHBIM TPeGOBaHUs YHUBEPCATHLHOCTH
CKAJISIPHOIO TPABUTAIIOHHOTO B3aMMOJeCcTBUS (2], MBI ¢ HEOOXOJAMMOCTBIO TIPUXOINM K (DYH 1~
MEHTAJILHOMY CJIEJICTBUIO, 9TO BCE IMSITHMEPHBbIE YACTHUILI JIOJKHBI 00/IaIaTh HEHYJIEBBIM 3JIEK-
TPUIECKUM 3apsiOM, & 3JIEKTPUIECKH HEHTpabHbIE JaCTUIbI JIOJ?KHBI OBITH COCTABHBIME, Kak,
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HarpuMep, HeiTpon. TakuM oOpa3oM, MOKHO TPHUITH K BBIBO/LY, YTO HECOCTABHBIMHU YaCTHUIAMHU,
JIUIIEHHBIME 3apsijia WX MacChl, TO €CTh UCTUHHO YEeThIPEXMEPHBIMHU, MOTYT OBITH JIUIIb TAKUE
POOHBIE YACTHUIIBI, KaK (DOTOH M HeHTpuHO. Kpome Toro, 3/1eCh BOSHUKAET €Ié U IK30TUIECKU
BapUaHT MMPOOHON YaCTUIIBI, KOIJIa 3aTPaBOTHAS MAacca PaBHA HYJ/IIO, & JEKTPUIECKUN 3apsi1 Hy-
JIIO He paBeH. JdTa cBoeoOpasHas "kKBazmdacTura'MoKeT 0 CBOUM HapaMeTpaM IIPeTEeHI0BaTh Ha
POJIb KaK MarHUTHOro Monomnoss Jupaka, Tak u Ha pojib X min Y-0030Ha, KOTOPBIE 3aIT0JIHIN
Beesennyio B BecbMa pamHeii crajuu eé sposonun [6]. B o1y smoxy coBcem panmeii BeesrenHoii
YCJIOBHE TTUJTHHIPUIHOCTH BJIOJIb IIATONH KOODJAMHATHI €€ He BBITOJHAIOCh U TIepBas 1apa ypas-
HeHumit MakcBesia, Kak CaeayeT u3 PeAyKInu MSITUMEPHBIX TOXKIeCTB Puddn, mvera HeHYJIEBYIO
[PaByo 4acTh |5, 6], CBA3aHHYIO CO CKAJSPHBIME BUXPAMU. A yPaBHEHUS T€OJIE3NUECKUX [IPU OT-
CYTCTBUU IUJIMHJIPUIHOCTH BJIOJIb HSTONH KOODJMHATHI KaK pa3 M He JOJKHBI JIaBATh HHTErpaJja
" IBMKeHNs " BJIOJIb 9TO# KOOPAMHATHI, YTO U TOBOPUT 0O OTCYTCTBHUH 3JI€KTPOHOB. JIuIb mocie To-
ro, Kak Halll IsITUMEPHBI Mup cras MuIMHIPUYeH 110 [SIToi KOOP/INHATE, B PE3YJIbTaTe, CKarXKeM,
spdekra Kasumupa, a cKaJsipHble BUXPH UCYE3/IH, 110Xa MAIHUTHBIX MOHOIIOJIEH CMEHUIACh, 110
HAaIlleMy MHEHUIO, SIOXOW HOBBIX YaCTHUIl - 3JeKTPOoHOB [6]. B cBere mosyueHHBIX HAMU pe3yiib-
TATOB BO3HUKAET MHTEPEC K JAJTBHEHIIIEMY UCCIEOBAHIIO PEAYKIINU MHOTOMEPHBIX, B TOM YHCJIE
¢ 9HCJIOM U3MEPEeHui OOJIbINE MATH, TOXKICCTB PUdadn u, BO3MOXKHO, TOXKJIECTB BbhaHKM, Tak Kak
OHHU OTPasKaIOT, KAK HaM IPEJICTaB/IsIeTCs B cBere ujeil, npuBeamux K co3ganuio OTO, ne ToabK0
reoMeTPUYIEeCKre CBOMCTBA PUMAHOBBIX IIPOCTPAHCTB, HO W MPUCYIIHE UM UX (pU3nIecKue 0cobeH-
HOCTH.
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PEZKIIM MEIJIEHHOI'O CKATBIBAHMS B JIBYXIIOJIEBOI
CKAJIAPHO-TEH30PHOI TEOPUU 'PABUTALIMN C NUHOJIATOHOM

K.A. Boabmakosa
Val'ITV um. 1. H.¥Yabauosa

ABCTPAKT

s IBYXIIOJIEBOM MOJIE/IN B CKAJIAPHO-TEH30PHON TEOpUM T'pABUTAIUN HAMJICHBI PEIEHUsT B pe-
JKIMe MeJIJIEHHOTO CKATHIBAHWS, KOTJA IPaBUTAIIMOHHAS YacTh 3ajaHa B KapTUHE DWHINTENHA,
a JieficTBUe He-TPaBUTAIIMOHHOIO 10Jisd Sy, 3ajaercd B Kaptuae Kopjaana. KondopmHaoe mpeob-
pasoBaHne u3 KapTuHbl zKopjaHa K KapTuHe DIHINTEHHA OCYIIeCTBIIeTCS depe3 KOH(MOPMHBIH
daxrop A*(@) : guv = A*(9)g}iv-

PaceMoTpuM MyJTbTH-CKAJISIPHO-TEH30PHYIO TEOPUIO TPaBUTAINN C JeficTBreM |1,2]:

1 R 1
§= / d*x/=g. {7 — 58+ hapdu @ v 0" =W (9 ) | +S[Wim A% (9)811] (1)
O6osnauenus cornacoBanbl ¢ paboramu |1,2]. Bapeupyst seiictsue (1) o merpuke g momo ¢
MOJTyYaeM ypPaBHEHU:
1
Ry =58k = TS0 Tl 2)

1 10h ow Kk dlogA om
Tt (Vohandolist) — 3 GoC0gkaelet £ = - loetle)y 3)

rJe TPE(J) * - TOU rpaBUTAIMOHHON YACTH, TLE"T}) * - TS He-rpaBUTAIIOHHON MATEDHIL.

3a1a M JIelicTBIE He-IPABUTAIIMOHHOTO MOJIA Sy, KaK JefiCTBHIE CKAJISPHOIO MOJIs Y B KApTUHE
DitHITeliHa;

S = [ A4V | Svavad W~V (v) @)

CkangpHas cocrasigiomas jeiictsus (1) rpaBuTarmoHHOrO 1ot OyIeT MpeCcTaBIeHa JIByX-
KOMIIOHEHTHO!N HeJMHEeHHO CcurMa MOJIEIbI0 ¢ MEeTPUKON MPOCTpaHCTBa 1eeit [3]:

do? = hy1do* +ha (¢, x)dx>. (5)

Takum obpaszom, cucrema ypasaenuit (2)-(3) B merpuke ®puamana-Pobeprcona-Yokepa mpuBo-
JIATCS K BUJLY:

181122 ) 8W(q),x) _EalnA

3H*Zh22+9z(h222)+2WX +T: 2 9y (v*+4v(v)) (6)
. , 10hy, ., JW(@, K dlnA |

B+ 3H. i = 55207 + ;%; n__* 39 (W +4V(W) (7)
111 . 1 ) .

Hf=§ Eh11¢2+§h22X2+W(¢»X) _ai(t)_K(wz_v(W)) (8)
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i | I 1 €
B == |5 S| + s k(v (w) )
Vi +Vy =0 (10)
[Mostyuennbie ypasaenus (6)-(7) oTingaiorcst HEHyJIEBO# IIPABOIl YaCTHIO OT AHAJIOTUIHBIX yPaB-
uenwuit (10.9)-(10.10) B pabote [3|. Ypasuenus (8)-(9) comepKar JOHOJIHUTEIBHOE caraeMoe (Io-
cJlesiHee) B MPaBoii 9acTu, 9ro oTndaeT ux ot ypasuenuit (10.11)-(10.12) paborsr [3].
Haiiienbr ipumMepsl pertieHnii st caydaes, korga 1. a = agexp(Hst), tiae Hy,ag = const u 2.
a = Ct" tine C,m = const , a TOTeHIUAJ JIJIS BCeX CJlydaeB npuHuMaer 3Hadenus V = DIn(y) |
V =Voexp(uw),V = Dy*, snect D, Vo, k, 1L = const. B nokiage obcysKiaercs hU3HICCKHii CMBICI,
HOJTY YeHHBIX PEITeHH.
Bripazkaio 6,1aroapHocThb 3a IIOCTAHOBKY 3aa9i 1 00CYZKIEHNE TT0JIy YeHHBIX Pe3yJIbTaTOB Ha-
yaHoMy pykosoauTesnio npodeccopy C.B. Hepsony.
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CKAJIAPHO-TEH30PHAS I'PABUTAIINS C CAMOJIENCTBYIOIINUM CKAJISIPHBIM
I[TOJIEM

FO.I1. Beioasrit, .T. Jlyako

B. 1. Stepanov Institute of Physics
Belarus

ABCTPAKT

CkaJisipHbIe TOJI 9aCcTO UCIOJIB3YIOTCS B KadecTBe KAH/MJIATOB HA POJIb TEMHOW Heprum (C,
narpumep, [1]). B pabore paccmarpBaercs HeTMHEHHOE CKAJIAPHOE TI0JIE B MPE/IIOJOKEHUH, ITO
€ro HCTOYHUKOM (ABJIFAETCA CJIe]] TeH30Pa SHEPTUuu-uMITyJIbCa KaK MaTEpuu TakK KU CaMOI'O CKaJIdp-
HOI'O IIOJIA M 9TO CKaJIdpHOE I10JI€ MUHUMaJIbHBIM O6pa.30M BSaI/IMOILeI;'ICTByeT C I'PaBUTAIIMOHHBIM.
B paMKkax 3TOro mojaxoja Mbl [OJIyYaeM JarpaHKuaH CKaJsIpPHOIO TOJIst, KOTOPBI COAEPKUT TPU
napamMerpa: HOBYIO KOHCTAHTY CKaJIIPHOIO B3aMMOJIEHCTBHA, MACCy CKAJISPHOTO MOJIS U IIapaMeTp,
CBSI3AHHBIN ¢ MUHUMYMOM CKAJISIPHOTO moreHimana [2]. Orment™, 910 3aj1a4a MOy I€HUsT TAKOTO
CBOOOJIHOTO CKAJISIPHOIO JIarpaHKuaHa paccmarpusaiach B [3]. Ham jmarpamkuan o6obmaer coor-
BETCTBYIOIEE BhIpayKeHue u3 [3| u, Kpome TOro, Mbl pacCMaTPUBAEM B3aMMOJIEHCTBIE CKAJISIPHOTIO
[I0JI ¢ MaTepuei.

B nannoii pabore UCIOIL3yeTC I'PaBUTAMOHHAs cucreMa eauanl G = ¢ = 1. YpaBHeHUs cKa-
JISPHOI'O II0JIE UMEIOT CJICLYIOIIUI BII,

@O —m’)p=q(T?+T"), (1)

Hanambeprunan 0= -V, V,glV KoHCTaHTBI m 1 ¢ 03HAYAIOT MACCY U KOHCTAHTY B3aMMOJEiiCTBI
CKAJISPHOIO MOJIA .
Ypashenue (1) MO3BOJISET ONPEIENTD JIATPAHKUAH CKAJSIPHOTO TOJIst U MaTepuu [2|

—m’ e +C(1 +2q<p)2) V—g+
+Ly ((1+299) guv,Om), (2)

riae Qy coorBercTByeT ToJisiM Marepun. Ormernm, 9To B [3| wien ¢ koucranToit C OTCYyTCTBYET.
[Tonublit TarpaHKraH MOJEIN ¢ MUHAMAJIbHBIM B3aMO/IENCTBIEM MKy CKaJsIpPHBIM U I'DaBUTA-
[IMOHHBIM I10JIeM IPUHUMAET BU/L

L=L¢+ Lo+ Ly, (3)

riae
Ly=R\~g (4)

JlarpaH2KHaH I'PaBUTAIlMOHHOI'O I10JI<.

Lucnonb3yeTcst curHaTypa MeTpukn (+, —, —, —)
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Jlarpamxuan (2) uMeer HeJUHEHHBI KHHETHIECKUN WIeH U IPUHA/JICKUT T.H. k-essence Mo-
nein. [4].
YpaBHEHHE CKAJIAPHOTO II0JIsT UMEET BU]T

ol o =a(LL g

—2C(1+2q0)> —TM), (5)

Taxum oOpazom, B3anMoIeficTBIe MKy MaTepueil 1 CKaJIIPHBIM MOJIEM Pean3yeTcs IIPU TOMO-
i 9hPEeKTUBHON METPUKN

fuv = (14+290)guy = Pgpy. (6)

PaccMorpeno npusokenune cKaasipHO-TEH30PHON TEOPUN I'PaBUTAIMU K KocMojioruu. Kocmoto-
ruaecKne ypaBHeHNs, KOTOpble BK/IIOYaloT ypapHenne Opujivmana, ypaBHeHHE MacCUBHOTO CKaJIsIp-
HOT'O TIOJIA W KOBAPUAHTHBIN 3aKOH COXPAaHEHUs TEH30Pa SHEPTUU-UMITYJIHLCa MATEPUH, UMEIOT BU/T
(6e3 yuera B3aMMOJIEHCTBUS CKAJISIPHOTO TOJISI ¢ MaTepueii)

2\ 2 -2
a\~ 8m(l¢~ 1 , ,
(a) E (2c1>+2”””

1
—ECCDZ +s> , (7)
q9*
O+3HY =~ +m? P —2Cqd* =0, (8)
€+3H (e+p) =0. (9)

Baeck H = d/a napamerp Xabba.

[TpuMep YMCJICHHOIO pelleHusl IIOJHON CHCTeMbl HOJIeBLIX yPaBHEHHI, OMUCHLIBAIOIIIX KOCMO-
JIOTMYECKYIO 3BOJIIONUIO OIHOPOIHOI 1 M30TponHoi BeetenHoil, nokaspiBaeT, 4To IPU OIIpe e IeH-
HOM OTpAHMYECHUHU Ha IIapaMeTPbl BO3MOXKEH PEKUM MEJIETHHOTO CKATBhIBAHHS. B 3TOM perKume
CKaJIAPHOE 110JI€ MOJIEIUPYET TEMHYIO SHEPIUI0 B COIVIACUU C COBPEMEHHBLIME HaOJI0AATe IbHBIMU
JaHHBIMUA. HOJIyLIeHO TaK2Ke penieHue JIjid C(bepl/l‘{eCKI/I-CI/IMMeTpI/I‘{HOFO CTaTHUYECKOI'O I10J1d.
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[IPUMEPBI KOCMOJIOTMYECKNX PEINEHUI B F(R) TPABUTALIN C
KVNVHETUYECKUM CKAJIAPOM KPUBUSHBI

T.U. Maitoposa, A.B. Hukosaes, C.B. Hepson
OI'BOY BO "Val'IlY um. U.H. Yabauosa"

ABCTPAKT

PaccmarpuBaem Mojiesib ¢ f(R) rpaBuTaiuu ¢ KUHETHIECKUM CKAJIAPOM KPUBHU3HBI, JeficTBUe KO-
TOPOIt UMeeT BUJI:

S— / d*xy/ "8 (RRIX(R) + f(R)) + Smatrer- (1)

Vcnonb3yst NpUHIMAI HANMEHBINEro AefiCTBIsT, HAXOAUM Bapuaruio jist (1) u, BBIIOTHSA Psifl pe-
oOpa3oBanmii, 1MoJrydaeM BbIparKeHne

5S = / dy/=g8" [~ gk (R RIX(R) + F(R)) + X' (R)RR R+

+X(R)R4R; + f (R)Ry + (8¢ 0 — ViVi) (R jRIX + f')—
—2VIXV ;RRy — 2XORRy, — 2(gi0 — ViVi) (V/XV ;R + XOR) |+

+/d4x\/—ngMs—/d4x\/—ng~Li+2/d4x\/—ngNj+2/d4x\/—ngPj—2/d4x\/—gVSVS—
2 / dhey/—gVIW, 42 / dy/=gViZi (2)

Bamnuiem ypaBHeHusl DHHIITEHHA Jisi BAKyyMa. Y YUThIBasi, 9TO I'PaHUYHBIE cjaraembie B (2)
3aHyJIAI0TCs coryiacHo TeopeMe [aycca-Crokcea [1], mpuxomuM K ypaBHEHUIO

1 . .
— 5 8ik (nR;R'X(R)+ f(R)) + X' (R)RyR jR’ + X (R)R kR ; + f' (R)Ri+

+ (g0~ ViVi) (R R'X'+ f') — 2VIXV ;RRy — 2XORR . —
—2(gx0—V;Vy) (VIXV,R+XOR) =0 (3)

[IpoBepum, nosryudatorcs i ypaBaenus f(R) Teopuu rpasutanui, npeanonoxus X (R) = 0. lannas
II0JICTAHOBKa TIpeobpasyer ypasHenue (3) K BULy

1 .
- Egikf(R) +f (R)Ry+ (gxO0—V'Vi)f =0 (4)

Takum 06pa3oM, Mbl BBITIOJHIIN IIPOBEPKY MOJIYYeHHbIX ypaBHeHuit Dituireitna (3) Ha cooTBeT-
crBue ¢ ypasHeHusiMu f(R) TeOpUE TDABUTAIIIH.
[Tonyunm ypasuenns Ditnmreiina B Merpuke @punmana-Pobeprcona- Yokepa J1s IIpOCTPAHCTBEHHO-
ILJIOCKON MOJICJIN:

ds? = di* — a(t)*[dr* + r*(d6* + sin® 0d ¢?)] (5)
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Ypasuenust (3) B Merpuke (5) mpeobpasyroTcs K BUILY

—6if'a’ + fa® —2D{f'a® _

AoX — AIVOX — AxX' — A3DOX — A4DOX' — AsDQVOX — 3 0 (6)
a
BoX + B VX 4+ B,X' — BsDIX — B4D} — B4,DIX' — BsDIVO0X —
—2if'a’ —4f'a*a® — 2D\ f'a® + fa® 0 (7)

2a8

riae ypashenue (7) oObeIMHSAET BCe ypaBHEHUsI HA IIPOCTPAHCTBEHHBIE KOMIIOHEHTHI. Ilostyven-
Hble ypaBHeHust st Bakyyma (6) u (7), rue Ay, ...,As, By, ...,Bs - BbIpaykeHUsl, 3aBUCSIINE OT d U
IIPOMBBOIHBIX OT @ 110 BPEMEHH JI0 MeCTOoro Topsjika; DY, D} - kombunamnum KoBapuanTHBIX PO-
U3BO/HBIX.

B Halem J10KJ1a/e pacCMOTPEHBI CIELYIONNEe YACTHDIE CIIYUYau:

1. Ciyuait cratudeckoit Beenennoit, korna a = const.

2. Coy4ait nadasInonHON cTaun sBosonun Beestennoit, koria g = const.

YCTaHOBJIEHO, YTO TaKue DPEIleHusl CYIeCTBYIOT Jyis JaHHO# mogean (1) mpm jmoGoM 3a1aHuu

dbyukmmit X(R) u f(R).

Crmcox JimrepaTypbl

[1] Komesnes H.A., Hukonaes A.B., Yepsou C.B. "Ocuosor f(R) Teopun rpauraruun" , Vibs-
nosck, Yal'ITV, 2015-38C.
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I[TJIOCKO-CUMMETPUYHOE ITPOCTPAHCTBO-BPEM{A CO CKAJIAPHBIM ITIOJIEM

B.A. 35106uu C.B. Yepon
Vibanosckaa ['CXA Val'Ily um. 1.H. ¥Yananosa

ABCTPAKT

B pabore [1] npejyioxken MeTO/ T€HEPUPOBAHUST TOYHBIX DEIeHHil B KJIAcce KOH(MOPMHO-IITIOCKUX
IIPOCTPAHCTB C CaMOJIEHCTBYIONINM CKaJSPHBIM 1oJieM. [loTeHInaa u KuHeTudecKasi SHEPIrusi B
9TOM CJIydae OIpeJIessiach depe3 KOH(POPMHBIN MHOXKHUTE/Ib, KOTOPBII 3aBUCUT OT ITPOCTPaH-
CTBEHHOI KOOPJMHATHI U BpeMeHu. B nacrosieil pabore Mbl paccMarpuBaeM 00001IeHre MeTo/Ia
Ha cJaydvail IJI0CKO-CUMMETPUYIHBIX ITPOCTPAHCTB.

[Inocko-cuMMmeTprdHas METPUKa BhIOpaHa B ITapaMETPU3aIlAN:

ds® = —*%dt* + 2%dx* + 2P dy? + e*Vd 7 (1)

e o = o(t,x), B=PB(t,x), y="7y(t,x) - GyHKIMU BpeMeHU { U KOODJUHATHI X.
CunTas UCTOYHUKOM I'PABUTAIIMOHHOTO MOJISI CAMOJIEHCTBYIONIEE CKAJIAPHOE HOJIe ¢ ¢ TIOTEHIH-
asiom V(@) u, ucnosip3ysi ynpoliienue Y = const, npeodbpasyem ypaBHeHusl DUHIITeHa K BUJLY:

¢'2=—B—BZ+B’OC'—B'2+BO'C+OC"—O'C (2)
([52:—BII+OC//—(§£+BOC+[3/OC/—[3/2 (3)
99'=—pB'—p'B+a'B+ap’ (4)

Voo — (_ﬁ//+B_ﬁ/2+BZ> (5)

e NITPUX O3HAYaeT MPOM3BOAHYIO 1o X: () = %, TOYKa — 110 BpeMeHu t: ( ) = %.

[IpumeHrM METO/T PeHepaIu Pelennii, paspaboTaHHblii B paboTe [1], K ciiydaro mI0CKO-CHMMeTPHIHO
Merpukn (1) ¢ orpanndennem y = const K ypasuerusam (2)-(5).

BoipazkeHus 1jist KHHETHIECKOW SHEPTUU U TIOTEHIINAJIA TAKOBBI:

TP ‘

V= e 20 (_B//+B _B/2+B2) (7)
B namem mokmaje, ucnosb3yst dhopmysbl (6)-(7) rerepaliuy pereHuit, Mbl BOCCTAHAB/IMBAEM
K(t) n V() 1o u3BeCTHBIM DEIeHUsIM 1 HAXOUM [IPUMEPHI HOBBIX TOUYHBIX PEIICHUiT JIJIs MIII0CKO-
CUMMETPUYHBIX TIPOCTPAHCTB, TIOPOKIEHHBIX CAMOJIEHCTBYIOIIUM CKAJISIPHBIM TIOJIEM.
AmnajiorndHasi cxeMa TeHepalliy PereHnit 00Cy K IaeTcst Jjid MOANMUIIMPOBAHHON TEOPUU I'Pa-
Butaryn ditamrreiina-aycca-Bomme.

Crmcok JirepaTyphbl

[1] S.V. Chervon,Grav.& Cosmol.3, No.2, 145, 1997.
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I'EOMETPUS, TOIIOJIOTUS I YPABHEHUS NHAYVKINN OYHIAMEHTAJIBHBIX
[TOJIEI

B.M. ZKypases

VIbAHOBCKHII TOCYJIADCTBEHHBIN YHIBEPCUTET
Hayuno-uccnenosarenbckuit rexnosorndeckuit unctutyt um. C. [1. Kamurs
Nucturyr maremarnku n mexanuku uM.H.I./Iobagesckoro
Kazanckuit deiepanbablil yHuBEpCUTET
zhvictorm@gmail.com

ABCTPAKT

OcHoBHBIE HJen JaHHOI Teopun ObUIM M3JI0XKeHBbl B paborax |1, 2, 3, 4, 5|. OCHOBHBIM 3JieMeH-
TOM JAHHOM TEOPHUU ABJISAETCS TOIIOJOTMYECKas HHTEPIPEeTaIys NeJOIUCACHHOIO 3JIEKTPUIECKOIO
3apg/ia KaK TOIOJOIMYECKOro MHBapHaHTa objacTeil (hpU3MIecKOro MpoCTPaHCTBA, BbIICICHHLIX
reOMeTPUIECKUM CIIOCOOOM € TIOMOITBIO (DYHKIMN BBICOTHI F, KOTOpas 3ajaeT ¢ MOMOIIBIO ypaB-
HEeHUsI

u=F(x,t)

(BUBIUECKYIO TPEXMEPHYIO THIIEPIIOBEPXHOCTD V3 B UeTBIPEXMEPHOM €BKJIHIOBOM IPOCTPAH-
cree W, Buech x = {x!,x?,x*} u u = x* - nexaprosnr koopaunarsr ma W4, t - Bpems (abcomornoe
B W*). Koopmmmarsr x = {x!,x?,x2} coOTBeTCTBYIOT TOKaM TPeXMEpHOil eBKJIMIOBON IHIIEPILIOC-
koct P2 € W*. Bee mpoctpancrtso PP pasGHBacTCss OIHOZHATHO HA OTAETbHBIE 0GIACTH OCOODI-
MH H30I0BEPXHOCTAMU (DYHKIUU F, Ha3bIBaeMoil (pyHIaMeHTaIbHBIM ToTeHnaaoM. [Toa ocoboit
U30TOBEPXHOCTHIO (DYHKINUU F IMOHUMAETCsT W30M0BEPXHOCTD, Ha KOTOPOIl JIEKUT XOTs ObI OJIHA
ceJIJIoBast TOYKa JIAHHON (DyHKINN.

st onMcanus CTPYKTYPhl M JUHAMUKYA MATEPUU B TEOPUU BBOJIUTCS (DOPMAJIH3M, OIUPAIO-
Iuifcsl Ha, MOHATHE TeOMETPHYECKIX MapKepos e = (el (X,1),e?(x,t),e?(X,t)), KoTophle Ha KasKIoif
POCTOI U IIyCTOol dueiikax CBA3BIBAIOTCS ¢ (PYHIAMEHTAJIBHBIM [TOTEHIITAIOM COOTHOIIEHUEM:

1 2
F :F0+8§|€|

rie €2 = (e')? + (e2)? + (¢*)?, a Fy - snavenne dbynkumn Fy B skcrpemyMe F, JIezKameM B JaHHOi
TOTIOJIOTMIECKOI stuelike. BBeienne reoMeTpuaecKnx MapKepoB € TIO3BOJISIET BBECTU B TEPHIO MOJIS
SJIEKTpUHIecKol HHIyKimu D 1 mose HanpsKeHHOCTH TPABATAIIMOHHOTO TIOJIST € ¢ KOMIIOHEHTAMHU:

1 4nG Ix% Ix%
D% =—0%g%=—-0%0%=|J|e*=—,J =det |=— (1)
e~ 7 3 ’ de®’ de?
ryie G — nocrosinnas Tarorenns Hpiorona, mosie Q BermoMorateibHoe. TH M0/ yI0BIETBOPSAIOT
CTaHJIAPTHBIM yPaBHEHHSAM KJIaCCUUECKOil Teopuu - mepBoMy ypasHenuio Makcseana i D u
ypasnenuio [lyaccona s g:

N
=D =41 ) &§6(x—x),+~g=4nGp (2)
k=1
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[Ipu srom dyukus p = |J| urpaer posib MIOTHOCTH “TOJIONH MACCHL.
JluHaMuKa MaTEepUU OIHUCHIBAETCS C ITOMOIIBIO BBEJICHUS B TEOPUIO II0JIsS [IEPEHOCA MAPKEPOB
V, yJIOBJIETBOPSIONIETO YPaBHEHHIO:

de o 9¢’
=0 3
o " o )
CreJiIcTBHEM 9TOTO YpaBHEHMUsI sIBJISIETC ypaBHeHHUe i p = |J|:
9|J|
—— ++(V|J|) =0 4
LN (@)
Ucnonbays (3) u (4), MOXKHO HOIyYUTh CJIeyIolee obInee ypaBHEeHNe WHIYTIKIN TOJIel:
oON dN(e)
E +I'Ot([N,V]) = — (3N(e) +eaw) ’]|V (5)

3aech nosre N mmveer kommonentet N = |J|N(e)e? g’efz , KOTOPBIE TIPH T10/x0 1st1eM Bbibope N(3) mpe-

Bparmatorcs, coorsecrserno, B D u g. I[Ipu stom H = [N, V] urpaer posib HanpsizkeHHOCTH, a j =
— Y &06(x—x;)V - posb noTHOCTH TOKA. B paboTe 06cy K 1a10TCs HEKOTOPBIE CJIEICTBUS yPaBHe-
HU WHIYKIIAA ¥ BBIYUCJISIOTCS HEKOTOPbIEe MHBAPUAHTHI YPaBHEHNUN. YKa3bIBAETCS HA CBSI3b ITUX
MHBapPUAHTOB C IMOCTOSHHON TOHKOW CTPYKTYpbl. OOCYKIaeTcst BOIPOC O (PU3MIECKOM CMBICIE
TEMHOII MaTEpUU B pPaMKaXxX IIPEJTaracMOi TEOPUN.

Crmcok JimrepaTypbl

[1] Zhuravlev V.M. A topological interpretation of quantum theory and elementary particle
structure. Gravitation and Cosmology, 2011, Vol. 17, No. 3,pp. 201-217.

2] ZKypasaes B.M. Teomerpusi, rtonosnoruss u dusndeckue monag (Yacrs I). Ilpo-
CTPAHCTBO, BpeMs u dyHIamMeHTaabHble B3amMoaeiicteus, 2014, Bom. 4. C. 6-24.
http://www.stfi.ru/ru/issues.html

[3] ZKypasaes B.M. T'eomerpust, Tonosorust u dbusudeckue noss. (Hacrs I1). Macca u rpasu-
rarus, 2014, Bomr. 4. C. 25-39. http://www.stfi.ru/ru/issues.html
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[OJIOTUYECKas CTPYKTypa sjeMeHTapHblx dacturi , 2015, Bem. 4. C. 104-118.
http://www.stfi.ru/ru/issues.html
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KNPAJIBHBIE KOCMOJIOTUYECKUE MOJAEJ/IN HA BPAHE 'AYCCA-BOHHE

E.B. [ITabanos, C.B. Yeppon
VYal'TIV wm. U.H. Yapanosa

ABCTPAKT

Mper paccmarpuBaeM rpaBuTaruio JitHmreitHa-aycca-Borre B 6a30BOM OAJIK-TIPOCTPAHCTBE C TEH-
30POM SHEPTUU-UMITY/IHCA MYJILTHILIETA CKAJIPHBIX moJieil. B h-mepHoM mpocTpaHcTBe-BpeMenn,
B KOTOpOE TOrPYKeHa ojiHa 4-MepHas OpaHa, JIeiCTBHE UMeeT BU/I

1
Apaik = / dxy/—g {—2 (R+aLgp) +Ln (1)
M 2k3

31ech 1 Jlasee Mbl UCIOJIb3YeM 0603HAYCHNs IPUHSATHIE B padore [1].
YpasHeHnue rpaBUTaIlIOHHOIO II0JI IIPEJCTaBICHO B BUIE

Gap+ 0Hyp = &5 [Tap + 7058 (X)) (2)

B kagecTBe TEH30pa SHEPTUU-UMITY/ILCA B OAJIK-IIPOCTPAHCTBE Mbl PACCMATPUBAEM MYJILTUILIET
CKaJISIPHBIX (MOJIYJIBHBIX) TOJIEHl B BUJIe HEJMHEHHOM curMa Mojesn [2].

B nmokumazie obeyxmaercs mojens (1) B koemostorun @puavana. Mel mpe/icraBiisieM BbIBOJ ypaB-
HEHWI TPABUTAIIMOHHOTO T0JIst (2) U ypABHEHWUsI TI0JIel, IOy YeHHBIX ¢ yIeTOM ODOOIIEHHbIX YCJI0-
Buii cinuBKy V3pasis 1o BHeIIHel KpuBu3He OpaHbl. PaccMaTpuBaeTcst BO3SMOYKHOCTD IPUMEHEHUsT
MeTo/[a H30METPUIECKUX [OrPY2KeHuil [3] mpu moncke TOUHBIX PelleHunii paccMaTpUBAEeMOl Mo/1e-
JINL.

Crmcok Jireparyphbl

[1] Chakraborty S., SenGupta S. Spherically symmetric brane in a bulk of f(R) and Gauss-Bonnet
Gravity, arXiv: 1510.01953 [gr-qc|, 2015.

[2] Yepson C.B., ®omun 1N.B., Kybacos A.C. CkaysipHble U KupaJbHbIE MOJS B KOCMOJIOIHH,

VabsaoBCK, Yal'TIV, 2015-216 C.

[3] Yepsou C.B., Cpucrynosa F).A. Ussectus By30B. IloBoskckuit pernon. Pusuko-
Maremarudeckue Hayku, Ne2, ¢.95, 2008.
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COSMOLOGICAL MODELS WITH A CANONICAL SCALAR FIELD

S.V. Chervon 1.V. Fomin

Ulyanovsk State Pedagogical University Bauman Moscow State Technical University

ABSTRACT

We consider the homogeneous and isotropic Universe as the spacetime with the Friedmann-Robertson-
Walker (FRW) metric

dr?

T r* (d6* + sin® 6d(p2)> , (1)

where € =0, € = 1, € = —1 for the spatially-flat, closed and open universe respectively.
The Einstein equations and the equation of a scalar field dynamics in FRW metric (1) lead to the
system of the scalar cosmology equations

ds* = —dt* +d*(¢) (

1.
H+ 5= <5¢2+V<¢)> , @
) 1.
- = x5, 3)
¢+3H$+V'(¢) =0. 4)

Here H =14 =44, V/:%.

Another presentation of the scalar cosmology equations has been first time proposed by G. Ivanov in
1981 [1]. Suggesting the dependence of Hubble parameter H on a scalar field ¢ he made the transfor-
mation of the equations (2)-(4) for the spatially-flat universe (¢ = 0) to the form, which was called later

as Hamilton-Jacobi-like form. The equation (3) is transformed to
H = k14 (5)
= 59

Squaring given equation and making the substitution %QSZ, expressed in term of H'?, into (2) one can
obtain the equation

3

It is worth to note, that this procedure and the very equation (6) have been obtained by G. Ivanov
in 1981 [1]. Unfortunately this result was published by limited edition and was not familia outside the
USSR. Only in 1990 in the work of A. Muslimov [2] the Ivanov’s result was reproduced (Muslimov
referenced the Ivanov’s article) and generalized. At the same year, in the detailed investigation of long-
wavelength metric fluctuations in inflationary models, D. Salopek and J. Bond [3] obtained the “separated
Hamilton-Jacobi equation that also governs the semiclassical phase of the wave functional”. Obtained
equation contains couple of scalar fields and definitely may be applied for a single scalar field. Therefore

2
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we suggest that the equation (6) in cosmological context may be called as Ivanov-Salopek-Bond (ISB)
equation.

The structure of equation (6) prompts us the form of the potential which can give the exact solution.
Indeed, let the potential V (¢) has the form

V() =5 F?+ (F(9) +F.)°, ™

where F = F(¢) being any function on ¢ and F, = const. Then the solution of (6) may be expressed as

Ho) =[S0+ ) )

Thus, one can directly from (6) obtain the potential if the Hubble parameter is given. And vice versa,
if one sets the potential in the form (7), then the solution of (6) will be defined by the equation (8).
As an example let us choose the function F(¢) as the finite series on degrees of the field ¢

p
F(9) =) M¢“+F. ©)
k=0
Under this circumstance the potential V(¢ ) takes the following form
5 p-1 ) 2 , ) 2
V() =—7= | Y (k+DA10"| +| ) Mo“+F (10)
3K 110 k=0

In our presentation we consider the the cases when F, =0, k=0, p=1and whenk=1,p =2. We
prove the correspondence of the solutions in these cases to that polynomial potentials obtained in [1], [2].
To obtain trigonometric and exponential solutions we may choose the corresponding function F(¢) by
the following way F(¢) = Asin(A¢), A, A —const. and F(¢) = Aexp(ue). It is not difficult to check
that the inverse potential studied in [2] may be obtained from F—function F(¢) = m¢ —B/2 We can also
state that new solutions can be generated by the proposed general method and present the solutions of
hyperbolic types.

Also, we present other types of generating functions [4], [5], [6], [7] for spatially-flat universe, that are
the functions of the various cosmological parameters (or their combinations) and used for simplification
of the equations (2)—(4). The choice of the different kinds of generating functions provides the exact
solutions of the scalar field’s dynamical equations.
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EXACT INFLATIONARY MODELS WITH GAUSS-BONNET TERM

1.V. Fomin

Bauman Moscow State Technical University

ABSTRACT

The theory of the cosmological inflation successfully describes the accelerated expansion of the Universe
evolution at early stages. Also, inflation in the early Universe has become the standard model for the
generation of cosmological perturbations in the Universe, the seeds for large-scale structure and temper-
ature anisotropies of the cosmic microwave background. Quantum fluctuations of the inflaton field give
rise to an almost scale-invariant power spectrum of cosmological perturbations [1, 2].

String theory is often regarded as the leading candidate for unifying gravity with the other fundamen-
tal forces and for a quantum theory of gravity. It is known that the effective supergravity action from
superstrings induces correction terms of higher order in the curvature, which may play a significant role
in the early Universe. The simplest such correction is the Gauss-Bonnet term in the low-energy effective
action of the string theory [3]. Such term provides the possibility of avoiding the initial singularity of
the Universe [4].

In papers [5, 6] inflation for a single scalar field with an arbitrary potential and an arbitrary nonmini-
mal coupling to the Gauss-Bonnet term on the basis of slow-roll approximation was considered.

The method of exact solution in the case of such models of inflation is represented in this work.
The calculation of the observable quantities such as the power spectra of the scalar and tensor modes,
the spectral indices, the tensor-to-scalar ratio on the basis of connection with inflationary models with
minimal coupling is also submitted.

We consider an action with the Gauss-Bonnet term that is coupled to a scalar field

Son = [ /75 | 3R= 5(0400,6) ~V(0) - JEOIR%] 0

where ¢ is an inflaton field with a potential V(¢), R is the Ricci scalar curvature of the spacetime, RéB =
RuvpsR*VPC — 4R,y R + R? is the Gauss-Bonnet term, and 877G = ¢ = 1. The Gauss-Bonnet coupling
&(9) is required to be a function of a scalar field in order to give nontrivial effects on the background
dynamics. In a spatially flat Friedmann-Robertson-Walker Universe the background equations read

3H? = %¢32+v(¢)+ 126H3 (2)

—2H = ¢> —4EH? —4EH(2H — H?), (3)

where a dot represents the time derivative and H = d/a denotes the expansion rate. As well the Gauss-
Bonnet coupling satisfies the expression 5 = &’¢. The equation which is obtained from the variation of
the action (1) on the field is the result of the equations (2)—(3).
Now, we define a new parameter
H=H(1-2EH) (4)
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and equations (2)—(3), in this case, are written as

1, —
3H? = 5¢2+v(¢>)—6(H—H)H (5)
%¢2:—ﬁ—ﬁH+H2 (6)
In the case of minimal coupling & = 0, H = H and equations (5)—(6) becomes

— 1.,
3H™ =26 +V(9) (7)
= -H ®)

59 =

Thus, H is the Hubble parameter for inflationary models with minimal coupling.
Now, we write the equations (5)—(6) in the following form

V=—4H>+THH +H )

1. TS

5¢;2:—H—HH+H2 (10)
Exact solutions will be obtained by selecting H = H(t) and § = &(t), the subsequent calculation of

H from the relation (4) and substituting H and H in the equations (9)—(10). Iso, it is convenient to set a

scalar field ¢ = ¢ (¢), then calculate H from the expression ¢?> = —2H and to find another parameters V,
H and & from equations (9), (10) and (4).

Expression (4) determines the connection between the inflationary models with minimal and nonmin-
imal coupling. On the basis of this connection one can calculate the exact values of the parameters of
cosmological perturbations at the crossing of the Hubble radius [7, 8] for inflationary models, deter-
mined by the action (1) in a spatially flat Friedmann-Robertson-Walker Universe.
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SCALAR FIELD COSMOLOGY: METHODS OF EXACT SOLUTIONS CONSTRUCTION

L.V. Fomin S.V. Chervon

Bauman Moscow State Technical University Ilya Ulyanov State Pedagogical University

ABSTRACT

Review of the methods of exact solutions construction of the scalar field’s dynamical equations in a flat
Friedmann-Robertson-Walker universe is presented in this work.
In the system of units 87G = ¢ = 1 this equations are written as follows [1]

3H2:%¢?+VW) (1)
¢+3H)+V'(¢)=0 )

In order to study the inflationary dynamics, the usual strategy is the slow-roll approximation, simpli-
fying the classical inflationary dynamics by ignoring the contribution of the kinetic energy of the inflaton
(])2 /2. Then, the equations (1) - (2) are written as [1]

3H> ~V(9) (3)

3H¢ ~ —V'(¢) )

Nevertheless, the correct description of the evolution of the early universe and determination the main
parameters of cosmological perturbations are needed the exact solutions of the scalar field dynamical
equations.

Methods of exact solutions can be divided into three groups, conventionally:

e The direct choice of one of the parameters in equations (1)—(2) besides the potential;

e Bringing the scalar field dynamical equations (1)—(2) to the known equations, with developed meth-
ods for their solutions;

e The method of generating functions, implying the simplification of equations (1)—(2).

Within the first method, in works [2], [3], set dependences of the scale factor of a = a(¢) or the scalar
field ¢ = ¢(¢) from time for obtaining exact solutions of the equations (1)—(2).

In the second method, the equations (1)—(2) were reduced to one-dimensional Schrédinger equa-
tion [4], Riccati [5], Abel [6], Ermakov-Pinney [7] and Korteweg-de Vries [8] equations.

The third approach involves a large number of different types of generating functions [11], [12], [13], [14];
among which we note the superpotential W (¢ ), having a sense of the total energy of the scalar field, con-
sidered in the work [14].

In [9], [10] a simple way of reducing the system (1)—(2) to one first order equation was proposed,
namely, to the Hamilton-Jacobi-like equation for the Hubble parameter H considered as a function of
the scalar field ¢. It should be noted that the Hamilton-Jacobi formalism corresponds to all three groups
of methods of exact solutions.

The cosmological dynamics and parameters of cosmological perturbations of exact solutions and
solutions, obtained by the slow-roll approximation, can differ significantly. To assess the differences in
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the predictions of these approaches define the relation between the exact and approximate expressions
of the Hubble parameter.
From exact (1)—(2) and approximate (3)—(4) equations one can get

3H*> =3H?>+H, (5)

where H and H are the exact and approximate Hubble parameters.
We define the difference between the number of e-folds Ay on the basis of exact solutions only

AN:/IIE(H—ﬁ)dt:/tte (H(t)— Hz(t)+@> dt, (6)

where ty — the time of beginning of the inflationary stage and 7, is the time of its ending.

On the basis of exact expressions for the parameters of cosmological perturbation, presented in the
paper [15] and relation (5) one can compare their exact and approximate values.

Also, it is possible to consider Ay = Ay(¢) as the generating function for obtainment of the exact
solutions as well.
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THE TRANSITION SCALE TO HOMOGENEITY IN SDSS BOSS FROM A MULTIFRACTAL
ANALYSIS

J.E. Garcia-Farieta, R.A. Casas-Miranda

Physics Department
National University of Colombia

ABSTRACT

The assumption that the Universe, on sufficiently large scales, is homogeneous and isotropic is crucial
to our current understanding of cosmology. Cosmological observations reveal clearly that the universe
contains a hierarchy of galaxy clustering with a transition to homogeneity on large scales according to
Standard Model of Cosmology (ACDM). Some observational estimates suggest that the universe behaves
as a multifractal object where the galactic clustering is based on the generalization of the dimension
of metric space. From this point of view, we study the spatial distribution of galaxies on large-scale
in the Universe with samples from the Sloan Digital Sky Survey of Galactic redshift (SDSS) including
observational holes in the masks, particularly samples DR10 and DR11. We build homogeneous catalogs
following the radial selection function using the ’shuffled” method for a main sample of 3273548 limited
redshift 0.002 < z < 0.2 galaxies. In order to characterise the galaxy distribution using multifractals, we
determined the fractal dimension D,(r) in the range —6 < g < 6 and the lacunarity spectrum using
the sliding window technique to characterize the hierarchical clustering in these catalogs. Our results
show that the galaxy clustering exhibits a behavior that depends on the radial distance, indicate that the
Universe is not a fractal, with a transition to homogeneity below 100 M pc/h, finding a strong consistency
with ACDM model. Our results show that there is a relationship between the number of observational
holes with different borders in SDSS masks with the measurement of homogeneity scale ry, particularly,
observational holes cause a shift in the scale of homogeneity.
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INTERACTIONS OF SCALAR PARTICLES WITH FERMION SECTOR

A. Grobov, A. Dmitriev, S. Rubin

National Research Nuclear University "MEPhI”,
(Moscow Engineering Physics Institute)
alexey.grobov@gmail.com

ABSTRACT
There are models with a part of Lagrangian like
— . _ 1 a apv 1 uv 1 a auyv
Lgauge = (P(X)Lg, Lg = @FMVF + 4g—GGqu + 4_gsHﬂvH (D)

HY -for gluons.

The field ¢(x) can be embedded by hands supposing its contribution to a Lagrangian in its simplest
form. Another way to justify (1) is the attraction of an extra space.

Let the space-time have the structure Mp = M, < My, where the extra factor space M,; is of arbitrary
dimension d and assumed to be a space of positive or negative constant curvature k = +1. We consider
the action

D2
m
S = ’; V/PgdPx[F(R) + L] (2)
and the D-dimensional metric
ds® = gy (x)dxtdx’ + PO pydxtdx® (3)

where (x) means the dependence on x*, the coordinates of My; hy is the x-independent metric in M.
After conformal mapping and dimensional reduction interaction term like (1) appears in the effective
Lagrangian.

UISS 2016-55



Abstracts of the 5" Ulyanovsk International School-Seminar (UISS 2016), Ulyanovsk, Russia, September 19-30, 2016
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GRAVITATIONAL LENSING SYSTEM
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K.K. Nandi
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Department of Physics& Astronomy, Bashkir State University,
Sterlitamak Campus,
Sterlitamak 453103 (RB), Russia

ABSTRACT

There is no direct evidence of the behaviour of the gravitational field for very large values of the curvature
at the early universe. We need a theory that can explain not only the cosmological evolution but also
the local geometry of compact objects. These demands lead to the possibility to find modifications of
General Relativity, and a typical one is f(R) gravity. Among the studies in modified gravity in the strong
regime, we can mention the successful inflationary model based on the R + aR? theory [1]. Thereafter,
there has been numerous works in this field [2-5] exploring various other possibilities and forms of f(R)
all sharing the same theoretical virtues.

The purpose of the present work is to propose a possible experiment that can test the Kerr solution in
f(R) gravity. We are looking for a gravitional analogue of the Aharonov-Bohm effect that is somewhat
similar but conceptually very different from the Sagnac effect. The latter results from the lack of syn-
chrony between two moving clocks: while the analogue of the Aharonov-Bohm effect is the measure of
the magnetic flux perprndicular to the area covered by the contour of a moving charge around a solenoid.
The latter analogy is possible because the weak field gravitational equations of motion can be re-written
as the Lorentz-force equation containing analogue electric and magnetic potentials. We discover that

3 . .
@R of the constant Ricci scalar Ry, where A = f(Ro)

there is a non-zero contribution =
f(Ro)—1

appears in the
equation R,y = Aguy.

Part of the work was supported by the Russian Foundation for Basic Research (RFBR) under Grant
No.16-32-00323.
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A SPECIAL TYPE OF HIGHER-ORDER CORRECTIONS TO THE ACTION OF DARK
MATTER

N.A. Koshelev

Ulyanovsk State Pedagogical University,
100 years V.I.Lenin’s Birthday Sq.,4, Ulyanovsk 432071, Russia

ABSTRACT

The dark matter is one of the mysteries of modern astrophysics and cosmology. Usually, cold dark matter
is treated as an perfect fluid with zero pressure, but a lot of attention is paid to generalizations of this
simple model.

In the present work we use the effective field theory for hydrodynamics, which allows one to write the
action of a cosmological fluid. This approach involves a derivative expansion. We will group the correc-
tions to the low-order action according to the total number of involved derivatives of the hydrodynamic
variables b, u* (b is the entropy density, u" is the 4-speed of the fluid). The theory is free of first-order
corrections due the internal symmetries. The possible second-order corrections are

h4(b)£aﬁuvua;ﬁ ut>v, hs(b) (uu;u)2 , he(D)uHu"u’ uq.y,
where 41 (b), ..., hg(b) are arbitrary scalar functions, and €4p,,, is the alternating unit tensor.

This full set of possible corrections have been written in [1]. Recently, the corrections (1) have been
analyzed in the context of the Generalised Dark Matter [2]. In addition, some terms of type (1) have
been carefully examined [3, 4, 5] in models with mimetic field.

The aim of this work is to study the corrections with non-vanishing ;. To be more specific, the action
of the considered model is

S = / (ab"b ub* + Bb) \/|gld*x, (2)

where n, o and 3 are some constants.

The study of scalar perturbations shows that dark matter model (2), in general, suffer from instabili-
ties. However, there is a range of parameters n, ¢, in which instabilities are absent. Moreover, there is a
range of parameters describing the higher derivative terms, in which the short-wavelength perturbations
of dark matter are suppressed on a sufficiently small scale.
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EXACT SOLUTIONS FOR SCALAR FIELD COSMOLOGY IN F(R) GRAVITY

A.V. Nikolaev, S.V. Chervon Sunil Maharaj,R. Goswami
Ilya Ulyanov State Pedagogical University Department of Mathematical Sciences
ilc@xhns.org University of KwaZulu-Natal, South Africa
ABSTRACT

We are looking for the new class of exact solutions for later inflation i.e. for the current stage of the
Universe evolution. To do that we are using f(R) modified gravity with a scalar field

1
S= 5 [ VRS {FR) ~ 08" 2V (9)}. (1)

Without specifying the f(R) function we study Friedmann Universe assuming that acceleration of the
scalar curvature is negligible (R = 0). Since Ricci scalar shows how the aria of D-sphere A, differs
from the aria A ¢4, of this sphere in a flat space [1]:

R = lim 6D (1 — A"””) (2)

we suppose that it is quite natural to consider the space-time with R = 0.
We present the solutions for the special cases

a = a.7'% 1=(1—1)>0forR=0, (3)
a = a|cos(vV2u(t,—1))|"/? for R <0, (4)
a = a.(sinh(vV2v(t+1,)))"/? for R >0, (5)

and for the general case

a= \/Cl Ai (—(—2A)1/3 (r+§)) (6)

where Ai - Airy function, A, B,Cj - constants of integration.

Using initial conditions which represent present Universe we found constants of integration for ob-
tained solutions and compared new scale factors with proper ACDM solution. From the plot, which
describes the scale factor evolution with respect to the cosmic time for the various solutions obtained in
this contribution, we have some very interesting observations, which we state as follows:

1. At least till red shift (z = 2), the scalar field cosmologies in f(R) gravity with constant or linearly
varying Ricci scalar has remarkable similarities with the standard ACDM cosmology, in terms of the
evolution of the scale factor. Hence by usual cosmological distance measurements (like supernovae
observations) till z = 2, it is impossible to differentiate between these theories.

2. The deviation from the standard ACDM cosmology occurs in distant past (beyond z = 2), in terms
of the big bang epoch. In one of the solution with constant Ricci scalar the big bang advances in
time reducing the age of the universe, whereas for the solution with linearly varying Ricci scalar,
the big bang is thrown further away, increasing the age of the universe.
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3. The interesting point of these solutions are: they are true for all well behaved f(R)- theories and
hence these are theory independent behaviours. The theory dependence creeps into the potential
function of the scalar field, which will be different for different f(R)-theories.

References

[1] L. Loveridge gr-qc/0401099 2004

UISS 2016-61



Abstracts of the 5" Ulyanovsk International School-Seminar (UISS 2016), Ulyanovsk, Russia, September 19-30, 2016

PROBING SOLUTION FOR SPACE-TIME WITH NON-ACCELERATING SCALAR
CURVATURE EVOLUTION IN STAROBINSKY 2007 MODEL
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ABSTRACT

We analyse general exact solution in the f(R) gravity with scalar field

1
S= 5 [ VRS {FR) ~ 08" 2V (9)}. ()

a= \/q Ai (—(—2A)1/3 (r+§>), (2)

has been obtained with the assumption R = 0. We show that such an assumption is very likely for our
Universe.
To specify the f(R) function we are using Starobinsky 2007 model [1]

R2\ "
f(R):R+/1RO<(1+—2> —1). (3)
RO

We analyse the kinetic energy and the potential for the scalar field:

The solution

K=—H+2 (—R1H+3R2 (4H2H —3HH — Fj — 4H?) — 18R; (H+4HH)2> : )

V=§—3H2—2H+7L (g ((1+R) " =1) =Ry (28 +307)

+ Rs (3F +27THH + 60H*H + 12H2) + 18R, (H -|-4HH)2) . (5)

where R; - combinations of the term Rﬁo.

Because in selected modified gravity model Dark Energy is an effect of generalization of the action
and the scalar field represents gravity of baryonic matter, we consider the possibilities of the solution (2)
to explain present Universe in a natural way.
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REVISION OF THE COSMIC DISTANCE DUALITY TESTS

N.M. Semashkin, A.V. Nikolaev
Ilya Ulyanov State Pedagogical University

ABSTRACT

We are reconsidering the tests of the cosmic distance duality relation (CDDR) [1]:

Dr(z)
Da (427 | )

where Dy - the luminosity distance, D4 - the angular diameter distance, z - the redshift. We apply the
new method for angular diameter distance (ADD) measurement [2, 3, 4] which takes into account the
inhomogeneous nature of the Universe. Assuming the ACDM model we use the following differential
equation to calculate ADD:

1. 4
Dy — ZDA +4nGa (ng +PM) Dy=0 (2)

where a - a scale factor, pys, pg - average densities of baryonic matter and radiation in the Universe, o
- a fullness coefficient of the null geodesics congruence (or the light cone). By setting ¢ showing how
density inside the light cone differ form the average Universe value, we analyse how inhomogeneities
affects to CDDR tests. We are solving differential equation (2) numerically with the initial conditions:

Da(19) = 0,D4(to) = 1; 3)

where £ - time of observation.
In this contribution we will present the review of known methods of angular distance measurement;
show the difference between reviewed methods and how this difference depends from the redshift z.
We conclude that the new method of ADD measurement [2, 3, 4] more likely than standard one [1].
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Department of Theoretical Physics,
Ulyanovsk State University, Russia
vkshch@yahoo.com

ABSTRACT

The present work deals with a combined test of the so-called Fractional Action Cosmology (FAC) on the
example of a specific models obtained by the author earlier. Although our model is a phenomenological
one due to its origination, it is the analytically accurate model, and therefore is quite suitable for probing
the main properties of FAC. For this purpose, we have used the cosmography parameters as well as
the observational data. In this model, the effective cosmological term is proportional to the Hubble
parameter squared through the so-called kinematic induction. The reason of studying this cosmological
model could be explained by its ability to describe two periods of accelerated expansion, that is in
agreement with the recent observations and the cosmological inflation paradigm. First of all, we put
our model through the theoretical tests that gives a general conception of the influence of the model
parameters on its behavior. Then, we obtain some restrictions on the principal parameters of the model,
including the fractional index, by means of the observational data. Finally, the cosmography parameters
and the observational data compared to the theoretical predictions are presented both analytically and
graphically.

References

[1] V. K. Shchigolev, Cosmological Models with Fractional Derivatives and Fractional Action Functional. Communications in Theoret-
ical Physics 56: 389 (2011). http://dx.doi.org/10.1088/0253- 6102/56/2/34

[2] V. K. Shchigolev, Cosmic Evolution in Fractional Action Cosmology. Discontinuity, Nonlinearity, and Complexity 2 (2): 115 (2013).
http://dx.doi.org/10.5890/DNC.2013.04.002

[3] V. K. Shchigolev, Fractional Einstein-Hilbert Action Cosmology. Modern Physics Letters A 28 (14): 1350056 (2013).
http://dx.doi.org/10.1142/s0217732313500569

[4] V. K. Shchigolev, Fractional action cosmology with an effective A-term. International Journal of Advanced Astronomy 4 (1): 5-10
(2016). http://dx.doi.org/10.14419/ijaa.v4i1.5680

[5]1 V. K. Shchigolev, Testing Fractional Action Cosmology. arXiv:1512.04113 [gr-qc] (2015).

UISS 2016-64



Abstracts of the 5" Ulyanovsk International School-Seminar (UISS 2016), Ulyanovsk, Russia, September 19-30, 2016

CALCULATING LUMINOSITY DISTANCE VERSUS REDSHIFT IN FLRW COSMOLOGY
VIA HOMOTOPY PERTURBATION METHOD
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ABSTRACT

We propose an efficient analytical method for estimating the luminosity distance in a homogenous
Friedmann-Lemaitre-Robertson-Walker model of the Universe. This method is based on the Homotopy
Perturbation Method (HPM), which has high accuracy in many nonlinear problems, and can be easily
implemented. For analytical calculation of the luminosity distance, we offer to proceed not from the
computation of the integral, which determines it, but from the solution of a certain differential equation
with corresponding initial conditions. Solving this equation by means of HPM, we obtain the approxi-
mate analytical expressions for the luminosity distance as a function of redshift for two different types
of homotopy. Possible extension of this method to other cosmological models is also discussed.
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LIGHT DEFLECTION IN THE KEHAGIAS-SFETSOS SOLUTION OF HORAVA-LIFSCHITZ
GRAVITY

Aigul F. Valitova, Ruslan R. Isaev, Ramil N. Izmailov
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ABSTRACT

Horava-Lifshitz gravity has recently received a tremendous amount of attention. As the literature is
rather extensive,we refer the reader to [1] for a recent status of the theory. In addition to the formal
issues, applications have been extensively explored, ranging from cosmology, dark energy, dark matter
to spherically symmetric or rotating solutions. In this work, we calculate the effect of the Horava-Lifshitz
parameter @ on the second order light deflection and tabulate its effects on the galaxies surveyed by Sloan
Digital Sky Survey (SDSS).

We consider non-relativistic Horava-Lifshitz four-dimensional theory of gravity. Taking in account
that. the generic IR vacuum of this theory is anti-de Sitter. Particularly, the Newton constant and the
speed of light are related to the cosmological constant (~A%O) [2]. In fact, gravitational lensing has become
a useful tool in measuring certain properties of gravitational fields and it has now been employed to study
the large scale structure of the Universe, to determine behaviour of compact stellar objects and to search
for dark matter candidates. In what follows we advocate the idea that gravitational lensing might also be
used to discriminate which of the various gravitational theories is correct. In the last few years there has
been a growing interest in studying weak as well as strong field lensing by known compact objects.

In this work, we discuss light bending up to second order one candidate theory of gravity that has its
genesis in string theory.

Part of the work was supported by the Russian Foundation for Basic Research (RFBR) under Grant
No.16-32-00323.
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GRAVITATIONAL LENSING BY ELLIS-BRONNIKOV WORMHOLE: IS THIS
WORMHOLE LURKING AT OUR GALACTIC CENTER?

Almir A. Yanbekov, Ramil N. Izmailov, Kamal K. Nandi

Zel’dovich International Center for Astrophysics,
M. Akmullah Bashkir State Pedagogical University, Ufa 450000, RB, Russia

almir-yanbekov@mail.ru

ABSTRACT

Gravitational lensing is a powerful method to investigate the nature of astrophysical objects treated as
lenses. One of the well known and accepted result is that the our galaxy (for that matter, other galaxies as
well) hosts a supermassive black hole. While there could be other convincing reasons for the existence
of such supermassive black holes, we note that lensing effect crucially depends on the light bending.
While in the solar syatem the first order two-way bending A¢; = 4M, /R (arcsec) has been measured
to a good accuracy (on part in 10%), the secong order term A¢, = (157/8)(M/R)? is already of the
order of microarcseconds and no actual measurement of it has been reported in the literature. On the
galactic scale, the situation is similar. In principle, such microarcsecond resolution is reachable by actual
VLBI projects, but we must be aware that the disturbances intrinsic in such observations (mainly due
to extinction and emission by accreting matter), would make the identification of the relativistic images
very difficult.

Given this situation with the second order deflection, and consequently the study of the lensed images,
it seems that one could reasonably ask: Are we really seeing a true black hole, or, alternatively, seeing
just the positive mass mouth of the Ellis-Bronnikov wormhole at our galactic center? While the first
order bending due to the mass M is the same and cannot be used to distinguish between black and
wormbholes, differences do appear at the second order level. We shall consider both weak and strong
lensing scenario, and argue here that unless the level of accuracy of second order bending observations
and lensed outermost images (6.) are quite high (less than 7%), which is unreachable with present
technology, ruling out the wormhole alternative would be too premature, in our opinion.

Part of the work was supported by the Russian Foundation for Basic Research (RFBR) under Grant
No.16-32-00323.
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KOCMOJIOTMYECKUE BO3MYIIEHNS B TEOPUI I'PABUTAIINN C
HEMMWHUMAJIBHO KUHETUYECKON CBA3BIO

P.A. A6zanos, C.B. Cymkos

Kazanckwuii (IIpuBoskckuit) degepaabHbIil yHUBEPCHUTET,
WNucruryT dusukn
robert-abzalov@mail.ru

ABCTPAKT

B nameit pabore ObLIM PACCMOTPEHBI KOCMOJIOTUYECKHE BO3MYIIEHUS B CKAJIIPHO-TEH30PHOI Teo-
puun rpaBuTalin C HEMUHUMAaJbHON KUHETUYIECKO CBSA3bIO. J—[aI‘paH}KI/IaH MOZeJ/In COACPKUT YJICH
suga G ¢, ; u upejcTapisgeT coboil yacTHbI ciry4ail obmero Jlarpankunana XopHIECKH, KOTO-
PBIif IPUBOJIUT K yPaBHEHUAM JIBUZKEHUsI BTOPOro nopska. llocTpoen mosnbiit nabop ypaBHEHUT
JUTsT CKaJISIPHBIX, BEKTOPHBIX W TEH30PHBIX BO3MYyIeHuit. /leragpHo mMcCIeI0BaHbl BEKTOPHBIE W
TEH30PHBIE MOJIbI BO3MYyIeHui. [[oKa3zaHo, 9T0 BEKTOPHBIE MOJIBI 3aTYXAIOT, a IMOBEIeHNEe TeH30P-
HBIX MOJI TI0J] XaO0JIOBCKIM MOPU30HTOM KapINHAJIHHO OTJIMIAeTCd OT COOTBETCTBYIOIIETO ITOBEIE-
HUs BO (PPUAMAHOBCKON KOCMOJIOTHH.
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KOCMOJIOTNYECKAA 9BOJIFOIINA CUCTEMBI ®EPMU-HYACTUII,
HEMUHUMAJIBHO B3AUMOIENCTBYIOIINX C ®PAHTOMHBIM CKAJISIPHBIM
[TOJIEM

A.A. Aradonos

Kazanckuit demepanbublil yHEBEPCUTET
Poccusa

ABCTPAKT

Paccemorpena kocMosiorndeckas MoJie/ib (paHTOMHOI'O CKaJISIPHOT'O TT0JIsi, HEMUHUMAJIBHO B3aUMO-
JIERCTBYIOIIETO ¢ cucTeMOil bepMu-dacTull. Bbin paccCMOTPEHBI CTyvYanl OJHOKOMIIOHEHTHOM ITOJI-
HOCTBIO BBIPOXKJIEHHO! ¥ JIBYyXKOMIIOHEHTHO! TOYTH BBIPOXKJIEHHON CHCTEMBI YacTHUIL, 00J1a1a10-
X GyHIaMEHTAIBHBIM CKAJIAPHBIM 3apsiioM. ChopMympoBaHa MOJIHAS CUCTEMa CaMOCOTJIACO-
BaHHBIX MAaKPOCKOIINYECKUX YPABHEHUH, OMUCBLIBAIONINX CAMOIPABUTUPYIONIYIO IJIA3MY CKAaJIAPHO
3apsAKEHHBIX YaCTUIL JIJI TPOCTPAHCTBEHHO-IIJIOCKON KOCMOJIOTmYecKoir Mojenn Ppupamana, co-
CTOSAIIAS U3 HETPUBUAJILHOIO yPABHEHUS JUHIITEHHA:

a2

3(1_2 = Sn(Epl +ES),

YpaBHEHUA (baHTOMHOFO CKaJIAPHOT'O II0OJIA C MCTOYHUKOM:
L a5
P4+3-P-—m;®=4no
a
3aKOHa COXpaHEHHd dHEPTUU-UMITYJIbCa CUCTEMbI:
. a .
E, + 3; (Epi+Pyy) = 0P,

3aKOHOB COXPAHEHUs B PeakIusix (DyHIaMEHTAIBHOTO CKAJISPHOIO 3apsaia ¢;:
ia3 an-(t) =0=>d Zq-n-(t) = Const
dl’ - e - e Y

rJle BBEJEHBI cjiejyiolnue ob0o3HaueHus: a - MaciTabHbIil dhakTop, P - moreHnuas CKajasgpHOTO
1I0JIst, O - CKaJsipHas IJIOTHOCTh 3apsija.

Ha ocnose chopmyinpoBanHOil MaTeMaTHIeCKO# MojeIu ObLIO HAailJIeHO AaCHMIITOTHIECKOE TI0-
BeJIeHHE CUCTEMBI U TIOCTPOEHA, KOMITBIOTEPHAS MOJAELb (DEPMU-CUCTEMbBI C MEXKIACTHIHBIM CKAJIAP-
HBIM B3ammojieiicrBueM. HucieHHOE MOJIETMPOBAHKE TI03BOJINJIO U3YYUTh OCHOBHBIE CBONCTBA CH-
CTeMBbI U TI0Ka3aTh, YTO CUCTEMa MOXKeT 00J1a/1aTh HECKOJIbKUMU TUTAHTCKUMHU BCILIECKAMU WHBaPU-
AHTHOT'O KOCMOJIOTTYECKOTO YCKOPEHUS, a TaKxKe B TeUeHNEe KOCMOJIOTHIECKON 9BOJIIOINYU CTEIeHb
BBIPOZKJIEHNSA JIBYXKOMIIOHEHTHON TIJIa3Mbl YBEJIUINBAETCH, T.€., C TOYKN 3PEHUS TePMOTMTHAMUKA
IJIa3Ma CTAHOBUTCS OoJiee XOJIOMHOM. DTO CO3/aeT MPENOCHIIKH JIJIT PACCMOTPEHUsT CKAJISTPHO
3apsi?KEHHON I1J1a3Mbl B KaUeCTBE BO3MOXKHOT'O KaH/IUIATa Ha TEMHYIO MaTEPHIO.
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Puc. 1: DBomonus MHBAPUAHTHOIO KOCMOJIOIMYECKOTO yCKopenns Q = da/d*, B 3aBUCHMOCTH OT
HAYAJIBHOIO 3HadeHUsl norTeHnuana ckajasgpuoro noss P(0). ZKupnasg gepuas jmuus — ©(0) =
1074, ronkas uepnas suans — ®(0) = 1078, cpenne nynkrupuas muans — ®(0) = 10714, mesko
nyrkTupnas g — ®(0) = 10720, Tlo ocn abemuce OTI0KeHbI 3HAYEHIS IeCATHYIHOTO JTorapudma
BpPEMEHU B IJIAHKOBCKUX ejuHuNax. Bewoay: po =1, m =0, my; = 1078, qg=1.

Crmcok JimrepaTypbl

[1] Yu.G. Ignat’ev, // Russian Physics Journal, 26, No 12, 9 (1983).

[2] FO.I. Urnarnes, A.A. Aradonos, /[.FO. Urnarses, M.JI. Muxaitios // [Ipocrpancrso, Bpems
n yHIaMeHTa IbHbIEe B3auMojelicTBus. - Boin. 3 - 2014. - ¢. 16-31.

[3] Yurii Ignat’ev, Alexander Agathonov, Mikhail Mikhailov and Dmitry Ignatyev. // Astrophys.
Space Sci. 357, 1-21 (2015).

[4] FO.T. Urnarnes, A.A. Aradonos. // IIpocrpancTtBo, BpeMst u GyHIaMeHTATbHbIE B3aUMOJIETi-
crBud. - Boim. 4 - 2015. - ¢. 91-103.

UISS 2016-70



Abstracts of the 52 Ulyanovsk International School-Seminar (UISS 2016), Ulyanovsk, Russia, September 19-30, 2016

[NOBEAEHUE KNPAJIbHBIX KOCMOJOTUYECKUX ITOJIEN B
OAHTOMHO-KAHOHNYECKO MOJEJJIN C IIOCTOSTHHBIM ITOTEHLIMAJIOM

C.B. Kprokon

Val'ITV um. .H. VYabganosa, 1. YIbSHOBCK
krjukov s@mail.ru

ABCTPAKT

UccitetoBanne KupaibHOM KOCMOJIOTMYECKON MOJIe/ I B 00JIaCTH ONUCaHusi UHMJIAIMOHHON CTa [un
sBosIonu BeesieHnoit mpejictaBiigeT HeMaJsIblii HHTEPEC B CBETE MOC/ICTHUX MOTYICHHBIX HAOJII0-
JATEJIbHBIX JIAHHBIX DsiJla KOCMUYECKUX W Ha3eMHBIX 9KCIEePHMEeHTOB, Takux kak Planck 13 [1],
WMAP, BICEP?2 [2|. B pa6ore uccieyercs KupaabHas KOCMOJIOIHYeCKasi MOJIENb ¢ (haHTOMHBIM
U KAHOHUYIECKUM IOJISIMHU, KOTOPbIE, KaK IIPEJIIoIaraeTcs, CyIecTBOBAIN BO BpeMsi KOCMOJIOT e~
ckoit uadsinun [3]. Panee npeioxkeHHbIii HAMU aJITOPUTM DEIIeHUs JIMHAMUIECKUX YPaBHEHUIT
¢ IJIOCKUM ITOTEHITHAJIOM T0O3BOJISIET HAXOIUTH TOUYHBIE PENIeHUsd B (haHTOMHO-KAHOHUYIECKON MO-
neqn (a Tak Ke B JIPYTHX JBYXIIOJEBBIX MOJEIAX) ¢ KMHETHIECKUM B3amMojeiicTBueM moJeit [4].
['pacdbuueckoe mccieoBanre TUHAMUKU TOJI€N IOMOTaeT U3YydaTh PA3/JIUIHBIN (PYHKITMOHATILHBII
BBIOOD KHMPAJBbHBIX (CKaJSPHBIX) moJeil. Tak »Ke, JaHHBIE MCCJIEIOBAHUS MOTYT OBITH HCIIOJIB30-
BaHbI JIJI OIPeJIe/IeHIsS KOCMOJIOTMYECKUX TapaMeTpOB Ha MOMEHT IlepecevdeHrs] TOPU30HTOB B
MOCTUHJIAIIMOHHDIN TIEPUOJT.

UccnenoBanns dhaHTOMHO-KAHOHUYECKOH Mojiesn [5|, 0CHOBaHHOE Ha MOMCKE ee TOYHBIX pellle-
HUIA, TTOKa3aJu, 94To cBOOO/Aa B BBIOOPE MMapaMeTpOB BHYTPEHHEH METPUKH ITPOCTPAHCTBa Iieseit
MOXKET IPUBECTH K MPHUOJIMKEHUIO MeJIIeHHOro cKaThiBaHus. OIHaKo, TaKoe IPUOINKEHUE 110 OJI-
HOMY U3 KHPAJbHBIX ITOJIEH, KaK HECJIOXKHO IT0Ka3aTh, HE IPUBOIUT K COIVIACOBAHHOMY PEIIeHIIO
Ha crajun paneit nadsdiun Beemennoit. OTmMeTnM, 9T0 CyIIECTBYIOT PEIIEHUSI, BBIXO/ILAIINE 34
pPaAMKH CTaHJIApTHON MHQJIANMOHHON TEOPUHU, HA UTO YKa3biBaeT IpadUUIECKUil aHAJN3 TOUHBIX
pereHnii.
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MOJEJIMPOBAHUE ITEPEXOAIA OT KOCMOJIOTUYECKON NHOJIAINN K STAITY
[TPEOBJIAZTIAHUA N3JTYYEHUA

A.C. Kybacos

Hayuno-uccienoBarenbckas Jlaboparopust I'pasurarun, Kocmosornn, Acrpodusuku Yal'ITY

ABCTPAKT

B jokiazie paceMaTpuBaeTCst MOJIENIb OIMUCAHMUST JIBYX ITAITOB SBOJIIONNN 4-X MEPHOI IPOCT-PAHCTBEHHO-
wiockoit Beesternoit @pumana-Pobeprcona- Yokepa (MHGIAIMOHHBII STall — TOMIHAPOBAHUE U3~
nydenust ). Uccmenyercst oque u3 crnocobGoB 3a/laHusi MAcCIITabHOrO (hakTopa, MO3BOJISIIONU pe-
marh cucremy ypasaeruit (1) u (2) qyist oboux sTanoB ¢ nomombo obuwx GyHKIwi p, p u H
(oHU cozlepKaT 3HAUEHUS JIABJIEHNs, TUIOTHOCTU U BEJIMYUHY MACIITaOHOrO hbakTopa Jjisi CKaJsip-
HOTO 110,151 MH(IAIHORHOI CTA I U BeIecTBa Ha drare q o< t1/3).

1, 3

— ~(BH24+2H),p="H 1

p=— (4 20), p = H, 1)

p+3H(p+p)=0. (2)

MacimrabHbiit pakTop Ipejaraercs B (popme a = a’f (t_to)a;_x (Z_IO), rie a; = Ae*, ay = A",

a mnepemennasi ¥ (t —ty) — dynkuus Xesucaiiza spemenu. [logobHoe 3a1anmue MacrabHoro dhax-
TOpa TO3BOJISIET «BKJIIOYATb» OJINH U3 PEXKUMOB M <«BBIKJIIOUATH» JPYTOil. DBOJIOIMS BCEJIEHHOT
¢ MacimTabHbIM (DAKTOPOM TAKOIO SKCIOHEHIUAIBLHO-CTEIIEHHOINO THUIIA PACCMATPUBAJICS B Psijie
pabor [1]. ITapamerp XaGb6ia B sToMm cirydae npunumaer Bux: H(t) = H,, (t) + Hy,(t). Banasas
MacmTabHbIil hakTop B Takoit dpopme, yiaaercs pasduts cucremy (1) — (2), Ha ypaBHEHUs BHIA:

1 - 3
DPm = —E(3H32 +2Hg, ), pm = EHazz’ ®)
Pm +3Hay (Pm + pm) = 0, W

1 : 3
p(P = —E(3Ha2] +2Ha1)7 p¢ = EHazl’ (5>
Py +3Ha, (g +pg) =0, 0
B+ 3Ha, (0 + o) + 3Ha, (Om + pm) =0, (7)
p= _;(6Ha1Ha2)v p= E(6H611Ha2)’ ®)

rae (3) — (4) xapakTepusyIoT rall JOMUHHpOBaus u3iydenus, (5) — (6) - omucoBaoT undis-
o, a (7) — (8) mMerT oIy THMOe MPOsIBIEHNEe B OKPECTHOCTH [epexo/ie OT CTaJni WHQIISAIIN K
JIOMUHUPOBAHHIO U3/Tydenus. IIpu sToM Py, py — JaBiienne u mI0THOCTb Ha HH(B/IAIMOHHOM JTalle,
Pms Pm — T€ 7K€ IapaMeTPBI JIJIs BEIleCTBa Ha STalle Ipeob/Iaanus u3jydenus, P, p — OyHKImn,
MMEIOIINe Pa3sMePHOCTh IVIOTHOCTH | JIABJICHHS, NIPAIOIIHE POJIb B OKPECTHOCTHU IIEPEXOIA.

Ha npumepe ozmoro u3 BapuanTos 3aganus X (1 —1y) = m IIPUBOJIUTCS TOUHOE DEICHIE
cucremsl (3) — (8) (rge B — moxbupaemblii mapamerp, fo — MOMEHT BPEMEHH BHYTPU OKPECTHOCTH
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nepexosa). OTIesbHO HA TOYHOM PEIIeHUH i WHQIISAIMOHHOTO dTara IpU 3aaHHON (DOYHKIUK
X (t —tp) HOKa3pIBaETCs HEPEx0]] OT (GOpPMAM3Ma INIOTHOCTH U JIABJICHUS (Pg, Pg) K DOPMATHIMY
(¢,V(9)) c momorpio ypasuenuii (9) u (10)

¢+3Ha1¢+g—;;:0, (9)
¢2 = _%Haw V(¢) = %(3[{31 ""Hal)' (10)

Uccnenyrores rpadukn nosejienns OYHKIWMi P, p, Po, Pé, Pm> Pms @, V(@) 1 1.p.
B mokiazne aemaiorcs BBIBOABI O ILIIOCAX M MHUHYCax JAHHON MOJIEIM OINUCAHUS ypPaBHEHUIl

SBOJIIOIIUM BCEJIEHHON, U O BO3MOXKHOCTH PACIPOCTPaHEHUsI JAHHOI'O ONUCAHUS Ha JIPYTHe STallbl
SBOJIIONUY (JIOMUHUPOBAHUE BEIECTBA, TIO3/HIOI UHMIISIIIUIO).

Crmcox Jimreparypbl
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MOJEJIb 9BOJIOINY BCEJIEHHON 1JI1sI METPUKIW TUIIA VIII 11O BbsHKN

B.®. [Tanos, O.B. Canmakosa, JI.M. duumesckuii, M.P. Yepemubix
[I'HNY, Tlepmb, Poccus

ABCTPAKT
B pamkax obieit Teopun OTHOCUTEIHLHOCTH MOCTPOEHA aHU30TPOITHAS KOCMOJIOITYECKas MOJIEb C
pacmmpenueM u BparienueM ¢ meTpukoit Tura VIII mo Beankn:

ds® = 1,;,0°6°,
a,b=0,3,

rjie Mgp - JIEMEHTHI JUaroHa bHOM JopenieBoit MmaTpuiisl, 09- oproHopMupoBanubie 1 - HOPMBI,
BBIPAXKAIOIIUECH CJIELYIONINM 00pa30M:

8y = di — Rvae?, 04 = RK4e”,

npu sToM V4 = (0,0,1),Ks = (a,a,b),A =1,2,3. 1 - dopmbr €* npescrasisior coboil cieayonue
BLIPAsKCHUSI:
osh(y) cos(z)dx — sin(z)dy,

e =c
e = cosh(y)sin(z)dx + cos(z)dy,
¢® = sinh(y)dx + dz.

Bynem mozempoBars sBostonuio BeesleHHOI Ha pa3HbIX TallaX ee Pa3BUTHs, Ha OCHOBE PEIIeHU
cucreM juddepeHnuaabHbIX YPaBHEHNN, CUUTasl, 9TO KaXKJIOMY 9Tally COOTBETCTBYET JIOMUHUPO-
BaHWE TOT'O WJIA WHOT'O UCTOYHUKA I'DABUTAINU.

HcrouynnkamMu rpaBUTAIUNA SABISIOTCA CKAJIAPHOE T0JIe U 3 YKUJIKOCTH C COOTBETCTBYIOIIMMHU
ypaBHEHUSMU COCTOSHUA. [Ipr 3TOM IBLIEBUIHOE BEIIECTBO M YJIbTPAPEJIATUBUCTCKAT MaTepHUs
MOJIEJINPYIOTCS UJIeaJIbHBIMU KUJIKOCTSIMU C Pa3HbIMU YPaBHEHUSAMU COCTOSHUS, & TeMHas dHep-
IUsl MOJIEJIUPYETCH AHU30TPOITHON KUJIKOCTBIO. MBI MOTYYUIN 3aBUCUMOCTH TLJIOTHOCTH SHEPTUU
Pa3/IMYIHbIX BUJIOB MATEPUU U MacITabHOro (pakTopa OT BPEMEHHM, a TaKKe HailJleHbl 3HaYeHUS
KOMIIOHEHT JIaBJICHUs Ha KarKJIOM M3 dTaIoB 3BoJroiun BceestenHoii. BoisgcHeHo, 9TO 1pu aHU30-
TPOITHAsT »KUJIKOCTh BaKyyMOIIOJ00HA U ACUMITOTHYECKH U30TPONU3UDPYETCs. BbIYuC/IeHbl KUHE-
MaTUYeCcKue IapaMeTpbl aHU30TPOITHON YKUJIKOCTH.

Ha Bcex sTamax 3BoJIONMUN, HA KOTOPBIX UMEETCA OJIUH SHEPreTUIeCKH JTOMUHUPYIOMNI MaTe-
pUaIbHBII areHT, 3aBUCHMOCTH MacIITaOHOTO (paKTopa OT BPEMEHH COBIAIAIOT ¢ aHAJOTMIHBIMUI
BO (ppUAMAHOBCKON KOCMOJIOTHH.

CIIMCOK JINTEPATVYPHI
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[IPEJICTABJIEHUE TOHKOI1 HACTPOIKM B ®OPME YPABHEHNS HIPEANHIEPA

A.B. Tony6kos, A.B. Ilpmranos, C.B. Yeppon
Val'llV um. 1.H. Ynbanosa

ABCTPAKT

B pa6ore [1| ykazan crocob reneprupoBaHusi TOIHBIX " TyaabHBIX " PEIIennii 11 KOCMOJIOTHIeCKOi
MOJIEJIN CO CKAJISTPHBIM TIOJIEM, MCIIOIb3ys yPaBHEHNe JIJIsT TOHKO# HACTPOWKM MOTeHIrAaIa B (popme
ypasuenus [llpeannrepa ABMKeHNsST KBAHTOBON YaCTUIIBI B OJHOMEPHOM ITPOCTPAHCTBE:

ZH[E-U®N)Z=0, (1)

rie Z(t) = a*(t), E =3A, U(t) = 3kV(t). Bbio IoKa3ano, 9To ec/Ii OjIHO U3 pentennii Z; (¢) Haiiieno
upu dbukcnpoBanHoit 3aucumoctu V (¢), Tora BTOpoe JHHEHHO-HE3aBICHMOE PEIICHUE OIIPEICIs-

eTCsd U3 COOTHOIIIEHU A d
t

ZL(t) =27, (C2+W0/?> ;
1

rie Cy u Wy 1mocTosiHHBIE.

B kavecTBe mpuMepa MpuMeHeHns: MeTojia B [1]| paccMoTpeHa 9KCIIOHEHITMATBLHO-CTEIeHHAsT IBO-
JIOINS W HalJIeH TPUMED DPeIlleHns] B dJIeMEHTAPHBIX (DYHKIUAX I CTEIIEHHOTO MAacCIITaOHOIrO
daxTopa.

B nmannoit pabore Mbl paccMaTpuBaeM 0000IIEHNE METO/Ia BAPUAIIMOHHOIO IIPUHIIAIIA, PEXKIMA
ME/IJICHHOT'O CKAThIBAHUS, IPEIOZKEHHOro B [1], 1 renepupyem "nyasbHble" permenns st HOBBIX
peIeHnit KOCMOJIOTUIECKOH 9BOJTIONNN, PACCMATPUBAsS B KAUECTBE UCXOIHBIX SKCIIOHEHITHAIBHYIO,
TPUTOHOMETPHUIECKYIO U TUIIEPOOTUIECKY 0 IBOJIOIHUIO MacIITabHoro (paxkropa. CooTBETCTBYIOIIIE
peIleHns peJICTaBIeHbl B BUJIE KBAIPATYD UJIN dJIEMEHTapPHBIX (DYHKIINA.

Crmcox Jimreparypbl

[1] B.M. 2Kypasnes, C.B. Yepson, B.K. [Iluroses, 2K9T®, 114, Boim. 2(8), crp.406, 1998.
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DYNAMICAL RADIATING FLUID STELLAR MODELS WITH REALISTIC EQUATIONS
OF STATE

Byron Brassel

Astrophysics and Cosmology Research Unit,
School of Mathematics, Statistics and Computer ; Science,
University of KwaZulu-Natal

ABSTRACT

We model the dynamics of a spherically symmetric radiating star with three spacetime regions. The
local internal atmosphere is a two-component system consisting of standard pressure-free, null radiation
and an additional string fluid with energy density and nonzero pressure obeying all physically realistic
energy conditions. The middle region is purely radiative which matches to a third region which is the
Schwarzschild exterior. A large family of solutions to the fi eld equations are presented for various
realistic equations of state. A comparison of our solutions with earlier well known results is undertaken
and we show that all these solutions are contained in our family. We then generalise our class of solutions
to higher dimensions.
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SOME SIMPLE RELATIVISTIC STELLAR MODELS

Sunil Maharaj

Astrophysics and Cosmology Research Unit,
School of Mathematics, Statistics and Computer ;, Science,
University of KwaZulu-Natal

ABSTRACT

We study the nonlinear differential equations for the stellar junction condition in a relativistic radiating
star. Several approaches are possible that lead to solutions of the nonlinear equations. We obtain the Lie
point symmetries that leave the boundary condition invariant. We present several new exact solutions to
the junction condition. In each case we can identify the exact solution with a Lie point generator. Some
of the solutions obtained satisfy a barotropic equation of state. In addition, we consider the physical
behavior of a two-fluid stellar atmosphere and the related spacetime geometry. As a special case we
regain models which were found previously. Our analysis highlights the interplay between Lie algebras,
nonlinear differential equations and application to relativistic astrophysics.
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RICCATI EQUATIONS FOR BOUNDED RADIATING SYSTEMS

Ajey Tiwari
Astrophysics and Cosmology Research Unit,

School of Mathematics, Statistics and Computer ;, Science,
University of KwaZulu-Natal

ABSTRACT

We systematically analyze the nonlinear partial differential equation that determines the behaviour of
a bounded radiating star in general relativity. Four categories of solution can be identified in terms of
restrictions on the gravitational potentials. One category of solution can be related to recently introduced
horizon function transformation. A Lie symmetry analysis of the resulting equations shows that several
classes of solution are possible.
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AHAJINS SJIEKTPOMATHUTHOI'O ITOJIA SEMJIN B JIMAITABOHE
I'PABUTAIIMOHHO-BOJTHOBOT'O U3JIYUYEHNS PSAJA ABONHBIX 3BE3/IHBIX
CNCTEM

JI.B. I'pyuckas, B.B. Ucakesu4, /I.B. NcakeBu4, B.E. JIykbsnoB

Bnaguvmupcekuit rocy1apcTBEHHBIN YHUBEPCUTET
Poccusa

ABCTPAKT

DKCIIEPUMEHTAILHO YCTAHOB/IEHO HEN3BECTHOE PAaHee SBJICHIe IPUCY TCTBUS B COCTABJISTIOIINX JIEK-
TPUIECKOTO U PT€OMATHUTHOTO TIOJIsT TOTPAHUIHOTO CJI0sST ATMOC(EPHI YaCTOT I'PABUTAIINOHHO-BOJTHOBOTO
(I'B) mzmyvenns psga aBoitubix 3Be3aubix cucreM (JI3C) [1].

Moyjtesin ToI00HBIX B3aUMOCBS3€l 9JIEKTPOMArHUTHBIX U I'PABUTAIIMOHHBIX IT0JIEl paccMaTpuBa-
ek B paborax Bocaletti D., I'uus6ypra B. JI., 3eapnosuua 9. B. [1, 2, 3|, riae nana ocHosa Teopun
B3aUMOJIEHCTBUS KBa3UCTATUIECKUX JIEKTPOMATHUTHBIX IT0JIEHl ¢ IPABUTAIMOHHBIM U3JIyI€HHEM.
Brrio mokasano, 9TO MepHOANYUECKOE I'PABUTAIIMOHHOE U3JIyYeHUE IPUBOIUT K (POPMHUPOBAHIIO
[EPEMEHHOI0 3JIEKTPOMATHUTHOTO I0JIst, U3MEHSIIOIIEr0Cs ¢ YacTOTOH I'PABUTAIIMOHHOIO M3JIy e~
Husi. DT pabOThl CTUMYJIMPOBAJIN MCCJICIOBAHNST MHOTUX YUEHBIX KaK B HAIllell cTpaHe Tak U 3a
pybexkom, B gactHocTu paborel Bamakuua A. B. [4, 5, 6].

C 1972 r. Ha PUBUIECKOM SKCIEPUMEHTAILHOM IOJIUIOHEe BIaJIMIPCKOro rocyaapCTBEHHOIO
YHUBEPCUTETA OCYIIECTB/ISIETCS MOHUTOPWHT 3JIEKTPOMArHUTHBIX TT0JIel B MH(MPAHN3KOIACTOTHOM
(MHY) mumamasone (mmke 30 I'm). Oana u3 3a7ad 9KCIIEPUMEHTAIBHBIX NCCIICIOBAHMIT CBI3aHA
¢ U3ydYeHHeM IpecKa3anHoi A.DUHIITEHOM B3aMMOCBA3M JIEKTPOMATHUTHBIX U IPABUTAIIMOH-
HBIX ToJieit B npupoje. 3a mepuoj 2000-2015 rr. cozjana pa3HeceHHas Ha COTHU KUJIOMETPOB
cucTeMa MOHHUTOPHUHTA 3JIEKTPOMATHUTHBIX TIOJIEH U MOy YeHa OOIIHPHAs SKCIIepUMeHTaIbHas Oa-
3a JIAHHBIX, KOTOpasl IMO3BOJIAJIA ITPOAHAJIU3UPOBATH MOJ00HBIE BO3JIECHCTBHUS 110 PA3HECEHHBIM B
[IPOCTPAHCTBE CTAHIIUAM HADJIIO/IEHUs 3JIEKTPOMATHUTHBIX 11oJ1eit 3emutu. st ana/ms3a Takxke nuc-
MIOJTb30BaHbI JIJAHHBIE 10 3JIEKTPUIECKOMY 110,110 PocrupoMera u 10 reOMarHUiTHOMY TIOJTIO SITIOH-
ckux cranmuii Kaknoka n Memamberry.

Kaxk B a/leKTprieckoM, TaK U B TEOMArHUTHOM I10JI€ BBISIBJIEHHBIE COCTABJISIONINE HA IACTOTAX
I'B-uznyuenns JISC mekoreperTHbl. B cmly mX HEKOrepeHTHOCTH KJIACCUIECKHE METOJIbI CIIeK-
TPaAJILHOTO aHAIN3a OKA3aJIMCh HECOCTOATETHbHBIMU IIPU U3y ICHUU XaPAKTEPUCTUK TaCTOTHBIX KOM-
IIOHEHT B JIEKTPUUECKUX U T€OMArHUTHBIX TIOJIAX, CBA3aHHBIX C IPUIUBHBIMUA U aCTPOMDU3UIECKU-
MM IIPOIECCAMMU.

B 20102013 rr. aBropamu pa3paboTaH U 3alaTEHTOBAH AHAJU3ATOD COOCTBEHHBLIX BEKTOPOB
u komnonenT curtasia (ACBuKC) [7], mosBosmBmunii u3ydyars SHEPreTHUIECKU HEJIOMUHUPYIOIITE
HEKOT€PEHTHBIE COCTABJIAIONINE BPEMEHHBIX PAJIOB. B mporiecce anamsa 3JIEKTPUIECKOTO U FeOMar-
uuTHOro Tosieit B THY-mnanasone Ha pa3sHeCeHHBIX B IIPOCTPAHCTBE CTAHIIUAX C IIOMOIIBIO aHaJ M-
3aTOpa COOCTBEHHBIX BEKTOPOB M KOMIIOHEHT CHUTHAJIA CTabUILHO PErHCTPUPOBAIUCH YACTOTHDBIE
KOMIIOHEHTHI, coBnajaomue ¢ dacrotramu ['B-uznydenust /13C (yasoennas dacrora oOpalreHust
JA3C): J 1012+45307; J 1537+1155, J 1959+2048; J 2130-+1210; J 1915+1606 (Karasor asoitabix
nysbcapos ¢ MHY—uacroroii 'B—uznydennit (Princeton Pulsar Catalog — J. Taylor, F. Camilo)).
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ACBuKC pasnensier uccieryeMblit BDeMEHHO# psijl Ha KOHETHOM HHTEPBAJIE AHAIM3a HA CyMMY
HEKOPPETNPOBAHHBIX TVIABHBIX KOMIIOHEHT, W JIJIs1 KayK/I0il KOMIIOHEHTBI OIPE/IeJIAeT ee JIEUCTBYIO-
IIYI0 AMIUTATY/Ly U UHJIEKC KOT€PEHTHOCTH. Beimaniy nHjiekca KOorepeHTHOCTH MOYKHO pacCMaTpH-
BAaTh KaK aHAJIOr OTHOIIEHUS «CUTHAJI-IITYM» JIJI TJIABHOW KOMIIOHEHTBI, €CJIM B Ka9eCTBE CUT'HAJIA
paccMaTprBaTh 3HAUYEHNE aMILUIATY/HOTO CIEKTPa I'JIaBHONH KOMIIOHEHTBHI Ha MCKOMOI YacToTe K
cpeJiHelil BeJIMInHE aMILTUTY/IHOTO CIIEKTPa TJIABHON KOMITOHEHTHI.

Bo BpeMeHHBIX pgax 3JeKTPUIECKOTO W NeOMAarHUTHOTO TOJIeif TOrPAHINIHOTO CJI0sS aTMOocde-
pbl 3emyt OOHAPYZKEHBI CUTHAJIBI HH(MPAHU3KOIACTOTHOIO JIMAa30Ha, JOKAJN30BAHHBIE Ha Ha-
CTOTaX I'PABUTAIIMOHHO-BOJTHOBOT'O M3JIydeHUs PsIJIa JIBOMHBIX 3Be3HBIX cucTeM. [losrydennsre 1o
pe3yJibTaTaM dKCIePUMEHTAIbHBIX UCCIeIOBAHUI OIEHKN aMILINTY/] Ha JacToTrax ['B-ucrounnkon
B 9JICKTPUYECKOM U TE€OMArHUTHOM 10JsAX (1o 3aekrpudeckomy oo 0.05-0.5 B/wm [1]; 1o reo-
marautHomy 110J110 0.04-0.16 uTur) cooTBETCTBYIOT TEOPETUUIECKH TIPEJICKA3AHHOMY YPOBHIO.

OreHKa aMILTUTY/ 16l OOHAPYKEHHBIX CUT'HAJIOB SBJISICTCS IIPEIMETOM 0COOOTO BHUMAHUS CO CTO-
poHBI KPUTUKOB. Takoil pe3yIbTar Ha I'PABUTAIIMOHHBIX KOH(MEPEHINIX BCET/Ia BhI3bIBACT HEJI0OBE-
pue, TaK KaK aMILIATy/1a ekrpudeckoro IHY-curuasia, BEI3bIBAEMOTO I'PaBUTAITIOHHO-BOJTHOBBIM
[0JIEM B PaMKaxX JWHINMTEHHOBCKON I'PABUTAIINN, JIOJI?KHA OBITH Ha JIECATH IOPSIKOB HUXKe OOHa-
PY?KEHHOTO CHTHaJIa Ha JacTtotax | B-ucrounnkos. OiHako, Kak ciemyer n3 paborsl A. Bamakuna
[8], OTK/IMK aKCHMOHHO-AKTHBHOI 3JIEKTPOAMHAMUYIECKON CHCTEMbI 3€MJIU JIOJIZKEH ObITh BBICOK, 1
JIOJIZKHO HaDBJTIOJATHCS aHOMAJIbHOE yCcujieHne curnaja. B sToit cratbe A. BamakuabiM paccMot-
PEHBbI MOJIeJIN ¢ aHOMAJIbHBIM YCUJIEHUEM CUTHAJIa, OCHOBAHHBIE HA TOYHBIX PENIEHUAX JIEKTPO-
JIMTHAMUYIECKUX YPaBHEHUH, a TaKzKe IPeJCTaB/IeHbl TeOPEeTUIeCKue MPodJIeMbl, CBI3aHHbIE C UH-
TepupeTayeil HaluX SKCIEPUMEHTAJIbHBIX pe3y/abTaToB. Hampumep, B paMKax aHaJIU3UPYEMbIX
mogzedteit, st I'B ¢ ammumuryoit By ~ 10723 i sddextusnoii mo6poraoctsio Q & 1020, uaymupo-
BaHHbIE I0JIEM I'paBuTarmoHHON BoJHbI (I'B) Bapuarym reoMarHuTHOrO W 9JIEKTPHYECKOTO TOJIsI
JIOJI?KHBI COCTABJISITh THICIIHYIO JOJII0 OT BeJTMIHHBI MATHUTHOTO TTOJIST 3eMJIH.

UcnonszoBanne ACBuKC okazanoch 3¢ dhekTuBHBIM TTpU 0OHAPYKEHUN SHEPTeTUIECKH HeJI0-
MUHHUPYIONIUX COCTABJISIONINX BPEMEHHBIX PSJIOB JIEKTPUUECKOTO M MeOMAarHUTHOI'O TIOJIE, CBS-
3aHHBIX C IPABUTAIIMOHHO-BOJTHOBBIM M3/TydeHneM JBOHHBIX myabcapoB. ACBuKC moxmo ucmosib-
30BaTh B OOJIBIIIOM YHCJIe TPUKJIAIHBIX UCCJIEIOBAHNI, CBI3aHHBIX ¢ OOHAPYKEHNEM SHEpPreTute-
CKI HEJIOMUHUPYIONINX CUTHAJOB B PA3JIMYHBIX ITPOIECCaX.

Pab6ora ocymectsiena npu nomuepzxkke [ocymapcrsernoro 3amanus 2014/13,2871, rpanta PO-
OU Ne14-07-97510/14.

Crmcok JimrepaTypbl

[1] Ipynckas JI. B., Ucakesuu /1. B., Vcakepuu B. B. BoisiBiienne neprnomaeckux cocTaBiisi-
IOIMUX C YaCTOTaMU acTPOU3MIECKUX MTPOIECCOB BO BPEMEHHBIX DPsJ/laX BEPTUKAJJIHHONU CO-
CTABJIAIONICH HAIPSKEHHOCTU JICKTPUIECKOTO TIOJIS TIOIPAHUIHOTO CJIOs ATOMC(EPhI 3eMJTH
// IlpocrpamncTro,Bpems u dyHIaMeHTa bHbIe B3anmoeiicteust. Mocksa: Uz, «IIpoduiby,
2014, ISSN 2226-8812, Bpin.2, c.54-71.
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AHAJIM3ATOP COBCTBEHHBIX BEKTOPOB I KOMIIOHEHT CUT'HAJIA B 3AJIAYE
BBIABJIEHNA SHEPTETTYECKN HEJJOMVHNPYIOHINX COCTABJIAROIINX
BPEMEHHBIX PA/IOB 9/JIEKTPOMAT'HUTHOT'O [1OJIA 3EMJIN

B.B. Ucakesnu, /I.B. Ucakesuyu, JI.B. ['pynckas

Bhamumupckunii rocy1apcTBeHHBIN YHUBEPCUTET
Poccuga

ABCTPAKT

Ha ocnoBe anajmsaropa cOOCTBEHHBIX BEKTOPOB M KOMIIOHEHT curHasa |1] (afireHockomna) mocrpo-
eHa CHUCTeMa aHaJ3a MHOIOMEDHBIX BPEMEHHBIX P:AJIOB 3JIEKTPOMArHUTHOIO ITOJI MHMOPAHU3KO-
YaCTOTHOTO JIMAlla30Ha B IPU3EMHOM CJIoe aTMOCGepbl — I BBISIBJIEHNS CJIOXKHOIEPUO/UHIE-
CKUX 9HEPTeTUYECKH JOMUHUPYIONUX KOMIIOHEHT, KOTOPbIE CIIEKTPAIbHO JIOKAJIM30BAHBI BOJIM3N
PaBUTAIIMOHHO-BOTHOBBIX YaCTOT JBOIHBIX 3BE3/THBIX CHUCTEM.

UccetoBanbl MHOTOJIETHUE BPEMEHHBIE PSJIbI, MMEIOIIIe COTHU ThICAY YaCOBBIX OTCYeTOB. Ajfi-
TeHOCKOII OIleHMBaeT KOBApPUAIMOHHYIO MAaTPHILy HMCCJIEyeMbIX BPEMEHHBIX DsJI0B Ha WHTEPBAJIE
anasnza 1000 gacoB, BeIYUCIIET COOCTBEHHBIE BEKTOPHI U COOCTBEHHBIE 3HAYEHUS ITON KOBapHa-
[UOHHOW MATPHUIIHI M UCCJIEYET CIIEKTPAJIbHBIN COCTAB MOy YeHHBIX COOCTBEHHBIX BEKTOPOB.

[Tokazano, 4TO CJIOYKHOIEPUO/INIECKNE KOMIIOHEHTDI, CIEKTPAIbHO JIOKAJIM30BAHHBIE BOJIM3U
I'PABUTAIIMOHHO-BOJHOBBIX YaCTOT JIBOMHBIX 3BE3/IHBIX CHCTEM HEBO3MOXKHO OOHAPYXKUTH C HOMO-
B0 KJIACCUYIECKOI'O CIEKTPAJIBHOIO aHAIN3a BPEMEHHOTO PsJla — B CUJIY HEKOIE€DEHTHOCTH ITHX
KOMITOHEHT.

B kauecTBe Kputepus ClieKTPaIbHON JOKAJIU3AINE COOCTBEHHBIX BEKTOPOB B alill€HOCKOIIE UC-
[I0JIb30BAHA BEJIMYMHA WHJIEKCA KOI'E€PHTHOCTH, PABHOTO OTHOIIEHUIO MAaKCUMyMa aMILIATYTIHOTO
CIEKTpa COOCTBEHHOI'O BEKTOPa K Cpe/IHEMY 3HAUYEHUIO aMILJIUTY/IHOTO CIIEKTPA.

Cpeqn Thicgdn COOCTBEHHBIX BEKTOPOB KarKJIOI'O BPEMEHHOTO Psjia JId JAJILHEHINero ana-
Jn3a OTOUPAJUCH Te COOCTBEHHBIE BEKTOPBI, Y KOTOPLIX MAKCHMYM aMILIATYIHOIO CIHEKTpa Ha-
XOJUTCS BOJIN3U T'PABUTAIMOHHO-BOJIHOBBIX YaCTOT MCCJIEIOBAHHDLIX JIBOWHBIX 3BE3/IHBIX CHUCTEM.
Kaxk mpasusio, oroOpanubie TakuM 00pa3oM COOCTBEHHDBIE BEKTOPBI UMEIOT UHJEKC KOT€PEHTHOCTH,
[PEBBIMIAONINI MeMaHHBINA (y BCEX UCCIIEIOBAHHBIX BPEMEHHBIX DSAJIOB U BCEX PACCMOTPEHHBIX
IPaBUTAIMOHHO-BOJTHOBBIX YaCTOT JBONHBIX 3BE3JIHBIX CHCTEM ).

[TocTpoena cxema OIEHKN BEPOATHOCTH CJIYUANHOIO IIPEBBIIIEHNsT MeIMaHbl MHIEKCa KOIePeHT-
HOCTH, M30MOpdHas cxeMe uctbitanuit Bepraysmu. [lokazano, 4To BEpOSITHOCTD CJIyYaHOTO TIpe-
BBINIEHUS UHJIEKCAMU KOT'€PEHTHOCTH MEIUAHHOIO 3HAYEHUs Ha IPABUTAIIMOHHO-BOJTHOBBIX YaCTO-
Tax JIBOMHBIX 3BE3JHBIX CHCTEM (JJI1 BCEX PACCMOTPEHHBIX JBOMHBIX 3BE3JIHBIX CHUCTEM U BCEX
PaCMOTPEHHBIX BDEMEHHBIX DSIJIOB) UMEET MOPSIIOK 1076,

Ha ocnoge Besinunn cOOCTBEHHBIX 3HAYEHUI, KOTOPbIE COOTBETCTBYIOT COOCTBEHHBIM BEKTODAM,
CHEKTPAILHO JIOKAJTM30BAHHBIM BOJIM3U I'PABUTAIIMOHHO-BOJIHOBBIX YaCTOT, OIEHEHBI JIEHCTBYIOIIIE
3HAYEHUS] aMILTUTY/] BBIABJIEHHBIX CJIOXKHOIIEPUOJIINIECKUX COCTABIISIONIUX.

Pabora ocymecrsiena npu noaiaep:xkke Locynapersennoro 3amanus 2014/13,2871, rpanrta PO-
OU Ne14-07-97510/14.
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