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BOSON DARK MATTER HALOS WITH A DOMINANT NONCONDENSED
COMPONENT

I.G. Abdullin', V.A. Popov?

1 videns42@gmail.com; Institute of Physics, Kazan Federal University, Kremlyovskaya st. 18, Kazan 420008,
Russia
2 vladipopov@mail.ru; Institute of Physics, Kazan Federal University, Kremlyovskaya st. 18, Kazan 420008,
Russia

We consider galaxy halos formed by dark matter bosons with mass in the range of about
a few tens or hundreds eV. A major part of the particles is in a noncondensed state and
described under the Thomas-Fermi approach. Derived equations are solved numerically
to find the halo density profile. The noncondensed state is supported in the entire halo
except compact gravitationally bounded Bose-Einstein condensates. Although the size of
these compact objects, also known as Bose stars, depends on interactions between the
particles, its upper limit is only about 100 astronomical units. The Bose stars collect the
condensed bosons providing a density cusp avoidance in the halo as well as a natural
mechanism to prevent overproduction of small halos. Clusters of the Bose stars can also
contribute to the halo density profile. The model is analyzed by confronting its predictions
with observations of galaxy rotation curves.

THREE-DIMENSIONAL DELTA-FUNCTIONAL STRUCTURE OF THE EXACT
GENERAL SOLUTION OF THE EULER-POISSON EQUATIONS

D.L. Abrarov!

1 abrarov@yandex.ru; Russia, Moscow, Gubkin University

The Euler-Poisson equations describing a dynamics of three-dimensional heavy tops
in a plane-parallel gravitational field have the form:

dM  [— _ __ dy
W—[M»W]Jfk[%c]»d—t—[%w]’ (1)

where the corresponding vectors are: M - angular moment of the body; w - angular veloc-
ity of the body; ¢ - displacement of the fixing point of the body from its center mass; 7y -
projections of the vertical unit vector on the axis of the of the moving coordinate system,
rigidly connected with the body; I - diagonalized inertia tensor of the body at its fixed
point; k = mg|r.| - coefficient equal to the product of body weight by the distance from
a fixed point to the center of mass.

Theorem 1. The general vector-valued solution of equations (1) is represented in the
form: _

M(s, 50) generar= €xp ({ (8,812 (9)) - (€ (s, 12 (¢)) = 0) (mod3))).

where A12(q) - is the parabolic form of weight 12 with respect to the group SL,(Z):

n=oo )
g [ - q=e"% {zeC,Imz>0}

n=1
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Theorem 2. The general solution of equations (1) defines canonical vector-valued three-
dimensional delta-function as analytic vector-valued correctly defined residue:

Res(s, 50) s=oo €xp ({ (5,12 (¢)) - ( (5, A 12 () = 0) (mod3))).
References

1. Abrarov D. L. The exact solvability of the Euler-Poisson equations: global dynamics and zeta-functions.
Moscow, Scientific World, 2021, 612 p.

2. Abrarov D.L. Zeta-functional exact general solution of the Euler-Poisson equations as a "Modu-
lar top" and its duality to the one-degree delta-functional dynamic system Vertical pendulum, 55 p.
https://www.IntellectualArchive.com

PHYSICAL ARITHMETIC IN THE CONTEXT OF THE EULER-POISSON EQUATIONS
D.L. Abrarov!

1 abrarov@yandex.ru; Russia, Moscow, Gubkin University

The Euler-Poisson equations (EPE) describe a dynamics M (8, 80)generar Of three-
dimensional heavy tops in a plane-parallel gravitational field [1].
Theorem 1. The general vector-valued solution of the EPE is represented in the form:

M(S» S0)general= €XP (( (S’ A1 (C])) (¢ (S’ ANP) (C])) = 0) (mod3))).
where A12(q) - is the parabolic form of weight 12 with respect to the group SL,(Z):

n=co ]
g [ a-g"* q=¢"% {zeC,Imz>0}
n=1

Theorem 2. The phase flow of the EPE is equivalent to the phase flow of a dynamical
system Vertical pendulum (VP) as the normal form of the EPE [2]. Then there is a vector-
valued formula

{Amplitude, Phase, Frequency}(VP) =

Resg—o,1,1/2(exp (¢ (5,012 (9)))

These three real numbers can be interpreted as the model of fundamental constants re-
spectively: speed of light, gravitational constant, Plank constant.

References

1. Abrarov D. L. The exact solvability of the Euler-Poisson equations: global dynamics and zeta-functions.
Moscow, Scientific World, 2021, 612 p.

2. Abrarov D.L. Zeta-functional exact general solution of the Euler-Poisson equations as a "Modu-
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https://www.IntellectualArchive.com
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GALACTIC MICROLENSING BY PHANTOM WORMHOLE WITH BOUNDED MASS
FUNCTION

G.F. Akhtaryanova!, U.K. Khidirov?, R.N. Izmailov®

1 akht gul@mail.ru; Zel’dovich International Center for Astrophysics, M. Akmullah Bashkir State
Pedagogical University, 3A, October Revolution Street, Ufa 450008, RB, Russia

2 umurzokhidirov33@gmail.com; Zel’dovich International Center for Astrophysics, M. Akmullah Bashkir
State Pedagogical University, 3A, October Revolution Street, Ufa 450008, RB, Russia

3 izmailov.ramil@gmail.com; Zel’dovich International Center for Astrophysics, M. Akmullah Bashkir State
Pedagogical University, 3A, October Revolution Street, Ufa 450008, RB, Russia

Phantom wormholes could be interesting in the sense that they are built out of
phantom energy defined by equation of state w = p,/p < —1, which is speculated to be
a possible cause driving late-time cosmic acceleration [1]. Both wormholes or phantom
equation of state have really not been confirmed by observations. It has been recently
shown by Lobo, Parsaei and Riazi (LPR) that wormholes with phantom energy could
actually be found as exact solutions of Einsteins equations. We shall consider here the
LPR solution with bounded mass function [2], which given as

Aro\L77 Ar2] 7!
dsz=—(1+ﬂ) a+[1-a-p 220 4202 (a02 4 sin20dg?), (1)
r r

r

where A is a constant and ry is the minimum radius. According to equation of state, we
get the following range —1 < 1 <0.

We shall present here a novel application of phantom wormholes as lenses treated as
dark matter halo objects in Galactic microlensing [3]. Here we obtained deflection angle
of LPR wormhole up to fourth order using PPN formalism [4] and analyzed the effect of A
on the lensing observables such as the image positions, magnification, centroid and time
delay of images of the source stars.

Finally, we report that the Paczynski light curves of the phantom wormhole become
dimmer as A increases. However, the peak of the light curves does not depend on the
A. The probability of detecting a phantom wormhole lens in the Bulge and in the LMC
lensing has been briefly speculated in view of optical depth and event rates.

This work was supported by the Russian Science Foundation under grant no. 23-22-00391,
https://rscf.ru/en/project/23-22-00391/.
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SYMMETRIES OF FIVE-DIMENSIONAL RIGID H-SPACES Hsz; 3
AV. Aminoval!, D.R. Khakimov?

1 asya.aminova@kpfu.ru; Kazan (Volga Region) Federal University
2 dzhamoliddink@mail.ru; Kazan (Volga Region) Federal University

Symmetries of systems of differential equations of geodesics in the form of
Lie algebras of infinitesimal projective transformations (projective motions) of 5-
dimensional pseudo-Riemannian manifolds (M°,g) — h-spaces Hs, 3 of type {32} are
investigated. Necessary and sufficient conditions are determined under which Hs 3 is
a space of constant (zero) curvature. Non-homothetic projective motions in H3; 3 of non-
constant curvature are found, homotheties and isometries of the indicated spaces are
investigated, dimensions, basis elements and structural equations of maximal projective
Lie algebras acting in them are determined. As a result, a classification of h-spaces
Hs; 3 of type {32} by (non-homothetic) Lie algebras of infinitesimal projective and affine
transformations is obtained.

IMAGE OF ACCRETION DISC IN HMPG THEORY

N.A Avdeev!, P.I Dyadina®

1 NAAvdeev1995@mail.ru; Sternberg Astronomical Institute MSU
2 Sternberg Astronomical Institute MSU

HMBG is a hybrid theory that combines the metric and Palatini approaches, addressing
the shortcomings of each while leveraging their respective strengths. This theory has been
successfully tested in diverse settings, including the Solar System, binary pulsar systems,
cosmological scales, etc.

In our previous work, we analyzed accretion onto a spherically symmetric black hole
in the framework of this theory. Specifically, we calculated the flux and luminosity of the
accretion disk for different scenarios, including cases with zero potential and the Higgs
potential.

Building on this foundation, this paper focuses on the visualization of the accretion
disk. We have constructed images of the disk and compared them to real observations
from the Event Horizon Telescope.

SPHERICALLY SYMMETRIC SOLUTION OF THE POINCARE GAUGE THEORY OF
GRAVITY IN THE PRESENCE OF DARK ENERGY

0.V. Babourova', B.N. Frolov?

1 baburova@orc.ru; Moscow, Automobile and Road Construction State Technical University (MADI)
2 frolovbn@orc.ru; Moscow, Pedagogical State University (MPSU)

In 1965 T.E. Gliner proposed to treat the cosmological constant A as a cosmic medium,
later called a dark energy. In our approach we model this medium as a weakly interacting
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scalar field § with a potential, whose magnitude is determined by the modern value of
the cosmological constant A = 107°%sm =2, assuming that the interaction constant [ of
the field f is extremely small, [ << 1).

In the Poincaré gauge theory of gravity, in the presence of a scalar field 8, the
Lagrangian density will vary with respect to independent variables, the connection 1-
form T', the basis 1-forms 6%, and the scalar field §. In the spherically symmetric case
we obtain 3 independent equations. The solution closest to the Schwarzschild solution is
obtained if we neglect the value of the cosmological constant A in the equations, taking
into account which, due to its extreme smallness, is important when solving quantum
problems. As a result, we obtain the solution,where rg = 2GM /c? is the Schwarzschild
radius,

ds* = e%dsiR, (D
dsiR —e T dif—et (dr? +r?(d6? +sin0d¢?)). (2)

The metric (2) is called the Yilmaz-Rosen metric. This metric is very close to the
Schwarzschild solution, since for large r this metric will coincide with the Schwarzschild
metric not only in Newtonian but also in post-Newtonian (PPN) approximations.
Therefore, the Yilmaz—Rosen metric (2) will give the same experimental results as the
Schwarzschild metric. The additional exponent in the solution (1) will give a slight
difference in the trajectories of the planets, as well as spacecraft within the Solar System,
compared to those determined using the Schwarzschild metric. Such effects are observed,
for example, "flight anomaly".

The metric (2) does not have a singularity on the Schwarzschild sphere and thus does
not implement black holes (in the standard sense), but for huge values of rg, small size
of the central superdense body, and also due to the smallness of the coupling constant /,
a huge value of the gravitational potential arises, preventing the escape of light, which
leads to the appearance of quasi-black holes due to the phenomenon discovered by John
Michell back in 1784. In this case the space turns out to be accessible up to the central
body that generates this quasi-black hole.

NONMINIMAL EINSTEIN-DIRAC-AXION THEORY: GENERAL FORMALISM
A.B. Balakin', A.O. Efremova?

1 alexander.balakin@kpfu.ru; Kazan Federal University, Institute of Physics, Department of General
Relativity and Gravitation, Kremlevskaya str. 16a, Kazan 420008, Russia
2 anna.efremoval31@yandex.ru; Kazan Federal University, Institute of Physics, Department of General
Relativity and Gravitation, Kremlevskaya str. 16a, Kazan 420008, Russia

We establish a nonminimal version of the theory of interaction between the
gravitational, spinor and pseudoscalar (axion) fields (the so-called nonminimal Einstein-
Dirac-axion theory) linear in curvature. The presented version is based on the Effective
field theory up to the second order in derivatives, and the Lagrangian is linear in the
number density of the spinor particles.
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Mathematical formalism of this new theory is elaborated along the line of the
nonminimal extensions of the Einstein-Maxwell theory [1], Einstein-Maxwell-axion
theory [2] and Einstein-Yang-Mills theory [3]. To be more precise, we include into the
Lagrangian the terms linear in the Riemann curvature tensor, its left and right dual
tensors, the Ricci tensor and Ricci scalar in convolutions with appropriate spinor tensors
and pseudotensors. Four phenomenological coupling constants are introduced in front of
these nonminimal terms. The pseudoscalar field appears in the nonminimal part of the
Lagrangian as the argument of the periodic trigonometric functions, thus keeping the
discrete symmetry associated with the axion field.

Based on the variation formalism we obtain the coupled system of nonminimally
extended equations, describing the spinor, axion and gravitational fields. New spinor
sources for the axion field and new axionic sources for the spinor field are shown to be
produced due to the nonminimal coupling in this system.
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ELIMINATING THE HUBBLE TENSION IN THE PRESENCE OF THE
INTERCONNECTION BETWEEN DARK ENERGY AND MATTER IN THE UNIVERSE

G.S. Bisnovatyi-Kogan!

1 gkogan@cocmos.ru; Space Research Institute, Russian Academy of Sciences, Moscow, Russia

It is accepted in modern cosmology that the scalar field responsible for the inflationary
stage of the early Universe is completely transformed into matter. It is assumed that the
accelerated expansion is currently driven by dark energy (DE), which is likely determined
by Einstein’s cosmological constant, unrelated to the scalar field responsible for inflation.
We consider a cosmological model in which DE can currently have two components, one
of which is Einstein’ constant (A) and the other, smaller dark energy variable component
DEV (Ay), is associated with the remnant of the scalar field that caused inflation after
the main part of the scalar field has turned into matter. We consider only the stages of
evolution of the Universe after recombination (z < 1100), where dark matter (DM) is the
predominant component of matter. It is assumed that the transformation of the scalar
field into matter continues at the present time and is accompanied by the reverse process
of the transformation of DM into a scalar field. The interconnection between DM and DEV,
which leads to a linear relationship between the energy densities of these components
after recombination ppyr = a ppEgv, is considered.
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One of the problems that have arisen in modern cosmology, called Hubble Tension
(HT), is the discrepancy between the present values of the Hubble constant (Hp) measured
from observations of the Universe at small redshifts (z < 1) and the values found from
fluctuations of the cosmic microwave background in the Universe at large redshifts
(z = 1100). In the model under consideration, this discrepancy can be explained by the
deviation of the existing cosmological model from the conventional cold dark matter
(CDM) model of the flat Universe by the action of the additional dark energy component
DEV at the stages after recombination. To maintain the ratio of DEV and DM energy
densities close to constant over the interval 0 < z < 1100, it is necessary to assume the
existence of a wide spectrum of dark matter particle masses.

See publication:

1. G. S. Bisnovatyi-Kogan “Cosmological Model with Interconnection between Dark
Energy and Matter.” Universe, 2021, Vol. 7, 412.

2. G. S. Bisnovatyi-Kogan, and A. M. Nikishin “Eliminating the Hubble Tension in
the Presence of the Interconnection between Dark Energy and Matter in the Modern
Universe” Astronomicheskii Zhurnal, 2023, Vol. 100, No. 2, pp. 133-143. Astronomy
Reports, 2023, Vol. 67, No. 2, pp. 115-124.

BLACK HOLE AND MELVIN-LIKE SOLUTIONS GOVERNED BY FLUXBRANE
POLYNOMIALS FOR SIMPLE LIE ALGEBRAS

S.V. Bolokhov!, V.D. Ivashchuk?

1 bolokhov-sv@rudn.ru; Institute of Gravitation and Cosmology, RUDN University, 6 Miklukho-Maklaya
Str., Moscow 117198, Russia

2 ivashchuk-vd@rudn.ru, ivas@vniims.ru; Institute of Gravitation and Cosmology, RUDN University, 6
Miklukho-Maklaya Str., Moscow 117198, Russia; Center for Gravitation and Fundamental Metrology, VNI-
IMS, 46 Ozyornaya Str., Moscow 119361, Russia

The talk deals with generalized Melvin solutions and multiple charged black hole solu-
tions corresponding to simple finite-dimensional Lie algebras. Any solution appears in a
model which contains metric, n scalar fields coupled to n Abelian 2-forms with dilatonic
coupling vectors governed by simple Lie algebra of rank n. The set of n moduli functions
for Melvin-type solutions Hg(z) obeys n non-linear (ordinary) differential equations (of
second order) with certain boundary conditions imposed. In fact, they are equivalent to
Toda equations. Earlier, it was conjectured that these moduli functions should be polyno-
mials in z (so-called “fluxbrane” polynomials) depending upon certain parameters ps > 0,
s=1,...,n[1]. This conjecture was verified for polynomials corresponding to Lie algebras
of ranks n = 1,2,3,4,5 and exceptional algebra Eg [2]. Certain relations for the polyno-
mials (e.g. symmetry and duality ones) were outlined. In general case when polynomial
conjecture is valid, 2-form flux integrals were calculed. The fluxbrane polynomials are
used for constructing multiple charged black hole (BH) solutions [3] and also more gen-
eral (higher dimensional) fluxbrane and black brane ones [1,3,4]. Some aspects of BH so-
lutions (e.g. physical parameters, photon spheres, ISCO, quasynormal modes) are breafly
discussed [5, 6].
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A NEW APPROACH TO THE ANALYSIS OF COSMOLOGICAL PARAMETERS IN
MULTIFIELD COSMOLOGY USING THE EXAMPLE OF TENSOR-MULTI-SCALAR
THEORY OF GRAVITY

K.A. Bolshakova!, S.V. Chervon?

1 bolshakova.ktrn@gmail.com; Ulyanovsk State Pedagogical University, Ulyanovsk, 432071, Russia

2 chervon.sergey@gmail.com; Ulyanovsk State Pedagogical University, Ulyanovsk, 432071, Russia; Kazan
Federal University, Kazan, 420008, Russia; Bauman Moscow State Technical University, Moscow, 105005,
Russia

Currently, methods for calculating the main cosmological parameters [2] have been
developed for the cosmological inflation model based on a single scalar field. However,
in the context of multifield models, there is no universal method for calculating these
parameters. In a general approach, two algorithms can be distinguished that allow calcu-
lating cosmological parameters for multifield models: using the ansatz of the transition
from a single scalar field to chiral fields [3] and using linear coupling between fields [2].

In present contributions authors present a new and efficient algorithm that makes it
possible to switch from a multifield model to a single-field model using the example of
tensor-multi-scalar theory of gravity . This algorithm is based on the research presented
in [2]. The use of this algorithm makes it possible to accurately determine the cosmologi-
cal parameters describing the early inflation of the Universe within the framework of the
tensor-multi-scalar theory of gravity.

The article was written within the framework of Additional Agreement No. 073-03-
2024- 060/1 dated February 13, 2024 to the Agreement on the provision of subsidies from
the federal budget for financial support for the implementation of the state task for the
provision of public services (performance of work) No. 073-03-2024-060 dated January 18,
2024, concluded between the Federal State Budgetary Educational Institution of Higher
Education “UISPU I.N. Ulyanov” and the Ministry of Education of the Russian Federation.
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STABILITY OF GRAVITATING CONFIGURATIONS WITH SCALAR FIELDS

K.A. Bronnikov'

1 kb20@yandex.ru; Center of Gravitation and Fundamental Metrology, VNIIMS, Ozyornaya ul. 46, Moscow
119361, Russia; Institute of Gravitation and Cosmology, RUDN University, ul. Miklukho-Maklaya 6, Moscow
117198, Russia; National Research Nuclear University “MEPhI”, Kashirskoe sh. 31, Moscow 115409, Russia

The talk is devoted to the stability problem for static, spherically symmetric solutions
of general relativity (GR) and some extended theories of gravity, containing scalar fields.
We restrict ourselves to linear radial (monopole) perturbations that are most likely to
cause an instability. We begin with derivation of a general effective potential V¢ for per-
turbations of solutions of GR with a scalar field ¢ having an arbitrary self-interaction
potential V (¢), where the scalar field can be canonical or phantom and can interact with
an electromagnetic field in the manner S(¢) F* F,, (S(¢p) = arbitrary function) [1]. This
form of Vg is further used to obtain numerous particular stability results: (i) for scalar-
vacuum and scalar-electrovacuum solutions of GR with V(¢) = 0 and related solutions of
scalar-tensor theories [2-4], (ii) for some classes of black-hole and wormhole solutions of
GR with phantom scalars [5-7], (iii) for some solutions of hybrid metric-Palatini gravity
[8]. It is stressed that the stability of solutions in many extended theories of gravity, re-
lated to those of GR by conformal mappings, is governed by the same master equation for
perturbations, but the boundary conditions vary from theory to theory and can substan-
tially change the stability conclusions.
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MULTIDIMENSIONAL GRAVITY, BLACK HOLES AND MIRROR STARS

K.A. Bronnikov!, S.V. Bolokhov?, M.V. Skvortsova®

1 kb20@yandex.ru; Institute of Gravitation and Cosmology, RUDN University, 6 Miklukho-Maklaya Str.,
Moscow 117198, Russia; Center for Gravitation and Fundamental Metrology, VNIIMS, 46 Ozyornaya Str.,
Moscow 119361, Russia
2 boloh@rambler.ru; Institute of Gravitation and Cosmology, RUDN University, 6 Miklukho-Maklaya Str.,
Moscow 117198, Russia
3 milenas577 @mail.ru; Institute of Gravitation and Cosmology, RUDN University, 6 Miklukho-Maklaya Str.,
Moscow 117198, Russia

We consider a class of static, spherically symmetric solutions of multidimensional
gravity on a D-dimensional manifold Mp = l\/[lgl) x [1; Ml; with Kaluza-Klein-like extra di-

mensions,
2

d
ds%:A(x)dtz—i—r2(x)dQZ+Ze2ﬁi(x)ds?, (1)
A(x) 7

where the factor spaces M; are compact and very small, and suppose that among M;
there is some extra 1D factor space parametrized by a “circular” variable v. By replacing
dt < dv, one can formally obtain a kind of “complementary” solution to the same field
equations with similar structure of metric tensor but totally different picture of space-
time. Using as an example 5D Schwarzschild-like solutions modified via this trick, we
argue that such space-times, being formally related to black-hole solutions, can observa-
tionally represent (from a 4D perspective) specific compact star-like objects whose surface
reflects back particles or signals getting there due to special topological features of the
manifold. We call this type of multidimensional solutions “mirror stars”.

Some particular examples of such solutions are presented and discussed: 5D “quasi-
Schwarzschild” solution and mirror stars in the 5D electrovacuum (electric, magnetic,
quasiscalar), including cases of sources from the non-linear electrodynamics. The men-
tioned electrovacuum models are special cases of much more general and complicated
D-dimensional solutions obtained previously [1-3].

We also discuss possible ways to relate mirror stars with current astrophysical observa-
tions [4]. Physical and mathematical properties of such objects can be a subject of further
research.
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4. Nami Uchikata et al. Searching for gravitational wave echoes from black hole binary events in the third
observing run of LIGO, Virgo, and KAGRA collaborations. ArXiv: 2309.01894

CORRELATED ACCELERATIONS IN THE MONISTIC REPLICA OF EINSTEIN’S
EQUATION WITHOUT THE RIGHT-HAND SIDE

1.E. Bulyzhenkov!
1 ibphys@mail.ru; Moscow, Russia, orcid.org/0000-0003-3835-0973

The correlated 4-coordinate accelerations are responsible for the kinetic mechanism
of field-mass generation in the monistic self-assembly of non-local space-matter. Four
Hilbert variations for a continuous material filling with Euclidean 3-geometry support
equal active and passive mass densities in the monistic analogue of Einstein’s tensor
equation without right-hand side. Strict solutions lead to a verifiable alternative to
the Schwarzschild metric, Shannon potentials for information-energy distributions in
field self-organisation and to the nullification of its total mechanical energy due to
self-gravity. The monistic geometrodynamics of nonlocal cosmic hierarchies overcomes
the requirement of gravitational collapse in Bentley’s paradox at insignificant radiative
dissipation.

COSMOLOGICAL ASPECTS OF MODIFIED GRAVITY WITH HIGHER DERIVATIVES
S.V. Chervon!

1 chervon.sergey@gmail.com; Ulyanovsk State Pedagogical University, Ulyanovsk, 432071, Russia; Bauman
Moscow State Technical University, Moscow, 105005, Russia; Kazan Federal University, Kazan, 420008,
Russia

The appearance of higher order terms with arbitrary number of derivatives in the grav-
itational Lagrangian is natural if gravity emerges from some more fundamental finite
quantum theory, e.g. theory of superstrings [1].

In the talk it will be considering cosmology based on 6-th order gravity, direct def-
inition of two scalar fields for avoiding higher derivatives [1]. Lagrangian multipliers
method (in the framework of f(R, (VR)?,0JR)) gravity for reducing high order gravity to
GR with scalar fields [2] and presentation of this model in terms of chiral self-gravitation
model [3] will be considering as well. Development of modified teleparallel gravity with
higher-derivative torsion terms and problem of reducing such a model to TEGR will be
discussed.

The talk was written within the framework of Additional Agreement No. 073-03-2024-
060/1 dated February 13, 2024 to the Agreement on the provision of subsidies from the
federal budget for financial support for the implementation of the state task for the pro-
vision of public services (performance of work) No. 073-03-2024-060 dated January 18,
2024, concluded between the Federal State Budgetary Educational Institution of Higher
Education “UISPU I.N. Ulyanov” and the Ministry of Education of the Russian Federation.
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EMISSION OF GRAVITATIONAL WAVES BY COSMIC DOMAIN WALLS
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Employing the publicly available € osmo.Zattice code, we conduct numerical simula-
tions of a domain wall network and the resulting gravitational waves (GWs) in a radiation-
dominated Universe in the Z,-symmetric scalar field model. In particular, the domain
wall evolution is investigated in detail both before and after reaching the scaling regime,
using the combination of numerical and theoretical methods. We demonstrate that the
total area of closed walls is negligible compared to that of a single long wall stretching
throughout the simulation box. Therefore, the closed walls are unlikely to have a signif-
icant impact on the overall network evolution. This is in contrast with the case of cos-
mic strings, where formation of loops is crucial for maintaining the system in the scaling
regime. To obtain the GW spectrum, we develop a technique that separates physical ef-
fects from numerical artefacts arising due to finite box size and non-zero lattice spacing.
Our results on the GW spectrum agree well with Refs. [1, 2], which use different codes.
Notably, we observe a peak at the Hubble scale, an exponential falloff at scales shorter
than the wall width, and a plateau/bump at intermediate scales. We also study sensitivity
of obtained results on the choice of initial conditions. We find that different types of ini-
tial conditions lead to qualitatively similar domain wall evolution in the scaling regime,
but with important variations translating into different intensities of GWs.
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EQUIVALENCE OF A HARMONIC OSCILLATOR TO A FREE PARTICLE AND
EISENHART LIFT

S. Dhasmanal, A. Sen, Z.K. Silagadze
1 Z.K.Silagadze@inp.nsk.su; Budker Institute of Nuclear Physics and Novosibirsk State University

It is widely known in quantum mechanics that solutions of the Schroinger equation
(SE) for a linear potential are in one-to-one correspondence with the solutions of the free
SE. The physical reason for this correspondence is Einstein’s principle of equivalence.
What is usually not so widely known is that solutions of the Schrodinger equation with
harmonic potential can also be mapped to the solutions of the free Schrodinger equation.
The physical understanding of this equivalence is not known as precisely as in the case of
the equivalence principle. We present a geometric picture that will link both of the above
equivalences with one constraint on the Eisenhart metric.

GENERALIZED VECTOR-TENSOR MODELS OF AXION ELECTRODYNAMICS IN
COSMOLOGY AND ASTROPHYSICS

A.F. Shakirzyanov !

1 shamirf@mail.ru; Department of General Relativity and Gravitation, Institute of Physics, Kazan Federal
University

The presented work studies the evolution of five interacting fields. Four of them are
presented by gravitational (tensor), unit vector, pseudoscalar and electromagnetic fields;
a field theoretical approach is used to describe them. Fifth component corresponds to the
so-called dark fluid, which formally divided into dark energy and non-axionic dark mat-
ter; evolution of dark fluid and its interaction with field components is described phe-
nomenologically in the framework of relativistic hydrodynamics by equations of state of
the rheological type. Gravitational and unit vector field are the key elements of the the-
ory of dynamic aether [1]. The pseudoscalar field describes the axionic part of dark matter
[2]; the dark fluid contains non-axionic part of dark matter (WIMPs, ALPs, massive neu-
trinos, etc). The main idea of this work follows from the theory of control of dynamic
systems and is that the dynamic aether regulates the state of the axion-electrodynamic
system through two guiding functions. The guiding function of the first type determines
the effective metric of the dynamic aether, and the guiding function of the second type
determines the first minimum of the axion potential and, accordingly, the first equilib-
rium state of the axion field. Both guiding functions depend on the four differential in-
variants of the dynamic aether, due to which the idea of regulating the state of axion-
electrodynamic systems is realized. Within the framework of variational formalism, a
system of master field equations of the model is obtained. Applications to isotropic and
anisotropic cosmological models, as well as to a static spherically symmetric model of an
axionic dyon, are considered. Examples of exact solutions for various special cases are
obtained and studied [3-5].
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TIME-DEPENDENT, SPHERICALLY SYMMETRIC BACKGROUND IN HORNDESKI
THEORY

M.R. Sharov'

1 sharov.mr22@physics.msu.ru; Institute for Nuclear Research of the Russian Academy of Sciences, 60th
October Anniversary Prospect, 7a, 117312 Moscow, Russia; Institute for Theoretical and Mathematical
Physics, MSU, 119991 Moscow, Russia

We consider a general dynamical, spherically symmetric background in Horndeski
theory. Within this framework, we analyze the stability conditions for high-energy modes
and study the issue of the no-go theorem for cubic and quartic subclasses of Horndeski
theory. In particular, we formulate the no-go theorem for weak dependence on one
variable (time or radial) and derive its generalization to the cases which could be reduced
by coordinate transformation to scenarios where the scalar field has weak dependence
on one of the coordinates in the cubic subclass of Horndeski theory. Moreover, we show
that a wide class of singular solutions is also prohibited within the outlined subclass
of Horndeski theory. Furthermore, we explore the possibility of expanding the no-go
theorem to the quartic subclass of Horndeski theory, using the method previously applied
to the cubic subclass.

DISPERSION RELATIONS BEYOND THE SUPERGRAVITY HOLOGRAPHIC
APPROXIMATION

H. Dimov!

1 dimov@theor.jinr.ru, h_dimov@phys.uni-sofia.bg; The Bogoliubov Laboratory of Theoretical Physics,
JINR, Dubna, Moscow region, Russia; Department of Physics, Sofia University, 5 J. Bourchier Blvd., 1164
Sofia, Bulgaria
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Holographic models in the conformal and in a small neighborhood of the conformal
point for type IIB string theory will be considered. The quasiclassical quantization
of some classes of closed string configurations in background geometries with
maximum supersymmetry and those with finite temperature will serve as a method for
computing anomalous dimensions of operators in holographic dual theories and testing
the holographic correspondence beyond the supergravity approximation. Maldasena’s
hypothesis provides a motivation for this.

FINDING THE VALID GRAVITY THEORY FROM OBSERVATIONS OF BLACK HOLE
SILHOUETTES

V.I. Dokuchaev', K.E. Prokopiev?

1 dokuchaev@inr.ac.ru; Institute for Nuclear Research of the Russian Academy of Sciences
2 k.prokopev@minus.inr.ac.ru; Institute for Nuclear Research of the Russian Academy of Sciences

Nowadays the major problem in cosmology is in the choice of the valid gravity theory
for interpretation of the observational data. Usually in cosmology it is used the Einstein
general theory of relativity and the corresponding Friedman-Robertson-Walker equations
in the strong field limit (when gravitational potential is of the order of square of the
light velocity). Meanwhile, the general theory of relativity is verified and confirmed only
in the weak field limit in the nearest cosmological environments. Observations of black
hole images (silhouettes) opens a unique possibility for the verification (or falsification)
of modified gravity theories in the strong field limit when gravitation dominates over
astrophysical or cosmological factors. This is especially crucial for physical interpretation
of astrophysical and cosmological observations of the far regions of the Universe and for
understanding the physical origin of enigmatic dark matter and dark energy. The first
visual images of supermassive black holes M87* and SgrA* have been observed recently
by the Event Horizon Telescope. These images demonstrate a qualitative agreement
with the general theory of relativity. In the nearest future it would be possible to
quantitatively scrutinize the known modified gravity theories after construction of the
Space Millimetron Observatory with nano-arcsecond angular resolution.

HABITATION OF SUSTAINABLE CIVILIZATION INSIDE SUPERMASSIVE BLACK
HOLE

V.I. Dokuchaev!, K.E. Prokopiev?

1 dokuchaev@inr.ac.ru; Institute for Nuclear Research of the Russian Academy of Sciences
2 k.prokopev@minus.inr.ac.ru; Institute for Nuclear Research of the Russian Academy of Sciences

Enrico Fermi formulated the problem of “Great Silence of the Cosmos” by asking why
the Super-Civilizations (SCs) did not visit the Earth. Really, the more than 10 billion years
of our Galaxy existence seems to be quite enough for formation of Super-civilizations with
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the admissibility of purposeful repairing of genetic errors and constructing faster-than-
light spaceships with Alcubierre “warp” engines for easy traveling throughout the Galaxy.

We propose that super-civilizations inhabit inside the rotating supermassive black hole
SgrA* at the centre of our Galaxy to avoid the asteroid threat and other cosmic menaces.
Inside the rotating Kerr black hole there are the so-called R-regions, where there are the
long living orbits for planets or cosmic ships. These orbits are also called the “third-kind”
ones. The lifetime at these orbits is limited by gravitational wave emissions, is limited by
gravitational wave emissions, which may be diminished or completely eliminated inside
the R-region by reconstructing the spaceship into the axial symmetric solid structure
around the black hole central singularity.

There are a lot of advantages to living inside black hole. At first, orbits at R-regions are
invisible from the outside part of the Universe and so ensure the secure life. At second, the
inhabitants will see in advance the enemy intending to plunge inside black hole. For this
case there is the possibility for safe evacuation to another universe by using the one-way
Einstein-Rozen bridge.

A MODEL OF AETHERICALLY INDUCED FERMION PRODUCTION IN EARLY
UNIVERSE

A.O. Efremova’

1 anna.efremoval31@yandex.ru; Kazan Federal University, Institute of Physics, Department of General
Relativity and Gravitation, Kremlevskaya str. 16a, Kazan 420008, Russia

An exactly integrable phenomenological model is presented, according to which the
dynamic aether coupled to the spinor field ¥ opens a window for spontaneous growth
of the fermion number in early Universe. Based on the FLRW isotropic homogeneous
spacetime platform, it is shown explicitly that the function S(#) = ¥y, which is associated
with the number density of the spinor particles, can anomalously grow, reach its maximal
value and then monotonically decrease under the influence of the Universe expansion.
This process is known as spontaneous spinorization of the Universe [1].

An effective spinor mass < M(t) > is introduced as the function of cosmological time;
this quantity is calculated using solutions of the Dirac equations obtained for two exactly
integrable models. A hypothesis is suggested that in analogy with the thermodynamic
approach the known spinor particles, such as electrons, protons, etc., can appear as
the individual real particles, just when their masses (predicted by the quantum theory)
coincide with the corresponding values of the effective mass < M(t) > [2].

The idea is motivated that the energy required for the growth of the fermion number
is drawn from the energy reserve of the gravitational field, but the effective energy
redistribution between the gravitational and spinor fields takes place exclusively due to
the dynamic aether mediation.
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COORDINATE- AND SPACETIME-INDEPENDENT QUANTUM PHYSICS
V.A. Emelyanov!

1 viacheslav.emelianov@rwth-aachen.de; Department of Mathematics, RWTH Aachen University, Germany

This talk aims at presenting a quantum- field-equation solution that is not only a
zero-rank tensor under general coordinate transformations, but also common for anti-de-
Sitter, de-Sitter, closed and open Einstein static universes. Moreover, it locally reduces
to a Minkowski plane-wave solution and is non-perturbative in curvature. The former
property makes it suitable for the standard applications of quantum theory in particle
physics, while the latter enables then to gain insights into quantum physics in a strong-
gravity regime.

DESCRIPTION OF THE GLOBAL EVOLUTION OF THE UNIVERSE BASED ON
GENERALIZED SOLUTIONS OF THE COSMOLOGICAL DYNAMIC EQUATIONS

I.V. Fomin!

1 ingvor@inbox.ru; Bauman Moscow State Technical University, Moscow, 105005, Russia

The procedure for reconstructing inflationary models of the early universe is
considered based on various methods of analyzing the equations of cosmological
dynamics with scalar fields based on Einstein gravity. A variational interpretation of the
quasi-de Sitter stage of the evolution of the early universe is considered. A method for
classifying cosmological models according to the degree of expansion in a series of the
dependence of the tensor-to-scalar ratio on the spectral index of scalar perturbations is
proposed.

Exact solutions of the equations of cosmological dynamics for the universe filled with
a scalar field and additional material fields as an ideal barotropic fluid are proposed. It
is shown that in a particular case these solutions describe the scalar field equivalent of
the ACDM model. Based on the obtained solutions, models of the further evolution of
the universe over large periods of time are proposed. Also, at the small times, generalized
Friedman solutions are obtained and it is shown that the proposed models correspond to
the correct transition from the stage of cosmological inflation to further post-inflationary
stages.

An assessment of the characteristics of relic gravitational waves for the cosmological
models under consideration is presented. The effective character of scalar fields is
discussed in the context of the possible modifications of Einstein gravity as well.
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COSMOLOGICAL INFLATION BASED ON THE GENERALIZED SCALAR FIELD
POTENTIAL
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In this paper we consider a cosmological inflation model with a generalized potential
based on exact solutions of the cosmological dynamics equations, which allows to
implement the inflationary stage through various physical effects, such as spontaneous
symmetry breaking and radiative corrections. The choice of the specific mechanism
depends on arbitrary model parameters. The effective potential is derived from exact
solutions of the cosmological dynamics equations, in contrast to the method based on
the slow-roll approximation.

The constructed models are verified by modern constraints on cosmological
perturbations parameters for super-Planckian scalar fields ¢. It is shown that in the case
of Einstein-Gauss-Bonnet gravitation it is possible to apply the proposed approach for
sub-Planckian scales of the scalar field evolution.

Taking into account the non-minimal coupling impact of the scalar field and the
Gauss-Bonnet scalar, the expected relic gravitational waves contribution value is limited
to rgg < 7 x 107°. This value shows a significantly smaller relic gravitational waves
amplitude than the modern observational constraints.

SRG/EROSITA ALL-SKY SURVEY: FROM STELLAR FLARES AND NEUTRINO
SOURCES TO COSMOLOGY

M.R. Gilfanov!

1 IKI, MPA

After more than two years of scanning the sky the eROSITA X-ray telescope aboard
SRG orbital observatory produced the best ever X-ray maps of the sky and discovered
more than three million X-ray sources, of which about 20% are stars with active coronas
in the Milky Way, and most of the rest are galaxies with active nuclei, quasars and clusters
of galaxies. eROSITA detected over 10° sources that changed their luminosity by more
than an order of magnitude, including about a hundred tidal disruption events. Two
tidal disruption events are associated with IceCube neutrinos. SRG/eROSITA samples of
quasars and galaxy clusters will make it possible to study the large-scale structure of the
Universe at z ~ 1 and measure its cosmological parameters. I will review some of the
SRG/eROSITA results in the Eastern Galactic hemisphere.
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THERMODYNAMICAL PROPERTIES OF BARDEEN-TYPE BLACK HOLE IN DE
SITTER SPACETIME
D.E. Groshev!
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In this talk I present a new model of Bardeen-type nonlinear electrodynamics and

regular solution of corresponding Einstein-Maxwell equations with metric function
4 2 . .
flry =1- % + ATr. Exact expression for Hawking temperature, entropy, heat
(re+g*4
capacity are given. The issues about thermodynamical stability and p-v criticality under
consideration.

MAGNETIC CATALYSIS AND RUNNING COUPLING FOR HEAVY QUARK MODEL
VIA HOLOGRAPHY

A. Hajilou!, L.Ya. Aref’eva?, K. Rannu?, P. Slepov*, M. Usova®
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We study the influence of the magnetic field on the first order phase transition
temperature to investigate the magnetic catalysis phenomenon. For this purpose we used
the “bottom-up” approach and chose 5-dim Einstein-dilaton-Maxwell holographic model
with three Maxwell fields. In fact, we study the effect of new parameters, i.e. magnetic
field and special anisotropy on the phase diagram of QCD.

In addition, we consider the running coupling in isotropic holographic models
supported by Einstein-dilaton-Maxwell action for heavy quarks. To obtain the
dependence of the running coupling constant a on temperature and chemical potential
we impose boundary conditions on the dilaton field that depend on the position of
the horizon. At these phase transitions, the function a undergoes jumps depending on
temperature and chemical potential.
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INTEGRABLE CHIRAL COSMOLOGICAL MODELS AND MODIFIED GRAVITY

V.R. Ivanov!, S.Yu. Vernov?
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Many cosmological models, which describe the global evolution of the Universe,
include scalar fields. To describe only one epoch of the Universe evolution, single-field
models can be used. Using two-field models, one can explore multiple epochs or multiple
physical phenomena. Models with a single scalar field nonminimally coupled to gravity
can be transformed to models with a minimally coupled scalar field with a canonical
kinetic term by metric and scalar field transformations. On the other hand, it is not
possible to transform a model with two scalar fields nonminimally coupled to gravity
to a model with two minimally coupled scalar fields and a standard kinetic part of the
Lagrangian in the most general case [1]. After the metric transformation, one obtains a
general relativity model with non-standard kinetic terms of scalar fields, a so-called chiral
cosmological model (CCM) [2].

To construct a new integrable CCM with two fields, we start from models with
nonminimally coupled scalar fields. A similar single-field integrable model proposed in
Ref. [3] has an interesting feature: the Ricci scalar is an integral of motion. Recently, N-
field cosmological models with the same property have been found and their integrability
in the spatially flat FLRW metric have been proven [4].

We find general solutions of evolution equations in the Friedmann universe with
arbitrary spatial curvature for a few such two-field integrable models in a following
manner: we show that in the conformal time, the system of the evolution equations can
be transformed to a Hamiltonian system of two equations. For a few two-field polynomial
potentials, we integrate this system and get analytic expressions of the general solutions
in terms of the Jacobi elliptic functions. After finding such solutions, we obtain two-field
chiral cosmological models in the Einstein frame by the conformal transformation of the
metric.

The obtained integrable CCMs have potentials represented in terms of hyperbolic
functions.

The results of this work are presented in [4, 5].
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STRONG GRAVITATIONAL LENSING BY SPINING TIDAL CHARGED BLACK HOLE
R.Kh. Karimov!, R.N. Izmailov?, K.K. Nandi®

1 karimov_ramis_92@mail.ru; Zel’dovich International Center for Astrophysics, M. Akmullah Bashkir State
Pedagogical University, 3A, October Revolution Street, Ufa 450008, RB, Russia

2 izmailov.ramil@gmail.com; Zel’dovich International Center for Astrophysics, M. Akmullah Bashkir State
Pedagogical University, 3A, October Revolution Street, Ufa 450008, RB, Russia

3 kamalnandi1952@rediffmail.com; Zel’dovich International Center for Astrophysics, M. Akmullah Bashkir
State Pedagogical University, 3A, October Revolution Street, Ufa 450008, RB, Russia

In this work we study the observed parameters of strong gravitational lensing caused
by a spining tidal charged black hole with a tidal charge Y representing the imprint of
the fifth dimension [1]. In [2] shown that the tidal charge can be constrained by shadow
size observations using Event Horizon Telescope data. We obtain an analytical solution
for the light deflection angle of STCBH and show the difference from the Kerr (without
charge) and Kerr-Newman (with electric charge) black holes (KNBH). We show that the
tidal charge increases the light deflection angle, while the electric charge decreases it.
However, for a tidal black hole in the case when Y = a, i.e. when the tidal charge is
equal to the rotation parameter, the light deflection angle diverges. Interestingly, for
a KNBH in the case when Q = a, i.e. when the electric charge is equal to the rotation
parameter, the light deflection angle takes finite values. In this strong deflection limit,
light rays can circle the black hole several times before reaching the observer, yielding
relativistic images. The obtained analytical expressions are then used to calculate the
angular positions of relativistic images caused by supermassive galactic black holes. In
this work, we focus on the outermost image relative to the optical axis. We show that the
angular separation from the closest image to the optical axis increases with increasing
angular momentum and increasing tidal charge for both prograde and retrograde orbits.
However, in the case where Y = a, all observed strong gravitational field parameters
diverge, making it impossible to observe black holes with tidal charge equal to the rotation
parameter in this case.

This work was supported by the Russian Science Foundation under grant no. 23-22-00391,
https://rscf.ru/en/project/23-22-00391/.
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ON THE RELEVANCE OF QUANTUM CORRECTIONS TO THE MATTER
STRESS-ENERGY TENSOR IN ETERNALLY EXPANDING UNIVERSES

K.A. Kazarnovskii'
1 kazarnovskiy.ka@phystech.edu; Moscow Institute of Physics and Technology, Dolgoprudny, Russia

We study a toy-model of continuous infinite expansion of space-time with the flat start.
We use as the gravitational background a conformaly flat metric with an exponentially
growing factor in conformal time. We aim to clarify some properties of quantum fields
in such a gravitational background. In particular, we calculate one-loop corrections to
the Keldysh propagator to verify the fact of secular growth of the occupation number and
anomalous quantum average in the massless scalar field theory with selfinteractions. We
perform the calculation in arbitrary dimensions with the use of the Schwinger-Keldysh
technique. We get a secular growth which is not of a kinetic type. We provide some results
for the case of generic interaction %(/)b .

CLASSICAL AND QUANTUM MECHANICS ON FLAG MANIFOLDS

A.I. Kuzovchikov!

1 andrkuzovchikov@mail.ru; ITMP MSU

We consider two related problems, i.e. the description of geodesics and the calculation
of the spectrum of the Laplace-Beltrami operator on a flag manifold. We show that
there exists a family of invariant metrics such that both problems can be solved simply
and explicitly. In order to determine the spectrum of the Laplace-Beltrami operator, we
construct natural, finite-dimensional approximations (of spin chain type) to the Hilbert
space of functions on a flag manifold.

SPACE-BORNE GRAVITATIONAL WAVE DETECTOR TIANQIN: MISSION CONCEPT
AND CURRENT PROGRESS OF IMPLEMENTATION

V.K. Milyukov'

1 Sternberg Astronomical Institute, Lomonosov Moscow State University, Moscow, Russia; Frontiers
Science Center for TianQin, Sun Yat-sen University, Zhuhai Campus, China

TianQin is a Chinese national project of a space-based gravitational wave detector
with international collaboration. The project headquarters, the TianQin Research Center,
is located at Sun Yat Sen University (Guangzhou-Zhuhai). The GW detector will be
constructed on three identical spacecraft, forming a giant laser interferometer in a high
geocentric orbit, and aiming to record GW radiation in the 0.1 MHz — 1Hz frequency band
(sources of gravitational waves in this range include supermassive black holes in galactic
nuclei and binary systems).
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The project implementation involves the development of novel precision techniques
for inter-satellite range measurements (transponder-type laser interferometry) and
compensating non-gravitational disturbances ("drag-free satellite"), alongside the
creation of innovative analytical methods for modeling spacecraft orbits, space
constellation control, data processing and analysis.

The TianQin mission is expected to be launched around 2035. The initial phase of the
detector aims to be able to detect with a high degree of confidence a signal from a selected
most promising gravitational radiation source within a few months of observations. The
mission was proposed in 2014 and has already passed a couple of major milestones.

MULTI-OUTPUT BROADBAND FORCE DETECTION WITH POST PROCESS
SUBTRACTION OF QUANTUM BACK ACTION

A.L. Nazmiev!, S.P. Vyatchanin

1 nazmiev.ail5@physics.msu.ru; Faculty of Physics, M.V. Lomonosov Moscow State University, Leninskie
Gory, Moscow 119991, Russia

Gravitational wave detectors, one of the most precise measurement devices, are based
on the optomechanical interaction between the light and the test mass. They are capable
to resolve the displacement with the order of magnitude of 107! m. [1] Their sensitiv-
ity is limited by the quantum back action (QBA). Modern optomechanical sensors have
sensitivity that is close or exceeds the standard quantum limit (SQL) [2] of the force mea-
surement which takes place when the measurement error is equal to the QBA.

Various QBA evasion techniques have been proposed, such as variational measure-
ment, stroboscopic measurement and speedmeter based measurement. These techniques
are based on the concept of quantum non-demolition (QND) observables and QND mea-
surements [3]. Quantum mechanics free subsystems (QMFES) is a generalization of this
idea [4]. It’s a set of QND observables, measurement of which does not perturb other
observables from the set.

In this work we analyze a measurement scheme based on QMFS [5]. It is based on
the interaction of three equidistant optical modes with a mechanical oscillator. It allows
broadband resonant force sensing with sensitivity better than SQL. We propose a pos-
sible design for experimental realization and address the difficulties such as frequency
matching of the modes.

The research has been supported by Theoretical Physics and Mathematics Advance-
ment Foundation “BASIS” (Contract No. 22-1-1-47-1).
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BLACK HOLE UNIQUENESS THEOREMS IN GAUGED SUPERGRAVITIES
S.G. Ovchinnikov!

1 VHCTUTYT TeopeTudeckoit u MmateMaTuueckoi busuky ripu MI'Y um. M.B. JlomoHocoBa, MockBa, Poccust

The classification of anti de Sitter black holes is an open problem of central importance
in holography. In this talk, I will present new advances in classification of supersymmetric
solutions to five-dimensional gauged supergravity coupled to arbitrary number of Abelian
vector multiplets. In particular, we prove a black hole uniqueness theorem within a
subclass of solutions with biaxial symmetry and a certain twistor structure. This subclass
includes all known solutions of this theory, both analytic and numerical.

The logic of the proof is based on the near-horizon data only and is agnostic of the
asymptotic region. We, therefore, deduce that a classification of CFT states in the UV of
the holographic correspondence is possible to derive by deep IR arguments.

BLACK HOLES IN SEMICLASSICAL F(R) GRAVITY WITH EXTRA DIMENSIONS

A.A. Popov!, S.G. Rubin?

1 apopov@kpfu.ru; Kazan Federal University, 18 Kremlyovskaya street, Kazan 420008, Russia
2 sergeirubin@list.ru; National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), 31 Kashirskoe shosse, Moscow 115409, Russia

In this work we obtained the solution of the equations of the semiclassical f(R) theory
of gravitation (c=#%=1)

1 B B B B dfR) _8m g
—Ef(R)6A+(RA+VAV —6AD)W:m—]2)(TA>, (1)
describing a black hole in (4 + n)-dimensional spacetime

2M dr?

ds?=[1-"= a2 - —2L  _12(d0% +sin20dg?) — Ly2dQ2, @)
r ( _M)

r

where M is the integration constant, A,B,C,... = 1,2,...,4+ n, f(R) is an arbitrary

function of scalar curvature R, mp — (4 + n) - dimensional Planck mass, V 4 — denotation
of the covariant derivative, RS - Ricci tensor, O = g8V ,Vp. The additional space
is assumed to be an n - dimensional sphere of radius Ly, much smaller than the
characteristic scale of curvature [ (Lo < I) of the four-dimensional part of space
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The right part of equations (1) describes the expectation value of the stress-energy
tensor operator of the quantized matter fields. In the limit Ip; < Ly the structure of this
tensor has the form (see Popov A., Phys. Rev. D (2001), V. 64, 104005)

12
18y = ELKf(1+0(Le111?)), 3)
Lo
where in the coordinates (2)
K} = diag(K}, K{, K{, K}, KZ,...,KZ), )

and K} and Kg are constant values. The solution (2) is obtained in the case of neglecting
the small terms of the expansion (3) and is possible with the following relations between

parameters R(r) = Ry, Lo, f(Rp) and % e % .
f(Ro) =~ :g nzi?:jf(i)z’ (5)
ar; xRk -Ki)
dRIr=r, - md nn-17% " (6)
R )

In the case of quadratic gravity f(R) = aR? + R + ¢ these expressions will take the form

, nn-1) 8xm (K2 - K))

Ro m% (n-1)

(n=12(an?(n -1+ 8% (Kk{(n-2) - nk?))
m
= y D - . 9)
4(ann-12+ 4% (k! - K3))

mp
Note that taking into account the following terms of the expansion (3) leads to the
dependence of the radius of the extra space Ly, as well as the four-dimensional Planck
mass and the four-dimensional cosmological constant (under the adopted assumptions,
the theory can be reduced to Einstein’s four-dimensional theory of gravitation) on the
radial coordinate.

SPONTANEOUS BRANES FORMATION

A.A. Popov!, S.G. Rubin?

1 apopov@kpfu.ru; N.I. Lobachevsky Institute of Mathematics and Mechanics, Kazan Federal University,
Kremlyovskaya ulitsa 18, Kazan 420008, Russia

2 sergeirubin@list.ru; N.I. Lobachevsky Institute of Mathematics and Mechanics, Kazan Federal University,
Kremlyovskaya ulitsa 18, Kazan 420008, Russia; National Research Nuclear University MEPhI (Moscow
Engineering Physics Institute), Kashirskoe shosse 31, Moscow 115409, Russia
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We present a study of brane formation in six-dimensional space. Initially, the existence
of brane(s) is not assumed. However, the solution to the generalized Einstein equations
reveals that there are a set of metrics describing two static branes even in the absence of
matter fields. It is shown that massive particles are attracted to branes due to the form of
the warp factor, while the transition between branes is suppressed.

It is shown that the communication between charged particles located on different
branes provides by photons.

The Higgs field distribution between the branes is studied. The values of the 4D
physical parameters are different at both branes depending on the metric near the branes.

We also found a non-trivial effect of decompactification of the extra space when the
Hubble parameter is varied.

LINEAR PERTURBATIONS IN THE OSCILLATING SCALAR FIELD DARK MATTER
MODEL

V.A. Popov!

1 Institute of Physics, Kazan Federal University, Kremlevskaya str. 18, Kazan 420008, Russia

Coherently oscillating scalar fields act as cold dark matter in the expanding Universe.
In relativistic cosmology, this model is primarily reasoned by the evolution of a
background scalar field and its subhorizon perturbations in the matter dominated
era. A corresponding relativistic description is usually based on the ansatz that the
perturbations oscillate in the same way as the background field and on time averaging
to find the oscillation amplitudes.

In contrast, the present approach makes no initial assumptions about the perturbation
behavior and does not use time averages.

It is shown that although the previous treatments are valid only well inside the Hubble
scale, the scalar field reproduces the cold dark matter scenarios on the superhorizon
scales.

It is shown that in the radiation dominated stage there is a short wavelength cutoff of
the density perturbations of the scalar field that can explain a deficit of dwarf galaxies
when dark matter consists of low mass scalar particles.

SLOW-ROLL IN THE EINSTEIN-GAUSS-BONNET GRAVITY
E.O. Pozdeeva!

1 pozdeeva@www-hep.sinp.msu.ru; Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State Uni-
versity

We consider the Einstein-Gauss-Bonnet gravity models in different slow-roll approxi-
mations. If we introduce the Gauss-Bonnet term multiplied by a function of the scalar
field, such function can be named ’Gauss-Bonnet coupling’. In the case of minimal-
coupled gravity with scalar field the Gauss-Bonnet coupling and potential allow to re-
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produce inflationary scenarios. We study exponential type of potential and the power-
low potential. One of the recent example of power-low models are models with quadratic
and quartic potentials V = Vy¢", where the Gauss-Bonnet coupling is proportional to
(V+A)~1, Ais a positive constant. At special parameter values the models do not contra-
dict to modern observations.

MAXIMAL ANIZOTROPIC SOLUTION FOR EINSTEIN-DILATON MODELS WITH 4
MAXWELL FIELDS IN D =5

K.A. Rannu!, I.Ya. Aref’eva?, P.S. Slepov®

1 rannu_ka@pfur.ru; Peoples Friendship University of Russia (PFUR), Moscow; Steklov Mathematical
Institute, Russian Academy of Sciences (MIRAS), Moscow

2 Steklov Mathematical Institute, Russian Academy of Sciences (MIRAS), Moscow

3 Steklov Mathematical Institute, Russian Academy of Sciences (MIRAS), Moscow

In recent literature on holographic QCD, the consideration of the five-dimensional
Einstein-dilaton-Maxwell models has played a crucial role. Typically, one Maxwell field
is associated with the chemical potential, while additional Maxwell fields are used to
describe the anisotropy of the model. A more general scenario involves up to four Maxwell
fields. The second field represents spatial longitudinal-transverse anisotropy, while the
third and fourth fields describe anisotropy induced by an external magnetic field.

We consider an ansatz for the metric characterized by four functions at zero
temperature and five functions at non-zero temperature. Maxwell field related to the
chemical potential is treated with the electric ansatz, as is customary, whereas the
remaining three Maxwell fields are treated with a magnetic ansatz.

We demonstrate that for the fully anisotropic diagonal metric only six out of the
seven equations are independent. One of the matter equations — either the dilaton or
the vector potential equation — follows from the Einstein equations and the remaining
matter equation. This redundancy arises due to the Bianchi identity for the Einstein
tensor and the specific form of the stress-energy tensor in the model. A procedure for
solving this system of six equations is provided. This method generalizes previously
studied cases involving up to three Maxwell fields. In the solution with three magnetic
fields our analysis shows, that the dilaton equation is a consequence of the five Einstein
equations and the equation for the vector potential.

STRUCTURE OF THE COVARIANT CUBIC VERTICES FOR IRREDUCIBLE HS FIELDS
WITH INTEGER AND HALF-INTEGER SPINS ON FLAT BACKGROUNDS

A.A. Reshetnyak!

1 reshet@tspu.edu.ru; Tomsk State Pedagogical University, National Research Tomsk Polytechnic
University

We consider interacting massless and massive theory of higher spin fields (as possible
candidates for massive particles in the Dark Matter problem) within the BRST approach
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with incomplete BRST operator, and, firstly construct a (off-shell) general Lagrangian
covariant cubic interaction vertices corresponding to the irreducible fields with higher
integer and half-integer spins on the d-dimensional flat spacetime. To this end, we
develop a concept of deformation Noetherian procedure of free gauge theory on a base
of BRST approach with incomplete BRST operator suggested for fermioniv fields in [1],
following our results in Refs. [2], [3], [4] and covariantize the results obtained by R.
Metsaev [5] within light-cone (Dirac) approach in terms of only physical degrees of
freedom for fermionic and bosonic fields.

As compared to previous works on cubic vertices for the fields with half-integer spins,
we take into account traceless and y-traceless constraints, imposed consistently off-shell
and use the incomplete BRST operator acting on respective Hilbert space ,

Qc = qoto+nolo+n7 1l + i m1 +1(nin1 — gD P, (1)

which does not include y-trace T; constraint and its consequence with trace constraint
L = (1/2)T % (and its dual T 0 I1+1 necessary to describe together with differential
constraints (Dirac fy, d;Alambert [, divergence [; and its dual lf ) irreducible
representations of Poincare group with half-integer spins n + 1/2. The incomplete BRST
operator Q5 for HS field with integer spin does not involve Dirac operator fy = 1yHo, and
its zero-mode Grassmann-even ghosts ¢, po. The incomplete BRST operator (used here
to find gauge-invariant Lagrangian formulation for initial non-Lagrangian equations)
depends additionally, on the Grassmann-odd ghost operators 7, nf, N1, Yo, P, P/”f .
As a result, the cubic vertices is firstly covariantized and found in the Lagrangian
form within BRST approach with incomplete BRST operator given as three-vectors in
oscillator representation | V(3)>E?)13)3 with preserving the irreducibility for the fields on the
interacting level with the same (as for dynamics of free fields) numbers of physical degrees
of freedom for each copy of interacting higher spin fields incorporated into field vectors
from the respective Fock space. The operator of cubic vertex satisfies to the properties
of BRST closedness and to be y-traceless with respect to the two fiest group of oscillators
and traceless with respect to 3-rd group of oscillators corresponding to integer spin field
(QE‘D + Q(Z) (3)3 |V(3)>g’)'l;3 , (T(ll)’ T(12)’E§31))0'(i) | V(3)>E?)23 =0, (2)
(for i = 1,2,3 enumerating the copy of fields, masses (m1)3 = (my, my, m3) and spins (s)3 =
(n1+1/2,n+1/2,s3)).
We found the solutions of these equations for massless case. The solutions for the
cubic vertices within approach with complete BRST operator maybe also developed in
a straightforward way.
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SOLITONS IN THE SKYRME—FADDEEV CHIRAL MODEL AND QUANTUM
MECHANICS

Yu.P. Rybakov!

1 solitond@mail.ru; P. Lumumba Peoples’ Friendship University of Russia

We consider the essence of the well-known discussion between Bohr and Einstein
(1935) which concerned the completeness of quantum mechanics. If one followed Bohr,
then the wave function would give the probability description of an individual particle.
However, Einstein considered the wave function as an instrument for describing the
statistical ensemble of identical particles-solitons. On the other hand, Wiener found the
special a-representation of quantum mechanics for which the wave function appeared to
be an element of the random Hilbert space with the normal dispersion. This fact proves
the equivalence of Bohr and Einstein positions, the central limiting theorem being taken
into account. Moreover, we show that within the scope of the Skyrme—Faddeev chiral
model particles can be considered as self-gravitating solitons. Therefore, we infer that
for island systems with the plain asymptotic space-time quantum mechanics ensues from
Einstein gravity equations.

SPINOR FIELD IN COSMOLOGY WITH LYRA’S GEOMETRY
B. Saha'

1 bijan@jinr.ru; Laboratory of Information Technologies, Joint Institute for Nuclear Research, 141980
Dubna, Moscow region, Russia; Peoples’ Friendship University of Russia (RUDN University), 6 Miklukho-
Maklaya Street, Moscow, Russian Federation, orcid: 0000-0003-2812-8930

Shortly after Einstein proposed his famous theory of gravity, Weyl in an attempt to
unify gravitation and electromagnetic field, introduced a generalization of Riemannian
Geometry [1]. Weyl theory was not taken seriously as it contradicted some well-known ob-
servational result. In 1951 Lyra proposed a modification of Riemannian geometry which
bears a close resemblance of Weyl geometry [2]. But unlike Weyl geometry, in Lyra’s ge-
ometry the connection is metric preserving as in Riemannian geometry. In doing so he
introduced a gauge function into the structureless manifold. This theory was further de-
veloped by Sen [3], Halford [4], Sen and Dunn [5], Sen and Vanstone [6] and many others.
Recently Lyra’s geometry is being used extensively in cosmology [7, 8].

In this report within the scope of a Bianchi type-I anisotropic cosmological model with
Lyra’s geometry we study the role of a nonlinear spinor field in the evolution of the Uni-
verse. Earlier we have considered the nonlinear spinor field in Bianchi type I geometry
and found that the presence of nontrivial non-diagonal components of the energy mo-
mentum tensor leads to either the elimination of spinor field nonlinearity and spinor
mass or the space-time anisotrpy. In the present report we will discuss the role of Lyra’s
geometry and see whether it can remove these severe restrictions of space-time geometry
or spinor field itself. As the spinor field is very sensetive to geometry we hope that it may
underwent some changes. Though spinor affine connection and Einstein equations are
being changed, the final results remains almost the same at least in this model.
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TOPOLOGICAL VACUUM DENSITIES INDUCED BY COSMIC STRINGS IN ANTI-DE
SITTER SPACETIME

A.A. Saharian'

1 saharian@ysu.am; Institute of Physics, Yerevan State University, 1 Alex Manoogian Street, 0024 Yerevan,
Armenia

Anti-de Sitter spacetime is among the most popular gravitational backgrounds in
quantum field theory in curved spacetimes. We present the results of investigations
for the vacuum expectation values of local physical characteristics for scalar, fermionic
and electromagnetic vacua around a cosmic string type topological defect in anti-de
Sitter spacetime. As such characteristics, the field squared, current density and energy-
momentum tensor are studied. The topological contributions in the corresponding
expectation values are separated and their behavior in asymptotic regions of the
parameters is investigated. Applications are discussed in Randall-Sundrum type
braneworld models with general number of spatial dimensions.

SOME FEATURES OF THE EXTENDED PHASE SPACE APPROACH TO
QUANTIZATION OF GRAVITY

T.P. Shestakova'

1 shestakova@sfedu.ru; Department of Theoretical and Computational Physics, Southern Federal
University, Sorge St. 5, Rostov-on-Don 344090, Russia

In this talk, I would like to emphasize those features of the extended phase space
approach to quantization of gravity that distinguish it among other approaches. First of
all, it is the conjecture about non-trivial topology of the Universe which was supported
by Wheeler, Hawking and other founders of quantum gravity. However, this conjecture
appears to be in contradiction with the assumption about asymptotic states that is used
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in the path integral quantization of gauge theories. The presence of asymptotic states
ensures gauge invariance of the theory, but, in the case of gravity, the states exist only in
asymptotically flat spacetimes, that limits possible topologies. Then we have two ways.
The first way is to consider only asymptotically flat spacetimes. In fact, it reduces quantum
gravity to quantum field theory on a given background. The second way is to reject the
assumption about asymptotic states. In the case of non-trivial topology, one cannot
cover the whole spacetime with the only coordinate system. One has to introduce various
reference frames fixed by different gauge conditions in different spacetime regions. The
Hamiltonian describing a gravitating system will depend on gauge conditions. It leads to
the conclusion that unitary evolution may be broken down. This conclusion cannot be
obtained in approaches based on the Wheeler — DeWitt equation or making use of the
assumption about asymptotic states. The assessment of this conclusion is given.

PERTURBATIONS IN HORNDESKI THEORY ABOVE DIFFERENT COSMOLOGICAL
BACKGROUNDS

A.M. Shtennikova’

1 shtennikova@inr.ru; Institute for Nuclear Research of the Russian Academy of Sciences, 60th October
Anniversary Prospect, 7a, 117312 Moscow, Russia; Institute for Theoretical and Mathematical Physics,
Lomonosov Moscow State University, Moscow 119991, Russia

It is well-known that the construction of a fully stable solution in Horndeski theory
is severely limited by the so-called no-go theorem. In the past, various techniques have
been employed to circumvent the constraints imposed by this theorem.

We present a novel approach to constructing stable solutions in general Horndeski
theories. We studied a scenario where the previously considered unitary gauge turned out
to be singular. Based on this, we constructed a spatially flat, stable universe with a bounce
that is described by General Relativity with a non-canonical scalar field. Subsequently, we
assessed the stability of this solution with respect to small background anisotropies. To
do this, we constructed an action for perturbations over a background of Bianchi type I,
and estimated the impact of deviations from an isotropic background on our previously
established stable solution.

BOUNCING SOLUTIONS IN F(T) GRAVITY
M.A. Skugoreva!, A.V. Toporensky?

1 masha-sk@mail.ru; Kazan Federal University, Kremlevskaya 18, Kazan, 420008, Russia
2 atopor@rambler.ru; Sternberg Astronomical Institute, Lomonosov Moscow State University, Moscow,
119991, Russia

We consider certain aspects of cosmological dynamics of a spatially curved
Universe in f(T) gravity. Local analysis allows us to find conditions for bounces and
for static solutions; these conditions appear to be in general less restrictive than in
general relativity. We also provide a global analysis of the corresponding cosmological
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dynamics in the cases when bounces and static configurations exist, by constructing phase
diagrams. These diagrams indicate that the fate of a big contracting Universe is not altered
significantly when bounces become possible, since they appear to be inaccessible by a
sufficiently big Universe.

ENERGY LOSS IN HOLOGRAPHIC MODELS WITH EXTERNAL MAGNETIC FIELD
AND SPATIAL ANISOTROPY

P.S. Slepov!

1 slepov@mi-ras.ru; Steklov Mathematical Institute, Russian Academy of Sciences, Gubkina str. 8, 119991,
Moscow, Russia

Energy loss for heavy quark moving through anisotropic hot dense quark-gluon plasma
in external magnetic field is calculated within holographic approach. We calculate the
energy loss by estimation of the spatial Wilson loop behaviour using the effective
potential technique. The results for spatial string tensions are compared with drag
forces calculations in fully anisotropic models. We obtain the phase transition for string
tension between two different string configurations: calculated at the horizon and at
the dynamical wall. We consider holographic models for heavy quarks supported by
the Einstein-dilaton-three-Maxwell action with different warp-factors in the metrics.
These models discribe nonzero temperature, chemical potential, external magnetic
field and spatial anisotropy. For the models with inverse/direct magnetic catalysis, we
obtain “inverse/direct magnetic catalysis effect” for spatial Wilson loop phase transition:
temperature of this phase transition decreases/increases with magnetic field increasing,
correspondingly.

The talk is based on papers L.Y. Aref’eva, K. Rannu and P. Slepov, JHEP 07, 161 (2021)
[2011.07023]; I. Y. Aref’eva, K. Rannu and P. Slepov, Theoret. and Math. Phys., 206:3
(2021) [arXiv:2012.05758]; I. Y. Aref’eva, A. Hajilou, K. Rannu and P. Slepov, Eur. Phys.
J. C 83, 12, 1143 (2023) [arXiv:2305.06345].

BLACK HOLE: ACCRETION VS HAWKING RADIATION IN THE EXPANDING
UNIVERSE

L.A. Solnyshko!, E.V. Mikheeva?

1 solnyshko.la@phystech.edu; Moscow Institute of Physics and Technology, Institutskiy per. 9,
Dolgoprudny, Moscow Region, 141701, Russia; Astro Space Center of P.N. Lebedev Physical Institute,
Profsoyuznaya 84/32, Moscow, 117991, Russia

2 helen@asc.rssi.ru; Astro Space Center of P.N. Lebedev Physical Institute, Profsoyuznaya 84/32, Moscow,
117991, Russia

Primordial black holes (PBH) are black holes that may have formed shortly after the
birth of the Universe. Unlike astrophysical black holes, which are formed as a result of
the gravitational collapse of a massive star, primordial black holes are born as a result
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of the collapse of density inhomogeneity in the Universe. For many years, primordial
black holes have remained a viable candidate for dark matter, a suggestion that was also
made following the detection of gravitational waves by the LIGO. In 2022, the James Webb
Space Telescope discovered massive early galaxies. The PBHs have been put forward as an
explanation for their existence.

In this paper, we investigated the evolution of the mass spectrum of primordial
black holes (PBHs) in the expanding Universe under the action of Bondi-Hoyle-Lyttleton
accretion and Hawking radiation. For this paper, the initial mass spectrum of primordial
black holes was assumed to be independent of mass.

We also studied the critical mass of primordial black holes for different stages of the
Universe: the radiation-dominated epoch, the matter-dominated epoch, and the dark
matter-dominated epoch. The importance of these values is due to the fact that the
energy formed after the evaporation of primordial holes can affect further processes
in the Universe. It turned out that after the radiation-dominated epoch, all primordial
black holes with a mass of up to ~ 101133 g evaporated, and after the dust stage - up to
~ 1014 g Also, through the analysis of theoretical calculations, it was revealed that
Bondi-Hoyle-Littleton accretion does not have a significant effect on evaporation due to
the strong dominance of the processes under consideration at different initial masses.
These results are in good agreement with J. H. MacGibbon and B. R. Webber "Quark- and
gluon-jet emission from primordial black holes: The instantaneous spectra that suggests
that photons contribute a quarter of the total power to Hawking radiation.

A COSMOLOGICAL BOUNCE IN THE THEORY OF GRAVITY WITH NON-MINIMAL
DERIVATIVE COUPLING

S.V. Sushkov!

1 sergey sushkov@mail.ru; Institute of Physics, Kazan Federal University, Kremliovskaya St. 16a, Kazan
420008, Russia

We investigate isotropic and homogeneous cosmological scenarios in the scalar-tensor
theory of gravity with non-minimal derivative coupling of a scalar field to the curvature
given by the term ({/ HS)G“VV“(pVV(p in the Lagrangian. In general, a cosmological
model is determined by six dimensionless parameters: the coupling parameter {, and
density parameters ( (cosmological constant), Qo (spatial curvature term), Q3 (non-
relativistic matter), Q4 (radiation), Qg (scalar field term), and the universe evolution
is described by the modified Friedmann equation. In the case { = 0 (no non-minimal
derivative coupling) and Qg = 0 (no scalar field) one has the standard ACDM-model,
while if Qg # 0 — the ACDM-model with an ordinary scalar field. As is well-known, this
model has an initial singularity, the same for all k (k = 0, +1), while its global behavior
depends on k. The universe expands eternally if k = 0 (zero spatial curvature) or k = —1
(negative spatial curvature), while in case k = +1 (positive spatial curvature) the universe
expansion is changed to contraction, which is ended by a final singularity. The situation
is crucially changed when the scalar field possesses non-minimal derivative coupling to
the curvature, i.e. when { # 0. Now, depending on model parameters, (i) There are three
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qualitatively different initial state of the universe: an eternal kinetic inflation, an initial
singularity, and a bounce. The bounce is possible for all types of spatial geometry of the
homogeneous universe; (ii) For all types of spatial geometry, the universe goes inevitably
through the primary quasi-de Sitter (inflationary) epoch when a(#) elas(Hol) with the de
Sitter parameter hfl ¢=1/9¢-8¢ le 27Q¢. The mechanism of primary or kinetic inflation
is provided by non-minimal derivative coupling and needs no fine-tuned potential; (iii)
There are cyclic scenarios of the universe evolution with the non-singular bounce at a
minimal value of the scale factor, and a turning point at the maximal one; (iv) There is a
natural mechanism providing a change of cosmological epochs.

BILINEAR CURRENTS IN 4D HIGHER-SPIN THEORY

Yu.A. Tatarenko!
1 tatarenko.iua@phystech.edu; LP1 RAS, MIPT

Present talk is based on works [1, 2].

Unfolded formalism developed by Vasiliev is an efficient approach to the higher-spin
(HS) theory (see [3] and references therein for the details). Unfolded description of dy-
namical system includes unfolded equations which encode not only dynamical equations
but also equations that express auxiliary fields via derivatives of dynamical fields. Accord-
ing to lemma formulated in [4], dynamical fields, dynamical equations and differential
gauge symmetries are described by cohomology groups of operator o_ appearing in the
unfolded equations.

The afore-mentioned lemma is a powerful tool for analysis of unfolded systems (see
e.g. [5]). In the present work the o _-cohomology technique is applied to the problem of
bilinear HS currents classification. Conservation laws for the currents can be rewritten in
the form of unfolded equations, thus the statement about o - -cohomology can be adopted
to this case: cohomology of o_ describe conserved currents, conservation laws and dif-
ferential gauge symmetries of currents. The respective cohomology groups of o_ were
calculated in the case of 4d HS theory. The correspondence between obtained classifica-
tion of bilinear HS currents and the known classification of cubic Lagrangian vertices [6,7]
was predictably established.

Construction discussed above provides no opportunity of fixing the coupling constants
of the currents. This can be done with the help of the non-linear HS theory (Vasiliev
theory). The perturbative analysis at the second order shows that non-linear equations
induce the bilinear current made of fields of spins s; and s, in Fronsdal equations for
spin-s field of the following structure:

J= g1]é§§r£51]+[521—2min{s, s1, S2} + gzjgllgr{mHSz] + gsjésc]l:ir[snﬂ&] ’ (1)
where the superscripts and the subscripts refer to the derivatives number and to the par-
ity, respectively. Expression (1) includes all the possible types of bilinear HS currents (and
contributions of all types of cubic vertices). Vasiliev theory in Ad S, has one free complex
parameter n = Inleiﬁ, and the coupling constants in (1) are expressed via this parameter:
g1 =1n1%, g2 = nl? cos29 and g3 = |n|?sin29.
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LUMINAL EXTENSIONS OF HORNDESKI THEORY AND BEYOND
M. Valencia-Villegas!

1 mvalenciavillegas@itmp.msu.ru; Institute For Theoretical and Mathematical Physics, Moscow State
University

The application of Horndeski theory for late time cosmology is heavily constrained by
the strict coincidence in the speed of propagation of gravitational and electromagnetic
waves since the event GW170817. These constraints presuppose that the minimally
coupled photon is not modified, not even at the scales where General Relativity (GR) may
need modification. We show simultaneous modifications of GR and electromagnetism,
inspired by Kaluza-Klein compactifications, such that the gravitational waves are
automatically Iuminal. This holds without particular choices of scalar potentials
G4(, X), G5(r) in Horndeski theory and more generally, in some subclasses of DHOST
IA.

This report is mainly based on 2405.02281 and 2408.04626.

HOLOGRAPHIC APPROACH TO THE LIGHT QUARKS RUNNING COUPLING:
ISOTROPIC CASE

M.K. Usova'

1 usovamk@mi-ras.ru; Steklov Mathematical Institute of RAS

We investigate the running coupling behavior in a holographic isotropic model of light
quarks supported by Einstein-Maxwell-dilaton action. In order to take into account the
QCD phase structure for the light quarks, we apply different dilaton boundary conditions
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depending on the black hole horizon. One of the boundary conditions is consistent with
lattice calculations of string tension between quarks at zero chemical potential, other one
corresponds to the dilaton field vanishing at the horizon. It is shown that the choice of
boundary condition effects on the coupling in general and only one choice represents its
proper behavior. It is also revealed that at the 1-st order phase transition line the coupling
undergoes jumps depending on temperature and chemical potential.

PRODUCTION OF PRIMORDIAL BLACK HOLES IN INDUCED GRAVITY MODELS

S.Yu. Vernov!, E.O. Pozdeeva?

1 svernov@theory.sinp.msu.ru; Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State Univer-
sity, Leninskie Gory 1, Moscow, 119991, Russia

2 pozdeeva@www-hep.sinp.msu.ru; Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State Uni-
versity, Leninskie Gory 1, Moscow, 119991, Russia

The hypothesis of the existence of primordial black holes (PBH) is supported to the
increasing amount of direct and indirect observations of black holes with masses beyond
the astrophysical range, the occurrence of which is not described by models of stellar
collapse. The possibility that a significant fraction or even the totality of the dark matter
is not a new form of matter but consists of PBHs is actively discussed [1-3].

PBHs may have formed from the gravitational collapse of density inhomogeneities,
generated during inflation [3]. Their abundance and mass can be related to features of the
inflationary spectrum of curvature perturbations. A large amplification of the amplitude
of the inflationary spectrum at scales shorter than those probed by CMB is necessary in
order for perturbations to collapse and form PBHs during the radiation domination era.

In this talk, we discuss the conditions for PBH formation that can be created in both
one-field and two-field inflationary models.

In one-field models, a finely tuned inflationary potential is required in order to achieve
the desired level of amplification. This fine-tuning imposes severe constraints on the evo-
lution of the inflaton field and constructing models of inflation that lead to the desired
scalar power spectrum can be challenging. We employ the superpotential approach to
reconstruct the necessary features of the inflaton potential for driving inflation and gen-
erating the desired curvature perturbations. We apply this technique to one-field induced
gravity models [4].

We also propose a two-field inflationary model with the induced gravity term. By us-
ing the conformal transformation of the metric, we get the chiral cosmological model with
two scalar fields. We demonstrate that the constructed inflationary model do not contra-
dict to the recent observation data and is suitable for PBH formation. The estimation of
PBH masses allows to consider PBHs as dark matter candidates [5]. This study was con-
ducted within the scientific program of the National Center for Physics and Mathematics,
section 5 ’Particle Physics and Cosmology’. Stage 2023-2025.
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MODELS OF FORMATION AND EVAPORATION OF REGULAR BLACK HOLES
V.D. Vertogradov'

1 vdvertogradov@gmail.com; Physics Department, Herzen Pedagogical University of Russia

General relativity predicts the existence of black holes. These objects, according to
Penrose’s theorem, must contain a singularity in the center. The existence of a singularity
indicates that general relativity can no longer be the theory that describes such dense
and small objects. In this regard, the interest of the scientific community is increasingly
turning towards the existence of regular black holes. In this work, we constructed a
model of regular black hole supported by Hagedorn fluid. Models of the formation and
evaporation of this black hole, as well as a number of other models with an arbitrary
equation of state, were also considered. We also establish the connection between energy
conditions and the behavior of the apparent horizon and showed that the fulfillment or
violation of energy conditions has a connection with the shadow of a black hole, and
therefore can be observed.

LIGHT TRANSPORT AND IMAGES OF COMPACT OBJECTS IN EFFECTIVE
GEOMETRY, SOURCED BY NED

AV. Vorokhov!, D.E. Groshev?

1 alexei.vorohov@yandex.ru; Kazan Federal University, Institute of Physics, Department of Relativity
2 groshevdmitril @mail.ru; Kazan Federal University, Institute of Physics, Department of Relativity

Inlight of the recent findings from the Event Horizon Telescope (EHT) Collaboration [1]
and other observational projects, it is promising to validate models of nonlinear elec-
trodynamics from observations of compact objects such as black holes, wormholes, and
neutron stars. These objects are believed to have some of the strongest electromagnetic
fields in nature, making them intriguing candidates for testing these models.

Since any physical observation is based on the registration of radiation or particles (of
any kind), it is essential to simulate the transport of particles and light in strong gravi-
tational fields in the vicinity of such objects in order to predict observable data for grav-
itationally compact objects. Currently, there are several state-of-the-art numerical solu-
tions available for this purpose. An overview of these solutions has been conducted in
the context of verifying the consistency of the EHT observations [2].
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Despite the effectiveness of these solutions, they are difficult to modify for application
when the spacetime geometry is altered by NED. As shown by Novello [3], in the domain
of NED, the motion of light rays should be governed by effective metrics.

To address this, we have developed our own Python module called bhtrace [4], which is
computationally less effective than the aforementioned codes but can be easily modified
for application in the realm of nonlinear electrodynamics and other modified spacetime
geometries. We have validated this module on two tasks for which exact solutions are
known: the motion of light in flat space and in the Schwarzschild metric. In the next
stage, we have modeled light transport and images of thin accretion disks for static black
holes and wormholes under several models of nonlinear electrodynamics.
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HOLOGRAPHIC MODEL FOR COLOR SUPERCONDUCTIVITY IN D-DIMENSION
BULK

Vu H. Nguyen!, Trung V. Phan®
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Institute of Physics, VAST, 10000, Hanoi, Vietnam
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Baltimore, MD 21218, USA

We generalize the concept of holography for the color superconductivity (CSC) phase
by considering d-dimensional Anti de Sitter (AdS) space instead of the traditional
6 dimensions. The corresponding dual field theory is a gauge theory with SU(N,)
symmetry defined in (d — 1)-dimensions that, despite lacking a confinement phase,
retains characteristics consistent with quantum chromodynamics (QCD) CSC. We then
use a holographic model based on Einstein-Maxwell gravity and the standard Maxwell
interaction in d-dimensional AdS space to investigate this phenomenon for the number
of colors N, = 2 without confinement phase, identifying the dimensions where the model
remains valid for N, = 2.
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THIN ACCRETION DISC OF CHARGED ROTATING BLACK HOLE ON A 3-BRANE

R.M. Yusupova!, R.N. Izmailov?

1 yu.rose@mail.ru; Zel’dovich International Center for Astrophysics, M. Akmullah Bashkir State
Pedagogical University, 3A, October Revolution Street, Ufa 450008, RB, Russia

2 izmailov.ramil@gmail.com; Zel’dovich International Center for Astrophysics, M. Akmullah Bashkir State
Pedagogical University, 3A, October Revolution Street, Ufa 450008, RB, Russia; Institute of Molecule and
Crystal Physics, Ufa Federal Research Centre of the Russian Academy of Sciences, 151, Prospekt Oktyabrya,
Ufa 450075, RB, Russia

The Randall-Sundrum model (Type II) is one of the simplest theories in brane
cosmological models inspired by string theory (M-theory), which involves a positively
tensioned brane in a bulk with one extra dimension and a negative cosmological constant
[1]. The appearance of extra dimensions also leads to different properties of black
holes [2,3]. In this work, we shall study the kinematic (radial velocity and specific
angular momentum of the orbiting particles) and emissivity properties (temperature and
luminosity) of thin accretion disks around the spinning black holes having a tidal charge
in a Randall-Sundrum braneworld model [4] using the Page-Thorne approach [5]. For
illustration, we choose as a toy model a stellar-sized spherically symmetric black hole
and find that accretion disks of charged black holes are always colder and dimmer than
accretion disks of Kerr black hole. We also show the influence of tidal charge and rotation
parameter on the disk efficiency.

This work was supported by the Russian Science Foundation under grant no. 23-22-00391,
https://rscf.ru/en/project/23-22-00391/.
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A UNIFIED APPROACH TO THE DESCRIPTION OF ‘DARK ENERGY’ AND ‘DARK
MATTER’ WITHIN THE FRAMEWORK OF THE MODIFIED THEORY OF INDUCED
GRAVITY

F.Sh. Zaripov!

1 farhat.zaripov@kpfu.ru; N. Lobachevsky Institute of Mathematics and Mechanics, Kazan Federal Univer-
sity, Kazan, Russia

The work is a continuation of the author’s research, which proposed a modified theory
of induced gravity (MTIG)([1], [2]). In this paper the MTIG equations with quadratic po-
tential are considered. The solutions of the equations of geodesic curves are investigated
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for the case of centrally symmetric space and in cosmological models. The problems of
the so-called "dark energy" (DE) and "dark matter" (DM) within the framework of MTIG
are described from a unified point of view.

The oscillatory nature of the solutions leads to the appearance of a gravitational po-
tential containing a spectrum of minima, and not just one, as in the theory of Newton -
Einstein (Schwarzschild - de Sitter solution); and can also lead in the second part of the
period to antigravity, which is expressed by the opposite acceleration of the test body.
Such solutions lead to the distribution of the potential of the gravitational field creating
an additional mass effect at large distances and are well suited for modeling the effect of
dark matter in galaxies. The same oscillatory nature of solutions in cosmological models
leads to the emergence of cycles of accelerated and decelerated expansion of the Universe,
as well as to an increase in the age of the Universe.

It is shown that in the vicinity of the galaxy, at least three types of zones can be distin-
guished. For rg > r < r¢;, this is the Schwarzschild zone, where the behavior of geodesics,
with an accuracy of the order of 1072 + 10719, does not differ from the Schwarzschild so-
lutions, although it is possible to design experiments to detect them. Further, the zones
of antigravity and gravity are periodically repeated with increasing r. We have obtained
many solutions for orbits that are impossible in the theory of Newton and Einstein. Com-
parison of such solutions with unexplained astronomical observations is the task of sub-
sequent research.
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YPABHEHUE HIPEIWHTEPA [IJIS TIOJIEBBIX MOJIEJIEN: OCOBEHHOCTU
CTPYKTYPbI U UHTEPITPETAIIVA PEIIEHUI

P.U. Aitsina OHbs!

1 ayyala@sfedu.ru; Oxxub1it PenepanbHblii YHUBEPCUTET

Ha gaHHBI/i MOMEHT CYIIECTBYET HECKOJIBKO ITOAX0A0B K KBAHTOBAHMIO TPaBUTALIUN,
BKJII0YAsl reOMeTpoAMHaMuUKy Yusiepa—/le ButTa, meTieByl0 KBAaHTOBYIO I'PaBUTALIUIO U
Teopuio CTpyH. HecMoTpsI Ha 3HaUMTe/IbHbIE JOCTMKEHMS B paMKaX 3TUX MOIX0 0B, KasK-
IbIV M3 HUX CTAIKUBAETCS C GYHAAMEHTATbHBIMM KOHIIEIITYaJIbHBIMU TPYIHOCTSIMMU, KO-
TOpPBIE BBI3BIBAIOT IMCKYCCUM B HAYYHOM coobIecTBe. Harpumep, B reoMeTpoAHAMMA-
Ke Yuiepa-/le Butra cyiiecTByeT Tak Ha3biBaeMasl «IIpobjemMa BpeMeHU», CBSI3aHHas
C TeM, YTO BpeMeHHOJ IapaMeTp Kucue3aeT U3 ypaBHEHMUS, UTO JejlaeT 3aTPyIHUTEb-
HBIM OIlpefiesieHMe OuHaMuku. Teopus CTpyH TpebyeT moOaBaeHMS OOIOJTHUTETbHBIX
M3MepeHMii, UTO BbI3bIBAeT BOIMPOCHI OTHOCUTENbHO UX (PM3MUYECKOii MHTepIIpeTaluin.
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[TeTieBast KBaHTOBAs rPaBUTALVsSI, B CBOIO OUepeab, OCHOBBIBAETCS Ha JAMCKPETU3AIUN
MPOCTPaHCTBa-BpeMeH! Ha MaJIbIX MacilTabax, YTo Takke CO3/4aeT CJI0SKHOCTHU MPU UH-
TepIpeTalyy 1 COrIacOBaHMM C Hab/II0JaeMbIMM CBOVICTBAMM ITPOCTPAHCTBA-BpPEMEHN.

B KauecTBe ajbTepHATUBbI YKa3aHHbBIM ITOIX0IaM HaMM ITpeIJI0KeH HOBbI MeTO/I, OC-
HOBaHHbI Ha (opmann3Me pacHIMpeHHOro ¢asoBOro MpoCTPaHCTBA. DTOT METOI, M03-
BOJISIeT BbiBeCTU ypaBHeHMe llIpeauHrepa Aj1s1 KaaMOPOBOUHBIX TeOpUit, TAKMX Kak rpa-
BUTalMsI. B maHHOM paboTe mpencTaBieHO 0000IIeHre MeTOma KBAaHTOBAHMS JIST CH-
CTeM C KOHEUHBIM UMCJIOM CTereHel CBOOOIbI, MpeayioykeHHOro YeHToM, TTO3BOJISIIOIee
royiy4aTh ypaBHeHue IllpeayHrepa i CUCTEM, OIMMChIBAEMBIX ITOJIEBBIMY (QYHKIIMSIMMN.
B pesynbTaTe MccienoBaHuii ObIIO MOTYUYEHO MHTErpo-auddepeHalbHOEe YpaBHEHME
[llpenuiHrepa, comepskaliee AOTIOJHUTEIbHbIE UJe€HbI, CBSI3aHHbBIE C TYXOBBIM CEKTOPOM
s deKkTUBHOrO AeiicTBUS. [laHa MHTepIIpeTalus CTPYKTYpbl. TakKe IOTyYeHbI pelleHUsT
st cpepruecky CMMMETPUYHOM CUCTEMBI IIPU Pa3JIMYHbIX KaJMOPOBOYHBIX YCIOBUSIX:
N =1/V, coorBeTcTByIO1I€ee pemeHnto llIBapummibga, 1 N = 1, COOTBETCTBYIOIIEE pe-
weHuno TonmaHa.

ACTPOHOMMYECKVE OTPAHNYEHNS HA PACHIMPEHNS OTO

C.0. Anexcees!, O.11. 3ennn>

1 alexeyev@physics.msu.ru; TAVII MI'Y
2 dkiiiabu4@gmail.com; @O MI'Y

B omy61iMKOBaHHOM HaMM HeCKOJIbKO JieT Ha3aj o63ope [1] ob6cyskaancs CriekTp BO3-
MOKHOCTEJi MOJyYUTh HOBYIO MH(POPMAIIMIO 1 HAJIOXKUTh TOTIOJIHUTEIbHbIE OTpaHMYe-
HMSI Ha CII0COOBI M METOMBI paciiupeHus 061eil Teopun oTHocuTenbHocT (OTO), 6epsi B
pacyeT aCTpOHOMMUYECKMe JaHHble, a MMEHHO: paAnyC pa3BOpOTa Ha MacIITabax Kjiacre-
POB (B peskuMe 00bsICHEHNSI TEMHOJ 9Hepruu u cpaBHeHMs ¢ ACDM), TeHelt UepHBIX IbIP
(B pexkume cpaBHeHUS Impoduieii TeHel, paCYMTaHHbIX TeOPeTUUECKM B paMKaxX KaK-
Imovi U3 mopeneii ¢ pesyabratamu nmpoekta Event Horizon Telescope), rpaBUTalMIOHHO-
BOJIHOBOJ aCTPOHOMMM, ABOMHBIX IyIbCcapoB, COTHEUHOV CUCTEeMBI U Ip. B HacTosmen
paboTe, UCITO/Mb3YsI HEIABHO IMOTyYeHHbIe aCTPOHOMMYECKIMEe JaHHbIe, a TAK)Ke Ha OCHO-
BaHMM HOBBIX TEOPETUYECKMX PE3Y/IBTATOB B 9TOM HaIPaBIe€HNUY, YTOUHSIIOTCS 06CYyKIa-
emble crioco6bl pacmmpenust OTO 1 moyyeHHbIe paHee orpaHnuYeHus (B CIydae TeHe:
C YYETOM BpallleHUsI YepHBIX AbIp [2—4], 60ee MOAPOOHO 3TU BOMPOCHI OOCYKIAIOTCS B
nokinane O./1.3eHMHA) 1 COCTOSTHMS HAOTIOAeHMIA B TPaBUTALIMOHHO-BOJIHOBOJ aCTPOHO-
muu [5].

BaaromapHocTu. Pa6ora nogmepmana rpaatom PH® 23-22-00073.
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TE3UCbl JOKNALOB / ABSTRACTS 51

4. C. 0. Anekcees, A. A. Baiinepun, O. U. 3eHnn ModenuposaHue meHeli UepHbiX 0blp 8 paACUUPEHHBIX 1eo-
pusix epagumayuu: yuem spawjeHus u cesi3arHole 3¢ gpexmot, JKITD, Ha pacCMOTPEHUMN.

5. N.H.Yex, C.0. AnexkceeB, I'paBUTalIMOHHbIE BOJTHBI B PaCIIMPEHHBIX TEOPUSX I'paBuTaluy, YOH, Ha pac-
CMOTpPEeHUN.

CVIIEPAJITEBPA JE CUTTEPA: OIIEPATOPHAS PEAJIN3AIIVISL, CYIIEPMETPUKA
N CVIIEPYACTULIA

A.B. AMunosa', M.X. JlionuHCKMit>

1 asya.aminova@kpfu.ru; Kazaackuit (IIpuBomKcKmit) henepaabHblil yHUBepcuTeT, I. Kasanb, 420008, Poc-
cust
2 miklul@rambler.ru; Kasauckuii (ITpuBO/DKCKMiL) dhemepanbHblil yHUBepcuTeT, T. Kasanb, 420008, Poccus

B pamMKkax pMMaHOBOI1 CylilepreoMeTpuy MOCTPOeHa MOeJb CyIlepIIPOCTPaHCTBa A€
Currepa. HalipeHa MHBapMaHTHAas CyllepMeTpMKA. 3alucaH CylepaHaIor OeCTBUS
OitHITeltHa-I'MIbOepTa C JIarpaH>KMaHOM B BiJle TPacCMaHOBOM (PYHKIIMY C eCTECTBEHHO
BO3HMKAIOUIMMM OTPaHUYEHMUSIMIM Ha KOHCTAHTBI. [IoCTpoeHbI BhIpaskeHUsI 711 000011eH-
HbIX KOOPAMHAT U UMITYJIbCOB.

Mbl paccMaTpuBaeM CYyIepcMMMETPHMI0O KaK aBTOMOp(M3M cymepreoMeTpuueckoit
CTPYKTYPbI, B YaCTHOCTM, KaK MHOUHUTE3UMAaJIbHOE CyTIepIipeodpa3oBaHiie, OCTABJISIIO-
11ee HeM3MeHHOM MeTPUKY CyllepIpoCcTpaHCcTBa. MeTpuKa onpenenseTcs Kak UHBapMaHT
CYTeprpyIibl Ipeobpa3oBaHmii B myxe KieitHOBCKO IpOrpaMMmbl, 1jiest KOTOPOJi 3aKJTI0-
YyaeTcsl B paCCMOTPEHUM CUMMETPUM, WIJIU TPYIIbI Tpeodpa3oBaHMii KaK OCHOBBI OIIpe-
neneHus reoMmeTpun rpocTpaHcTsa [3]. [IpenoxkeHa Mmozesb Cynepo6061ieHNs anre6pbl
M30MeTPHI1 IIpoCcTpaHCcTBa e Cutrepa:

[MB, MESs) = 0 MBS + 0" M~ MBS - " M, M)
b b b b b
[Mps, Ppsl =17 Ppg =1“Pps, [PgS’PDS] = -KMpg, (2)
ab _1 ab\p
Qaps, Mpg| = 2(7/ )aQpDS 3
.SDS\/?
[Qans, Pfs] = —ZT(V“)QQ;;DS, “)
{Qaps, Qppst = ist\/f(YabC‘l)aﬁMﬁ@ +2(Yac_1)aﬁpgs» )
rae sps = 1 g cyneprpoctpadcTa e Currepa u Sps = —1 [JIs CyIeprpocTpaHCTBa

aHTu — zie CuTTepa, (y“)g - ramma-marpuupt lupaxa, C = iy%y%y = 3 (yayb — yPy9)

[4], [5], K- KOoHCTaHTa.

HajineHna peanusaiusi cyrnepanareops (1-5)B Buge cynepanddepeHIMaabHbIX onepa-
TOPOB, AeCTBYIOIINX B BOCbMUMEPHOM CyIleprpocTpaHcTBe Ae CUTTepa ¢ KOOpAUHaTa-
Mu x4,0%, roe x* — KOOpAMHATHI B ITpocTpaHCTBe me CuTTepa, a 0% - aHTMKOMMYTUPYIO-
11ie KOOpAMHATHI.
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BelunciieHa MHBapMaHTHAas OTHOCUTENBHO 3TUX OIEpaTOPOB METpPUKa CYIepIIpo-
cTpaHcTBa e CUTTepa, cIysKalias cyrepooooieHeM MeTpUKY Teopuu DiiHIITeliHa. Ha-
anuane “mymmm”, comepskalleii aHTMKOMMYTUPYIOIIVE IiepeMeHHbIe, IIPUBOIUT K HeOKM-
OaHHBIM CBOJCTBAaM KPUBM3HBI CYyIIePIIPOCTPAHCTBA.

3amucaH cyrepaHaJior geicTBus ditHiTetHa-['MibbepTa [1]

A= f deR\/m,

rae Ber — cynepAeTepMUHAHT [2].
[TocTpoeHsbl BbipaxkeHUs J1s1 060011 HHBIX KOOPAVHAT U UMITY/IbCOB.

JIuteparypa
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HABJ/IIOAJEHVE CBEPXMACCHUBHBIX YEPHBIX IbIP 1 KPOTOBBIX HOP ITPU
IMOMOII HABEMHO-KOCMHUYECKOTI'O PCAB B ITIPOEKTE ‘MWIJIMMETPOH’

A.C. AugpuaHoB!

1 andrian@asc.rssi.ru; ACTpoRKoCMUUeCcKuii eHTp, Pusmuueckuiit uHCTUTYT uM. I1. H. Jle6egesa Poccuiickoit
akagemMuu Hayk, 117997, Mocksa, Poccust

CBepxMacCcUBHBIE OOBEKTHI B LIEHTPAX OIVKAMIINX raJIaKTUK SIBJISTFOTCSI XOPOIIIMM Me-
CTOM [JIsI IIPOBEPKM 00IIel i Teopuy OTHOCUTEIbHOCTU. HabmogeHne TeHel TakKux 00b-
€KTOB MOXEeT IIOMOYb CIeJIaTh BhIOOP MEXIY MOJEeIbl0 CBEpPXMAaCCUBHOI YEpPHOI IbI-
PBI 1100 KPOTOBOJ HOPHI [JIS LIEHTPAJTbHOIO 00bEKTa. A Takke 00ecIieunTh HafeKHbIe
M3MepeHMsI OCHOBHbBIX ITapaMeTPOB METPUKM B CIyuae UepHOI IbIPbl: CITMHA M MacChl.
Peanusyemsbiit B Actpo kocMuueckoMm 1eHTpe ®UVAH (AKL, ®MAH) nmpoekT Ha3eMHO-
KOCMMYECKOro MHTepdepomMeTpa CybMU/UIMMETPOBOTO AManasoHa (IIpoekT ‘MuuimmeT-
POH’) TTO3BOJIUT MOMYUUTDH U300paskeHMST TEHEN LIEHTPATbHbIX CBEPXMAaCCUBHBIX 00BEK-
TOB, a TAK)XXe MCC/IeoBaTh TOHKYIO CTPYKTYPY T€HM, TaKylo Kak (OTOHHbIE KOJbIIA (JIMH-
3MpOBaHHbIEe M300pakeHNe aKKPeLMOHHOI0 I1cKa, oOpasyemble JydyaMu, OeIalomyiMu
HECKOJIBKO TT0JTyOO0POTOB BOKPYT I[€HTPATbHOTO MaCCUMBHOTO 00bEKTA) IJIsI HECKOIbKIUX
IeCATKOB O/MKaMIIMX raJlakKTHK.
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O CITMHOBBIX CBA3HOCTSX KAK IIEPEMEHHBIX KBAHTOBAHUSA
IT'PABUTAIINN

A.B. Ap6ysoB!, A.A. HukureHnko?

1 arbuzov@theor.jinr.ru; OGbeqVHEHHBII MHCTUTYT SAEPHBIX MccIemoBaHuit, JlabopaTopusl TeopeTuye-
ckoit pusuku umenu H.H. Boromo6oBa. Poccnsi, 141980, MockoBcKast 06;1acTb, . [Iy6Ha, yi.JKonmo-Kopn,

I. 6.
2 nikitenko@theor.jinr.ru; O6beIMHEHHBI MHCTUTYT SIAE€PHBIX MCCAeA0BaHMit, JlTabopaTopust TeopeTuye-

ckoit pusuku umenu H.H. Boromo6oBa. Poccnsi, 141980, MockoBcKasi 06;1acTb, . [Iy6Ha, yi.JKonmo-Kopn,
I. 6.

B mokname paccMaTpMBaeTCs MHBAPYAHTHAsI OTHOCUTEIBHO ITPeobpa3oBaHmii Beis
u v _ 2D = U v
gudx"edx" =e "7 gy dyedy’, (1)

Bepcust OTO ¢ gelicTBUeM

SccGr = fd X\/7

roe Mp — macca Ilnanka, a Mp = Mpe‘D — KoHdopmHasg Mmacca [linaHka. Vcrionb3yeTrcs
TeTpaJHbI (OpMas3M CO CIMHOBOI CBSI3HOCTBIO. 3yuaeTcst TUIIOTE3a O TOM, UTO (hyH-
TaMeHTaJIbHbIMM IIepeMeHHbIMY KBAHTOBO rpaBUTALIUM SIBJISIIOTCS KOMITOHEHTbI AMHA-

MMYeCKO¥ YaCTU CIIMHOBO CBSI3HOCTH wﬁl ).(b).(c)> KOTOPBI€E 3a/1AI0TCS] dbopmyrnoit

2

P R + o (gyvquva) + Lmatter (g,uv) (2)

R k1
D@ b)) = (zﬂ)g\/—lk(c) eamkgle

j k- R - —ik-
+ l x+€(a)(b)(_k)gke 1K-X ) (3)

rae g;j paccMaTpPMBAIOTCS KaK OMepaTopbl POXKAEHUSI M YHUUTOXKeHUs. MeTpuKa U rpa-
BUTALIMOHHOE [1eliCTBME BbIPpa)KEHBI Uyepe3 3TU nepemMeHHble. C MCIOIb30BaHNEM 3TUX
IepeMeHHbIX BBIUMC/ISIETCS CIIEKTP MOITHOCTY IIEPBUYHBIX 'PaBUTAL[MOHHBIX BOJIH B pac-
cmaTtpusaemoit Bepcum OTO. [Ipon3BOAUTCS ero CpaBHEHME CO CTAHAAPTHBIM CIIEKTPOM
MOIIIHOCTM, KOTOPBIN BBIYNCISIETCS C MOMOIIBI0 KBa3ukaaccuyeckoro noaxona k OTO.
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PA3BUTUE PEJIAIIMOHHOM CTATCTUYECKOM KOHIIEINIIUN
ITPOCTPAHCTBA-BPEMEHU 11 OBOBINIEHHHOE OITMCAHUE I'PABUTALIVN U
KBAHTOBBIX D®®EKTOB

B.B. Apucros!

1 aristowl@yandex.ru; ®emepanbHblit UCCIENOBATEILCKII LeHTp ‘UHbOpMaTHKa 1 yripasieHe’ PAH

B pa3pabaTbiBaeMoit KOHIIEITI[ MM Ha OCHOBE TeOpeTUIYeCKMX Mojieseit pyHIaMeHTasb-
HBIX IIPMOOPOB — B UeM IIPOSBJISIETCS PEISILIMOHHOCTD TTOIX0a — CTPOUTCS eIrHasl reo-
MeTpuuecKkasi cxeMa JJisl pa3jIMyHbIX MaciiTaboB. JlaHHble GyHAAMeHTaTbHbIe TPUOOPHI
— IMHEeMKY 1 Yachl 3a1a10T haKTruecky husmueckoe IMpoCTPaHCTBO U BpeMs, 151 HUX 3a-
MMUCBIBAIOTCS CTATUCTUUECKME BhIPKEHMS B COIVIACUM C IPEACTaBIEHUSIMU O paBHOMED-
HOM XOJle 4acoB (BpeMeHM) 1 00 OIHOPOIHOCTY AMCKPETHO Cpe/ibl JiMHeeK (ITPOoCTpaH-
cTBa). IHTEepBas BpeMeHM BbIpaskeH yepe3 CyMMY MHTEPBAJIOB IIPOCTPAHCTBEHHBIX ITepe-
MelleHU 11 YaCTUlIl B MUpe, YTO PUKCUPYETCS 110 CBETOBbIM CUTHA/IaM, IIPUXOSIIVM B
MEeCTO IpUeMa, Tae HaxoauTcsl GyHIaMeHTaIbHbIN IPUOOp TEMIOPOMETP, CHAOKEHHbIA
doroanmapaTom. [IpocTpaHCcTBeHHbBIE TIpUPAIeHNST BbIpAXKalOTCS B eIMHUIIAX MacC ye-
pe3 KOHQUTypaLyy YaCTUIL IIPYU CPaBHEHUM UX C KOHQUTYpaly 37IeMEeHTOB OJTHOPOIHOIA
M3MEePUTETbHO cpeibl GyHIaMeHTaTbHbIX TPUOOPOB, COOTBETCTBYIOIINX MACIITaAOHBIM
nuHelkam. Takue COOTHOIIEHUS 3aJal0T YpaBHEHMSI, COOTHOCUMMbBIE T10 IPUHIUITY COOT-
BETCTBUS C U3BECTHbIMMU ypaBHeHUsIMU. [lojlydeHHasi reomeTpuyecKkas cxema CIlipaBe]i-
JIMBA JIJIT MMKPOCKOTIMYECKMX M MAKPOCKOIMMYECKMX MACIITAO0B C pa3anumeM OIMMCaHuUs
Ha pas3HbIX Ipeaenax. B HacTosimei paboTe mpy JaJbHEIIIeM Pa3BUTUM PeISILIMOHHOM
CTAaTUCTUYECKOI KOHIEMIMY YOaeTcsl ONucaTh rpaBuTalMoHHble 3¢ dekTs [1], mocTpo-
UTb HOBbIE€ KOCMOJIOTMUYECKIMEe MO/, B YaCTHOCTH, ONMCATh IPOSIBJIeHME TEMHO MaTe-
pun (6e3 BBeOeHMS TUMIIOTETUYECKMX YACTHUII), B paMKax 06001eHHOro mpuHIMna Maxa
YCTaHOBUTD CBSI3b MUKPO- ¥ MaKpOMacIITaboB, UTO 3aJjaeT eAuHOe OMuCaHMe 1 KBaH-
TOBBIX, ¥ TPaBUTAIMOHHBIX 3 eKkToB [2]. B cTaTUCTUYeCKUX CyMMax YTOUHSIETCSI CMBICT
K03(hGUIMEeHTOB, OTBeUYalONMX 3a MPOsiBIeHUs TakuX 3G eKToB. BbISICHSIEeTCSI BO3MOXK-
HOCTb M3MepeHMs 3TUX Ko3pPuiMeHTOB (aHAJIOTOB KOMITIOHEHT MeTPUYeCKOT0 TeEH30pa)
O6cyskpaeTtcst cooTHolieHue ¢ paboramu 10.C. BragumMupoBa 1 ero rocjienoBareseii [3,
4].
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SBOJIIOLINS OIIYKTVYAILIN B I'OJIOTPA®UYECKOI MOJEIU TEMHOM
SHEPTUU LTAJUIVICA

A.B. AcTameHoxK!

1 Bantuiickuit hbemepanbHbiit yHuBepcuteT uM. WM. Kanra, 236041, Kanuauurpam, yi. A. Hesckoro, 14

B 1998 romy 6bUI0 OOHApY:KeHO, YTO BceneHHast pacimmpsieTcsl ¢ yckopeHueM. EcTb
MHOT'O CIIOCOO0B OOBSICHUTD 3TO yCKOpeHMe. OTHMUM U3 HUX SIBJISIETCS royiorpaguueckast
TeMHasl 9Heprusi, OCHOBaHHas Ha rojorpaduueckom MPUHIIMIIE Y3 TePMOAVMHAMMUKN Uyep-
HbBIX IbIP U TEOPUSI CTPYH. DTOT MPUHIIMUIT YTBEPXKAAET, YTO CYLIECTBYET CBSI3b MEXIY
mHGppaKpacHbIM 06pe3aHMeM B KBAaHTOBOJ TEOPUM IMOJIST ¥ HaMOOMbIIMM MacIiTaboM B
3TOI Teopuu. C KOCMOJIOTMYECKOM TOUKM 3peHMUS 3TO 03HAUYaeT, YTO BceseHHYI0 MOXHO
OIMCaTh HEKOTOPbIMMU BeJIMUMHAMM Ha ee rpaHuiie. Llannuc mogubuiimposan bopmyny
SHTPOIIUMU IS YEPHBIX IbIP U CO3aJ1 HOBBIN KJIaCC MOZeJ/Ieil TEMHOM SHEPTUN.

YCTOIMYMBOCTD K BO3MYILIEHMSIM IZIOTHOCTH B rojiorpadmueckoii TEMHO SHEePTUM SIB-
JISIeTCS peliaiomymM GakTopoM /IS ee TPMMEeHMMOCTH. Bblio 06HapysKeHO, UTO /IS KIac-
CMYeCcKoii rosiorpaduveckoit TeMHOM 3HEpPruy KBaJpaT CKOPOCTU 3BYKa MeHbllle HYJIS,
YTO MoJpasyMeBaeT HeCTaOMIbHOCTb. KiltoueBbIM MOMEHTOM SIBJISIETCSI TO, YTO aHAIU3
BO3MYIIeHNIi B cy4yae rosiorpaduyeckoii TeMHOV SHepTruu TpebyeT MHOTO MOAX0Aa, UeM
B CJTyuae 00bIYHOI KOCMOJIOTMYEeCKO kuakocTu. lomorpadmuueckast TeMHast SHEPTUSI SIB-
JISIeTCS IJI00aTbHBIM KBAHTOBBIM SIBJIEHMEM, [IO3TOMY BO3MYIIEHME OYIyIIero ropu3oHTa
COOBITHI MOKHO PacCUMTHIBATHCS TakK e, KaK ¥ B cIyyae 0ObIYHOI rojgorpaduuecKkoii
TE€MHOI SHepPTUN.

JLJ1S1 TZTIOTHOCTY TeMHOM 3HEPIUA P 4, MBI IIpeJronaraemM, 4To

3?2 )
Pde = o
e [3 2y

roe C> — Hem3BecTHbI mapameTp. JI1st MaciTaba Ly paccMaTpuBaeTcs crydaii 6yayiero
TOPU30HTA COOBITHIA:
o dt
Lo =a —.
t

a

IUISI TIPOCTPAHCTBEHHO IUIOCKOM BCEJIEHHOM ¢ MeTpukoin @puamaHa-J/lemerpa-
PobGepTcoHa-Yokepa ¢ MacuiTabHbIM (GakTOpoOM a.

OBOJTIONVS BO3MOSKHBIX (UIYKTYalMii IVIOTHOCTY T€MHOM SHEepPIuu TpebyeT gaabHeli-
uiero usydyeHus. i mpoCcTOTbI Mbl pacCMaTpUBaeM TOJIBKO CKaJ/ISIpHbIe BO3MYILEHUS
MeTpUKHU. B HbIOTOHOBCKOJ Ka/JIMOPOBKE [IJIs1 BO3MYIIIEHHOV METPUKU MEeM:

ds? = —[1+2®(r, O] d 2 + a® (1) [1 - 20(r, )] dr?, 2)

roe ¢yHKIus @ 3aBUCUT He TOJIBKO OT BpeMeHM, HO U OT COIyTCTBYIOIel paanaabHO
KoopauHaThl. Pusnyeckoe paccrosiuue L(0, f) 10 TOpU30HTA OT MeCTa PacIioIOKeHUs Ha-
6momaTess mpu r = 0 MOKHO HATU U3 MHTerpaia

1(0,1)
L(0,1) =f a(t) [1-®(r,0ldr, (3)
0
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rae (0, 1) — KoOpAMHATHOe pacCTOsIHe A0 OyayIlero ropu30oHTa COOBITHI,

o0 / !/
10, 1) = I+ 61, 5z:f 20U(t), 1) 4)

t a(t’)

3HaueHMe [y eCTh COMYTCTBYIOIlee HEBO3MYIIIeHHOE PacCTOsIHME 10 TOPM30HTA COOBITUIA.
Taxkum 06pazom, QaykTyannio 6yayiiero ropu3oHTa COObITHIT MOKHO 3aMucaTh KaK

O0L=L(0,t)— Lo = a(r)

o0 / /
ft 20(lp(1), 1) 5)

lo
dt'—f ®(r, t)dr
a(t’) 0

U TIJIOTHOCTDb TeMHOV 9HePIUM MMeeT COOTBETCTBYIOILYIO (IYKTyalnio

oL
0pde = (27/_4)pdeL_ (6)
0

[ToncraBuB 9T0 ypaBHeHMe B 00-KOMITOHEHTY BO3MYIEHHOIO YpaBHEeHMsI DHILTEHa,
rosayyaeM ypaBHeHMe Ajist QyHkuym O(r, 1):

A? : , 1

—®-3Hd-3H* = E(6,ode+5,om) (7)
a

YTo6bI peminTh ypaBHeHMe (7), pas3noxkum @, ucrmosnb3ysi coocTBeHHSt PyHKIIMI0. MbI TT0-
jaraem, 4To

O(r, 1) = Z‘Dk(t)w (®)
k

T7e MbI OITyCTUJTV WIeHbI cos(kr)/r, mpuBoasiiye K ocobeHHOCTY ipu 1 = 0.

MbI ucciegyemM 3BOMIONNIO TUIOTHOCTY MaTepuUM U COOTBETCTBYIOMIMX (DIyKTyalmit
MeTPUKM C paHHUX BpeMeH, Koraa d;, = 0,01. 5 6,, MbI Iipeariosaraem, 4to B B 3TOT
MOMEHT &, (ajy) = 0.01 u &), (a;,) = 1). [I1s1 IPOCTOTHI B KAYECTBE HAYATBHBIX YCIOBMIA
s @, u <I>’l. n 6epyTcs 3HadeHust 104 11 0 coOoTBeTCTBEHHO. 3aTeM ypaBHEeHUS MHTeTpy-
pytoTcst oT MaciitabHoro ¢gakropa a = 0.01 1o a = 30 (manékoe 6ymyiee, korma Q. , — 1).
Mb1 Hany @ mpu TekyleM 3HaueHUM cKaJisspHoro kKosdduiinenTa (a = 1) M paccMoTpe-
s cooTHoleHne ®(a)/P(1) Kak PyHKIMIO KpaCHOTO CMeleHMsI Z B IIPOIIUIOM (B Auara-
30He 0 < z < 2) U B 3aBUCMMOCTHU OT MacCIITabHOro KoaduiineHTa B OyayieM.

M3 Hammx pacyeToB CIeAyeT, YTO IBOJIIOLMS BO3SMYIIEHUIA MaTepUM CyIeCTBEHHO He
3aBUCUT OT ITapameTpa C, HO 3HaueHMe IapaMmeTpa HeaAdUTUBHOCTY CYLI[eCTBEHHO BJIM-
seT Ha aCMMIITOTMUYeCcKoe 3HaueHue O, Ha OO/bIINX BpeMeHax. [IJiT MeHbIIMX 3Haye-
HUI ¥ nipefen 6 ;s = lim;—.o0 0, yMeHbIIaeTcs. Takke CylleCTBEHHO MEeHSIeTCSI 9BOJIIO-
1IMST BO3MYIIIEHUII METPUKHM 10 CPAaBHEHMIO CO CyyaeM, KOrga Mbl IpeHeOperaeM BO3-
MYILLeHMSIMMU MaTepun. HeT HMKAKOTO CYILIeCTBEHHOTO pasjinuyus B IMPUHLUIIMATBHOM
xapakTepe 3Bomoly © B mpouuioM 1 OyayiieM. MeHSIIOTCS JIMIITb HEKOTOpbIe JeTaslu.
[Tpu Bcex 3HaueHMsIX C GQIyKTyaluu 3aTyxaloT CO BpeMeHeM B OyayIneM, HO X Haua/lb-
HBIV POCT CMUJIBHO 3aBUCUT OT ITapaMeTpa y. Takke HeT IIPOCTOI KOPPeISILnM MeXIy Y U
ACUMIITOTUYECKUM 3HaueHneM @ (a).
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PEHOPMTIPYIIIIOBBIE IIOTOKU B TPEXMEPHOI KAJIMBPOBAHHOMN
CYIIEPTPABUTALIN

JI.H. ActpaxaHues!

1 lev.astrakhantsev@phystech.su; MockoBckuit ®usuko-TexHmueckuii UHCTUTYT

SIBnssicb HermepTypOaTMBHBIM TMOAXOIOM, rojiorpaduyeckasi peHOpMIpyIla mpeq-
CTaBJIsIeT OCOOBIN MHTEpeC IJIS UCCaenoBaHusl KOHGOPMHBIX TeOpHii mojsi. B KaueTcBe
MIPOCTOI Moe/u s uccyienoBaHust yHaamMmeHTanbHbIX cBOMCcTB AdS/CFT cooTBeTCTBUSA
MOYKHO M3y4aThb PEHOTPMIPYIIIOBbIe MMOTOKM I KOHPOPMHbBIX TeOpuii MoJsi, roorpa-
dbuyecky nyaabHbIX pellieHUsIM JOMeHHbIX cTeHOK [Tyankape B D = 3 A = (2,0) kanubpo-
BaHHOJ CyIieprpaBUTaLMN C CUTMa-MOJeJIbI0 Ha LiejieBOM npocrpaHcTse SU(1,1)/U(1) =
F€2. JlaHHas Teopus pegyLIMPYeTCs 10 MOACeKTopa, e BeKTOpHoe Toe 1 (asa ckasp-
HOTO I10JI1 pPaBHbI HYJIIO, IIPU 3TOM PacCMaTPUBAIOTCS pa3MYHble TPaHUYHbBIE YCIIOBUS
ILJIS1 OCTaBILIETOCs AeCTBUTEIbHOTO CKaJISIPHOTO MOJIS.

PeHOpMIPYIIIOBBIE IOTOKM, KOTOPBIE B OOIIEM HE SIBJISIOTCS CYIIepCUMMETPUYHBIMMU,
AHAJIM3UPYIOTCS IIyTeM PaCCMOTPEHMS YPaBHEHMI [IOJIS CyTleprpaBUTaLMM KaK AMHAMU-
YeCKO CHUCTeMbI [IJIsI CKJIIPHOTO TI0JIS ¥ €r0 TTPOM3BOHOM 0 MacIITabHOMY (aKTOpy.
da30Bble AMArPaMMBbl CTPOSITCS [JIs1 Pa3/IMUIHBIX 3HAUEHMI TTapaMeTpa a?, KOTOPBIii CBSI-
3aH C KPMBU3HOM 11eJIeBOTO IPOCTPAHCTBA CKaJISIPHOTO Mosis. [loBeieHMe pelieHuit pe-
HOPMTIPYIIIBI B 3aBUCUMOCTY OT FPAHUYHBIX YCJIOBUI CKISIPHOTO T10JIS OIIpeesisieTCs Ha
OCHOBe Pa3JIoKeHUsT BOIM3Y TPaHUIIbI IOKHOTO CyIepIIOTeHIMaaa COOTBETCTBYIOIIETO
Tuna. [losydeHHble peHOPMIPYIIIIOBbIE TIOTOKU UHTEPIIPETUPYIOTCS C UCIIOIb30BAHMEM
ronorpaduueckoro cioBaps. O6CyKaTCs MoayuyeHHbIe 9K30TUUYecKye peHOPMIPYIIIo-
Bble TIOTOKMU.

OBOCHOBAHUE I'MITIOTE3bI CA3EPJIEH/IA-3VIHIITEVNHA JJII MATHUTHBIX
ITOJIE ACTPO®U3NYECKUX OBbEKTOB B PAMKAX TEOMETPUYECKOI'O
IMMOAXOOA

I.A. Ba6benxko', A.T. JKunkun?

1 PYIH, Yue6HO-HayYHbI/ MHCTUTYT TPaBUTALIMU U KOCMOJIOTHU
2 UHcTtuTyT actpoHomun PAH

B psime cBoux pa6ot (1900-1908 rr.) Casepnenp [1] v B 1925 romy JiiHITeH [2] BhICKA-
3aJIM TUIIOTE3Y, UTO MePBUUYHOE MAarHUTHOE I10jie acTpodu3nIecKmx 00beKTOB 00YC/IOB-
JIeHO BpallleHMeM IMOBepXHOCTHOTO (OTPUIIATeIbHOI0) 1 00BEeMHOTO (ITOJIOKUTETbHOTO)
3apsa0B. [Ipy 3TOM 3apsiabpl KOMIIEHCUPYIOT APYT APyra, TO eCTb, CKOMIIEHCUPOBAHbI CO-
3[,aBaeMble MMM SJIeKTPUYECKME M0Jis,, HO He MarHUTHbIE. BBIABMHYTYIO TUIIOTE3Y BO3-
MOKHO 000CHOBaTh Ha OCHOBe cuHTe3a Teopuu Kamyisr 1 KieitHa B paMKax 6-MepHOIA
reoMeTpUUeCcKoii MOJIeN C IBYMs JOTOTHUTENbHBIMY KOOpAUHaTamu: x4 u x5. B pam-
Kax MHOTOMEePHBIX TeOMeTPpUYEeCKMX MOJe/Ieli MOXKHO HaiiTh, YTO Macca MUHAYLMPYeT J0-
TIONIHUTeNbHbIN (“MaccoBbIil”) aneKTpuueckuit 3apsg Aq(Aq = 2v/Gm). YuuTbiBas, 4To,
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HarpyuMep, [Jisl SJIEKTPOHA Macca , MOMyvaeM JIjisk Hero OTHOIIEeHME AOTIOTHUTETbHOTO
3apsiia K OCHOBHOMY % =2~1072L

[ist omMcaHusl MMPOCTPAHCTBA-BpeMeHM BOKPYT Bpallamiiyux chepuiecku cCMMMeT-
PUYHBIX 00BEKTOB CJIe[IyeT MCII0Ib30BaTh METPUKY Tuiia Keppa-HbiomeHa, rie OMOTHN-
TeJIbHAsl KOHCTAaHTa (3JIeKTPUUEeCKNUI 3aps) BbIpaskaeTcs uepe3 3HaueHye Mace YacCTull.
[obaBKM K 00IIEepeNSITUBUCTCKUM 3(PdeKTaM OKaXKyTCsI TOBOJIbHO HE3HAUUTETbHBIMNA.
OmHako BOKPYT TaKuX OOBEKTOB JO/DKHBI BO3HMKATh KaK 3J€KTPUUYECKOe, TaK M Mar-
HUTHOe nosisi. Kak M3BeCTHO, IUMOIbHbIMA MarHUTHbI MOMEHT M . UCTOYHMKA Kep-
pa—HbloMeHa ornpenensiercst dopmyinoit Mk n. = ga the q - JIeKTpuYecKuit 3apsi, uc-
TOYHMKA, & & - MOMEHT MMMY/bCa MCTOYHMKA. [losarasi ICTOYHMK 1IapOM U MTOACTABIISISI
3HAYeHMe (, TOI[a BbIpaskeHue AJj1s AUIIOJIbHOIO MAarHUTHOTO MOMEHTA TaKOro uaeasm-
3MPOBAHHOIO 06beKTa 6ymeT My . = M = [4vV/G/(5¢)|mR?w, tne m - Macca, R - pagnyc,
W - YIJIOBast CKOPOCTb MCTOUHMKA [3, 4].

B KavyecTBe mpuIokKeHUs OTIMCAHHOM TeOpUM paCCMOTPUM 3K30IIAHEThI, OTHOCSIIN -
ecsl K TUITy TOPSTYMX IONUTEPOB [5]. OTU IJIaHeTHI SIB/SIOTCS Fa30BbIMYM IMTaHTaMM, pac-
TTOJIOKEHHBIMM OJIM3KO K POAUTENbCKOI 3Be3e. V3-3a CUIbHBIX MPUIMBHBIX 3¢ (HeKkToB
MX COOCTBEHHOE BpallleHe CMHXPOHU3YeTCsI ¢ OpOUTAIbHBIM U BC/Ie[ICTBME ITOTO AUQ-
(depeHIMaNbHOE BpallleHNe B HeJIpaxX IIaHeThI CYIeCTBEHHO 0c1abseTcs. B pesynbraTe
3(deKTMBHOCTD AMHAMO B 3TUX IJIaHeTaX pes3Ko IagaeT. [Io3ToMy MOXXHO CUMTATh, UTO
MarHUTHbIE TI0JIST 9TUX acTPOPU3NUEeCKUX 00BEKTOB 00YCIOBIEHbI OJHUM M TEM JKe Me-
XaHM3MOM. DTO ITO3BOJISIET IPEAIOI0KUTh, UTO MAarHUTHBIII MOMEHT JII0O0T0 TOPSTUEro
I0NNUTepPa UHj = XUGR,HJ, IAe KO3POULIMeHT X nmMeeT OOMHAKOBOe 3HaUYeHMe JIs1 BCeX
IJ1aHeT 3Toro Tuna. s ropsyero onutepa HD 209458b HabmofaTebHbIe OLIEHKY Mar-
HUTHOTO I10714 [6] IpUBOJAT K BenuuuHe = 0.1y, roe (i — MarHUTHBIN MoMeHT I0mnn-
Tepa, yTo maet X = 0.0084.

Ha ocHOBe 3TMX OIleHOK MOYXHO HaT¥ MarHMTHBI/I MOMEHT JII060TO ropsiyero romn-
Tepa MO0 M3BECTHBIM 3HAUYEHMSIM MacChl, pagnyca U OpOUTATIBHOTO Ieproaa(McXomHbIe
IaHHbIE B3STHI C caiiTa www.exoplanet.eu)./JaHHbIe COOOpaskeHMsI KOJIMUECTBEHHO 000C-
HOBBIBAKOT ruroresy CasepiieHAa-IMHIITEHA.
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TPU-BEKTOPHAS TE®OPMAILIMA BHEITHUMU ITOTOKAMUA
C. Bapaxun!, K. I'y6apes?, 2. Mycaes®

1 barakin.serge@gmail.com; MockoBckuit ®usuko-Texunueckuit MHCTUTYT, JlabopaTopust ®u3mku Boico-
Kux JdHepruii, 141702, JonronpygHsiii, Poccust; MHctutyT TeopeTnuyeckoii 1 MatemaTtudeckon Ou3uku,
Mocxkosckuii l'ocymapcTBeHHbI YHUBepcuTeT UM. JlIomoHOcoBa, 119991, Mocksa, Poccus

2 kirill. gubarev@phystech.edu; MockoBckuit ®usmko-Texumueckuit MTHCTUTYT, JlabopaTtopust ®u3uku Bi-
COKMX JDHepruii, 141702, JonronpynHsiii, Poccus

3 musaev.et@phystech.edu; MockoBckuit ®usuro-Texunaeckuit MHcTuTyT, Jlabopatopust ®usmku Beico-
Kkux JHepruit, 141702, JonronpynHseiii, Poccusi; UHcTUTyT TeopeTndeckoit 1 MaTemaTuueckoii @usmku,
Mockosckuit [ocymapcTBeHHbIl YHUBEpcUTET UM. JIoMmoHOCOBa, 119991, Mocksa, Poccus

B 3T0J1 paboTe MbI paciiupsieM IMPUMeHMMOCTb (popMaiM3Ma TpU-BEeKTOPHBIX Jedop-
Maluii, paccMaTpuBasi HeorpaHMueHHy0 MckintounTenbHyto Teoputo [Tons ¢ rpynnoii U-
nyanbHOCTU SL(5). laHHas Teopust mapaMeTpusyeT 11-MepHYIO cylieprpaBUTaIMIO B Ka-
YyeCTBe CBOEro ceyeHusi, KOTOpoe B JTaHHON paboTe GbUIO BOCCTAHOBJIEHO ISl TIOTHO
Teopun. KiaoueBoit ocobeHHOCThIO VckmiounTenbHo Teopun Ilons siBisieTcst e€ KOBa-
PUMAHTHOCTb 110 OTHOIIEHUIO K rpymnrie U-IyaJbHOCTU, UTO ONpenesieT CeueHne B Tep-
MMHAaX MOJIe U UX TIOTOKOB. JTa KOBApMAaHTHOCTb MTO3BOJIMIIA 3aIIMCATh MOJIeBbIe YpaB-
HeHMsI B KOBapMaHTHOM ¢opMe, UTO ONpeaeansio JOCTaTOUHOE YCIOBMEe X COXpaHeHUS
IIpU TPU-BEKTOPHOI Aedopmaliyiu - KoBapMaHTHOe Tpeobpa3oBaHue He TOJbKO Toeit,
HO U MX TIOTOKOB 107, ieticTBUeM Aedopmariun. VX mpocTeiiliiee pelieHne yCTPOEHO, KaK
BBITTOJTHEHE BOCCTAHOBJIEHHBIX B YCIOBUS YHUMOIY/ISIPHOCTY M 0006IIIEHHOTO YpaBHe-
Hud SIHra-bakcrepa 1/ Tpu-BEeKTOPHOrO IapaMeTpa M BOCCTAHOBJIEHHBIX B JaHHOI pa-
60Te ypaBHeHMsIX KuyimmHra 11t Bcex mosieit 11-mepHoii cyrieprpaBUTaLUM IS CUMMET-
puii TONMBKO 4-XMEPHOTO CMMMETPUYECKOTO MOAIPOCTPAaHCTBA. [Ipy BBITTOTHEHUN ITUX
IOCTAaTOYHBIX YCIIOBMIT KOBapMaHTHOe IpeobpasoBanne SL(5) moseit 1 UX MOTOKOB IIPO-
IUKTOBAJIO Ipeobpa3oBaHMs MoJielt M HANIpSDKEHHOCTM 11-MepHOI cyneprpaBUTaLIIN.

[aBHBIMM pe3y/ibTaTaMy JaHHO paboThl SABJsIETCS paciiupeHne hopmannama Tpu-
BEKTOpHOI Aedopmanyuy B CIydyae pelieHus oOIero Buaa ITOJIEBbIX ypaBHeHMiT 11-
MEpHOI1 cyreprpaBUTalui. ITO BbIpaXkaeTcsl B JOCTATOYHbBIX YCJIOBUSIX, UYTO JedopMu-
pOBaHHOe pellleH1e ToXe OyeT pellleHeM, a Takke SIBHOM BUe 3TOTO pellleHMs..

OTKPBITASI KOCMOJIOTUYECKAS MOJEJIb KAK OCHWIIIATOP C BI3KOCTbBIO
A.M. Bapanos!

1 alex m_bar@mail.ru; KpacHostpckuii roCyIapCTBEHHBbIA regaroruuecKuii YHUBEPCUTET
um. B.II.AcradreBa, KpacHosipck, Poccus

[lJisl YeTbIpeXMepHOTO MPOCTPAHCTBA-BpeMeHM C KOH(MOPMHO-IIJIOCKO/ MeTPUKOJ B
dbopme doxka, 3arMOTHEHHOTO BEIECTBOM M M3JTyUeHMEM B MPUOIVDKEeHUM UAeaTbHOM
SKUAKOCTHU, TIPOJIEMOHCTPUPOBAHO CBeIeHMe ITPOO6IeMbl MOIEIMPOBAHMS SBOIIOLIN OT-
KPBITO KOCMOJIOTMYECKOM MoAe/iv BceleHHOV K SKBUMBAJIEHTHOM 3a7iaue MOBeIeHS JI-
HEHOr0 rapMOHMYECKOT0 OCHMJIISITOPA C BI3KOCThI0. COOTBETCTBYIOIASI KOCMOJIOTHYe-
CKasl MOZIeJIb SBJISIETCSI TOYHBIM pellleHeM YpaBHeHU I TATOTeHus JitHuTeiHa. [Tokasa-
HO, UTO IapaMeTp, oTBevalonni KospduiimeHTy BI3KOCTH, BIAMSIET Ha 3BOJIOLMIO 3TO
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Mopenn. B 3aBUCUMOCTY OT BXOISIIUX B MOJIe/b ITapaMeTpoB rpaduuecku mpogeMoH-
CTPUPOBAHO MoBefeHMe GYHKIMM COCTOSTHMS, KOTOpasi, B CBOIO ouepeibb, B KaXKAbIit MO-
MEHT BpeMeHMU IpeJicTaBsieT co00it ypaBHeHMe COCTOSTHMS. B acCMMIITOTMKeE ITOTyuyeHHast
MOJIe/Tb TTePEeXOIUT B OTKPBITYI0 KOCMOJIOTMYECKYI0 Moenb dpuamaHa.

PA3JIMYHBIE METO/IbI BBIUMCJIEHUS MHUMOM YACTU 3PDEKTUBHOTO
NEVICTBUS B PACIIUPSIONIVIXCS ITIPOCTPAHCTBAX

U.A. BerbkoBuY!

1 Mockosckuli ¢pusuxo-mexHuueckuti uHcmumym; belkovich.ia@phystech.edu

dusuyeckoe SIBJIEHME POXKIEHMS YACTUI BO BHEIITHUX ITOJISIX ITPEICTAB/ISIeT OOIbIIO
TeOpeTUYeCKUI MHTepeC. B 4aCTHOCTY, TeOpeTUYECK!M MPEeICKAa3aHO POXKIEeHMEe YaCTUI]
B paCHIMPSIOMIMXCS MPOCTpaHCTBaX. [IpMMepoM TaKoOro MpOCTPaHCTBA SIBJISIETCS TIPO-
cTpaHcTBO Ae Cuttepa. CyliecTByeT JBa METOAA BbIUMCIEHUS] CKOPOCTU POXKIEHMS Tap
yactuil. [lepBbIii OCHOBAH Ha BBIUMCIEHUM Yepe3 Ko3hPUIMeHThI ITpeodpa3oBaHus bo-
royifo60Ba MeKAy HaYaJIbHbIM ¥ KOHEYHBIM BaKyyMOM:

—=In|apl. (1

BTOpOI‘/JI MeTO[, 3aK/II0YaeTCs B BbIUMCIeHM MHUMOM 4acTu B(I)d)eKTI/IBHOI‘O NleiiCcTBUS ye-
pe3 MHMMYVYIO 4aCTb d)QVIHM&HOBCKOI‘O in-out IIporiaraTopa B COBITIaaI0OMINX TOUKAX:

m2
1
Val'p = —Efd4x\/|g|fdmzlmG(x,x). (2)
o0

Korpa npocTpaHCTBO pacIinpsieTcsi KOHEYHOe BpeMsl, UMCIO POXKIEHHBIX YaCTUIl TaK-
’Ke KOHeYHO. B aToM cirydae nmpuBeieHHbIe Bbilile (hOpMY/Ibl COBIAAAIOT. [IJIsl TOTO, YUTOOBI
9TO YBUAETh HY;KHO B (hopmyrie (2) TIOMeHSITh MeCcTaMy MHTerpas 1o Macce M MHTerpasn
10 UMITYJIbCaM, Yepes3 KOTOPBIN BbIpakaeTCsl MHMMAas 4acCTh IporiaraTopa. TO0 MOXHO
ClieyiaTh IMOCKOJIbKY MHTErpas o MMITYJIbCaM OyIeT cXomsimmMcs. B ciayyae 6eCKOHEUHO
PacCIIMPSIIOIIMXCST TPOCTPAHCTB MHTETpasl 110 MMITY/IbcaM OyIeT pacXOAUThCS, B CBSI3U C
yeM BoIpaskeHMs (1) 1 (2) OyayT AaBaTh pa3Hbie OTBETHI [IJISI CKOPOCTY POKIEHMS YaCTHII,.

B paboTe roka3aHo, YTO ABa BBIIIEYIIOMSIHYTHIX METOA JAal0T pa3Hbie OTBETHI JIJIsT CKO-
POCTU POXKIAIOIIMXCS YaCTULL HA ITpUMepe IpocTpaHCcTBa e Cutrepa B KoopauHaTtax [1y-
aHKape " I00aJIbHBIX KOOPAMHATAaX. A MMEHHO, B IVIOOA/IbHBIX KOOPAMHATAX CKOPOCTh
POXKIEHMS YaCTHLI O0IBIIOI MaCcChl MMeeT BUI:

4 4
rB :ge—ZT[H/m, FP: iz(ﬂ)ge_an/m’ m> H. (3)
b/ 8n-\H
Takske 6bIJIO TTOKA3aHO, YTO PACXOXKIEHME B OTBETaX B MpocTpaHcTBe me CuTTepa CBsI-
3aHO C TeM, UTO mpu pacuete 3(PbeKTUBHOTO AEVCTBHUS C MTOMOIIbI0 (PYHKIIMOHATBHOTO
MHTerpasa BKIaJ BaKyyMHbBIX GYHKIIMOHAIOB, BO3HMKAIOUIMX ITPY TTOCTPOeHUM QYHKIIN-
OHa/IbHOTO MHTerpaja, He YYUThIBAIOTCS.
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KIIACCUNOUKAIIVSA TEOJE3NYECKUX B METPUKE
HIBAPIINNJIBOA-MEJIbBBUHA

U.A. BussieB!

1 bizyaevtheory@gmail.com; Ypa/lbCKMii MaTeMaTUUECKUI1 1IEHTP, YIMYPTCKUI TOCYIAapCTBEHHBIN YHU-
BepcureT, Poccus, 426034, 1. VIkeBCK, yi. YHUBepCUTeTCKas, 1. 1

[TpocTpancTBO-Bpems LIBapummabaa-MenbBuHA SIBASIETCS CTATUYECKUM U OCECUM-
MEeTPUUYHBIM pellleHneM ypaBHeHMi1 JiiHIITeiiHa-MakcBe/uia. B koopauHarax IlBapii-
muabaa x = (t, 1,60, @) ero MHTepBaJ MOXHO MIPeACTaBUTD B CyieAyloleil popme:

o dr? r?
ds®=g;jdx'dx) = A* | -Tdt* + - r2do*| + Fsinzed(pz,
. ) (1)
A=1+—r%sin’0, T=1--,
4 r
IlaHHOe pellleHre MOXeT ObITh MHTEPIPeTUPOBAHO Kak cepruecku CUMMeTpUYHAS
yepHasl IbIpa MOTPy>KeHHasi BO BHelllHee MarHUTHOe Tojie. 3ajavya MUCcaef0BaHNs Teo-
ne3myeckux MeTpuku (1) CBOOUTCS K UCCIeA0BAHUIO TaMUIBTOHOBOM CUCTEMBI C ABYMSI
CTeIeHsIMU CBOOOIDI.
dp, O0H dpg O0H dr O0H dO O0H
dt ~ or' dr 80’ dr odp, dr Opg
2 22 2
r Ph I2A E
= ——+U(r0), U0 = - .
oazPr o YUO U0 = e~ aaer

(2)

2
H P

711 MIHTerpupyeMOCTH ST CUCTeMBI TI0 TeopeMe JInyBWIIsI-ApHOJIb/Ia He XBaTaeT J10-
TTOJIHUTEIbHOTO MHTEerpasia, KOTOPbIii B 001IIeM CJTydae OTCYTCTBYET.

v/
KI)YI‘OBbIe TpaeKTOpuUu r = const, 0= 5 ABJIAIOTCA ITOTOKEHMAMMU PaBHOBECUS CUCTE-

MBI (2) ¥ COBITAAAIT C KPUTUIECKMMM TOUKAMM TaMWJIbTOHMAHA. BeiieacTBue 3TOro aHa-
JIX3 OTHOCUTEIbHBIX paBHOBeCHIt TIO3BOJISIeT KiacCubUIMpoBaTh 06/1aCTh BO3MOKHOTO
IBVDKEHMS B 3aBUCMMOCTY OT 3HAUEHMIA IePBbIX MHTETPAIOB U BbIAEIUTb 3HAUEHUS UH-
TerpajaoB YIJIOBOTO MOMEHTAa M SHepruu, a Takke MarHUTHOTO MOJISl [IJISI KOTOPBIX BCe
TPAeKTOPUMU SIBJISIFOTCSI OTPAaHMYEHHBIMUA.

C nomo1pio oToopaxkeHust [lyaHkape paccMoTpeHbI 6udypKaiyy nepuognuieckux pe-
1meHum cucremsl (2). IlokazaHo, 4YTO [J19 4OCTAaTOYHO CUJIbHOTO MarHMUTHOTO T10JIs, OJIS
KOTOPOT'O0 OTCYTCTBYIOT KPYrOBble TPAeKTOPUM MOTYT BCTpPeUaThbCsl APyrue orpaHMUeH-
Hble TpaekTopun. [IpuBesieH mpuMep TaKOM OTPaHMYEHHOM TPAeKTOPMM, BO3SHUKAIOILE
TI0CJIe CeIJIoy3JI0BOoJ OudypKauyu. Kpome Toro, SBHO BbIUMC/IEH MHTErpaja Me/bHUKOBA,
KOTOPBII ITOKa3aJl UTO AJIS Majioro 3HaueHus IapamMmeTpa B yCTOuMBbIe Y HEYCTONYMBbIe
MHOT000pa3us epeceKkarTcs, YTO TaKKe IMPOUITIOCTPUPOBAHO C ITIOMOIIbIO OTOOpake-
Hu4 [lyaHkape.

WccneqoBaHue BBIMTOTHEHO B paMKaxX BBINIOJIHEHMS TOCYAAPCTBEHHOTO 3amaHus Mu-
HoOpHayku Poccun (FEWS-2024-0007).
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KOPPEJIMPOBAHHBIE YCKOPEHUS B MOHUCTUYECKOM PEITJIUKE
VPABHEHUS SVHIITEMHA BE3 IIPABOM YACTU

1.3. BynbIKeHKOB!
1 ibphys@mail.ru; orcid.org/0000-0003-3835-0973, MockBa, Poccus

KoppenupoBaHHble 4-yCKOpeHMSI KOOPAMHAT OTBEYAlOT 3a KMHETUYECKUIl Mexa-
HM3M reHepaium MojaeBoil MacChl B MOHUCTUYECKO caMOoCcOOpKe HeIOKaJbHOTO MPOCT-
paHcTBa-MaTepun. YeTbipe Bapuamnum I'mabbepra [Jis CIUIOIIHOTO MaTepUabHOTO 3a-
TIOJTHEHMSI C €BKIMUA0BOI 3-reomMeTpueli NMOAIep>KUBAIOT PaBHbIe IVIOTHOCTY aKTUBHOI
M TIACCUBHOJ MacC B MOHMCTMUYECKOM aHaJIore TEH30PHOIO ypaBHeHMsT JifHIITeliHaA 6e3
npaBoy yactu. CTporue peuieHus BeAyT K MPOBepPsieMON ajibTepHATHBE MIBAPLIINIIb-
IIOBCKOJ METPUKM, IIIEHHOHCKMM IMMOTeHIaaam Ajis1 MHPOpMaliOHHO-9HepTreTUUeCKUX
pacrnpezneneHuit B MOAE€BOM CaMOOPTaHM3aLMM U K 3aHYJIEHUIO ee TOJIHOM MeXaHu4e-
CKOJ1 3Heprum u3-3a camorpaButauum. MOHUCTMYECKASI TeOMEeTPOAMHAMMKA HEJIOKaJIb-
HBIX KOCMMYECKUX Mepapxuit peooieBaeT TpeboBaHMe TPaBUTAIMOHHOTO KoJIIarca B
rnapagokce beHTIN py HeCyllleCTBeHHOM paAualiiOHHOM AUCCUTIAlIUNA.

JIATPAH>KEBA ®OPMYVJ/IMPOBKA TEOPUMU 11011 HETIPEPBIBHOTI'O
(BECKOHEYHOTI'O) CITMHA B ITPOCTPAHCTBE AHTHU OE CUTTEPA

.J1. Byx6ungep'
1 joseph@theor.jinr.ru; JIT® OUSIN, Oy6oHa

B nocienHee BpeMsi BO3HMK OIpeie/IeHHbIN MHTepeC K IOCTPOEHUIO ITOJIeBOr0 JIarpaH-
>KeBOTO OMMCAaHMS JIJIsI HePUBOAMMOTO TpeAcTaBieHus Tpyniibl [lyaHKape ¢ 6eckoHeu-
HBIM CIIMHOM U €r0 00001IeHM s Ha T0JIS B MCKPUBJIIEHHOM ITPOCTPAaHCTBE-BpeMeH! (CM.
Hamp. 0630p [1]). B mokname obcykmaeTcs: MOAXO[, K BbIBOAY JIarpaHskeBoi (Gopmynn-
POBKM i1 6G030HHOTO T0/Is1 ¢ 66CKOHEUHBIM CIIMHOM B IIPOCTpaHCTBe AdS, B paMKax
BPCT koHcTpykuun. IIpenoxkeH HOBBIV KacC CBsI3€i, KOTOPble MOXKHO MCII0/Ib30BaTh
IJIST OTIMICAHMSI ITPeICTaB/IeHMsI C 6eCKOHEUHBIM CITMHOM B MCKPUBJIEHHOM ITPOCTPAHCTBE-
BpeMeHu. [Toka3aHo, YTO 3TU CBSA3M GOPMUPYIOT 3aMKHYTYIO KaJIMOPOBOUHYIO ajire6py
TOJIBKO B MpocTpaHcTBe aHTU-IOe Cuttepa. [TocTtpoeH coorBercBywoinii BPCT-B®B 3a-
psiI, HalifieH JlarpalskaH M Kaan6poBOUHbIe ITpeobpa3oBaHus. JJoKaaa B OCHOBHOM OC-
HOBaH Ha paboTax [2,3,4].

JIuteparypa

1. X. Bekaert, E. D. Skvortsov, Elementary particles with continuous spin, Int. J. Mod. Phys., A32 (2017)
1730019, arXiv:1708.01030 [hep-th].

2. 1. L. Buchbinder, S. Fedoruk, A. P. Isaev, V. A. Krykhtin, Infinite (continuous) spin particle particle in
constant curvature space, Phys. Lett. B 853 (2024) 138689, arXiv:2402.13879 [hep-th].

3. 1. L. Buchbinder, S. Fedoruk, A. P. Isaev, V. A. Krykhtin, BRST construction for infinite spin field on AdS,,
EPJP 139 (2024) 621, arXiv:2403.14446 [hep-th].
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4. 1. L. Buchbinder, S. Fedoruk, A. P. Isaev, M. A. Podoinitsyn, On the realization of infinite (continuous spin
field representations in AdS, space, arXiv:2410.07873 [hep-th].

SUPERSYMMETRIC 1D SIGMA MODELS ON COADJOINT ORBITS
D.V. Bykov!

1 bykov@mi-ras.ru; Steklov Mathematical Institute, Institute for Theoretical and Mathematical Physics
(Moscow State University)

I will discuss quantum mechanical systems with A" = 2 and A" = 4 supersymmetry
and finite-dimensional Hilbert spaces, proving that they are natural truncations of
sigma models, whose target spaces are SU(n) coadjoint orbits. As a first application, I
will compute the Witten indices of these finite-dimensional models showing that they
reproduce the Dolbeault and de Rham indices. The possibility of finding the exact spectra
of Hamiltonians will be discussed.

(Based on joint work with V. Krivorol and A. Kuzovchikov, to appear)

KBAJIPATUYHBIE ITIOITPABKU B IOJIOMOP®HOM CEKTOPE YPABHEHUI
BBICHIVIX CIIMHOB B PAMKAX ITO/IXOJIA TU®OEPEHIIUAJIBHON
ITOMOTOIINN I

II.A. Banepbes!

1 valerev.da@phystech.edu; MIPT, LPI

B moksnaje GymeT rpeacTaBieH OAVH U3 MOAX00B K IMTOCTPOEHUI0 B3aMO/IECTBYIO-
1Ieit Teopuy BBICHIMX CIIMHOB B YEThIPEXMEPHOM IPOCTPaHCTBe-BpeMeHH (d = 4) B paM-
Kax rmporpamMmmbl @poHcaana. KioueBbsIM 371eMeHTOM JAHHOTO IMOX0/a SIBJISIeTCS BBele-
HJe BCIIOMOTaTeIbHBIX IIePEMEHHbIX U T10JIei, YTO IT03BOJISIET CHOPMYIMPOBATH CUCTEMY
HeJIMHeHbIX YPaBHEHMI BBICIINX CITMHOB. ByIyT rpeacTaBieHbl pa3paboTaHHbIe METO-
Ilbl pellieHusI 3TOM CUCTeMbl, 0b6ecrieurBaloie 3pdeKTMBHOe aHATUTUUYECKOe BbIUlCIe-
HJe BepIIMH B3aumoaeiicTBus. [ToyueHHbIe pe3yabTaThl 3a7I05KaT OCHOBY IS TTOC/IeTy-
IOIIEro U3JIOKEeHUS IpMMeHeHNsT MeTona nuddepeHIIMaabHO TOMOTOITNMN.

PEJIITUBUCTCKASA AKCMOHHO AKTVBHAS IVIA3MA B I10JIE
ITVUHAMUYECKOI'O 3®UPA: OBIINI ®OPMAJIM3M U HOBASI KOHIIEMNIINA
PABHOBECHBIX COCTOSTHUI

K.P. Bamuymnua!, A.B. Banakuu?

1 kr valiullin@mail.ru; Kazanckuit (ITpuBomkckuit) pemepanbHblii YHUBEPCUTET
2 alexander.balakin@kpfu.ru; Kazauckuit (ITpuBosmkckuit) demepanbHbIlii yHUBEPCUTET
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Pa6oTa nmocBsineHa IMoCTPOEHMIO PACIIMPEHHON BepCcuy KMHEeTUYECKOV TeOPUM peis-
TUBUCTCKOM aKCMOHHO aKTMBHOJ MHOTOKOMITOHEHTHOM IJ1a3Mbl. TepMUH aKCMOHHO aK-
TUBHAsI T71a3Ma ObUT BBeZeH B paboTe [1] 110 aHAIOTUM C TEPMMHOM MarHUMTOAKTMBHAS
ia3Ma. OCHOBHBIM aCIIeKTOM T€OPUM SIBJISIETCS HAJIMUMe B CXeMe B3auMOJeiCTBUI Bpe-
MEHUITOL0OHOr0 HOPMUPOBAHHOTO HA €OMHMUIY BEKTOPHOTIO ITOJISI, aCCOLMUPOBAHHOTO
CO CKOpOCTBIO AMHaMuueckoro a¢upa [2]. [TomumMo B3aumoeiicTBuUs 3pupa ¢ aKCUOH-
HBIM ¥ 3JIEKTPOMAaTrHUTHBIM MOJISIMMU, MCC/IeIOBAHHOTO B paboTax [3] 1 [4], coOTBeTCTBeH-
HO, HEOOXOIMMO YUUTBHIBATh U €r0 BO3/IeCTBIME HA YaCTHUIIbI IIa3Mbl. MbI I10J1araem, 4To
CYyILleCTBYeT Ba KaHa/la TaKOro BO34ENCTBUS: BO-TIEPBBIX, NIPSIMOI KaHa/l, OCHOBHbIM
9JIeMeHTOM KOTOPOTO SIBJISIIOTCSI CUJTbI, CofepyKalifyie CKOPOCTb 3¢upa 1 e€ KoBapuaHTHbIE
IIPOU3BOAHbBIE; BO-BTOPBIX, KOCBEHHBIN KaHaJl, CBSA3b B KOTOPOM OCYIIECTBJISIETCS Uyepes
3(QMpHO-MHIYLIMPOBAaHHbIE M3MEHEHMUS B CTPYKTYpe 3JIEKTPOMArHUMTHOTO ¥ aKCMOHHOTO
TI0JIETA.

OBOJIIOLMOHHbIE YPABHEHMS [IJISI TPAaBUTALIMOHHOIO, 3JIEKTPOMAarHUTHOIO, ICeBI0CKa-
JIIPHOTO (AKCMOHHOTO0) ¥ BEKTOPHOTO (3(MPHOro) 1oseli moayuyeHbl ¢ MUCIOIb30BaHNEM
dbopmanmama JlarpaHska; KMHeTHMUYeCKe ypaBHeHMs /151 QyHKIMI paciipeesieHus Moy-
YeHbI C TIOMOIIbI0 MEeTOLOB KOBapMAaHTHOM CTATUCTUKNA.

PeITUBUCTCKME CUJIBI, IeJCTBYIONME HA YaCTUIIbI T171a3Mbl, KOHCTPYUPYIOTCS dheHo-
MEHOJIOTMUeCKM Ha OCHOBe Kjaaccuueckux aHasoruii. [IpoBegeHa knaccudukaums Cul,
IeiCTBYIOIIMX HAa YaCTUIIbI TJIa3Mbl B 3/IeKTPOMariuTHOM, 3(MpHOM, aKCMOHHOM U r'pa-
BUTALIMOHHOM TOJISIX, B pamMKax Db (eKTUBHOI Teopuu MoJisi BTOPOTO MOPSIAKa.

[IpepyioskeHa HOBasi KOHLEIMIMSI PaBHOBECUSI B PEJIITUBUCTCKONM aKCMOHHO-3(UPHO
aKTUBHOI IJIa3Me, COTJIACHO KOTOPOI MaKpPOCKOMMYECKask CKOPOCTh IJIa3Mbl COBITaZlaeT
CO CKOPOCTbhIO IMHAMMUECKOro 3¢gupa, a paBHOBeCHAasl TeMIeparypa 1 XMMU4yecKuii mo-
TeHLMal pefonpenesiloTCs CBOMCTBaMU I'PaBUTALVIOHHOIO, eIMHUYHOTO BEKTOPHOI'0
U aKCMOHHOTO TI0JIei.

JIuteparypa

1. Balakin A.B., Muharlyamov R.K., Zayats A.E. Class. Quantum Grav., 2014, 31, 025005.
2. Jacobson T., Mattingly D. Phys. Rev. D, 2001, 64, 024028.

3. Balakin A.B. Phys. Rev. D, 2016, 94, 024021.

4. Balakin A.B., Lemos J.P.S. Ann. Phys., 2014, 350, 454-484.

HIGHER-SPIN GAUGE THEORY AND SPACE-TIME + ANNOUNCE OF NEW RESULTS
M.A. Vasiliev!

1 vasiliev@lpi.ru; Lebedev Institute

The talk is prepared with the idea to explain to non-experts how the fundamental
concepts of space-time and gravity are affected by higher symmetries of the higher-spin
gauge theory, that are anticipated to be unbroken in the ultra high energy regime of
quantum gravity. For the most of the talk no preliminary knowledge in higher-spin gauge
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theory will be needed. Towards the end I hope to have time to announce some recent and
work in progress results that may deepen the understanding of the higher-spin gauge
theory.

METAPETSAIINOHHAS TPAKTOBKA I'PABUTALIN
10.C. Bnagumupos!

1 yusviad@rambler.ru; ®usmueckuii ¢paxkynpretr MI'Y numenu M.B. JlomoHocoBa, IHCTUTYT rpaBUTALIUU U
kocmonoruu PYIIH

1. KHacTosimeMy BpeMeHM CTAaHOBUTCS Bce 60j1ee OUeBUIHbBIM, UTO ITOHSITUSI M 3aKOHO-
MEPHOCTH KJIaCCMYECKOTO MPOCTPAHCTBA-BpeMeHM TepsIIOT CUTY B (PM31Ke MUKpOMMPA.
B CBSI3M C 3TUM pSIAOM M3BeCTHbIX GU3MKOB Obla BbIABMHYTA UAes MOMUCKA CAaMOCTOSI -
TeJIbHO CUCTEMBI IOHSITUI U TIPUHLIUIIOB, MPUCYIIUX (GU3MKe MUKPOMMPA, M3 KOTOPOit
6bI BBIBOAMIUCH KIaCCUUECKMe MPOCTPaHCTBEHHO-BpeMeHHbIe TTpeicTaBIeHus U 0b1ile-
MIPUHSTBIE TOHATUS PU3UKM, HbIHE ONMCbIBaeMble Ha ero oHe (Wi U3 Hero), B TOM UMC-
Jie ¥ TpaBUTALIMOHHbIE B3aUMOLEeCTBUSI.

2. B Hailleii rpyririe mpejioskeHO pelleHue 3Toi MpobaeMbl Ha 6a3e MeTapeIsiIMOHHO!
rapaAurMbl, ONypaleincs, BO-mepBbix, Ha MeTadu3nueckue MPUHIUIIBI U, BO-BTOPBIX,
Ha IPUHLUIBI TPEeTheil — PeyISINMOHHONM MapagurMbl, IOKa HAXOMMIIeNCss B TEHU [BYX
IPYyIUX nmapagurMm (reoMeTpuuyecKkoi M TeOpeTUKO-I101eBoi) [1].

3. MeTapensiMoHHas mapagurMa ornmpaeTcs Ha KOMIJIEKCHOe 00001eHe MaTema-
TUYECKOTO arrnapara 6MHapHbIX cuctem oTHomeHMit (BCKO) Tpex MMHMMAaTbHBIX paH-
roB (2,2), (3,3) u (4,4). beuio nmokasano, uro sneMmeHtamu bCKO panra (3,3) sSBASOTCS
KOMILJIeKCHbIe 2-KOMITOHEHTHbIe CIIMHOPBI, OT KOTOPbIX (6e3 MCIOoab30BaHMS TTOHSITU
MIPOCTPaHCTBA-BpeMeH!) OCYIIeCTBIISIETCS TIepexo] K O0IeMPUHSITHIM TeOMeTpUSIM (MM-
ITYJIbCHBIM U KOOPAMHATHBIM).

4. C TOUKM 3peHMsI pa3BMBaeMOi1 mapagurMbl OOIEIIPUHSITHIN HbIHE JIarpaHkeB Ghop-
MaJIM3M TIpeNCTaB/sieT co00il peanusannuio 6MHAPHONM CUCTEeMbl BeleCTBEHHBIX OTHO-
LIeHui paHra (6,6;a) MOHATUI OBYX MHOXeECTB: KOOPAMHATHOTO U MMIIYJILCHOIO IIPO-
CTPaHCTB.

5. B aTom mopxope Ha KaaccuueckoM ypoBHe (pu3mueckue B3aMMOAeiCTBUS OMMUCHI-
BAIOTCS B paMKax TeOPUM MPSIMOT0 MeXXUYaCTUYHOTO B3aMMOZEeiCTBUS, paHee pa3BMUBaB-
IeMcs pSALOM M3BECTHBIX aBTOPOB. B 9TUX TeOpuUsIX HET I10Jieil MepeHOCUMKOB B3au-
MOJeCTBUS, — B3aMMOIEMCTBYS OCYILECTBIISIIOTCS Ha OCHOBEe KOHLIeNUVN NajJlbHOLeN-
CTBUSL.

6. Euin B pamkax o01eii Teopuyu OTHOCUTEIbHOCTY TPaBUTAIMS OMMUCHIBAETCS TI0-
cpencTBOM 0600IIEeHNST CBOMCTB KOOPAMHATHOTO MTPOCTPAHCTBAa-BpeMeH! (Tepexona K
UCKPUBJIEHHOMY), TO B MeTapeJIsIMOHHON [apagurMe rpaBUTaLus OMMCbIBAETCS IIyTEM
000011IeHIST TOHSTUI UMITYJIbCHOTO ITPOCTPAHCTBA — MIepexofa OT IMPOCTENIINX MIUHOPOB
3aKoHa reomeTpuy JIo6aueBCKOro K BbICHIMM MMUHOpam [2].

7. B psize paHee BBITIOJIHEHHBIX PA60T ObLIIO NMOKA3aHO, UTO HA OCHOBE IMaroHaIbHBIX
MMHOpPOB 2X2 1 3X3 onuchIBaoTcs Habmomaemble 3¢ dekTs OTO, a Ha HeAMaroHaIbHbIX
MMUHOpPAX CTPOUTCS TEOPUS S71eKTPOrpaBUTALUN.
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JIutepartypa

1. Bnadumupos FO.C. Metadusmueckue ocHoBauust pusuku. M.: JEHAHI, 2024.

2. Bnadumupos IO.C. PensguyoHHas KapTuHa mupa. Kuura 2-s. OT 6MHapHOi ITpeareoMeTpum MMKpOMMpa
K reoMeTpun u pusuke makpomupa. M.: JEHAH]I, 2021.

POCCUICKOE TPABUTAITMOHHOE OBHIECTBO: ITPOIIJIOE, HACTOSIIIEE,
BYAVYIHIEE

10.C. Bnagumupos!

1 yusvlad@rambler.ru; ®usudeckuii paxkyapTeT MI'Y uMenu M.B. JlomoHocoBa, UIHCTUTYT TpaBUTALIUU U
kocmonoruu PYJTH

B moksajie 137105keHO CTAHOBJIEHME M Pa3BUTHeE B Hallleii CTpaHe MCCaeloBaHMil B 00-
JIaCTY 001Ieli TeopuM OTHOCUTEIBHOCTY M TpaBUTaum. JJoKIam COOepsKUT 7 4acTeir.

1. Mcmoxku omeuecmeeHHbIX 2pasumauloHHbIX UCciedo8aHuti. B aToit yacTu mokiaga
YIIOMSIHYTBI IIJIOLOTBOPHbBIE IpaBUTal[MOHHbIE (B paMKax OTO) uccnenoBanus B Hauen
cTtpaHe B 20-x - Havase 30-x rogoB XX BeKa, a 3aTeM BO3HUKIINE TPYLHOCTU M3-3a HECO-
orBeTcTBUSI OTO naoeonoruu guajaekKTMIYeCKOro MaTepuaansma.

2. Co3daHue u nepevle wazu omeuecmseHH020 2pasumMayuoHHo20 coobujecmsa. B atoii
YyacTy MOKa3aHbl akKTUBHbBIe yeuius nmpodeccopa [I./1. iBaHeHKO, MpUBeINe K TPU3Ha-
HMIO B Hatieil crpaHe BakHoctu OTO. B utore B 1961 rogy Ha 6a3e MI'Y 6bu1a mmpoBe-
neHa 1-s CoBeTcKast rpaBUTaLMOHHAs KOH(epeHys, a B 1962 rogy o6pa3oBaHa CeKILIMS
rpaBUTALIMM HAYYHO-TexXHUUecKoro copeta MuuBy3sa CCCP. I[IpencenaTenemM ceKuymm ObLT
Ha3HayveH nmpodeccop KasaHckoro yuupepcuterta A.3. [IeTpos.

3. Poccuiickoe epasumayuorHoe coobuiecmso 8 70-x 2zo0ax XX seka. B aTo yacTu moka-
3aHbI KOHQAMKT B CEKLIMM TpaBUTaIMM, KOHUMHA TTpodeccopa A.3. IleTpoBa u mesiTesb-
HOCTb CEKIMM I, pyKOBOACTBOM Iipodeccopa MI'Y A.A. Cokomnosa.

4. Co3daHue Pocculickozo epasumauuoHHoz0 obuiecmaa. ITo mpousonuio B 1988 romy
BO BpeMs mpoBeneHus 7-i COBeTCKOV I'paBUTAIMOHHON KOoHpepeHInM B EpeBaHe mo-
cJie 6e3ycCITeNIHbIX MOMBITOK pekTopa MI'Y akagemuka A.A. JlorynoBa 3amenuTb OTO Ha
pPa3BMUBAEMYIO UM PeISITUBUCTCKYIO Teoputo rpasutauuu (PTT). IlpesugeHTom cHavasia
BcecorwsHoro, a ¢ 1991 roga Poccuiickoro rpaBUTalMIOHHOTO 0011IeCcTBa ObLT M30paH Mpo-
deccop B.H. MenbHMKOB, MJIOAOTBOPHO PYKOBOAMBIINMIA CEKILIMEN OO CBOeI KOHUMHBI B
2017 romy.

5. Poccutickoe epasumayuoHHoe coobujecmso 8 mpyoHoie 90-e 200bl. TlokaszaHo, UTO
HecMOopsI Ha BCe TPYAHOCTH, B 9T Iofibl Poccuiickoe rpaBUTALIMMOHHOE OOIECTBO aKTUB-
HO JIeiiCTBOBaJIO: ObIJIO OPTaHM30BaHO M3gaHMe kypHasia "Gravitation and Cosmology'u
perynsipHoO pa3 B 3 roza mpoBoauianch Poccuiickme rpaBuTaliiOHHbIe KOH(pEpEeHIIUMN.

6. TesmenvHocmo Poccutickozo epasumayuoHHozo obuiecmaa 8 XXI eexe. B aTom paspgene
IoKkiIaza raHa MHQOpMAIINs O COCTOSIBIIMXCS TPaBUTAILMOHHBIX KOH(PEPEeHIMSIX U IPYTUX
MepornpusaTuax XXI seka.

7. Mbicnu o Haubosiee nepcnekmMusHoM HanpasaeHuu dansHetiuiux uccnedosauii. [To mHe-
HMIO aBTOpPa U psiia U3BECTHBIX (PM3UKOB, TAKMM HallpaB/IeHUEM SIBJISIETCSI [IOCTPOeHMe
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CaMOCTOSITeIbHOI CHUCTeMbl TTIOHSITUII ¥ 3aKOHOMEPHOCTeH, Mpucyninx busmke MmUKpo-
MMpa, U3 KOTOPOJi Obl BbITEKAIM UCII0/Ib3yeMble HbIHe KlacCuyecKye MpoCTPaHCTBEHHO-
BpeMeHHbIe MTpeACTaBIeHNs U OpyTriue MOHSTHS, OMMCcbiBaeMble Ha ero ¢oHe. TO OymeT
03HauvaTh MCKOMOE HbIHE COBMeIleHMe TIPUHIIUIIOB O0IIel TeOpUM OTHOCUTETbHOCTU U
KBaHTOBOJV TEOPUM.

JIureparypa

1. Bnadumupos FO.C. Mexny dusuxoi u metadpmsuxoit. Cepust u3 6 KHur, usganubix ¢ 2010 mo 2019 rox B
nspartenbcTBe YPCC.

2. Bnadumupos I0.C. MeTtabusmueckue ocHoBaHus pusmku. M.: IEHAH]I, 2024.

SPEED OF GRAVITY WAVES IN BEYOND HORNDESKI THEORIES
V.E. Volkova!

1 volkova.v.e@gmail.com; SI PAH

Horndeski theories remain a compelling framework for modeling dark energy,
offering viable explanations for the late-time accelerated expansion of the Universe.
This study is motivated by the constraints on gravitational wave (GW) propagation
introduced by multi-messenger astronomy, particularly the detection of GW170817 and
its electromagnetic counterpart GRB170817A, which revealed that the speed of GWs is
nearly identical to that of light. Traditional Horndeski theories, predicting an anomalous
GW speed, face stringent constraints in this context.

In this talk, we explore two scenarios: (1) minimal coupling between photons and
gravity, and (2) non-minimal coupling between photons and gravity. For the first
case, we examine constraints on the beyond Horndeski Lagrangian functions derived
for a cosmological background and investigate their applicability to a dynamical,
inhomogeneous background—specifically, one that is arbitrarily time-dependent and
spherically symmetric. We confirm that the constraints remain valid in this generalized
setting.

For the second case, we revisit models inspired by Kaluza-Klein compactifications
of higher-dimensional Horndeski theories, where non-trivial couplings between the
electromagnetic field and the Horndeski scalar allow electromagnetic waves to propagate
at non-unit speeds. We demonstrate that in these models, both GWs and their
electromagnetic counterparts propagate at the same (albeit non-unit) speed in the
presence of an arbitrarily time-dependent, spherically symmetric background. These
findings suggest that certain subclasses of Horndeski theories can evade the constraints
imposed by GW170817, provided photon-Galileon couplings are included.
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AHN30TPOIIHBIE KOCMOJIOT'MYECKWUE MOJEJIN TUIIA BUAHKN I, V, IX B
TEOPUU C HEMUHUMAJIbHOY KUHETUYECKO¥ CBS3bIO

P.I. Tanees!, C.B. Cymkos?

1 rafgaleev3@gmail.com; InctutyT dusuku, Kazanckuit dbenepanbusbiit yuuBepcuteT, Kasanb 420008, yi1.
KpemneBckas, 16a
2 sergey _sushkov@mail.ru; UactutyT usuru, Kazanckuii pemgepanbHblii yHuBepcuTeT, Kazanb 420008, yi.
KpemiieBckasi, 16a

HaGmomaemast cyiabast aHM30TPOIINSI PEJIMKTOBOIO M3/JIYUYEeHUSI 03HAYaeT, YTO Teope-
TUYEeCKOoe MCCIeq0BaHMe aHM30TPOITHBIX KOCMOJIOTMYECKMUX MOesIeil SIBJISIeTCSI BasKHOMN
" aKTyaJIbHO1 3aaveii. B Halreit pabore Mbl McciieqyeM KOCMOJIOTMYECKMe MOIeN TUIIa
buanku [, V, IX B CKaJISIpHO-T€H30PHOV TEOPUM TPAaBUTALUN C HEMUHMMAIbHOM KMHETU-
YeCKO CBSI3b10. MBI CTPOMM YpaBHEHUS T10JIS 1151 UCCIe[yeMbIX MOZeJiei U IIPOBOAUM UX
AHAIUTUYECKUI U YUCJIEHHbBIN aHaIn3. BaskHbI HOBbINM pe3y/abTarT, IOJyYeHHbI HAMU,
3aK/II0YaeTCsI B TOM, UTO B OT/IMYME OT 00IIelt TeOpuy OTHOCUTETAbHOCTH, B TEOPUM Ipa-
BUTALMM C HEMUMHMMAJIbHOM KMHETUYECKOI CBSI3bI0 aHU3O0TPOIMS 3aTyXaeT Ha paHHUX
CTagysIX 3BOJIOLIMY BceneHHOIA.
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N3MEPEHUE MEXAHUYECKHUX IIOTEPb B COEAMHEHUAX 3JIEMEHTOB
ITOABECOB ITPOBHbBIX MACC KPUOTEHHBIX JETEKTOPOB I'PABUTALIMOHHbBIX
BOJIH

JI.I. Tampuenko!, M.B. Tumoxus, B.IT. MutpodaHoB

1 lidgalo@gmail.com; MockoBckuit rocygapcTBeHHbIlt yHUBepcuTeT umenu M.B.JlomoHocoBa, ¢pusnuue-
ckuit dhakynbTeT, MockBa, Poccus

[lJis1 TIOBBINIEHMS] YYBCTBUTEILHOCTY MHTEep(PepoMeTpuuecKx JeTeKTOPOB I'paBuUTa-
IIMOHHBIX BOJIH HEOOXOIMMO YMEHbBIIATh IIIyMbl, OrPaHNYMBAIOII/e YYBCTBUTEIbHOCTD.
OgHMM U3 TaKUX ITYMOB SIBJISIETCS TEIIOBOM IIyM IoaBeca MpoO6HbIX mMacc. CormacHo
byKTYyalMOHHO-AMCCUTIALIMOHHO TeopeMe, YMEeHbIIUTb AAHHBI ITyM MOSKHO CHMKe-
HJEM TeMIlepaTypbl U MOBbIIIeHMEeM JOOPOTHOCTM cCaMMX IMPOOHBIX Macc. B HOBOM mo-
KOJIEHUM IPaBUTALIMOHHO-BOJIHOBBIX AE€TEKTOPOB MPeAnoiaraloT NpyuMeHSTh OXJIaXze-
Hue Mpo6HbIX Macc [1]. Io6pOoTHOCTb TPOOHBIX MACC U MTOABECOB 13 TJIaBJI€HOTO KBaplia,
KOTOPbIE UCIIONb3YIOTCS Ceifyac, yMeHbIIAeTCS IPU OXJIaKIeHUM [2], B CBSI3U C ITUM Ma-
Tepua MPOOHBIX MacC 3aMeHSIOT Ha Japyrue (B mpoekTe KAGRA - candup, B mpoeKTax
LIGO Voyager u Einstein Telescope - MoHOKpucTammueckuii KpeMunit). C HOBbIM MaTe-
pHMajoM MPOOHBIX MacCC MOSIBJISIETCS MPobieMa UX COeIMHeHMsI C TToBecoM. V3yuaeTcst
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BO3MOKHOCTb COeIMHEHMS C UCII0/Ib30BaHMEM JIeTKOIIaBKUX METasIOB (Ta/l/Inii U UH-
i) [3].

Hamu pa3paboTaHa MeTOAMKa UCCIeA0BaHMS MeXaHUYeCKIX ITOTePh B CJIOSIX U3 JIETKO-
IJIaBKUX METAJIOB U CIVIABOB, MCIIOMb3YIOWINXCS AJ1S1 COeMHEHMS 3JIEMEHTOB I10JJBECOB
KpPEMHMEBBIX TPOOHBIX MAaCC KPMOTEHHBIX IeTEKTOPOB I'PaBUTAILIMOHHBIX BOJIH. B HacTOs-
1ee BpeMs pa3pabaThiBAeTCsI METOAMKA COeAMHEHMS KPeMHMEBBIX IIACTUH C MCTIOIb30-
BaHMeM yJIbTPa3BYKOBOTO pa3pylieHus: OKCUA0B KPeMHMS ¥ OKCUIOB COeAMHUTETbHOTO
CJ10s1. ByZIyT M3TOTOBJIEHBI COCTABHbIE KPEMHMEBbIE Pe30HATOPbI C COeAMHEeHMEM JIETKO-
MJIaBKMMU MeTa/lJTaMU U CIJIaBaMu, M3MepeHa TeMIepaTypHas 3aBMCUMOCTbD yIjia MeXa-
HUYECKUX MIOTePb B COeIMHUTEIbHBIX CJ10s1X. [loyyeHHbIe JaHHbIe Oy T MCIOIb30BaHbI
TIIpY OlieHKe TeIJIOBOTrO IITyMa IMPOOHbBIX MacC KPMOTeHHbIX 1€ TEKTOPOB IPaBUTALIMOHHBIX
BOJIH HOBOT'O ITOKOJIEHMSI.
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AHUN30TPOITHBIE U HEOJHOPOJHBIE KOCMOJIOTMYECKHUE MOJIEJ/IA B
TEOPUN I'PABUTAIINN C KNHETUYECKUM I'PABUTAIMOHHBIM CIVIETEHUEM

X.A.Tarun!, C.B. Cymkos?

1 gatinhasan@mail.ru; Kasauckuit(ITpuBoskckuit)benepanbHblil yHUBepcuTeT, Kasanb, Poccus
2 sergey sushkov@mail.ru; Kazanckuii(IIpuomkckuii)penepanbHbliit yHuBepcuteT, Kazanb, Poccust

VccnemoBaHme 3BOJIOLIMYM paHHEN BceeHHOM SIBJISIETCSI OOHOM M3 aKTyaJbHbIX 3a/1a4
Kocmosorum. CoryiacHO aCTPOHOMMYECKMM HaOII0geHMIM, COBpeMeHHas BceeHHast sIB-
JISIeTCSI OGHOPOSHOM U M30TponHoM. OQHAKO0, Helb3s YTBEPXKAATh, YTO paHHsIs BceneH-
Hasl OblJIa CTOMIb K€ CMMMeTpPUYHA. B cBOMX McCaeqoBaHMUSIX Mbl 3a0a/ICh CJIEAYIOUIMM
BOIIPOCOM: eC/IM M3HavaabHO BceneHHast 6bljia HEOTHOPOIHOM M aHM30TPOITHOI, TO Ka-
KOBa IMHAMMKAa SBOIOLNYM M KAaKOB MeXaHU3M Mepexoaa K OJHOPOIHOI U M30TPOITHOM
daze?

B pamMKkax JaHHOTO MCCIeIOBaHMS OyaeM pacCMaTpuUBaTh TEOPUIO C KMHETUUYECKUM
rpaBUTALMOHHBIM CIUIETEHMEM, JIeViCTBMEe KOTOPOI uMeeT BULL:

1
—R+K(p,X)—G(p, X)Oey |,
6 (¢, X) (p, X)Oe

S=fd4x\/§

rme g,y—MeTpMKa IMpOCTpaHCTBa-BpeMeHyu, g = det(gyy), R-ckamsap Puuun,
(p—6e3MaccoBoe CKaJsipHoOe 1one, X = —%V“(pvu(p. @yukuun K(@, X), G(@, X) 3aBuCAT
TOJIBKO OT CKaJIIPHOIO oy 1 X.
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[TpocTpaHCTBO-BpeMS B 3TOi paboTe OMMChIBAETCSI METPUKOI ['ayu ¢ Tomonorueii To-

pa
T3 x R [1,2]:

ds® = eM? t_l/z(—alt2 + dxz) + t[ep(dy+ de)2 + e_szz],

rae A, P, Q GyHKIMM 3aBUCSIIME OT BpeMeHU ¢ > (0 i TPOCTPaHCTBEHHO IIepeMeHHOI X.
[IpocTpaHCTBEeHHbIE KOOPAVHATEI X, ¥ U Z IIPUHMMAIOT 3HaYeHMs1 U3 MHOXecTBa [0, 27].
Ha dyukuum A, P, Q HamoxeHsl yotoBusi: A(t,0) = A(t,2m), P(t,0) = P(t,2m), Q(t,0) =
Q(t, 2m). Mbl paccMaTpuBaeM IOJISIPM30BaHHbIN C1ydaii MeTpuky l'ayam, korga GyHKIUS
Q=0.

B maHHO¥ paboTe ObLIM ITOTyUeHbl HOBbIE TOUHbBIE pellleHMs MT0JIeBbIX YpaBHEHM, KO-
roa dyakuuu K (@, X), G(gp, X) UMeIOT clieayouuit BUL:

1. K, X) = X, G, X) = ine
2. K@, X) = X, G, X) = 1ng?
B nmepBoMm cirydae pu 1) < 1 rosydaeM Teopuio ¢ 06bIYHBIM CKalIsIpHbIM 11oneM. Ob1iee

pellieHMe TIOJIeBbIX YpaBHEeHUIT TaHHOI MoOJenu IpeAcTaBiaeHo B pabore [3]. IIpun < 1
rojsiygyaem Teopuio ¢ paHTOMHBIM CKaJISIPHBIM T10JIEM.

JInteparypa
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BO3MO>XHOCTDb I'EHEPAIIVII TPABUTALIMOHHBIX BOJIH B JIABOPATOPHbBIX
YCJIOBUAX

B.O. Mmagpimes!, B.JI. Kaym, A.B. Katorenxo, I.JI. Manyuapss, I1.I1. Hukonaes,
N.B. ®omuH, E.A. llapanauH

1 vkauts@mail.ru; MOCKOBCKUIi TOCYIapCTBEHHBII TeEXHMUECKUI yHUBepcuTeT uM. H.3. bBaymaHa

PaccMmoTpeHbl MPoLecChl KOHBEPCUM 3JIEKTPOMAarHUTHBIX UM IPaBUTALMOHHBIX BOJH
B HEJIMHEMHBIX IUIIEKTPUUYECKUX Cpefax Mpyu OOTydyeHUM MHTEHCUBHBIM MCTOUHMKOM
cBeTa. [IpenoskeHbl HECKOIBKO HOBBIX MEXaHM3MOB KOHBEPCUM 3JI€KTPOMArHUTHBIX U
IrPaBUTALMOHHBIX BOJIH. [IpMBOASTCS pe3y/abTaThl SKCIIEPUMEHTATbHBIX UCCIeN0BaHMIA
HeJIMHEeHO-ONITUYeCKIUX SIBJIEHM I, HEOOXOOMMBbIX IJIS1 UX peayin3alin.

Ha ocHOBe pellleHMit ypaBHeHMI DMHIITENHA OIS CTy4das IMHeapu30BaHHONM Teopum
rpaBUTALNM, OTNIpeAe/ieHbl TTIONPaBKM K MeTpuKe MMHKOBCKOTO, MHAYIMPOBAHHbIE I'pa-
BUTALIMOHHBIMM BOJTHAMM, CBSI3aHHBIMM C 3JIEKTPOMAarHUTHBIM IojieM. [IpenoxkeH me-
TOJ, PEKOHCTPYKLIMM XapaKTepPUCTUK CBOOOIHBIX MOMEePeYHbIX rPaBUTAI[MOHHBIX BOJIH B
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IIyCTOM MPOCTPAHCTBE HA OCHOBE XapaKTePUCTUK IPaBUTALMOHHBIX BOJIH, CBSI3aHHBIX C
3JIeKTPOMAarHUTHBIM I10JIeM B 3JIEKTPOMarHUTHBIX pe30HaTOpax.

PaccMoTpeH MeTof reHepMpOBaHMS TPABUTALMOHHBIX BOJIH, MHAYIIMPOBAHHBIX CTO-
UMMM JIEKTPOMAarHMTHBIMIU BOJIHAMU B pe3oHaTopax ®adpu-Ilepo. Takke mpeacTaB-
JIeHbI pellleHMsI ypaBHEHUI1 DiHINITeliHa, OMMChIBAIOIIME reHepalii0 TPaBUTALMIOHHBIX
BOJIH CMCTE€MOM CTOSTUMX 3JIEKTPOMAarHMTHBIX BOJIH Ha pa3HOCTHOM 4yacToTe. B KauecTBe
dakTopa ycuaeHus: reHepalyy HU3KOUACTOTHBIX IPaBUTALIMOHHBIX BOJTH paccMaTpuBa-
eTCsI 3aBUCYMMOCTb UX aMILIUTYAbI OT PA3HOCTHOM YaCTOThI CTOSTUMX 3/TIEKTPOMArHUTHbBIX
BOJIH.

SIHI-BAKCTEPOBA CTPYKTVYPA OBOBIIEHHOI'O ITPOCTPAHCTBA
K.A. T'y6apes!

1 kirill. gubarev@phystech.edu; MOCKOBCKMUI1 (PU3UKO-TEXHUUECKUIT MHCTUTYT, [JONTONpyaHbIi, Poccus

B nocnegHee BpeMsi 60/IbIIION MHTEpeC BbI3bIBAIOT METO/IbI reHepalluy HOBBIX (POHO-
BbIX I0JIeli A1l IBYMEePHBIX HeJMHEMHbIX CUTrMa-Mopenein (Tura cyrnepcTpyHsl ['prHa-—
[llBapiua). OgHMM 13 0CO00 BbIAENIEHHBIX METOHOB SIBSIOTCS Oedbopmauuu SIHra-
BakcTepa ¢hoHOBbIX Moseit. Takue Tpeodbpa3oBaHMs 3a1aI0TCSs IIPY ITIOMOIIM TTOCTOSTHHOM
MaTpullbl, YOOBJIETBOPSIONIEN KIaccuueckoMy ypaBHeHMIo SIHra—bakcrepa. IIpenmnosio-
SKUTEeIbHO Takue nedopMaliiuy COXpaHsIOT mpeacTaBaeHue Jlakca [jisi ToJieBbIX ypaBHe-
HMI, YTO OTBEYAET COXPAHEHMIO K/IaCCUUECKOV MHTETrPUPYEMOCTU CUCTEMBI. B KOHTEK-
CTe TeOPUM CTPYH U CYIIeprpaBUTALVIN, UTO SIBJISI€TCSI OCHOBHBIM MHTEPECOM B IIPeCTaB-
JI5IeMoii paboTte, Hauboee 3HAYMMbBIM Pe3yJabTaTOM B 3TOM HAIlpaBJI€HUM SIBJISIETCS OT-
KPbITME MHTETrpUpyeMoro cemeiicta medopmaiinii cynmepctpyHbl MeliaeBa-lleiiTnnHa Ha
doHe AdSs x S°. Ha maHHBIt MOMEHT B JIMTepaType MMeeTcsl 60MbIIoe KOMNUeCcTBO pe-
3yJIbTATOB 00 MHTETrpUpyeMbIx gedopManusax AdS, x S curma-mogesneii [1], Tak Kak OHU
MIPeJICTaBJISIIOT 0COOBI MHTEpPEeC C TOUKM 3PEHMSI ToIorpaduyueckoro COOTBETCTBHMSL.

Hedopmaniuu SIura—-bakcrepa pertennii 10-MepHO¥ cyrieprpaBUTaIMM OTIMCHIBAIOTCS
MIpY TIOMOIIY aHTUCUMMETPUYHOT0 611-BEKTOPHOTI'0 TapaMeTpa [iJist KOTOPOTro IpeaIiosia-
raetcsi 61-KvmmaroBsrit ansarn 7" = ri k; "k "', Toe riJ — mocrostHHbIe KO3bdUIVEH-
Thl, a k;""" — BekTOopa Kusuura doHoBoro penteHus [2]. Cama gedopmarius rosei mMmeer
CaMbl TPOCTO¥ BM/I, B TepMUHAX IBOVIHOI TeOpuM I0JIsI, TO3BOJIsIONIEel chopMyIpoBaTh
10-mepnyto cynieprpaBuTaiinio B O(10,10) MHBapMaHTHBIX TepMMUHAX TPV ITOMOIIV 0600-
1eHHOro perepa E4 v, 06beIMHSIONIET0 CylIeprpaBUTaLMOHHBIE IO B QYHAaMeHTAaNb-
Hoe nipencrasieHue rpymibl O(10,10). Torma nedopmaliyist ONMcbIBaeTCS TOKATbHBIM I10-
BOpPOTOM 060611eHHOro pertepa E4 y Ha 0(10,10) matputyy O /N

ey _eakbkn Om" 0

1
E4y= , 0PN = ZGXP(E.anTmn), (1)
0 ean ﬁmn 6mn

rae Ty,, cooTBeTCBYIOIIMe reHepatopsl rpymnbl O(10,10). [Ias reHepanumu pelieHmnin mpu
TakuXx AedopMalMsax TOCTaTOYHO UTOOBI '/ pelnana Kiaaccuyeckoe ypaBHeHMs SIHra-
Bakcrepa 1 6bl71a YHUMOIY/ASIPHOTA [2].
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B mpencraBiieHHOI paboTe MbI CTPOMM aHaIOr Takux medopmanuit nias d-mepHoii
Teopuu ODiHIITeliHa-MaKcBesaa ¢ OuaaToHoM obmanatomieit GL(d+1)-MHBapMaHTHOI
dbopmynuposkoit. IIpennmaraemas Hamu gedhopMaliiusl OMMUChIBAETCS TTIOBOPOTOM 006006-
meHHoro perepa E4 y Ha GL(d+1) Matpuiy O% »™Y (7151 TIPOCTOTBI MBI IPUBOIVM (OP-
MyJIbl 1711 d=3)

¢ ¢
eze,, e 2A Om"
EAM — . m _Qm , O(XMN — an;/ln ) — eXp (am Tm4); (2)
e 2

roe T,,* cooTBeTcTByIONMe TeHepaTopsl GL(4). Mbl OKa3bIBaeM, 4TO YCA0BMS KImH-
TOBOCTH [IJIs BeKTOpa a'” JOCTaTOYHO [AJIS1 TOTO YTOObI reHepMPOBAaTh HOBbIE PENIeHMSI.
MbI paccMaTpuBaeM IpuMepbl Takux dedbopMaliuit OJisl YepHBIX ObIP U IIJIOCKOTO TIPO-
cTpaHCTBa. MbI ITOKa3bIBaeM, YTO Takue medopMalyu MOTYT ObITh MHTEPIIPETUPOBAHDI
B TepMMHAX 000011eHHOTO ITPOCTPAHCTBA KaK KOOPAVHATHbBIE ITpeoObpa3oBaHMsI

dx'™ = (e*t*”) ZMet(dx"+a"()dz), &=za™0y, an™ =don(@M2),
dz' =dz.

[Tocmequnit moaxoxd Mbl 06001IaeM Ha CJTyyaii 0co60ro Kiiacca 61-BeKTOPHBIX Aedop-
Mauuii umeux Bug f = p1 A p2+ g A j C €3MHCTBEHHBIM HeTPUBMAIbHBIM KOMMY-
TAaTOpPOM [}, p;] = €;q. Mbl 11OKa3biBaeM, YTO OHUM TakKKe MOTYT ObITb OMMCAHBI MIPU TIO-
MOIIM KOOPAMHATHOTO Ipeo6pa3oBaHMsl B pacliMpPeHHOM (IBOITHOM) IpocTpaHcTBe. Ta-
KOJ B3IVISIT OTKPbIBAeT HOBbBIM MOAXO[ Ha MCCAeNOBaHME COXpaHEHUs] MHTEerpupyemMo-
ctu nipu gedopmanusax SIHra-bakcrepa, Tak Kak OXMUAAeTCsI, UYTO HalileHHOe KOOpIu-
HaTHOe Mpeobpa3oBaHMe MTO3BOJIUT HAXOAUTD IMpeobpaszoBaHme gedopmalum aJisl mapbl
Jlakca. Tak ke MbI 0OCYAMM AajbHeIIe ePCIIeKTUBbBI TAKOTO ITOAXO0/1a K paCCMOTPEHUIO
MOJIN-BEeKTOPHBIX Aedopmaninii 11-mMmepHOI1 cyrieprpaBuUTaLum [3], onmcbiBaeMbIX 3- U 6-
BEKTOpaMu BUJa

mymoyms _ ,ayaxas mi my ms my..mg _ ,ai...ag mi meg
Q =p kal kdz ka3 ’ Q =p kal ce ka6 ’ (4)

3

rae p“-46 — mocrosiHHbie KO3 duiMeHTsl, a k,” — Bekropa Kmwinmnra hboHOBOTrO pe-
IIeHUS.
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PaccMmaTpuBaeTcsT MCIIO/Ib30BaHMe Ha3eMHbBIX JIa3ePHBIX TMPOCKOIIOB OOJIBIIOTO pas-
Mepa [JIs1 M3MepeHUsI Ma/IbIX aHOMaJIMii 36 MHOTO BpallleHUsI, B TOM 4Mcjie BbI3BaHHbBIX
s dexramu OTO. O6¢cykaatoTcs MPo6ieMbl MCIIOTb30BaHMS JIa3ePHbIX TMPOCKOIIOB Ha
6a3e rasoBoro jasepa (HeNe) npu gimMTenbHbIX BpeMeHaXx IpoBeIeHNsI M3MepeHuii (Me-
CsIIIbI, roabl). PaccMaTpuBaeTcss HE0OXOIMMOCTb ITOCTPOEHMS TEOPETUYECKOI MOJIENN 3a-
BMCUMMOCTU BBIXOOHBIX TAHHBIX JJa3€pHOTO TMPOCKOIIA OT AMHAMMUYECKM MEeHSIIOIINX Ma-
paMeTpOB JIa3epHOV reHepaluy (TemrepaTypa ra3oBoro paspsga, neraaei aTunuka, Ha-
KOTIJIEHHAsI OCTaTOUYHAas HAMarHM4eHHOCTb U [p.) 1S TTOCIeAy0Iei KOppeKIu JaHHbIX
0 3HAUEHMSIX YIJTIOBOI CKOPOCTU BpallleHUS I CHMKEeHUS IVCIIepCUM TT0TydaeMbIX pe3yib-
TaTOB. [IpencTaBieHbl pe3y/bTaTbl S9KCIIEPMMEHTOB C MaJIoi (IepuMeTpoOM pe3oHaTopa
20 ¢cM) NIMJIIOTHOM MO[EJbIO JIa3epHOr0 I'MPOCKOMNa C SOCTVMXKEHMEM UYBCTBUTEIbHOCTU
3-1077 pag/(c- T'’?).

JHEPI'VISl, HEOBXOJAMNMAS JIS1 IIOPOXKIAEHVSI BAPII-IBUT'ATEJIEM
KPOTOBBLIX HOP

AK. T'yn!

1 aguts@mail.ru; COUMHCKMIA TOCyoapCcTBeHHbI yHuBepcuteT, Coun, Poccust, 354003

Kak u3BecTHO [1], mpu BbIXOAE Ha CBEPXCBETOBOJ (CBEPXOBICTPBIN) PEXMUM IoOIeTa
BapI-Kopabb AbKyObeppe MCIoNb3yeT SHepruto nopsanaka 1/4 Mq. ITTockonbKy 3TO 3Ha-
4YNTeNbHO 6oblIe, yeM 3Heprus 1/100M ), Tpebyemast 111 06pa3oBaHMs KPOTOBOV HO-
pbI [3,4], To 06pa3yeTcss KpOTOBast HOpa U Bapm-my3bipb Dy, COAepsKaluii Bapr-Kopaoib,
YXOIOUT B Hee [2].

Co3pmaHye KPOTOBOJ HOPBI B 3-MePHOM (3aMKHYTOM) (bM314eCcKOM MIpOCTpaHCTBe M
TIPUBOUT K TOMY, U4TO ITPOCTPAHCTBO M° CTaHOBUTCS MO0 HECBSI3HBIM B CTydae 4-
MepHOJ KPOTOBO! HOPBI, MIV HEOAHOCBSI3HBIM IIPY MOPOXEHMY 3-MepHOM KPOTOBI
HOpBI. B pesyibTaTe mojsiyyaeM HOBOE 3-MepHOE IPOCTPAHCTBO M3 ¢ IPYTUMU 4MCa-
My bettu b;. Pacuetr HeobxoAumoit sHepruu 6e3 yueTa ee 3HaKa ObuT cAenaH B [3,4] ¢
nomoibio popmysbl PeBeHTOCa, OTHOCSIIYIOCS K popmynam tura l'acca-bonHe-YepHa.
IToceqHMe CBSI3bIBAIOT KPUBU3HY FeOMeTpUIM MHOT006pasus M° ¢ ee TOMONIOrMYECKIt Xa-
PaKTEePUCTUKO, HAIIPUMEP C XapaKTepUCTUKOI Jitnepa-ITyaHkape, uay ¢ KOMOMHaIen
uycen Bertu b; (M3).

®opmyna PeseHtoca umeet Bug, [5, Theorem 2]

o 1(5) f (K(ED +3K©E)}dv = 2by (M) — by (M>) + dj, (1)

rae dg = 0 win 1 B 3aBUCUMMOCTU OT YeTHOCTU WJIM HEYeTHOCTY OTHOMEpPHOro unciia bet-
™ by (M3); K (ch-) — 3HaAUeHMe PUMMaHOBOJ KPUBU3HBI B IJIOCKOCTU, OPTOTOHA/IbHOI {;
K () — 3HaueHMe pMMaHOBOJ KPUBU3HBI AJISI JII000 IVIOCKOCTH, comepskateii & (oTMe-
TuM, 4TO0 K (&) He 3aBUCUT OT BbIOOpPa MIOCKOCTH); dv — ¢dopma obbema; [(E) — mamHa
MHTETPa/IbHO TpaeKTOpuUM MoJs ¢ (OHA MOCTOSIHHA).

Vi3MeHeHMS MPOUCXOIST B o6mactu Dy, mostTomy [(¢) B Dy XapaKTepusyeT JTMHENHbBIN
pasmep [ 06acTu.
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Borunrast u3 dopmyinsl (1), HamMcaHHO A1 M° eé ke, HO HaIMCAHHYIO Iist M3, u
yMes B BUZy ypaBHeHUsI DMHIITEeHa

161G

R+Ky=— ¢, Kz = (K&)? - KopKP,

rae Kgp — TEH30p BHEIIHel KPUBU3HbBI IPOCTPAHCTBEHHOTO CeUeHMs (CUUTAEM, UTO CPef-
HSIST KpUBM3HA HE MEHSIeTCSI, XOTSI OT 3TOTO YCJIOBUSI MOXKHO M30aBUTHCS), COMlepsKaIero
KOpabJib, MOTyYMM

1
v(Dy)

4
f Sedv | ~——[26by —6by +8dy), @)
4nG
Dy

rne o = V(Do)/1, 5 A= AM3) — A(M3), win

4
b€y ~

20by— 6 by + 6dp]. 3
1nCo (26 bo 1 ol 3

151 4-MepHOI1 KPOTOBOJ HOPbI O by = 1, T. K. HA 1 yBeIMUMBAETCS UMC/IO KOMIIOHEHT
cBsi3HOCTU, Ob; =0—-0=10, 6dy = 0 — 0 = 0 MOCKOMbKY OIHOCBSI3HOCTb cOoxpaHsieTcs. [1o-
TOMY IJIS1 4-MEepPHOI KPOTOBOI HOPBI

c? c?

AnGo - AnGo

Kak BuauMm, AJjiss o0pa3oBaHUs 4-MepPHOI KPOTOBOI1 HOPbI BapI-IBUTaTe/II0 HE00-
X0OAyiMa I10JIOKUTe/IbHAas SHeprusi!

A st 3-MepHO¥ KpOTOBO HOPBI 6 by = 0 B CUJTY TOTO, UTO YMC/IO KOMIIOHEHT CBSI3HO-
CTU He MeHseTcs, TO by = 1 — 1 = 0. Ho mocKo/ibKy OJHOCBSI3HOCTh HAapyILIAEeTCsl, OSIB-
JisgeTcs pyuka, To by =1-0=1,6dp=1-0= 1. CiegoBaTeabHO,

(Oe) ~

[2-1-0-0]>0. “)

4
c

Se) ~ —

0e) 4nG

[2:0—1+1]=0. (5)
o

[Momyunay MOCTAaTOYHO CTPAHHYIO OI€HKY, BUAMMO, O UYeM-TO roBOpsIy0. JInb6o o
TOM, YTO MCIOJIb3YETCS U ITOJIOKUTEIbHAS M OTpULIaTe/IbHAas S9Heprus (KaK B CIydae BapIi-
nsuraTens Ban neH bpyka, Tem 6ojiee, 4TO cunTaeM cpefHee 3HaUeHUS (O€)), a, BO3MOX-
HO, TOBOPUT O I'PyOOCTM HAIIMX OLEHOK. VM 0 HeCcTabMIbHOCUMM 3-MepPHBIX KPOTOBBIX
HOD.

ITocMOTpUM, UTO MOJIYUMUTCSI, €CJIV B IPOCTPAHCTBE y3Ke OblyIa 3-MepHasi KpOTOBasI HO-
pa — B BCSIKOM C/Ty4yae, B OOIIMPHOM IPOCTpaHCTBe BceneHHOI, HaBepHSKa CYIIeCTBYeT
eCTeCTBEHHAs 3-MepHas KPOTOBAasl HOpPA), U Mbl IIOPOXKAAeM HOBYIO IIOJ, CBOM KOCMUYe-
cKuit Kopabinb. B Takom cinyuae, 6p=1-1=0,06,=2-1=1,6dy=0—-1=—1. Cneno-
BaTeJIbHO, IIPY MMOSBJIEHUY BTOPOI 3-MepPHOM KPOTOBO HOPBI

4
c

SE) ~ —

0e) AnG

[2-0-1+(-1)]=-2<0. (6)
g

Buaym, 4To 1151 MOPOSKIAEHMS 3-MePHOI KPOTOBOI HOPBI TPEOYeTCS 9K30THUUeCKas Ma-
Tepusi. ABTOp, olleHB B 1982 romy B cTaTbe [3], 9HEPTMIO 06pa3oBaHMsI KPOTOBBIX HOP,
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He cTaj o6paniaTh BHMMaHMS Ha ee 3HAK — JJIST TOMOJIOTMYECKUX TlepeMellleHNii B Tpo-
CTPaHCTBe, KaK BUIHO U3 MPebIayIlero, JoCTaTOYHO MCII0Ib30BaTh 4-MepHbIe KPOTO-
Bble HOPBI ¥ 0ObIYHYI0 9Hepruio. O6 oTpuilaTeIbHO ke 9Hepruu CTalu TOBOPUTD IOCTe
TOro, Kak TopH, M3Ha4YaJbHO aKlleHTMPOBAB BHMMAaHMe Ha 3-MepHbBIX KPOTOBBIX HOPAX,
KOTOpbIe ObUIM HeCTaOMIIbHBI, [IJIST TIOAJepKaHUSI UX CTaOMIbHOCTM, BBIHYKAEHHO BBEJ
B pacCMOTpeHMe OTPUIATeIbHYIO (3K30TMUECKYI0 MaTepuio), BTSHYB B ee MOUCKU ITpak-
TUYECKM BCEX, KTO B TOI MJIM MHOI Mepe MCCAeq0Ba/l CBEPXObICTpbie MepeMelieHNs B
MPOCTPAHCTBE WJIM MHTEPECOBAJICS CO3aHMeM MaIllMHbl BpeMeHN.

JIureparypa

1. Pfenning M.]., Ford L.H. Quantum Inequality Restrictions on Negative Energy Densities in Curved
Spacetimes. arXiv: gr-qc/9805037v1.

2. Ty A.K. Tommosmormnueckuii xapakrep paboTsl BapIi-aBuraresst AbKy6beppe Mpy BBIXOE Ha CBEPXCBE-
TOBYIO CKOPOCTH // dpdeKkTrBHOE 0becreueHe HAyYHO-TEXHMUECKOTO IIPOrpecca: MCCIeJoBaHye 3a1ay U
TOMCK pelleHuii: COOpPHUK cTaTeil MekayHapOogHOM HayIHO-IIPaKTUUeCKoi KoHdepeHyu (. MarHuTo-
ropck, P®, 25 aBrycra 2024r.). Vipa: AstepHa, 2024. C. 6-9.

3. I'yu A.K. IsmeHeHMe TOMOMOrMM (DM3UIECKOTO MPOCTPAHCTBA B 3aMKHYTOV BCeJIEHHOI // VI3BecTus By-
30B. ®u3mka. 1982. N2 5. C. 23-26.

4. Tyu A.K. Hapymenue cBs3HocTU pusndeckoro npocrpaHctsa // i3Bectus By30B. dusmka. 1983. N2.8.
C. 3-6.

5. Revenos A. On the Gauss-Bonnet formula on the odd-dimensional manifolds // Tohoku Math. J. 1979.
V. 31.no. 2. P. 165-178.

JIEKTPOJIMHAMMUKA HA ®OHE YIAPHBIX IT'PABUTAIIMOHHBIX BOJIH
E.A. IaBbinoB!

1 davydov@theor.jinr.ru; O6beIMHEHHBII T MHCTUTYT SIIEPHBIX UCCIeA0BaHMii, lybHa

YoapHbIMK TpaBUTAUMOHHBIMM BOMHamMu (YI'B) gIBASIOTCS IpaBUTALMOHHbIE TIOJIS
00BEKTOB, IBVKYIIMUXCS C YIbTPapeIsiTUBUCTCKOM CKOPOCThbI0. C X MOMOIIbI0 MOKHO
OMMMCATh WIMPOYANIINIA CIIEKTP SABJIEHUN: pacCesiH/e JIeMeHTaPHBIX YaCTULL IIPU CBEPX-
BBICOKMX SHEPIUSIX, IIPOLeCChl CIUSIHUS YEPHBIX AbIP, GU3MKY TOMEHHbBIX CTEHOK B 3110-
Xy KOCMOJIOTMUeCKMX (ha30BbIX ITePexoi0B M MHOTOe Jpyroe. B 60bIIMHCTBE peaibHbIX
rmpoueccoB YI'B pacripoCcTpaHSIOTCS B BelleCTBe, II0O3TOMY IPEeACTaB/ISIETCSI aKTYaJIbHOM
3agava uccienoBaHust Gu3uku moneii Ha hoHe YI'B.

PaHee 6bIJI0 IeTaJIbHO M3yU€HO MTOBeJileHMe CKaIsipHbIX noseii [1] Ha pone YI'B, obna-
IAIIUX p p-TeoMeTpueii, YTO 03HauaeT MVIOCKMIT BOTHOBOI (PPOHT M MmapasiesibHO pac-
npoctpaHsiomyecs ayun. Takue YI'B mormyckaioT MMITY/IbCMBHBIN IIpeIen M MOTYT ObITh
OIMMCaHBI ITPU TTOMOIIU METPUKMN:

ds’ =—dudv+dy* +dz* +5w) f(v,y,2du?, u=t-x, v="_t+x, (1)

C orpaHMYeHneM Ha GyHKIMIO PO IPaBUTALIMOHHOl BOMHBI: 82 f = 0.
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B npencraBisieMoii paboTe MbI MCCIeAyeM JIEKTPOAMHAMMKY B IIPOCTPAHCTBE C MET-
pukoii (1). B ocHOBe Hamiero Mmetoga JiexXuT 1onaxof [leHpoysa, 3aK/I04Yaromuiics B 3a-
MeHe reoMeTpun (1) IMIIOCKMM MPOCTPAHCTBOM C pa3pe3oM U CKJIeIKOV BAO0JIb HY/IeBO
TUIIePIIOBEPXHOCTY CO CABUTOM (CylepTpaHc/siueii) KoopauHatel v — v — 2 f. Bo3geii-
crBue YI'B Ha IT0/1eBYI0 CMCTEMY MOKET ObITh HaliJIeHO ITyTEM pellleHUs XapaKTepucTuye-
ckoii 3agaun Kot ¢ HauaabHBIMM JaHHBIMM Ha HYJI€BOI IUIIePIIOBEPXHOCTY — HPOHTE
rPaBUTALMOHHO BOJIHBI.

HoBbIM B TaHHOI paboTe SIB/IsIeTCS pa3BuUTHe noaxoaa [leHpoysa, o3BosIsIolIee yun-
ThIBATh HaJMuMe KaJMOPOBOYHBIX CTeleHel CBOOOIbI y MoJIsl. B KauecTBe KOHKPETHOTO
IpuMepa NpMMeHeHUsI MeToaa Mbl uccienoBany 3 ekt Bo3mericTeus YI'B mpon3Bosib-
HOTO Mpodu/Isg Ha TojIe TOUeuHoro 3apsaa. OkasbiBaeTcsl, YTO B 001aCTy 1mo3aay GpoH-
Ta YI'B BO3HMKAET 3/IeKTPOMarHUTHOE U3JIyuyeHue, a TaKKe pacIpoCTpaHsIeTCs yaapHas
1eKTPOMAarHUTHas BOJIHA, OMMChIBAIOLASA CKAUOK KOMIIOHEHT TeH30pa I10JIsl, HO He CUH-
TYJIIPHOCTD THUMA §-QYHKIUNA.

PacripocTpaHeHue yoapHbIX JIEKTPOMArHUTHBIX BOJH XapaKTePHO [JIST JIEKTPOLN-
HaMMKM 6e3MacCcOBBIX 3apsiaoB. [leiicTBUTeNbHO, Bo3AeiicTBMe YI'B Ha 1mose ToueuHoro
3apsaa cxoxe ¢ 3¢pdekToM MPUCYTCTBUSI 6€3MaCCOBOr0 MCTOUHMKA 3JI€KTPOMArHMTHO-
ro 1oJisi Ha GpOoHTe TpaBUTALIMOHHOV BOMHBI. OQHAKO B OT/MUME OT OOBIYHO paccMar-
pMBaeMoro ciaydasi 6e3MaccoBOTO 3apsifa, CoaepsKaIiero §-oopasHy0 CUHTYISIPHOCTD B
TeH30pe MOoJIsl, He MO3BOJISIONIYI0 OMpee/INTh TEH30P SHEPIUU-UMITY/IbCa, B pacCMaTpu-
BaeMOJi MOJIe/IM 3TOV MPoOaeMbl He BO3HUKAET.

JIureparypa
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KBA3U-OCHWUISIIUN HU3KUX MYJIBTUIIONEN B CITEKTPE PEJIMKTOBOI'O
U3JTYUYEHUSA KAK CJIEACTBUE JOMEHHOI CTPYKTYPBI BAKYYMA

I0.B. Tymun!

1 dumin@yahoo.com; TocymapCTBeHHbII acTpOHOMMYECKUiT MHCTUTYT uM. I1.K. Illtepu6epra MI'V um.
M.B. JlomoHocoBa, Poccust, 119234, MockBa, YHUBEPCUTETCKUIA NP-T, A. 13; NHCTUTYT KOCMUYECKUX UC-
ciepoBanmii PAH, Poccus, 117997, Mocksa, ITpodcorosHas yi., o. 84/32; ®daxkyabrer dusukun HAY BIIID,
Poccust, 105066, Mocksa, Ct. bBacmannas yi1., 1. 21/4, ctp. 5

XopoI110 M3BEeCTHO Tpo6ieMOoit TIpy MHTEePIIpeTal i CIIeKTpa PeIMKTOBOTO U3Tyde-
HMS SIBJISIETCS aHOMaJIbHOE MOBeleHye HU3KMUX MyJibTunosel (I < 10): Bo-TepBbIX, X aM-
IUIUTY[A CYLLeCTBEHHO OT/INYAEeTCS OT TeOPeTUUeCKUX IpeacKa3aHuii U, BO-BTOPBIX, OHA
MMeeT KBa3u-OCIMUIMPYIOIIYIO CTPYKTYPY. B maHHO# paboTe mpenjiaraeTcs MHTepIIpe-
TUPOBATb 3TOT 3(PGHEKT Kak CJieACTBME TOMEHHO CTPYKTYPbI BakKyyMa, popMuUpylolieii-
cs1 B paHHelt BcesieHHOI1 B pe3yibTaTe (pa30BOro nepexoja HEKOTOPOTO CKAISIPHOTO TTOJIS
(Hammpumep, mosisi XUrrca), Hapyuarlero CMMMeTPpUIo BakyyMa. T.K. JOMeHHas peleTKa
pacimmpsieTcst MpubAN3UTETbHO ¢ Xab6I0BCKO CKOPOCTHIO, TO €€ 3 (MeKTbhI MPOSIBISIIOTCS
Ha CyIIeCTBEHHO 6OJIbIIMX MacIlTabax (T.e., B MEHbLINX MYJIbTUIIONSX), YEM, HAIIpUMep,
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Y KOCMMUYECKMX CTPYH (KOTOpbIe MMEIT TEHAEHIIMIO 3aMbIKAThCS B TIET/IM U CKUMAThCS
IO, Ie/iCTBMEM BHYTPEHHEr0 HaTsisKeHMsI). B mepBoii yacTy paboThl, MCXOMS JIMIID U3 Ca-
MOTO 00IIero MPemoa0sKeHNsI 0 MOHOTOHHOJ 3aBUCUMOCTY BeJTMUMHBI 37IEKTPOMAarHuT-
HbIX QIYKTyalMii OT aMIUIMTYAbI CKJIIPHOTO 110151 B (ha3e ¢ HapylleHHOM CMMMeTpueii,
TIpoM3Be/IeHa MOyIMITMPUYEecKasi OlleHKa KOJIMYecTBa BaKyyMHBIX JOMEHOB B Habo1a-
emoii obiactu BeenreHHoii. Bo BTOpOIt 4acTu, MCIOIb3Ys IMIPOCTEMINYIO IBYMEPHYIO MO-
Ie/lb BAaKYyMHBIX JJOMEHOB, BbIUMC/IEHO UX BIMSHIE Ha CIIEKTP BO3MYIIeHUIT B 00/1aCTH
HU3KUX MYJIbTUIIONEN U TI0KAa3aHO, UTO BEPOSITHOCTb (pOPMMPOBAHMS AOTIOTHUTETbHBIX
MIMKOB B CIIEKTPE, BOOOIIE TOBOPSI, MOKET ObITh 3HAUMUTETbHOIA.

TEMHASI MATEPUS BOKPYT ITEPBUYHbIX YEPHbLIX /[IbIP
I0.H. Epomenko!

1 eroshenko@inr.ac.ru; IHCTUTYT simepHbIX MccaeqoBanmii PAH

Ha panHux stanax sBoionuy BceqeHHO MOIIM POXXIAThCS MacCUBHbIE ITepBUYHbIE
yepHbIe IbIPhI, COCTABJ/ISISI HEKOTOPYIO YacCTh BCeil TeMHOM maTepun. OcTanbHas 1peoo-
JIagarmasi 4acTb TEMHOM MaTepuUyM MOXET COCTOSIThb, HATpUMep, U3 3JIeMEeHTAPHBIX Ya-
CTULI, UJIM TIEPBUYHBIX YEPHBIX IBbIP C MAJILIMM MaccaMy. ITa KOMIIOHEHTa TeMHOI MaTe-
puM IomKHA GOpMUPOBATh BOKPYT MAaCCUMBHBIX MEPBUUHBIX YEPHBIX MIbIP IIJIOTHBIE CIY-
meHus. Ha pagnanmoOHHO-IOMMHUPOBAHHONM CTAaauM 3BOJIOLMM BCeleHHOM 3TH Cryiie-
HUS IPeACTaB/ISIOT COO0I IIJIOTHBIE IIMKM, B KOTOPBIX BO3MOXKHA CYJIbHASI aHHUTUJISILIVST
YacTuUl, TeMHOM MaTepuu. Ha nbuieBUIHON CTaauu 3BOMOLUMNY BcelleHHOM BOKPYT Iiep-
BUYHBIX YEPHBIX AbIP HAPACTAIOT MaCCUBHbIE rajio U3 TEMHOI MaTepuu. B maHHOIi pabo-
Te 00CYKIAaeTCsl CTPYKTYpa ¥ CBOVICTBA IIMKOB C YIETOM MX TpaHchopMaluyu B Ipoliecce
AHHUTWISIIMUY. B TMOpUIHOM clleHapyuy ¢ IepBUYHBIMM YePHBIMM IbIPaMM Pa3HbIX MAcCC
BO3MOXKHBI [JBYXTeJIbHbIE PACCESIHUS M MHOKECTBEHHbIE CAUSIHUSI MeJIK/X YEePHBIX IbIP
BOKPYT MAaCCUBHBIX YEPHBIX JIbIP.

MACCA 1 ITAPAMETPbBI BPAIIIEHNS 3BE3/1 B YCJIOBUAX JTUHAMMWYECKOI'O
PABHOBECHSA

B.M. JKypasines!

1 zhvictorm@mail.ru; YIbSITHOBCKMI TOCYyTapCTBEHHbIN Mefarormyeckuit yuusepcuTtet, JlabopaTopust rpa-
BUTAIINM, KOCMOJIOTMM U acTpOoduU3nKu, YIbSIHOBCK, Poccus

OCHOBOJ1 KJIaCCUYEeCKOV TEOPUY CTPOEHMSI 3Be3/1 SIBJISIeTCS ITPeATIoNoKeHe, UTO BHYT-
PEHHSISI CTPYKTYpPa 3Be3/Ibl OCTAETCSI HEM3MEHHOM Ha MPOTSKeHMUM OOIbIINX ITPOMEXKYT-
KoB BpeMeHu [1]. IIpu aTom HabomaeMble MyJabCcaliuM 3Be3[ U ObICTPOIPOTEKAIOIIVE
MPOLIeCcChl B HMUX TUIIA BCIIbIIIIEK OTHOCST K BO3MYIIIEHUSIM OCHOBHOV CTPYKTYPbI U pac-
CMaTpUBAIOT KaK IMPOIeCChl ITepBOro Mopsaka MajaocTu. Takoi ogxod MpUBOAUT K IIPO-
61emMaM ¢ 0ObSICHEHMEM HEKOTOPBIX SIBJIeHMIi, HabmomaeMbIx y CoHIIA, 1, TIO BCeii BU-
OUMOCTH, Y IPYTUX 3Be3[, COIHEUHOro Tuma. [I[pyMepamMmu MOTYT CTYXKUTb Hainuue 11-
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JIeTHEro IMKJa COJHEYHOJM aKTUMBHOCTM, a TaKKe MakKCMMyMa TeMIlepaTypbl B KOpOHe
ConHIja nopsiaka 2 - 108K.

AJIbTEpHATUBOM CTaTUUYECKUM MOZEJISIM 3Be3[, SIBISIETCS MOAEeIb UX IMHAMUYECKOTO
paBHOBecHsI, pa3BuTas B paborax [2, 8, 10]. Momenb nuHamuueckoro paBHoBecus (M/IP)
3Be3]], MMeeT [ABa BXXHbBIX AOCTVKeHMS. [IepBbIM JOCTUKEHMEM SIBJISIETCSI BBIBOJ, O TOM,
YTO B YCJIOBUSIX AMHAMMYECKOTO paBHOBECHS CYIIIECTBYET YCTOMUMBOE COCTOSIHME, BOJIV-
311 KOTOPOT'O 3Be3/bl COBEPIIAIOT HeIMHEeHbIe MyIbCcaluy, 00yCI0OBI€HHbIE paayialb-
HBIM ¥ 30HAJIbHBIM JBV>KEHMEM Cpelbl. DTO MO3BOJSET MOJIYYUTh AUMarpaMMy Iepuo/l-
CBETUMOCTD ITYJIbCUPYIOIIUX 3BE3[, B aHAIUTHU4YeCkoM Buze [8]. Bropoe moctukeHne co-
CTOUT B OOBSICHEHUM MaKCUMyMa TeMIlepaTypbl B KopoHe CoJHIIa, KOTOpPOe SIBJISIETCS
MIPSIMBIM CJIEICTBYEM IVMHAMMUUYECKOTO PaBHOBECHS U JOJIKHO HAOIIOOATHCS U Y OPYTUX
3Be3/[l. B pamMKkax cTaTMueckmnx Mojesieli Haaudme Mmakcumyma B KopoHe CoJHIIa He HaXo-
IJIO AOJIKHOTO OOBSICHEHMS U CBSI3bIBAJIOCH C pa30TPEBOM KOPOHBI 3@ CUET IOIVIOIeHMS
MarHUTOTUAPOAVHAMMUYECKMX BOJIH.

BMmecTe ¢ yKazaHHbIMM OOCTVDKEeHMSIMM M]IP comepXuT psif, BaKHBIX CJI€ACTBUI, KO-
TOpPbIE€ MMEIOT OTHOIIIEHMEe KaK K CaMOil TeOpUM CTPOEHMST Y OCLMJIISILIMIA 3Be31, TaK U K
SIBJIEHMSIM, OKa3bIBAIOIIVM CYIIECTBEHHOE BJIMSHME Ha OOIITYI0 TEOPUIO TATOTEHMUS.

OnHMUM U3 TaKMUX CIeCTBUI, Kacarluxcs, 1o KpaiHe mepe, ColHIA U 3Be3[] 3TOr0
TUIIA, SIBJISIETCS HAJIMUME HEHY/JIEeBOM aCMMITOTUKYU MJIOTHOCTM MacChl BeIIeCTBA B KO-
pOHe U ee BIMSHME Ha IBVMKeHMe TUIaHeT, 0n3Kux K ComHIly. BTopsiM c/ieicTBMEM SIB-
JISIeTCSI BO3MOXKHOCTb HapyIIeHMs YCTOMUMBOCTY 30HAJbHOTO IOTOKA B 3BE3/1aX 3a CUeT
BHelTHMX ¢akTopoB [10]. IlepBoe U3 3TUX C/IeICTBUII BeeT K BO3MOKHOMY I1epecMOT-
Py IIPUYMH TIOSIBJICHUSI CMeIeHUs Tiepureans Mepkypus U OPYIUx IUIAHET, OMM3KUX K
ConHiry. Bropoe ciieficTBe gaeT HOBOe BO3MOKHOe 00bsicHeHMe 11-7ieTHeMY LIMKITY COJ-
HEUHOJ aKTUMBHOCTU Kak 3¢ deKTa BOSHUKHOBEHMSI HEYCTONUYMBOCTM 30HAJIbHOTO ITOTOKA
3a cuer BAusIHUS TuiaHeT COJTHEUHO CUCTEMBI B TIEpBYI0 ouepenb HOnurepa.
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ITOJIE TATOTEHUA CIIJIOITHOM CAMOTPABUTUPYIOIIEN CPEJIbI U “TEMHAS
MATEPUS’
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OpHoit 13 HamboJee BaXKHBIX ITPO6JIeM COBpeMeHHO acTpOMU3UKM SIBJISIETCS PaCXO3K-
IleHle B HaOJII0iaeMbIX KPUBbIX BpallleH!s IMCKOBBIX TAJIaKTHK C IPeAcKa3aHHbBIMU Ha
OCHOBe HaOJI0IeH M1 X TTOBEPXHOCTHOM SIPKOCTH. DTO PACXOKAeHMEe 00bSICHSIETCS HaJIN-
ureM 3¢ deKra CKpbITOI Macchl Miu “TeMHOM maTepun” [1,2]. [l o6bsicHeHust addex-
Ta CKPbITOI MacChl MIPUBJIEKAIOT JBe OCHOBHbIE TUIIOTE3bl, KOTOPbIE BBIXOAST 38 PAMKU
KJIaCCUUeCKOi Teopum TsroteHusi. [lepasi COCTOUT B TOM, YTO Ha OOMbIIMX MaciiTabax
CYIIeCTBYeT 9K30TMueckasi opma marepun, B3aMMOIECTBYIOIIAs C OOBIYHBIM Bellle-
CTBOM TOJIBKO 3@ CYET CUJI TATOTeHMsI. IME@HHO 3TOT II0AX0 MMeHyeTcs 3h(PekToM “TeM-
HOJVi MaTepun”. BTopoii mogxon cBOAUTCS K MOAUGUKALMSIM KJIaCCMUeCKOTo 3aKOHa TSTo-
TeHus HproToHa. OCHOBHBIM IIPMMEPOM TAaKOro rnoaxopa ssiusietcs: reopust MOND [3,4].
O6a moaxona He JAIOT HA CETOMHSIIHMI AeHb MCUePITbIBAIOIEro 00bsicHeHMS 3¢ deKTa
CKPBITOM MaCChI.

B ocHOBe mpencTaBaeHnit 06 3¢ dekTe CKPbITOI MacChl, CBI3aHHbIX C TAaHHBIMM O Bpa-
IIeHUY TaJaKTUK, JTEXUT KIaCCUUeCKUit CIIoco6 BbIUMCIEeHNST HAMIPSIXKeHHOCTM TIOJS TS -
TOTEeHUSI B CAMOTPaBUTUPYIOIEN CIJIOIHONM Cpelie, OCHOBAaHHbIN Ha TEOPUM TATOTEHUS
HproToHa. [t onmcaHus MO TITOTEHMS B CIJIONTHOM cpefie MpejioskeH HOBbI MeTOf,
pa3paboTaHHbIN B TOMOJIOTMYECKO Teopuu pyHaaMeHTaIbHbIX noseit (TTOII) [5,6]. OTa
Teopusl SIBJsIeTCsl aabTepHaTUBOI O61Ieit Teopun oTHOocuTenbHOCTU (OTO). IIpu aTom
TT®II, kak 1 OTO, 111 06BSICHEHMS CBOVICTB MaTePUM, €€ TMHAMUKI U CTPYKTYPhI OITH-
paeTcsl Ha TeoOMeTpuYeCcKue ¥ TOTOJIOTUYeCKe MEeTObI.

JlaHHbBIVI METOJ ONMCAHUS IO/ TATOTEHUS IIPU OlpeleleHHbIX YUIOBUSX MOXET B
TOYHOCTU COOTBETCTBOBATh KJIaCCUUECKOM Teopuu TroteHus [7]. Ho B ciiydae HeBbITIOIN-
HEHMS 9TUX YCUIOBUI IMIPUBOIUT K TMOSIBIeHMIO 3(pdeKTa CKPhITO MacChl. ITU YCJIOBUS B
IIepBYI0 OYepenb CBSI3aHbI CO CBOVICTBAMM CaMOI1 CIUIOIIHOM Cpebl - HAIMUYMEeM B Hell ua-
CTUII C pas3aMUHOM MacCMBHOCTBIO [8—10]. OTo 103BOJISIET BBISIBUTD 001111e TpeOOBaHMS K
dbopme rpecTaBaeHNS HATIPSDKEHHOCTH MOJIS TTOTEeHMSI, KOTOPBIE AAIOT, C OAHOM CTOPO-
HbI, pellieHye 3aJauy KJIacCUUeCcKol Teopum TAroreHuss Hpr0TOHa [J1s CIUIONIIHOM caMo-
TPaBUTUPYIOILEN Cpefbl, a C IPYroii - HOBbIN crIoco6 omnucaHus 3PdeKTa CKPhITOI Mac-
cbl. Ha ocHOBe HOBOTO cItoco6a Tpe/icTaBaeHNUST HAMIPSXKeHHOCTHM TT0JISI TATOTeHUST KpaTKO
aHAJIM3UPYeTCs 3aJlaya O AMHAMMUYECKOM PaBHOBECUM AUCKOBBIX CTPYKTYP, B TOM UNCIe
raJIaKTUK, ¥ 000CHOBbIBaeTCs 3 PeKTUBHOCTb HOBOTO ITOAX0/a )il onmcaHus addekTa
CKPBITON Macchl (“TeMHOI MaTepun’).
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A =2 CYIIEPTOKU U CYIIEPMVJIBTUIIJIET TPABUTUHO

H.M. 3aurpaes!
1 nikita.zaigraev@phystech.edu; OISV, MOTU

Iokiaz MocCBsillleH TTOCTPOEeHMIO MTPOCTEIIero KajnbépoBOYHOro A = 2 cynepmyiib-
TUIIETA MOJIYLeJ0T0 ClIMHA — A = 2 cynepMyJIbTUIUIETa TPABUTUHO. [IJIs1 TOCTPOEHUS
TaKOTO CYIepMY/IbTUIIIETA CHAUaja aHAIMU3UPYIOTCS IMI00aIbHbIe CUMMETpPUM CBOOO/ -
HOTO JIefCTBUS A = 4 BEKTOPHOTO MY/IbTUILIETA, ChOPMYIMPOBAHHOTO B A = 2 rapmo-
HUYECKOM CYIIepIIpOCTpaHCTBe. 3aTeM, ITOC/ie KaIMOpOBaHMs II00aTIbHBIX CUMMETPUIA,
ompenensioTcs A = 2 CyIepTOKM ¥ COOTBETCTBYIOIIVE MM 3aKOHBI COXpaHEeHMUS U KaIno-
POBOYHbIE TTPEITOTEHIMAbI. VCIOMb3ysl TPEroTeHIMAIbl CTPOUTCSI KaTMOPOBOYHO MH-
BapMaHTHOeE JeiCcTBMe, onuchiBalomlee A = 2 cynepKOH(OOPMHbBIN MYJIbTUIUIET TPaBU-
TUHO.

UHTETPYPYEMOCTDH TPU-BEKTOPHO¥ JE®OPMAIINU IBYMEPHBIX
CUTMA-MOJEJIEN

I.C. 3Bepesn!

1 zverev.gs@mipt.ru; MOCKOBCKUIi GDU3UKO-TEXHUUECKUIT MHCTUTYT, JonronpynHbiit, Poccust; HaroHanb-
HBII UCCITelOBATENbCKUI s1LepHbIN yHUuBepcuteT «MUDU», Mocksa, Poccust

WHTerpupyeMoOCTb pas3inMyHbIX GU3NUECKUX CUCTEM SIBJISIETCS BaXKHBIM CBOJCTBOM,
TaK Kak JJIs1 KIaCCUUECKMUX CUCTEM MbI MOXKEM MOCTPOUTH HAOOP MHTErPAIOB IBUKEHMS,
a [/11 KBAaHTOBBIX — HANTU CIIeKTp. Jis aHa/IM3a KJIaCCUUECKUX IOJIEBBIX CUCTEM, TaKUX
Kak JByMepHbIe 0 -MOZfeu, ucronb3yercs hopmannusm Jlakca—-3axaposa-Illabara.

[ToMyMO JAHHOTO aHAJIUTUYECKOTO MeTOa UCCIeN0BaHMsI MHTETPUPYEMOCTHU CUCTe-
MBI, CYIIEeCTBYIOT METO/Ibl, OCHOBaHHbIE Ha aHau3e e€ (pa3oBOro MpoCTpaHCTBa. B yacT-
HOCTH, (pa30BO€ MPOCTPAHCTBO MHTETPUPYEMOJi CUCTEMBI 3aMIOTHSIeTCSI 3aMKHYThIMU (a-
30BbIMM TpPaeKTOpPMSIM, Ha3biBaeMbIMU, 0 Kiaccudbukanmm JIsimyHoBa, LieHTpamu. Ho
1151 cucteM ¢ 2N-MepHbIM (pa3oBbIM ITPOCTPAHCTBOM, TAe N > 1, BO3HUKAIOT OUeBUIHbIE
TPYAHOCTU C ero rnpexncrapieHeM. [loaTomy, B TaKOM CJTyyae UCIOJIb3YIOTCS TaK Ha3bl-
BaeMble ceueHus [TyaHkape, n3o6paskaroliye TOUKy repeceueHnst pa3oBoit TpaeKTopuei
HEKOTOPO1 INIOCKOCTH B (ha30BOM IIPOCTPAHCTBE. B ciiyuae aHam3a MHTErpUPYyEMOIL CH-
CTeMbl JaHHbIe ceueHMs OyIyT MOKa3bIBaTh Tak Ha3bIiBaeMbie KAM-TOpBI.

Takoit mogxof, UCIOoIb3YIOIINiA 3HaHMe O ()a30BOM ITPOCTPAHCTBE CUCTEMbI, MOXKET
OBITh MCIOJIb30BAH U /IS MOJIeBBIX CUCTEM, B UACTHOCTU [JiSI CTPYHHBIX 0 -Mojesielt Ha
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pasnuYHbIX (poHaX, pemiamIMx ypaBHeHMus1 10-MepHOI cyrieprpaBuTaiiuu. st 3TOro
HeoOXOIMIMO CBECTM 3aJauy K IMHAMMUYeCKOl CUCTeMe C KOHEUHBIM UYMCIOM CTereHei
cBOOOMBI ¥ UCITOJIb30BATh TaMMUIbTOHOBBI YPaBHEHMSI IBVDKEHMSI.

B Hacrosmeii paboTre paccMaTpUBAIOTCS TpU-BeKTOpHbIe nmedopmauuu SHra-
BakcTepa pas3JnMyHbIX OecSITUMEpPHBbIX (POHOB M aHAIM3UPYeTCs OMHAMMKA IBYMEp-
HbIX O-Mofesieii Haa HuMu. VICTIonb3ysl YMcaeHHble MeTOAbl, M3yUaeTcsl KjaacCuueckoe
(da3oBoe IMPOCTPAHCTBO JAaHHONM CHCTEMBI, B YacTHOCTU IoBemeHue KAM-TOpoB mpu
pasauYHbIX MapameTpax medopmaiiuu. IlomyuyeHHbIe pe3ylabTaThl COTJIACYIOTCS C aHa-
JUTUYECKMMM, a TaKKe CIyKaTh MOTMBALIMEN K OymyIieMy MCCIeJOBaHMIO MOIeseii,
(da30BbIe TPAEKTOPUM KOTOPBIX A€MOCTPUPYIOT IMOBEIEHVE MHTETPUPYEMOI CUCTEMBI.

TEHW YEPHBIX JIBIP B PACIIMPEHHbBIX TEOPUSIX TPABUTAIINN: YUET
BPAIIEHUSA

0.1. 3ennn?, C.0O. Anekcees?

1 dkiiiabu4@gmail.com; ®® MI'Y
2 salexeyev@gmail.com; TAUII MI'Y

HoBble maHHbIe, ITOMyYeHHbIe ¢ rmomolibio Event Horizon Telescope (EHT) nnst uep-
HBIX AbIP B rajiakTuke M87 [1] 1 B LieHTpe Halllel ragakTuku Srg A* [2] TpeOyIoT yiy4iiie-
HUIt B TeOpeTUUECKHUX Tpe/icKa3aHMsIX, 0COOEHHO B OTHOIIEHMM TTpodueii TeHelt yep-
HbIX 1pIp (U/I). C camoro Havasia 661710 OUEBUIHO, UTO 00e ucciaeayemblie Y]l BpamiamTcs, a
HeJlaBHO ObljIa M3MepeHa CKOpOCTh BpailieHust M87* [3]. B To ke BpeMmsi, MOUCK aKCUATbHO
CMMMETPUUYHO MeTPUKM ITyTeM ITPSIMOTO pellieHNs ypaBHeHuit DitHiTeliHa-[Mib6epTa
OKa3bIBaeTCsl HEIpOCTON 3amaueit. [ToaToMy ObUT TIpeNJIOKEH aJbTEPHATUBHBIN METO[,
(anroputm HblomeHa-SIHMca) Ojis1 TeHepaluy BpallarInXcsl pellleHuit 13 HeBpalalo-
muxcs [4]. HemaBHO OblLM BBITTOJIHEHBI MOJEIMPOBaHUS AJis1 Mofenu 6ambenon [5]. B
3TOM CTaThbe OTMEYAEeTCS MHTEPeCHOe SBJIEHMe: KOra pacCMaTpUBaeTCs MeTpuKa TUlla
Keppa ¢ gomnosHnTeNbHbIMM ITapaMeTpamy (Harpumep, IPUANBHBIM 3apsiA0M), 3TU HO-
Bble TapaMeTpbl MOTYT MU3MeHUTb pa3Mep 1 popmy TeHn. [ToaTomMy, ecnu (rocsie yaydiiie-
HMS OKCIIepMMeHTaIbHOM TouHOCTM) EHT 06HApYsKUT, UYTO T€Hb HE COBCEM COOTBETCTBY-
eT MeTpuKke Keppa, 3TO ITO3BOMUT OLLEHUTD BKJIAJ, IPUJIMBHOTO 3apsifa. DTO O3HAYAET, UYTO
OyzeT M3MepeH BKJIAJl HOBOW (QU3UKMA.

MpI monyyaeM Bpalllalolyecs peleHus YepHOM ObIPbI A1 Teopuy XOPHOECKM (4acT-
HbIVi Cy4aii), Momenu 6ambesnbu, ckajsipHOit TpaBuTauuu laycca-BoHHI, IeTaeBOi
KBAHTOBOJ rpaBuUTalm, KoHGOpMHOI1 rpaBuTaiiuu 1 f(Q) rpaBuUTaLIIN, UCTIONb3YS CIIe-
LIMAJIbHO YIyUllleHHbIN aaropuTm HeioMeHa-SIHMca. Bbuin paccunTanbl Ipoduin TeHeii
Y, niasg stux metpuk. [Ipumenss nanssie EHT, orpanmMymBaroTca nmapamMmeTpbl pacCMOT-
PEHHBIX PACIIMPEHHBIX TeOpuUii rpaBuTauun. Mbl IMOKa3bIBaeM, UTO IJIsI paCCMOTPEH-
HbIX MOJIeJieli 4aCThb U3 HUX (Teopusi XOpHAECKU U CKayisipHas rpaBuTtanys ['aycca-boHH?)
ocnabmstoT addeKT BpalieHus, a Moaieb 6aMbenom ycunmuBaet ero [6,7]. [Ijist ocTasbHbIX
paccMOTpPEeHHbIX Mojiesielt 9TOT 3(PheKT TaksKe IMPUCYTCTBYET, HO paboTaeT MeHee JIMHe -
HO. JTOT BbIBOJZ, COBIIaZAeT C paHee MOJyYeHHbIM BBIBOAOM O TOM, UYTO pacClIMpPEeHHbIe
TeOpUM IPABUTALIM CaMM T10 cebe KOppeKTUPYIOT 3¢ deKT BpalieHMs] B 060MX HarpaB-
JneHusx [8].
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Takke CTOUT OTMETUTb, YTO M3-3a HAIUUMS OOMOJHUTENbHBIX TapaMeTPOB TeOPUU
1 6oJiee CJIOKHOI CTPYKTYpPhI pellieHuit BOSHMUKAIOT KpUTUUeCcKe 3HaueHs IapaMeTpa
BpallleHUs dgrjy [6,7]. ITO IBJIEHNME IPUCYTCBYET BO BCEX PACCMOTPEHHbBIX HAMU TEOPUSIX,
Kpome Momeny XOpHAeCKU U CKISIpHOe-TeH30pHOI rpaBuTauuu I'aycca-boHH? (0gHaKO
B JAHHO¥ Teopuu Mbl paccMaTpuBaiu ¢ < 0.3, TpebyemMoe I CyleCTBOBaHMS GOTOHHO
cdepbl 1 32 3TO OTpaHMUEeHNS He BBIXOAUIN).

ITo o1leHKM O6M3KOCTY 3HAUEHMSI TTapaMeTpa cMeleHus: K KeppoBckoMy MOXKHO cie-
JIaTh BBIBOJI, YTO Mo/ XOpHIecKu, 6amMbeiom 1 ckaasipHas rpaBuTanys Faycca-BoHH)
HaWIy4IIMM 06pa3oM 1 ¢ MMHMMAaJIbHBIM KOJMUECTBOM JIOTIOTHUTEIbHBIX [TapaMeTPOB U
OrpaHMYeHMI1 pabOTaIOT B KaUueCTBe OCHOBBI JIJIsI MOAeIpoBanust mpoduieii TeHei Y/I.
Ckopee Bcero, HaMIydIlIe pe3yJbTaTbl CTOUT OKUIATh OT MOJIe/ XOpHIeCKM (0COOeHHO
C YUYETOM TOT0, UTO B JaHHOV TeOpUM BO3MOKHO MOJIydyeH)e HOBbIX TUIIOB PeIlleHMiA).

BaaromapHocTu. Pa6ora Osnera 3eHMHa 4aCTUYHO NoaaepkaHa rpaHnTom @oHia pas-
BUTHS TeopeTndeckoi pusnuky n mareMaTuku «bBA3VC» Homep 22-2-2-11-1.
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N=2 CYIIEPCUMMETPUWYHBIE BBICIIIUE CITUHbI U3 TAPMOHUYECKOM
TPACCMAHOBOI AHAJIUTUYHOCTU

E.A. UBaHoB!
1 eivanov@theor.jinr.ru; JIT® OVSIN, [ly6Ha

[TpuHLIMUIT cOXpaHeHMS TAPMOHUYECKO aHAIUTUYHOCTY ObIT COPMYIMPOBAH OKOJIO
40 neT Ha3ap AJisI TeOMETPUYECKOTO CYTIepII0JIEBOTO OIMMCAHMS BHE MacCOBOI 060IOUKM
BCeX IPeICTaBISIIINX MHTepeC A = 2,4D cynepCMMMETPUYHBIX TEOPUIL ITOJIEeN ¢ MaK-
cuManbHbIMU crimHamu 1, 2 u 1/2 ( A = 2 Teopuu Sdura-Mwiuica, cynieprpaBuTauuu u
rUnepMyabTuUIieToB matepun) [1,2]. HemaBHO 66110 TOKa3aHO, YTO 3TOT MPUHLIUII TTO3-
BOJISIET TTIOCTPOUTDH HEeM3BECTHbIE paHee aHAJIOTUUYHbIe (DOPMYIUPOBKM KaaMOPOBOUHBIX
A = 2 Teopuii BbICHIMX CIIMHOB B TEpPMUHAX aHAIUTUIECKUX A = 2 cyTiepIiosei 6e3 cBs-
3eif, KaK B KOH(POpMHOM, Tak 1 HeKoHDOpMHOM CTydasix [3,4,5,6,7,8]. B mokname paccka-
3bIBAETCSI 00 3TUX HOBBIX TEOPUSIX C YIIOPOM Ha ITOC/TIeIHIE Pe3Y/IbTaThl, 8 TAKKE KPAaTKO
06CYKIAIOTCS TIEPCIIEKTUBbI X JATbHENIINX IIPUMEHEHUIA.
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CKAJIIPHO-TPABUTAIIMOHHAS HEYCTOMUYMBOCTH KAK MEXAHU3M
OBPA30BAHUS CBEPXMACCHUBHBIX YEPHBIX JIbIP B PAHHEN BCEJIEHHOI

10.T. IrnaTbeB!

1 yurii.ignatev. 1947 @yandex.ru; viHCTUTYT Gu3uky KasaHckoro ¢epepanabHoro yuusepcurera, HAJ Koc-
mosnorus, 420008 Poccus, KasaHs, yn. KpemneBckas 18

ChopmynmpoBaHa MOAe/Ib UAEaTbHOM XXUAKOCTM CO CKaISIPHBIM 3apsiioM, Ha OCHOBe
KOTOPOJ MOCTPOEHbI MOZEJIb C HEMTPATbHOM XUAKOCTHIO M BAKYYMHO - T10JIeBasi MOAE/b
C mpaBwiIamMu rnepexoga Mexny HUMK. [IpoBeeH KaueCTBEHHBIN aHAIU3 TOTYYE€HHbBIX
OIMHAMMWYECKMX CUCTEeM U IIpOBeJeHO MX uucjieHHoe monenyupoBaHue. Chopmynupo-
BaHa MaTeMaTuyeckas MOJelb IUIOCKUX IIPOLOJbHBIX CKaASIPHO-IPaBUTALMOHHbBIX
BO3MYIIEHMI ppMUIMaHOBCKOM MAEaJTbHOM 3apsSsKeHHOM SKUIKOCTY C XUITCOBBIM B3a-
umogericteueM. [lokasaHo, UTO B OTCYTCTBUE XKUOKOCTHU, T.e., B BAKYyMHO-IIOJ€BO1
MO, TpPaBUTAI[MOHHbIEe BO3MYIIEHUS] He BO3HMKAIOT. Bo3MyllleHUS ke CKaISIpHOTO
T10J11 BO3MOJKHBI JIMIIb B TeX CJIy4asiX, KOT4Aa B HEBO3MYILEHHOM COCTOSIHUM KOCMOJIO-
rmJecKkasl cucTeMa HaxXOAMTCS B 0COOBIX TOUKaX. IIJisl 3TUX CiydaeB HalileHbl TOUHBbIE
pellileHMs T10JIEBOTO YpaBHeHMs, Bbipaxkatounecs B ¢pyHKIMsIx beccens I-ro II-ro popa
M ONMCHIBAIONIME 3aTyXalollye KojebaHMusI B Cyyae YCTOWYMBOIO HEBO3MYIIEHHOTO
COCTOSIHMS M HapacTamwllye — B Clydyae HeyCTONYMBOrO HeBO3MYILEHHOro. [locTpoeHna
WKB-Teopus TIJIOCKMX CKaJISIPHO-TPAaBUTAIMOHHBIX BO3MYILIEHMI1: TTIOTyYeHbI B 00IIEM
BUJle OUCIIePCMOHHBbIE ypPaBHEHMS, KOTOPbIe pellleHbl B (Jiydae HEeMTPaJIbHOM KUIKO-
CcTU. B 3TOM Cityyae 1osy4eHbl BbIpasKeHUs IJIS JIOKaJbHOM YaCTOTbl M MHKPEMeHTa
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pocTa KoysiebaHMII, a TaKKe MHTerpaJbHOro MHKpeMeHTa. [Toka3aHo, 4TO B Ipoiecce
SBOJTIOMY BO3MOXHBI JIUIIIb PEKMMbI CBOOOIHBIX BOJIH JIMOO PACTYIIMUX CTOSTUMX KOJIe-
6aumii. MccmemoBanbl Bo3mytneHus B WKB-1mpubmkeHnM B HEMTPATbHONM SKUIKOCTU U
I0Ka3aHO, YTO JIOKaJbHble (POPMYJIbl SBOMIOLIVM BO3MYILEHMII COOTBETCTBYIOT MO e
cratbu 1985 roma M.IO. XnomoBa, b.A. Manomena u 4.B. 3enpmoBuua. OmnpemeneHbl
BpeMeHa Hauajia ¥ KOHIAa ¢da3bl HEYCTOMUMBOCTM U IIOKA3aHO, UTO HEYCTONUYMBOCTD
MOSKET pa3BMBAThCS TOJBKO HA HEYCTONYMBOI MHQISIIMOHHON CTaauM paciliMpeHust
BcenenHoii. IlocTpoeHa MaTeMaTuyeckasi MOZAeIb 3BOMOIMUM chepuuecKux BO3MYIIe-
HUIT B KOCMOJIOTUYECKOI UAEeaTbHOM CKAISIPHO 3apS’KEHHON XXUOAKOCTU CO CKAISIPHBIM
XUTTCOBBIM B3ammogeiictBueM. ChopmMyamupoBaHa 3aMKHYTass MaTeMaTu4ecKast MOJI€e/lb
JIMHEeHbIX chepuuecKux BO3MYIIEHMIT B KOCMOJIOTUYECKON cpefe CKaJSIpHO 3apsikKeH-
HOM UJeaJbHOM XUAKOCTU CO CKaJSIPHBIM XUITCOBBIM B3aumopercrBuem. [lokasaHo,
yTo chepuueckue BO3MYIeHUST MeTpukyu ®@puamMaHa BO3MOXKHBI JIUIIb TIPU HATUIUU
M30TPOITHOM XMUIAKOCTU. B 0c00BIX ke TouKax (hOHOBOI KOCMOJIOTUMYECKON MO BO3-
MYILIEHMS METPUKM He BO3HMKAIOT M BO3MYILEHMS OMMUCBIBAIOTCS BAKyyMHO-II0J€BO
Moenblo. IToydeHbl TOUHbIE B 0COOBIX TOUKAX KOCMOJIOTMUYECKO CHCTEMBI M TTIOKA3aHO,
YTO B CJTydae yCTONUMBOI 0COO0J TOUKM KOCMOJIOTMUECKOI CHCTeMbl BO3MYIIIEHMSI CKa-
JISPHOTO TIOJS TIPEICTABISIIOT Oeryliijie BOMIHBI, a B CJIydae HEeYCTOUMBOI 0COO0 TOUKM
BO3MYILEHUS TIPEACTABISIOT SKCITOHEHIIMAJIBbHO pacTylye CTossume BOaHbI. C MOMOIIbI0
YMCIEHHOTO MOJEIMPOBAHMSI IOKAa3aHO 00pa3oBaHMe CTPaTM(PUIMPOBAHHOIO Tajo B
dbopMe pacTymux CTOSTYMX BOJIH.

TEOJE3UYECKOE IBUKEHUE ®OTOHOB B IIPOCTPAHCTBE-BPEMEHU
ITUHAMUWYECKON KPOTOBOI1 HOPBI

B.A. Mmkaesa', C.B. Cymkos?

1 ishkaeva.valeria@mail.ru; Kazanckuii (IIpuBo/mKCcKuit) dbenepanbHblili yHUBepcuTeT; . Kazaub, 420008.
Poccns
2 sergey sushkov@mail.ru; Kasanckuii (IIpuBo/mkekuit) dbemepanbHbiii yHUBepcuTeT; I. Kasaub, 420008.
Poccusa

OCHOBHOI1 TTp061eMO¥T GU3MKM KPOTOBBIX HOP SIBJISIETCSI TOT (DAKT, UTO /IS UX CyIIe-
CTBOBaHMSI HEOOXOIMMA 9K30TUYeCKasi MaTepysl, KOTOpasi HapylllaeT CBETOBOE SHEPreTH-
yeckoe yutoBye. OmHaKO HEKOTOPbIE TUIIBI KPOTOBBIX HOP MOTYT CYIIIECTBOBATh Oe3 Hee.
B craTtbe [1] 6pl1a OmMMcaHa MoJelb AMHAMMUUECKOV KPOTOBOW HOPbI, 3aIIOTHEHHO TTbI-
JIbIO, ¥ IJIS1 TIOJIepsKaHMsI KOTOPOil He TpedyeTcst 9K30TuUeckast Matepust. JlaHHas Kpo-
TOBAsl HOpa HAXOUTCS BO BCe/leHHOV @puaMaHa, SIB/ISIeTCSI IPOXOAMMOI i MOXET Cylile-
CTBOBATh AOCTAaTOYHO AJIMTEIbHOE BpeMs. biarogapst 3ToMy OHa SIBJISIETCSI O4Y€Hb MHTe-
pecHbIM 00BEKTOM [IJISI U3YUeHMS C TOUKM 3peHMsT HabogaTenbHoi actpodusmku. Kako-
BbI JIMH3UPYIOIMEe CBOMCTBA JaHHO KPOTOBOM HOPBI? Kak BBIVISIAUT ee TeHb? B JaHHO
paboTe MbI ejaeM IEPBbIN IIar IS OTBETA Ha 3TU BOIIPOCHI. MbI ITOTyUyaeM YpaBHEHMS
reofie3nyeckux st GOTOHOB, ABUTAIOIINXCS B IIPOCTPAHCTBE—BpeMeHM TaHHO KPOTO-
BOJi HOPBI, M CTPOMM MX TPAeKTOPUM B MPUOIVKEHMM MaJIOTO ITapaMeTpa paclMpeHnst

1.
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YCUJIEHHOE OITTOMEXAHUYECKOE B3AVMO/IENICTBYE B
HECUMMETPUYHOM UHTEP®EPOMETPE MAVKEJ/IbCOHA-CAHBSIKA

A.B. Kapnienxko!, C.II. BaTuanun?

1 alkarpenko 1999@mail.ru; MocKOBCKMIt TOCYIapCTBeHHbBIN yHUBepcuTeT uMeHn M.B. JlomoHocoBa, du-
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2 MocKOBCKMIT rocymapcTBeHHbIN yHUBepcuTeT uMmeHn M.B. JlomoHocoBa, dusmyeckuit paxynbret, Jle-
HUHCKMe ropbl, MockBa 119991, Poccusi; LIeHTp KBAaHTOBbBIX TeXHOIOTHUI, MOCKOBCKUIA TOCYHapCTBEHHBbIIA
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CoBpeMeHHbIe KBAHTOBbIE TEXHOJIOTMMU ITO3BOJISIIOT U3MEPSITh MaJible CUJIbL U IlepeMe-
meHus ¢ 6ecrperieeHTHOM TOUHOCTBIO. B OCHOBHOM 3TO IOCTUTaeTCs 3a CUeT UCTI0Ib30-
BaHUS ONTOMeXaHnyeckux cucteM [1]. Takue cucTembl 3apeKoOMeHA0BaM cebsl, Kak Hau-
6071ee YyBCTBUTEIbHbIE JATYMKIM MaJIbIX CMellleHUi. YueT onToMexaHndecKux 3¢ eKkToB
UTpaeT KJIKYEBYIO POJb B IPELM3MOHHBIX U3MEPEeHUAX B JeTeKTOPaxX rpaBUTALMOHHbBIX
BOJIH.

[IpepgenbHasi YyBCTBUTENbHOCTh ONITOMEXaHUYECKMUX NATYMKOB OrpaHMUeHa XOPOILO
MU3BECTHBIM CTaHAAPTHBIM KBaHTOBBIM Ipeznesniom (CKII)[2], KOTOpPBIi ABJIsIeTCS pe3yib-
TaTOM B3aMMOCBSI3Y MeKOy QayKTyauusMy ¢assl Iagaolnero cBeta (oumbka mamepe-
HMS) M KBAHTOBBIM IIYMOM fAaByieHust usmyuyenus (KIII).

Cy1iecTByeT TpM B1a ONITOMEXaHUYECKO CBSI3U: AUCIIEPCUOHHAS, IUCCUTTATUBHAS U
KorepeHTHasi. CBSI3b, P KOTOPOIt CMellleHe MeXaHMUeCKOro Tejia M3MeHsIeT COOCTBeH-
HbI€ YACTOTHI OIITUYECKOr0 Pe30HATOPA, Ha3bIBAETCS AMUCIIEPCUOHHOVA. [Ipy auccumnaTmns-
HOJ CBSI3U CMellleH)e MeXaHMUYeCKOro Tejla MU3MeHseT IMPUHY YaCTOTHO IOJIOCHI Pe30-
HAaTOpa, TO eCTh CBSI3b Pe30HATOpPA C BHEIIHUM MUPOM. [Ipy KorepeHTHOI CBSI3U cMellle-
HJe 3epKaJl BbI3bIBaeT KOTePeHTHbIV 00MeH MeKAy ABYMS ONTUUEeCKMMM MOJaMMU.

B maHHOIt paboTe MbI UCCIeAyeM CUCTEMbI, B KOTOPBIX peanu3yeTcss KoOMOMHAI S OUC-
TePCUMOHHOM U IMCCUTIATUBHOM ONTOMEeXaHUYeCcKuX CBsI3eii. B mpemmiecTByomeit pabo-
Te [3] MbI TTOKa3ajau, 4YTO B CUCTeMaxX ¢ KOMOMHAIIMe CBsI3elt TOsIB/ISIETCS] OTNTHUUecKast
JKeCTKOCTb, UTO JA€T BO3MOXXHOCTb UCIIOJb30BaTh X [JIS JIA3€PHOr0 OXJIaXKAeHUsI MaK-
POCKOITMYECKUX MEXaHUYECKUX OCHMJUISITOPOB. [ToydnTh TaKylo KOMOMHAIMIO MOXKHO C
roMoIibio MHTepdepomerpa MaiikenbcoHa-Canbsika (MMC) [4]. B manHoit paboTe mpep-
naraetcs koHpurypauyio UMC ¢ HecuMMeTpuuHbIM cBeTodenuteneM. IMC cunTaeTcs
MepCreKTUBHOM CUCTEMOI AJ1s1 pabOThI C HU3KOUACTOTHBIMY OCIIMJITIITOPAMM C OOBIION
Maccoii, UTO MMeeT pellalliee 3HaUeHe AJ11 MHOTUX SKCIIePUMEHTOB C TpaBUTALUEN,
m3ydeHus: GyHIaMeHTaIbHbIX aClIeKTOB KBAaHTOBOI MeXaHUKMU U SKCIepUMeHTaIbHbIX
TOMCKOB KBAHTOBO I'PaBUTALIUN.

OOBbIYHO HECMMMETPUUHBIN CBETOHENNUTE/b pacCMaTPMUBAETCsl KaK IToMexa B MHTep-
dbepomMeTpryecKMx IKCIIEPUMEHTAX, YTO ObUIO MTOKA3aHO, HATIpMUMeD, B [5]. B Haiei cxe-
Me Mbl UCIIOb3yeM 3Ty aCMMMETPUIO IJIS1 ONTUMMU3ALUUM KOMOMHALMYU OUCCUTIATUBHOM
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M OIUCIIEPCUOHHOI CBSI3€Ji C 11eJIbI0 TTOBBIIIEHNS UX CUJIbI. MBI CcCIemyeM 3Ty KOMOVHA-
LIMIO CBSI3eit U MoKa3biBaeM, Kak OHa MOsKeT ObITh MCIIOb30BaHa [,Is JIa3epHOro OxJia-
KIEHUS] MeXaHMYeCKOro OCUMJIISITOpa AaKe IPU Pe30HAHCHOM HaKauke, YTO He Xapak-
TEePHO IJIS CMCTEM C YMCTON OMCIIePCUOHHO CBSI3bIO, a Takke Ijis Haomomennst KON
U TIOHAEPOMOTOPHOTO CKATUS KBAaAPATYP JIEKTPOMArHUTHOrO I0Js. MBI TIOKa3biBaeM,
YTO OOJBIIION AMCOATAaHC CBETONEINTEIS TI03BOJISIET Pe3K0 YBETUUMUTD ONITUUECKYIO SKeCT-
KOCTb CUCTEMBI, UTO, B CBOIO OUepeib, ITI03BOJISIET YBEIMUUTD OXJIAXKAEeH e MeXaHUUeCKO-
ro ocusuIsiTopa. Mbl Takke opmynmpyem ycmoBust ajst Habmogennst KU, moumepo-
MOTOPHOTO CkaTus U 3PheKTUBHOTO OXJIasKAeHMs B HACTOJIbHOM 3KCIIepUMMeHTe C MUK-
poMexaHn4yeckoit memOpaHoii. Takoi SKCIIepMMEeHT OyIeT MMeTh pellaiollee 3HaUeHMe
IJIST pacIpoCTpaHeHMsT TIOAX0AAa Ha OCIIMJIISITOPbI O0JIBIIION MacChl.

MO/IEJIA HEMTPOHHBIX 3BE3/l C PEAJIMCTUYHBIMU YPABHEHUSAMMU
COCTOSIHUS B TEOPUY TPABUTAIIMM C HEMUHUMAJIbHOV KUHETUYECKOM
CBA3bIO

I1.E. Kamaprun!, A.A. Jle6enes?, C.B. Cymxkos®
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HeiiTponnbie 3Be35b1 (H3) paccMaTpuBaiich B pa3iMUHbIX MOAMMUIIMPOBAHHBIX TEO-
pusix rpaBUTanyu. B 1aHHO paboTe ncciey0TCs BHyTpeHHMe KoHurypaimumu H3 B cka-
JISIPHO — TEH30PHOM TeOpUM rpaBUTALIMN, OTHOCSIIENCS K Ki1acCy XOpPHIEeCKU, — KUHeTU-
yeKoe cjlaraeMoe CKa/ISIPHOTO TIOJISI CBSI3aHO C TEH30pOM JiiHINTeliHa. PaHee ObLIM I10-
JIy4eHbI pe3yabTaThl 4JIS1 paAUyCOB M MacC IIPY PasaNyYHbIX 3HAYEeHMAX MOZE/IbHbBIX Ia-
paMeTpOB, HO IIPUMEHUTENILHO K ITOIUTPOITHOMY ypaBHeHMI0 cocTossHUA (YC) [1]. 3mech
OyIyT pacCMOTpeHbI CBOICTBA TaKKe 1 6oJiee pealMCTUUHBIX GOPM 3aBUCUMOCTEN AaB-
JIeHUsI OT IUIOTHOCTM BemiecTBa. Kpome Toro, 6yayT mOCTpOEHbI AyarpaMmMbl Macca —
Pannyc’ st pa3JIMyHbIX 3HAUEHMI MapaMeTpa HeMUHMMAJIbHOM CBSI3U, a Takke OYIyT
I1I0JIyYeHbl OTPaHMUYeHMs, HaK/IaJblBaeMble Ha UCIIoab3yeMble YC.
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KBAJIPATUYHBIE ITIOITPABKU B IOJIOMOP®HOM CEKTOPE YPABHEHUI
BBICIINX CITMHOB B PAMKAX ITOJIXOJA IU®®EPEHIIVAIBHON
ITOMOTOIINU II

®.T. KupakochbsiHIL!
1 kirakosiants.ft@phystech.edu; MOTU, DUAH

JIloknap MocBsileH MMpUMeHeH0 HOBOTo nogxoaa auddepeHIMaabHO TOMOTONINM K
aHa/IM3y YpaBHEHUI B3aMMOAECTBYIOIIMUX [10JIei BhICIIUX CIIMHOB. 3aTparmMBaeTcs BO-
MpoC O JOKa/JbHOCTU Teopuu. CucteMma ypaBHeHMit cpopmynaupoBaHa ¢ AobaBIeHNEM
BCIIOMOTraTeIbHbIX IMepeMeHHbIX U moseit (Bacuibes, 1992). PenyKkiys K Gpusnvueckomy
CeKTOPY TeOpUM MO3BOJISIET HAXOAUTh BEPILINHbBI B3auMOAeincTBus. [Ipy 3TOM BO3HMKA-
10T ypaBHeHUs Bua d f = g, HEOJHO3HAYHOCTD pellleHMs] KOTOPbIX IPUBOAUT K BepILU-
HaM pa3JINYHONM CTeleH) HeJI0KaJIbHOCTU. [1JIs1 ITOMCKa BepIUH C MMHMMAJIBHO BO3MOX-
HBIM UMCJIOM ITPOU3BOAHBIX UCIIONb3yeTCs MeTor anddepeHaabHo romoronmu (Ba-
cunbeB, 2023), 3(pPekTUBHOCTb KOTOPOTO ITOKAa3bIBAETCS B rojioMOpP(GHOM CEKTOpe Teo-
pUM BIUIOTh A0 BTOPOTO MOPSIAKA TEOPUY BO3SMYIIEHMIA.

0 BO3BMO>XHOM CHEHAPUU OBPA30BAHNSA PEJIMKTOBBIX KPOTOBBIX HOP

A.A. Kupumnos!, E.II. Caenosa?

1 ka98@mail.ru; MI'TY um. H.D. BaymaHa
2 sep 22.12.79@inbox.ru; MI'TY um. H.3. BaymaHa

[TokazaHo, YTO MPU HAJIMUUYM BUPTYaTbHBIX KPOTOBBIX HOpP BaKyyM HecTaOuIeH, UTO
MIPUBOOUT K cepuu (PasoBbIX MepexogoB B paHHel BcenenHoit. Torma craHmapTHBIN
cueHapuit Kub6ma npenckasbiBaeT obpasoBaHye nedeKkTOB THUIla AJOMEHHBIX CTEHOK.
HeoO6braHast 0COGEHHOCTh BUPTYaJIbHBIX HOP 3aK/IIOYAeTCS B TOM, UTO OHM IOPOXKIA-
10T gedekThl 06/1amaoIMe OTPUIIaTeIbHON IIJIOTHOCThIO0 SHeprun. Ilomo6HbIe medeKTsI
MMEIOT MaKpOCKONMYeCcKye pa3Mepbl M MOTYT MOAAeP>KMBATh TOPIIOBUHBI Y>Ke peasibHbIX
MepPBUYHBIX KPOTOBBIX HOP, UYTO JAaeT OCHOBaHMe pacCMaTpPUBATh PeIMKTOBbIE KPOTOBbIE
HOPBI KaK peaqncTUUHbIe acTpodu3ndecKyie 00beKThbI.

O CBOVICTBAX PACIPEJEJIEHVSI BUPTYAJIbHBIX KPOTOBBIX HOP B BAKYVME

A.A. Kupumnos!, E.I1. Casenosa?

1 ka98@mail.ru; MI'TY um. H.D. Baymana
2 sep 22.12.79@inbox.ru; MI'TY um. H.3. BaymaHa

PaccmaTpuBaeTcss MoOJiesib IIPOCTPaHCTBEHHO-BPEMEHHOJ TTeHbI B BUJIE ITPOV3BOJIb-
HOTO pacrpeneneHus chepruueckux eBKIMI0BbIX KPOTOBBIX HOP. IIpenyioskeH MeTo I, I1o-
CTPOEHMSI TOUHOTO pellleHMs] eBKIUAOBbIX YpaBHEHMI JIHINTEHA AJIST METPUKIU COOT-
BETCTBYIOIIEN JaHHOI Mojenn. [TomydyeHo sIBHOe BbIpaskeHMe IJ1s1 eBKINUI0Ba AeiiCTBUS
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M ero 3aBMCUMOCTHU OT ITapaMeTPOB KPOTOBBIX HOP. [IoKa3aHo, Kak MoayyeHHbIe pellle-
HMSI TIO3BOJISIIOT OTNPee/INTh BCe BO3MOXKHBbIE KOppesilioHHbIe GYHKIIMM, CBSI3aHHbIE C
rapaMeTpamMy BUPTYaJbHBIX KPOTOBBIX HOP B BaKyyMe.

AKCUOHHOE PACHIMPEHUE TEOPUU SVHIINTENHA-THTA-MUJIJICA: PACITA]T,
IIBETHOT'O 3®UPA 1 OBPA3OBAHUE AKCUOHHOI TEMHOI MATEPUI

I.B. Kucenes!, A.B. Banakun?

1 kiselev.gleb.97 @gmail.com; Kazanckuii (ITpuBosmskckuit) @epepanbHblii yHUBEPCUTET, THCTUTYT UMK,
Kadenpa Teopun oTHOCUTENbHOCTY U IpaBuTaiium, Kpemnesckas 16A, Kazaub 420008, Poccus
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Kadenpa Teopun oTHOCUTENBHOCTY U IpaBuTalium, Kpemnesckas 16A, Kazaub 420008, Poccust

Uccnenyetrcs SUN)-cuMMeTpUUYHash MOZE/Ib B3aMMOIENCTBUS MEXIY IPaBUTALVIOH-
HbIM, KaJMOPOBOYHBIM, BEKTOPHBIM U IICEBIOCKAISIPHBIM (aKCMOHHBIM) Ioasimu. Koc-
MUYeCcKuii CybCTpaT, Ha3BaHHbBIM TEPMMHOM IIBETHOV 3(Mp, OMMUCHIBAETCS C ITOMO-
b0 SU(N)-CMMMeTpUUYHOTO MY/IBTUIIETA BEKTOPHBIX I10J1€11; BIABUHYTA TUIIOTE3a, UTO
MMEHHO ero pacraj, B paHHel BceeHHOM Topoana KaHOHMYECKU IMHaMudecKuii a¢up
M PEJIMKTOBYIO aKCMOHHYIO TeMHYI0 MaTepuio. IIporecc rmepexoma OT CMMMETPUYHOTO
1IBeTHOTO 3(dupa B AMHAMUYECKMIT OTIMCAH Ha SI3bIKEe CIIOHTAHHO 1IBETOBOJ MOJISIpM3a-
uuu [1], KoTOpasi CONPOBOKAAETCS CIIOHTAHHBIM BbICTPaBaHMEM MYJIbTUIIIETA BEKTOP-
HbIX 110J1e¥1 BOOJIb BbIAEIEHHOTO HAllpaBjieHUs B [IBETOBOM IIPOCTPAHCTBE.

SU(N)-cumMmeTpuuHOe 1ose SIHra-Musica, cBsI3aHHOE C IIBETHBIM 3(GUpOM, 06pasyeT
MCTOUYHMK, TIepeaaroluii SHeprmi0 pacragaroierocst IBeTHOro 3¢upa B aKCMOHHOE T0-
ne. HenuuertHas MoguduKaLys MOIENN, SBHO YUYUTHIBAIONIAsl TpeOOBaHMe OUCKPETHOM
CMMMETPUM aKCMOHHOTO T10JIsI, OCHOBaHA Ha aHAJIOTMM C HEJIMHEMHBIM (PU3MUecKuM Ma-
STHUKOM. [loKa3zaHoO, YTO B paMKaxX 3TOI HEJIMHENHOM MOLe/IM aKCMOHHOE T10JIe MOXeT
aHOMaJIbHO BO3pacTaTh, UTO B IIPUHINIIE OOBSICHSIET 00M/Ie aKCMOHHO TeMHOM MaTe-
pun BO BeenenHoii [2].

B kauecTtBe npunoxkenus paccMmatpubaetcs SU(2) cMMMeTpuYHas Teopus B3auMogeli-
CTBUSI KAJIMOPOBOUHOTO M aKCMOHHOTO ToJieit Kak Heabesnes aHasor U(1) cuMMeTpUUHOM
MOZ e aKCMOHHO-MHAYLMPOBAHHOV TeHepaly 31eKTPU4YeCcKoro nomis B 3GupHoii cpe-
Ile C MarHUTHBIM ITo71eM [3].

JInteparypa
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OBPATHAA 3AJAYA B TEOPUU T'PABUTAIINN
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OOGBIYHO UTHOPUPYETCS BasKHASI 0COOEHHOCTH TeOPUM DIHIITETHA ¥ POJICTBEHHBIX pe-
JATUBUCTCKUX TEOPMUil rpaBUTALIMK 374eCh, TIO CYILIeCTBY, pellaeTcsl oopaTHas 3ajaua,
HeSIBHO IIpealioyiaraeTcs CyuieCTBOBaHye KacaTelbHOro IPOCTPAHCTBa, B KOTOPOM 3a/a-
eTcst apudmeTn3aiysi, 6a30BbIit perep 1 KOOPAMHATHbBIE YCIOBUS

0
F}/ xargﬂv(xa))% :0) (1)

KOTOpbI€ BBICTYITAKOT B KaUeCTBE YeThIpeX AOMOJTHUTEIbHBIX HEKOBAPMAHTHBIX YpaBHe-
HU.
YpaBHeHMs DiHIITeiHA

1
RIU/V_ERgHV = T,UV‘ (2)

M pelleHMus] 3TUX ypaBHEHUI CYIIeCTBYIOT B COBEPIIE€HHO pPa3HbIX TeoOMeTpUYeCKUX
CTPYKTYpax. B 0611eit Teopuyt OTHOCUTEIBHOCTY YpaBHEHMS DIHIIITEIIHA 3aI1/ICaHbI B a0-
CTPaKTHOM TOUEUHOM MHOT0006pasuy M. PellileHMsI 3TUX ypaBHEHMI UIILYTCS B KacaTellb-
HOM ITPOCTPAHCTBE KOTOpOe B 00IIel Teopuy OTHOCUTETbHOCTY BO3HMKaeT Kak Hesa-
BUCUMaAsI CTPYKTypa. Bce reomeTpuueckue nmocTpoeHns: (MeTpuKa, CBSI3aHHOCTb, TEH30PD
KPMBU3HBI U [IP.) BBIMOJHSIOTCS MMEHHO B JIOKAJIbHBIX KacaTelbHbIX ITPOCTPAHCTBaxX. B
TEOpUM TPaBUTALIMU TIOC/IEe pellleHMs TOJIHOM CucTemMbl ypaBHeHU (2), (1) BekTOpsl A
3TOr0 KacaTeJIbHOIr0 MPOCTPAHCTBA C COXPaHEeHMEM BCeX JIMHENHbBIX 3aBUCUMOCTEN MeX-
Iy HUMM, OTOOPaAKaIOTCS HA MCKOMOE PMMAaHOBO IPOCTpaHCTBO. OMHAKO, 3/1eCh B OT-
auuuy oT abUHHOTO M eBKINI0BOTO MPOCTPAHCTB He CYIIeCTBYeT OJJHO3HAUHOI CBSI-
31 MeXIy 3TUMM ABYMSI MHOXecTBaMu. bosiee Toro oopaTHast 3afjaua He BCerga MOXeT
MMETb eAUHCTBEHHOE pelleHue.

[Tpon3BOJ 3agaHMs HAUQJIbHBIX HAIIpaBJIeHUI IJ1s1 OTCYeTa yIiaoB, B pamkax OTO npu-
BOAUT K TOMY, UTO HeJIb351 KOBapMaHTHO pa3fenuTbh 3G@eKkTbl HeMHepLUMaaIbHOCTU CU-
CcTeM oTcueTa U rpaBuTauuu. Takum o6pa3om, 1oka He TMOTyUeHbl pellleHNsT ypaBHeHU
OMHIITEeiHA MBIl HE MOXXeM BBECTU HU CUCTE€MbI KOOPAMHAT, HU CUCTEeMbI OTCUETa.

Takum 06pa3soM CTPyKTypa METPUYECKOTO TeH30pa gyy MPOCTPAaHCTBA, I10y4aeMoro
U3 pelleHNUs ypaBHEHUI OMHILTENHA, ONpeenseTcs 3aJaHueM B KaXKI0i TOYKe Kaca-
TEJIbHOTO IPOCTPAHCTBA I10JIEM eIVMHUYHBIX BEKTOPOB T.€. IIPOCTPAHCTBEHHO- BPEeMeH-
HbBIX 3TaJIOHOB, KOTOpbIE€ ONpPEeAesOTCS KOOPAMHATHBIMU YCIOBUSIMU. Pe3ynbTaThl pe-
IIeHUs] CUCTEMBbI YpaBHEHMI JVHINTEeHAa HEKOBApPMAHTHbI OTHOCUTEIbHO JIOKAJIbHBIX
JIOpeHI1IeBbIX MpeoOpa3oBaHMit, a Takke MPOMU3BOJIbHBIX MTpeobpa30BaHMii KOOPAMHAT.
Takue rpeo6pasoBaHMsI MOXKHO pacCMaTpuBaTh Kak MpeoOpa3oBaHMsI, OMMChIBAIOIINE
repexoj K HeMHePIMaIbHOM M HEXKECTKOM CUCTEME OTCUeTa OT CUCTEMBI MO0 MHEPIIN-
asbHOM, MO0 HeMHepIManbHOI. Torma cucremMa oTcueTa 3aJaeTcs MojeM eqUMHUYHBIX
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BEKTOPOB, HETOJIOHOMHBIM 6a3ucom. TakuM 06pa3oM HauMHAeT CKa3bIBaThCS HET0JI0-
HOMHOCTb 3aKOHA M3MEHEHMsI KOMIIOHEHT KOOPAMHATHBIX PEIepoB, T. €. CBI3aHHOCTh
y3Ke He OyzeT BbIpaskaThbCs uepe3 cuMBoJibl Kpuctodderns.

Ecymu ke IIpeAIionoKuTh, UTO 3aJaH1e HadaIbHbIX HAaITpaBIeHNii openeseT ¢pusmye-
CKM BBIIeJIeHHbIe HaIlpaBJeHUS U IIPOCTPAHCTBEHHO-BPEMEHHbIe TOUKM TO KaskIoe HO-
BOE€ pellleHye ypaBHeHMIT DIHIITeliHa OyIeT IPUBOIUTD K HOBBIM (PM3UYECKIM PeaIVsIM.
Takum 06pa3oM HEOOXOAMMO aHAIUTUIECKM OTMYATDh Iepexol OT OIHOM (huU3MUecKoii
cuTyanum K apyroi. Tak Hampumep, HaJIOKeHNe TOMOJTHUTEIbHbBIX YCIOBUI FapMOHNY-
HOCTU

rh,g" =0. (3)

110 MHeHM 10 DOKa UCKIIIYaeT Bce d)MKTI/IBHbIe I10JIS1 TATOTEHMSI.

YTOYHEHUE OTPAHUYEHUWI MACCBI CTEPUIBHBIX HEUTPUHO KAK YACTMUI],
TEMHOI MATEPUI HA OCHOBE OIIEHOK ®A30BO¥ INIOTHOCTU B
KAPJ/IMKOBBIX TAJTAKTUKAX

E. Kopewkosa', [I. Top6yHoB?, @. Bespykos®

1 koreshkova.ep20@physics.msu.ru; Kadpenpa busukmu yactui] u KocMmosnoruu, ®usmyeckuit Gakysbrer,
MOCKOBCKUI TOCYAApCTBEHHBIN yHUBepcuTeT M. M.B. JlomoHOCOBa; MHCTUTYT SIIE€PHBIX UCCAeIOBAHMIA
Poccuiickoit akageMum HayK

2 gorby@inr.ac.ru; IHCTUTYT siiiepHBIX McciemoBauuit Poccuiickoit akagemun HaykK; MOCKOBCKMI U3UKO-

TeXHUYECKIUIT MHCTATYT
3 fedor@inr.ac.ru; Kademgpa MUKpOOMOIOTUM ¥ MOJIEKY/ISIPHOM MeIUIMHbI, YKeHeBCKMI1 YHUBEPCUTET

Kak n3BeCcTHO, B KapJIMKOBBIX chepOonIaTbHbIX rajJakKTHUKaxX MpeobagaeT TeMHas Ma-
Tepusl, UTO AejlaeT UX IePCIeKTUBHBIMU CUCTeMaMU [IJIS1 [IPOBEPKU MOJesiei TEeMHO Ma-
TepuM C TTIOMOIIbIO acTpodu3nyeckux HaobmwoaeHn. OOuH M3 TaKMUX TTOAXO0N0B OCHOBAH
Ha olleHKe ()a30BOJi MJIOTHOCTU raJlaKTUUEeCKOi TeMHOJ MaTepui: cpaBHeHMe (ha30BOii
TJIOTHOCTY B Ta/IaKTUKe C (ha30BOi IJIOTHOCTBIO YaCTUL, TEMHOM MaTepun, pOKAeHHbIX
B paHHeli BceseHHOI, 1M03BOJISIET YCTAHOBUTD HMOKHME IPAHULBI MAaCChl TAKUX YaCTULI.
[ToryyeHHbBIE OLIEHKM B OCHOBHOM IIPUMEHMMBbI [IJI1 MOJieJiell TeII0i TeMHOM MaTepuu,
XOPOIIIO M3BECTHBIM MPUMEPOM KOTOPBIX SIBJISIIOTCS CTepUIbHBbIE HEMTPUHO. C TOMOIIbIO
Koma GravSphere 1 caMbIX OC/IeTHUX HAO/IOeHUIA 3Be3HOM AMHAMUKY B psifie Kapiin-
KOBbBIX cheponIaabHbIX TAJIAKTUK MbI TToiydaeM (Ha30ByI0 IJIOTHOCTh TEMHOM MaTepum
M YTOYHSIEM TpeabIaylye HUKHME IPaHUIIbl MacChl CTEPUIbHBIX HEMTPUHO B MOJESIX
C Hepe30HAHCHBIMM MeXaHM3MaMU pokaeHus. Mbl paciinpsiemM 3TO UCCaeoBaHNe ajlb-
TepHATUBHBIM MOAX0A0M, UCTIOIb3ys Excess Mass dyHKIMIO, UTO aeT YMCIeHHO Oosiee
CTpOTMe OlIeHKM. B uacTHOCTH, MCITI0/Ib3YsI MakKCMMyM ¢(a30BOi INIOTHOCTH, Mbl ITOTy4aem
OLleHKy m; > 0.75 k3B Ha ypoBHe 95%; ucrnonb3ys Excess Mass QyHKI[1IO MbI [TOTy4aem
mg > 2.06 k9B Ha ypoBHe 95%. O6a MeToHa MOTYT ObITh MCIIOJb30BAHbI JJISI U3YUEHUS
IPYTUX MOJesieit ¢ 6ojee CIOKHBIMM MeXaHM3MaMU, IeMCTBYIONIMMU B paHHel BceneH-
HOJi ITpy 06pa30BaHMUM TEMHOM MaTepuu, COCTOSIIIEN U3 CTePUIbHBIX HEMTPUHO. B 3TOM
paboTe MbI yCTaHABIMBAEM OTpPaHMUEHMS HA TTapaMeTpbl MOZeIel C JOMOTHUTETbHbBIMU
CKaJisipaMy, HeCTaH4APTHBIMU B3aUMOIEVICTBUSIMU HEMTPUHO U T.[.
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BJIOKEHUS COEPUYECKN CUMMETPUYHbBIX CTATUYECKNX METPUK B
KOHTEKCTE ITPEJEJIA CJIABOT'O I10J/IS1 B TEOPUU BJIOKEHUSA

C.C. Kymos!, C.A. ITacton?, A.A. llejikun®

1 skup.sov@yandex.ru; IOMU PAH, Caukt-IleTep6ypr, Poccust
2 CII6r'Y, Caukr-IleTep6ypr, Poccus
3 CII6I'Y, CaukT-IleTep6ypr, Poccus

Teopust BnoxkeHus [1] — 3TO ajJibTepHaTUBHASI TeOPUS IPaBUTALNM, B pAMKax KOTO-
poil AenaeTcs MpennonaoXkeHue O TOM, UTO Hallle ITPOCTPAHCTBO-BpeMs IpeaCcTaBjsieT
c060Ji YeTBhIPEXMEPHYIO MTOBEPXHOCTh B IIOCKOM OOBEMJIIONIEM IIPOCTPAHCTBE 6OJIb-
el pasMepHOCTU. MeTpuKa CUUTAETCSI MHAYLMPOBAHHON M BhIpaxkaeTcst yepe3 PyHK-
umio BiroxeHus y*(x*) xax g,y = 0,0y ¥ 4p- Porb He3aBMCUMOFT TepeMeHHOII Te-
nepp urpaet MMeHHO GyHKuusT y“, a He Merpuka. C y4ETOM TOro, UTO rpaBUTALIU-
OHHBIX CTeleHei CBOOOMbI 3/IeCh MOKHO ObITh CTOJIBKO XKe, cKoimbko u B OTO, pa3s-
MEPHOCTb 0OBEMITIONIErO ITPOCTPAHCTBA BbIOMPAETCSI PaBHONM IECsITH, T.e. UHIEKC a =
0,...,9. YpaBHeHUSI ABVDKEHMUS TIPU 3TOM O0OO0OIIAIOT YpaBHEHMS DWHIITEHA U MMEIOT
Bup Dy, ((G*Y —x TH) 0, y*) =0.

[TocKONMBbKY BCe pellleHMs] YPaBHEHMI DIMHIITEHA SIBJSIIOTCS U PELIeHMSIMU TeOpUn
BJIOKEHWSI, UHTepeC MpeACTaB/ISI0T "HeSMHIITeMHOBCKMeE" pellleHNs, CyleCTBOBaHue KO-
Topbix OTO He mpenckasbiBaeT. C MX MTOMOIIbI MOKHO MBITAThCSI OOBSICHUTD IIPUPOIY
TEMHOI MaTepum U SHepPIrum 6e3 BBeIeHMS KaKUX-TMO0 TOIOJHUTEIbHBIX IT0JIeli MaTe-
pun. OOuH 13 111aroB B 9TOM HaIlpaBJIeHUM — aHaIM3 ypaBHeHUI [IJIs ¢J1aObIX TpaBUTAIA-
OHHBIX TT0JI€A, TO €CTb JIJISI TAKMX KOHGUTYypanuit y*, Ha KOTOPbIX MHIYIIVPOBAHHAS MET-
puKa 6/113Ka K 7),y. B paMKax 3TOro npezrnosoxkeHus MOXKHO paccMaTpUBaTh Kak Hepe-
JISITUBUCTCKUIA TIpe/es TeOpuy BIOKeHMs [2], Tak 1 IMHeapu3aluio ypaBHeHuit o y [3].
[IpenenbHbIe ypaBHEHMS MTePENUCHIBAIOTCSI B TEPMUHAX IPABUTALMOHHOTO MOTEeHLIMAIA.
3Hast 3TV ypaBHEHMS, MOXXHO IIPOBEPUTD, YIOBJIETBOPSIET JIM UM MOJe/IbHble MTPoduIn
pacrpezenieHUs TEMHOM MaTepun [4], [5], ¢ TOMOIIBI0 KOTOPBIX OMMUCHIBAIOTCS HAGTIOMA-
eMble KpVMBbIe BpallleHs rajlakTUK.

Kak HepelsITUBUCTCKUIA, TaK Y JIMHEIHBIN MTpe/esTbl ITPenoiaraT Haauane hoHa j4,
TaKOro uTo 0y, 70y jq = Nyy. DTO ypaBHEHMeE JOIyCKaeT MHOKEeCTBO PelleHMIA, I03TOMY B
Teopuu BaoxKeHus1, B oTinume oT OTO, Bo3HMKaeT rpobiema Bbioopa dona. [Togxonsimye
BapMaHTHI TIpeijIaraeTcsl MCKaTh Cpey BIOKeHMI, OTBedaroux cummerpun SO(3) x T
[lepemeHHbIe TOrAA pa3nessioTCs, U pellleHre MOXKHO HaiTu saBHO. [Ipu aToM, ogHako,
BO3HMKAET 33/jaya IepeuncyieHNs: BCeX BO3MOXKHbBIX JeCSITMMEPHbBIX BJIOKEHUI C 3a7aH-
HOJi cuMmMeTpueit. [To aHaorMu ¢ IeCTMMepHBIM cTyyaeM [6], 3Ta 3afaua Obljia pellieHa,
1 BCce BO3MOsKHbIe 52 Kiacca BIOKeHM ObIIM HalAeHbl ¥ CTPYKTYpMpoBaHbl. HasoxkeHne
bu3MUecKMX U TEXHUUECKNX OTpaHMUYeHII (TpebOoBaHVe HEepPeISITUBM3MAa HEKOTOPbIX TO-
KOB B 00BbeMJTIONIEM ITPOCTPAHCTBE [2] ¥ HEBBIPOKAEHHOCTU BTOPOI OCHOBHOI (hOPMBI)
OTCeKaloT BCe KIacChl KpOMe OJJHOTO. DTOT KJIacC COOepKUT B cebe MCKoMOe IJI0CKOe BJIO-
JKeHye, KOTOpoe, C YUETOM CAe/IaHHbIX OrpaHMUYeHNIi U C TOYHOCTBIO 0 OLHON IPOU3-
BOJIbHOM (PYyHKIIMM, TTpeICTaBIIsIeT COO0¥ eIMHCTBEHHO BO3MOXKHbIN (DOH [1Jis TIpefeb-
HbIX YPaBHEHUI1 TEOPUN BIIOKEHUS.
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HEABEJIEBBI T-1VAJIbBHOCTHU B PASMEPHOCTU 4
A.C. Kypenkosa'

1 angelinakurenkoval6108@gmail.com; MI'Y um. M.B. JlomoHocoBa, MockBa, Poccust

Heab6eneBa T-myanbHOCTD IeiiCcTBYeT Ha (POHe MPOCTPAHCTB ¢ 00IIMM HAaOOpPOM HEKOM-
MYTUPYIOIIMX M30METPHUI1 M MOKET ObITh OMMCaHa C IIOMOIIbIO aJiredbpanuecKkoit CTpyK-
TYpbl, UMeHyeMoii Kitaccuueckum [Iyonem [IpuHdenbaa, YTO MO3BOSIET U3YUaTh TEOPHUIO
anrebpanyecky, He 00Opallasich K BULY AeiicTBuUs Teopun. yo6sb IpuHbenbaa oopazoBaH
IOByMs ajiredpamu g 1 g ONMHAKOBOI pa3MepHOCTHU U OTIpeiesisieTcs CJIeqyIoIUMU KOMY-
TAIMIOHHBIMY COOTHOIIIEHUSIMUA:

= fabc TC’
(T4, TP = f*P T, )

[Ta, Tg] = Fap® Tc.
rae T, u T renepartopsl anredbp g u g, a T4 = (T%, T,;) reHepaTOphl ONTy4YeHHOro Jly6-
5. B ganHoit pabote [Iy6mb JIpuHdenbaa CTpPOUTCS Ha UyeTbIpeXMepHbIX anrebpax Jiu,
HeIpeACTaBMMbIX B BUe ITPOU3BeleHMsI TpeXMepHbIX anredp JIu 1 ogHOMepHOTro abeie-
Boro dakropa, II03TOMYy MHIEKChI a, b,c..=1,..4,a A,B,C.. = 1,..8. [Ipu 3TOM Ipearoa-

raeTcsa
Fape =0, Fabc — fabc» Fabc — fabc; Fabc -0. )

HeTpuBuasbHbie KOMMYyTallMOHHbIE COOTHOILIEHUS MeXAy T, u T% Torma UMeIOT BUL,
[T, TP) = FPCT, + F, P TC = f 26T, - fu P TS (3)
[Tpu aTOM TOKAECTBO SIKOOM [1J1s1 TAKOI 06001IeHHO aaredpbl

Fiag®Fepip =0 “)
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3a/1aeT ToXAecTBa SIKoOU [jist anrebp g  § ¥ yCIOBUS CAaMOCOT/IACOBAHHOCTY CTPYKTYPbI
6uanrebpsl. B mokame OymeT rpecTaB/ieH MoydeHHbI Habop 8-MepHbIX [Iy6meit [IpmH-
denbaa 1 ux knaccudukaimsi, OCHOBaHHasl Ha MCIOAb30BaHUM Tpeobpa3oBaHmii SIHra-
Bakcrepa gyasbHBIX ajireop.
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HATPEB MOJIEKY/IIPHOT'O OBJIAKA ITEPBUYHO¥ YEPHO JIbIPOM

A.H. Menuxos!, E.B. MuxeeBa?
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PaccMmoTpeH mpoliecc HarpeBa IblM GOTOHAMM OT HAXOASIIENcsT B MOJEKY/ISIPHOM
o6nmake ITUJ], ¢ maccamu M = 10'® — 10?0 r. B npenmnonoxkeHny, 4To MbIIMHKY PaBHO-
MEpPHO pacrpeeieHbl B chepuyecky CMMMETPUYHOM OOJIaKe M MMEIOT pasMepbl a =
0.01,0.02,0.05 1 0.1 MKM, OblJIa paccCuMTaHa TeMIIepaTypa MbUIM B 3aBMCUMOCTH OT pac-
crostaust mo ITY/I. 13 momyuyeHHBbIX rpad@uMKoOB cienyeT, YTO HEIMOCPEICTBEHHO PSIAOM C
TT4]T, NbIIMHEKY HarpeBaloTcs Ao Temmeparypbl T < 102 K, a ¢ yBenMueHreM pacCTOSHUS
TeMIlepaTypa pe3Ko rnagaet. Takum o6paszom, [TY]] MoskeT HarpeTh TOMbKO chepuyecKmit
CJI071 MOTIEKY/ISIPHOTO 06/1aKa, pagiyc 1 KOTOporo He 6oree 103 cm. [ToMyMo 9TOTO B pa6o-
Te OBbLIM ITOCTPOEHBI CIIEKTPbI M3TyueHMs HarpeBaeMbIx [TY]I mbUIMHOK M MTOKa3aHO, KaK
BUJI, CITEKTPOB 3aBMCUT OT KOHLIEHTPAIIMY ITbLIX B MOJIEKY/IIPHOM 00J1aKe ¥ OT pa3MepoB
MbUIMHOK. Ha rmosyyeHHbIe CTIEKTPbI ObUTY HAOKeHbI rpadVKy YyBCTBUTETbHOCTY TIA-
HMPYeMOJ1 KOCMIY€eCKOi 06cepBaTOpum « MUIIMMETPOH» B pexkuMe MHTepdhepoMeTpa U
MOKa3aHo, UyTo Ipu Hammumu B o61ake ITY/I MmeeTcst BO3MOKHOCTD €€ 3aperucTpupoBaTh,
eC/IVi KOHIIeHTpaLys ITbUIM B 00JIaKe JIESKUT B JMara3oHe OT 1y = 1074 em3 oo ng = 1071
cM 3 (ITpy 9TOM pa3Mep MHAMBUIYANIbHBIX IBUIMHOK B 06/1aKe BapbupyeTcst ot 0.1 10 0.01
MKM, COOTBETCTBEHHO).

VNHTEPO®EPOMETPUYECKUE JETEKTOPbI TPABUTALIMOHHBIX BOJIH,
COCTOSHHME U ITEPCIIEKTHIBbI PA3BUTHUSA

B.I1. Mutpodanos!

1 vpmitrofanov@physics.msu.ru; ®usndyeckuit paxyapTeT MI'Y um. M. B. JlomoHocoBa, MockBa, Poccust
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B 2015 rogy netektopsl LIGO (Laser Interferometer Gravitational-Wave Observatory)
BIIEpBbIe 3aperucTpUpoBaIM TPaBUTALMOHHBIE BOJHBI OT CTOJIKHOBEHUS U CIUSIHUS
IBYX uepHbIX IbIp. K HacTosmeMy BpeMeHM MHTepdepomMeTpudecKie rpaBUTaIMOHHO-
BOJIHOBBIE JeTeKTopbl 6osee 200 pa3 3aperucTpupoBai CUTHAIbl TPaBUTALMOHHBIX
BOJIH, TeHEpPUPYEMbIX TNPU CIUSIHUM KOMIIAKTHBIX OOBEKTOB BO BceyeHHOW maneko
oT 3eMiin. YUdeHble M MHXeHepbl U3 MeXIYHAapOOHBIX HAay4yHbIX Koyutabopaiuii LIGO,
Virgo 1 KAGRA mnpoposskaloT BeCcTM HaOMIOAeHMsS] M YIydllaTh YyBCTBUTEIbHOCTD
rpaBUTALIMOHHO-BOJHOBBIX MHTePhepOoMeTpOoB. B JoKk1aze pacCMOTpPeHbI OCHOBHBIE 3J1e-
MeHTbl MHTephepoMeTpUIeCKUX NeTeKTOPOB I'PaBUTALIMOHHBIX BOITH, MCTOUYHUKM IIIYy-
MOB, OrPaHMYMBAIOLINX YYBCTBUTEIbHOCTD AeTEKTOPOB U ITyTU COBEPILIEHCTBOBAHMS Je-
TEeKTOpOB. B HacTosiliee BpeMsi pazpabaThIBalOTCs Jla3epHble MHTepdepoMeTpuuecke
IeTeKTOPbI TPaBUTALIMIOHHBIX BOJH HOBOTO ITOKOJIEHMSI, TaKMe KaK KPUOTeHHbIN AeTeK-
top LIGO-Voyager [1], HazeMHbIe 1 [T0f3eMHbI€e IeTeKTOPbI C 601107 AIMHO MHTepde-
pomeTpuueckux ey Cosmic Explorer [2] u Einstein Telescope [3], a Takoke KOCMU4YeCKUit
nasepHbIit MHTepdepoMeTpuueckuii netektop LISA u apyrue. I1o yyBCTBUTETbHOCTY OHU
6yayT 3HauMTeNbHO (B 10 pa3) mpeBOCXOOUTH HbIHE AelCTBYIONINE, 3HAUUTEIHHO YBeJIN-
yaT 00beM MCCAenyeMOro IMPOCTPAHCTBA M PACIIMPSIT YACTOTHBIN CIIEKTP MPUHMMAaEeMBbIX
CUTHAJIOB [4]. DTO MO3BOJMUT MOTYYMUTH OTBETHI HA MHOTMe (PyHIaMeHTaJbHbIe BOITPOCHI
GuU3UKYM U aCTPOHOMMUUA.

JInteparypa
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INEPCIIEKTUBbI HAB/TIIOJATEJIBHOTI'O ITOVNICKA KPOTOBBIX HOP B
ACTPO®PU3NYECKUX CUCTEMAX

10.A. Moucees!, O.C. CaxxuHa?
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2 cosmologia@yandex.ru; TocymapcTBEHHbIN acTpoHOMMUYecKMii MHCTUTYT M. I1.K. [lITepubepra MI'Y, Poc-
cust, MockBa

B paboTe mpeacTaBieHa mepcrieKTUBHAs cTpaTerusi rmoucka kporobix Hop (KH) ¢ mc-
M0JIb30BaHMEM aCTPOHOMMUECKMX HabmomeHnuit. Ompenenssi COBOKYITHbIN 3hdeKT mo-
TMOJTHUTEIbHOTO BO3MYIIIAIOIIEr0 YCKOPeHMsI KOMIIOHEHTa acTpodu3udyecKoit CUCTEMBI,
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MOYXHO CZeJIaTh IIPEeIIoosKeHe O CKPBITOM MpuUpoae YepHoi Abipsbl (U[1) Kak KaHauaa-
ta B KH. MbI IToiyuaeM BEpPXHIOI OLIEHKY 3TOro 3¢ deKTa I/ HECKOIbKMUX 3Be3], B 13-
BECTHBIX CUCTeMax, comepxkamux Y/, Takux Kak S2 u S62, KOTOpbIe BPalllalOTCSI BOKPYT
Sgr A*, a Takke MofenupyeM CMHTeTUUYeCKYI0 CUCTeMY, COCTOSIITYI0 U3 Ipoxoaumoit KH,
3Be3/Ibl C HaIlleil CTOPOHBI M BO3MYIIAIOIIET0 00bEKTA C APYTOil CTOPOHBI OTHOCUTEIHHO
ropsoBUHBI ITpoxoaymoii KH. MbI Takke paccMaTpuBaeM HeJaBHO OTKPBITbIE OObEKThI
13 gaHHbIX KaTtanora Gaia: Gaia BH1, BH2 n BH3. 119 Bcex TUIIOB CUCTEM ITOKa3aHO, UTO
B IIPOCTO¥ MOV IMPOXOAMMO¥ IIBapIIIIbA0BCcKoV KH Bo3mymiaommit 06beKT (3Be3-
1a), HaXOASIIIMIACS TI0 JPYTYIO CTOPOHY OT ropioBuHbl KH, crioco6eH BbI3bIBAaTh 3HAUM-
MOe BO3MYIIIaoIee yCKOpeHe 00beKTa (3Be3bl) Ha CTOpPOHe HabmogaTens. Mbl TakKe
IeMOHCTpUpPYeM, YTO IJIs1 3Be3[ B IleHTpe Halieii [amakTuku 3ToT 3¢ deKT mpeobiama-
eT HaJl OCHOBHBIMM KOHKYypHUpYyIOIIUMU 3pdeKkTamu, TaKMMI KaK BO3MYIIleHMEe OT OKPY-
JKAIOLIMX 3Be3[, U rajo TeMHOI MaTtepuu. BennumHa BO3MyIIa0Iero yCKOpeHus, olle-
HeHHas JJIs1 pea/ibHbIX 00BEKTOB, BapbupyeTcs oT 1074 1o 1072 cm/c? (OJ11 TUIIMYHBIX
paccrosiuuit mopsigka 500 1K), 4yTo B OyAyIeM Mpu yBeIuYeHU TOYHOCTY HabmoneHni
TO3BOJIUT BBISIBUTH MCKOMBIN 3deKT. Mbl MPMBOAMM TOYHOCTb OINpeneneHus: yCKope-
HUSI 3Be3[bl B TepUIleHTpe OPOUTHI ABOVHON CHUCTEMbI B aCTPOMETPUUYECKOM ITPOeKTe
Gaia, rmepecunMTaHHYIO Kak QYHKIIMS OMMOOK HAO/MIOIeH S TTapaMeTPOB JIBOTHO CHCTe-
MBI (MacC Kaskg0ii KOMIIOHEHTHI, 9KCIIEHTPUCUTETA OPOUTHI, TTepro/ia) IO COCTOSTHUIO Ha
2024 r. [TonyyeHHas OLleHKa TOYHOCTHU YsKe COTIOCTaBMMa C IpeCcKa3biBaeMOii MOJEJbI0
paccyeTHOM BeIMUMHOM MCcKOMOTo 3¢ dekTa. B pacCMOTpeHHbBIX CUMHTETUYECKUX CUCTE-
Max TPy ONTUMAJbHOM ITOA00pe TTapaMeTpOB BO3MYyIIIaloliiee yCKOpeHue gocturaet 1.5
cMm/ c2, yTO Jenaet 3TOT 3QdeKT CylecTBeHHO 3HauMMbIM 1S moucka KH B Hamiedi 'a-
JIaKTUKe.

CTATUCTUYECKASI METPUKA B CUCTEME BOJIBILIOI'O YMCJIA U3JIYUATEJIENA
U IIOIJIOTUTEJIEN

A.B. MonmuauoB!

1 alexeypbm2009@gmail.com; ®usuueckuit paxynbrer MI'Y umenn M.B. JlomoHocoBa

B npepmpigyumyx paboTax B paMKax MeTapesslMOHHOrO IOAXOHa K OMNMCAHMUIO
MPOCTPaHCTBa-BpeMeH U Gu3ndyeckux B3aummoeiicTBuii [1] 6pU1a HalileHa BO3MOXK-
HOCTb OTIPeAeINTD UIKAJIbI COMYTCTBYIOUMUX M COOCTBEHHBIX PACCTOSIHUI B KOCMOJIOTUY
[2] [3]. 9TO mocTHUTanmOCh TIPU PaCCMOTPEHUYM CUCTEMbI OOJBIIIOTO YMCIa U3TydaTeneit u
MIOITIOTUTeJIeN, MMEIOLMX CIIeKTPbl aTOMOB BOLOPOJa HAa OCHOBE CTaTUCTUYECKOIO yUé-
Ta BCEX BO3MO)XHBIX ITAPHBIX JIEKTPOMAarHUTHBIX B3aMMOIECTBUI MeXTy HUMM.

[Ipu perieHMM 3TOI 3a4aUM MOXKHO MOCUMTATh KOIMUECTBO KOHMUTYypaluii Bcex Co-
CTOSTHUIA YaCTUII, peaIM3yIOIINX MeKIY BhIOpAaHHOI MX Mapoit paccTossHue 1 (3aJaHHbIN
MaJIblii MHTEpBaJ OT r [0 1 + O0r1). [lomcuéT Bcex KOHPUTrypalnii, peaansyomnx pasHbie
3HAUYeHMUs ', IPUBOAUT K PABHOMEPHOMY pacrpeeseHno. DTO COOTBETCTBYET IIKaJie CO-
MyTCTBYIOIIMX pacCTOsTHUiA. Eciiu cumTaTh KOHGUrypaumu Ojsi BBIOpaHHOM TPOVKY 4a-
CTULI, peanu3ywliye pasHbie r U GUKCUpOBaHHOE Ar MeXIy Mapoii U3 HUX, TO paclipe-



96 RUSGRAV-18

AeJIeHHe I10/IydaeTCad HEPpaBHOMEPDHBIM. Ecin OoIfpenejIinTb MacCIITaOHbIN OTpEe30K TakK:

1
Ary = —Arn(r), (1)
No
rae n(r) — GyHKIUMS pacpeneneHns yncia KOHQUrypaiuii o sHaueHusIM r, a Ny — KOH-
CTaHTa HOPMMPOBKM, TO PACCTOSIHME 10 TIOJTyYEHHOI IIKaje

1 [r Ar
o — — dr,— —0 2
d Nofo nndr r )

OyZeT COOTBETCTBOBATh COOCTBEHHOMY, B COIJIaCUM C OTpeJe/eHreM U3 KIacCUUecKoi
KOCMOJIOTUM.

Takyio MHTepIpeTalyio MOXKHO 00001MUTh. PaccMOTpUM ogHOMEpPHBIN aHaior Gop-
MYyJIbl KBaJpaTa MHTEpBaJia B reOMeTPMUUeCKOM ITOAX0me

ds=g(x)dx. (3)

31ech 3a7jlaHa CuCTeMa KOOpAMHAT € 0Cblo X ¥ MeTpuKa g(x). [IycTb A — HeKOTOpas TOUKa
C KOOpAMHATOM a Ha 3TOi ocu. BennumHa

foadxza 4)

eCTb pacCTOssHUEe MeXAy BelleCTBeHHbIMM unciamu 0 M a Ha YMUCIIOBOI Npsimoit. Emy
CTaBUTCS B COOTBETCTBME PACCTOSHME BIOJAb OCU X MeXIYy HaYaJIOM OTCUETa, M TOUKOI
A B ¢pM3MUeCKOM MpPOCTpaHCTBe. PaccTossHMe, ompeeIEHHOe TaKUM 00pasoMm, ciieayeT
CUMTATh COOCTBEHHBIMM IS HAOMIOAATENs, TIOMEIEHHOIO B Havayo oTcuéra. Ecim ke
HaOII0IaTeb OKasKeTCSl YOAJIEHHBIM OT 00eMX 3TUX TOUYeK, TO paccTosHue (4) He OymeT
MMeTb JJIs1 HeTO (pM3MUeCcKOro CMbIC/Ia, TOCKOJbKY 3HauUeHue g(X) B TOUKe, IIe HaXOAUT-
csl HabmoaaTenb, MOXeT oIn4aThcs U oT g(0), u oT g(a). BennumHoIi, MMeloLieli CMbICT
PACCTOSTHUST MEXKAY STUMM TOYKaMM B QM3MIeCKOM IIPOCTPAHCTBe, OymeT

a
s:f g(x)dx. (5)
0

Ero cienyeT cuMTaTh COMYTCTBYIOLIMM IS TOUKM A M Havyaia OTCUETA.

ITpu comoctaBaeHun Gopmy (2) u (5) MOKHO IPUIATH K BBIBOJY, UTO B MeTapesiu-
OHHOM TOZIXOZe MeTpuKa g(X) LO/DKHA ObITh OTIpesiesieHa, Kak o6paTHast PyHKIMS K 71(s)
C YYETOM HOPMUPOBKMU.

JIuteparypa
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CEMEJCTBA KBAHTOBBIX TEOPUI ITOJISI B KOHTEKCTE M-TEOPUH
2.T. Mycaes!

1 musaev.et@phystech.edu; MocKoOBCKUiT (GU3UKO-TEXHUIECKNI MHCTUTYT, JIONTONIPYaHbIA, Poccust

OmHMM 13 BaXKHEMIIIMX BOMIPOCOB B UCC/I€A0BAaHMM KBAHTOBOW TE€OPUM TI0JIS SIBJISIETCS
CTPYKTypa ee GUKCUPOBAHHBIX ToueK (kKak Y@, Tak u VK). B uacTHOCTH, TIpUHaAIEXaT
JI OHM CeMeCTBY (MKCUMPOBAHHBIX ITOBEPXHOCTEN MM MPEICTaBIISIIOT 0001 060C006-
JIEHHYI0 TOUKY B IIPOCTPAHCTBE MOJYJIEl TEOPUM, a TAKKE O CTPYKTYpe PeHOPMIPYIIIO-
BbIX TOTOKOB, COeAVHSIIONIMX (PUKCUpPOBaHHbIE TOYKU. [IOTOK peHOpMTpyTIIibl 3 YO TOU-
KU MOKeT ObITh MHULIMMPOBAH Jedopmalineii Teopuu gobasjieHneM (Mp)peeBaHTHOTO
oriepaTopa Wi ke CIIOHTaHHO, 3a CUET HEHYJIeBOr0 BaKyyMHOTO CpeJHero HeKOTOpO-
ro ornieparopa [1-3]. [Ipyumepom MppeneBaHTHOrO OlepaTopa TakKoro TUIIA SBISeTC (p4
B TEOPUM AEVICTBUTENBHOIO CKAJISIPHOTO IOJISI B pa3MEPHOCTU 4, KOTOPas SIBJISIETCS CBO-
6onHoit B VIK. [IpmMmepom Teopuu ¢ MHOKeCTBOM (DUMKCHMPOBAHHBIX TOUEK PA3MepPHOCTHU
He HYJ/Ib siBasieTcss A =1 D = 4 Teopus JlIu—Crpacciepa [4], IpencTasisiolias co6oit Tou-
HO MapruHaabHyw0 gedopmaiinio A =4 D = 4 Teopuu cynep-SIura—Mwiica.

Torma Kak KBaHTOBOIIOJI€BbIE BBIUMCAEHMSI YACTO IOCTYITHBI JIX B MEepTypOATUBHOM
pasiokeHuM Mo MeT/IeBbIM IMONpaBKaM, aHaJIN3 PellleHMI1 ypaBHEeHMIA CylieprpaBUTalum,
rosorpaduuecky UM OyaJabHbIX, JAeT TOJHYIO HelepTypbaTUBHYIO KapTUHY (AJIs Cia-
60ro cooTBeTCcTBUSI — B mpefene 6onapmux N). Tak M3BECTHO, UTO IyaJTbHBIM TEOPUU
JIn-Ctpacciepa siBisieTcsl pemeHue JiynuHa—MasigaceHsl, IpeICcTaBIsIIoniee cob6oii 6u-
BeKTOPHYIO SHI—6aKcTepoBy gedopMarnyio pemeHust AdSs x S° BIOMb ABYX KOMMYTH-
pylonmx n3oMmeTpuit Ha cepe. B pabore [5] Hamu HalileHO ceMelCTBO pelleHMii ypaB-
HeHuii [IB cyneprpaBuTainm, IBASIIOIIMXCS TPU-BEKTOPHbIMYU AeopMalisiMy pellieHus
AdSs5 x S° BIOIb M30MeTPHii TPOCTPAHCTBA aHTH-Te-CutTepa. Takue gedopMaLuy yIo-
BJIETBOPSIIOT 000011IeHHOMY ypaBHeHMI0 SIHra-bakcTepa U mMpeAIionokuUTeIbHO TeHepu-
PYIOT HEKOTOPBII HOBBIN K/IacC HEKOMMYTATUBHbBIX KaJMOPOBOUHBIX TEOPUIA.
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ITPOLIECC M30TPOITU3AILIN BCEJIEHHON C MATHUTHBIM ITOJIEM B TEOPUU
XOPHAEHCKMU C G3(X, ¢) A G5(X)

P.K. Myxapnsamos!, Illexa6anbaua Omep Anu Bammp?

1 rmukhar@mail.ru; Kasanckuit ¢pegepaabHblii YHUBEPCUTET, Kadeapa TeoOpuM OTHOCUTEIbHOCTY U Tpa-

BuTanuu MHCTUTYTA PUBUKM
2 shehapbashir@gmail.com; Kazanckuit penepanbHblii yHUBEPCUTET, Kadepa TeOpUM OTHOCUTETbHOCTU

v TpaBuTaIuu UHCTUTYTA PU3UKM, aCIIMPAHT

Mpl M3y4daeM IpoLeCC U30TPOINM3aLUU MPOCTPAHCTBA-BpeMeHu buaHku I B paMKkax
Teopumn XopHaeHcku ¢ G3(X,¢) # 0 u Gs = const/ X [5]. [mobanbHOe ofHOHAIIpaBJIeH-
HOEe 3JIeKTPOMarHUTHOE I1oJie B3aMOEeNCTBYeT CO CKIIPHBIM I10 3aKOHY f2 (P)Fyy FHY.
B Teopum XOpHIOEHCKM aHU3OTPOIMUS MOXKET Pa3sBUBATHLCA I0 pa3sHoMYy. [IpensoskeH-
HbIVI MEeTOJ, PEKOHCTPYKIUMMU TT03BOJISIET CTPOUTDH MOZENU C IIpUeMJIeMbIM TTOBeIeHMEeM
aHusoTponuu [2,4, 4, 6]. [Ijna aHanmu3a aHU3O0TPOIIUU MIPOCTPAHCTBA-BPEMEHU UCIIONb-
3YIOTCSI OTHOIIIEHUS a;/a, The a; — MeTpuueckue QyHKUuU, a = (ay 6l2613)1/ 3 _ cpenHe-
reomMeTpuYeCcKuii MacIITabHbIi GakTop.
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N. Pankratyeva, S. O. A. Bashir // Mod. Phys. Lett. A — 2024. — Vol. 39, No. 17n18 - P. 2450085. — DOI
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TOYHBIE KOCMOJIOT'MYECKHUE PEHIEHNS C MATHUTHBIM ITOJIEM B TEOPUI
TPABUTAILIMN C HEMUHUMAJIbHO KUHETUYECKO! CBSI3bIO

P.K. Myxapnsimos!, Illexa6anbaun Omep Anu Bammp?

1 rmukhar@mail.ru; KasaHckuit pemepaabHbIil YHUBEpCUTET, Kadeapa TeOpur OTHOCUTEIbHOCTH U I'pa-
BUTaIMu UHCTUTYTa PU3UKA
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Mbl ncciienyeM aHM30TPOIIHbIE ¥ OJHOPOJHbIE KOCMOJIOTUYECKMEe MO/ B TeOpUU
rpaBUTALM C HEMUHMMAJIbHOM KMHETUYECKOM CBSI3bIO CKAJISIPHOTO IT0JISI C KPUBU3HOJA,
3aJaHHOli QyHKUMeit 1 - (p/2) - Gyy VHVY¢p. Takasgs HeMMHMManbHas CBA3b paHee U3Y-
yajach 6e3 MarHUTHOTO T0Jsl, HanpuMep, B pabotax [1-4]. Terepb Mbl Mpenogaraem,
YTO IPOCTPAHCTBO-BPEMS 3aIlOJIHEHO IIOOAJbHBIM OJHOHAIPABJIEHHBIM 3JI€KTpOMAr-
HUTHBIM TI0JIeM [5, 6], MMHMMAaIbHO B3aMMO/IeACTBYIOIIMM CO CKaJISIPHBIM ITOJIEM.

Teopust XOpHIEHCKY SOITYyCKaeT POCT aHU3O0TPOIINM CO BpeMeHeM. Bo3HMKaeT BOIpocC
00 n3oTpomnu3auun. B paccmatpuBaeMoit Teopuu Hy/leBO CKaASIPHBIN 3apsii HaKIaabl-
BaeT yCJIOBMEe HAa YPOBEHb aHM30TPONMM, & UMEHHO, er0 IMHAMMKa Pa3BUBAETCS B Orpa-
HUYEHHOI 06/1aCT. DTO YCJIOBME OJHO3HAYHO OIpeIesiseT JKM3HEeCIIOCOOHYIO BETBb pe-
IIEeHU1 ypaBHEeHNV 1os. INIOTHOCTh MarHUTHOM 3HEPTUM, COOTBETCTBYIOIAS 3TO BET-
BMU, SIBJISIETCSI OTpaHMUYeHHO QYyHKIIVEei BpeMeHM!.

3Hak napameTtpa [ = 1+8men A onpenensieT CBOJCTBA KOCMOJIOTMUECKUX MOJeJel, rae
A — KocMoJiornyeckasi MOCTOSIHHAS ; 3HaK € = +1 omnpenenseT KAaHOHNYECKOe CKaIsSIpHOe
rosie U haHTOMHOE TI0jIe, COOTBETCTBeHHO. HepaBeHCTBO £/ > 0 sBjsieTCS] HEOOXOIM-
MBIM YCJI0BMEM U30TPOINMU3aLUK MOJesieil, HO He OCTaTOYHbIM. PacCMOTpeHbI Tpu CiTy-
yasi: [ =0, usorponusaiust He mpoucxoaut; [ > 0, uzotTponusaius ectb; I < 0, UMeIOTCs
IBe BETBU, OAHA U3 KOTOPBIX 00/IaaeT CBOMCTBOM M30TPONM3aIMM, a IpyTasi OMMChIBa-
eT BceneHHy1o ¢ KomamncoM. Mogesib ¢ [ < 0 MmeeT aHM30TPOIIHBIN OTCKOK, ¥ 3BOJIFOLIMS
BceneHHOIt HAUMHAETCS C HEHY/IeBOTO 3HaUeHMs o6bema. Mojies 6eCKOHEeYHO paciimpsi-
foneiicst BceleHHOJ B KOHEUHOM UTOTe TTePeXOsiT B pesKUM MHOAIMM C MaCIITaOHbIM

daxTpom a(t) oc et hy = | /%.
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10.1142/50217732324500858



100 RUSGRAV-18

CJIOMAHHAS JIECTHUILIA: XABBJIOBCKUI KPU3UC B ITO3THUX
MOJINPUKALIAX LCDM

H.C. Hepenbko', A.C. YypnaiikuH, [1.C. TopbyHOB
1 nikita.nedelko1999@yandex.ru; SI1 PAH

OnHOJ M3 caMbIX OCTPBIX MPOO6eM B KOCMOJIOTUM B IOC/AEIHUE MECSTh JIET SIBJISI-
eTcsl pacxoskAeHye B BeJIMUMHe MOCTOSHHOM Xab6ya Hj,omyyaeMoit 13 pa3HbIX Ha-
OogaTeNbHbIX TaHHBIX. B yacTHOCTM, 3HAUEHMe, ITOJTyYeHHOe C ITOMOIIbIO CTaHapT-
HOM KocMoJiornueckoin mogenu, LCDM, no kapTaM pearKTOBOr0 MUKPOBOJTHOBOTO MU3-
aydeHust teseckona Planck, u 3HavyeHme, MmosydeHHOE METOIOM 'JIECTHUIIBI PacCTOSI-
HMIi"CBEpXHOBBIX TUIA Ia ¢ JIOKaJbHOI KaanOpOBKOi1 Mo Ledenmam, pacxomsiTcs 6ojee
yeM Ha YeTbIpe CTaHAAPTHbBIX OTKJIOHEHMSI.

JIJIs1 3aKpBITHS TOTO pa3phiBa ObLIO MPeII0KeHO MHOKeCTBO Moavdukainii LCDM.
B naHHOM [ok/iaze paccMaTpUBAETCs MOAKIACC MOJesel, USMEeHSIOIMX MO34HIO 3BO-
JIIOLMIO BcesleHHO € TTOMOIIBIO [IEPEMEHHOTO YPaBHEHUS COCTOSIHUSI TEMHOM SHEeprumn
(Mmopmenu ¢ paHTOMHBIM IEPEXOIOM), M IIOKA3bIBAETCS, UTO TaKMe MOJEIN He MOTYT pe-
IIUTD ITPO6IEMY KaJIMOPOBKM JIECTHUIIBI PACCTOSIHMIA TT0 CBEPXHOBBIM, JIESKAIIYI0 B OCHO-
Be rpobsieMbl Hy. [IOMOTHUTETEHO 00CYKIAI0TCSI HEKOTOPBIE abTepHATUBHbBIE TTOIXO0/IbI,
TeopeTuYeckye 1 HabsomaTeIbHble, KOTOPbIe MOTYT IIOMOYb ITPOJIUTD CBET HA ITPUYMHBI
"Xab66/10BCKOTO Kpu3uca'.

7-MEPHAS$ KOCMOJIOTNYECKASA MOJEJIb C BPAIIEHMEM B
JOITO/THUTEJIbHBIX U3MEPEHNSIX

B.H. [TaBenkus!, B.®. [TanoB?

1 pnvin@yandex.ru; TlepMCKMii rocymapCTBEHHBIV HAIMOHAJIbHBIN MCCIEO0OBATEIbCKNI YHUBEPCUTET,
ITepmb, Poccust; ITepMcKuit roCcygapCTBEHHBIN TYMaHUTApHO-TIegarormuyeckuii yuupepcuret, [lepmb, Poc-
cust

2 panov@psu.ru; IlepMCcKuii roCygapCTBEHHbIN HAUMOHAIbHbIN UCCIEe0BATENIbCKUIA YHUBEPCUTET, [lepMb,
Poccus

Actpodu3uku ¥ KOCMOJIOTH, KOTOPbIE CYUUTAIOT, YTO TEMHASI SHEPIUS M TEeMHas MaTe-
pUS CYIIECTBYIOT, CTApPAIOTCS BBIICHUTD UX mpupoay. C oueHb GOJbIIOI BEPOSITHOCTHIO
MOJKHO IIpeArionaraTb, 4YTO TeMHas SHeprus — 3TO BaKyyM. B 3Tom wiyyae KOCMOIOTH-
yecKast KOHCTaHTa, BaKyyMHasl JHeprus M TeMHas SHeprus — IMOHATHUS SKBUBAJIEHTHbBIE
[1]. B r1aHKOBCKYIO 310Xy IZIOTHOCTb 3TOTO BUA SHEPIMM MMesa 3HaueHue [1], Ha 123
MOpsIIKa MpeBblIlIalolee MJIOTHOCTh HAOMI0jaeMoii TeMHO SHeprUMm.

P. Bepramuuu u [Ik. BeHTypu [2] TOKa3bIBaIOT, UTO OOJIbLIAS TOJIOKUTEIbHAS BeIUYUK-
Ha Lambda-uneHa MOXXeT ObITh CKOMIIEHCHMPOBaHa "3 (PEKTUBHON KOCMOJIOTMYECKO
KOHCTaHTO 3aBUCSIEI OT CKOPOCTY BpallleHs B JOIIOTHUTEIbHBIX M3MepEeHNIX B MHO-
TOMEepHOM KOCMOJIOTMYeCKOM MoLenu. B COOTBeTCTBUY C 3TOM U EeO0I0TrMel, penIoKeH-
HOI B paboTax [2, 3], Mbl pacCMOTpeu 7-MepHYI0 MeTPUKY C GPUIMAHOBCKUM IVIOCKUM
MIPOCTPAHCTBOM B HaOJIOZaeMbIX KOOPAMHATAX, & B JOMOTHUTEIbHBIX KOOpAMHATaX — [X
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TUTI 110 BbSIHKM, C MAeaNbHON KMUIKOCTHIO B KAUeCTBe MCTOUHMKA IpaBuTanyu. [Ipuuem
MacIITabHbIi (akToOp B YaCTM METPUKM C HaOI0gaeMbIMM KOOpAMHATAMM 3aBUCUT OT
BpeMeH!, UTO MpeAIionaraeT pacipeHe 00bIUHOM MaTepuu, OCTaJbHbIE ke MeTpuue-
ckye K03(p UIneHTs He 3aBUCIT OT BpEMEHM, X BeJIMUMHBI JO/IKHBI ObITh JOCTATOYHO
MaJibl, YTOOBI JOTIOJIHMUTE/IbHBIE KOOPAMHATHI ObUIM KOMIAKTU(MUIIMPOBAHHBIMUA.

ds® = (dt+ A(-sinx®dx* +sinx*cosx®dx®))? - qz((dxl)2 +(dx®)? + (dx®)?)
— A?(—sinx%dx* + sin x* cos x%dx®)? = A2(cos x®d x* + sin x* sin x®d x°)? (1)
—C?(cosx*dx® + dx%)?,

q=q(t), A, B, C — masnbie KOHCTaHThI. [X TUN 10 BbIHKM IpearonaraeT BpalleHue B 10-
MTOJTHUTE/IbHBIX M3MepeHMsix. Takum 06pa3omM, MOXKHO OKMIATh, UTO B TAKOV Mopenu 3¢-
(dbexTHBHaAs KOCMOJIOTMUYECKas IIOCTOSTHHASI, 3aBUCSIIAsi OT CKOPOCTY BpallleHUsI MO
B JOTIOJTHUTE/IbHBIX M3MEpPEeHMSIX, 3a CUeT IMog0opa 3HaUeHII MeTpuIeckKnx Koapouin-
€HTOB M MaTepUaIbHbIX ITapaMEeTPOB MOJEIN 00eCIIeUUT TPeOyeMyIo IIJIOTHOCTh TEMHO
sHepruu. Hamu 66110 ITOTy4eHO KOCMOJIOTMYECKOE pellleHye ypaBHeHUi DMHIIITeiHa 151
BBILIEHA3BAHHOM 7-MepHOM MEeTPUKU C UAealbHOM XKUIKOCTbIO C BAKYYMHBIM yYpaBHe-
HMEeM COCTOSIHUS. B cuiy TOro, 4To Helb3s TOBOPUTh O BpallleHUM BaKyyma, TO JaHHas
MOZe/Ib He pelllaeT Hally 3afauy. B manbHeliteM 1eecoo6pasHo AJisl JaHHOV METPUKU
paccMOTpeTb KpoMe UIeaIbHOM SKUAKOCTU PSL, LPYTUX ITOJI€BbIX UCTOYHUKOB TATOTEHMS.

JIureparypa
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VUHTETPUPYEMOCTD YCEUEHHOW MUKCMACTEPHOI MOJIEJI XOPABBI -
JINOUIUIIA B ®YHKIIUAX PO3EHXAVHA

A.E. TTaBnoB!

1 alexpavlov60@mail.ru; Poccuiickuit rocymapcTBeHHbIN arpapHblii yHuBepcuteT — MCXA um. K.A. Tumu-
psizeBa, IHCTUTYT MeXaHMKM U 9HepreTuky, Mocksa, Poccus

MukcmacTepHas Mofesib XopaBsl — JIndIumiia MpUHALIEKAT K 0006IEHHBIM €BKIIN-
noBbIM Ilertoukam Tompl. Tpu HamuboIee IIMHHBIX BEKTOpPA CIEKTPa UrpaloT JOMUHUPY-
IOIIYIO POJIb IIPY U3YUEHUM €€ NMHAMMUKU. YCeuEHHass KOCMOJIOTMYecKasi MOZe/lb Ipe-
CTaBJISIETCS KaK Mepuoauveckast TpéxuacTuuHas 1ernouka Tombl. OHa accouyumpyeTcs ¢
aduuHoI1 anrebpoii Jin Kana — Mynu A; . CornmacHo kputepuo Axjepa — BaH Mépbe-
Ke yceuéHHasi raMMUIbTOHOBA CHCTeMa aJiredpanuecky BIIOJIHe MHTerpupyema. [Ipobiaema
SIko6M 06 obOpaleHn YAbTPAIUINIITUUECKUX MHTETPAIOB PEIIaeTCsI C MCIIOIb30BaHMEM
ToTa-QYHKINI OBYX IMepeMeHHbIX. PellleHus IMHAMMUYEeCKOl 3aJauy BbIPaXKalOTCS Kak
palyoHaibHbIe GYHKIMM OT TITa-GQyHKIMI Po3eHxaitHa.
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O ®A30BBIX ITEPEXOJAX ITPU CTOJIKHOBEHUAX YACTHIL B OKPECTHOCTH
YEPHbIX J1bIP

10.B. ITaBoB!

1 yuri.pavlov@mail.ru; iHcTUTYT ipobiaeM MamHoBegennst PAH, 199178, Caukr-Iletep6ypr, B.O., Bonb-
1Iovi mp., 61

WccnenoBanue CTOTKHOBEHUI YaCTULL B OKPECTHOCTY BPALLAIOIIMXCS Y€ PHBIX AbIP I10-
Kasaso [1]- [3], 4TO MOKHO FOBOPUTH O CYLIECTBOBAHUM B IIPUPOJE €CTEeCTBEHHOIO CY-
repkoJuiaiepa C S3HepTUSIMM CTOJIKHOBEHMI, 3HAUUTEIbHO MPEBbIIIAIOIMN SHEPIUN
COBpPEeMEHHBIX YCKOpUTeJei 4acTull. BO3HMKHOBEHME KBAPK-TJIFOOHHOM IJIa3Mbl B TAKMX
CTOJIKHOBEHMSIX MOXKET COIPOBOXKIATHCS MOSIBJIEHEM OY€Hb BBICOKUX TemMIlepaTyp. OTO
CTaBUT BOIPOC 00 MmapamMeTpax CTOJKHOBEHMUI IJISI peanusanuy TeMmiepaTyp $ha3oBbIX
nepexooB GU3UKKU 3jieMeHTapHbIX YacTull [4]. [ BpalamliuXcs YepHbIX AbIP Te€M-
repaTypbl KBapK-IJIFOOHHOTO U 3JIeKTPO-c/1aboro ¢ha3oBbIX Mepexos0B MOTYT ObITh H0-
CTUTHYTBI TP MHOTOKPATHBIX CTOJIKHOBEHMSIX 37IeMEHTaPHbIX YaCTHUII BOIM3M TOPU30H-
Ta COOBITHUIL. B cyTydae sKcTpeMaabHO BpalllaloIieiicsl YepHO IbIPbI TaKye TeMITepaTyphbl
OOCTVDKMMBI IIpu pe3oHaHce baHamoca-Cuika-Becra [1] 1 B OGHOKPATHBIX CTOJIKHOBE-
HMSIX YaCTUL] MM MakpoTes. JlaHbl UMC/IeHHbIe OLleHKM lTapaMeTpa PacCTOSIHUS OT TOPU-
30HTA, a TAK)Ke UCITyCKaeMOTO TP CTOJIKHOBEHUM YaCTULL FPAaBUTALMOHHOTO U 3JIEKTPO-
MAarHUTHOTO u3ydyeHuit. [TokazaHo [5], uTo pa3mepsl obsacTeit HOBOII (pa3bl MUMEIOT TT0-
PSAOOK KOMIITOHOBCKO JOJIMHBI BOJIHBI JJ11 COOTBETCTBYIOLIel SHeprun. [IpogomkuTens-
HOCTb CYII[eCTBOBaHMSI 06pa3oBaHMsi HOBOI (a3bl Takke MO MOPSIAKY BeTMUMHBI COOT-
BETCTBYET KOMIITOHOBCKOMY BpeMeHM COOTBETCTBYIOIIET0 SHEepreTMYecKoro Maciiraoa.
HecMOTpst Ha KpaTKOBpEeMEHHOE CYIIIeCTBOBAHME M MUKPOCKOIIMYECKIE 00beMbI HOBO
(da3bl BellecTBa Mpu 371eKTPO-caaboM ¢ha30BOM mepexofe Py CTOTKHOBEHMSIX B OKpeCT-
HOCTY TOPU30HTA YEPHOI AbIPbI, CAMO ee CyIeCTBOBaHMe MMeeT MPUHLUIIMAIbHOe 3Ha-
yeHme. O1leHMBaeTCsl 0OpaTHOe BIMSIHME BO3HMKAIONIEH IVIOTHOCTY SHEPTUM IIPU TaKUX
CTOJIKHOBEHMSIX Ha IIPOCTPAHCTBEHHO-BPEMEHHYIO METPUKY.
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TMOJIUBEKTOPHBIE JIE®OPMAIIVH PEIIEHUI IIB CYIIEPTPABUTALINU
T.A. Ilerpos!, 3.T. Mycaes?, K.A. T'y6apes®

1 petrov.ta@phystech.su; MOCKOBCKMI1 (PU3MUKO-TEXHUYECKUI MHCTUTYT

2 musaev.et@phystech.su; MOCKOBCKUIT GU3UKO-TEXHUUECKUI UHCTUTYT; MHCTUTYT Gusukyu KazaHCKOro
dbenmepasbHOrO YHUBEpPCUTETA
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ViccnmemoBaHMe TeOpuit, CBSI3aHHBIX C 9KCIIEPUMMEHTAIbHOM (PU3UKOI, TaKUX KakK Cy-
repcuMMeTpUYHbIe KasimopoBouHbie Teopun (SUSY QFT), nmpencrasisieT 60/bIION MH-
Tepec IJIs1 COBpeMeHHO# Hayku. Hambosee mmMpoKuii MOTeHLIa AJisi HOBBIX MCCIeno-
BaHMI1 ¥ OTKPBITUI CpeAy HUX HUX BbIpaXkeH Teopueii CTpyH. E€ ¢hopmannsm 1mo3BoJis-
er peasmm3oBaTh AdS/CFT cooTBeTCTBME, CBSI3bIBAIOIIEE Pe3y/IbTAaThl PACUETOB B TPaBU-
TAIMOHHBIX ¥ KA/JIMOPOBOUHBIX TEOPUSIX. ITO OTKPHIBAET HOBbIE METO/bI [IJISI MU3yUeHMUS
KaJIMOPOBOYHBIX TEOPUIA, BKIouast Mmetop IHr—bakcrepoBoit sedopmanynu. OH OCHOBaH
Ha rojorpaduyeckomM OTOOpakeHNM Mpeodpa3oBaHNit, 3aAAI0IINX CEMeCTBa pelleHui
ypaBHeHMI cyneprpaBUTaIMM, B IIPOCTPAHCTBO KaIMOPOBOUHBIX TEOPHUIL. DTO ITO3BOJISIET
MCC/IeIOBATh MPOCTPAHCTBO KAJMOPOBOYHBIX TeOPUIt TIOJISI, HATIpUMep OIlpeesisisi B HeM
HOBbIe KOH(GOpPMHbIe MHOTO0Opa3us [5]. [Ipeo6pa3oBaHme, jexkaliee B OCHOBE TaHHOTO
MeTona, HadbiBaeMoe nedopMaiineii SIHra-bakcrepa, BO3HMKAET U3 CKPBIThIX CMMMeET-
pUii IPOCTPAHCTBA PELIeHMI CyTIeprpaBUTaLINNA.

dopmanu3M, MO3BOJISIONINIA CTPOUTH TaKue Mpeobpa3oBaHusl, ObII pa3paboTaH AJIst
10—MmepHoJi cynieprpaBuTauuu [1], 1 BbIcTpauBaeMasi Ha ero OCHOBe Aedopmaliiys 3aaa-
€TcsI OMBEeKTOPHBIM ITapamMmeTpoM. Ero gomycTuMble 3HaUeHUST OTIpeeNTIOTCS MU3BeCTHBIM
KJIaccuueckuM ypaBHeHneM SIHra-bakcrepa. CBoiicTBa rosiorpaduyeckoro 0oToopakeHmst
MIPUBOAST K TOMY, YTO B IIPOCTPAHCTBE KAJIMOPOBOUHBIX TEOPUIi JaHHAsT HedopMalius
MOPOKIAeT HOBble KOH(DOPMHBbIE MHOTO0Opasusi TOJIbKO B CIy4Yau, eyl OMBEKTOPHbBIN
rapaMeTp BbIOMpaeTCs BIOIb KOMITAKTHBIX M30MeTPUii MCXOAHOTO pellleHNs ypaBHeH MUt
cyneprpaButanuu. OJHAKO MPU 3TOM KjaacCcuueckoe ypaBHeHue SIlHra—bakcrepa nme-
eT HeTpUBUabHbIe pelleHUs] TOMbKO NPy abeseBbIX KOMIIAKTHBIX M30MeTpUsix [4]. ITo
CWJIBHO OrpaHMUYMBAET IO/yyaeMble B paMKax JaHHOTO MeTO[a pe3y/abTaThbl [Jjis KOH-
(dbopMHBIX Teopuit TOJIS.

TeMm He MeHee, Ha/iMuMe PACIIMPEHHBIX CKPBITBIX CMMMETPUIT B MPOCTPAHCTBE pe-
meHuii 11-MepHOi cyreprpaBuUTaum [3] mMo3BoAMIO 0606IIUTD 151 Heé hopManinu3m
SIur-bBakcTepoBbIX medopmalinii. ITO 0000IIeHNEe 3a4aeTCSI C MOMOIIbI0 TPUBEKTOP-
HOro TapamMeTpa [2]. AHAJOTMYHO OMBEKTOPHOMY CIy4yal0, Ha HEro HaK/Ia[bIBaeTcs
IOTIOTHUTENIbHOE yCIoBUe — 0000IeHHOe Kiaccuueckoe ypaBHeHMe SJHra-bBakcrepa,
obobmaiee Kiraccuueckoe ypaBHeHMe SHra-bakcrepa Ha 3—-BeKTOPHbBIN Caydai.
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Bonee Toro, maHHoe 0600IeHMe paspelniaeT UCIOAb30BaTh HeabeaeBbl KOMITAKTHbIE
cuMMeTpun [6]. HecMOTpS Ha CJIOKHOCTM peanu3aliyy rosorpadudeckoii IyaabHOCTU B
11-MepHOJ4 cyTieprpaBalyiu, ycrex B 00001eHy TpaBUTAIMOHHOI YyacTu popmanusma
U HaJIn4ue TOM Xe pacliMpeHHOM CKpbITON cuMMeTpun y I1B cymeprpasuTannm no3poim-
JIM aBTOpaM JOOUTHCSI aHAJIOTUYHOTO 00061eHMs B cirydae [1B, Ha ocHOBe 4—BEKTOPHBIX
nedbopmaiuii. Ha 4-BeKTopHbIe MapaMeTpbl ObUIO HaIEeHO YCIOBME, ITPeACTaBIIsIoNee
co6oit 060611IeHMe KTacCuuecKoro ypaBHeHus SIHra-bakcrepa Ha 4—BeKTOPHBIN CTydaii.
Ha ocHOBe mosryueHHOI medopMaliuy ObI HalileH IpuMep HeabeeBOi 4—BEKTOPHO
nedopmaluu, peuiatonieii ypasHeHus 1I1B cyneprpaButaumm.

Pa6ota BbIinosHeHa npu nognepskke PH®, rpant N220-72-10144.
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ITYJIbCAPHBIE CETU HA TIIOPOT'E JETEKTUPOBAHUS
IT'PABUTAIITMOHHO-BO/JIHOBOI'O ®OHA

H.K. IMopaiiko!

1 nporayko@mpifr-bonn.mpg.de; University of Milano Bicocca, MPIfR

[maBHON 3amaueli NMpoeKTa MYyJAbCAPHOM CeTU SIBJISIETCS PEryiasipHbIii MOHUTOPUHT
HECKOJbKUX JEeCSITKOB MUIMCEKYHIHBIX ITyJbCAPOB B Paiuo Auara3oHe C 1e/bI0 eTeK-
TUPOBAHUSI IMHAMMUUYECKUX BO3MYIIEHUIT MeTPUKM MPOCTPAHCTBA-BpeMeHM, BbI3BaH-
Hble, HaIlpyMep, MPOXOXKIEHNEeM IPaBUTALIMOHHBIX BOIH. Ha cerogHsIHMIA N€Hb IMyJlb-
capHble CeTU SIBJISIOTCSI eqMHCTBEHHBIM CIIOCOO0M OOHapyKeHMsI TpaBUTALIMOHHO BOJI-
HOBOT'O U3JIyueHUs B HAHOTepIIOBOM Juaria3oHe 4yacToT. B mokiane 6ymeT paccMOTpeH
HbIHEIIHEel CTAaTyC MyJAbCaPHBIX CeTeli, a TAKXKe LieJiY, KOTOpbIe CTOSIT Mepef IPOEeKTOM
B OymyieM. Ocoboe BHMMaHMe OyIeT yaeaeHO BO3MOXKHOI IIPUpPoIe CUTHAA, TTOTyYeH-
HOTO B IMOCTIeAHNUX TaHHbBIX 6TY MeXIYHAPOIHbBIX Kojutabopaiuii. Byget maHa Kak Tpaan-
IIMOHHAs acTpodu3ndecKast MHTpenpeTalys, Tak ¥ pacCMOTPeHbI 60Jiee HeCTaHIaPTHbIE
CLLeHapUN.
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N3MEPEHUE «REDSHIFT» 9®®EKTA C KOCMHUYECKHUM AIIIIAPATOM
«PAIMOACTPOH»
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KoMMyHUKAIMOHHbIE PAAMOCUTHAIbI MEKIY OpOUTAIbHBIM KOCMMUUYECKMM arlrnapa-
ToM (KA) 1 HazemHo11 cTaHumel cieskeHus (HCC) UCIIBITBIBAIOT CMEIeHME YaCTOThI IPO-
MOPLMOHAIBHO MMO3UIIMOHHOM Pa3sHOCTM MX TPaBUTAIMOHHBIX ITOTeHIMANIOB. DDdeKT
COCTaBJISIET SKCIIEPMMEHTAIbHYIO 6a3y 00111eit Teopum oTHOcuTeabHoCcT (OTO) Kak oguH
13 aCIeKTOB MPUHIMIIA SKBUBAJIEHTHOCTU JViHIITelHA (I193). IIpencraBiieHbl pe3ybTa-
ThI IIPELIM3MOHHOTO U3MepeHus 3pdeKTa ¢ TOMOIIbIO CTAHAAPTOB YaCTOThI, pa3MelleH-
HbIx Ha KA 1 HCC. Vcrionb30Banuch JaHHbIE CIIeMATbHBIX «IPaBUTALIMMIOHHBIX CEAHCOB»
paaMoCBsI3M, HAKOIUIEHHbIE BO BpeMSsI MUCCUM KOCMMUYECKOT0 paauoTeneckona «Paayo-
Actpon» B nepuop 2015-2019 romos. CKpyITy/e3Hblii aHaAU3 3TUX JaHHbBIX TTO3BOJISIET
YTBEPXIAaThb COOTBETCTBME TEOPUM U 3KCIIEPUMEHTA C BBICOKOM TOUHOCTBIO: ITapaMeTp
HapylueHus (oTkinoHeHue ot OTO) coctasui 1.57 +3.96 x 10%.

CEKVJIIPHBIE 3®®EKTHI B ITIPOCTPAHCTBE JIE CUTTEPA
.. Camexos!

1 damirajsin@yandex.ru; MoCcKOBCKIt GU3UKO-TeXHUUECKMIT MHCTUTYT (HalMoHaIbHbI! MccaeqoBaTesb-
CKUI1 YHUBEPCUTET)

Mpg1 paccMoTpuM 3 GeKT MeTIeBbIX MOMPaBOK IS JIETKUX T10/Iel ¢ HeHYy/IeBoil Mac-
Coi1 B paciimpsiomieMcs pernose ITyankape mpocrpaHcTBa e Cutrepa. byaer mokasaHo,
Kak BbIBOAMUTCS ypaBHeHMe [laiicoHa-IlIBuHTrepa, KoTopoe cyMMupyeT Benyine nHbpa-
KpacHble (pacTylye co BpeMeHeM) CeKy/IsIpHbIe MeT/ieBbie TIOMPaBKyM B OMpeneieHHOM
rpejesie OjIs1 MajabIX HauaJbHBIX BO3MYIIEHMIT Haf cocTostHMeM banua-IIaBuca. Perre-
HJe 3TOTO YpaBHeHMS omnpefensieT 9BOMIOIMI0 HAUaJIbHOTO COCTOSIHUS IIPU CTPeMJIEHUM
BpeMeHM K 6eCKOHEeUHOCTH. 3aTeM Mbl 00CyskaaeM cydai ckumMartoiierocst yuacrtka Ily-
aHKape U II00aJbHOrO MPOCTPaHCTBAa-BpeMeHM e CUTTepa, a Takke KpaTKo o6Ccyamum
cTydait pa3JIMyHbIX TUIIOB HaYa/IbHBIX YCIOBMIA B pacupsioniemMcs yuactke ITyaHkape.
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ITPOBJIEMbI 1 METO/1bI COBPEMEHHOTI'O IIOMNCKA KOCMHWUYECKHX CTPYH

0.C. Caxkmna'l

1 cosmologia@yandex.ru; TocygapcTBeHHbIN acTpoHOMMUYecKui MHCTUTYT uM. I1.K. lllTepu6epra MI'Y, Poc-
cust, MockBa

B coBpeMeHHOJi acTpodM3uKe ¥ KOCMOJOTUM OOJbIITYI0 pOJIb HAUMHAET UrpaTh IO-
MCK HETPUBUATbHBIX CTPYKTYP, KOTOpbIe TIPMOOPETAIOT CTaTyC KIaCCUMUECKMUX M3-3a UX
3HAUMMOCTH [JIS1 COIJIaCOBaHMS Teopuu U HabmomeHuit. K TakuM 00beKTaM OTHOCSITCS
yepHbie AbIpbl (U[), mepBuuHbie Y/l (CBepXMacCUBHbBIE U IIPOMEKYTOYHBIX MacCC), KOTO-
pbie OOBSICHSIIOT GOopMMUpPOBaHMe 3Be3], M Ta/IaKTUK B paHHel BceeHHOI, COT/IacOBbIBasI
maHHbIe «Xab06m» u «IIkeiimc Y966» co CTaHIapTHO KOCMOJIOTUYECKO MOJIE/IbI0, KPO-
TOBbI€ HOPbI, KOCMOJIOTMUECKIE TOTIOOoTMYeCKIe NedeKThbl, KOTOpbIe, COIJIACHO 0bIIe-
MIPUHSATBHIM ITpeICTaBlIeHMsIM, BOSHMUKAIOT TIpM BaKyyMHBbIX (Da30BbIX Iepexojax, a Tak-
ke 6oJiee 9K30TMUUECKME CTPYKTYPHI, SIBJISIIONIMECS pe3y/JbTaTOM 3BOJIIOLVM MHOTOMEP-
HbBIX TTPOCTPAHCTB NOMHOAAIMOHHON BcenmenHoit. CTaHmapTHasE KOCMOJIOTMYecKasi MO-
Ienb He pelraeTr mpobiemMy ¢peHoMeHa TEMHOW SHEPTUM: OCTPO CTOUT BOIIPOC O Pacco-
IJIaCOBaHMM 3HAYEHMII COBpeMeHHOro napaMerpa Xab6/a Ha OCHOBe JAaHHBIX U3 OJIVK-
Helt 1 paHHeil BceneHHO (HalpsbkeHHOCTh Xab6sa). OueBUAHO, 3Ta MpobiieMa TeCHO
CBsI3aHa C MpobeaMy B IIOHMMAaHUM MPUPOIbI TEMHOM Hepruu, a (pazoBbie IepexoIbl
paHHelt BcesleHHOJ HAIPSIMYIO CBSI3aHbI CO CBOJMCTBAMM TeMHOW 3Heprun. [IedekTsl B
Buae kocMuyeckux cTpyH (KC) — ogHOMepHbBIX 00beKTOB KOCMOJIOTMYECKUX MacCIITaboB
— HEU3MEeHHO IPUCYTCTBYIOT B TEOPEeTUYECKIX MOZEJISIX paHHe BcelleHHOI B TeueHue
nocegHux 50 JieT ¥ He TIPOTMBOpeYAT BCeM COBpeMeHHBbIM HabmoaeHusaM. bosee Toro,
TOATBEPXKIAIOTCS PSIAOM KOCBEHHBIX HabmomeHuit: (1) HaimymemMm KOMIIOHEHTbI CTOXa-
CTMYECKOTO TPaBUTAI[MOHHO-BOJIHOBOTO (hOHA C CUTHATYPOI, HexapaKTepHO [IJIsT Cus -
HMUSI IBOTHBIX 00BEKTOB U He MMEIOIeli YIOBIeTBOPUTEIbHOM MHTEPIIPEeTaLl B paMKax
M3BECTHBIX acTpodusudeckux mpoiieccoB; (2) KC obecrieunBaioT ymnoBIeTBOPUTEIbHOE
omCaHMe aHOMAaJIMii B CIIEKTpe MOIIHOCTM PeIMKTOBOTO U3TydeHusT Ha OObIINX YITIO-
BbIX MaciiTabax; (3) KC 6111 06HapyskeHbl B JAHHBIX aHM30TPOIIUY PEJIMKTOBOTO U3JTY-
yeHms, oguH 13 KauauaaTtos B KC (CSc-1) 6but moaTBepskAeH He3aBMCUMBbIM ONITUYECKUM
METOJIOM IT10 M30BITKY TPaBUTAIIMOHHO-TMH30BbIX ITap. BakHO OTMETUTB, UTO 6ojiee 00-
11asi Teopus rpaBUTALMOHHOrO JMH3MpoBaHus Ha KC, a MMeHHO, yueT ee HaKJIOHA U U3-
rnba, Mo3BOJSIEeT MPUHIIUIINATIBHO U3MEHSITh CTPATErnIo MOVCKa 3TUX 00BEKTOB, B TOM
yucie, BO3SMOXHO, [TlepecMOTpeThb orpannueHus Ha sHepruto KC, a Takke rmepecMOTpeThb
CTpaTeruio moyucKa lernovyeKk rpaBUTAIMOHHO-IMH30BbIX Map. YueT usruba KC nosposs-
eT 00bSICHUTDH OTCYTCTBME TaKMX 1[elIOUeK 13-3a MOSBAeHNs T.H. KpUTUUECKOTo yI/ia U3-
rnba, mpy KOTOPOM I'PaBUTALIMOHHO-JIMH30BbIe MMapbl He 00pa3yioTcs. HabmogaTenbHast
UaeHTUGUKAIMS IPUHIMITMAIBHO HOBBIX 00BEKTOB CTaIa BO3MOKHOI 6;1aroiapst HOBO
TeOpUM U YIy4llIeHHOMY KauecTBY HaO/MIOeHMIT U KPUTHUUECKM BaskHA IJ1s1 TOHUMaHUS
reomeTpum BcesrleHHOIA.
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NCCIIEJOBAHUE KAHIVUIATA B KAPJIMKOBBIE HOBBIE OGLE-BLG-DN-0064 B
PEHTTEHOBCKOM U OIITUYECKOM JMAITA30OHAX

A.B. Cubrarynnus’

1 absibgatullin@kpfu.ru; Kazanckuii (IIpuBoymkckuit) dbenepaibHbIil YHUBEPCUTET

Wcrounuk OGLE-BLG-DN-0064 (manee OGLE64) 6b11 Kitaccu@UIIMPOBAH KaK ITOTEH-
LIMaJIbHbIM KaHAMAAT B KapJIMKOBbIe HOBbI€ HAa OCHOBE PEry/ISIPHOM BCIIBILIEYHOM aK-
TUBHOCTU, OOHapY>KeHHOI onTuueckum 063opom OGLE. B pabore mnccinenyetcst peHTre-
HOBCKOe U OITuYecKoe usiyyeHue uctouHnka OGLE64 Ha OCHOBe apXMBHBIX TAaHHBIX
peHTreHOBCKUX oocepBatopuit Chandra, Swift u onTuyeckux HabIOAeHNIT HAa 6-M TeJle-
ckorie BTA CAO PAH. Vcrounuk OGLE64 neMOHCTpUpyeT PeHTT€HOBCKYK CBETMMOCTh
Lx = 1.6 x 10% 3pT/C U BBICOKOE OTHOIIEHMEe PEeHTTeHOBCKOTO IOTOKAa K OITUYeCKO-
My Fx/Fopt = 1.5, XapaKkTepHble Il aKKPeLUPYOIMX 6e/IbIX KapIMKOB. PeHTreHOBCKMii
criekTp OGLE64 anmpoKCMMUPYETCsSl MOJIeISIMU CTEIIEHHOTO 3aKOHA ¢ POTOHHBIM MHIEK-
com I' = 1.9 u onTMUeCcKu TOHKOI 11a3Mbl ¢ TeMmiiepatypoit kT = 6.4 k3B. OnTuueckuii
CIIEKTP AEMOHCTPUPYET SMUCCUOHHbIE IMHUN BOAOPOLA Y HEMTPATILHOTO ey, B HEKO-
TOPBIX 13 KOTOPBIX HAOIIOAAETCS IBYXITMKOBAS CTPYKTYpa. AHA/IN3 BCIIBIIIIEYHOM aKTUB-
HocTu OGLE64 o manHbIM onTuueckux 0630poB OGLE, ZTF, ATLAS 1 ASAS-SN BbisBUII
Ha/IM4yie CBEPXBCIIBIIIEK C XapaKTePHBIM CBEPXUMUKIOM Pgyper ~ 400 CYTOK. 3HAUMMOIA
repeMeHHOCTM HI B PeHTTe€HOBCKOJ, HU B ONITHUUeCKMX KpuBbIX 611ecka OGLE64, koTopast
Morvia 61 ObITh CBSI3aHA C 3aTMEHUSIMU B CUCTEMe, He 00HapyskeHa. OLieHKM OpOUTaTbHO-
ro nepuoja CUCTeMbI KOCBEHHBIMUM METOLAMU AEeMOHCTPUPYIOT, YTO IIepuo, BepOSITHO,
HaxXOOUTCS B Auanasone P, ~ 1.5—3.5 yaca. CBOJCTBa pEHTT€HOBCKOT'O U OIITUYECKOTO
usnyyeHns uctouHmka OGLE64 11o3BoSIIOT 3aK/IIOYNTD, UTO CUCTEMA SIBJISIETCS Kap/IUKO-
BoM HOBO1 Tumna SU UMa.

Ob MHBAPUAHTHOM MHTEI'PUPOBAHNMUN HA IICEBJO®NHC/IEPOBbBIX
MHOT'OOBPA3USX

A.B. ConoBbeB!

1 a.v.solovyov@gmail.com; ®usuueckuii paxkynbreT MI'Y umenu M.B. JlomoHOocoBa

Cpeny HepMMaHOBBIX MoaM@MKaLMii 00IIeil TeopuM OTHOCUTETHLHOCTM BCe valle
BCTPEYAIOTCS PeSIITUBUCTCKIME MO/ TpaBUTALVM, OCHOBaHHbIe Ha (GMHCIEePOBOI reo-
MeTpun [1]. Hambosee peanucTUUHbIe 13 HUX UCIIONb3YIOT NICEBAO(PMHCIEPOBbI MHOTO-
00pa3us B KauecTBe IPOCTPaHCTBEHHO-BpeMeHHOTo ¢poHa. OgHaKo B (pMHCIepOBOIi reo-
MeTpUM C MHAeDUHUTHON METPUKOI OTCYTCTBYET OOIIENPUHSITOE OIpeneseHye ecre-
CTBEHHOTO (BBIpPaskaeMOTO Uepe3 MeTPUKY) jieMeHTa o6beMa. B [2] 6111 Mpe/1yiosKeHbl
oIpeieieHNsI eCTeCTBEHHBIX (JOopM 00beMa Ha OPMEHTMPOBAHHBIX MCEBIOMMHCIEPOBBIX
MHOT000pasusix ¢ Tak Ha3bIBaeMbIMM  mth root” meTpukamu. JIOKIa OCHOBAH Ha TOiA
pabore aBTOpA.

PaccmaTpuBaeTcsl n-MepHOe OpMEeHTMPOBAHHOE TCceBI0MUHCIepOBO MHOTOO6Gpasue
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M ¢ uHnebUHUTHOM MEeTPUKOT
m i g0 i
ds” =gii,. i, (X)dx'dx?---dx™,

roe m>1,a gii,...i,, (X) — QYHKIMM TOYKYU X € M (34eChb U Jajnee BCe MHIEKChI rpoberaimT
3HaueHus 1,2,...,n). [lokazaHo, 4yTO Ipu 4eTHOM m > 0 ecTecTBeHHast hopma o6bema

Ha M umeeTt BU[,

1

1/m
o = |hdetl(gi, i,...i,, (X)] dx N---Andx",

8l.ll2"'i”1( ) 81]] ...j] ( )82]2...]2 ( ) gl’l]n...jn ( )

— runepaerepMuHaHT A. Komm, a g/1/2+Jn — p-mepHsblili cuMmBoi JleBu-UuBuThl. [Ipn
HEUYeTHOM m > 1 ¥ yeTHOM n > 0 ecTecTBeHHast popMa o6beMa Ha M MMeeT B,

1/(mn) 1 n
w = |hdet[G;,j,...;,(X)] ax N---Ndx”,

e
A j2j2 j2 ]m]m ]m
P . —_ N ... eJn oo
Giyiy...ip (X) = €712 gl 72 giljlz...jlm(x)gizjzz...jzm(x) 8i,j2...jm (%)

Takum 06pa3oM, MOSIBIISIETCSI BO3MOXKHOCTD OIpeie/IeH)sI MHBApMAHTHOTO MHTEerpasa
J w, 9T0 HEOBXOAVIMO TPV TOCTPOEHMI TEOPWM JIFOOBIX TI0JIelt Ha M.

JIuteparypa

1. C. Limmerzahl and V. Perlick. Finsler geometry as a model for relativistic gravity. Int. ]. Geom. Meth.
Mod. Phys., 15, 1850166 (2018).

2. A.V. Solov’yov. Natural volume forms on pseudo-Finslerian manifolds with mth root metrics. Russ. J.
Math. Phys., 31, 317-324 (2024).

11011 BHE MACCOBOJ OBOJIOYKU U COXPAHSIOIIMECS TOKU
E.O. Crimpun!

1 spirin.eo@phystech.edu; MOTU, r.MockBa

OTmpaBHOVi TOYKOJ B JAaHHOM McCC/leloBaHuM [1] TOCTY>K/iM pe3yibTaThl paboThI [2].
B unuTtupyemoii ctatbe [2] 6610 TTOKa3aHO, YTO B TEOPUM BBICIINX CIIMHOB CYIIECTBYET
KaJIMOPOBOYHO MHBApMaHTHAs BepIlHa BUIA:

e Qyy) — 3TO 6e3MaccoBoe 1oJjie CrMHa 3, onucbiBaeMoe nelictBuem ®@poHcgana [3], a
THYA[p] — 3TO TpUMMHeiTHAs KOMBMHALMS CKaISPHBIX MOJIeji BHE MAacCOBOii 06ONOUKM
" UX TIPOM3BONHBIX. Llenbio Halei paboThl ObIIO BBISICHUTD, CYLIECTBYIOT JIX €Ille Bep-
IIMHBI TTOA00HOI0 BMIA M ONMMCATh UX. [IjIs 9TOro O6bl/Ia IIpYMeHeHa IVPOKO pa3BUTas B
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TeOPUM BBICUIMX CIIMHOB TeXHMKA CUTMa-MUHYC KOTOMOJIOTUIA. JlTaHHas TeXHMKa MT03BO-
JISIeT BBIAEMSTD B UCC/IeyeMOV TEOPUM AMHAMUYECKUI CEKTOD, a UMEHHO JMHaMUYeCcKue
TIOJIST M ypaBHEHMS, KOTOPBIM OHM YAOBIeTBOPSIOT. CencTBueM KaJMOpOBOUHO MHBA-
PUMAHTHOCTY BeplvH Bua (1) aBisieTcst Haamu4uyue ypaBHEHUI B BUe 3aKOHA COXPaHEeHUS
IJIST MyJIBTVJTMHEHOM KOMOMHAIIMY CKJIIPHBIX TToJ1eit. TTo 3Toi puumHe 651710 TTpeJio-
’KeHO HaMTU OUMHAMMUYECKUI CEKTOP B TEOPUM TPUIMHENHBIX KOMOMHALIMI CKaJSIPHbBIX
ToJieit BHe MaccoBO¥ 0060JI0YKM, UTO OKa3aJ10Ch BO3MOXKHBIM Oaromapsi pe3yabTaM pa-
6ot [4], [5]-

B pesynbrate B paboTe [1] ¢ MOMOILbIO TEXHMUKY CUTMa-MUHYC KOTOMOJIOTMIA ObLIO J,0-
Ka3aHo, YTO HeTPUBMAIbHBIX BEPIIMH IPEICTAaBJIE€HHOIO BM/Ia He CYIeCTBYeT, [0 Kpaii-
Helt Mepe B pa3MepHOCTU d = 3. Takke 6bUIO 3aMeUYeHO, YTO CYyIleCTBYeT 6@CKOHEeUHO
MHOTO TPMBUAIbHBIX BEPIIMH, B TOM CMbIC/Ie, YTO OHU JINOO yOUPAIOTCS TOKATbHBIM I1e-
peornpesiesieHNeM IoJieit, b0 ke OMMUChIBAIOT B3aMMOJIe/ICTBIME C KaTMOPOBOYHO MHBA-
pPMaHTHBIMM HATIPSDKEHHOCTSIMU 1os1eii. Hy>kHO OTMeTUTb, UTO B Hallleii paboTe JoKa3aHO
6o1ee ob11Iee YyTBEepKAEHME, UeM TPUBUATbHOCTD BEPIIMH, a UME@HHO A0Ka3aHO, YTO IpK-
MapHble KOMITOHEHThI MYJIbTUIMHENHbIX KOMOMHAIMIT CKAJISIPHBIX 110JIelt BHe MacCOBO
0060JIOUKY He MOTYT Y/IOBJIETBOPSITh HETPUBUAIbHBIM YPABHEHMSIM B YACTHBIX ITPOM3BOJI -
HbIX, 10 KpaliHel Mepe, B pa3MepHOCTU d = 3.

JIuteparypa

1. E. O. Spirin and M. A. Vasiliev, Phys. Lett. B 852 (2024), 138625 doi:10.1016/j.physletb.2024.138625
[arXiv:2401.06933 [hep-th]].

2. P.M. Lavrov, Eur. Phys. J. C 82 (2022) no.11, 1059 [arXiv:2208.05700 [hep-th]].
3. C.Fronsdal, Phys. Rev. D 18 (1978), 3624.

4. 0. A. Gelfond and M. A. Vasiliev, Theor. Math. Phys. 145 (2005), 1400-1424 [arXiv:hep-th/0304020 [hep-
th]].

5. 0. A. Gelfond and M. A. Vasiliev, JHEP 10 (2016), 067 [arXiv:1312.6673 [hep-th]].

IMMOBEPXHOCTU IOCJIEAHETO PACCESIHUS Y1 YEPHOTEJIbHOM ®OTOCHEPHI
BCEJIEHHOI. CITEKTPAJIbHBIE UICKASKEHUS PEJIMKTOBOI'O U3JTYUEHUS:
IMPENCKA3AHUWSA U ITEPBBIE PE3VJIBTATbDI

P.A. Crouses!
1 UKW PAH, UactutyT Acrpodmsuxu O6mectsa Makca ITnanka

OO630pHbII JOKIAM ITOCBSIIEH OCHOBHBIM MeXaHM3MaM B3aMMOMEeICTBYS BelllecTBa 1
M3TyuyeHUs B paHHel BceleHHOI, HOBBIM MporpaMMaM Hab/0neHNi, KOHKYPeHIIUN U
CUHepreTMKe HaOIOIeHNIA TOPSTUero ra3a CKOIUIeHM 1 raJIaKTUK B peHTreHe I MUKPOBOJI-
HOBOM [ Mana3oHe.
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PACCESIHUE MOHOXPOMATUYECKO¥ BOJIHBI HA YIIAPHOI
TPABUTALIMIOHHO¥ BOJIHE
B.A. TajtuoB!

1 tainov@theor.jinr.ru; JJabopaTopust Teopetnueckoit ¢pusuku M. H.H.Boromo6oBa, O6beIyiHeHHBII UH-
CTUTYT SIAEPHBIX MCCIemoBaHMii, [ocymapCcTBEHHbIN YHUBEPCUTET «JlyOHa»

[ToHsITME yIapHBIX BOJH B BellleCTBe TeCHO CBI3aHO C JBMKeHMEeM CO CKOPOCThIO, TIpe-
BBIIIAIONIEl CKOPOCTh 3ByKa B 3TOM BelllecTBe. B rpaBuTaiMoHHOi GuU3MKe 3TO MOHS-
TI€ OTHOCUTCSI K 00beKTaM, IBMKYIIMMCS CO CKOPOCThIO CBeTa. I'paBUTALIMOHHOE T10JIe
TaKMX 00BEKTOB MMeEET XapaKTep IUIOCKO yaIapHO¥ TpaBUTAIMOHHOM BOJTHBI — reOMeT-
pUM IIPOCTPAHCTBA-BpeMeH!, B KOTOPOi TeH30p KpMBM3HBI MeHSIETCSI CKaukooOpa3Ho Ha
dbpoHTe ymapHoit BOHbI. ICTOUHMKaMM TaKUX BOJIH MOTYT ObITh 6€3MacCoBbIe YaCTULIbI,
6e3MaccoBble KOCMMYECKIMEe CTPYHbI, JOMEHHbIE CTEHKU U JIpyTMe 00BbeKThI, JTUIIeHHbIE
MacChl.

ViapHble BOJHBI B ITOJIEBBIX CMCTeMaX MHTePeCHbI C TOYKY 3peHMs TIOPOsKIaeMbIxX Qu-
3uyeckux 3 dexToB. [Toaxo K oNM1caHunIo KiaccuyecKux IoJieit 1eJIoro CimHa B IIPUCYT-
CTBUM yOAPHOV TPaBUTALIMOHHOV BOJIHBI ObLT pa3BUT B paboTax [1-4].

B mokiame Ha mpMMepe CKaJIIPpHO-TI0/IeBOI TeOpuM B TMHEITHOM IPUOIVIKEHUM MO-
IeIMPYeTCsl B3aMMOJIECTBME TVIOCKO MOHOXPOMATMYECKOM BOJIHBI C IIJIOCKOM yaap-
HOV TpaBUTAIMOHHO BOJTHO, TOPOXKIaeMoii 6e3MacCcOBO YaCTHUIIEH M IOMEHHO CTeH-
Ko¥i. C TeXHMUYECKON TOUKM 3pEHMS pellaeTcs xapakrepucrmuueckas 3agada Komm ¢ nu-
Heapu30BaHHBIMM HavyaJIbHbIMM TAHHBIMM Ha (POHTE YOApHON IPaBUTAIIMOHHOM BOJI-
Hbl. HoBble pusuueckie 3pdheKkThl BKIIOUAIOT, B UaCTHOCTY, BOSHUMKHOBEHYE BTOPUUHO
yOApHOM BOJIHBI B CAaMOJ1 [IOJIEBO CUCTeMe U IOSIBJIeH e BO3SMYILLeHUI CKaJISIPHOTO I10JIS
3a GpPOHTOM yHapHOit BoMHBIL. OOGCYKIAIOTCSI 0COOEHHOCTY ITTOBEIeHMSI BO3MYIIEHMI 3a
(bpoHTOM yHapHOI1 BOJTHBI.

JIureparypa
1. D.V. Fursaev, E.A. Davydov, 1.G. Pirozhenko and V.A. Tainov. “Perturbations of classical fields by

gravitational shockwaves” JHEP 11 (2024), 039, arXiv: 2408.05142.

2. D.V. Fursaev, E.A. Davydov, 1.G. Pirozhenko and V.A. Tainov. “Gravitational waves generated by null
cosmic strings”. Phys.Rev.D 109.12 (2024), 125009, arXiv:2311.01863.

3. D. V. Fursaev and I. G. Pirozhenko. “Electromagnetic waves generated by null cosmic strings passing
pulsars”. Phys.Rev.D 109.2 (2024), 025012, arXiv: 2309.01272.

4. D.V.Fursaevand]I. G. Pirozhenko. “Electrodynamics under the action of null cosmic strings”. Phys.Rev.D
107.2 (2023), 025018, arXiv: 2212.05564.

KOCMOJIOTUYECKUE MOJEJIU IMO3IHEN BCEJIEHHOI HA OCHOBE HOBOM
OBOBUIEHHOI SHTPOIINU

A.B. Tumomkuu!

1 alex.timosh@rambler.ru; TOMCKMI1 TOCYIapCTBEHHbBII YHUBEPCUTET CUCTEM YIIPABJIEHMS U Pagyu0O3/IeK-
TPOHUKM, TOMCKII TOCYapCTBEHHbIN ITelaroruueckuii yHuBepcuret, ToMmck, Poccus
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M3y4aloTcs KOCMOJIOTMYeCcKe MOJen nmo3aHel BceneHHOI, comepxkallye ABe CBS-
3aHHbIE )XUIKOCTI: TEMHYIO SHEPIUIO ¥ TEMHYIO MaTepuio. PaccmaTpuBaeTcs IpoCTpaH-
CTBEHHO IIOCKasl BcesieHHas1 ®puamaHa-PobepTcoHa—Yokepa. B3aumopeiicTBie Mesxk-
Iy TEMHOI 3Hepruei U >XUAKOCTHBIMM KOMIIOHEHTaMM T€MHOM MaTepuu OMMUChIBAET-
cs1 yepes3 ImapaMeTpbl 0000IIEHHOTO0 YPaBHEHMSI COCTOSSHUSI B IIPUCYTCTBUM OObEMHOI
BSI3KOCTU. MBI paccMaTpuBaeM SHTPOIMUMAHYI0 KOCMOJIOTMIO U UCIIO/Ib3yeM OIMCaHue,
OCHOBaHHOe Ha HOBOJ 0000IeHHOI (PYHKIMM SHTPOMMUMU, TIpemyiokeHHO Homskupn-
OnyHuoBbIM-®apaoHy [OT HEIKCTEHCUBHO CTAaTUCTUKU U SHTPOIIUYM YePHBIX JIBIP K I0-
norpaduueckoii TeMmHoi1 BcenieHHoi1, Phys. Rev. D 105(4) (2022) 044042]. TTorydeHbI yci10-
BMS BO3HMKHOBeHMs Masnoro PaspsiBa 1 MHuMoOro PaspsiBa ¢ TOUKM 3peHMs TapamMmeTpOB
000011IeHHOTO YpaBHEHMSI COCTOSTHMSI. BBO/ISI TIJIOTHOCTH SHEPTUM, COOTBETCTBYIOIIYIO 3a-
IaHHOW QYHKIMM SHTPONMM BMecTe ¢ QyHKIIMel, OnMCbIBaoIleli B3aMMOAEeiiCTBIE TeM-
HOJ 9HepPruu C TEMHOV MaTepuei B TpaBUTALMIOHHbBIX YPAaBHEHMUSIX NBVSKEHMS, MbI 1OJTY-
yaeM Moau@uIMpoBaHHbie (OPMbI IapaMeTPOB YpaBHEHMST COCTOSIHMSI. OOCYKIa0TCS
TIOTPaBKYM K TEPMOAMHAMMYECKMM TapaMeTpaMm, CBsI3aHHbIe ¢ 00001eHHOV GYHKITMen
SHTPOINUMN.

HOBBII1 BAKYYM B IOJIOMOP®HOI TEOPUU BBICIIIX CITMHOB B ADS,

1.C. danaxos!
1 faliakhov.is@phystech.edu; MOTU, ®DUAH

YpaBHEeHMSI BBICIIMX CIIMHOB CTAHAAPTHO MUITYTCSI B TEPMUHAX ITPOU3BOISIINX PYHK-
OUi:

dw+ow+w=Yw,wC +Y(w,w,C,C)+.. (1)

dyC+w*C-Cx*xn(w)=Y(w,C,C)+Y(w,C,C,C) +... (2)

[Tone w comepskUT B cebe KaiMOPOBOUHbIE TOJIS CIMHA § = 1, 1toie C COmepPsKUT KPUBU3-
HbI BMECTEe CO CKaJIIpHBIM MosieM. OyHKIMM Y B MPaBOil YaCTU HA3bIBAIOT BEPTEKCAMM.
Ha nmuueitHoMm ypoBHe 110 C 9Ta cMcTeMa JaeT CBOOOIHbIe ypaBHeHMSs mojieii. CoOOTBeT-
CTBEHHO, ITI0JIHas CUCTeMa OIMChIBAET IOJISI BHICIIMX CIIMHOB CO B3aMMOIeCTBUSIMU. I10-
IPOOHOCTY MOXKHO MOCMOTpPeTh B 0630pe [1]. [Io HemaBHero BpeMeHM SIBHbIV BUJ, Bep-
TEKCOB, YIOBJIETBOPSIONINX YCIOBUIO JIOKAJTbHOCTH, He ObLT M3BecTeH. Ha ceromHsITHMik
IleHb IMeeTCsI IIPOM3BOAIIAs CMCTeMa TUIAa YpaBHeHUIi BacuiibeBa, 13 KOTOPOI BepTek-
Cbl BoccTaHaBauBarTcs 1o nopsakam C [2]. CtangapTHBIM BaKYyYMOM Ha3bIBalOT CJIeLy-
I0lllee pelieHne

W =WA4S, C=0. (3)

JTO cTy4dai myCTOro MpOCTPaHCTBA Ad S, TO eCTh MPOCTPAHCTBA C HEHY/IEBOI KOCMOJIOTH -
YyeCKOJ MOCTOSTHHO. PaHee cunTanoch, YTO B BAKYYMHOM COCTOSIHMM C He MOKeT ObITh
HEHYJIeBBIM, TTOCKOJIbKY 3TO TOBJIEK/IO ObI 32 COO0J paspylieHne aHTUIECUTTEPOBCKOTO
BaKyyMa (Tak Ha3biBaeMblit back-reaction). B pa6oTe 1mokasaHo, YTO CYLIECTBYET TOUYHOE
pellleHMe CUCTeMBI C HeHy/IeBbIM C, He pa3pylialiee BaKyyM w 445 B pa3MepHoOCTH 3+ 1.
HaiineHHOe pellieHMe TpeCcTaBiseT co00i AByxXIIapaMeTpuuecKkoe ceMeicTBO

W =wpgs+vaw, “)
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C=V1C1 +V2C2, (5)
Ci=re?,Co=-r(1+p)eP, p=yj. (6)

[TepBasi BeTBb IBHO COXPaHSeT W 445, B TO BpeMs KaK U3 BTOPOi BEeTBY IPUXOLUT ITOITPaB-
Ka w. O6e BeTBMU pellleHNi ONMMChIBAIOT CKAISIPHOE BO3MYIIeHNe, ITPMUYeM OHO MMeeT pa-
ouanbHoe HarpaBiaeHue B AdS. CMbICT ITONPaBKMU W A0 KOHIIA He siICeH, OOHAKO eCThb OC-
HOBAHMS CUMTATh €€ apTedakToM HesIBHON JIOpeHII-KOBapMaHTHOCTM yYpaBHeHmii. Haii-
IeHHbIV BaKyyM HapyliaeT II00aJbHYI0 CMMMETPUIO BBICIIMX CITMHOB, 00J1a/1as1 OCTATOU-
HOM CMMMeTpHeN OTHOCUTENIbHO TpeXxMepHoi1 rpymnribl [lyaHkape. COOTBETCTBEHHO, OH
SIBJISIETCSI KaHAMIATOM Ha OIMMCaHMe CIIOHTaHHO HapylleHHOH (a3bl B Tpex M3MepeHu-
SIX, B KOTOPOV IOJI’)KEH BOSHUKHYTb CIIEKTP MaCCUBHBIX COCTOSTHUIA.

JIuteparypa

1. Didenko, V. E. Elements of Vasiliev theory / V. E. Didenko, E. D. Skvortsov. — 2014. — 1.

2. Didenko, V. E. On holomorphic sector of higher-spin theory / V. E. Didenko // JHEP. — 2022. — Vol. 10. -
P. 191.

ITVHAMUWYECKUE CBOVICTBA KOCMOJIOTMYECKUX MOJIEJIEN B TEOPUU
XOPHJAECKHA

P.P. ®atbixoB!, C.B. Cymkos>

1 frr1802@yandex.ru; KasaHckuii dhenepaibHblii yHUBepcuTeT, KazaHb
2 sergey_sushkov@mail.ru; Kazanckuii denepanbHbiit yHuBepcutet, Kasanb

B maHHOIt paboTe uccaenyeTcsl AMHAMMKA OTHOPOMHBIX M30TPOITHBIX KOCMOJIOTHUYE-
CKUX MOJesiel ¢ TIPOCTPAHCTBEHHO TVIOCKOV METPUKON B TEOPUSIX IPaBUTALIUM CO CKa-
JISPHBIM I10JIeM, HEMUHMMaJIbHO CBSI3aHHBIM C KpUBU3HON. HeMuHMManbHast CBI3b Xa-
paKTepu3yeTcsl MPUCYTCTBMEM B JIarpaHXMaHe Hapsady CO claraeMbIM &R¢p?, MpUBbIY-
HBIM JIJIs1 MHOTMX KOCMOJIOTMYECKMX MOJiesielt, Takke uieHa Buaa 1G,, VFPVY P (xune-
TUUecKas CBsI3b). Takoii jarpaHkuaH SBJSeTCS YaCTHBIM CJTydaeM OOIllero jarpaHskua-
Ha XOpHAECKU, IPUBOISIIIETO K YypaBHEHUSM ABVKeHNSI BTOPOro Nopsigka. B HegaBHMX
paborax [1, 2] 61710 MOKa3aHO, UTO MOJENM C KUHETUUYECKON CBS3bI0 001aaloT PSIAoM
OueHb MHTEPECHBIX 0COOEHHOCTEN, Cpeiy HUX — MeXaHU3M, HeM30eXKHO IMPUBOASIINIA K
MHOISIIMOHHOM (KBa3u-Ae CUTTEpPOBCKOI) CTaAMM B IIPOLIJIOM M He TPeOYyIIMM "TOH-
KO HacTpoiiku'". [Io3ToMy 6b1J10 ObI MHTEPECHO Y3HATh, K KAKMM HOBBIM OMHAMUYECKUM
CBOJCTBAM KOCMOJIOTMUECKOI MOV MOXKET ITPUBECTY HA/IMYME B TEOPUM 000UX TUITOB
HEMMHUMAJIbHOM CBSI3U C KPUBU3HOMN.

BBuUIy HeJIMHEITHOCTY MOTyYyaeMbIX AMHAMUYECKMX YPaBHEHMI B CBOEM aHAJ/IM3€e MbI
OymeM Impex/e BCero MHTepecoBaThCs aCMMIITOTMYECKUM IT0BeieHeM, a TaKsKe UCIIOJb-
30BaTh YMCJIEHHOE MHTETPUPOBaHME B TOM YMCJIe )11 [TPeiCTaBIeHMSI IMHAMUKU MOZe/In
B Buzie (a30BOT0 MOPTpPeTa.

Mb1 6ymeM paccMaTpuBaTh MoTeHIMaN V(¢p) CKaJIIPHOTO TOJIS C MOTMHOMMUATbHOM
3aBUCUMOCTBIO, 8 MMEHHO BK/IIOUAKOLINIA KBaAPAaTUYHbII MaCCOBBIN UleH, KBAPTUUHBIN
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yjieH, OTBeYalolMii 3a caMoJieiiCTBMe ToJs1. B ToM umciie GyfeT uccienoBaThCsl IOTEH-
1[I XUTTCOBCKOTO TUIIA C HapyllIeHHOV cMMMeTpueit. I ToTHOThI aHaIM3a Mbl Oyzem
TaKKe IOIYyCKaTh Ha/IMuye HeHY/IeBO KOCMOJIOTMYECKOM ITOCTOSTHHOA.

JInteparypa

1. S.V. Sushkov, Phys. Rev. D 85, 123520 (2012).
2. S.V. Sushkov, R. Galeev, Phys. Rev. D 108, 044028 (2023).

BJIMAHUE KUHETUYECKOI'O CKAJISIPA KPYYEHUSA HA KOCMOJIOTNYECKHUE
PEHIEHNS F(T) TPABUTALIUN

B.B. ®enoros!, C.B. UepBoH?

1 prokopeck@mail.ru; YnbstHOBCKMI TOCYAAapCTBEHHBIN Mefarornueckuit yuusepcutet um. V.H. YibsiHOBa,
YnbsiHOBCK, 432071, Poccus

2 chervon.sergey@gmail.com; YIbSHOBCKUI TOCyJapCTBEHHbIN Memarormyeckuit yuusepcutet mm. M.H.
VnbsiHOBa, YAbSHOBCK, 432071, Poccusi; MOCKOBCKUIA TOCYAAPCTBEHHBIV TEXHUYECKUIT YHUBEPCUTET UM.
H.D. Baymana, Mocksa, 105005, Poccusi; KasaHnckuii pemepanbHblii yuuBepcutet, Kasaub, 420008, Poccus

B nipomosskeHMe HallluX MUccaenoBaHmnii mo moauduuyposanHoit F(T, (V T)Z) Tejerna-
pajjieIbHOM TeOpUM TpaBUTALMU 3[€Ch PacCMaTPUBAETCS OTIMYME KOCMOJOTUYECKUX
pelLIeHni B IPYCYTCTBUY KMHETHUEeCKOro cKansipa kpyderus (VT)? ot umcro F(T) rpa-
BUTALIVN.

3a ocHOBY npuHuMaeTcs mogenb F = AT"+w(T)X, A>0, A= const., pacCCMOTpeHHas
B pabote [1] ns penieHus kBasu-ae Ctrepa. PaccmMaTpuBaloTcst TpU BepCUM MO IpU
n=1, w=a;, w=a>T, w=a3T !, Toectp

a
F=T+u:X, H=T+a,TX, F5= T+?3X, a; —constants

151 Kaxkmoit Bepcuy 3arcaHbl ypaBHEHMSI KOCMOJIOTMYECKOV IMHAMUKA B MPUCYT-
CTBUM IIJIOTHOCTU U JaBJIEHUS UAealbHOM XKUIKOCTU (MM CKaJIIPHOTO BellecTBa), orpe-
ZleJIeHbI IVIOTHOCTD U AaBJieHNe TEMHO SHePrun, KOTOPble XapaKTepu3ylT OTKIIOHEHN e
OT TeNenapannenbHoro skpupanenra (T) OTO ot mogudukauym F(T,(VT)?) =
F(T)+F((VT)?).

PaccmaTpuBasi crydaii cTerieHHOM MHOISIIUM YCTaHOBJIEHO, UTO [J1s1 BCeX Tpex Moje-
JIeil ypaBHeHMe COCTOSIHMS He COOTBETCTBYeT TeMHOI 3Hepruu, To ectb W = p/p He Mo-
KeT ObITh paBHBIM — 1. [TepedopmynpoBaB Mojiesib Ha CKaJISIPHOE BeIeCTBO pacCMaTpy-
BaeTCs BO3MOXHOCTb paHHel MHQsum [2]. YCTaHOBIEHO, YTO BO BCEX CJIy4asiX ITOTeH-
1uan camoneicTeus V(¢) uMmeeT cTeneHHyI0 (MOHOMMKA/IbHYIO) GopMy. DTO yKa3bIBaeT
Ha BO3MOXXHOCTb OMMCaHMs paHHel MHGISALMM B paMKax pacCMaTpuBaeMbIX Mojesieit
CKaJIIPHO-TOPCUOHHOV TPaBUTALIVNA.

IIJist SKCTIOHEHIMaTbHO-CTEIIeHHOV 3BOMIOIMYM MacIITabHOro ¢hakTopa yCTaHOBJIEHO,
YTO IUVIOTHOCTb U JaBJIEHME TEMHOV 9Hepruu yobIBaeT Ha OOIBIINX BpeMeHax, YTO roBO-
PUT 00 OTCYTCTBUM MO3aHeN MHDISLMM B JaHHBIX BapMaHTaX MOAEMN.



114 RUSGRAV-18

HacTtosmiass pabora BbIITOJIHEHA B paMKax JloMoMHUTENbHOrO cornamienust N2073-03-
2024-060/1 ot 13.02.2024 x CornaiieHM0 O MpenocTaBaeHUu cyocuaum us demepaib-
HOro OlomkeTa Ha (MHAHCOBOE OOecreuyeHMe BBIIIOJTHEHMSI TOCYIapCTBEHHOIO 3aja-
HUS HA OKa3aHMe rocylapCTBEeHHbIX YUIYT (BbIMOMHEeHMs paboT) N2 073-03-2024-060 ot
18.01.2024, 3axmoueHHbIM Mexay @I'bOY BO «Val'TlVY um. U.H. YnesHoBa» n MuHucrep-
CTBOM MpocBenieHuns Poccuiickoit @enepannn.

JIuteparypa

1. Fedotov V.V., Chervon S.V. Quasi-de Sitter solution in f(7T,(VT)? teleparallel gravity. Space, Time and
Fundamental Interactions, 2024, no. 1, pp. 100-103.

2. Chervon S., Fomin I., Yurov V., Yurov A. Scalar Field Cosmology. Series on the Foundations of Natural
Science and Technology, 13, WSP, 2019.

IT'PABUTAIITMOHHO-CBSI3AHHBIE CUCTEMbI HA PA3/IMYHBIX YPOBHAX
KBAHTOBAHUS

M.JI. ®unbuenkos!, I0.I1. JlanTes

1 VHCTUTYT rpaBUTALIUM M KOCMOJIOIMM, POCCUIICKIIT YHUBEPCUTET APY>KOGbI HapoaoB uM. I1. JlyMyMObI,
MockBa

CpaBHMBAIOTCSI CBOJCTBA rPaBUTALIMOHHO-CBSI3aHHBIX CMCTEM ITPY KBAHTOBAHMM IBU-
SKeHMSI MMKpOUacTull (KBaHTOBAsi MeXaHMKA), MPU KBAHTOBAHUM CTOPOHHUX MOJIei
(KBaHTOBAsI TEOPUS TIOJISI), MPU KBAHTOBAHMM T€OMETPUN B 11€JI0M (KBAHTOBAsl TeOMeT-
pOAMHAMMKA) ¥ CaMOTI'0 IIPOCTPAHCTBA B 11eJI0M (KBaHTOBAsI TeOMETPUS).

OTUM ypOBHSIM KBaHTOBAHMSI COOTBETCTBYIOT CJIeOYIOIIVe 0OBEKThI U IIPOIECChI: Tpa-
BMATOMBI, JOJECUTTEPOBCKAs BCeIeHHAas!, poXkAeHue BcelleHHOM U 4acTull, KBAaHTOBBII
rpaBUTALMOOHHBIN Kos1arc. HaligeHbl aHaJIOTMY MeKIy COOTHOIIEHUSIMMU, TTIOJTyYeHHbI-
MU [IJIS1 yKa3aHHBIX KBAHTOBBIX cCCTeM. CpaBHMUBAIOTCSI COOTHOLIEHMSI TPaBMAaTOMa U aTo-
Ma JlemeTpa; COOTHOIIEeHMS, TTIOJTydeHHbIe A1 MacC MUHUABIP U YacTUL] B TpaBuaToOMe
" paHHel BcesleHHOIT; COOTHOLIEHMS], TTIOJTyYEeHHBIE [IJISI BEPOSITHOCTU POXKAEHMS HOBO
BCEJIEHHOJ B pe3y/ibTaTe KBAHTOBOI'O KOJIJIATICA M B Pe3Y/IbTaTe KBAHTOBOM (IYKTyaIVN.

OG611e cBOJCTBA I'PaBUTALIMOHHO-CBSI3aHHBIX CMCTEM 00YC/IOB/I€HBI TEM, UTO B OIHOM
M TOM K€ KBAaHTOBOM OOBEKTE WJIM ITPOIecce MPUCYTCTBYIOT Cpa3y HECKOJIBKO YPOBHEM
KBAHTOBaHMS. DHeprus rpaBuaToMa 1 atoMa JlemeTpa MMeIOT BOJOPOAOIOI00HbIN 1 OC-
IWUISITOPHBIN CIEeKTpPbl. [Ipon3BeseHe MacC MUHUOBIP U 3apsSKeHHBIX YAaCTULL, BXOSI-
IIMX B COCTaB rpaBMaTOMa, ¥ MacC MMHUABIP U JIENTOKBAPKOB, POKIAIIIMXCS B paHHE
BceneHHoOI1, - TOpsiAKa KBagpaTa IVIAaHKOBCKOM MacChl. BepoSITHOCTb pOXKAeHMsI BCeIeH-
HOI1 ompeesnsieTcsl TYHHeJIMPOBaHMeM, He3aBMUCYMO OT TOTO 00YCI0BJIEHO JI OHO KBaH-
TOBO (OIYKTyalMen Uiy KBAaHTOBBIM I'PaBUTAILMMHHBIM KOJIJIATICOM.

B03MOKHO corsacoBaHue CTPYHHOM U TeT/IeBOV KOCMOJIOTUN [OJI1 MOJesieli, ONUCHI-
BAIOIIVXCS MIAeaTbHOM JXUAKOCThIO. Y3Ke yIamoch 00bICHUTD 3¢ deKT XOKMHTa B paMKax
KaK Teopuu CyepCTPyH, TaK U MeT/IeBOl KBaHTOBOJ rpaBUTALIUNA.
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JIutepartypa
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T'PABUTAIIMOHHBIE U 3JIEKTPOMATHUTHBIE BOJ/IHbI, TEHEPVPYEMBbBIE
CBETOITIOAOBHbBIMHA KOCMNWYECKUMU CTPYHAMU, BE3SMACCOBbIMU
YACTULAMMU U CBETOIIOAOBHbBIMY BPAHAMMA

II.B. ®ypcaes!

1 fursaev@theor.jinr.ru; JJabopaTopust Teopetudeckoit busuku, OUIN

B moksnajze maeTcst 0630p pe3y/ibTaTOB PadboT, BBITTOJTHEHHBIX B coaBTOpcTBe ¢ E.A. [la-
BbIAOBBIM, M.T. ITposkeHko u B.A. TaitHOBbIM. MBI McciemoBanyu @usuueckme 3GeKThI,
00ycoBJIeHHbIE T€M, UTO I'PaBUTALIMOHHOE T10JIe 00beKTa, IBMUKYIIErocsl CO CKOPOCThIO
CBeTa, MMeeT XapaKTep yaapHoN rpaBUTalMoHHOV BOHBI (YI'B). CoOTBeTCTBYIOIIAS reo-
MeTpHs IIPOCTPAHCTBA-BpeMEeHM ITPEICTaB/IsSIeT 13 ce0sI 1Ba JIOPEHIIEBBIX MHOT000Opasmsl,
CKJIEEHHBIX BJIOJIb HYJIEBOI IMOBEpXHOCTU ((PpOHTA yaapHOI BOHbBI) 0 MeToay P. ITeH-
poy3a. [Ijs Toro, 4ToObI OMMUChIBATh BO3/IeiiCTBYME yIapHOl rpaBUTAI[MOHHOM BOJHbBI Ha
MoJieBble CUCTEMBI, Mbl Pa3BUJIM 3TOT MOAXOH, IIPUMEHUTEIbHO K MOJISIM Pa3HbIX CIU-
HOB, (hopMy/nIMpysl COOTBETCTBYIOIIME YCJIOBUS CKJIEViKM Ha BOJHOBOM (ppoHTe. HoBble
dusnueckme s3pheKTsI, MoydyaeMble B JTaHHOM ITOAXO0Me, BKIIOYAIOT Ipeicka3aHye 3J1eK-
TPOMAarHUTHBIX ¥ I'PABUTALIMOHHBIX BOJIH IPU B3aUMOJIEiICTBUM TOYEUHbIX 3aPsII0B MU
Macc ¢ YI'B, BO3HMKHOBeHME BTOPUYHBIX YAAPHBIX BOJH B CaMMX IOJIEBbIX CUCTEMax U
psan npyrux s dexktoB. Ocoboe BHMMaHMe ObIIO yaenieHo acTpodusndeckuM spdexrram,
CBSI3aHHBIM C HYJIEBBIMM KOCMMUYECKMMM CTpyHaMu, 1 3¢ dekram oT YI'B, mopoxkmaeMbIx
TOUEUHBIMM 6€3MaCcCOBBIMM YaCTUIIAMMA.

COIVTACOBAHME C HAB/IIOJATEJIbHBIMU JTAHHBIMU
CKAJIIPHO-TOPCUOHHOI TPABUTAIINMU C ITOJIEM CAMOJIEMCTBUS
TAJIWJIEOHHOTI'O TUITA

T.M. Yaagaesa!

1 majorova.tatyana@mail.ru; JlabopaTopust TpaBUTAlMM, KOCMOJMOTMM, acTpoduuku, YalTlY um. W.H.
YnbsiHOBA, Y/IbSIHOBCK, Poccus

CKra/IsIpHO-TOPCUMOHHOM IpaBuTauus Buaa [1]
M2,
S= fd4xe T”F«p) T + P(¢, X) — G(¢p, X)Op (1)

COTepKUT CIefylolue mapameTpsl: F = (%)n, P=-wX+V;G=vX; X := 3¢ T -
CKaJIsip KPy4YeHUs; M’% ; = (81G)~'; ¥, A, n - IPOM3BONBHBIE [IOCTOSIHHbIE BENMYMHDL. B
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MeTpuke ®punmana-PobeprcoHa-Yokepa ypaBHeHMSI MOJEIM CBOASTCS K IBYM ypaBHe-
HMSIM, [AJ151 KOTOPBIX HaliIeHbl HEKOTOPbIe KJIACChl TOYHBIX KOCMOJIOTMYECKMX PeIIeHMIA
Ha OCHOBe BbIOOpa mapameTpa 1, BUza ckajasipHoro noss ¢ u dyHkuum Xab6aa H, cooT-
BeTCBYIOIIVMe MHDISLMOHHONM AMHAMMKY 3TI0XM paHHel BceneHHOI1 [2].

[t cornmacoBaHusi ¢ HabGMOAATeIbHBIMY TaHHBIMU [3] paccMaTpUBaeMoii MOZeNu 1o
HaliJeHHbIM TOYHBIM KOCMOJIOTMYECKUM PellleHUSIM, UCII0/Ib3YyeTCs ITOJXO0, pacueTa Koc-
MOJIOTMUECKMX ITapaMeTpoB, 1o paboTe [1]. B kKauecTBe MHAMKATOPOB KM3HECIIOCOOHO-
CTU Mogenu B MHQUISIIMOHHOM 3Talle 310X paHHel BcemeHHOV BbIOpaHbI caedylolye
rapaMeTpbl: CIIEKTP MOUTHOCTU CKJISIPHBIX BO3MYIIeHU P, ClIeKTpaabHbI UHAEKC Mg,
TEH30PHO-CKaJISIpHOE OTHOIIIeHNe T .

Hacrosias paboTa BhIIIOJHEHA B paMKax JJoIoIHUTeIbHOro coramenns N2073-03-
2024-060/1 ot 13.02.2024 x CormaiieHM0 O MpenocTaBaeHUM cyocuaum u3s demepaib-
HOro OmomkeTa Ha (uHAHCOBOe obecrieueHMe BBITIONIHEHMSI TOCYAApCTBEHHOTO 3aja-
HISI HAa OKa3aHMe rocylapCTBeHHbIX YUIYT (BbIMOMHEeHMs paboT) N2 073-03-2024-060 ot
18.01.2024, 3axmtoueHHbIM Mexay OI'bOY BO «Val'TlVY um. U.H. YnesHoBa» n MuHucrtep-
CTBOM NpocBelienuns Poccuiickoin @enepannn.
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OBPA30BAHUE PETV/ISPHOI YEPHO JIBIPBI B ITPOIIECCE
I'PABUTAIITMOHHOI'O KOJIJTAIICA

IO.A. Illatos!, B.JI. Beprorpanos?

1 shatov.ddb@mail.ru; ®enepanbHoe TOCYTapCTBEHHOE OIOMKETHOE 00pa30BaTeIbHOE YUPEKIEHME BbIC-
rero o6pasoBaHus «PoccuitcKmii rocymapcTBEHHBIN Memarormyeckuii yuusepcuteT uM. A. U. TepiieHar,
Caukr-Iletep6ypr, Poccus

2 vdvertogradov@gmail.com; ®enepalibHOE TOCYIAPCTBEHHOE GI0MKETHOE 00pa30BaTEIbHOE YUpEXKIeHM e
BbICIIEro 06pasoBanus «Poccuitckuit rocyrapcTBeHHbIN egarornueckuit yuusepcutet um. A. 1. Tepie-
Ha», CaHKT-ITeTepOypr, Poccust

OO611ast Teopust OTHOCUMTETbHOCTH, UCIIO/Ib3yeMasl B KaueCcTBe OCHOBBI COBPEMEHHBIX
npeACcTaBAeHN O TIpolieccax Bo BceneHHOI, mpeIcKa3bIBaeT CyllecTBOBaHMe obmacTeit
[IPOCTPAHCTBA-BpeMeHU, IpeLelibl KOTOPBIX Helb3s IOKUHYTh B CUITY UX CTOJIb BEJIUKOTO
IrPaBUTALMOHHOTO MMPUTSDKEHUS - YEPHBIX ObIP. OGHAKO HEMOJIHOTAa TEOPUU ClIeAyeT U3
TeopeMbl [leHpoy3a, yTBepsKaawIeit 06 060pa3oBaHMM BHYTPY YEPHOI AbIPbI CUHTYJISIP-
HOCTM - TOUKM 6€CKOHEYHOJ IJIOTHOCTU U KPUBU3HBI.



TE3UCbl JOKNALOB / ABSTRACTS 117

[TpeomoneTs MpobaeMy BO3HUKHOBEHMSI CMHTY/IIPHOCTM MOKHO, pacCMaTpUBasi KBaH-
TOBBIN 3 deKT, MMbo mpeanosarasi HapylieHue CMIbHOIO SHEPreTUUYecKoro ycaoBus. B
TAKOM CjTy4yae IpoucxXoauT ¢GbopMupoBaHe PeryasipHOi UEPHOI IbIPbI - TAKOTO 00BEK-
Ta, YTO 001a7aeT KaK MMHMMYM OJHUM PETYISPHBIM rOPU30HTOM COOBITHUI U HE MMEeT
IIeHTPAIbHOM CUHTY/ISIPHOCTY KPMBU3HBI.

Camo dhopmupoBaHue 0007 YEPHOI IbIPHI IBISETCS (MHATBHBIM 3TallOM I'pPaBUTAa-
LIMOHHOTO KOJIJIarica MaCCUMBHBIX 3B€3[,. B TaHHOM citydae MCCaem0Bacs rpaBUTALMOH-
HbII KOJIJIAIIC MacCUMBHOJ 3Be3bl B 0000ILIEHHOM IIPOCTpaHCTBe-BpeMeHy Baiinbs. Pe-
3y/IbTAT MPUBET K HOBBIM peIIeHMSIM ypaBHeHMs1 DIHITetHa B 001eM Bume. [Ipu psi-
Ile OTIpelleIEHHBIX YCJIOBUIA [/ ypaBHEHMS COCTOSIHMUSI, MCIIOb30BaHMe 3TUX pelleHuiA
MIPUBOAUT K MPOCTPAHCTBY-BpeMeHM, ONMCHIBAKIIEMY PeTyISIDHYIO YEPHYIO AbIpy. [1o
pe3yabTaTaM JaHHOJ paboThl B HACTOSIIIMIT MOMEHT ITOATOTAB/IMBAETCS CTAThS JIJIS ITy0-
JMKAILUU B MeKTyHapoaHoM kypHase "Physical Review D"

CTOXACTNYECKAS TMHAMUKA U BEUYHAS NTHOJISILINA
A.B. I0poB!, A.A. I0poBa?

1 B®Y um. U. KanTa, KasimamuHrpas
2 bOV um. U. Kanrta, KanuHuHrpapg,

[7o6anbHasl CTPYKTypa BeUHO pasyBarollelicss BCceIeHHO SIBSETCS B BbICILE CTe-
MeHM HeOgHOPOAHOI. JIoKabHAas 9BOMIOLMS BK/IIOUAeT B Ce0s KIacCuuecKylo IMHAMMUKY,
MPUBOASIIYIO K yMEHbIIEHMIO 3HaUeHMSI TTOJIS U BIMSIHME KBAHTOBBIX (IYKTyaLuii, CTpe-
MSIIIMUXCS YBEJIMYUTD 3TO 3HaUeHMe. OCHOBHOJ BKJIaJ B 00IIMiT 06beM pa3myBalolieii-
CS1 BCeJIEHHOV BHOCSIT 06/1aCT B KOTOPBIX MTPeo6IafaioT MocaeaHe, a 3HAUUT IJI00aJTb-
Hasl CTPYKTypa CTAHOBUTCSI CTOXACTMUYECKOI U MTO3TOMY JitoOble Tpefcka3aHusi HabIo-
neHuit (HampuMep TeMrepaTypbl peIMKTOBOro ¢oHa) MOTYT ObITh TOJIBKO BEPOSITHOCT-
HbIMU. PacnipeiesieHre BEpOSITHOCTEN IMOJIEBbIX IIepEMEHHBIX ONIUChIBAETCS YpaBHEHMEM
OriHIITelHAa-CMOJIyXOBCKOT0, KOTOPOE BbIBOOAUTCS 13 YypaBHEeHMS JIaH)KeBeHa — I0JIEBbIX
ypaBHeHU B MPUOIMKeHUM MeIJIEHHOTO CKaTbIBaHMS AOIIOIHEHHBIX «O€JIbIM IIIyMOM»
reHepUpPyMbIM Pa3ayBaloLMMUCSI KBAHTOBbIMU (PIYKTyal[MsIMU OIS (UTO BIIEPBBIE 11
IeCUTTEePOBCKOI (a3bl 66110 cenaHo A.A. CtapobuHckuM B 1986 roay). Msl o6cykmaem
IeTajy 3TOTO BbIBOJA, & Takke MPOO/ieMy OTCYTCTBUS CTallMOHAPHBIX pacIipeaeneHmii.
Hcnonb3ysl paHee YCTAaHOBJIEHHYIO B HAllIMX paboTax CBsI3b C ypaBHeHNEeM Abesisl TepBo-
ro poja, NMoKa3aHo, YTO CYIIECTBYeT eCTeCTBeHHOe 00001eHe TaHHOTO YpaBHeHUs 3a
TripeJiesibl MpUOIMKeHUSI MeIIeHHOTO CKaThIBaHUSI, IPMUEeM UTOTOBOE YpaBHEeHMe IOIyC-
KaeT CTallMOHapHOe paclpepeneHe. B 3akmoueHy Mbl ITIOKa3biBaeM, UTO BbIBEJEHHOE
ypaBHeHMe ®okKkepa-IlnaHka JomyckaeT HeTpUBMaIbHOe IpeobpasoBaHue apoy, yaep-
KMUBawoLee peayKIMOHHOe OTpaHNYeHMe, B OT/IMUYUM OT paHee UCCIeL0BaHHbIX C/TyYaesB.
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COULD THE BARROW UNIVERSE BE AN ANTIDOTE FOR COSMOLOGICAL
SINGULARITES?

V. Yurov!, A. Yurov?

1 vayt37@gmail.com; Immanuel Kant Baltic Federal University, Kaliningrad, Russia
2 aiurov@kantiana.ru; Immanuel Kant Baltic Federal University, Kaliningrad, Russia

We discuss the role of Barrow’s ”Zero Universe” (a universe with zero scale factor and
its’s first derivative) in quantum cosmology. In particular, we prove the theorem that in
the framework of “many interacting universes” (MIU) cosmological model under some
physically sensible assumptions, an existence of the universes with a zero scale factor
can effectively prevent the classical cosmological Big Bang/Big Crunch singularities from
arising. In other words, by adding a single ingredient, a “zero universe”, we can actually
remove any threat of standard cosmological singularities — a prediction easily testable on
simple models containing just 2 or 3 universes.
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