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DYNAMICS IN SUPERSPACE
AV. Aminova!, M.Kh. Lyulinskiy?

1 asya.aminova@kpfu.ru, avaminova@gmail.com; Department of Relativity Theory and Gravity, Kazan Fed-
eral University
2 miklul@rambler.ru; Department of Relativity Theory and Gravity, Kazan Federal University

In modern theoretical physics geometric spaces with exotic features are often used as
an arena of action. Most of all, this is due to the success of particle physics, where the
methods of Clifford algebras are applied. In this case it is possible to bring to the study
of physical phenomena powerful mathematical tools. The theory of supermanifolds is
related with the concept of supersymmetry developed in fundamental works of Gol’dman
and Lichtman, Volkov and Akulov, Wess and Zumino. Supersymmetry brings together
internal and external (the space-time) symmetries. It is the basis of new theory of gravity
— supergravity as well as superstring theory, which is a candidate for a unified theory of
all the fundamental interactions.

The present work is devoted to the construction of supersymmetric cosmological mod-
els in the framework of a consistent supersymmetric approach developed in the works of
Aminova and Mochalov. The consistent approach to the supersymmetric theory of gravity
means that the supergeometry is defined by supersymmetry properties. This approach re-
quires the development of group-invariant methods of supergravity. In this direction we
not only have almost no concrete results, but the very principles that should guide the re-
lationship between supersymmetry and supergeometry were not clearly formulated. The
first steps in this direction were made in [3]. The given work continues that line. We re-
gard supersymmetry as an automorphism of a supergeometric structure, in particular, as
infinitesimal supertransformation preserving a metric of a superspace. The metric is de-
fined as an invariant of a Lie supergroup of supertransformations in the spirit of Kleyn'‘s
Erlangen program, the idea of which is to consider the symmetry, or a group of trans-
formations as a basis for determining the geometry of space. In this paper we consider
the important case of supersymmetric Minkowski space [3]. We write Hamilton-Jacoby
equation and obtain supersymmetric terms. We derive motion equations and find super-
symmetric velosity.
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THE SELF-CONSISTENCE MODELS OF COMPACT STARS IN R?-GRAVITY

AV. Astashenok!
1 artyom.art@gmail.com; 1. Kant Baltic Federal University, 236041, Nevskogo str. 14, Kaliningrad, Russia

We construct nonperturbative models of compact stars in R?-gravity. For solution de-
scribing the star one assume that metric is spherically symmetric with two independent
function of radial coordinate:

ds® = —e?Vdt* + erdr? + r’dQ?. (1)

The modified Tolmann-Oppenheimer-Volkov equations can be obtained from Einstein
equations in R? gravity (in units G = ¢ = 1):

1
(1+2aR)Gyy — 5aRz guv —2a(VuVy — guv[)R) = 81 Ty 2)

Here G, is the Einstein tensor and T}y, is the energy-momentum tensor. The scalar
curvature is independent variable and for R we have additional equation.

For a > 0 the shooting method of solution gives that there is unique value of curva-
ture at the center of star at which solution has required Schwarzschild asymptotic. This
fine-tuning for R at the center of star is equivalent to fine-tuning of scalar field in cor-
responding scalar-tensor theory. For distant observer the gravitational mass of star in-
creases negligibly (~ 0.01 —0.1 M, for realistic values of a) with increasing a. Considering
f(R) theory directly one can say that increasing of mass occurs by “gravitational sphere”
outside the star with some “effective mass”. In scalar-tensor theory for conformal frame
we also have dilaton sphere outside the star but its contribution into gravitational mass
for distant observer is negligible. For a < 0 we have no rigid condition on R at center of
star. The mass also grows with increasing |a| due to appearance of gravitational sphere
around the star. But the value of this increasing strongly depends from chosen equation
of star varying in wide limits and can exceed 0.5 — 1 M for some hadronic equations of
state.

FORMATION OF ANNIHILATION SHOCKWAVES
AT THE GRAVITATIONAL COLLAPSE

A.N. Golubiatnikov!, D.B. Lyuboshits?

1 golubiat@mail.ru; MSU, department of hydromechanics
2 daniilll@ya.ru; MSU, department of hydromechanics

In this report in the framework of general relativity a solution of the problem of an-
nihilation wave that occurs when a mixture of particles and antiparticles is compressing
under its own gravity is presented. Taking into account the possible leaving of a concen-
trated isotropic light wave of a directional radiation. This problem may be regarded as a
description of the formation of the expansion of a gravitating gas in a nonhomogeneous
dust collapse. According to the concept A. Taub (1971), developed by AN Golubiatnikov
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(1976-1999) for the transformation of the rest mass to the energy of the expanding mat-
ter, this phenomenon can be put into the scheme of evolution of the universe such as
«compression — expansion» without point singularity.

This work was supported by RFBR (project 14-01-00056, 15-01-00361).

THE HIGGS INFLATION

D. Gorbunov!

1 gorby@msZ2.inr.ac.ru; Institute for Nuclear Research

The discovered at LHC Higgs boson may be responsible not only for the Electroweak
symmetry breaking and hence all the elementary particles acquiring masses, but also for
the early time inflation, which makes the Universe homogeneous, flat and causally con-
nected. To this end the Higgs boson must non-minimally couple to gravity. There are
important issues of strong coupling, non-renormalizability, stability of cosmological pa-
rameters with respect to quantum corrections, electroweak vacuum stabilit.

STERILE NEUTRINO DARK MATTER

D. Gorbunov!

1 gorby@msZ2.inr.ac.ru; Institute for Nuclear Research

Sterile neutrinos are Standard Model gauge singlet fermions, introduced to explain the
active neutrino masses through mixing. Sterile neutrino of 1-50 keV mass is considered as
a possible candidate for Warm Dark matter, which exhibits specific kinematics interesting
for addressing the issues of dark matter structures at small scales. The sterile neutrino
dark matter production mechanisms includes resonant and non-resonant oscillations in
the primordial plasma, Majoron decays and others.

SPIN-ORBIT DISSIPATIVE DYNAMICS OF THE MOON AND RADIO/LASER
BEACONS VLBI/LRR/LLR TECHNOLOGIES FOR CHANGE-5/6, LUNA-25/26/27,
ILOM MISSIONS

A. Gusev!

1 alexander.gusev@mail.ru; Kazan Federal University

The problem of rotation of the multi-layer Moon will remain a central problem for
selenodesy, selenodynamics and selenophysics. Its actuality increases with an increase
of accuracy of different kind observations of the Moon. Now the laser ranging measure-
ments of distances to the lunar reflectors achieves a millimeter level of accuracy. The LRO,
GRAIL, ChangE-3/4, ILOM projects are focused on even more precision description of a
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gravitational field and physical librations of the Moon (with accuracy of determination of
the main selenopotential coefficients up to 10712).

The orbit of the multi-layer Moon is inclined on 5,17° to the ecliptic and regresses
with an 18.6 year period. The rotation of the Moon is synchronous with the orbital mo-
tion (Cassini laws). The spin axis of the solid Moon is tilted with respect to the ecliptic
and its precession is locked to the precession of the orbit (Peale, 1968). Goldreich (1967)
demonstrated that a Lunar liquid core of low viscosity would not precess with the mantle.
The spin axis of the lunar core is nearly normal to the ecliptic plane. If the Lunar core is
locked to the mantle, then the spin axis of the core is nearly aligned with the symmetry
of the core-mantle boundary.

If a spin axis of the core is slightly displaced from the configuration then the
spin axis precesses about the symmetry axis with the core precessions period P.yre =
Prroont(cm/C)t(1/e.), where Pasoon is the rotation period of the Moon, ec is the core
flattening , and (C,,/C) the ration of the polar moment of inertia of the Moon to that of
the mantle. The core flattening is given by e, = (C.— A.)/C, , where A; and C, are a mo-
ments inertia of the core. If the mantle precesses faster than the core Pm < Pc, the core
will not follow the mantle as is the today. If the precession period of the core is less than
that of the mantle P,, > P, the core and mantle will precess together, with the core oscil-
lating around the symmetry axis of the mantle. Locking occurs for core flattening larger
than ratio PMoon/Pmantle. In the limit of very small flattening, the rotation axis of the
core is perpendicular to the ecliptic plane and fluid core of the Moon does not precess
with the mantle (Meyer, 2011).

Our goal is to show how the milliarcsecond precision observations of lunar physical
librations and lunar tides in the project ChangE-3/4-5/6, Luna-25/26 and ILOM: the op-
tical telescopes or radio beacons on the Moon, or the long-term observations of the lunar
satellite with high-precision camera and laser altimetry by differential, Inverse and Same
Beam Interference (SBI) VLBI may be used for determining the parameters of liquid and
rigid cores of the Moon. It is shown, that the analytical theory of physical libration of
the Moon can be used as the convenient tool for carrying out of modeling of the future
supervision from a lunar surface, for understanding of distinctions in lunar coordinate
systems and carrying out of the approached estimations of changes in Moon dynamic
characteristics.

INFLATIONARY SCENARIOS MOTIVATED BY GRAND UNIFICATION THEORY

E.O. Pozdeeva!
1 pozdeeva@www-hep.sinp.msu.ru; Skobeltsyn Institute of Nuclear Physics (SINP MSU)

We consider the inflation scenarios in non-minimally coupled models with potentials
corresponding to the Higgs sector of the Grant Unification Theory. The obtained inflation
models are in good agreement with the most recent and accurate observational data.
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APPLICATION OF VISCOUS EFFECTS IN COSMOLOGY

H. Velten!
1 velten@pq.cnpq.br; Physics Department UFES (Espirito Santo-Brazil)

We review some results on cosmologies which are wuite similar to the standard LCDM
one but with the addition of bulk and shear viscous effects.

THE COSMOLOGICAL SCENARIO WITH A VARIABLE IN THE EQUATION OF STATE
OF THE THEORY OF INDUCED GRAVITY

F. Zaripov!

1 farhat.zaripov@kpfu.ru; Kazan Federal University, Kazan, Russia

This research is an extension of the author’s article (Grav. & Cosm., 13 (2007), No.
4; Zaripov F.Sh.//Astr. and Space Sci. : Volume 352, Issue 1 (2014), Page 289-305. ),
in which conformally invariant generalization of string theory was suggested to higher-
dimensional objects. Special cases of the proposed theory are Einstein’s theory of gravity
and string theory. The study is done to solve these equations for the case of the cosmo-
logical model.

In this model time-evolving gravitational (G, rr) and cosmological (A, r) “constants”
take place which are determined by the square of scalar fields Y = (X, X). The values of
which can be matched with the observational data. Thus, there are evolving over time
gravitational (G, ), cosmological (A.fr) “constants”:

w

Geffzzf_yr eff 2€Y( B+U)r n:4r (1)

The values of w, &, B are constant. U = U(X*) - fields-dependent potential X4. For
simplicity let’s assume U(X4) = U(Y (X4)) .
In general, we get the systems of “macroscopic” equations

- nB+26RY + = y|+—Y 10 @)
C 4(n-1)¢ n-2 28(n—1) ©«a
1 n-2
Gop = 2y —TBO +U|8apt+— [Vavﬁ gapd] Y 2€Y —< le)ap 3
where G, - the Einstein tensor, and “microscopic”
au
OXA+28RXA + 2WXA =84, 4)
constraint equations
ng:(VNX,VVX) ,LL,VZO,n—l. (5)

The functions X4 = X4(o*), where A,B = 1,2,...,D, v =0,1,...,n—1, map n-
dimensional manifold IT described by the metric gy, into D-dimensional space-time M
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with the metric 1 45, where space M described by the Minkovski metric with the signa-
ture (-, +,...,+). Ris the scalar curvature of the manifold II,the operator V, denotes the
covariant derivative in the manifold IT, where the Christoffel symbols connected with the
metric in the standard way. Let’s assume that the space of 1 is parameterized by the coor-
dinates o*, where ¢ = ¢ is the time coordinate, and the components o’ (i = 1,2,...,n—1)
describe a certain n — 1 - dimensional object, denoted by I'. The values of w, &, Ax are
constant. The study of the complete system requires the definition of the model, ie defi-
nition of S4. In this work, we will not deal with this issue, noting only naturally occurring
hypothesis that specific sector of fields {X!, X2,...X¥}, k < D can play a role of Higgs
scalar field theory of strong and electroweak interactions. We note that the gravitational
equations (3) include only macroscopic features: Y, B, g, 5 and EMT material environment
Tieyap-

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

KOCMOJIOTUYECKUE BO3MYVIIIEHUS B TEOPUU I'PABUTALIVIU C
HEMWHUMAJIBHOM KUHETUYECKOH CBS3bIO

P.A. A63anos!, C.B. Cymkos?

1 robert-abzalov@mail.ru ; Kazauckuit (IIpuBomskckuit) dpenepanbHblit yHuBepcuteT, Kasanb, Poccust
2 sergey sushkov@mail.ru ; Kazanckuii (ITpuBosmkckuit) dbenepaibHblil yHMBepcuTeT, Kasanb, Poccus

B Hamieii pabote ObLIM PacCMOTPEHBI KOCMOJIOTMUYECKME BO3MYIIEHMUS B CKaJISIPHO-
TEH30PHOI TEOPUM IPaBUTALNN C HEMUHMMAJIbHOM KMHETUYECKOI CBSA3bI0. JIarpaHKu-
aH MOJIe/I COOePKUT ujieH Buaa ( G/ ¢,i, j v IpencTaBisieT co00Ji YacTHBIN cay4ait 00-
uiero JlarpamxkuaHa XOpHIEeCKU, KOTOPbIN MPUBOAUT K YpaBHEHUSIM IBUKEHUSI BTOPOTO
ropsiaka. ITocTpoeH MOJHBIM HAOOp ypaBHEHMIA IJIS1 CKAJISIPHBIX, BEKTOPHBIX U TEH30P-
HbIX BO3MYILIeHMI. [leTalbHO UCCIeLOBaHbl BEKTOPHBIE M TEH30PHbIE MOZbI BO3MYILE-
Huit. [Toka3aHo, UTO BEKTOPHbIE MObI 3aTyXalOT, a [TOBefeHe TeH30PHBIX MO, ITof, Xa0-
6/I0BCKMM TOPM30HTOM KapAMHAIbHO OT/IMYAETCSI OT COOTBETCTBYIOIIETO MOBEIEeHMS BO
bpraMaHOBCKO KOCMOJIOTUNA.

JIureparypa

1. E.N. Saridakis, S.V. Sushkov, Phys. Rev. D 81, 083510 (2010)
2. S.V. Sushkov, Phys. Rev. D 85, 123520 (2012)
3. M.A. Skugoreva, S.V. Sushkov, A.V. Toporensky, Phys. Rev. D 88, 083539 (2013)
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IMPYMEP PEIIEHUS )11 CTENEHHOM UH®JISIIIUN B
MYVJIBTU-CKAJIAPHO-TEH30PHO! TEOPUM T'PABUTAIINU B PEXXUIME
MEJJIEHHOTI'O CKATbIBAHUSI

K.A. BonpmakoBa’

1 katerina.novokozlova@gmail.com; YnI'TIY um. I.H. VnbssHOBa

[ IBYXII0/IeBOM MOZe/IV B MYJIbTU - CKJISIPHO-TeH30PHOM Teopuu rpaBUTaLUU Hal-
IleHbI pellleHMs B pekKiMe MeIJIEHHOTO CKaTbIBaHMSsI, KOT/Aa TpaBUTALIMOHHAS YaCThb 3aa-
Ha B KapTuHe DMHIITEHA, a IeliCTBMe He-TPaBUTALIMOHHOrO IO Sy, 3a4aeTcsl B Kap-
tuHe Mopgana. KondopmHoe mmpeobpa3oBaHme 13 KapTMHBI MlopgaHa K KapTuHe DiiH-
1ITeiHa OCyIecTBIsIeTCs yepe3 KoHDOPMHBIT hakTop A%(¢@) : guv = A (@) g},

PaccMoTpyM MynbTH-CKaISIPHO-TEH30PHYIO TEOPUIO IPaBUTALNM C felicTBueMm [1,2]:

1 R* 1
K

Ca ngthBau(PAava - W (p®)

+Smlwm A2 @g] (1)

O6o03HaueHMsI COrIacoBaHbl ¢ paboramu [1,2].
3apmanum feiicTBue He-rpaBUTALMIOHHOTO OIS Sy, KakK JeiiCTBYe CKaAsSIpPHOro MoJs ¥ B
KapTuHe JDMHIITeNHA:

1
Sm= [ AxA WIVE | S p A g - VW) @

CrasisspHasi cocTaBJsiionast meicTsust (1) rpaBUTALIMOHHOTO TT0JISI OyIeT IpeicTaBaeHa
IBYXKOMIIOHEHTHO HeJIMHEHOM CUrMa MOJE/IbI0 C MeTPUKOM IPOCTPAHCTBA Liesein [3]:

do? = hid? + hoa (¢, Y)d x> (3)

HaiimeH nmpumep pelieHus A5 C1y4daeB, KOTLa JIMHEHAs 3aBUCUMOCTD Il ¥ = [ U
MacitTabHblii pakrop a = Ct™ rome C, m = const
Bbipaskaio 6;1arofapHOCTb 3@ IIOCTAHOBKY 3a/lauy U 00CYyXIeHNe TOyueHHbIX pe3y/ibTa-
TOB HAYYHOMY pyKoBoauTeio nmpogeccopy C.B. UepBoHy.

JIuteparypa
1. Thibault Damour and Gilles Esposito-Farese, Class Quantum Grav 1992, 9 (1992).

2. Michael Horbatsch, Hector O. Silva, Davide Gerosa, Paolo Pani,Emanuele Berti, Leonardo Gualtieri and
Ulrich Sperhake, arXiv:1505.07462v2 [gr-qc] 8 Jun 2015, (2015).

3. UYepsou C.B., ®omuH 1.B., Kybacos A.C. CkanspHsle U KUpanbHbie NoJsl 8 KOCMOJI02UU, YIbSTHOBCK, VAITIY,
2015-216 C.
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KPOTOBBIE HOPbI 1 YEPHBIE BCEJIEHHBIE, CBI3AHHBIE C
JOITO/IHUTEJIbHBIMU U3MEPEHUAMU

K.A. Bpounuxkos!, I1.A. Kopones?, A.A. Maxmyznos®, M.B. Ckeopuosa*

1 kb20@yandex.ru;  Poccuiickuit  Vauepcuretr [pyxk6s1 Hapomos, Bcepoccuiickuit — Hay4dHO-
MCCIeI0BATENbCKUI MHCTUTYT METPOJIOTMYECKO CTyskObI, HallMOHAaIbHbII MCCIeI0OBATEeNbCKUI SIePHbIN
yHuBepcuret «MUDOU»

2 korolyov.pavel@gmail.com; Poccuiickuit YuuBepcuret [Ipysk6s61 Hapogos

3 arslan.biz@gmail.com; Poccuiicknit YuuBepcuteT Opyk6s1 Hapomos

4 milenas577@mail.ru; Poccuiickuii YuuBepcuteT Opyk6s1 Hapomos

MpbI IIpeicTaBIIsieM pelieHus B 6-MepHO# 0011elt Teopuy OTHOCUTETbHOCTH ¢ haHTOM-
HBIM CKJISIPHBIM I10JIEM KaK MCTOUHMKOM rpaBuTauy. PeneHus no3BossioT IepeinTt OT
3ddeKkTUBHOI 4-MepHOIt reOMeTpMM YMHOXKEHHO Ha MaJible JOTIOJIHUTe/IbHbIe M3Mepe-
HMS K 9P HeKTMBHOMY 6-MepHOMY ITPOCTPAHCTBY-BpeMeH!, C OT/IMJaonMmucs gusnude-
CKMMM 3aKOHaMU. MbI paccMaTpUBaeM MHOXeECTBA CO CTPYKTYpoit My x My x M», tne M
3TO 2- MepHoe JIOpeHI1|eBO NPOCTPaHCTBO-BpeMs, B TO BpeMs KaK Kakzpoe u3 Mj » Mo-
KeT OBbITh KaK 2-MepHOI chepoit Tak 1 2-MepHbIM TOpoM. HeKoTopbie pelieHns OMUCHI-
BalOT KPOTOBbIE€ HOPBI CO chepuyeckoit cMMMeTpueil B HallleM IMPOCTPaHCTBe-BpeMeHU
¥ TOPOUIAIbHbIE TOTIOTHUTEIbHbBIE M3MepeHus. [IpyTue MpeacTaB/IsSIOT CO00i1 peleHnst
TUIIA YepHasl BCeJIEHHAs: B OLHOM KOHIIEe MMeeTCs 6-MepHasl aCMMIITOTUYeCKM aHTU-[ie
CUTTEPOBCKas YepHasi IbIpa, B TO BpeMs KaK BHE TOPMU30HTA reOMeTpusl CTPEMUTCS K 4-
MEepHOM Jie CUTTePOBCKOV KOCMOJIOTUY YMHOKEHHO Ha Majioe 2-MepHOe TOTIOTHUTEIb-
Hoe chepuyeckoe MPOCTPaHCTBO.

HEJIOKAJIBHBIE KOCMOJIOTUYECKUWE MOJIEJIN U METO/bI JIOKAJIM3ALIVA
C.I0. BepHos!

1 svernov@theory.sinp.msu.ru; Hayuno-WccienosaTtenbckuit Uactutyt dneproit ®usuku um. I.B. Cko-
6enpiibiHa MockoBcKoro I'ocymapcTBeHHoro YumBepeurteta, Poccus, 119991, Mocksa, Jlennuckue Topsl 1

B HacrosIiee BpeMs HeNOKaJibHAs TpaBUTALMs aKTUBHO uccoienyercs. CyliecTBy-
eT HEeCKOJIbKO IIPUUMH POCTa MHTepeca K IMOJOOHBIM KOCMOJIOTMYECKMM MoAensiM. Bo-
MepBbIX, CYIIECTBYIOT ITPOOIeMbl TEOPEeTUUYECKOTO OMMCaHMs HabmMogaTeTbHbIX JAHHBIX
C TOMOIIbIO JIOKATIbHBIX Mojiesieit. [IpyMepom Takoit Ipo6JieMbl SIB/ISIETCS OTICaHMe TEM-
HOJ SHeprum ¢ nmapaMeTpoM ypaBHEHUS COCTOSSHUS W, MEHBbIIMM YeM MUHYC eAVHNLIA.
CoBpeMeHHbIe 3KCIIEPUMEHTBI CBUIETEIbCTBYIOT O TOM, UTO U3 IPEAIION0KeHUS O MO0-
CTOSIHCTBE W C BEPOSITHOCTBIO 95% citenyert, 4To w = —1.1370:23. TlonoskurenbHas Koc-
MOJIOIMY€eCKast IIOCTOSIHHASI COOTBETCTBYET w = — 1. B 1106071 KOCMOJIOTMYECKOM MOIe/n
C MMHMMAaJIbHO CBSI3aHHBIM CKaJISIPHBIM T10JIeM, 00/IaAAI0NMM CTaHIaPTHBIM KMHEeTHUYe-
CKMM 4JIeHOM, noyyaem w > —1. CyliecTBoOBaHMe TEMHOM SHepruu ¢ w < —1 o3HavaeT
HapyllleHle U30TPOITHOTO YCJIOBUS 9HEPrOAOMMHAHTHOCTH. BO3MOXHbIN cr1ocob 1n3be-
>KaTh MPO06JIeMY HeCTaOMIBHOCTY B MOJIENISIX C W < —1 ¢ haHTOMHBIM CKaJISIPHBIM T10JIEM,
COCTOUT B paCCMOTPEHMM TaKUX Mopeneii, Kak 3hGheKTUBHbIX, BOSHUKAIOIINX 13 QyHIa-

MEeHTaJIbHOM Teopnumn, KOTopad He MMeeT OTPpMULATEIbHOI'O KMHETUYECKOIro YJIe€Ha. B ka-
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yecTBe TaKOi Teopuy pacCMaTpUBAETCS TEOPUS CTPYH, C KOTOPOM CBSI3aHbI HEJIOKaIbHO
MoaubuiMpoBaHHbIe TEOPUM IPAaBUTALIM U HeJIOKaIbHbIe CKaIsIpHbIE MOJIS.

WccnemoBaHus Kak TEMHO¥ 9Hepruu, Tak U paHHel BeesieHHOI (Mogeny MHQISIUN U
”OTCKOKA”) CTUMYMPOBA/IM aKTUBHOE M3yUeHMe HeJIOKaIbHBIX KOCMOJIOTUYECKNX MOIe-
Jieli, MOTMBMPOBAHHbBIX CTPYHHOM Teopueli IoJjisl, B YaCTHOCTH, MOZeJIel C HeJIOKaJIbHbIM
CKaJIIPHBIM 110JIeM ¢, TarpaHkuaH KOTOPOTO BK/IKOYaeT YjieH c/)e‘D‘P .

Mopenn HeloKa/IbHOM rpaBUTaMy (6€3 MOTOTHUTENbHBIX CKAISIPHBIX MTOJIei) TaKkKe
aKTMBHO pacCMaTpUBAIOTCS B HacTosiiee BpeMsi. Hanbosee momysisipHble MO/ HeJo-
KaJIbHO MOAM(UIIMPOBAHHO rpaBUTAIMY BKITIOYAIOT B cebsI MO0 aHAUTUYECKYIO QYHK-
1yio oneparopa [lanambepa, 160 obpaTHbIN onepaTop Jamambepa. OTMeTUM, UTO MHO-
rre Monenu MoaubuUIMpOBaHHON rpaBUTALMM, B TOM UMC/Ie U HeJIOKaJTbHbIe, MOXKHO ITe-
pedopmyaMpoBaTh Kak MOIe/M 00Iel Teopun OTHOCUTEIBHOCTY C JOIOTHUTEIbHBIMU
CKaJIIPHBIMU ITOJISIMU, BO3MOYXKHO, HeJIOKQJIbHBIMU M HEMUHMMAJILHO CBSI3aHHBIMMU C I'pa-
BuTalyeit. Takum o6pa3oM, JaHHbIe MOAEIN Y METObl UX MCCIeOBaHMS OJIM3KM K Me-
TOZAaM MCCIeI0BaHNSI MOJeJieli CO CKAJISIPHBIMY HEeJIOKJIbHBIMU TOJISIMU U SIBJISIIOTCSL UX
BaKHBIM JIOTIO/THEHYEM.

OTmeTuM, 4YTO MHOTMe HeJIOKa/JIbHble TPaBUTALIMOHHbIE MOJeNN He MOIYy4YarTCs U3
KOHKPETHOTO [IeCTBUSI TeOpUM CTPYH M BKIIIOUAIOT B CeOSI TPOM3BOJIbHbIE (PYHKIINUMN.
BakHBIM BOIIPOCOM SIBJISIETCS HAIMUMeE TeX UJIM MHBIX KOCMOJIOTMYECKUX PellleHN B laH-
HBIX MOJeJISIX B 3aBMCUMOCTHU OT BuAa QYHKIMM, ONpeaesioneil BKIaj HeloKaabHO!
TIOMPaBKM K AeiicTBUIO [MnbbepTa—diiHIITeHA. [IJ1S1 TOCTPOEHMSI KOCMOJIOTMYeCKUX pe-
[IeHU} aKTUBHO Pa3BUBAIOTCS U UCIIONb3YIOTCS METObI TIOKAIN3ALUN.

K TEOPUU JINHEMHOY 'PABUTALITVIN
C.O. I'magkos!

1 sglad@newmail.ru; MOCKOBCKII aBMaLIIOHHBIN MHCTUTYT (HallMOHAIbHBIN MCC/Ief0BaTeNbCKIUI YHUBED-
CUTET)

13 cpaBHeHMST MPOCTPAHCTBEHHBIX MAcCIITAa0OB JIeBOV U IPaBOii yacTeii OCHOBHOTO
ypaBHeHMs1 0611eit Teopun otHocuTenbHOCTM (OTO) MokasaHo, UTO XapaKTepHble pas-
Mepbl, Ha KOTOPbIX CYI[eCTBEHHO MU3MEHSIOTCS KOMIIOHEHTbI METPUUECKOTO TEH30pa CO-

CTaBJISIIOT BEIMUMHY 6 X ~ ﬁ, YTO I10 MOPSIAKY BEJIMUMHbBI COOTBETCTBYET IIpUMep-
nGp

Ho 10" cm = 10% kM. OTMeueHO, uTO, ecM MacIITa6 M3MEeHeHMsI COCTABISIET MeHbIIe
9TOJ BeJIMUMHBI, CJIEAyeT pelaTh ogHopomHoe ypaBHeHe OTO 6e3 mpaBoit yacTu, TO
ecTb, 6e3 TeH30pa SHepPIuM — MUMITYJIbca. IIpy 3TOM 3aBUCUMMOCTb METPUUYECKOTO TeH-
30pa g (r, 1), HOIKHA OINpenesThCs JINIIb reOMEeTPUUEeCKMMM CBOVICTBAMM ITPOCTPaH-
CTBa — BpeMeHH, a He maTepueii. OTMedeHo, YTO B TOM C/Iydae, ey Mbl uiteM pusude-
CKoe pellleHe, 00sI3aHHOe MMEHHO CBOVCTBaM MaTepui (TO eCThb, yUeTy TeH30pa SHep-
MU — UMITY/IbCa), 3aBUCUMOCTD g; (I, ) c/leqyeT UCKaTh TOAbKO B afaUTUBHON dhopme
8ik=8o0ik+ hik, Te 8ok — BCerna sIBJIsSIeTCs MCeB0 — eBKANIOBbIM METPUUECKUM TeH-
30pOM, a MOMpPaBKu h; . McKoMblie GyHKIMM. HajieHo ob1ilee BhIpaskeHMe JIJIsI TIOJTHOTO
(bynkumonana neiicteus Sg(h; i) B 3TOM NPUOIVIKEHMM, KOTOPOE TIPUBOIUT K KOPPEKT-
HbIM JIMHEHBIM YPaBHEHMSIM I'PaBUTALMIOHHOIO TOJS, U3 KOTOPBIX B PA3/IMYHbIX YaCT-



TE3MCbI IOKNALIOB 21

HBIX CJIyYasXx IOJTyYaloTCsI BCe M3BECTHBIE PellleHMs] TeOPUM IpaBUTaIMM: 3aKoH HpioTo-
Ha, MeTpuka llIBapimmibaa, pemenne Keppa, rpaBUTalMOHHbIE BOJIHBI, KpacHOEe CMe-
IeHue, morpaska Xs66sa, mogenb Opuamana 1 IpyTue.

IJIEKTPOJINHAMUNYECKHUE 3PDPEKTHI B AKCMOHHO-AKTUBHBIX CUCTEMAX
I.E. Tpomes!, A.B. Banakun?

1 groshevdmitri@mail.ru; Kazanckuii (IIpuBO/DKCKMiT) dbemepanbHblii yHuBepcuTeT, Kasanb, Poccus
2 alexander.balakin@kpfu.ru; Kasanckuit (ITpusomkckuit) denepanbHbiit yuuBepcuret, Kasanb, Poccus

TeMHas maTepusi, KOTOpas He U3JIyyaeT caMa M He paccenBaeT BHeIlIHee 3JIeKTpomar-
HUTHOE U3JIyueHue, KOHTpoaupyeT 23% sHeprobanaHca BceneHHoit [1], ABasisICh OOHUM
"3 IBYX [JIABHBIX JIEMEHTOB €€ CTPYKTYPbI. XOJOAHAs TeMHAsl MaTepusi, 4aCTULIbI KOTO-
POV BBILIJIM U3 COCTOSTHUS TePMOAMHAMMYECKOTO paBHOBECHSI HA PAHHUX 3Tarax U mpe-
BPaTWINCh B HEPEISITUBUCTCKUIA a3 C HyJIEBbIM JaBJieHeM B COBPEMEHHYIO 3110XY, Hau-
6os1ee MpeAIIoUTUTe/IbHA KakK MO e/IbHast CyOCTaHIINS C TOUKY 3peHMsI COBpeMeHHO KOoC-
MOJIOTUN.

BoNbIIMHCTBO KaHAMIATOB HA POJIb YACTUL, XOJIOLHOV TeMHOM MaTepuu IpuHaijie-
kuT K kiaccy sumiioB (WIMP — Weakly Interacting Massive Particle). K manHHOMY Kitaccy
(hopMasIbHO OTHOCSTCSI M aKCUMOHBI — MceBI0-T0/ICTOYHOBCKIME 6030HBI. VicTopust dop-
MMPOBaHMS KOHIEMIMIM MaCCMBHBIX aKCMOHOB, KOTOpbIe ObIIN TIpefcKa3aHbl [leyuen u
KBuHH [2] 1 BBeZeHbI B GM3MKYy BbICOKMX SHEPIUil B KaueCTBe HOBBIX JIeTKuX 0030HOB
Baiin6eprom [3] 1 Bunuekom [4], onycaHa, K mpumepy, B 0630pax [5-6].

MbI UCTIONb3yeM TePMUH aKCMOHHO - aKTUBHbIE CUCTEMBI 10 aHAJIOTUM C TEPMUHOM
MarHuTO — aKTUBHbBIE CUCTEeMbI, KOTOPbIE IE€TAJIbHO MUCCIeN0BAHbI B 3NE€KTPOAVHAMMUKE
KJIACCMUYECKOJ M PeSITUBUCTCKOJ TJIa3Mbl. SIBIeHMsI, 00yC/TOB/IEHHbIE B3aMMO/IEVICTBU-
€M aKCMOHOB ¢ (OTOHAMM, MOTYT IIPOMCXOANUTHh B MaruuTocdepax 3emsin 1 ConHIIA; UX
OTIIeYaTKM MOKHO OOHAPYKUTh B UCTOPUM paHHel BceneHHOI; X MOCAeOCTBUS MOXK-
HO HaMTU B 3eMHBIX JJAO0OPATOPUSIX, B KOTOPBIX pPAOOUMM 3/IEMEHTOM SIBJISIETCSI CMITbHOE
MarHuUTHOE I10J1e.

MbI choKycupyeM cBOe BHMMaHMUS Ha ITPOIeccax, MPOUCXOASIINX BOIM3Y HENTPOH-
HbIX 3B€3]] C CWJIbHBIM MarHUTHBIM I10JIeM, T.H. MarHeTapoB. Hasuuue peimKTOBOro Koc-
MOJIOTMYECKOT0 aKCMOHHOTO T0JIS B OKPECTHOCTM MarHeTapoB IIPUBOAUT K HEOOBIUHBIM
C TOYKM 3peHMS KIIaCCUUYeCKO JIeKTPOOMHAMUKY SIBJIEHUSIM ; HaIIpyMep, BO3MOKHO CY-
11eCTBOBaHMeE IPOLOJIbHBIX KJIACTEPOB, B KOTOPBIX JIEKTPUUYECKOe ¥ MarHUTHOE I10Jie
napaJiiesibHbl. Hamnune mofo6HbIX HeTPUBUATbHBIX MAarHUTO3IEKTPUUECKIUX KJIaCTEPOB
MOXET MPUBOANUTD K IKCIIEPUMEHTATbHO TPOBEPSIeMbIM MOUIEACTBUSIM, CKaXXeM, K BO3-
HUKHOBEHUIO NOTIOJIHUTEbHBIX JIMHWUIA MOITIOIIEeHMS B CIIEKTPaX MarHeTapoOB B pe3yiib-
taTe 3¢pdekra IllTapka.

MarteMaTnueckasi MOZe/Ib OCHOBaHa Ha aKCMOHHOM paciiMpeHnu QyHKUIMoHana geii-
CTBUS

R+2A 1 mn mn 2 m
{ +=FpnF™" + c/)anF — W5 [VipV"p - V(e )]} 1)

fd4x\/_ 5
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31ech g — omnpenennTe/lb METPUYECKOTO TeH30pa gk, V; — KOBapUMaHTHAs! IPOU3BO/I-
Hasi, R — ckansgp Puuun, x = 82’—46, G — rpaBUTAlMOHHAS MTOCTOSIHHAS, /A — KOCMOJIOTHUYe-
CKas TOCTOsIHHAS, /1 — TtocTossHHAas [1aHka, ¢ — CKOPOCTh CBeTa B BakKyyMe, F,y,,, — TeH30D
MakcBenna; Fyy,, = 3€™"P9F,,, - TeH30p, AyanbHblii K Fpq. AKCUOH - POTOHHOE B3a1MO-
neiicTBue omnychiBaeTcs B (1) uieHOM %([)F;;mF MmN Cumson ¢ obo3HauaeT 6e3pasmep-
Hoe TiceBA0CKasipHOe nose. dbPeKTMBHOe MaKpOCKOIMYecKoe akCMOHHoe 1oie ® pas-
HO W, roe nmocrosinHast W SIBAsIETCS MPeJMETOM CIelMabHOTO 06CykaeHus. DyHK-
s V(c/)z) OMNMUCBIBAET MOTEHIMAJI TICEBAOCKAISIPHOrO MOJIS; B IIPOCTENIIEM CTyyae Mbl
MICIIOIb3yeM KBaJpaTU4Hblii ToTeHLman V = u?¢?, e p = m 4 c/h uMeeT pa3MepHOCTb
06paTHOI AJIMHBI (M (4) — Macca akcuoHa) IlceBgockansgpHoe nosne, purypupytoiiee B (1),
YIOBJIETBOPSIET YPaBHEHUIO

1
ViVEip+ oV (@?) = ——Fp, F™ 2)
4y3

MbI 1ccieryem crydaii, KOrja rpagyeHT akCMOHHOTO TTOJIS TPOCTPaHCTBEHHOION00€eH,
YTO COOTBETCTBYET CTyUar0 C KOHJieHcallyel akCMOHOB Ha KOMITaKTHBIX IPaBUTUPYIOIINX
CTallMOHAPHBIX 00bEKTaX C MAarHUTHBIM TTosieM. O6CykIaeTcsl KaTaJor aHa/IOTOB KJIacCh-
YyeCKMX 3JIeKTpoaAnHaMnuecknx 3¢(GheKToB B paMKax pacIlIMpeHHO aKCMOHHO 371IeKTPO-
IUHAMUKU.
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IBA IIOIXOIA K IIOCTPOEHIIO MAIIMHBI BPEMEHU
AX. Ty

1 guts@omsu.ru; OMCKUI TOCyaapCTBeHHbIN yHUBepcuTeT uM. @.M. JlocToeBCKOTo

O mamnHe BpeMeHM rOBOPST C MOMEHTA BbIXOJA B CBET M3BECTHOI'O JIUTEePATYPHOTO
npousBefeHus nucarensi-panracra 'epbepra Yamica. OgHako BIiepBble peasibHbIN BO3-
MOXKHBIN MPUHUMIT pabOThl MallIMHbI BpEMeH! B paMKax 00111eii TeOpUM OTHOCUTEIbHO-
CTU OBLT OMKCaH HaMHOTO mo3ske B 1949 rony Kyprom I'énenem. 151 myTemiecTBUS B IIPO-
IIJTOe CJIe[IoBaJIa CO3A4ATh BpEMEHHYIO TeT/II0, T. €. BpeMEeHUIIOA00HY0 IIaIKyI0 KPUBYIO,
BEeIYIIYIO M3 COOBITHSI HACTOSIIEr0 K COOBITUIO IIPOIIIOT0, M 0O6PaTHO.

KiroueBoit B TaKOM NOAXO0A€e K KOHCTPYMPOBAHUIO Mall{HbI BpeMEHM SIBJISIETCS TUTIO-
Te3a 0 CyILeCTBOBaHMY BeUHOro Mupa cobbitnii M* — 4-MepHOro MHOroo6pasus, coCTo-
SIILIETO U3 COOBITMII HACTOSIEro, MPOLIOTO M OyAyIlero. JMHIITENH MO0 3TOMY ITOBOAY
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nucai: "Mbl-TO, PU3UKK, 3HAEM, UTO HUKAKOTO MPOIIOTrO HeT... BCE mpoieziinee oCTaeT-
Cs1 M TIpeObIBaeT BCeraa Ha JIMHUM MUPOBBIX COOBITHIA...". HO MOMMMO yBepeHHOCTM DiiH-
LITelHa, Y HaC MaJIO OKAa3aTe/IbCTB B MOJIb3Y CIIPaBeJIMBOCTY TUIIOTE3bI 0 BeuHOM Mupe
cobpiTuit. ECin M3HauaapHO paccMaTpuBaemasi ITpOCTPAaHCTBEHHO-BpeMeHHas MoJelb
Mupa cobbITHiT B (hopMe JIOpeHIIeBa 4-MHOro00pasus He COIEPKUT TaKUX BPeMEeHHBIX
TreTesb, TO UX IMIPUXOOUTCS CO3aBaTh, CYIIeCTBEHHO M3MeHS S TOIIOJIOIMIO U JIOPEHIIEBY
reomeTpuio Mupa cobbiTuii. CoenaTh 3TO MOXKHO, €CJIM UCIIO/Ib30BaTh TEOPUIO CJIOEHUI
U XapaKTepUCTUUEeCKMX KIaccoB Ha HUX [1].

B ominume ot JitHIITeHA, [IDKOH Yuiep cuuTai, YTO OCHOBHBIM CTPOUTEIbHBIM 3J1e-
MEHTOM B OKpYysKalolileit Hac BcesieHHOI siB/sieTcsT He "coObITHE", a "3-reoMmeTpust’. Bee-
JIeHHasl MOSIBJISIETCS] B pe3y/ibTaTe KBAHTOBOV MHTepdepeHLUM "3aMOpPOKEeHHBIX " MTPOCT-
pPaHCTB-BpEMEH,

Y[Wg] = f kY i[®¥9)ldk, c;eC, (1)

K

KOTOpbIe B €r0 Teopuy CyIeprpoCTPaHCTBa MPEACTaBISIOTCI 3-TeOMeTpUsIMU. "3aMo-
pO’keHHbIe" TPOCTPAHCTBAa-BpeMeHa, omucbiBaeMmbie Tcu-QyHkumsimu Wi[®¥4] or 3-
reoMeTpuii, — 3TO TO, UTO B UCTOPUYECKOI HAayKe Ha3bIBAETCS UCTOPUUECKMMU STTOXaMU.
BeuHbIMM SIBJISIIOTCS MCTOpPUYECKMe 310X, a He Mup coobiTuii. IIpu mocTpoeHMn KBaH-
TOBOJ Malll/{HbI BpeMeHU [I0/KEH OCYILeCTBIISITCS [epexo] U3 HACTOSLL el MCTOPUUECKO
3TIOXY B ITPOIILTYIO MCTOPUYECKYIO ITIOXY, @ He U3 HACTOSIIIEr0 COOBITHS B ITPOIILTIOe COOBI-
THe, KaK B MalllMHe BpeMeHu ['émesisa. ITo pemraet rpobdiiemMy rmapagokca memyiiku. Cie-
[IMaTbHBIM 06pa30M OpraHM30BaHHbBIN KOJIJIATC BOJIHOBOTO MakeTa

f ¥ [P9]1duk) — ¥ [09) 3)
K

Y TI03BOJISIET IePeTH U3 HACTOSILLeN MCTOPUYECKOI 3II0XU B IPOLUIYI0 MCTOPUYECKYIO
snoxy. OfHaKo, Takye repexosbl OyIyT HOCUTb BEPOSITHOCTHBINM XapaKTep, ¥ 3TO CO3TaeT
HOBBIe IPO6IeMbI IIPY peann3alyy MyTelecTBuii BO BpeMeHM. TeM He MeHee, KBAHTO-
BbIJf IOAXO[, K IIOCPOEHUIO MAlllMHbI BpEMeHM KaskeTcsl 60jiee mepcrekKTUBHBIM U Ipa-
BUJIbHBIM [2].
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PEHITOYHOE JEVICTBUE KBAHTOBOM XPOMOJIUHAMUKU
B ITPOCTPAHCTBE HIBAPIIIWJIBJIA

P.I. JayToB!

1 ramsterdau@mail.ru; Kazauckuiit (IIpUBOJKCKMIT) demepanbHbIN YHUBEPCUTET;
Hayunblii pykoBoguTenb — g. .- M. H., Tpodeccop Kabeapsl TEOPUM OTHOCUTEIBHOCTU U TPAaBUTALUN
Cymkos C. B.

[TocTpoeHe KBAaHTOBOJ TeOpUM I'PaBUTALIMM SIBJISIETCSI OOMHONM M3 OCTPbBIX MpobIemM
B COBpeMeHHOI GyHIamMeHTaabHOM (Pu3mKke. 3aMmeuaTe/IbHbBIM YCIIEXOM B 3TOM 06/1acTy
SIBUJIOCH TIpesckasanue XokuHrom [Hawking,1975,c. 199] siBeHust KBAaHTOBOTO MUCIape-
HMSI YePHBIX IbIp. BOMM31M YepHOIi IbIpbI IPaBUTALIMOHHOE I10JIe CTAHOBUTCS JOCTATOYHO
CUJIbHBIM, UTOOBI OKa3aTh BMSHME Ha KBAHTOBbIE TTPOLIECCHI.

Ha cerogHsmiHuIA AeHb KBAaHTOBAs TEOPUS MOJSI B UCKPUBJIEHHOM IPOCTPAHCTBE-
BpeMeHM BBICTYITaeT KaK HEKOTOPOe IPUOIIKeHMEe K TTOKA HEeCYIIeCTBYIOIIEel KBAHTOBO
TeOpUM IpaBUTALUN.

B HemaBHeM BpeMeHM OTKpPbLJIaCh COBepIIEHHO HOBasi 00/IacTb MCC/IelOBaHUiT - pe-
IETOYHAs KBAHTOBAsI XpPOMOAMHAMMKA B MCKPUBJIEHHOM MPOCTPAaHCTBe-BpemMeHn. Pe-
IIETOYHAs KBAHTOBAsI XpOMOAMHAMMKA — 3TO UMCII€HHbI METO/, SIBJSIOIIMIICS Hernep-
Typ6aTUBHBIM IPMMeHeHeM KBaHTOBOV XpOMOAMHAMMKH, B paMKax Imoaxoaa deitHMma-
HOBCKOTO MHTerpasa mno Tpaekropusm. B 2014 romy simoHckuM ¢dusukom Apara SIma-
MOTO ObLIa Omy6iMKOBaHa IMMoHepcKast pabora «Lattice QCD in curved spacetimes»
[Yamamoto,2014,054510]. B aToit pabore SIMaMOTO paccMaTpuBaeT PelIETOYHOe Aeli-
CTBMe B 00111eM BUe IJ151 MCKPUBJIEHHBIX POCTPAHCTB U ITPOBOAUT UMCIIEHHOE MOJIe/N-
poBaHMe pOXKIeHMS YacTull B mpocTpaHcTBe dpuamana-PobepTcoHa-Yokepa, T.e. B pac-
mupswoencsa BecemreHHoM.

BBuIy C1ab0oCTM rpaBUTALIMOHHBIX CUJI, /IS IIPOSIBJIEHNSI KBAHTOBOT'O XapaKTepa Irpa-
BUTALIMM HEOOXOIMMO, UTOOBI rPaBUTAI[MOHHOE T10J1e ObIJIO0 JOCTaTOUHO CUJIbHBIM. B CBSI-
3 C 9TUM aKTyaJIbHBIM SIBJISIETCS UCCIeJOBaHMe MTOBeleHUSI KBAHTOBOM XpOMOAVHAMUKNA
B CMJIbHBIX TPaBUTALIMOHHbBIX MOJISIX. B KauecTBe mepBOil TECTOBOV MO MOKHO pac-
CMOTpPETh CJIy4yail OKPEeCTHOCTU He Bpalllalollelics, He3apsi>KeHHOM YepHoit abIpbl. [Ipo-
CTPaHCTBO BOKPYT TaKO/ YepHOM AbIPbI ONMUChIBAETCS MeTpuKo llIBapummibaa.

B maHHOI paboTe IOCTPOEHO PENIETOYHOE IeiiCTBYe KBAHTOBOM XpPOMOAMHAMMUKY B
npocTtpaHcTBe llIBapmumuibaa. [TocTpoeHHOe peméToyHoe AEeiCTBME MOXKET OBITh VC-
T10JIb30BAHO [JIS IPOBEAEeHMS UNCIEHHbIX PACUETOB.

HEPEJIITUBUCTCKAS ®N3UKA KAK TEOMETPUSA
N TOITIO0JIOTUA ITPOCTPAHCTBA

B.M. JKypasies!

1 zhvictorm@gmail.com; YIbSIHOBCKMI TOCYAAapCTBEHHbBI YHUBEpcUTeT, HayuyHo-1CCienoBaTenbCKIit Tex-
Honornveckuii tHCTUTYT uM. C.I1. Kamuuei, yi. JI.Toncroro, 42, 432017 VabsiHOBCK, Poccus

B pa6oTe m3araeTcs Ioaxo/ K ONMMCaHNI0 IMHAMMKMY T10J1ei ¥ 4aCTHUIL, KJIacCuUecKoit
MeXaHMKM ¥ KBAaHTOBOJ TeOpUM Ha OCHOBE TOIIOJIOTO-TeOMeTPUUEeCKO MHTepIpeTaln
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MaTepuiu U ee CBOJCTB, KaK IMPOSIBJIEHNI HEeBKIUA0BOM reoMeTpun ¢pusmudeckoi rumnep-
TOBEPXHOCTU Pa3MEPHOCTHU 3, BJIOKEHHOW B €BKJIMI0BO IIPOCTPAHCTBO Pa3MEPHOCTH 4.
OCHOBHbIE TTOJIOKEeHMST 3TOTO MOX0/a M3/I0KeHbl paHee B paboTtax [1, 2, 3, 4, 5]. B gaH-
HOJi paboTe, KpoMe OMMCaHMs OCHOBHOJ KOHIIEMIINY, TTPeCTaB/IeHbl Pe3ylIbTaThl HEKO-
TOPBIX JOMOJHUTEIbHBIX UCCIeN0BAHNUM, KaCAIOIMXCS BKIIOUEHNS B TEOPUS JIEMEHTOB
CIIMHOPHOTO hopMain3Ma, Kak IPOSIBJIEHNSI MHBAPMAHTHOCTM IT0 OTHOILIIEHUIO K Bpallle-
HMSIM BO BCIIOMOTATeIbHOM IIPOCTPAHCTBE reOMeTPUUYECKUX MapKepoB.

OcHOBOI1 onMcaHus reoMeTpuM (pM3MUeCcKOro IMPOCTPAHCTBA B IIpejiaraeMoii Teopumn
siByisieTcsl QYHKIMS BBICOTHI &, Ha3bIBaeMas Takke (pyHIaMeHTa/IbHbIM MOTEHIIMAIOM,
KOTOpasi Bble/sgeT B 06beMIIoleM eBKIMI0BOM IIpocTpaHcTBe W TpexmepHYyIo rumep-
TIOBEPXHOCTD V3 ¢ IIOMOIIBIO a/re6panyeckoro ypaBHEeHNS:

u=%x1), (1

roe u - BbleJeHHasd KoopauHaTa B WHux= (X,y,2) - BeKapToBbl KOOPAMHATHI Ha '~
neprnockocty P2 ¢ W#, opToroHanpbHoi K KOOPAMHATHOMY HaIlpaBieHuIo u. B pa6ore
OyzeT mpepIionaraTbCs, YTO TUIIePIIOBEPXHOCTD, OMMCbiBaeMasi COOTHoIleHueM (1) siB-
JISIeTCs IIaJIKOi, a cama (YHKIMSI BbICOTHI & siBisieTcs dyHKumein Mopca. ITocwtentee
MIpeINoI0’KeH e 03HAYAET, UTO B TEOPUM PACCMAaTPUBAIOTCS TOIBKO Takue QyHKIIUMU F
Yy KOTOPBIX BCe KpUTHUUECKME TOUKMU P: 0.F [0x%|p = 0, IB/ISIOTCS M30AMPOBAHHBIMMA. DTO
TpeboBaHMe BaXKHO 151 YIIPOIIeHs MHTepIpeTaly 3J1eKTPUIeCcKoro 3apsiia Kak Tormo-
JIOTMYEeCKOTO MHBApMaHTa - 311epoBoi xapakTtepucTuku [1, 3]. Kak 1 B Teopun Mopca [?]
TOTIONOTHSI TUIIEPIIOBEPXHOCTM V3 He OrpaHMuUMBAEeTCs OMHOCBSI3HBIMM MHOT006pa3usi-
Mu. Kak mokasaHo B [1, 5] o6bsicHeHe 6apMOHHOTO 3apsifia M CaMOVi CTPYKTYpPbI 6apuo-
HOB CBSI3bIBA€TCS B TEOPMM C HalMM4meM pydek Yitepa B cTpykType V3. Bonee Toro, sToT
(dakT BakeH C TOUYKM 3peHMSI 000CHOBAHMS CaMOJ TeOMeTPUUECKO IIPUPOAbI QYHKIINA
&, Kak GyHIaMeHTaJIbHOTO MOTeHIMaNa. MHOT0O3HAaUYHOCTh 3TOM (YHKIIMM MOXKET ObITh
06bsICHEHA MCK/TIOUMTE/ILHO C TOYKM 3peHys HeeBKIMA0Boi reomerpun V2 [1, 5].

Bpems B JaHHOII paboTe NpepIionaraeTcsl TeKyIMM OAMHAKOBO BO Bcex Toukax W4
B HE3aBMCUMOCTM OT BbIOOpa MHEPLMAAbHOM CUCTEMbI OTCYeTa. ITO MpPeAIlookKeHNe
03HAvaeT, YTO B TAHHOI paboTe He pacCMAaTPUBAIOTCS SIBJIEHMSI C TOUKM 3PEHUS CUCTEM
oTcueTa, IBMKYIIMXCSI CO CKOPOCTBIO G/IM3KOI K CKOPOCTU CBETAa OTHOCUTEIbHO APYTUX
MHePLUAIbHBIX CUCTEM OTCYeTa. TeM caMbIM JaHHAsl TEOPUSI MOXKET pacCMaTPUBATbHCS
KaK CIoco0 reomMeTpu3anmu Kiaccuueckoi Gu3mky BMecTe ¢ KBAaHTOBOJ Teopueit Hepe-
JISTUBUCTCKUX cucTeM. OgHAKO HEKOTOPble 3aKOHOMEPHOCTH, XapaKTepHble 11 Crenm-
ajabHOM Teopun oTHOcUTenbHOCTH (CTO), 6yayT paccMOTpeHbI B TaHHOM paboTe ¢ TOUKU
3peHMs JaHHOW TeOpUN.

B paboTe Ha OCHOBe CITeIMAIbHOV KOHCTPYKLIMM - TeOMETPUUECKMX MapKepoB, pac-
CMaTpUBAIOTCSI OCHOBHbIE COOTHOIIIEHMS, BbITEKAIOIIie M3 OCHOBHBIX CBOJCTB ITPOCTPaH-
CTBa MapKepoB, TaKye, KaK HeIIPEPbIBHOCTb, CBSI3HOCTb [IPOCTPAHCTBA U TOIIOJIOIMYeCKast
BbIJIEJIEHHOCTD SKCTPeMYMOB (QYHKI[MM BbICOTHI. [Ipy 3ammcy 3TUX yCI0BUit B popMe co-
OTHOILIEHU] , 3aMMCAaHHbBIX B (PM3MUeCKMX KOOPAMHATAX, MOSIB/SIOTCS YpaBHEHUS dJIeK-
TPOAMHAMMKM C LIeJIOUMCIE€HHBIM 3apsoM 1 YpaBHEHMS TPaBUTALMOHHOTO M0JIs B pop-
Me ypaBHeHMs1 ypaBHeHMs [lyaccoHa, HO C 11ojieM HalpsiskeHHOCTU, MUMEOIMM BUXPEeBYI0
COCTABJSIOIIYI0. [IMHaMMKa 3TUX MOJIeil CBsI3aHa C BBeAEeHMEM II0JIsl TiepeHoca Mapke-
pPOB, UTO TTO3BOJISIET BBECTU B TEOPUIO YPaBHEHUS MHIAYKIMM 37I€KTPOMArHMTHOTO OIS
B [IOYTU CTAaHAAPTHOM BUJe U JOTIOJIHUTEILHO YpaBHEeHMe IPaBMMariHMTHOM MHAYKLIUN,
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KOTOpPOE OIMMCHIBAET CBSI3b HAIIPSKEHHOCTM TPaBUTALIMOHHOTO IT0JIS C TI0JIEM ITepeHoca
MapKepoB.

BBemeHMe mpoleypbl MPOCTPAHCTBEHHOTO YCPeIHEHMS C TIOMOIIbIO SIKOOMAaHa Ipe-
o6pa3oBaHMit GU3NUYECKMX KOOPAMHAT B ITPOCTPAHCTBO MapKEPOB, IO3BOJISIET ITOTYUUTh
ypaBHeHMs1 HploTOHA yacTull B ycpegHeHHOI ¢hopMe 1 ypaBHeHMs llIpenyHrepa, uTo 1o3-
BOJISIET UX COMOCTABUTD YPAaBHEHUSIM HEPEISITUBUCTCKOM DUBUKN.

B nmanbHejilieM Moka3biBaeTCsl, YTO eCTEeCTBEHHOe paciiupeHie criocoba ycpegHeHMs
MIPUBOAUT K ypaBHEHMSIM I10JI€#i 1 YaCTUII, COepsKallM JOTOTHUTeIbHbIe 3G (eKThI, KO-
TOpbIE MOKHO OTOKIECTBUTD C 3P(PEKTOM CKPITOI MACChl WJIM “TeMHOI MaTepum”.
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O TOYHBIX PENIEHUSAX B 3AJAYE O CAMOTPABUTUPVYIONIEN ITbIJIA
B.M. Xypasines!

1 zhvictorm@gmail.com; YIbTHOBCKUI TOCYIapCTBEHHbIN YHUBEpcUTET, HayuHO-1CCIe10BaTeTbCKMIA TeX-
Hosornveckuit MHCTUTYT uM. C.I1. Kanuiel, yiu. JI.Toncroro, 42, 432017 YnessHOBCK, Poccus

B paboTe paccMaTpMUBaIOTCS MOIENN AUHAMMKMY ITbIJIEBOI U 3aPSIKEHHO Cpejibl B CO0-
CTBEHHBIX IPAaBUTALMOHHBIX U 3JIEKTPUUECKUX TTOJISIX. PellieHne COOTBETCTBYIOIIMX 3a0a4
CTPOUTCSI Ha OCHOBE MeTOoAa I'MAPOAMHAMMUYECKMX TOACTAHOBOK [1], KOTOPBI SIBJISIETCS
OIHMM M3 BapMaHTOB MeTo[a (PYHKIMOHAJbHBIX ITOACTAHOBOK, 0000IIAIONIMX TTO/ICTa-
HoBKM Tuna Koyna-Xornda [2, 3]. PaccmaTpuBaioTcs Mogeny OGHOMEpPHOTO TeueHus uie-
aJIbHOJ U BSI3KOV caMOTpaBUTUPYIOIIEN cpedbl ISl 001Iero Buaa HaualbHbIX paclipe/ie-
JIEHUI ee IIOTHOCTY U CKOpocTH. CTPOSITCS 00IIMe peleHns] IMHAMUKMA CaMOTPaBUTH-
pylol1ei b AJ151 TFIOCKOM, UMAMHAPUIECKO 1 cheprueckoil CMMMeTpuit HauaJIbHOTO
pacipeneneHus MJIOTHOCTU U CKOpOCTU. [IpUBOASTCS IMpUMephbl TOUYHBIX pelleHuil U UX
a”anus. ITogxom pacmpocTpaHsIeTcsl Ha TeueHUsI B COOCTBEHHOM 3JIEKTPUUYECKOM IT0JIe B
COBOKYITHOCTM C COOCTBEHHBIM IT10JIEM TSTOTeHMsI. [IpMBOASITCS KOHKpPETHbIE TIPMMepPbI
pertennit. O6¢cykmaeTcs Crocob pacpoCTpPaHUTh JaHHbIV ITOAXO/ Ha TeueHust 6oiee 00-
IIero BMAA, He 00JIafaolye MPOCTPAaHCTBEHHBIMM CYMMEeTPUSIMMN.
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MO/IEJIb TUHAMMWYECKOI KPOTOBO¥ HOPBI C BBITIOJTHEHHBIM CBETOBBIM
OHEPTETUYECKHNM YCJIIOBUEM

E.A. Vcanaes!

1 Icdheir@mail.ru ; Kazanckuii (TIpuBOJIKCKMIA) delepaibHbI YHUBEPCUTET;
HayuHblit pykoBOoAuTeNb — . .- M. H., Ipodeccop Kabeapbl TEOPUM OTHOCUTEIBHOCTM ¥ TPaBUTALIUA
Cymixkos C. B.

AHanmM3upysi reoMeTpPHIO CTaTUUYECKOI chepruecky CMMMETPUIHOI KPOTOBO HOPBI,
Moppuc u TopH [1] ycTaHOBWIN, YTO HEOOXOIMMBIM YCJIOBMEM €€ CYIleCTBOBAHMS SIBJISI-
eTCsl Ha/lnuye B TOPJIOBMHE MaTepuu, Ajis KOTOPOil HapyllaeTcsl CBeTOBOe SHepreTnye-
CKoe ycioBue. [leTanbHbllt aHa/IN3, IPOBeIEHHbIN Xox6eprom u Buccepom [2], mokasai,
YTO 3TO yCIOBYME HeU30esKHO HapyllaeTcs B TOPJIOBUHE MPOMU3BOIbHOM CTAaTUYECKO KPO-
TOBOW HOPBI.

B ciyuyae guHaMm4eCcKux KPOTOBBIX HOP FOPJIOBMHY MOYKHO OIIpenenuTb I10 Pa3Ho-
my. OT BbIOOpA OTIpeiesieH NS 3aBUCUT BBITIOJTHEHME pPAaCCMAaTPUBAEMOT0 S9HEPTeTUUeCKO-
ro ycmoBusi. HecMoTpst Ha To, 4TO TTpo6sieMa BbITTOTHEHNS/HApYIIEeHUS] SHEePreTUYeCKuX
YCIIOBUIt B AMHAMMUYECKUX KPOTOBbIX HOpax Oblja M3BeCTHA U MpeAcTaBsisiyia 00JbIIOi
MHTepeC ellé B KOHIle MPOILUIOrO CTONEeTHsI, UCCAeA0BaTeIbCKUX paboT B 3TOI 061acTU
IIpaKTUYeCcKu HerT [3].

Llesbio paboThl ObUIO MOCTPOEHME pellleHMs] AMHAMUUeCKO KPOTOBOW HOPBI, HJIS
KOTOPOJ1 He HapyllaeTcsl Kak MUHMMYM CBETOBOE 3HepreTuyeckoe yciaoBue. B Hamem
MCCIeJOBAaHUM TOPJIOBMHA OIlpefesieHa Kak ,JByMepHas IOBEPXHOCTb C MUHUMAaJIbHOMN
IUIOIIA/IbIO B KasKIbIii MOMEHT BpeMeHn  [4]. IcXomHbIM ITYHKTOM 6bl1a MeTpIKa cepu-
YeCKy CUMMeTPUYHOM KPOTOBOI HOPBI € 3aBUCSIIIUM OT BpeMeHU payCOM rOPIOBVHLI.

B maHHOJ paboTe MOKa3aHO MOCTPOEHMe pelleHys IMHAMMUUecKoil cepudyecku CUM-
MeTPUUHO KPOTOBO HOPBI 6€3 MPWINMBHBIX CUJI, IJIs1 KOTOPOI BO BCEM ITPOCTpPaHCTBe-
BPeMeHM BBINIOJIHAIOTCS CBETOBOE U CUJIbHOE 3HepreTuyeckue yoiosus. B xone aHanmnsa
BbISIBJIEHO, UTO KOHEUHOI CTaAyel 9BOIOLNY 3TOI Mofenu OyeT KoJuiarc ¢ obpa3oBa-
HMEM T'0JIOV CUHTYISSPHOCTU.
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TOYHBIE PEILIEHUS B TEOPUU T'PABUTALIMU C HEMUHUMAJIbHOM
KVUHETUYECKO CBSI3bI0 I KOCMOJIOTUYECKOM ITOCTOSIHHOM

P.B. Kopones!, C.B. Cymkos?

1 korolyovrv@gmail.com; Kazanckuit (ITpuBo/mkckuit) dhenepanbHblii yuuBepcutet, Kazanb, Poccus
2 sergey _sushkov@mail.ru ; Kazauckuit (IIpuBoOKCKMit) demepanbHblii yHuBepcuTeT, Kazanb, Poccust

Oco06blit MogXo, K MOCTPOEeHMI0 MOAM(PUIIMPOBAHHBIX T€OPU TpaBUTAIIMM ITPEICTaB-
JISIIOT MOZ,eJIV, YYUThIBAIOI/ie HEMUHUMAJIbHYIO CBSI3b MEXAY MPOMU3BOSHBIMU OVHAMMU-
YeCKMX BeJIMYMH MaTepUaIbHBIX 0JIeI C KpUBMU3HOI IMPOCTPaHCTBa-BpemMeHn. Hambomnee
00111381 CKaJITPHO-TEeH30pHAasi TeOpUsI TAKOTO pojia Obiia octpoeHa B 70-X Tofax MpoIio-
ro crojetusi B pabore Xopuaecku [1]. [TpocTteiiimii marpaHskuad B Teopun XOpHAECKNU
CcomepKUT caraemoe Buaa G/ ¢,i$,j, KOTOpOE 0becreyrBaeT HEMUHMMAJIbHYIO KUHETH -
YeCKYI0 CBS3b CKJISIPHOTO IO/ C KPUBU3HOM. PuHanbam [2] MOCTPOUIT KacC YaCTHbBIX
TOUHBIX pellleHMi, MUMEeIOIIX XapaKTepHble 0COOeHHOCTM YEePHBIX AbIP, B YaCTHOCTH, T'O-
PU3OHT COOBITHUIA. B HacTosIIIel paboTe paccMaTpUBAETCS IeiCTBYE TeOPUM TPaBUTAIIUN
C KOCMOJIOTMYECKOV ITOCTOSIHHOM M HEMUHMMAaJIbHOM KUHETUYECKOM CBSI3bI0 CKAJISIPHOT'O
T10JIS1 C KPUBU3HOM

R-2A
S=fdx4\/—_g{7 — [eguv + NGy ¢'“¢>’”}, (1)

rae g,y — MeTPMKa IPOCTPAHCTBa-BpeMeHH, g = det(gyy), R — cKanapHas KpuBusHa, Gy
— TeH30p JiiHIIITeliHa, (b — BellleCTBeHHOe 6e3MaccoBoe CKasipHoOe Tosie, A - KOCMOJIOTH-
yeckas IIOCTOSTHHA U 1) — IapaMeTp HEMUHUMAaJIbHOM KMHETUYeCKO CBS3U C pa3MepPHO-
CThIO KBaApaTa IyiMHblL. [lapameTp € npuHMMaeT 3HadeHus +1. B arydae € = 1 Mbl uMeeM
KaHOHMYeCKOoe CKaJIsIpHOe T10JIe C MOJIOXKUTEIbHOM KMHEeTUUYeCKOM 3Hepruen, a B ciaydae
€ = —1 — (paHTOMHOE CKaJIIPHOE M0JIe C OTPULIATEIbHO KMHEeTUUECKOI sHeprueii. B maH-
HOI1 paboTe MbI MCIOJIb3YeM MeTO/, PUHaNbAY [IJISI [TOCTPOEHMS YaCTHBIX TOUHBIX Pery-
JISSPHBIX pellleHN, OTIMChIBAIOIINX KPOTOBbIE HOPBI.

Pabora noggepskaHa rpantTom PH® 16-12-10401.
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ITAPAMETPBI IUATPAMMbI XABBJIA

E.A. [TaBnoB!

1 alexpavlov60@mail.ru ; O6benvHeHHbBIN MHCTUTYT S nmepHbIxX McoiemoBanunit, Poccuiickiii rocyiapcTBeH-
HbII arpapHbIi YHUBEPCUTET

CBepxHoOBbIe TUIIa la ciaykaT CTaHAAPTHBIMUM CBeYaMu JJ1s1 IIPOBEPKU KOCMOJIO Tuye-
cKux mopeneit. ITociemHe HaGMIOOEHMS 32 CBepPXHOBBIMM TIPUBEIM KOCMOJIOTOB K 3a-
K/IIOUeHNI0, 4TO BceneHHas, ¢ Touku 3peHus CTaHOAPTHOM KOCMOJIOIMM, 3aIl0JIHEHa B
OCHOBHOM IIbUTBIO M 3aTraJJOuHOI TEMHOVi sHeprueii [1]. 111 06bsICHEeHMSI IPU UMH YCKO-
pPEeHHOrO0 paclupenus BceneHHOM MPUKIIaAbIBAIOTCS 3HAUUTE/IbHbIE YCUIUS (CM., HAIIPU-
Mep, [2]). KondopMHas kocMosornueckasi Mofesb [3] mo3BosisieT 00bSICHUTD JaHHBIE 10
CBEpPXHOBBIM 6e3 A-ujieHa. DBojonus IauH B CTaHZAPTHOM KOCMOJIOIMUYECKOI MOIe/IN
3aMeHsieTcs 3Boonyeii Macc B KondopmHoii KocMmomnoruu. @utupoBaHue guarpaMmbl
Xa66s1a ¢ oMol KoHPOPMHOI KOCMOIOTMYECKON MOfieN C Tlapamerpamu Q;jgiq =
0,755,Qpr = 0,245 [a10T TaKylo Xe KaueCTBeHHYIO alllIpOKCUMalIo, Kakyo gaét CraH-
IapTHas KOCMOJoruueckas Mogenb ¢ napamerpamu Qrambda = 0,72,Qp = 0,28 [4].
3mech Qs - mapaMeTp 6apMOHHOI MJIOTHOCTU MaTepui, () - TapaMeTp, XapaKTepu3yo-
it BRIaD A-wieHa, mapamerp (g4 OTBEUAET CBEPX’KECTKOMY COCTOSIHUIO MaTEPUM.
CyTb KOH(OPMHOTO MOAX0/a 3aK/TI0UAETCSI B TOM, UTO KOH(POPMHbIe epeMeHHbIe [5], [6]
SIBJISTIOTCST PU3MUeCKUMMM [IJIs1 ONIMCaHus rpaBuTtanuu JiiHmTeliHa. CooTHoeHus: ¢o-
TOMEeTpUYECKOe PacCTOsIHME - KpaCHOe CMelleHMe HAaXOOsATCS B aHaJIUTUYeCKOM BUJE.
dopMmysibl BRIpAKAIOTCS B ¢- U (- PpyHKUMSIX BeitepiitTpacca. [IpogeMoHCTpupyeM 371eCh
nBe KpuBble: 9 QeKTMBHAs 3Be3IHasl BeIMUYMHA - KpaCHOe CMellleHNe, VCIIOIb3yeMble B
aCTPOHOMMU, TIOJIyYeHHbIe ABYMS MomensiMu (Cm. puc. 1). HesHauuTe/bHbIe pasinums
MeXIy KPUBBIMU IIPOSIBJISIIOTCS HA PaHHEN U MO34Hei CTaausIX 3BOMIOLMIOHHOTO pa3Bu-
Tus BceneHHoii [7]. B cranmapTHO Mozenu Ajis onmucaHus AuarpaMmMbl Xa66s1a UCIob-
3YIOTCSI TPU XapaKTepUCTUKN: TTapaMeTpbl Xabbsa, 3amenieHus u Tomuka [1]. [Tapamerp
3aMejieHM s MeHsIeT CBOJ 3HAaK B TeueHMe BOIOLMM B TOUKe Iepernba KpuBOIt, UTO
MIPUBOAMUT K 3arajKe: KakoBa IMPMUUYMHA CMEeHbI peXXuMa 3aMelJIeHMsI Ha YCKOPEeHHOoe pac-
mypenne? AHajormuHble rmapaMeTpbl B KoHPOPMHOI KOCMOJIOTMM OCTAIOTCS TTOIOKM-
TeJIbHbIMY B T€UeHMe BCeli dBOMIoL MM : BcerleHHas He UCIIBIThIBAET 3araf04yHOro TOMYKa,
obcyskgaemoro B [1].
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MHOI'OMEPHAS TPABUTALIUS. JOCTOVMHCTBA 1 HETOCTATKUA
C.I. Py6un!

1 sergeirubin@list.ru ; HISTY MUOU

B nexiyn 6yayT pacCMOTpEeHbI TepPCIIeKTUBbI pPa3BUTUS U CYIeCTBOBAHMS JOIOI-
HUTEIbHOTO MPOCTpaHCTBa. BHMMaHMe OymeT o6paliieHo Ha CeAylolye BOIIPOChI:

1. HemocTaTKu: epeHOPMUPYEMOCTh, YCTOIMIMBOCTD, M30BITOK MOJIEIA.
Crabuin3anys JOMOJTHUTEbHbIX M3MepeHMiA.
Bo3HMKHOBeHME CMMMETPUI IIpY HU3KUX SHEPIUsiX, 6apyoHHas aCUMMeTpusL.

[Tpobema TOHKOI HACTPOIKY PU3MUeCKUX TapaMeTpoB BceeHHOIA.

U A N

HosBbie addexThi:

a JCKa’KeHHOe OOIIOTHUTE/IbHOE ITPOCTPAaHCTBO,

b B3auMomnpoHMKamwIIye MPOCTPaHCTBA (KPOTOBbIE HOPDI).

APOBHO-IV®OEPEHIIMAJIBHAS ®EHOMEHOJIOI'A
B ACTPO®U3UKE 11 KOCMOJIOI'U

B.B. Yuaitkusu!

1 vuchaikin@gmail.com; YIbSIHOBCKU TOCYTAaPCTBEHHbI YHUBEPCUTET

B nekiuy pacckasbiBaeTcsl O MPOM3BOAHbBIX IPOOHOTO MOPSIAKA, HEKOTOPBIX UX CBOJ-
CTBax U MPUMeHEeHUSIX B aCTpOoPMU3MUeCKMX 3a1auax M KOCMOJIOTMUEeCKNX Mopensax. Ou-
3MYeCKI, HEOOXOIMMOCTD B IPOOGHBIX ITPOM3BOIHBIX MOKET BOSHMKHYTH 10 IBYM ITPUUA-
HaM: KOrja Hab/ogeHIo JOCTYITHA JUIb YaCTh 3aMKHYTOM CMCTeMbI, 1 KOT/a eé OKpY-
SKEHUIO TIPUCYIIEe CBOVCTBO caMmonono6ms. CaMorogoome (CKeMIMHT) SIBIsSIeTCS Xapak-
TepPHO 4epTOoit TypOyJIEHTHOCTH, ¥ TI03TOMY €CTEeCTBEHHO OKMIATh, YTO B acTpodu3uye-
CKMX 3a/1a4ax, rIe TypOyJeHTHOCTb SIBJISIETCS e[Ba JIM He IJIaBHBIM ITPOI[eCCOM, U B KOC-
MOJIOTUM, pa3ensioleii BceleHHYIO Ha BUAMMYIO ¥ HEBUIMMYIO YacTu, IPOOGHbIe TIPOo-
M3BOJIHbIE JOJIKHBI CHITPATh OMpeneNeéHHYI0 pojib. Takue paboThl Ie/iCTBUTENBHO eCTh,
OJIHAKO MX HEMHOTO0. B jiek1ium 1aércst 0630p 1 MecTaMy KpUTHUUECKMIT aHAIM3 TaKUX pa-
60T, 7,00pasi MOoI0BMHA KOTOPBIX BHITIOTHEHA IIPY TOI MM MHO CTeIlleHM y4acTus aBTopa
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nekuyy. CoTHeUHbIe BCIBIIIKM M COTHEUHBIN BeTep, MHTEPIIpeTalys JaHHbIX Yucca u
BosiiskepoB MO COTHEUHBIM KOCMUUECKUM JyuaMm, Andpdy31oHHbIe TPO1ecchl B MOJIEKY-
JIIPHBIX 00/1aKax, pacrpocTpaHeHe KOCMUUeCKMX JIydeii B MeXKIVIAaHeTHOM U MeK3BE3] -
HOM ITPOCTPAHCTBE, 00pa30BaHMe 1 YCKOPeHMe KOCMUYeCcKUX Jiyueit B ['alakTuKe, MesKkra-
JIAKTUYECKMI IEPEHOC KOCMUYECKUX JIydeli — arpobanyst pooHo-audGepeHIMaaIbHOTO
arrmaparta BO BCeX 3TUX 3ajiauax Jaja MoJaoKuUTelbHbI 3P deKT. 3akaounTe/bHas 4YacTh
JIEKIIVM TTOCBSIIeHa APOoOHO-IuddepeHIIMaaIbHBIM MOIE/ISIM B KOCMOJIOTUN. [IaéTcst Kpu-
TUYECKMIT aHAIU3 UTOTOB (paKLUMOHAMIM3AINM (3TUM CJIOBOM aBTOp ob6o3HavaeT ¢op-
MaJIbHYIO 3aMeHY ITPOM3BOAHBIX I[€/TbIX ITOPSIKOB APOOHBIMY ITPOU3BOIHBIMM) KOCMOJIO-
rMYeCcKuX ypaBHeHM, TOKa3bIBAIOIIMII 6eCriepCrieKTUBHOCTb IIPMMeHeHMs 3TOTo arnria-
paTa K OIHOPOIHBIM 3aMKHYTbIM cucTeMaM. [IpMBoaIMble aBTOPOM HOBbIE Pe3Y/IbTaThl,
TTOJIy4YeHHBIE M B COABTOPCTBE C €r0 yUeHMKaMM, KacaloTCsl BOSHMKHOBEHMSI M Pa3BU-
TUSI KPYITHOMACIITaOHOV CTPYKTYpbI BcesleHHOT: B 3TOM 06/1aCTU IPMMeHeHMe TPOOHO-
nuddepeHIMaTbHOTO anmapaTta BIIoJTHe 000CHOBAHO.

Pabora BbIIOMHEHA MpU IoaAepkke MuHMCTEpCTBA 00Opa3oBaHMS M HayKu Pd
(2014/296) u Poccuiickoro ¢doHma (GyHmaMeHTaJbHbIX McoIenoBaHuit (rpaHT 16-01-
00556).

HEBPOYHOBCKUE BJIVJKIIAHHWS B MOJIEJIV PA3BUTUSA I'AJIO
TEMHOM MATEPUU

B.B. Yuaiikun!, JI.H. Be36aTbko?

1 vuchaikin@gmail.com; YIbSITHOBCKMI TOCYIapCTBeHHbBIN YHUBEPCUTET, YIbSIHOBCK, Poccust
2 barrakkudal2@gmail.com ; YIbSIHOBCKUIT TOCYTAapPCTBEHHBIN YHUBEPCUTET, YIIbSIHOBCK, Poccust

OmHUM 13 HaITpaBJIeHMI MOIeIMPOBAHMS KPYITHOMACIITAOHOM CTPYKTYPbI BCEJIEHHO
SIBJISIETCSI TTOJIXOJT, OCHOBAHHbIN Ha TeOpUM CIyUYaiitHbIX OMyskaaHuit. Bo MHOrMx paboTtax
I71S1 9TOI 1€ CTI0J/Ib3YeTCsI MOZelb O6pOyHOBCKOTO ABVOKeHMS [1]. [M1aBHO Maeei 3TOro
MO/IX0/Ia SIBJISIeTCs 00pa30oBaHMe JTOKaIM30BAHHOTO 37IeMeHTa CTPYKTYPbI ITPU TOCTUXKe-
HUM QIIYKTyauUsSIMU TJIOTHOCTY KPUTUUYECKOI BeJIMUMHBI, Ha3bIBaeMOi 6apbepoM. Mo-
nenb 6POYHOBCKOTO IBMKeHMS IPMHMMAeTCs B TakMX paboTax 3a aKCMOMY U He MCKITIO-
yaeT pacCMOTpeHMe 6osiee oOUIMX Moesieit. HekoTopbie aBTOPbI CUUTAIOT OPOYHOBCKYIO
MO/IeJib He BITOJIHE KOPPEKTHOV BBUAY OTCYTCTBUS KOppensinii u apyrux 3¢ dekTos, xa-
paKkTepuU3yIOUIMX pealbHbIli Pu3mMueckuit mpoiecc [2,3].

B Hacrosuem nokinazge pacCcMaTpuBaeTcs 3ajava O paclipeneieHuy BpeMeHy IepBo-
ro JOCTVKeHUM 6apbepa B paMKaxX MOJeNu ypaBHeHUs TUIIepOboIMyeckoro Turma (Tene-
rpadHoe ypaBHeHMe), SIBJISIOIIErocs: 00061eHeM 00bIYHOTO YpaBHeHMS nuddy3mu. Ha
OCHOBe 3TOro obo6uieHust moguduiypyercs popmanmusm IIpecca-IllexTepa u CTpoUTCS
(dyHKI1IMS pacripeneneHs Macc rajio. Pe3ynbTaTbl CPABHUBAIOTCS C MU3BECTHBIMU PE3Yilb-
TaTaMu B MoZe/Iy 6pOyHOBCKOTO ABMKEHMSI, IPOOHOTO GPOYHOBCKOTO ABUKEHMS U TaH-
HbIMM N-4aCTMYHOTO MO enInpoBaHus [4].

Pa6oTa BBITIOIHEHA MTPY YaCTUYHON moaaepskke POOU B paMKax HaydYHOTO ITPOEKTa
N216-01-00556.
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BoiBog, 3. ®epMu 06 OTPUIIAHUM CYIECTBOBAHMS BHE3EMHBIX IIMBUIM3ALNI BBUILY
OTCYTCTBUSI CBUIETENbCTB UX MTpeObIBaHMS B Halllel ['aylakTiKe U e€é OKpPeCTHOCTY Ha-
3pIBAIOT mapagokcoM depmu BCIeICTBME MPOTUBOPEUYMS PaCUETaM, COIJIACHO KOTOPBIM
KosioHM3aLus ['amakTUKM MHBIMUY UVMBUIN3ALUUSIMMU (€CIU TAKOBbIE CYLIECTBYIOT) BIIOJIHE
BBIMIOJIHMMA 32 BpeMms €€ cylecTBoBaHMs. ['unoresa @epmu NpuBOOUT TAaKKe K BBIBOAY
00 MCKITIOUMTENbHOCTY 3eMHO IIMBUIMU3AINY, HecOBMecTUMOMY ¢ Kocmosornueckmum
MIPUHLUIIOM, OTPULIAIOIIMM HaJlu4Me NPUBUIETMPOBAHHbBIX CUCTEM OTCUETA.

Pa3pemenne napagokca depmMy ecTeCTBEHHO MCKaTh HA ITyTU COBEPIIEHCTBOBAHMS
dbeHomeHonorMUeckoit Mmomenyu nuddysuu, yopapisiomeii 3TuM mpoieccom. OueBu-
HO, 00bIuHas AMddy3nMoHHasT Moesb, C 00CYKIeHNUsI TPMMEeHMMOCTY KOTOpOJ Hauu-
HAIOT CBOI0 MepCIeKTUBHYIO cTaThbio HplomaH u CaraH [1], HecoBMecTHMMa C KPYITHO-
MacCIITaOHOM CTPYKTYpOJi BceseHHOM, 1 MO 3TOV MpuYMHE IOAXOASAIIYI0 MOAENb Clie-
oyeT MCKaTh B Kjacce aHOMalabHbIX AM(dYy3MOHHBIX Moneseit. B cratbe [2] obcyxkaa-
eTCsl TepPKOJISIMOHHAs MOJeNib, B paMKaxX KOTOPOW pacnpoCTpaHeHMe LMBUWIM3ALUN
paccMaTpuUBaeTCs KaK e€ MmpocauyMBaHue CKBO3b KOCMUYECKMe CTPYKTypbl. HacTosmmit
IDOKJIaM, TTOCBSIIEH OOCY>KIEHUIO TTepCIIeKTUB ITPMMEHEHMsT K 3TOi mpobiieme Apo6GHO-
nnddepeHIMaNTbHOV MTEePKOAIIMOHHOM Monaenu [3]. JpobHo-nudbddepeHIMaNIbHbIN Xa-
pakTep b @y3MoHHOTO oIlepaTopa OTpakaeT MPUHIIUINAIbHYIO CYIITHOCTD AubQyHIM-
pylolei UMBUIN3ALMN: €€ TIaMSITh U Ha/inuMe BHYTpeHHell MHGOPMAaIMOHHO CBSI3N.
Kpome 3Toro, mpejjaraemMasi Mojie/ib YUUTbIBaeT TyOuUTeIbHOE AeiiCTBMEe KOCMUYECKUX
pagualMOHHbIX M0JIe, SIBJISTIONIVNXCS CMIbHBIM OTPaHNUYUTEbHBIM (paKTOPOM paccMar-
puBaeMoit nuddysun. B mokname mJaéTcs BbIBOJ YpaBHEHMS MePKOISLUMOHHON Anddy-
3un ApobHo-muddepeHanbHOro auddepeHInaIbHOIO TUIIA, IPUBEAEHO pelleHne B
IBYX 3KBUBaJIEHTHBIX (hopMax, 00CYKIal0TCs IlepBbie KaueCTBeHHbIe OL[eHKM, TIOTyUeH-
Hble B paMKax 3TOI MOJeJN.

PaboTa BbITIOIHEHA MTPY YaCTUYHON moaaepskke POOU B paMKax HaydYHOTO ITPOEKTa
N216-01-00556.
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