Bauman Moscow State Technical University

XXII International Scientific Conference

Physical Interpretations
of Relativity Theory

Moscow, 5-9 July, 2021

Abstracts

V4 /
/ * 7
O

l‘\' ':L‘"\— X AN : L i \// /
a \/ L'.'.'!!!!-“ \ \/<\ A /'/ /



Bauman Moscow State Technical University

International

Scientific Conference

Physical Interpretations of Relativity Theory
Moscow, 5-9 July, 2021

Abstracts

Moscow, 2021




Bauman Moscow State Technical University

Physical Interpretations of Relativity Theory: International Scientific
Conference (Moscow, 5-9 July, 2021): Abstracts / Bauman Moscow State Technical
University. — Moscow: BMSTU, 2021. — 136, [1] p.

The conference focuses on the following issues: discussion of physical,
geometric and mathematical interpretation of the theory of relativity and its modern
generalizations; discussion of observed effects, and experimental verification of the
theory of relativity; methods for recording gravitational waves; effects of relativistic
electrodynamics and optics of moving media; astrophysical observations and space
experiments.

Support and assistance were provided by The State Duma Committee on
Education of the Russian Federation, Department of Physics, University of
Liverpool, Great Britain, Russian Gravitational Society, Moscow Physical Society,
The International Society on General Relativity and Gravitation, British Society for
the Philosophy of Science, Calcutta Mathematical Society.

© Bauman Moscow State Technical University, 2021



CONTENTS

Agrawal A.S., Mishra B., Tripathy S.K. Matter bounce scenario in an
EXIENAET Gravity......c.ovuiiiti it
Akpojotor G.E., Ibeh G.J. Can the Higgs radiation as the fundamental ener
source be the path to a theory of everything?.........cccoooeviiieiic e,
Alexeyev S.O., Krichevskiy D.P. Study of gravity models with nonlinear
SYMMELTy 1€al1ZAtION ... .oiit et
Antonyuk P.N. A new approach to the derivation of the law of universal
gravitation from Kepler’s laws.............oooiiiiiiii
Avramenko A.E. Pulsar: physical generalization of galactic time-space.......

Babourova O.V., Frolov B.N., Khetzeva M.S., Kushnir D.V. The structure of
the curvature tensor of plane gravitational waves......................ooovee
Babourova O.V., Frolov B.N Decrease of the effective cosmological
constant in the Poincare gauge theory of gravity with a scalar field............
Beesham A., Bishi B.K., Mahanta K.L. Reconstruction of some
cosmological models from the deceleration parameter...........................
Behera D. Anisotropic Cosmological Models in f(R,T) Theory................

Berezin V., Dokuchaev V., Eroshenko Y., Smirnov A. Cosmological
solutions in Weyl geometry.........ooviviiiiiii
Bolshakova K.A., Chervon S.V. Effective one-field model of TMS gravity
with Higgs potential..............oooiiii e
Burinskii A.Ya. The Dirac electron consistent with proper gravitational and
electromagnetic field of the Kerr-Newman solution..............................
Chaadaev A.A., Chervon S.V. Exact spherically symmetric solution of
F(R, OR) Gravity......ootiit i e e
Chakraborty S., MacDevette K., Dunsby P.K.S. A model-independent
approach to dynamical system analysis in cosmology............................
Chervon S.V., Fomin L.V. Chiral cosmological models of f(R,(VR)?, oR)
o v 04 L
Dokuchaev V.1., Nazarova N.O. Images of black holes...........................

Dorofeev V.Yu. Gravity on a nonassociative algebra..............................

Emtsova E.D., Krssak M., Petrov A.N., Toporensky A.V. On the
Schwarzschild solution in TEGR ...
Eroshenko Yu.N. Primordial black holes in the early Universe..................

Fil’chenkov M.L., Laptev Yu.P. VVacuum Polarization and Particle Creation
TOr TWO-HOTIZON MEITICS. . ..vv ettt

7

14

16

18
19

20

22

24

25

27

28
30

32

33
35



Fisenko S.l. Analogy of star formation with the formation of plasma of
multicharged ions in pulsed high current discharges..............................
Fomin I.V., Chervon S.V. Relic gravitational waves in cosmological models
based on the modified gravity theories...............coocoiiiiiiiiiii i,
Garat A. A new symmetry for the imperfect fluid in relativistic
AT O P Y SICS . . .ttt
Garcia-Farieta J.E., Hellwing W.A., Gupta S., Bilicki M. Probing gravity
with redshift-space distortions: effects of tracer bias and sample
SEIBCLION. ... e
Gladyshev V.O., Sharandin E.A., Skrabatun A.V. Generation of the third
optical harmonic in air under femtosecond infrared repetitively pulsed
O (& 11110 ) | R
Grib A.A., Pavlov Yu.V. Some properties of nonsynchronous reference
frames 1N COSMOLOZY ... .vintii et e,
Gutierrez-Pineres A.C. Newman-Janis Ansatz for rotating wormholes........

Ibeh G.J., Akpojotor G.E. Current Status of the Newtonian, Inflationary and
Cyclic Models of the Early Universe. ..........coooviiiiiiiiiiiiei e
1l’ichov L.V., Rostom A.M., Shepelin A.V., Tomilin V.A. Multiworld Motives
by Closed Time-like CUIVES. .........c.ooirii i,
Ivanova I.D. Null shells and double layers in quadratic gravity.................

Izmailov G.N. An uniform model for Dark Matter and Dark Energy............

Izmailov G.N., Ozolin V.V. Precision Clock Network As Space-Based
GraVvIty ANTBINNAS. ...ttt e e
Kadam S.A., Mishra B. Late time cosmic acceleration in f (T, B) gravity......

Kamalov T.F. What are Non-local VariableS?..........ooooveeeeeeeeeeeen

Karimov R.Kh., Izmailov R.N., Nandi K.K., Ivanova A.A. Shapiro delay in
Kerr-Sen black hole......... .o
Kassandrov V.V., Markova N.V. Extended geometry and kinematics
induced by biguaternionic and twistor Structures.................ccceveveeneenn..
Khamis Hassan M.H., Volkova O.A., Kamalov T.F. Phenomenon of dark
matter and dark energy as result of non-calculation additional derivatives....
Kopylov S. The hypothesis of black hole evaporation in multidimensional
] 0210 J PP
Koshelev N.A. Extended f (R) theories with Kinetic curvature scalar in the
weak fileld regime. . ...,
Kruglov A.l., Okunev V.S. Expansion of the Concept of the Term "Physical
42 T 110

38

41

42

43

44

45
47

48

48
49

51

52
53

54

56

58

62

63

65



Krysanov V.A. Noise factor and reception bandwidth in optoacoustical GW
1] 0] - TP
Le T.D. A study of space-time variation of the gravitational constant using
high-resolution quasar SPeCtra............c.cooviiiiii i,
Lebed A.G. Breakdown of the Equivalence Principle for a composite
QUANTUM DOTY . ... e e
Levin S.F. Cosmological distance scale: discordances and rank inversion.....

Li B., Zhang H., Shum P. The Underlying Mechanisms of Time Dilation
Effect in Curved Space-Time. .....c.oouiiiiii e

Lohakare S.V., Mishra B. Dynamical behaviour of accelerating
cosmological model F(R,G) gravity.........coooviiiiiiiiiiiiieieeea,
Makarov A.M., Luneva L.A. The problem of the existence of gravitational
waves In classical PhysICS. .. ..o
Mayburov S. Search for periodical variations of nucleus weak decay
L 11 [=] (=T T PP
Meierovich B.E. Gravitational Radius in view of Existence and Uniqueness
TREOIEIM . ..,
Milyukov V.K. The space-borne gravitational wave detector TianQin:
Current progress on science and technology..............cooeviiiiiiiiiiinnn,
Mishra B. Little Rip Cosmology in Extended Gravity...........................

Monakhov V.V., Kozhedub A.V. Spinor vacuum and C, P, T inversions........
Okunev V.S. An Elementary Analysis of the Simplest Relations of Relativity

Olkhov O.A. Theory of relativity and geometrisation of quantum
MECNANICS. .. e,
Pati L., Mishra B. Dynamics of f(Q, T) gravity with variable deceleration
L 111 ] U
Petrov A.N. The field-theoretical methods in Lovelock gravity.................

Petrova L.I. The connection of the field theory equations with the equations
of mathematical physics. The nature and origins of dark matter and dark
2] 0T 0 PP
Petrov V.A. Space-Time Scales in High Energy Collisions......................

Pinto I.M., Addesso P. Estimating the Chirp-mass and Eccentricity of
Coalescing Binary Systems from Time-Frequency Representations of their
Gravitational Wave Emission..............oooiiiiiiiiiii i,
Pinto I.M., Pierro V. Fully Optimized Ternary Coatings for Next Generation
Interferometric Cryogenic Detectors of Gravitational Waves...................
Pokrovsky Yu.E. F(R,G) Gravity with Maximal Noether Symmetry............

71

75

76
76

80

80

81

82

84

86
88

88

89

91

94
95

97
99


https://istina.msu.ru/publications/article/17163832/
https://istina.msu.ru/workers/1295413/

Pustovoit V., Gladyshev V., Kauts V., Morozov A., Nikolaev P., Fomin 1.,
Sharandin E., Kayutenko A. High frequency gravitational waves:

generation, deteCtioN. ... ... ..ot 104
Ray P.P. Stability analysis of two-fluid dark energy models..................... 105
Romero C. The Invariant Weyl Theory of Gravity...................cooeenini 106
Rudenko V., Andrusenko S., Krichevskiy D., Manucharyan G. Euro-Asian
gravitational network: criteria of quality..................ooooiii 107
Sahoo P.K. Wormhole geometry in a modified symmetric teleparallel
GEAVIEY Lo 108
Sharif M. Noether Symmetry Technique in Modified Gravity................... 109
Shishanin A.O. Examples of Calabi-Yau threefolds with small Hodge
11010010 S) ¢ SR 109
Siparov S.V. Completely geometric theory.............cooiiiiiiiii .. 111
Timofeev V.N. On the force caused by a null Einstein-Maxwell field with
the plane SyMmMEIY. .. ..ot e 114
Toporensky A.V., Zaslavskii O.B. Flow and peculiar velocities in the
background of spherically symmetric black holes................................ 117
Trell E. From Photon to Oganesson: Lie Algebra Realization of the Standard
Model Extending over the Periodic Table.......................onl . 117
Tripathy S.K. Unified Dark Fluid models in Brans-Dicke Theory.............. 118
Vargashkin V. Statistical analysis of random error of satellite measurements
of anisotropy of CMB temperature in temporally and frequency areas......... 119
Vertogradov V.D. Forces in Schwarzschild, Vaidya and generalized Vaidya
SPACELIMIES. . .ottt e, 123
Yurasov N.I. About spin of a massive particle in the Standard Model.......... 124
Yusupova R.M., Izmailov R.N. Properties of thin accretion disks in the space-
time of a non-singular charged blackhole.......................con L. 127
Zhuravlev V.M. The principle of materiality of space and the theory of
fundamental fields. ... 128
Zhuravlev V.M., Chervon S.V. Method of multiscale expansions in problems
of cosmological inflation. ...t 132
Zloshchastiev K.G. Superfluids in astrophysics and all that jazz................ 135
Zubair M. Evolution of Tsallis Holographic Dark Energy in Minimally
Coupled Gravity......c.ooeiii i 136



Matter bounce scenario in an extended gravity

Agrawal A.S.}, Mishra B.2, Tripathy S.K.3

! Department of Mathematics, Birla Institute of Technology and Science-Pilani,
Hyderabad, India

2 Department of Mathematics, Birla Institute of Technology and Science-Pilani,
Hyderabad, India

3 Department of Physics, Indira Gandhi Institute of Technology, Odisha, India

E-mail: agrawalamar61l@gmail.com, bivu@hyderabad.bits-pilani.ac.in,
tripathy sunil@redi_mail.com;

In this paper, we have studied the bouncing cosmology in extended theory of
gravity in an anisotropic space time. The bouncing scenario has been formulated to
avoid the big bang singularity. We have studied the behaviour of Hubble parameter,
deceleration parameter and equation of state parameter. The scalar field
reconstruction and the stability of the model are performed with appropriately
placing the representative value of the model parameters. The violation of strong
energy condition has been shown.

Can the Higgs radiation as the fundamental energy
source be the path to a theory of everything?

Akpojotor G.E.}, Ibeh G.J.2

! Department of Physics, Delta State University, Abraka, Nigeria
2 Department of Physics, Nigerian Defence Adacemy, Kaduna, Nigeria

E-mail: akpogea@delsu.edu.ng, gjibeh@nda.edu.ng;

In this study, we revisit the age long Einstein assertion that the inertia of a
body depends on its energy content. By demonstrating with both macroscopic and
microscopic systems, we reaffirmed that the energy content provides the inertia. The
implication for the Einstein energy-mass relation as possible fundamental equation
is then formulated. We then propose that the fundamental energy source is the Higgs
radiation from the big bang and that the competition between the kinetic energy
(motion speeds) and potential energy (collision types) has been responsible for the
types and behaviours of the emergent particles hence the first microscopic systems
and then macroscopic systems. One immediate observation is that both the emergent
theory and the reductionist theory have this same fundamental energy source as the
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kernel of their theories with the former moving forward in time and the latter moving
backward in time. We are then led to further postulate that the Higgs radiation as the
fundamental energy source is the path to a theory of everything.

Study of gravity models with nonlinear symmetry
realization

Alexeyev S.0.1, Krichevskiy D.P.1?

! Sternberg Astronomical Institute, Moscow State University, Moscow, Russia
2Bauman Moscow State Technical University, Moscow, Russia

E-mail: alexeyev@sai.msu.ru, daniil.krichevskiy@mail.ru;

In this paper we study gravity models with nonlinear symmetry realization.
Nonlinear symmetry realization lets one derive phenomenological Lagrangian of
Goldstone modes which appear due to spontaneous symmetry breaking [1]. We
consider a situation, when symmetry is spontaneously broken from a bigger group —
Poincare group, extended with operators of conformal group (the first model) or
operators of special linear group (the second model) — down to Poincare group [2].

For the first model we show that 5 emerging scalar fields can’t generate
inflation in the early Universe.

In the second model 10 emerging scalar fields are associated with gravitational
degrees of freedom. We show that the scalar degree of freedom does not interact
with matter and gravitational modes, so that gravitational modes are described by
traceless symmetric matrix. We also derive interaction Lagrangian for the
gravitational modes and vector field. The vertex of the theory describes four-particle
interaction.

References:

1. Coleman S.R., Wess J., Zumino B. Structure of phenomenological
Lagrangians /l Phys. Rev. 1969. V.177. P.2239-2247.
DOI:10.1103/PhysRev.177.2239;

2. Arbuzov A., Latosh B. Gravity and nonlinear symmetry realization //
Universe. 2020. Vol.6(1). P. 12. DOI:10.3390/universe6010012.



HccienoBanue rpaBUTAMOHHBIX MO/IeJIeH €
HeJIMHEHHOM peaiu3anuedl CMMMeETPUM

Aunekcees C.0.1, Kpuuenckmii JI.IT.12

LA MTY, Mockea, Poccus
SMITY um. H.O. baymana, Mockea, Poccus

E-mail: alexeyev@sai.msu.ru, daniil.krichevskiy@mail.ru;

B nmaHHOM paboTe HCCIEAYIOTCS MOJCIM TpaBUTAIlMM C HEJIWHEWHOU
peasm3anuerd cumMMeTpuu. HennHelHas peanus3auudss CHUMMETPUM  TO3BOJISIET
NoJIyduTh  (DEHOMEHOJIOTMUECKHI  JlarpaHXuaH  TOJJICTOYHOBCKHX MO,
BO3HUKAIOIIMX M3-3a CIIOHTAHHOTO HapylleHus cuMmMmetpud [1]. PaccmartpuBaercs
CIIOHTAHHOE HApyIIEHHWE CUMMETPUHU OT OoJibliield rpynmnsl - rpynmbl [lyaHnkape,
paciiMpeHHoM omeparopaMu  KOHGOPMHON rpynmnbl (TiepBasi MOJENb) WIH
OMepaTopaMM CHEHHUAIbHON JIUMHEHHOW rpymnmbl (BTOpas MOJIENb) - 10 TPYMIbI
[lyankape [2].

B mepBoil Mozienu MokazaHO, YTO S5 BO3HUKAIOIIMX CKAaJAPHBIX MOJIEH HE
MOTYT BbI3BaTh HH(IISIIUIO B paHHEN BceneHHoi.

Bo BTOpo#t Mmoaenu 10 BOZHMKAIOIIUX CKAJSPHBIX MOJIEH aCCOLUUPOBAHBI C
IPaBUTAIIMOHHBIMU CTeneHsIMA cBOOOJbI. [lokazano, 4TO cKajisipHas CTeneHb
CBOOOJBI HE B3aUMOJICMCTBYET C BEIIECTBOM M TPaBUTAIMOHHBIMH MOJIAMHU,
MOPTOMY T'PaBUTAIMOHHBIC MOJBI OIHKCHIBAIOTCS OECCIeIOBOM CHUMMETPUYHON
Marpune. [lomydyeH narpaHkuaH B3aMMOJCUCTBUS JUISI TPABUTALMOHHBIX MOJ U
BEKTOPHOrO  moJisl. BepmmnHa  TEOpUM  ONHUCBHIBAET  YETHIPEXYACTUYHOE
B3aUMOJICHCTBHE.

Jlureparypa:

1. Coleman S.R., Wess J., Zumino B. Structure of phenomenological
Lagrangians /l Phys. Rev. 1969. V.177. P.2239-2247.
DOI:10.1103/PhysRev.177.2239;

2. Arbuzov A., Latosh B. Gravity and nonlinear symmetry realization //
Universe. 2020. Vol.6(1). P. 12. DOI:10.3390/universe6010012.
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A new approach to the derivation of the law of universal
gravitation from Kepler’s laws

Antonyuk P.N.?2

! Lomonosov Moscow State University, Moscow, Russia
2 Moscow Institute of Physics and Technology, Dolgoprudny, Russia

E-mail: pavera@bk.ru;

Everyone knows that the inverse square law follows from Kepler's third law.
Let us prove more: the law of universal gravitation follows from Kepler's third law.

Kepler knew that his law applied not only to the Solar system, but also to the
Jupiter-satellites system. In this case, the constant value in the law has a different
numerical value. This means that the constant depends on the mass of the central
body (Sun, Jupiter).

We can write a functional equation for this constant, the general solution of
which gives a formula for the constant versus mass. The found formula leads us to
the law of universal gravitation.

HoBblil M0aX0/ K BHIBOAY 3AaKOHA BCEMUPHOI'0
TAroTeHus u3 3aKoHOB Kemiepa

AnTtonok IT.H.1?2

! Mockosckuii 2ocyoapcmeennwiii ynusepcumem um. M.B. Jlomonocoea, Mockeéa, Poccus
2 Mockogckuii puzuxo-mexuuueckuii uncmunym, Jjoneonpyouuiil, Poccus

E-mail: pavera@bk.ru;

N3BecTHO, 4TO 3aKOH OOpaTHBIX KBAJpaTOB CIEIYyET M3 TPEThEro 3aKOoHa
Kennepa. Jlokaxkem OoJibliiee: 3aKOH BCEMUPHOTO TATOTCHUS CIIEIYET U3 TPETHErO
3akoHa Kemepa.

Kenuep 3Hai, 4To €ro 3aKOH NPUMEHUM HE TOJIbKO K COJTHEYHOU cucTeME, HO
u K cucteMe FOnutep — ciytHuku. [Ipy 3TOM OCTOsIHHAS BETMYMHA B 3AKOHE UMEET
JIPYroe 4ucjiIOBO€ 3HAYEHHE. JTO O3HAYAET, YTO MOCTOSIHHAS 3aBUCHUT OT MAacChl
uentpanbHoro tena (Connue, FOnurep).

JIyist 9TOM MOCTOSTHHOM MBI MOYKEM HaIucaTh (PYHKIIMOHAIBHOE YpaBHEHUE,
oOIiee permeHne KoToporo faet (GopMmyiy 3aBUCHUMOCTH MOCTOSHHOW OT MAacChl.
Haitnennas popmMya npuBOAUT HAC K 3aKOHY BCEMUPHOTO TATOTCHUSI.
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Pulsar: physical generalization of galactic time-space

Avramenko A.E.
Pushchino Radio Astronomy Observatory, Russia
E-mail: avr@itaec.ru;

After the cancellation of the unit of time - the second as a fraction of the
tropical year adopted in 1960 and the definition of the atomic unit of time instead of
it in 1967 by the number of periods of the radiation of the cesium atom 133, in
physical systems of time measurement, significant collision arose with the
ephemeris time based on the theory of planetary motion and their physical
applications, established in 19th century Le Verrier and Newcomb. Atomic time,
stable over short enough intervals only, could not compete with sidereal time on a
secular scale. In addition, serious problems arose with its mathematical adaptation,
taking into account the uncertainty of the gravity factor in 4-dimensional time-space.
The same problems could not escape the pulsars just discovered at that time.

The monotonically decelerating rotation of a pulsar with a constant derivative
of the rotation period is fully consistent with the requirements for the time scale,
which were formulated in ephemeris astronomy (V.K. Abalakin, 1978). The time
scale is considered as any material system with continuous and stable motion and
representing a certain measurable parameter P, which changes over time as a
function of the independent variable of time t. The observed rotation period of the
pulsar P(t)=P, +Pgoxt is just such a measurable parameter. The fixed value of the
derivative of the period Py, determines, firstly, the same conditions for
synchronization of the spatial time scales by the initial value of the period Py in any
spatial coordinates system, and, secondly, the uniformity of the pulsar time scales
over an unlimited extent in each of them.

The physical and metric features of ephemeris time scales in the space of the
Solar system based on observations of the pulsar B0O850 + 08 are considered. The
measured daily period increment AP show a stable monotonic increase in the
rotation period of the pulsar with a resolution up to the 25th decimal position,
corresponding to the derivative of the period Pyo: = 1.676E-16. At the same time, up
to the 14-15th decimal positions, corresponding to the femtosecond resolution of the
pulsar scale, the daily increments of the period are strictly constant within the entire
observation interval. The remaining decimal positions of AP, from 14-15th to 25th,
are expressed in a countable number of randomly repeating combinations of them.
This testifies, according to our hypothesis, that here we are dealing with the
quantum-mechanical interaction of a wave of electromagnetic radiation from a

11
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pulsar with a matter field with its own properties inherent in the physics of
nonequilibrium processes associated with the self-organization of dissipative
structures (I.R. Prigogine, 1986).

By analogy with the definition of the previous solar second as a fraction of the
tropical year, the definition of the unit of time - the pulsar second - is given as the
number of periods of the radiation of the pulsar BO850 + 08 measured on the
specified date, with accuracy up to 15 decimal positions. This definition, as the
previous solar second, is also associated with the kinematic characteristics of a
neutron star only. It independent of the gravitational factor, and, unlike the atomic
second, has absolute stability in an unlimited time interval. Thus, this definition of
the pulsar second corresponds to the conditions of the physical implementation of
the coordinate time scales adapted in the space of the solar system.

Iyabcap: pusndeckoe 0000IeHNE TAJTAKTHIECKOT0
BpeMeHU-TPOCTPAHCTBA

ABpamenko A.E.
[Tymunckas PaguoActponomuueckas O0cepBaropusi, Poccust
E-mail: avr@itaec.ru;

C OoTMEHOM HMCUMCIIEHUS] BPEMEHU HAa OCHOBE MPUHATON B 1960 r. equHUIBI
BPEMEHM - CEKYH/]Ibl KaK JIOJIM TPOIIMYECKOTO roJia U BBeJAeHUEM B 1967 r. arToMHOM
€UHULIBl BPEMEHHU, OMPENIEIAEMON M0 YMCIy MEPUOJOB U3TYyUYEHUSI aToMa Le3Uus
133, B Qusnueckux cCUCTEMax HM3MEPEHHUS BPEMEHU BO3HUKIIM HEMPEOJI0THMbIC
npoTuBOpeursi ¢ 3(eMEepUuIHBIM BpEMEHEM, YCTaHOBJICHHBIM eime B 19 Beke
Jleeeppe ¥ HBIOKOMOM Ha OCHOBE TEOPHHM  IUUIAHETHBIX JIBIDKEHUH U HX
NPAKTHUYECKUX MPHUIOKECHUM. ATOMHOE Bpemsi, CTaOWJIbHOE TOJIbKO Ha
OTHOCHUTEJIFHO KOPOTKUX MPOMEKYTKaX, HE MOTJIO KOHKYPHPOBATh CO 3BE3HBIM
BpEMEHEM Ha BeKOBOM MacITade. K Tomy ke BOSHUKIIM CEPhe3HbIE TPOOJIEMBI C €T0
MaTeMaTU4YECKON ajjanTalueil ¢ y4eTOM HEOIpeeIeHHOCTH (aKkTopa TATOTCHUS B
4-MepHOM BPEMEHHU-TIPOCTPAHCTBE. DTH K€ MP0OJIeMbl HE MUHOBAJIA M TOJIBKO YTO
OTKPBITBIE HA TO BPEeMs TyJIbCapHhl.

MoHOTOHHOE 3aMeJICHUE BPAIlICHUS MyJIbcapa ¢ MOCTOSIHHOM MPOU3BOIHON
nepuojia MOJHOCTBIO COTJIacyeTcsi ¢ TPEOOBAHUSMHU K IIKaJ€ BPEMEHHU, KOTOPhIC
opn chopmynupoBansl B ddemepuanon actpoHomun (B.K. AbGamakun, 1978).
[lkama BpeMeHH, Kak HEKOTOpas MaTepHaJbHOW CcHCTeMa, oOJajaromas
HETIPEPBIBHBIM U yYCTOMYMBBIM JABUKEHHEM W MPEACTABISAIONIAs OMNpPEIeIICHHBIN
U3MEpUMBIA TapaMeTp P, W3MEHSIONMICSs cO BpeMeHeM B Buue GyHKIUU

12
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HE3aBUCUMON repeMeHHO BpeMeHH t. IMEHHO TakuM M3MEPUMBIM MapamMeTpoOM
SBIIAeTCA  HaOMomaeMblii  mepuoj  BpamieHus mynbcapa  P(t)=Po+Pgo xt.
dukcupoBaHHAsl BEJIMYMHA MPOU3BOAHON mepuona Pyt onpenensier, Bo-NepBbIX,
yCJIIOBUE CUHXPOHM3AIMU MYJIbCAPHBIX IIKaJ BPEMEHU MO HA4YaJbHOMY 3HAYEHUIO
nepuoaa Pg B 11000i MpOCTpaHCTBEHHON KOOPAMHATHOW CHCTEME, U, BO-BTOPBIX,
PAaBHOMEPHOCTbH MYJIbCAPHBIX IIKAJ BPEMEHH Ha HEOTPAaHUYEHHOW MPOTSHKEHHOCTH
B KQXJIOW U3 HHX.

PaccmaTpuBaroTcs pusndeckre u METpuIeckiue 0COOEHHOCTH MIKaJl BPEMEHU
nyiascapa BO0850+08 B mnpoctpanctBe ConHeuHoOil cuctemsbl. M3mepeHHbie
CyTOYHBIE IIpUpaLlEeHUA repuoaa AP IIOKa3bIBACT a0COJIIOTHYIO
JETEPMUHUPOBAHHOCTh TEPUOAA BPAILCHHS IyJbcapa C pa3pelieHueM a0 25-ro
JECATUYHOTO 3HAKa MPH MOCTOSHHON MPOM3BOHON neprojia Pyo= 1,6 76E-16. Tlpu
3TOM J10 14-15-r0 n1ecATUYHOrO 3HaKa, COOTBETCTBYIOIIETO (PEMTOCEKYHIHOMY
pa3pelIeHuIo0 MyJbCAPHOM IIKajdbl, CYTOYHbIE MPUPAIICHUS IEPUOJA CTPOro
MIOCTOSIHHBI B MPEJIENAaX BCEro MpOMEeXyTKa HaOmoAeHnil. OcTallbHbIE JECATUYHbBIC
3Haku AP, ¢ 14-15-ro 10 25-10, BBIpaXarOTCS CUETHBIM YHUCJIOM CIIy4YailHbIM
0o0pa3oM NOBTOPSIIOIIMXCA MX KOMOMHAIMM. DTO CBUAETEIbCTBYET, MO HAaIIeH
TMIIOTE3€E, YTO 31ECH MBIl HIMEEM JIEJIO C KBAHTOBO-MEXAaHUYECKUM B3aMMOIEHCTBHEM
BOJIHBI 3JIEKTPOMArHUTHOTO HM3TYyYEHMS Iyjbcapa C MOJIEM MaTE€pUu CO CBOMMU
OCOOEHHOCTSIMHU, XapaKTepHbIMU U1 (PU3MKH HEPABHOBECHBIX IPOIECCOB,
CBA3aHHOM C camoopranuzamueil auccunatuBHeIX CcTpykTyp (M.P. Ilpuroxwus,
1986). IlynbcapHas Imikana BpEeMEHHM, TaKMM O0O0pa3oM, OOHApYy>KUBAET 3THU
BOJIHOBBIE B3aMMOJEHCTBUSA W O€30IIMOOYHO JIETEKTHPYET KX BO BPEMEHH,
MOATBEPXKAAasi TEM CaMbIM, UTO IMYJIbCAPHBIE IIKATbl BpEMEHU €AUHBI 1151 ©U3MEPEHUSI
JOOBIX MPOLIECCOB, MPOTEKAIOIIUX B TATAKTUYECKOM MTPOCTPAHCTBE.

[lo ananoruu ¢ onpeaeseHUEeM COJTHEYHOW CEKYHJbl B IMPOUUIOM Kak JIOJIH
TPONMYECKOrO TOJla TaHO HOBOE OIpPEACNICHUE €AUHUIBI BPEMEHU — IYJIbCAPHOU
CEeKyHJbl KaK 4HuCJa NEPHOJOB M3IIyYECHHs, U3MEPEHHBIX Ha yKa3aHHYIO AaTy, C
TOYHOCTBIO 10 15-T0 pecsatuuHoro 3Haka. Kak u mpexkHee onpeneneHue CEKyHIbl
KaK JOJM TPOIHYECKOTO TOJa, OHO TAaKXKE CBSI3aHO C KUHEMaTUYECKUMU
XapakTepucTuKaMu HeuTpoHHoM 3Be3abl B0850+08, obOnamaer abcomrOTHOM
YCTOMYMBOCTHIO B HEOTPAHUYECHHOM MPOMEKYTKE BPEMEHU U SIBIISICTCS (PU3HUECKON
peanuzanuen eUHULIBI BpEMEHH B KOOPJMHATHBIX IIKAJaX BPEMEHU, IPUHSATHIX B
npoctpaHcTBe COJHEYHOW CHCTEMBI.
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The structure of the curvature tensor of plane
gravitational waves
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The Theorem is proved that the action of the Lie derivative on the plane wave
curvature 2-form in the direction of the vector generating in an affine-metric space
the invariance group of this wave is equal to zero.

It is known that metrics, torsion and nonmetricity of the plane wave type admit
a symmetry group 2 of space-time motions in an affine-metric space with the
conditions, Lygqp =0, LyT“ =0, LyQuz = 0, Where Ly is the Lie derivative
along the vector field X = (a + b'x + c"y)dy + b0, + cd,, [1]. Here a = const,
b(u), c(u) are arbitrary functions of retarded time u, and b’, ¢’ are their derivatives.
The following Theorem is proved.

Theorem: The action of the Lie derivative on the curvature 2-form R,z of a
plane gravitational wave in the direction of the vector generating in an affine-metric
space the 5-parameter invariance group of this wave is identically equal to zero:
LxRyp = 0.

In the Riemann space of General Relativity, the components of the curvature
tensor depend on three arbitrary functions that determine the metric, of which only
two determine the Ricci tensor: R;; = A(u) + C(u) (the curvature scalar is equal to
zero). Therefore the curvature tensor of plane gravitational waves can carry
information encoded by these two functions in the wave source. The third function
remains arbitrary. This fact can be useful if gravitational waves can be used to
transmit information.

References:

1. Babourova O.V., Khetzeva M.S., Markova N.A., Frolov B.N. Structure
of plane gravitational waves of nonmetricity in affine-metric space. Class. Quantum
Grav. V. 35, pp. 175011 (8pp), 2018.
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CTpyKkTypa TeH30pa KPUBU3HBI IVIOCKHX
rPaBUTAIIMOHHBIX BOJIH
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M3BeCTHO, YTO METPUKA, KPYUCHHE U HEMETPHUHOCTh THIIA TJIOCKOH BOJIHBI
JOITyCKaloT B ahPHUHHO-METPUICCKOM IPOCTPAHCTBE S-TIapaMETPHUYECKYIO TPYIITY
Gs cummeTpun co cBodcTBaMu: Lygqp =0, LyT* =0, LxQup =0 rne Ly —
npousBoaHas Jlu B HampaieHuu BektopHoro moist X = (a+ b'x + c'y)oy +
boy + cd, [1]. 3mecs a = const , b(u) , c(u) — mnpousBoybHBIC (YHKIUN
3ama3/IbIBaloIIero BpeMeHu U, a b’, ¢’ — ux mpousBojaHbie. J[oka3aHa ciemyromas
Teopema.

Teopema: [leiicTre npoussoaHoi JIu Ha 2-popMy KpUBHU3HBI Ryp TIOCKOM

rPAaBUTALlMOHHOUN BOJIHBI B HAIIPABJIEHUU BEKTOPA X , TeHepHpytomiero B appuaHo-
METPUYECKOM NPOCTPAHCTBE S-TIApaMETPUUYECKYI0 TpyIlny (s WHBAPUAHTHOCTH
3TO BOJIHBI, TOXKIECTBCHHO PaBHO HyIi0: LyRyp = 0.

B npoctpanctBe Pumana OTO KOMIOHEHTHI T€H30pa KPUBU3HBI 3aBUCST OT
TpPeX NPOU3ZBOJIBHBIX (DYHKIUH, OMPENESIONMMUX METPUKY IIJIOCKOW BOJHBI, U3
KOTOPBIX TOJIBLKO JIBE ONpeesatoT TeH3op Puuun: Ry; = A(u) + C(u), Ipu paBHBIM
HYJIO CKalsipe KPUBHU3HBI.

TeM camblM TEH30p KPHUBHU3HBI IUIOCKOW TPAaBUTALIMOHHOW BOJIHBI MOKET
MEPEHOCUTh UH(POPMALIMIO, KOAUPYEMYIO STUMHU IBYMSI (DYHKIIMSIMU B UCTOYHUKE
BOJIHBL. TpeThs (hyHKLMS OCTAaeTCs MPOU3BOJBHON. DTOT (haKT MOXKET OKa3aThCs
MOJIE3HBIM, €CJIM TPABUTALMOHHBIE BOJIHBI CMOTYT OBITH HCIOJIB30BAaHbI JIs
nepeaadn nHpopmaIum.

Jlureparypa:

1. Babourova O.V., Khetzeva M.S., Markova N.A., Frolov B.N. Structure
of plane gravitational waves of nonmetricity in affine-metric space. Class. Quantum
Grav. V. 35, pp. 175011 (8pp), 2018.
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Decrease of the effective cosmological constant in the
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In the Poincare gauge theory of gravity, it is proved that at the super-early
universe, the effective cosmological constant decreases exponentially from a
huge value at the Big Bang to its modern value.

A truncated version of Poincaré gauge theory of gravity is considered, the
Lagrangian of which contains the squares of the torsion tensor (which thus plays a
dynamic role in the theory), but excludes the squares of the curvature tensor. In this
case, by analogy with [1,2], the Lagrangian contains a term (playing the role of dark
energy) with the effective cosmological constant, which depends on the Weyl—Dirac
cosmological scalar field £.

The super-early stage of the universe with spatially flat FRW metric and scale
factor a(t) is considered. Under the condition that the constant of the self-action of

the field £ and the coupling constant of the field £ with torsion are substantially

small (but not equal to zero), a cosmological solution is found, which is similar to
that obtained in [1,2]. The peculiarity of this solution consists in an exponentially
sharp decrease in the effective cosmological constant (within the time of inflation)
with a transition to its present value at a large value of time. At the same time, the
scale factor a(t) demonstrates inflationary behavior.

It can be assumed that the found solution can serve as a basis for solving the
well-known cosmological constant problem also in the Poincaré gauge theory of
gravity, and not only in the Poincaré—Weyl gauge theory of gravity.

References:
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2. Babourova O.V., Frolov B.N. On the exponential decrease of the
“cosmological constant” in the super-early Universe// Journal of Physics:
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B nmyankape-kaJiuOpoBOYHOM TEOpPUHU TpaBUTALMM MMOKA3aHO, YTO B CyMep-
paHHel BcesleHHOU 3 (heKTUBHAST KOCMOJIOTHYECKAas TOCTOSTHHAS YKCIIOHECHIIMATBHO
YMEHBIIIAETCSI OT OTPOMHOM BEJIMUKHBI ITPU BOJIBIIIOM B3phIBE O COBPEMEHHOTO €€
3HAYECHHS.

PaccmarpuBaercsi ycedeHHBI BapHaHT IyaHKape-KaIMOPOBOYHOM Teopuu
rpaBUTAIINH, B JIATPAH)KHUAHE KOTOPOH MPUCYTCTBYIOT KBaJAPaThl TEH30pa KPYUCHUS
(KoTOpo€ TEeM CaMbIM HUTpaeT JNUHAMUYECKYIO pOJb B TEOPUM), HO MCKIIIOUCHBI
KBaJpaThl TE€H30pa KpuBH3HBL. [Ipu 3TOM B narpanxuaHe mo aHaioruu c [1,2]
NPUCYTCTBYET (WUrparoliee poJjib TEMHOW JHEepruu) ciaraemoe ¢ 3hdexTuBHOU
KOCMOJIOTUYECKOW ITOCTOSSHHOM, 3aBUCALIEH OT KOCMOJIOTHYECKOIO CKaJSPHOIO
noJist Betins—upaka [ .

Paccmotpena cyniep-panssis ctaaus BceneHHOM ¢ mpOCTpaHCTBEHHO MIIOCKOM
Metpukoir ®PY u macmrabueiM daktopom a(t) . Ilpu ycioBuu cyliecTBEeHHOM

MaJIOCTH KOHCTaHT CaMOJICHCTBUS MO 5 M CBS3M oJiA [ ¢ KpyUCHHEM HaiJIeHO

KOCMOJIOTHYECKOE PEIICHUE, aHAJIOTHYHOe mojydeHHomy B [1,2]. OcobGeHHOCTh
JAHHOTO pEIIEHHUS] COCTOUT B JKCIIOHEHIIMAIbHO PE3KOM  YMEHBIICHHUH
3¢ (PEeKTUBHON KOCMOJOTHYECKON MOCTOSHHOM (B Mpeaenax BpeMeH! MHOISALUN) C
MEePEXO00M K COBPEMEHHOMY €€ 3HaYEHUIO MPHU OOJIBIIOM 3HAYEHUH BPEMEHH.

MoxHO Toarath, 4YTo HalWJEHHOE PElIEHUE MOXKET CIYKUTh OCHOBOM st
pelieHusi W3BECTHOM TpoOJieMbl KOCMOJOTHYECKON TIMOCTOSIHHOM TakXke W B
nyaHKape-KaTuOpOBOYHOM TEOpUH TpaBUTAIlMU, a HE TOJBKO B ITyaHKape-BEillb
KaJIMOPOBOYHOM TEOPUHU IPaBUTALIMH, UTO OBLIO TOJTy4yeHo B [1,2].

Jlureparypa:
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Since the discovery of the late-time acceleration of the universe [1],
researchers are still trying to find an explanation for it. This is regarded as the most
Important unsolved problem in cosmology today [2]. The most favoured explanation
Is dark energy, an unknown or exotic form of matter with negative pressure. One
may argue that particle physics may provide the answer in time. Currently, the
LambdaCDM model is regarded as the best model. Although this model is
reasonably successful and widely accepted, there is growing interest in looking at
alternatives. Some of the reasons for this are the fine-tuning, coincidence,
inflationary paradigm and cosmological constant (Lambda) problems, and whether
general relativity is valid on large scales [3].

One focus in trying to understand dark energy is to assume some form of the
scale, Hubble or deceleration parameter (or some other reasonable assumption), and
then to see how well the model fits in with current observations. This approach is
broadly called re-construction. In this talk, we focus on the deceleration parameter.
We provide a brief review of the various forms of the deceleration parameter that
have been employed in the past in cosmology, and then focus on one particular form
in an alternative theory, f(R,T) gravity, which has drawn a lot of attention. We note
that it is most worthwhile to study alternative dark energy & dark gravity models in
order to fully understand the entire space of possibilities [4], if nothing else. The
parameters of our model are derived and analysed, and shown to be consistent with
observations. The energy conditions are also discussed.
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We have investigated some cosmic transit models in the framework of an
extended gravity theory where the usual Ricci scalar in the gravitational action is
replaced by a sum of the Ricci scalar and a term proportional to the trace of the
energy momentum tensor. A hybrid scale factor is assumed to simulate the cosmic
transit behaviour. The hybrid scale factor has two parameters that describe the
behaviour of the model at an initial epoch and at a late epoch. The parameters of the
hybrid scale factor have been constrained from the cosmic transit behaviour. Four
different cosmic transit models have been constructed and are confronted with the
observational Hubble parameter data. A cosmographic test for the cosmic transit
models is conducted to assess their dynamical evolution. The effect of the model
parameters on the cosmic dynamics has been investigated.
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The idea of the emergent Universe is very attractive. And the more symmetric
it at the very beginning, the easier this may happen. The cosmological principle —
homogeneity and isotropy — gives us an example of such symmetry. Is it enough?
Roger Penrose and Gerard ‘t Hooft say — no! They advocate for yet another one —
conformal invariance. This means that (at least) the very early Universe has no fixed
scale. In construction of the conformal invariant Lagrangian we restrict ourselves to
the so-called Quadratic Gravity. Then, in the Riemannian geometry there exist only
one suitable combination, namely, the square of the Weyl tensor (completely
traceless part of the curvature tensor). The corresponding left-hand side of the field
equations, the Bach tensor, is linear in the Weyl tensor itself and its second covariant
derivatives. But, for any homogeneous and isotropic cosmological space-time (i.e.,
Robertson-Walker metric with arbitrary scale factor) the Weyl tensor is identically
aero. Thus, any cosmological metric is the vacuum solution of the Weyl gravity in
the framework of the Riemannian geometry —no cosmology at all! In 1919 Hermann
Weyl invented a new geometry, which is now called the Weyl geometry. He
introduced some 1-form and incorporated it into the connections by demanding that
the new covariant derivative of the metric tensor coefficient equals this 1-form times
that very coefficient. Then, he showed that in order these new connections to be
conformal invariant, the 1-form must behave under the conformal transformation of
the metric as the gauge field. It was the great discovery! How about the cosmology
in the Weyl geometry? We started with construction of the Lagrangian for the single
particle moving in the given gravitational field in the Weyl geometry and discovered
that there may exist some new interaction, absent in the Riemannian geometry (and,
particularly, in General Relativity). This due to the existence of the yet another
invariant, namely, the contraction of the 1-form with the particle four-velocity vector
We called it “the invariant B”. And we were able to incorporate it into the
Lagrangian for the perfect fluid. The cosmological principle requires that the Weyl
1-form should have only one (temporal) non-vanishing component depending only
on the time coordinate. Hence, it can be removed by a suitable conformal
transformation (also depending only on time). In such a gauge all possible functions
of our new invariant B are converted into the set of some constants. The
corresponding solutions we called “the basic solutions”. Given the basic solutions,
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the general ones are obtained by the arbitrary time-depending conformal
transformation of both metric tensor and the 1-form. The important role in the
existence of the non-trivial cosmological solutions is played by the possibility of the
particle creation.

Kocmosornueckue peureHusi B reomerpuu Best
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Nnes Bo3HuKaromien BceneHHOW 4pe3BblYaliHO IpuBJeKaTelbHa. M yem
Oojee cuUMMETpUYHa OHa B CaMOM Hauaje, TEeM Jerdye 5TO COBEPIIUTb.
Kocmonorndyecknii IpUHIMI — OJHOPOAHOCTh M M30TPONMUSA — AACT HaM IIPUMEP
takoi cummetpuu. Joctatouno nm 3toro? Pomxep Ilenpoy3 u Kepap TOdt
ropopsaT — Her! OHM paTylOT 3a CyIIECTBOBAHUE €LI€ OJHOM — KOH(OPMHOI
MHBAapUAHTHOCTU. DTO O3HAYaeT OTCYyTCTBHE BO BceeneHHoll (o kpaiiHeil mepe, B
caMOM Hayajie) Kakoro-nub6o Macmrada. IIpu KoHCTpynpoBaHMHM KOH(OPMHO
MHBAPUAHTHOTO JIArpAH)KMAaHA Mbl OTPAHUYMMCS KBAJIPATUYHOW TIpaBUTALIMEH.
Torma B pamMkax pMMaHOBOW I€OMETPUU CYLIECTBYET TOJIBKO OJHA MOAXOASAIIAs
KOMOUWHalus — KBagapart TeH3opa Beiins. CooTBeTCTBYOIAs JIeBas 4aCcTh ypaBHEHUN
moysi, TeH30p baxa, MponmopuLMOHAIIEH caMOMYy TEH30py Beilns u ero BTOpBIM
KOBApUAHTHBIM NPOM3BOAHBIM. HoO s 11000ro OJHOPOAHOTO W HM30TPOIHO
KOCMOJIOTUYECKOTO MPOCTPAHCTBEHHO-BPEMEHHOTO0 MHOroobpasust (T.e., A
meTpuku Pobeprcona-Yokepa ¢ Mpou3BOJIbHBIM MAacIITA0HBIM (haKTOPOM) TEH30P
Beitnsg ToxxnecTBeHHO paBeH HyJO. Takum o0pa3om, Tro0as KOCMOJIOTHYECKas
METPHKA €CTh BAKYYMHOE PElICHUs BEMJIEBCKOM KOHPOPMHO TPaBUTAILIUU B paMKax
PHUMAaHOBOM reoMeTpuu — KocMoiioruu HeT v B nomuue! B 1919 rony I'epman Beitnib
IpHUIyMajl HOBYIO T€OMETPHIO, KOTOPAst TENEPh HOCUT €ro UMsi. OH BBEJI HEKOTOPYIO
1-bopmy m BcTpous ee B KOI((GUIIMEHTHI CBA3HOCTH, MOTPEOOBAB, YTOOBI HOBAas
KOBAapUaHTHAs MPOU3BOAHAS KOA(D(PUIIMEHTOB METPUUECKOrO0 TEH30pa PaBHAJIACH
npou3BeAeHUI0 3TOU 1-popMbl Ha 3TH ke KOAIDPUIMEHTH METPUKU. 3aTEM OH
nokaszas. Yto st Toro, 4roObl CBS3HOCTH ObUIM KOH(POPMHO WMHBAPUAHTHBI, |-
dopma nomkHa BecTh ceOsi mpu KOH(MOPMHOM MpeoOpa3oBaHUM METPHUKHU Kak
KamMOpOBOYHOE MOJIe. ITO OBUIO BETUKOE OTKPhITHE! A KaK HaC4eT KOCMOJIOTHH B
reoMetpun Beinisi? Mbl Hadaim ¢ TOCTPOEHHMS JIarpaHKUaHa ISl OJMHOYHOM
YaCTHIIHI B 33JJTAaHHOM TPaBUTAIIMOHHOM II0JIE€ B TeOMETpUU Belis u oOHapy K,
YTO MOJKET MMETh MECTO HEKOTOPOE HOBOE B3aMMOJIEHCTBHUE, OTCYTCTBYIOLIEE B
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puUMaHOBOM reoMeTpuH (4, B yactHocTH, B OTO). U aTo b6iarogaps cyiiecTBOBaHUIO
elle 0IHOT0 MHBapHaHTa — CBepTKe 1-(popMbI ¢ BEKTOPOM 4-CKOPOCTH YaCTHIIBI. MBI
Ha3BaJlIMd €ro «MHBapHaHT B». M Ham yaaiock BCTPOWUTH €ro B JIarpaH)KuaH IS
uaeanbHou Kuakoctu. COOTBETCTBYIOIIME PEIICHUS Mbl Ha3BaId 0a30BbIMU. MMest
0a3oBble  pemieHHs, oOOImee pelIeHHus TONydYaTcsi MPOCTO  KOH(POPMHBIM
npeoOpa3oBaHUEM METPUKA M KaIMOPOBOYHBIM IpeoOpa3oBaHueM 1-(hopMmel.
Baxxnyro poib A CylIecTBOBAaHUSI HETPUBHAIBHBIX KOCMOJIOTUYECKUX PELICHHIMA
UTPAET BO3MOXKHOCTD POXKACHUS YACTHIL «3a CUET T€OMETPUN.

Effective one-field model of TMS gravity
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In [1], we introduced into consideration a model that was built by transforming
non-minimal gravity with the Higgs potential to the tensor-multi-scalar theory of
gravity (TMS TG) instead of the standard conformal transformation to general
relativity. Examples of solutions of such a model were obtained in the slow roll-off
approximation for the Higgs boson and two auxiliary fields.

We discuss the possibility of calculating cosmological parameters (spectral
indices of scalar and tensor perturbations, tensor-scalar ratio) for the obtained
solutions of an inflationary nature and their correspondence to observational data.
Since the algorithm for calculating the cosmological parameters in the multifield
theory of gravity has not been developed, we propose a method for reducing the
three-field model to an effective TMS TG model with one scalar field. The report
presents the constructed effective one-field model for which the cosmological
parameters are determined in the case of a weak field.
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B pa6oTe [1] MBI BBEIM B paCCMOTPEHHUE MO/JIEIb, KOTOPasi MIOCTPOCHA 3a CUEeT
npeoOpa30BaHNs HEMUHUMAIbHOM I'PaBUTALIMU C MOTEHLIUAIOM XHUITCA K TEH30PHO-
MyJbTH-CKalsipHoi Teopun rpaButanmu (TMC TI') BmecTo cTaHZapTHOIO
KoH(opMHOro npeodpazoBanus K OTO. bbuiu noxyyeHsl TpUMeEpPbI peIeHU I TaKou
MOJIENN B MPUOJIMKEHUM MEJJICHHOTO CKaThIBAHHUS JJIsi XMITCOBCKOIO 0O30Ha U
IBYX BCIIOMOI'aTEIbHBIX I1OJIEH.

Mp1 00cyk/1aeM BO3MOKHOCTb BBIYHUCICHHUSI KOCMOJIOTMUECKUX ITapaMeTpOB
(ciekTpajbHblE HMHAEKCHl CKaJSPHBIX W TEH30PHBIX BO3MYIIEHUH, TEH30pHO-
CKaJISIPHOE OTHOUIEHME) ISl MTOJIyYEHHBIX pelleHN HHIISILIMOHHOTO XapakTepa 1
UX COOTBETCTBHE HAOIIOAATEIbHBIM JaHHBIM. [IOCKONBKY anropuT™M BBIYUCIICHUS
KOCMOJIOTMYECKHX IMAPAMETPOB B MYJIBTUIIOJEBOW TEOPUM TPABUTAIUM HE
pa3paboTaH, Mbl TMpeIaraéM METOJ CBEJIEHUS TPEXIOJIEBOM MOJEIN K
s¢pdextuBHort momenn TMC TI' ¢ omHuMm ckangpHeIM mosneMm. B goknane
MpeACTaBICHAa NOCTpoeHHas 3(DPEeKTUBHAST OJHO MOJIeBasi MOAENb, JJisi KOTOPOU
onpeaeneHbl KOCMOJIOTMYECKUE TapaMeTPhl B CIIyyae cj1adoro moJis.

Jlureparypa:

1. K.A. Bolshakova, S.V. Chervon, Grav. Cosmol., v.26, No. 2, pp. 153-
151 (2020).

23


mailto:bolshakova.ktrn@gmail.com
mailto:chervon.sergey@gmail.com

The Dirac electron consistent with proper gravitational
and electromagnetic field of the Kerr-Newman solution

Burinskii A.Ya.
Nuclear Safety Institute RAS, Moscow, Russia
E-mail: Burinskii@mail.ru;

The consistent with gravity Dirac electron is considered as the Kerr-Newman
black hole (BH) solution regularized by the Higgs symmetry breaking model. Such
a regularization of the Kerr-Neman BH field at the “classical” distance re =e%/2m
gives the electron the shape of a thin disk (reduced) Compton radius. Disk is filled
with the superconducting Higgs vacuum, and the superficial circular currents are
created by gravitational frame-dragging at the edge border of superconducting disk.
The Dirac wave function propagates along the disk border in the form of a thin string.
We solve the corresponding Dirac equation self-consistent with the corresponding
Kerr-Newman gravitational and electromagnetic field. The fixed-time solution is
described in Heisenberg picture as a symmetric string formed of two half-strings. In
the Shroedinger picture, obtained by unitary transformation, the observable size of
the electron is reduced by Lorentz contraction, the symmetry of the half-strings is
broken, and the potential difference appears between the ends of the half-strings
which corresponds to the voltage predicted by Josephson effect for the rotating
superconducting junctions.

JekTpoH /Inpaka corjiacoBaHHbI ¢ COOCTBEHHBIM
rPABUTANMOHHBIM M 3JICKTPOMATHUTHBIM I10JIEM pellleHUs
Keppa-Hbromana

Bypunckmnii A.51.
UFPAS PAH, Mockea, Poccus
E-mail: Burinskii@mail.ru;

CornacoBaHHbBI C TpaBUTAlMEN SJEKTpOH Jlupaka paccMmaTpuBaeTcsl Kak
pemienue g yepHou Awipel (Y1) Keppa-Hwromana (KH), perynsipuzoBanHOE
MOJIEJIBI0 HAPYILICHUsI cCUMMeETpUM onst Xurrca. Perynspusanus nons YJ[ KH na
“knaccuueckom” paamyce le =€2/2m mpupaer 51neKTpoHy (OpMy TOHKOTO AMCKA
(TI0JIOBHHBI) KOMIITOHOBCKOTO pannyca. JMCK 3amojIHeH CBEPXIIPOBOASIINM
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BakyyMOM XHWITCa, B KOTOPOM TIPaBUTAllMOHHOE 3aTSATMBAHUE ITPOCTPAHCTBA
IIOPOKIAET TIOBEPXHOCTHBIE KOJIBLIEBBIE TOKM HA OCTPOM Kpae CBEPXIPOBOIALIETO
nucka. BonmnoBas gyHkumst [{upaka pacnpocTpaHsieTcsi BAOJb TPAHMIIBI UCKA B
BHJI€ TOHKOW CTpyHbl. MBI pemiaem ypaBHeHue Jlupaka, caMOCOIJIaCOBaHHOE C
COOTBETCTBYIOIIUM T'PAaBUTALMOHHBIM M 3JIeKTpoMarHuTHbIM nosieM KH. Tounoe
pemieHue ans (PUKCHPOBAHHOTO MOMEHTa BpPEMEHHU OIMCBHIBACTCA B KapTHHE
['eiizenOepra Kkak CUMMETpUYHAsl CTpyHa, oOpa3oBaHHas W3 ABYX IMONYy-CTpyH. B
kaptuHe  [lIpeaunrepa,  NOJXYYEHHOM  COOTBETCTBYIOIIMM  YHHUTApHBIM
IpeoOpa30BaHUEM, HAOJIONAEMBI pa3Mep HJIEKTPOHA YMEHBLIAETCS 3a CYET
cokpameHus JIopeHna; CMUMMETpHsl TOJIYCTPYH HapyLIAeTCs, U MEXKJy KOHIaMU
IIOJIyCTPYH BO3HHUKAET PA3HOCTh NOTEHLMAJIOB, COOTBETCTBYIOLIAs HAINPSKEHUIO
s dekra [Ixozedcona 1715 BpALIAIOUINXCSl CBEPXITPOBOISAIINX KOHTAKTOB.

Exact spherically symmetric solution of f(R, oR) gravity

Chaadaev A.A.%, Chervon S.V.123

1 Ulyanovsk State Pedagogical University, Ulyanovsk, Russia
2Bauman Moscow State Technical University, Moscow, Russia
3 Kazan Federal University, Kazan, Russia

E-mail: alexandr308@mail.ru, chervon.sergey@gmail.com;

Modified (R, (VR)?,0OR) gravity can be represented [1] as a Chiral Self-
Gravitating Model (CSGM) with the action

[— d4- E—lh A, B w_w
g X ZK 2 AB(‘p)(p,,U.(p,Vg ((p) )

where the target space metric h,g(¢) and the potential W(¢) take a form
connected with the choice of models’ parameters.
We study the model of f(R,OR) gravity in the frame of CSGM with the 3D

2
target space and nonzero metric components: hy; =1, hyz = h3y = %e \EX. The
corresponding potential is

1 -2 1 -2
W=Wwk¢ e =e ﬁxd) G J;’X(f(qb, ®) — 9B(¢, 9)).

We are looking for solutions in the spherically symmetric spacetime in the
harmonic coordinates

ds? = —e?Wdt? + ePW+2v@ gy 2 + e2PW (d9? + sin? O de?).
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We found the exact solutions for W = 0 and the special choice of the field

X:){=—\/§ln2:

$=ciu+c,, @ =C3u+Cy, v= Aju+A,,
B1=-v—Inju—u,|
exp(Zu(u—u,)
cosla(u—u,
f3= —-v+iIn ( (a )).

The results of consideration the case for W = const. will be presented as
well.

References:

1. S.V. Chervon, J.C. Fabris, and 1.V. Fomin. Spherical symmetric
solutions of f(R) gravity with a kinetic curvature scalar. arXiv:2005.11858v1 [gr-qc]
(2020).

Tounble cpepuyecKd CMMMETPUYHbIE PellIeHUs
f(R, OR) rpaBuTanum

Yaanaes A.A.L, Uepson C.B.}?3

L Vawanosckuii Focyoapemeennuiii Iedazoeuveckuii Ynueepcumem um. M.H. Yavanosa,
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Moauduuuposannas f (R, (VR)?,0OR) Teopus TIPaBUTALMHU MOXKET OBITH
npencraBieHa [1] xak Kupansnas Camo-I'paButupytromas Mogens (KCI'M) c
JEUCTBUEM

[ — d4‘ ﬂ_lh A, B w_w
g X ZK 2 AB(¢)¢,#¢,vg ((p) )

re MeTpuka mpoctpaHctBa nejiei hyg(@) n norennuan W (@) npuHuMaroT BU
COOTBETCTBYIOIIHI BHIOOPY TTapaMETPOB MOJICIIH.

B nannoit pabore mbl mzywaem moxens f(R,OR) rpaBuTanud B paMKax
KCI'M B 3-X MEpHOM MPOCTPAHCTBE LETEH C HEHYJIEBBIMU KOMIIOHEHTAMMU:
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2
o u
hi1 =1, hy3 = h3y, = ;€ 3%, CoOTBETCTBYIOMINN TOTSHITUAT UMEET BHI:

2 2
1 - |3x 1 -2 |zx
W=Wwk¢ o) =e \ﬂ ¢—e \/; (f(d.0) — 9B(d,9)).
MBI HieM penieHus B ¢hepruuecKd CHMMETPHYHOM MIPOCTPAHCTBE-BPEMEHH
B FapMOHI/IquKHX KOOpI[I/IHaTaX C MCTpHKOfI
ds? = —e>?W (2 4 e*BW+2v(W gy 2 4 28 (dG? + sin? 0 de?).
Haﬁ,ﬂeHIﬂ TOYHBIC PCIICHUA IJIA ClIy4dasd paBCHCTBA HYJIIO ITIOTCHIOHAJIA

W = 0 u cnenuanbHOro BIOOpA OIS Y: ¥ = — \/g In2:

¢$=ciu+c,, @ =Cc3u+cy, v= Aju+A,,
B1=-v—-Inu—u,|
exp(2p(u —u,))
=—-v—-In|-1 ,
B v—In + v
cos(a(u — u,

PGBYJIBTaT HCCICA0BAHUA ClIydas C IIOCTOAHHBIM ITIOTCHIHUAJIOM W = const.
Tak)ke Oy/IeT MPEACTABIIECH B IOKJIAIE.

JIutepatypa:

1. S.V. Chervon, J.C. Fabris, and L.V. Fomin. Spherical symmetric

solutions of f(R) gravity with a kinetic curvature scalar. arXiv:2005.11858v1 [gr-qc]
(2020).

A model-independent approach to dynamical system
analysis in cosmology
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Dynamical system analysis is an well established mathematical technique in
the field of mathematical cosmology, which is used for qualitative understanding of
cosmological models. This technique is especially well suited for cosmological
models based on modified gravity. A limitation of the existing dynamical system
formulations is that one requires to specify the modified gravity model a-priori to
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carry out a dynamical analysis. For example if one wants to consider cosmology in
f(R) gravity, the functional form of f(R) needs to be specified a-priori to make the
corresponding dynamical system autonomous. We propose a new dynamical system
formulation, based on the cosmographic parameters, that is free from this limitation.
Our approach is based on the fact that cosmographic observational requirements can
be projected as algebraic constraints over the phase space. Our formulation allows
us to consider, for instance, all possible f(R) models that can successfully mimic a
ACDM evolution history at the background level and compare the behavior of
perturbations with the ACDM model itself; all the while without ever explicitly
knowing the actual functional form of f(R).

Chiral cosmological models of f(R, (VR)?, OR) gravity

Chervon S.V.123 Fomin I.V.1

! Bauman Moscow State Technical University, Moscow, Russia
2 Ulyanovsk State Pedagogical University, Ulyanovsk, Russia
3 Kazan Federal University, Kazan, Russia

E-mail: chervon.sergey@gmail.com, ingvor@inbox.ru;

We review the application of a Chiral Cosmological Model (CCM) as an
equivalent of cosmology based on gravitational theory with higher derivatives with
respect to the Ricci scalar. Using the procedure (Naruko et al, 2015) of inclusion of

Lagrange multipliers into the action of f (R, (VR)?, OR) gravity it is possible (under
special choice of Lagrange multipliers) to transform the model to non-minimal
gravity with scalar fields in the Jordan frame. Then, by virtue of conformal
transformation, the model can be represented in Einstein frame. To study the final
version of the model as the CCM with fixed target space metric components and the
potential was proposed (Chervon et al, 2019) for f(R) gravity with a kinetic curvature
scalar. Inclusion of additional material field into consideration have been proposed
as well.

In the present contribution, we report on investigation of CCMs associated
with f(R, oR) and f(R, (VR)?, oR) gravity, including the features of the model
during inflationary stage.
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Kupaababie kocmosornyeckue mogesu f(R, (VR)?, OR)
rpaBUTAIIHH
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Ms1 npencraBnsgem 0630p npunokenuss Kupanshoit Kocmomnoruyeckoit
Mopenmu (KKM) kak »KkBUBajeHTa KOCMOJIOTHM Oa3MpYyIOUIUMHCS Ha TEOpUHU
IpaBUTAIlMM C BBICHIMMHU TMPOU3BOJHBIMU 1O ckasipy Puuum. HWcenomns3ys
npouenypy (Naruko et al, 2015) BxIrOYeHHs JarpaH)KEBBIX MHOKHUTEICH B

neiicteue f(R,(VR)?, O R) rpaBuramuu MOXHO (IpH CIENHAILHOM BBIOOpE
JarpaHKeBbIX MHOXXHTEJNEH) MpeoOpa3oBaTh MOJIEIb K HEMUHHUMAJIBHON TEOPHUH
TPABUTALMN CO CKAIAPHBIMU TIONAMH B KapTuHe MopmaHa. 3aTeM, ¢ IOMOIIBIO
KOH(OPMHOTO MpeoOpa3oBaHMsi, MOJEIb MOXET OBbITh NMPEACTaBICHA B KapTHUHE
OiinmreiiHa. MccnenoBanue 53Toil ¢uHanbHOM Bepcun moaenu kak KKM ¢
(UKCUPOBAHHON METPUKOH eI W MoTeHnuaioM Obuto npemioxkeno (Chervon et
al, 2019) mns f(R) rpaBuTanmy ¢ KHHETUYECKUM CKaISIpOM KPUBHU3HBL. Takke ObLIO
PaccMOTPEHO BKIIIOUEHHUE JOIMOJHUTEIBHOIO MaTEepUaJbHOTO IMOJS B ypaBHEHUS
MO/IEJIH.

B nacTosimem nokiiazae Mbl NMPEACTaBiIsieM pe3ysibTarhl ucciaenoBannss KKM
coorserctByrommx f(R, oR) u f(R, (VR)?, oR) momuduuupoBaHHOl Teopun
rpaBUTALlMU, BKJIKOYAsi UCCIIEIOBAaHUS OCOOCHHOCTEN NH(IIAMOHHOMN CTauu.
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Images of black holes
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Shapes of black hole images, viewed by a distant observer, depend on the
distribution of emitting matter around black holes. There are two distinctive
astrophysical cases: (1) Luminous stationary background behind the black hole
(emission of photons outside the photon spheres). In this case the dark classical black
hole shadow is viewed, which is a capture photon cross-section in the black hole
gravitational field. (2) Luminous accretion inflow near the black hole event horizon
(emission of photons inside the photon spheres). In this case the dark event horizon
shadow is viewed, which is a lensed image of the event horizon globe. This event
horizon shadow is projected at the celestial sky within the possible position of the
classical black hole shadow. The Blandford-Znajek process is a suitable model for
the General Relativistic Magnetohydrodynamics (GRMHD) accretion onto black
holes, in which the inflowing plasma is strongly heated even in the vicinity of the
event horizon by the radial electric current. Nowadays the GRMHD numerical
simulations confirm this model. In particular, the dark silhouette of the event horizon
shadow (rather than the classical black hole shadow) is viewed at the image of
supermassive black hole M87* obtained by the Event Horizon Telescope
collaboration. The classical black hole shadow is very difficult to observe by VLBI
methods in view of the insufficiently strong brightness of the standard astrophysical
backgrounds (extended hot gas clouds or stars). Meanwhile, the brightness of
accretion inflow may far exceed the corresponding one from extended hot gas clouds
or stars. The unique information for the verification of gravitation theories in the
strong field limit will be provided by the detailed observations of the black hole
Images by using the Millimetron Space Observatory.
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D®opMbl N300paKEeHU YEPHBIX JAbIP
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dopMbl U300paKEHUI YEPHBIX AbIP, HAOIIOAaeMbI€ YIaJIEHHBIM TEJIECKOIIOM,
3aBUCAT OT pacHpellesieHUs HW3IIyYarollero BEeHIeCTBA BOKPYT YEPHOM JIbIPHI.
OO6cyx1ar0Tcs BO3MOXKHBIE (POPMBI U300paKEHUN CBEPXMACCUBHBIX YEPHBIX JIBIP
SgrA* u M87*. Tlpu nojcBeYMBaHUM YEPHOU JBIPHI YJAJICHHBIM (DOHOM MOKET
HaOJI0JaThCs KJIacCUYecKasi TeHb YEPHOM JbIpbl, TpaHUIa KOTOPOU ompesensercs
KpyroBbIMU (OTOHHBIMU OpOuTamMu. [Ipum MOJCBEUMBAHMM YEPHOU  JIBIPHI
AKKPELIMOHHBIM JTMCKOM, M3JIyYalollMM BIUIOTH JI0 TOPU30HTa COOBITHHA 3a CYET
HarpeBa aKKpeuupyeMoi MIa3Mbl TEKYIIUM B HEH AJIEKTPUUECKUM TOKOM (ITpoLiecc
bmuadopna-3naitexka), Oyaer HaOMIOAATbCS TEHb (M300pa’K€HUE) CaMoro
TOPU30HTA COOBITUI YEPHOU AbIpbl. UNCIEHHBIE CUMYJIALMHA aKKPELUH T1a3Mbl Ha
YEPHYIO JBIPY € yueToM 3(PGeKToB 00111ei TEOpUr OTHOCUTEIHHOCTH U MATHUTHOM
TUAPOJIMHAMUKH MOJITBEPKIAI0T Mojiesb biyuadopaa-3naiieka. B ciyuae TOHKOTO
AKKPELIMOHHOIO JHMCKA BHEIIHSS TpaHUIla T€HU TOPH30HTA COOBITUH SIBISIETCS
M300paKEHUEM HKBaTOpa Ha TJI00yce Topu3oHTa coObITMi. B ciydae Tosictoro
AaKKPELMOHHOTO JHCKa MOXET OBITh PEKOHCTPYHPOBAHO H300pakKeHHE BCEro
riodyca ropuszoHTa coObITHl. M300paskeHne TOpu30HTa COOBITHI Ha HEOECHOU
chepe pacrojoKeHO BHYTPH OXKHUJIAeMOM KJIACCHYECKOM TEHH YEPHOW JIBIPHI.
Temuoe nsaTHO Ha mepBor Qororpaduu yepHOU ABIPHI, TOIyYeHHOU Teneckornom
I'opuzonta CoObITHIA, SIBISETCS Kak pa3 M300paKEHUEM TOPU30HTA COOBITUI
yepHoi nbipsl M87%*, a He m3o0pakeHHeM ee kinaccuuecko TeHu. HabOmronenue
KJIACCUYECKOM TEHW YEPHOM NBIPhl KpalHE 3aTPYJIHEHO H3-3a MaJOWl SPKOCTH
yAAJIEHHBIX acTpo(u3ndeckux (POHOB MO CPABHEHUIO C SIPKOCTHIO AKKPELHUPYEMOM
mia3Mbl BOJM3U TOPU30HTA COOBITUNA. DOpMBI H300pAKEHUN YEpPHBIX JIbIP
ONPENENSAIOTCA MOJHOCTHIO CBOMCTBAMU MX I'PABUTALIMOHHOTO MOJIS U HE 3aBUCSAT OT
U3ITyYEHUS OKPY>KaIOIIEro UX BellecTBa. VccienoBanus 4epHbIX AbIP C MOMOIIbIO
teneckonoB Ttumna Kocmuueckoir OOcepBatopun MuiuiuMeTpoH obecredar
YHUKaJIbHYIO BO3MOXKHOCTb OSKCIEPUMEHTAIbHON NpOBEpKU oOwIell Teopuu
OTHOCHUTENIHOCTU U €€ MOAU(PHUKAIIUI B PEKUME CUIILHOTO TOJIS.
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Gravity on a nonassociative algebra
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The article investigates the effects of transfer over the closed-loop under the
assumption of nonassociative algebra. The argument is that such transfers lead to the
appearance of noncommutative and nonassociative terms. The noncommutative
term, by virtue of the corresponding symmetries, could be assigned to the
transformation group U(1) x SU(2). The nonassociative term, in the meanwhile,
could be assigned to the gravitational one. Therefore, it appears the incorporation of
the gravitational interaction into the Weinberg-Salam model becomes feasible.
Further applying the framework of the nonassociative model of gravity, it turns out
the gravitational constant could be derived from the quantum model of the early
universe and is related to the number of baryon particles.

Noteworthy, there is a two-stage inflation, considered in [1]: at the first stage,
we can talk about the birth of Planck particles as dark matter particles, and then the
birth of ordinary particles of baryonic matter.

References:

1. V.Yu. Dorofeev. Inflation model and Riemann tensor on non-
associative algebra. https://www.preprints.org/manuscript/202009.0201/v1.

I'paBuTaAIUsA HA HeaCCOIMATHBHOM ajiredpe
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[Toka3piBaeTcCs, YTO HA HEACCOIMATHBHOW anreOpe MepeHoc 1Mo 3aMKHYTOMY
KOHTYpPY TMPUBOJUT K TOSIBJICHUIO HEKOMMYTAaTUBHOIO U HEACCOLUHUATHUBHOIO
41eHOB. HEKOMMYTaTUBHBIN WIEH, B CHIIy COOTBETCTBYIOIIUX CUMMETPHUM, MOKHO
conocTtaBuTh Tpynmne mnpeodpazoBanuii U(1) x SU(2), a HeaccoluaTUBHBIN —
rpaBUTAIIMOHHOMY. TeéM caMblM BO3HMKAE€T BO3MOXKHOCTh  BKJIFOUEHUS
IPaBUTAIIMOHHOTO B3aUMOJICUCTBUS B Mojelb BaitnOepra-Canama. Oka3biBaeTcs,
YTO TpAaBUTAIMOHHAS TIOCTOSAHHAsA, B paMKax HEACCOIMATUBHOW MOJEIH
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I'paBUTAllUd, MOKCT OBITh IIOJy4Y€Ha Ha OCHOBC KBAaHTOBOH MOA€CINn paHHeﬁ
BCCJICHHOM Ha HeaCCOHHaTHBHOﬁ aﬂre6pe U CBsA3aHa C YUCJIOM 6apI/IOHHI>IX qaCTHUII.

CJ'IeI[yeT OTMCTHUTHL, YTO B I[&HHOﬁ MOACIM BO3HHUKACT JABYXOTAIlHAA
uHsMs, paccmoTperHas B [1]. Ilpu aToM Ha mepBoM dTane MOXHO TOBOPHUTH O
POXKACHUHU IINIAHKOBCKHUX YaCTHUIl KaK 9YaCTUI] TEMHOU MaTCpuu MU 3aTCM POKIACHHUC
OOBIYHBIX YaCTULl OAPHOHHON MaTEPHH.
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On the Schwarzschild solution in TEGR
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In [1], we have developed the approach for constructing conserved quantities
in Teleparallel Equivalent of General Relativity (TEGR) where dynamical variables
are tetrad components. The main advantage with respect to many other methods is
that conserved currents and related superpotentials are coordinate covariant and
invariant with respect to local Lorentz rotations of tetrads. This property is achieved
due to introducing a special inertial spin connection (ISC) with zero curvature. The
general problem of any teleparallel theory is that ISC is not inner dynamical quantity
and can be determined by external requirements only. In [1], we define ISC by a
special "turning off gravity" principle.

The Schwarzschild black hole (SBH) solution is simple and describes real
physical models, so, it is used for checking various formalisms in general relativity.
Here, we test methods of [1] by calculating energy characteristics for SBH in TEGR.
We are interested in the total (global) energy of SBH and the energy density
measured by a freely falling observer in the field of SBH. There is a huge variety of
different coordinates and frames for SBH that initiates different definitions of 1SC
even with using the "turning off gravity" principle. The different choice of ISC leads
to the different results. The main goal of the research is searching for the most
appropriate 1SC for SBH.

Starting from the standard Schwarzschild metric and deriving the related ISC,
we obtain the correct SBH mass, but a freely falling observer measures non-zero
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energy density that contradicts the equivalence principle. Basing on the Lemaitre
metric and its related ISC we have the consistence with the equivalence principle,
but do not get the correct mass. Only after constructing new generalized Lemaitre
metric (assuming the free falling with arbitrary energy) the problem has been
resolved. The new ISC different from others has been found, and we got both the
correct mass and compliance with the equivalence principle.

The novelty is in the following: 1) the Lemaitre presentation has been used in
TEGR firstly; 2) the new generalized Lemaitre metric has been constructed; 3) the
generalized Lemaitre presentation in TEGR has resolved the aforementioned
outstanding problems; 4) the definitions of ISC in TEGR and in f(T) theories are
compared; 5) the results help us to understand more on the SBHs themselves.
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Emmnosa E.JI.}, Kpccak M.2, Ilerpos A.H.!, Tonopenknii A.B.!
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B [1] pa3Butr dopmanusMm s MOCTPOEHUS COXPAHSIONIMXCS BEIHYUH B
tenenapaiensiom  dkBuBageHTe OTO  (TEGR), rme auHaMu4ecKHUMH
KOMIIOHEHTaMHU SIBJISIFOTCS. KOMIIOHEHTBHI TeTpaa. lIpenmymecTBo OTHOCUTENIBHO
MHOTHX JIPYTMX METOJOB B TOM, UTO COXPAHSIOIIUECA TOKU U CYNEPHOTEHLIHUAIIBI
KaK KOBapUaHTHbBI, TAK U MWHBAPUAHTHBI OTHOCHUTEIBHO JIOKAJIBHBIX JIOPEHLEBBIX
BpallleHU TeTpaja. ITO JOCTUTAeTCs Oyiarogaps BKIIOUEHHUIO CHEIHATbHON
uHepnuanbHoi crmHoBoM cBsizHOCTH (MCC) ¢ nHyneBoit kpuBuzHoil. MCC, e
SBISASICH  IMHAMMYECKOM  BEJIMYMHOM, BBOJUTCS W3BHE W ONPEACTACTCS
CIIECIIMAJIbHBIM TPUHILIMIIOM «BBIKIIOUCHUS TPABUTALIUI).

Yepuas npipa IIBaprmmnena (YAMI), sBasisch MOpOCTBIM pELICHUEM,
peACTaBIsIeT peaabHble (PU3NYECKUE MOJICIIN, U TIOATOMY YacTO UCIIOIb3YETCs NS
TECTUPOBaHUS pazInuHbiX MeToAoB B OTO. Mpbl, ucnonb3dys wmetoasl [1],
paccuuTbiBaeM Kak TmiioOanbHyro sHepruto Y/, Tak ¥ MIOTHOCTH SHEPruw,
u3MepsieMyro cBOOOHO manaromuMu Habmoaarenssmu B nose Y/, CymectByer
MHOKECTBO KOOpAUHAT U cucteM orcueTa st Y/, 3T0O HHUIUHUPYIOT pa3In4yHbIE
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onpenenenuss UCC naxe ¢ HUCMOIB30BaHUEM CHEIMANIBHOrO MpUHIMMA. Takas
HEONPEEICHHOCTh MPUBOAUT K pa3IMYHBIM pesyibTataM. (OcHosHas 3adaua
uccnedoganusi cocmoum 8 onpeoeneruu Haubonee nooxoosuei UCC ons Y111

Wrak, cHavana nnst cranjpapTHo merpuku I[lIBapiimmibia BhIMKHCHIBAEM
cootBeTcTByOIyt0 MCC u monydaem koppektHyro maccy st Y. Opnako,
CBOOOTHO TTAJAIONIN I HAOTIOIATEh U3MEPSIET HEHYJICBYIO IIJIOTHOCTh SHEPTHH, UTO
MPOTUBOPEYUT TPHUHIMIY OJKBHBAICHTHOCTH. Jlms wmerpuku Jlemerpa wu
cootBercTBytomerr MCC, HaoO0OpOT, MNOMyuyeHO NOATBEP)KACHUE NPUHIIUIIA
HKBUBAJICHTHOCTH, HO HET KOPPEKTHOW MaccChl. TOJIBKO IMOCHE MOCTPOCHUSI HOBOM
0606wennou metpuku Jlemetrpa mist HoBoit UCC Obutn moy4eHbl U KOppEKTHas
Macca, ¥ COOTBETCTBUE C MIPUHITUIIOM 3€KBUBAJICHTHOCTH.

OpurruHanbpHbIe pe3yJIbTaThl TAKOBHI: 1) iemMeTpoBo npeacrasienue B TEGR
UCIIOJIb30BAHO BIEPBbIE; 2) MOCTPOCHA HOBasi 00001IeHHas MeTpuKa JlemeTpa;
3) o6oOmieHHOe JieMeTpoBO TpenactaBienue B [EGR paspemmno yrnomsHyTbie
npoOsemsl; 4) cpaBuuBatotcs onpeneienus MCC B TEGR u B f(T) Teopusix; 5)
pe3yabTarhl gart Oonbinee nonuManue o YJIIII camoii o cebe.

Jlureparypa:

1. E.D. Emtsova, A.N. Petrov, A.V. Toporensky 1) J. Physics:
Conference Series, 1557, 012017 (2020); 2) Class. Quantum Grav., 37, 095006
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Primordial black holes in the early Universe
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The possible solution of the Hptension problem is discussed in the model with
~ 10'2M, primordial black holes in the dense weakly relativistic clusters with
masses 18-560 M. It is assumed that the primordial black holes constitute all the
dark matter in the Universe. Due to the collisions of the black holes in the clusters,
~ 10% of the total cluster mass can be transformed into gravitational waves after
epoch of recombination. Therefore, at the recombination time, the density of matter
was larger by ~ 10% and, accordingly, the Universe expansion rate was higher. This
effect leads to a shortening of the sound horizon scale, as it is necessary to solve the
Ho tension.
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IlepBu4HbIC YepHBbIE AbIPbI B paHHeld BeeneHHoOM

Epomenko 10.H.
Hncmumym aoepnwvix uccaeoosanuti PAH, Mockea, Poccus

E-mail: eroshenko@inr.ac.ru;

OO6cyxmaeTcss BO3MOXXHOCTh pEIIEHUE MpobOieMbl, u3BeCTHOM Kak "Ho
tension", B MOJeNM C IEPBMYHBIMHM YEPHBIMHU AbIpaMH ¢ Maccamu ~ 1072Mp,
HAXOSIIMMHUCA B IJIOTHBIX C1a00 PETSITUBUCTCKUX KiacTepax ¢ maccamu 18-560
M. [IpeamomnaraeTcsi, YTO MEPBUYHBIC YEPHBIE IBIPHI COCTABISIIOT BCIO TEMHYIO
Mareputo Bo BcenenHoi. [Ipu CTONKHOBEHMSAX YEPHBIX IBIP B KJIACTEPAX IMOCIIE
anoxu pekoMOuHaruu ~ 10% o011ei Macchl KJIACTEPOB MOXKET OBITh TPEOOPA30BAHO
B I'PaBUTALlMOHHBIE BOJIHBI. biiarogapst 3ToMy BO BpeMsi peKOMOMHAIMU TUIOTHOCTh
BeniecTBa Obuta Oonblie Ha ~ 10% U, COOTBETCTBEHHO, CKOPOCTb PACIIUPEHUS
Bcenennoit Obiia Bbimie. ITOT 3(G(EKT NPUBOIUT K YMEHBIICHUIO MaciiTada
3BYKOBOT'O TOPHM30HTA, YTO MO3BOJISIET peniuTh mpodiaemy "Ho tension”.

Vacuum Polarization and Particle Creation
for Two-Horizon Metrics

Fil’chenkov M.L., Laptev Yu.P.
RUDN University, Moscow, Russia
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In spaces with nontrivial topology, due to the presence of boundaries and
horizons, there arises a distortion of the spectrum of zero vacuum oscillations, which
results in vacuum polarization and particle creation. Evaporation and decay of the
horizons for Kerr—Newman and Kottler’s metrics are considered. The surface
gravity, effective temperatures and lifetimes of the horizons have been evaluated.
The results are applied to black hole physics and cosmology. The horizons are

defined as roots of the equation g,,(r;,) = 0. The surface gravity k = g 1960 ()]

Is equal to the acceleration and kT}, = :‘—K to the temperature on the horizon. The

e

horizon lifetime is 7, = f% , Where E,, is the energy and P, = 4nr?oT,; the
h
power of evaporation or decay of the horizon. Kerr—Newman’s metric describes

36



a?c?

charged rotating black hole. The relation Q? + = a?M?, where a is the specific
angular momentum, Q the charge, and M the mass of a black hole, is assumed, since

2
massless black holes cannot exist. The horizons exist, if % < G. For % < 1 Kerr—

2GM aim
and r_ = )
c? . 2c?

. _ 1 2 s . . .
faster than event one, since z— = F(%) . Kottler’s metric describes a static
+

cosmological model, involving masses in de Sitter’s vacuum, whose horizons 7; and
1o are Schwarzschild and de Sitter’s respectively. The ratio of horizon lifetimes is

Newman’s horizons are r, = Cauchy’s horizon evaporates

6

T 3 (r . . ) . .

T—O = oo (r—o) for r, > 7. In the early Universe de Sitter’s vacuum is unstable, i.e.
) )

T 3T
To <714 for 1< i < 4\/; For dark energy 7, > 7, for r, > 7.
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IHonspuzanus BakyyMa U posKIeHUe YaCTHUIL
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B npoctpaHcTBax ¢ HETPUBHAIBHOW TOIOJOTUEH, Onarogaps HaIU4YUIO
IPaHUIl W TOPU30HTOB, BO3HHMKAET MCKAXEHUE CIEKTpAa HYJIEBBIX KOJI€OAHUMI
BaKyyMa, KOTOpO€ MPUBOAUT K MOJSAPU3ALMKA BaKyyMa M POXKICHHUIO YaCTHILI.
PaccmarpuBaercs ncnapenue u pacrnan ropuzonTtoB Keppa — Hetomena n Korraepa.
Boruncnensl mOBepXHOCTHas TpaBUTalus, 3 (GEeKTUBHBIE TEMIIEpaTypbl U BpeMeHa
KU3HU TOPU3OHTOB. Pe3ynbTarhl mnpuMeHUMBl B (QuU3UKE YEPHBIX JbIp U
KOCMOJIOTHH. ['OpU30HTHI OMNPEACIAIOTCS KaKk KOPHH YpaBHEHUS Joo(13) = 0.

c?, hi
IloBepxHOCTHas rpaBuTaluA K = — 1960(1n)| paBHa yckopenuto, a kT = Py
e
dE
TEMIIEpaType Ha TOPM30HTE. BpeMs )KU3HU TOPU30HTA T), = [ P—h )
h
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rne E, — omeprus, P, = 4nrPoT; — MOIIHOCTh HCTApeHHs WIM pachaja
ropusonTa. Merpuka Keppa — HpromeHa onuchIBaeT 3apsyKEHHYIO BPAIAIOLTYHOCS
4€pHyO0 abIpy. T.K. 0€3MaccoBbIX YEPHBIX NBIP HE CYILIECTBYET, IOJIAraloT, YTO

MMeeT MecTo cooTHomieHme Q2 + a’c’ _ a2M2, 1 — 7 7

—= , TIE @ — yNEIbHBIA YIIIOBOH

MOMEHT, Q — 3apsan u M — macca 4€pHOU IBIPBL. [ OPU30HTHI CYIIECTBYIOT, €CIIH
2 2

a 2GM a“M

a? < G. Ipu — <« 1 ropusontst Keppa — Hbtomena ectb 7, = == ur. = —-

6

o T_ 1 (a?
I'opuzonT Kommm ncmapsiercs ObicTpee, YeM FOpHU30HT COOBITHH, T.K. — = peT) (?) :
T+

Merpuka Kotriepa onmceIBaeT CTaTHYECKYK) KOCMOJIOTMYECKYIO MOJEINb,
BKJIFOYAIOIIYI0 MacChl B JICCUTTEPOBCKOM BaKyyMe, TOPH30HTaMH KOTOPOH 7y U T
ABJIAIOTCS TOopu30oHT LlIBapummibaa u ne Currepa cOOTBETCTBEHHO. OTHOILICHHE

To 3 To 6 o o
BPEMCH JXKHM3HH TOPU3OHTOB — = ——|—=| 1pu 7o > 7. B panneil Beenenuoii
g g

) 9 T 3|1
JICCUTTEPOBCKUI BaKyyM HEYCTOWYHMB, T.€. To < T, Ipu 1< r—o <4 \/; st
)

TEMHOM SHEPTUU T > Tg IDU T > 1.
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Analogy of star formation with the formation of plasma
of multicharged ions in pulsed high current discharges
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The notion of gravitational radiation as a radiation of the same level as the
electromagnetic radiation is based on theoretically proved and experimentally
confirmed fact of existence of stationary states of an electron in its gravitational field
characterized by the gravitational constant K = 10*?G (G is the Newtonian
gravitational constant) and unrecoverable space-time curvature A (S.I. Fisenko
Journal of Physics: Conference Series, (Volume 1557) ,012019, IOP Publishing
doi:10.1088/1742-6596/1557/1/012019 (Title: On the issue of gravitational
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radiation and thermonuclear fusion), 2020). Such experimental facts include, in
particular, data on the broadening of the characteristic emission spectra of many-
electron atoms (Haines, M. G. et al. Viscous Heating at stagnation in Z-Pinches.
PRL 96, 075003-075008 (2006)). Such a broadening of the spectra can be caused
only by an additional broadening mechanism, in particular, by the presence of
excited states of the electrons in their own gravitational field. Another confirming
fact is the new line in the X-ray emission spectrum from the observation of the MOS-
camera of the XMM-Newton Observatory. (Bulbul, E. et al. Detection of An
Unidentified Emission Line in the Stacked X-ray spectrum of Galaxy Clusters. ArXiv
http://arxiv.org/abs/1402.2301 (2014)). This line, unlike other identified lines of
electromagnetic radiation, cannot be attributed to any atomic transition. The energy
spectrum of an electron in its own gravitational field and the energy spectra of many-
electron atoms are such that the resonance of these spectra occurs. The result of this
resonant interaction is the appearance, including new lines, electromagnetic
transitions, not associated with atomic transitions. Gravitational radiation (as a result
of transitions over stationary states of a particle in its own gravitational field) can be
excited in a dense high-temperature plasma and amplified under certain conditions,
but its amplification will lead to compression of the radiating system. Consequently,
under conditions of amplification of gravitational radiation, there will not be
observed gravitational radiation itself, but only the result of its action. The very fact
of plasma compression by a radiated gravitational field can be used for
thermonuclear fusion. In this case, the quantitative characteristics of the spectrum of
gravitational radiation (as radiation of the same level with electromagnetic radiation)
can be determined by the broadening of the spectrum of electromagnetic radiation.
There is a definite analogy between the process of star formation and the formation
of a pulsed high-current discharge in the plasma of multiply charged ions. But then
it is possible to observe the features of the dynamics of the spectrum of characteristic
radiation during the formation of stars. These features will include:

a) Registration of electromagnetic radiation lines not associated with the
atomic transitions in the energy range from a few keV to tens of keV,

b) Adjusting according to the known mechanisms of broadening (a Doppler,
radiation and impact widening) does not disclose the broadening of the registered
portion of the emission spectrum of the micropinch,

c) The difference in the number of spectral lines and the quantitative nature of
their broadening as stars form.
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AHaJiorus 38e3/1000pa3oBanus ¢ GopMUpPOBaHUEM
IJIA3Mbl MHOT03aPSIIHBIX HOHOB B UMITYJILCHBIX
CIWJIBHOTOYHBIX pa3psiaax
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Ilousitue I'PAaBUTAOUOHHOT'O U3JIYUYCHHA KAaK U3JIYYCHHUA OJHOI'O YPOBH:A, YTO
U DOJICKTPOMAIrHUTHOC MH3JIIYYCHHUC ,0CHOBAHO Ha TCOPCTHYCCKH MOOKA3dHHOM H
OKCIICPUMCHTAJIbHO ITOATBCPIKACHHOM (1)aKT€ CYIICCTBOBAHUA CTAIMOHAPHBIX
COCTOSIHUM QJICKTPOHA B €ro COOCTBEHHOM I'paBUTAIUOHHOM I10JIE,
XapaKTepH3yIOIUXCs TpaBUTAMOHHOM nocTosHHON K = 102G (G-HbIOTOHOBCKAs
IpaBUTAIIMOHHAS TIOCTOSIHHAS) M HEYCTPAHUMON KPUBU3HOW MPOCTPAHCTBA-
Bpemenu A (S.l. Fisenko Journal of Physics: Conference Series, (Volume 1557)
,012019, I0OP Publishing doi:10.1088/1742-6596/1557/1/012019 (Title: On the issue
of gravitational radiation and thermonuclear fusion), 2020). K Taxum
OKCIICPUMCHTAJIbHBIM CI)aKTaM OTHOCATCsA, B 4YaCTHOCTHU, AAHHBIC 00 YIIUPCHUHA
XapaKTEPHBIX SMUCCHOHHBIX CIIEKTPOB MHOT'OAJIEKTPOHHBIX aroMoB (Haines, M. G.
et al. Viscous Heating at stagnation in Z-Pinches. PRL 96, 075003-075008 (2006)).
Taxkoe YOIUPCHUC CIICKTPOB MOKCT OBITH BBI3BAHO TOJIBKO JOINIOJIHUTCIIBHBIM
MCXAaHHU3MOM YIIUPCHHUSA, B YAaCTHOCTH HAJINYUCM B036Y)I(I[€HHI>IX COCTOSIHUH
QJICKTPOHOB B CO6CTB€HHOM I'paBUTAIMOHHOM IIoJe. EIHC OJHUM
IMOATBCPKAAIOIIIHUM (1)aKTOM ABICTCA HOBasd JIMHHUA B CIICKTPES PCHTICHOBCKOI'O
u3nydeHuss ot HaOmoaeHus MOS-camera of the XMM-Newton Observatory.
(Bulbul, E. et al. Detection of An Unidentified Emission Line in the Stacked X-ray
spectrum of Galaxy Clusters. ArXiv http://arxiv.org/abs/1402.2301 (2014)). Dta
JIMHWA, B OTIIMYUC OT APYTHX I/I)Z[CHTI/Iq)I/IL[I/IpOBaHHBIX JIMHUN SJICKTPOMArHuTHOIO
M3JIyYeHUs, HE MOXKET OBITh OTHECEHa K KaKOMY-TMOO aTOMHOMY TE€pPEXO.y.
DHEPreTUYeCKuil CIeKTp AJIEKTPOHA B €r0 COOCTBEHHOM TPAaBUTAIIMOHHOM TI0JI€ U
OHCPIreTUYCCKHUEC CIICKTPbl MHOI'O3JICKTPOHHBIX a4TOMOB TAaKOBBI, YTO BO3HHUKACT
PE30HAHC ATUX CIEKTPOB. Pe3ysbTaToM 3TOro pPe30HAHCHOIO B3aMMOJIECUCTBUSA
ABJIACTCA ITOABJICHUE, B TOM YHCJIC U HOBBIX J'IPIHI/IfI, QJICKTPOMArduTHBIX IIEPEXOI0B,
HE CBSI3aHHBIX C AaTOMHBIMU IepexojaMu. [paBUTallMOHHOE uU3Iy4YeHHEe (B
PE3YIBTATC MCPEXO0B IO CTAITUOHAPHBIM COCTOAHHAM 3JICKTPOHOB B CO6CTB€HHOM
TPaBUTAIIMOHHOM I10JI€) MOKET BO30YKIAThCsl B TJIOTHOM BBICOKOTEMIIEPATYPHOU
mIa3Me U YCHIIMBATLCA IIPU OIPCACICHHBIX YCIIOBUMAX. HpI/I 9TOM Cro yCHJICHUC
IIPpUBCALCT K CXKATHIO Hsnyqa}omeﬁ CUCTCMBI. CJIGI[OBaTeJ'IBHO, B YCJIOBUAX YCUJICHUA
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IPAaBUTAIIMOHHOTO U3Jy4YeHHs OyAeT HaOJIIoAaThbCsl HE CaMO TIpaBUTALMOHHOE
U3ITy4eHHE, a TOJIbKO pe3yibTaT ero aeictBus. CaMm ¢akT ckaTus IU1a3Mbl
U3ITy4aeMbIM TPABUTAIIMOHHBIM TIOJIEM MOXKET OBbITh  HMCIOJIb30BaH  JIJIst
TEPMOSIIEPHOTO CHUHTE3a. B 3TOM ciydae KOJIMYECTBEHHBIC XapPaKTEPUCTUKH
CIEKTpa TPaBUTAIMOHHOTO W3Iy4YeHUs (KaK W3Iy4YeHHs] OJHOTO YpPOBHS C
AIEKTPOMATHUTHBIM H3JIyYEHHEM) MOTYT OBITh OINPEICICHBl MyTEeM YIIUPEHUS
CIEKTpa 3JIEKTPOMArHUTHOTO W3IydeHus. CyIIecTBYeT OINpeaesieHHAs aHaJIOTHs
MEXIy TPOIIECCOM  3BE3000pa3oBaHMA U OOpa30BaHHEM  HMMITYJIBCHOTO
CWJIBHOTOYHOTO paspsija B IJJa3ME€ MHOTO3apsAIHbIX HOHOB. Ho Torma mokHO
Ha0II0AaTh OCOOCHHOCTH JUHAMUKH CIIEKTPA XapaKTEPUCTHUECCKOTO H3ITYyUEHUS
pu 00pa3oBaHuM 3Be3]]. ITU GyHKIUU OyIyT BKIIIOYATH B CeO:

a) Peructpamusi TUHUN 3JIEKTPOMAarHUTHOTO W3JIy4YEHUS, HE CBA3AHHBIX C
aTOMHBIMU TIEPEXOJaMH B JUAIa30HE IHEPrUd OT HECKOJBKUX K3B 10 necsaTkoB
K3B,

b) KoppekTtnpoBka 1o M3BECTHBIM MEXaHH3MaM YIIUPCHHUS (JIOTUIEPOBCKOE,
paaMaIMOHHOE U yIapHOE YIIUPEHUE) HE PACKPBIBAET YIIUPEHUS PETUCTPUPYEMON
YaCcTH CHEKTpa U3ITyUeHUs MUKPOIIMHYA,

C) Paznmume B KONMMYECTBE CIEKTPATBHBIX JMHUNA W KOJIHMYCCTBEHHOM
XapaKTepe UX YIIUPEHUS 10 Mepe 00pa3oBaHMS 3BE3I.

Relic gravitational waves in cosmological models based
on the modified gravity theories

Fomin 1.V.%, Chervon S.V.%23

! Bauman Moscow State Technical University, Moscow, Russia
2 Ulyanovsk State Pedagogical University, Ulyanovsk, Russia
3 Kazan Federal University, Kazan, Russia

E-mail: ingvor@inbox.ru, chervon.sergey@gmail.com;

This report examines models of cosmological inflation based on the non-
minimal coupling of a scalar field with Ricci and Gauss-Bonnet scalars. It is shown
that the selected classes of such models satisfy observational constraints for arbitrary
potentials of a scalar field, in contrast to the case of Einstein gravity. The estimates
of the spectrum of relic gravitational waves, which do not depend on the choice of
parameters of the proposed cosmological models, are presented. The prospects for
observing such relic gravitational waves based on modern and promising detection
methods are discussed as well.
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! Mockosckuii Tocyoapcmeennviii Texnuueckuii Yuueepcumem um. H.9. Baymana,
Mockea, Poccus
2 Vvanosckuii I'ocyoapemesennuiii ITedazocuueckuti Ynusepcumem um. M.H. Yivanosa,
Yavanoeck, Poccus
3 Kasanckuii pedepanvuwiii yuusepcumem, Kazano, Poccust

E-mail: ingvor@inbox.ru, chervon.sergey@gmail.com;

B Hacrosmiem Jokiaze paccMaTpUBAIOTCA MOJAEIH  KOCMOJIOTMYECKOM
UHQISIIMY HA OCHOBE HEMHUHUMAJIbHOIO B3aWMOJEWUCTBUS CKAJSIPHOTO TOJS CO
ckaisipamu Pruun u IMaycca-bonne. Iloka3zaHo, 4TO BBIIEIEHHBIE KJIACCHI TAKUX
MOJIelel yJIOBIETBOPSIIOT HAOJIOAaTENbHBIM OIPAaHUYEHUSM JJIsi MPOU3BOJIBHBIX
NOTEHIMAIOB CKAJSIPHOTO IOJISI B OTJIMYHME OT Cilydas rpaBUTAlUU OWHINTEHHA.
IIpencraBieHsl OLEHKH CIIEKTPA PEIUKTOBBIX IPABUTALMOHHBIX BOJH, KOTOPHIE HE
3aBUCAT OT BBIOOpA MAPAMETPOB MPEIJIOKEHHBIX KOCMOJOTHYECKHX MOJCIIEH.
Taxxxke 0OCYXJAOTCS NEPCHEKTUBBI  HAOJIONEHHMS  JTaHHBIX  PEIUKTOBBIX
IPaBUTAIIMOHHBIX BOJIH HA OCHOBE COBPEMEHHBIX M MEPCHEKTHUBHBIX METO/IOB
JNETEKTUPOBAHUSL.

A new symmetry for the imperfect fluid in relativistic
astrophysics

Garat A.

Universidad de la Republica - Montevideo, Uruguay

E-mail: garat.alcides@gmail.com;

We will address the existence of a new symmetry for an imperfect fluid by
introducing local four-velocity gauge-like transformations for the case when there is
vorticity [1]. A similar tetrad formulation as to the Einstein-Maxwell spacetimes
formalism presented in previous manuscripts [2,3] will be developed in this
manuscript for the imperfect fluids. The four-velocity curl and the metric tensor will
be invariant under these kind of four-velocity gauge-like local transformations.

42


mailto:ingvor@inbox.ru
mailto:chervon.sergey@gmail.com
mailto:garat.alcides@gmail.com

While the Einstein-Maxwell stress-energy tensor is locally gauge invariant under
electromagnetic gauge transformations, the perfect fluid stress-energy tensor will
not be invariant under four-velocity gauge-like local transformations. We will
dedicate our analysis to the imperfect fluid stress-energy tensor that will be invariant
under local four-velocity gauge-like transformations when additional
transformations are introduced for several variables included in the stress-energy
tensor itself. We will also pay special attention to the construction of a vorticity
stress-energy tensor invariant under local four-velocity gauge-like transformations.
An application on neutron stars will be developed in order to show the
simplifications brought about by these new tetrads [4-6].
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4, Garat A., Euler observers in geometrodynamics, Int. J. Geom. Meth.
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5. Garat A., Covariant diagonalization of the perfect fluid stress-energy
tensor, Int. J. Geom. Meth. Mod. Phys., Vol.12 (2015), 1550031. arXiv: gr-
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Probing gravity with redshift-space distortions: effects
of tracer bias and sample selection

Garcia-Farieta J.E., Hellwing W.A., Gupta S., Bilicki M.
Center for Theoretical Physics, Warsaw, Poland
E-mail: jorge@cft.edu.pl;

We investigate clustering properties of dark matter halos and galaxies to
search for optimal statistics and scales where possible departures from general
relativity (GR) could be found. We use large N-body cosmological simulations to
perform measurements based on the two-point correlation function (2PCF) in GR
and in selected modified gravity (MG) structure formation scenarios. We employ
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two beyond-GR models: f(R) gravity and the normal branch of the Dvali-
Gabadadze-Porrati (nDGP) braneworld and study a range of halo and galaxy
populations. In terms of the linear distortion parameter, 3, we find that the statistical
significance of these signals largely diminishes due to a strong degeneracy between
MG-enhanced clustering and modified tracer bias, therefore, we consider statistics
less dependent on the bias: relative clustering ratios. The clustering ratios foster
noticeable differences between MG and GR models, reaching a maximum deviation
of 10% at 2c significance for specific variants of f(R) and nDGP. We show that such
departures could be measured for B if non-linear effects at intermediate scales are
correctly modeled. Our study indicates that the clustering ratios give great promise
to search for signatures of MG in the large-scale structure. We also find that the
selection of an optimal tracer sample depends on a particular statistics and gravity
model to be considered.

Generation of the third optical harmonic in air under
femtosecond infrared repetitively pulsed excitation

Gladyshev V.0.}, Sharandin E.A.%, Skrabatun A.V.1?

! Bauman Moscow State Technical University, Moscow, Russia
2P.N. Lebedev Physical Institute, Russian Academy of Sciences, Moscow, Russia

E-mail: shar@bmstu.ru, gladyshev@bmstu.ru;

When focusing ultrashort (270 fs) laser pulses on a YAG: Nd3* A2=1032 nm in
air, nonlinear optical effects were recorded. Achievement of the threshold pump
power made it possible to observe the formation of a filament with the accompanying
generation of narrow-band radiation at the focus of the lens at a wavelength of the
third optical harmonic A=344 nm. Spectral, energy and spatial dependences of
ultraviolet radiation (A=344 nm) at different intensities of infrared radiation pumping
(A=1032 nm) are given. The study of the properties of generation of the third optical
harmonic is necessary in order to develop the theory of interaction of a material
medium with a parametrically generated gravitational wave.
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I'eHepanus TpeTbeil ONTUYECKON FAPMOHUKH B BO3AyXe
npu GeMTOCeKYHAHOM HH(PPAKPACHOM UMITYJIbCHO-
MePUOAUYECKOM BO30YyKIACHUH

Taageimes B.O.%, Ilapanaun E.A L, Ckpadatyn A.B.}?

YMITY um. H.O. baymana, Mockea, Poccus
2 @usuueckuii uncmumym um. I1. H. Jlebeoeea PAH, Mockea, Poccus

E-mail: shar@bmstu.ru, gladyshev@bmstu.ru;

[Tpu doxycupoBke B Bo3myxe cBepxkopoTkux (270 ¢c) nummysabcoB azepa
YAG: Nd* A=1032 M ObUIM 3apErHCTPUPOBAHBI HEIUHEHHBIE OITHYECKHE
s ¢ekThl. JlocTnxkeHrEe MOPOroBOM MOIIHOCTH HAKayKy IO3BOJISIO HAOIIOJAaTh
oOpa3oBaHMe (puilaMeHTa C COMYTCTBYIOIIMM IPOILIECCOM TeHepaluu B (okyce
JMH3Bl Y3KOIIOJIOCHOI'O M3JIy4Y€HUs Ha JUIMHE BOJIHBI TPETbEW ONTHYECKOU
rapMoHukn A=344 um. IlpuBeneHsl CHEKTpajbHBIC, HHEPreTUYECKUE U
IPOCTPAaHCTBEHHBIE 3aBUCUMOCTH YJIbTpaduoneToBoro uzinydenus (A=344 um) npu
pasHBIX WHTCHCHUBHOCTAX HaKauyku HWHOpakpacHoro wusnydeHus (A=1032 uwm).
N3yueHne CBOWCTB T€HEpALlMd TPEThEW ONTHUYECKOW FapMOHHKHM HEOOXOIUMO B
LEJAX Pa3BUTHS TEOPUH B3aUMOICHCTBUS MAaTEPUAIIBHOM CPEIbI C MApaMETPUUECKU
CT€HEpUPOBAHHOW I'PABUTALIMOHHOMN BOJHOM.

Some properties of nonsynchronous reference frames in
cosmology

Grib A.A.L, Pavlov Yu.V.2

! Theoretical Physics and Astronomy Department, The Herzen University, St. Petersburg,
Russia
2 Institute of Problems in Mechanical Engineering of the Russian Academy of Sciences,
St. Petersburg, Russia

E-mails: andrei_grib@mail.ru, yuri.pavlov@mail.ru;

One of the main problems of modern cosmology is the value of the
cosmological constant or “‘dark energy’’. It is not expressed through any mass of the
elementary particles — neither Planck mass, nor through the mass of the electron or
proton. Its value is close to the value of the critical density at the modern epoch, i.e.
to the square of the Hubble’s constant. Can one find some arguments for this value?
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Here we show following our article [1] that if one uses not the usual
synchronous reference frame but another very natural Ellis frame [2] then a new
term appears in equation for geodesics. It has the meaning of the force of repulsion
proportional to the square of the variable Hubble’s constant. When our Universe
evolves into the de Sitter stage this variable constant becomes equal to the really
constant cosmological constant equal to that in synchronous system.

Differently from the synchronous system in the vicinity of the Earth one has
Minkowski space, so our laboratories are not expanding. It is only on large distances
that the Universe is expanding. In this report we also discuss other properties of the
Ellis system. In synchronous system stress energy-momentum tensor for background
radiation is diagonal. Here it is not diagonal. We discuss possible physical
consequence of this nondiagonality.

References:

1. A.A. Grib, Yu.V. Pavlov, Comparison of particle properties in Kerr metric
and in rotating coordinates, Eur. Phys. J. Plus, Vol. 136 (2021), 318.
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HexoTopsbie CBOMICTBA HECHUHXPOHHBIX CHCTEM O0TCYETA B
KOCMOJIOTHH

I'pud A.A.L, Tasaos 10.B.?

LPrI1y um. A.U. I'epyena, Canxkm-Ilemepbype, Poccus
2 UIlMaw PAH, Canxm-ITemep6ype, Poccus

E-mails: andrei_grib@mail.ru, yuri.pavlov@mail.ru;

OpnHa U3 TJIaBHBIX MPOOJIEM COBPEMEHHOW KOCMOJIOTHU — 3TO OOBSICHEHUE
Ha0JF0JaeMOT0 3HAaYEHHsI KOCMOJIOTHYECKON MMOCTOSHHOM WM, IPYTUMH CIOBaMH,
«TEMHOMW 3HEPrum». JTO 3HAYECHHUE HE BBIPAYKAETCS Yepe3 3HAUEHUE MACChl KaKOM-
100 37IeMEHTapHOM YacTULbl, HU uepe3 Maccy [lnanka, Hu yepe3 Maccy AJIeKTpOHA
WY IIPOTOHA. BennymHa KOCMOJIOTMYECKOM MTOCTOSSHHOM, B CUCTEME €IMHML, TIe
CKOpPOCTb CB€TA W IPAaBUTALMOHHAS NOCTOSIHHAS IOJIATAOTCS PABHBIMU E€IUHULIE,
OMM3Ka K 3HAYEHUIO KPUTHYECKON IJIOTHOCTH B COBPEMEHHYIO JMOXy, T.e. K
KBaJIpaTy NMOCTOSHHON Xa00ma. CyIIecTBYIOT JIU apryMEHTBHI JUisi 0OOCHOBaHUS
TaKOr0 3HAYECHUS ?

31ech MbI MMOKa3bIBaeM, CJIEAYs Halen crarbe [1], 4TO mpU UCMOIBb30BAHUU
BMECTO OOBIYHO MPUMEHSIEMON CHHXPOHHOM CUCTEMBbI KOOPJIMHAT, IPYTrol BeChMa
€CTECTBEHHOM CUCTEMBI OTCUETA, PaCCMaTPUBAEMOM, HAIPUMED, DIUTUCOM B [2], B
YPAaBHEHHH TE€OJE3UYECKHUX IMOSABISIOTCS AONOJHUTENbHbIE 4leHbl. OHU HMEIOT
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CMBICJ CHJ OTTQJKUBAaHMS, NPONOPUUOHAIBHBIX KBAJpaTy W3MEHSIOUIEHCS
«mocTtosiHHOM» ~ Xab6ma. Korma Hama BceeneHHass  3BOJIOLMOHUPYET B
JNECUTTEPOBCKYIO CTaNI0, COOTBETCTBYIOIAS CUJIaM OTTAJIKUBAHUS U3MEHSIOIIASCS
KOCMOJIOTHYECKas IOCTOSIHHASL CTAHOBUTCS PABHON KOCMOJIOTMYECKOM MOCTOSIHHOM,
Ha0II0AaeMO B CHHXPOHHOW CUCTEME KOOPINHAT.

B ominMune OT CHHXPOHHOM CHUCTEMBI, CHCTEMa KOOpJIWHAT OJJulkca B
OKPECTHOCTAX 3€MJIM COOTBETCTBYET MPOCTPAHCTBY MMHKOBCKOro. ITO
COOTBETCTBYET TOMY, YTO Halla JIaDOpaToOpHsl HE PACIIUPSETCS, a PacIIHpEHUe
Bcenennoii naOmromaercs Ha OONbIIMX pacCTOSHUAX. B gokimazge Mbl Takke
o0cyX1aeM Opyrue CBOWCTBA CHUCTEMBbI OTCYeTa Jiiuca. Tak, B CHHXPOHHOU
CUCTEME OTCUeTa TEH30p SHEPrUuUu-UMILyJIbca (POHOBOW MaTEpUU PACIIUPSIOIICHCS
Bcenennoli nuaronanes. 31ech ke OH He nuaroHajeH. O0CyX1al0Tcs BO3MOKHbBIE
HaOJII0JaTeNIbHbIE CIIEICTBUS STOW HEAMATOHAILHOCTH.

Jlureparypa:

1. A.A. Grib, Yu.V. Pavlov, Comparison of particle properties in Kerr metric
and in rotating coordinates, Eur. Phys. J. Plus, Vol. 136 (2021), 318.

2. G.F.R. Ellis, T. Rothman, Lost horizons, Am. J. Phys., Vol. 61 (1993), 883.

Newman-Janis Ansatz for rotating wormholes

Gutierrez-Pineres A.C.
Escuela de Fisica Universidad Industrial de Santander, Colombia
E-mail: acqutier@uis.edu.co;

A central problem in General Relativity is obtaining a solution to describe the
source's interior counterpart for Kerr black hole. Besides, determining a method to
match the interior and exterior solutions through a surface free of predefined
coordinates remains an open problem.

In this talk, we present the ansatz formulated by Newman-Janis to generate
solutions to the Einstein field equation inspired by the mentioned problems. We
present a class of exact interior solutions of the Einstein equation describing rotating
fluids with anisotropic pressures. Furthermore, we will elaborate on some obtained
solutions by alluding to rotating wormholes.
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Current Status of the Newtonian, Inflationary and
Cyclic Models of the Early Universe

Ibeh G.J.%, Akpojotor G.E.?

! Nigerian Defense Academy, Kaduna, Nigeria
2 Delta State University, Abraka, Nigeria

E-mail: gjibeh@nda.edu.ng;

We present a review of the current trend of the models of the early universe
by focusing on the specifics of the Newtonian, Inflationary and Cyclic models in
terms of the relationship of the evolution of the universe and its composition
including the formation and possible evaporation of primordial blackholes ...using
the cosmic microwave background radiation as a benchmark for the successes and
failures of each model. Notwithstanding the almost consensus acceptance of the
Inflationary model as given a more realistic picture of the early universe we opined
that the cyclic model have much to explain if the implications of it’s assertions is
explored.

Multiworld Motives by Closed Time-like Curves

IP’ichov L.V., Rostom A.M., Shepelin A.V., Tomilin V.A.
Novosibirsk State University, IA&E SB RAS, Novosibirsk, Russia

E-mail: leonid@iae.nsk.su;

We propose a new model, entitled S-CTC, for the description of quantum
systems in the presence of causal loops (CTC — closed time-like curves). It is based
on the viewpoint on any quantum state as the observer’s state of knowledge about
the system preparation procedure. We conduct a comparison between our S-CTC
model and the previously well-known models of D-CTC and P-CTC, showing that
S-CTC includes special quantum features from both D-CTC and P-CTC models. As
far as the interaction of the quantum system with itself coming from the future
concerns, S-CTC is formally equivalent to P-CTC. On the other hand, when
calculating the outcome probabilities for the measurement in between the entrance
and exit of CTC, S-CTC becomes equivalent to D-CTC. Both these models require
the concept of alternative realities (worlds) corresponding to different measurement
outcomes and alternative connections of these realities by CTC.
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3aMKHYTbIe BpCMCHHHO[{OﬁHIﬂe KPHUBbLIC 1 KOHICIIITNUSA
«MHOTHX MHPOB»

Nabuuén JI.B., Poctom A.M., llleneaun A.B., Tomuaun B.A.

Hosocubupckuii 2ocyoapcmeennsiii ynusepcumem, HAu3 CO PAH, Hosocubupck,
Poccusa

E-mail: leonid@iae.nsk.su;

Mgl mpenjaraeM HOBYHO MOJIeNb, MOJy4uBIIyl0 HazBanue S-CTC, mis
OTIHCAHUS IBOJIIOIIUHU MPOCTEHIITNX KBAHTOBBIX CUCTEM B IPUCYTCTBUH MPUYUHHBIX
netenb (CTC — 3aMKHYThIe BpeMEHUIIOJ00HbIE KpuBbIE). Mojienb OCHOBaHA Ha
TPaKTOBKE JTFOOOTO KBAHTOBOTO COCTOSIHUS KaK COCTOSIHHSI 3HAHHS HAOIIOAATEIS O
MPOIIeType MPUTOTOBIICHUS CHCTEMBl. MBI TIPOBOJAMM CPaBHEHUE MEXIY HaIIeh
mozenbio S-CTC u xopomo uzBectHpiMu MoJiensiMu D-CTC u P-CTC, mokassiBas,
gyro S-CTC Bxirouaer B cebs depthl kak monmenu D-CTC, tak m P-CTC. Uto
kacaeTcsa A(QPEKTOB B3aUMOJICUCTBUS KBAaHTOBOM CHCTEMBI C camMoll COOOM,
npumeamei n3 oyaymero, mogens S-CTC dopmansho sxBuBanentHa P-CTC. C
JIPYTOM CTOPOHBI, TIPW BBIYMCICHHH BEPOSTHOCTEH pe3ysbTaTa W3MEPCHUS B
UHTEpBAJ€ BPEMEHH MEXIYy BBIXOJJOM M BXOJIOM BO BHENPOCTPAHCTBEHHBIN
KOPUIOp, BEAymHMH u3 Oynaymiero B mnponuioe, mouelb S-CTC cranoBuTcS
skBuBajeHTHOM D-CTC. OGe st Mozenu TpeOyIOT KOHIEMIUN aTbTePHATHBHBIX
peanbHOCTEH (MHPOB), COOTBETCTBYIOIIMX PA3JTMYHBIM HCXOJaM HU3MEPEHUU, U
aJIbTEPHATUBHBIX CIIOCOOOB COCTMHEHUS ITHUX peanbHocTel ¢ momorpio CTC.

Null shells and double layers in quadratic gravity

Ivanova 1.D.
Institute for Nuclear Research of the Russian Academy of Sciences, Moscow, Russia
E-mail: pc_mouse@mail.ru;

For a singular hupersurface of arbitrary type in quadratic gravity equations of
motion were obtained using only the least action principle. The equations containing
the components of the surface energy-momentum tensor corresponding to the
"external pressure™ and "external flow", in combination with the Lichnerowicz
conditions, are necessary to find the hypersurface itself, while the rest of the
equations determine an arbitrary function that arises due to the implicit presence of
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d'. The coefficients in the equations of motion are zeroed with a combination
corresponding to the Gauss-Bonnet term therefore it does not create neither double
layers nor thin shells. It has been demonstrated that there is no "external pressure”
for any type of null singular hypersurface. For spherically symmetric null singular
hypersurfaces additionally the “external flux™ is equal to zero and the system of
equations of motion is reduced to one which is expressed through the invariants of
spherical geometry along with the Lichnerowicz conditions. In this case there is no
double layer and only thin shells are possible. Spherically symmetric null thin shells
were investigated for spherically symmetric solutions of conformal gravity as an
application, in particular, for various vacua and Vaidya-type solutions. By virtue of
Lichnerowicz conditions the two-dimensional scalar curvature R, must be
continuous on the null shell, therefore, for two vacua, the following combinations
are possible: matching a vacuum with a constant R, and a vacuum with a variable
R,, matching two vacuums with a variable R,, matching two vacua with a coinciding
constant R,. In the first case, the hypersurface is an analogue of the double horizon
in the metric with the variable Ry; in other cases, matching is possible only if the
metrics coincide up to a conformal factor. With the addition of the Vaidya-type
solution new possible matchings appear: Vaidya-type metrics with vacuum with
variable R, two Vaidya-type metrics. In the first version, the null shell is actually
the singular part of the Vaidya-type solution, in the second, they must coincide up
to the conformal factor. Moreover the null shell does not emit in both cases.

CBeTOonoI00HbIC TOHKHE 000JI0YKH U IBOWHBIC CJION B
KBaJIPATHUYHOI rpaBUTAIIUHA

HBanosa U. .

HUncmumym soepnvix uccaeoosanuti Poccuticxoii akademuu nayk, Mockea, Poccus
E-mail: pc_mouse@mail.ru;

C moMOIIBIO TPUHITUTIA HAMMEHBIIIETO ISHCTBHS ObUTH TIOJTYYCHBI YPAaBHCHHUS
JIBIDKEHUS JUISl CHHTYJSIDHOH THIIEPIIOBEPXHOCTH TPOM3BOJIBHOTO THIIA B
KBQJIPaTUYHOW  TpaBUTAIMU.  YPaBHECHHS,  COJACp)KAlIUEe  KOMITOHCHTBI
MOBEPXHOCTHOTO TEH30pa DHEPTUU-UMITYJIbCa, COOTBETCTBYIOIINE «BHEIITHEMY
JABJICHUIO» W «BHEIIHEMY ITOTOKY», B COYETAaHWHU C YCJIOBUAMH JIMxHEepoBHua
HEOOXOAMMBI JIJII HAXOKICHUSI CaMOUM THUTIEPIIOBEPXHOCTH, TOT/Ia KaK OCTaJIbHbBIC
YpaBHEHUSI OMPEACISIOT TPOU3BOJIBHYI0 (YHKIIMIO, KOTOpas BO3HUKAET H3-3a
HESBHOTO MPUCYTCTBUA 0. KoadduimeHTs! B ypaBHEHUAX ABUKEHUS OOHYIISIOTCS
MIpU COYETaHUH, COOTBETCTBYIOIIEM mornpaBke ['aycca-boHHe, ciegoBaTenbHO OHA
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HE JJaeT HU JIBOMHBIX CJIOEB, HU TOHKUX 000J1049eK. bblT0 TPpo1eMOHCTpUPOBAHO, YTO
JUTSI CBETOMOJOOHON CHUHTYJISIPHOM TMIIEPIOBEPXHOCTH JIFOOOTO THUIA OTCYTCTBYET
«BHeNIHee  gaBieHuey». [  chepudyecKu-CUMMETPUYHBIX  CBETOIMOJAO0HBIX
CUHTYJISIDHBIX THUIIEPIIOBEPXHOCTEH JIOMOJHUTEIBHO PpAaBEH HYJIIO «BHELIHUUN
MOTOK», U CHUCTEMa YPAaBHEHUM IBHXKEHUSA PEIYLHUPYETCS OO OJIHOTO, KOTOPOE,
Hapsay ¢ yclaoBusMu JInXxHepoBrUYa, BIpAKACTCS Yepe3 MHBAPUAHTHI CheprIeCKOn
reoMeTpuu. B 3TOM ciydae HE CylIECTBYET JIBOMHOIO CJIOSl, U BO3MOXHBI TOJBKO
TOHKHE 000J0ukH. B KadecTBe MpUIIOKEHMN OBLUTM HMCCIIENIOBAHBI CPEpUICCKU-
CUMMETPUYHBIC  CBETOTNOMOOHBICE TOHKHE 000J0ukM Il  cepuyecku-
CUMMETPUYHBIX PEIICHUN KOHPOPMHOM rpaBUTAIINU, B YACTHOCTH, ISl pa3IUIHBIX
BAKYYMOB U pelieHui tumna Bannpes. B cuny ycnoBuit JIuxaepouua JBymepHas
CKaJisipHasi KpuBU3HA Ry MoikHA OBITH HETIPEphIBHA HA CBETOIMOA00HOM 000J0UKe,
MO3TOMY IS JIByX BAaKyyMOB BO3MOXHBI CIEAYIONIME KOMOWHAIIMU: CIIMBKA
BaKyyMa C MOCTOSIHHOU Ry 1 Bakyyma ¢ nepeMeHHOU Ry, CIlIMBKa ABYX BaKyyMOB C
nepeMeHHOM Rj, cilMBKa ABYX BaKyyMOB C COBIAJaroliei moctossHHoW R;. B
IIEPBOM CJIy4ae TUIIEPIOBEPXHOCTH SIBISECTCS AHAJIOIOM JBOWHOTO T'OPU30HTA B
METpPHKE C IEpEeMEHHOM Ro, B OCTaNBHBIX CIIydasiX CIIMBKA BO3MOXKHA, TOJIBKO €CIIU
METPUKHU COBMAJAIOT C TOYHOCTHIO 10 KoHpopMmHOTO (akTopa. [Ipu nodasnenun
peuieHuss TuUna Baiabsd NOSBISIIOTCS JIONOJHUTENBHBIE BO3MOXHBIE CIIUBKHU:
MeTpuku Tuna Baiifps ¢ Bakyymom ¢ nepemeHHOM Ry, 1Byx MeTpuk Tuna Baiiabs.
B nepBom BapuaHTe cBeTONOA00HAas 000J104Ka (DaKTUYECKU SIBJISETCS CUHTYJISIPHOU
4acThIO pelieHus Tuna Baliabs, BO BTOpOM — OHU JOJIKHBI COBIAIATh C TOYHOCTHIO
no koHdpopmHoro ¢akropa. B oOoux cnydasx cBeTomnojsoOHass 000JouYKka He
U3IIy4aerT.

An uniform model for Dark Matter and Dark Energy

Izmailov G.N.
Moscow Aviation Institute (National Research University), Moscow, Russia
E-mail: izmailov@mai.ru;

In this report, after reviewing some of the most important concepts about Dark
Matter and methods of its registration, in particular by using SQUIDs, it is proposed
a toy uniform model for corpuscular Dark Matter and continuous Dark Energy.
Estimates, carried out in the framework of this model, indicate the possibility of
experimental detection of the “ether wind" pressure, created by the non-corpuscular
incoming flow, corresponding to the galactic orbital motion of the Earth. The devices
based on SQUID, in particular the SQUID-paramagnetic absorber and the SQUID-
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magnetostrictor systems, both suitable for investigations of above problems, are
considered.

Enunast Mmogeib TEMHOM MAaTePUU U TEMHOM JHEPIrUM

Hszmainiaos I'.H.

Mockoeckuii asuayuonnoiii uncmumym (HQUUOHAILHBIU UCCIEO08AMENbCKULL
yHusepcumem), Mockea, Poccus

E-mail: izmailov@mai.ru;

B sToMm cooliiennu nocie 0030pa HEKOTOPBIX HanOoJIee BaXKHBIX KOHIICTITUN
TEMHOW MaTEPUU U METOJOB €€ PETrMCTpallH, B YACTHOCTH, C HCIIOJIb30BAaHUEM
CKBU/oB, npemraraercst eauHas ynpoOLIEHHAs MOJAENb UL KOPITYCKYJIIPHOU
TEMHOW MAaTEpUM U HENPEPBIBHOW TEMHOUW 3Hepruu. OLIEHKH, BBINOJHECHHBIE B
paMKax »JTOM MOJENH, YKa3bIBAIOT HAa BO3MOXHOCTb JSKCIHEPUMEHTAIBHOTO
OoOHapyXeHHs JABJICHUS «I(PUPHOTO BETpa», CO3JaBAEMOT0 HEKOPITYCKYJISPHBIM
HaOEraloUuMM IOTOKOM, COOTBETCTBYIOIIUM TaJlaKTUYECKOMY OpOUTAIBLHOMY
IBIKEHUIO 3eMiu. PaccMoTpensl ycrpoiictBa Ha ocHoBe CKBIUIoB, B yacTHOCTH
CKBU/-napamarautHbii  noriotutenb U CKBUJl-MarHUTOCTpUKTOPHBIE
CUCTEMBI, MOAXOIAIINE JIUIS UCCIIEI0BAHNS BBILICYKA3aHHOW 3a/1a4u.

Precision Clock Network As Space-Based Gravity
Antennas

Izmailov G.N., Ozolin V.V.
Moscow Aviation Institute (National Research University), Moscow, Russia
E-mail: izmailov@mai.ru;

It is proposed to use space-based super-precise clock networks to register the
sources of low-frequency gravitational waves in the range of 10°+0.1 Hz, generated
by binary neutron stars and/or merging black holes. To register gravitational waves,
the method of comparing clocks at inland and intercontinental distances
(interferometry with a very long base), originally researched, developed and training
on for radio astronomy and geodesy practice, can be used. An outline for the
detection of gravitational waves on the basis of the proposed network is offered. A
scheme of a ring quantum interferometer based on matter waves for recording the
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Lense - Thirring effect (measuring the gravimagnetic component of the gravitational
field arising as a result of mass rotation) is indicated, which can open up the prospect
of circularly polarized gravitational waves registering.

Cetnb IPCHU3NOHHBIX YaCOB KaK IrpaBUTAllUOHHBIC
AHTCHHBI KOCMHUY€CKOI'0 62131/IpOBaHI/IH

H3maiinos I'.H., O301un B.B.

Mockoeckuii asuayuonnsiii uncmumym (HQUUOHAILHBIU UCCIEO08AMENbCKUTLL
yHusepcumem), Mockea, Poccus

E-mail: izmailov@mai.ru;

[Ipenyio)keHO UCIOJIB30BaTh CETH CBEPXTOYHBIX YacOB KOCMHYECKOTO
0a3upoBaHUS JJII PETUCTPAIIMM MCTOYHHUKOB HU3KOYACTOTHBIX T'PAaBUTAIIMOHHBIX
BoJH B uanasone 10°3+0,1 'y, reHepupyeMbIX JBOMHBIMU HEITPOHHBIMHM 3B€3/1aMH
W/WIA CIWBAIOIIMMHKCS YEPHBIMU AblpaMH. J[JIg perucrpanuu TrpaBUTAIMOHHBIX
BOJIH MOXET ObITh HCIIOJB30BaH METOJ  COINOCTABJICHHS  4YacoB  Ha
BHYTPUKOHTHHEHTAJIbHBIX u MEKKOHTHHEHTAJIbHBIX PaCCTOSIHUSIX
(maTEepdepoMeTpus C OYCHb JJIMHHOW 0a30i), M3HAYaJIbHO pa3paOOTaHHBIN s
PaaroacTpOHOMHH U Teoe3uu. [[puBoIUTCS cXeMa perucTpaluy TPaBUTAIIMOHHBIX
BOJIH C TOMOIIBIO MpeIaraéMoi CeTH, M JAIOTCS OICHKH TOYHOCTH W3MEPEHUH.
VYka3bIBaeTCs cXeMa KOJIBbIIEBOTO KBAHTOBOTO HHTEp(epoMeTpa Ha BOJIHAX MaTEpUN
st peructpaumu 3ddexra Jlenze — Tuppunra (M3mMepeHus TpaBUMArHUTHOU
COCTABJISIFONIECH TPABUTAIIMOHHOTO ITIOJIS, BO3HUKAIOIICH B PE3yJIbTaTe BpAIICHUS
MAacChl), YTO OTKPBIBAET MEPCIICKTUBY PETUCTPAITUH ITUPKYJIIPHO-TIOISIPU30BAHHBIX
I'PaBUTAITMOHHBIX BOJIH.

Late time cosmic acceleration in f (T, B) gravity

Kadam S.A., Mishra B.
Birla Institute of Technology and Science-Pilani, Hyderabad Campus, India

E-mail: k.siddheshwar47@gmail.com, bivu@hyderabad.bits-piani.ac.in;

In this paper, we have derived the field equations of f(T, B) gravity, an
extension of teleparallel gravity, in an isotropic and homogeneous space-time. In the
basic formalism developed, the dynamical parameters are derived by incorporating
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the hybrid scale factor. The scale factor chosen behaves as an early deceleration and
late time acceleration. The model behaves as an accelerating model at least at the
late time of cosmic evolution. The geometrical parameters and the scalar field
reconstruction are performed to further validate the model. Further the stability of
the model is also presented.

What are Non-local Variables?

Kamalov T.F.12

! Theoretical Physics Department, Moscow Institute of Physics and Technology,
Dolgoprudny, Russia
2 Theoretical Physics Department, Moscow Region State University, Moscow, Russia

E-mail: t.kamalov@phystech.edu;

The need to introduce hidden variables into quantum mechanics naturally
arises for a consistent description of the nature of quantum statistics. The inability
of classical physics to explain the experiments of the microworld led to their
presentation as axioms and postulates of quantum mechanics. That is why the
problem of hidden variables has arisen and is being discussed since the formation of
guantum mechanics and is still relevant today. Experiments on checking Bell's
inequalities have concluded that it is impossible to introduce local hidden variables.
But since the question of the nature of quantum statistics remained open, the question
arose about the possibility of introducing nonlocal hidden variables, the introduction
of which does not contradict the experimental conclusions of the measurement of
Bell's observable. But what are non-local hidden variables? This paper discusses
kinematic variables in the form of higher derivatives of acceleration with respect to
time, arising in non-inertial reference frames due to randomly vibrating small
random fields and forces. Kinematic characteristics in the form of acceleration and
its higher derivatives with respect to time are the same for all observables of a
randomly vibrating frame of reference and therefore they are non-local variables for
all objects of this frame of reference. This leads to a probabilistic description of the
behavior of micro-objects with hidden and non-local variables. Recognition of the
importance of randomly vibrating frames of reference for the behavior of micro-
objects leads to a refusal to recognize the reality of inertial frames of reference, and
hence to the need to expand classical physics and Newton's laws. The essence of
Newton's laws in the axiomatic introduction to the description of mechanical
systems by second-order differential equations in inertial reference frames is
expanded by replacing the axiomatics of describing classical-quantum objects with
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higher-order differential equations. In our case, nonlocal kinematic variables of
random frames of reference in the form of higher derivatives of acceleration with
respect to time describe the nonlocal correlation characteristics of microobjects.

Yro Takoe HeJIOKAJIbHbIE IepeMeHHbIe?

Kamanos T.®.12

! Kagpeopa meopemuueckoii pusuxu, Mockosckuii puzuxo-mexnuueckutl uHCmumym,
Joneonpyonuwui, Poccus
2 Kagpeopa meopemuueckoii pusuxu, Mockogckuii 2ocydapcmeenuiii 061acmmoi
yuusepcumem, Mockea, Poccus

E-mail: t.kamalov@phystech.edu;

Heo0xoaumocTh BBEAEHUSI CKPBITHIX MAPAMETPOB B KBAHTOBYIO MEXAaHUKY
BO3HUKAET JUIsl HENPOTUBOPEUMBOIO ONMCAHMS MPUPOABI KBAHTOBOM CTATUCTUKH.
HecnocoOHOCTh Knaccuueckol (UM3UKKA OOBSICHUTH 3KCHEPUMEHTHI MHUKPOMHPA
IIPUBEJIA K HU3JIOKEHUIO UX B KAaYeCTBE AKCMOMATUKM M IOCTYJIATOB KBAHTOBOW
MexaHuKH. BoT mnoueMy mnpoOiemMa CKpBITBIX MapaMeTpoB BO3HUKIA U
JUCKYTHPYETCS CO BPEMEHU CTAHOBJICHUS KBAaHTOBOM MEXAHUKHM M aKTyajbHA J0
CUX IIOp. OKCHEPUMEHTHI IO MNPOBEPKE HEPABEHCTB bemra pamu BBIBOX O
HEBO3MOKHOCTH BBEIECHHSI JIOKAJIBHBIX CKPBITBIX apaMeTpoB. Ho Tak kak Bompoc o
IIPUPOJIE KBAHTOBOM CTATUCTUKU OCTAJICS OTKPBITHIM, BCTAJI BOIIPOC O BO3MOYKHOCTH
BBEJCHHUS HEJIOKAJIBHBIX CKPBITBIX IAPAMETPOB, BBEACHUE KOTOPBIX HE
IPOTUBOPEYUT IKCIIEPUMEHTAIBHBIM BBIBOJAM HM3MepeHus HaOmromaemont bemna.
Ho 4to Takoe HesnokalbHBIE CKPBIThIE MapaMeTpbl? B aToli pabote obcy)aatorcs
KUHEMAaTUYECKUE TIEPEMEHHBIC B BHUJEC BBICIIMX IPOU3BOJHBIX KOOPAMHAT IIO
BPEMEHM, BO3HMKAIOIIME B HEHHEPLUHMAIBHBIX CHUCTEMAx OTCYETA BCIEICTBUE
CIy4yailHO BHOpUPYIOIIUX MajbIX CIOy4aHbIX Tmoded u cwi. OueBuaHas
HEJIOKAJIBHOCTh KWHEMATUYECKUX IIEPEMEHHBIX B HEMHEPUHUAIBHBIX CHCTEMax
oTcueTa CleAyeT U3 IPUCYLIUX CUCTEME OTCUETa, & He HAOII0JaeMbIX (PU3NMYECKHUX
CUCTEM B NpOCTpaHCTBE. KMHEMaTHYECKNE XapaKTEpUCTUKN B BHUJIE YCKOPEHUS U
€ro BBICIIMX MPOU3BOAHBIX IO BPEMEHH OJMHAKOBBI JJII BCEX HAOIIOJAEMBIX
ClIlyyallHO BUOpHpYIOLIEH CHCTEMbl OTCYETa U [O3TOMY OHHU  SBJISIFOTCSA
HEJIOKAJIbHBIMU MEPEMEHHBIMU JJII BCEX OOBEKTOB 3TOM CHCTEMBbI OTCUeTa. DTO
MPUBOJIUT K BEPOSTHOCTHOMY OMHMCAHMIO TTOBEIEHUSI MUKPOOOBEKTOB CO CKPBITHIM
W HEJIOKAJIBbHBIMU  NepeMeHHbIMU. [Ipu3HaHuMe  3HAUMMOCTH  CIIy4alHO
BUOPUPYIOIIMX CUCTEM OTCUETa Ha MOBEICHHE MUKPOOOBEKTOB BEAET K OTKa3y OT
MPU3HAHUS PEAIIBHOCTH HHEPUMAIBHBIX CUCTEM OTCYE€Ta, a 3HAaYuT K
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HEOOXOIMMOCTH pacUIMpeHus Kiaccudeckor (usuku u 3akoHOB Hbrotona. CyThb
3aKkOHOB HbIOTOHA B aKCHOMAaTHYECKOM BBEJICHUU ONMCAHIUH MEXAaHHUECKUX CUCTEM
nuddepeHInaIbHBIME YPAaBHEHUSIMU BTOPOTO TMOPSIKA PACHIMPSAETCS MOAMEHOM
AKCMOMATHKHU OIUCAHUSA KJIACCHYECKU-KBAHTOBBIX cHCTeM auddepeHnrnanbHbpIMu
YpaBHEHHUSMH BBICIIUX TOPSAKOB. B HalleM ciiydae HeloKaJlbHbIe KHHEMAaTHYEeCKUE
MIEPEMEHHBIE CITyYalHbIX CUCTEM OTCUETa B BU/IE€ BHICUINX MPOU3BOIHBIX YCKOPEHUS
0 BPEMEHH OIHUCHIBAIOT HEJOKAJIbHbIE KOPPEISIMOHHBIE XapaKTEPUCTUKU
MHUKPOOOBEKTOB.

Shapiro delay in Kerr-Sen black hole

Karimov R.Kh.}, Izmailov R.N.}, Nandi K.K.12, Ivanova A.A. 2

1 Bashkir State Pedagogical University, Ufa, Russia
2 University of North Bengal, Darjeeling, India

E-mail: karimov_ramis_92@mail.ru, izmailov.ramil@gmail.com,
kamalnandil952@rediffmail.com;

In this work, we consider realistic finite lensing system and raised a question
of principle associated with the estimation of pulse arrival times after they pass by a
companion spinning BH. To do that, we integrated null geodesicsc and analytically
calculated the time delay of light propagation in the equatorial plane of Kerr-Sen
black hole up to third order. The calculated propagation time (also called as Shapiro
delay) required for a pulse to travel from an arbitrary source point r to the observer
point on the opposite sides of a spinning Kerr-Sen lens can be presented by
t2(r,b,&) = taat (1,5, &) + tass (1, b, &) £ teq(r,b,&) , where & - Kerr-Sen
parameter, tq,; IS the flat space term, t,,,,scare three pure mass terms, while the last
term t¢4 represents the leading order frame dragging term containing the spin a. The
distance b of closest approach of the ray is determined by black hole mass M and
angular momentum J.
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3anep:xkka [lllanupo B npocTpancTBe-BpeMenn Keppa-
Cena

Kapumos P.X.!, Usmaunnos P.H.}, Hanau K.K.}?, UBanoBa A.A.2

! Bawxupcxuii 2ocyoapemesennuiii nedazoeuueckuii yuugepcumem um. M. Axmynnol,
Poccusa
2 University of North Bengal, Darjeeling, India

E-mail: karimov_ramis_92@mail.ru, izmailov.ramil@gmail.com,
kamalnandil952@rediffmail.com;

B pabote paccmaTrpuBaeTcsi pealiuCTUUHAs KOHEUHAas TUH3UpyeMas cUCTeMa
U TOJHUMAETCA MPUHUMIIMAIBHBIA BOIPOC, CBS3aHHBIM C OLEHKOH BPEMEHU
IPUX0JIa CUTHAJIOB MOCJIE UX MPOXOXKIECHUS BOJIU3M BpallatoIelcs YepHON JbIPHL.
JInst 3TOro MpOMHTErPUPOBAHBI HYJEBbIE reogesnueckne mMerpuku Keppa-Cena B
DKBAaTOPUAIBHOM IUIOCKOCTH JI0 TPETBETO IOPSAKA M BBIYMCICHO BpeMs
MPOXOXKJEHUST Jydel cBeTa (Takke HaszbiBaemoe 3aaepxkkoit [llamupo),
HE0OXOAMMOE I MX MPOXOXKIAEHUS OT MPOU3BOJIBHOM TOYKM B UCTOYHUKE I Ha
PaCCTOSIHUM HAaUMEHBIIETO COMMKEHMs Jiyda D mo 00e CTOPOHBI OT Bpamaromiencs
mua3sl Kepp-CeHa, KoTopoe MOXHO HpejacTaBuTh B Bume: t¥(r,b,§) =
taat (1, b, &) + tmass (1, b, &) £ teq(r, b, &), rne & — mapametp metpuku Keppa-Cena,
tfat — 38€PKKA B IJIOCKOM IPOCTPAHCTBE, tiass — 3aACPIKKA, BBI3BAHHAS MacCOi
YepHOU [bIpbl U tfq — BEIYLIMI MOPAIOK 3aJE€pXKKH, BBI3BAaHHBIN 3((heKToM
YBJIEUEHHSI HHEPLUUAIBHBIX CUCTEM OTCUETA, COACPMKALIMMI IMapaMeTp BpalleHus a.
Paccrosinne HavMeHbIero cOMMKEHUS D Jyda ompenensieTcss Maccoi 4YepHOM
JeIpbl M 1 yTr10BBIM MOMEHTOM J.
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Extended geometry and kinematics
induced by biquaternionic and twistor structures

Kassandrov V.V.1, Markova N.V.2

L Institute of Gravitation and Cosmology, Peoples’ Friendship University of Russia,
Moscow, Russia

2 Department of Applied Mathematics, Peoples’ Friendship University of Russia,
Moscow, Russia

E-mail: vkassan@sci.pfu.edu.ru, n.markova@mail.ru;

The algebra of complex quaternions, biquaternions, B is the most appropriate
candidate for the role of a space-time algebra. Indeed, its symmetry (automorphism)
group SO(3,C) is isomorphic to the spinor Lorentz group SL(2,C), and its
multiplication table can be represented in a manifestly Lorentz invariant form [1].
However, vector space of B has four complex dimensions and does not correspond
therefore to the structure of real Minkowski space. Physical sense of four
““superfluous” coordinates (if any) remains indefinite, and we concentrate on this
problem in the report.

Nonetheless, biquaternions and B-valued functions, as well as the structure of
extended complex space-time CM itself, have been exploited in a number of
interesting approaches to the field theory and general relativity. Particularly, in GTR
complex space-time serves as a source of null shear-free congruences (NSFC) which
are known to determine the structure of Robinson-Trautman metrics (including the
Kerr and Kerr-Newman solutions).

In our version of non-commutative analysis (see, e.g., [2] and references
therein) the differentiability conditions for (bi)quaternionic functions (generalized
Cauchy-Riemann conditions in complex analysis) are direct consequences of the B-
algebra’'s non-commutativity, so that B-differentiable functions can be actually
treated as (self-) interacting physical fields.

Moreover, the system of B-differentiability equations possess natural 2-spinor
and twistor structures, and its general solution represents in fact an invariant version
of the celebrated Kerr-Penrose theorem [3]. The latter gives a complete algebraic
description of the NSFC on the Minkowski or the Kerr-Shild spaces via twistor
generating functions. In the turn, a NSFC defines a set of fundamental (both gauge
and spinor) fields for which the corresponding vacuum equations are identically
satisfied (see [4] and references therein). Singularities of these fields (point-, string-
or membrane-like) can be treated as particlelike formations participating in a self-
consistent collective dynamics (see [5] and references therein). We obtain thus a
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non-trivial set of interacting fields and their singular sources whose properties are
determined by the B-differentiability conditions alone; such approach had been
called the "algebrodynamics" [6,2].

However, the complex geometry defined by the structure of B-algebra
embarrass explicit physical applications of biquaternions and, particularly, proper
interpretation of results obtained in the framework of the algebrodynamical
approach. In our previous works [7] a number of constructions has been presented
which, rather naturally, relate complex pre-geometry with real geometry of the
Minkowski space or its extensions. These constructions based on B-invariant
bilinear maps and leading to some peculiar kinematics of the particlelike formations
will be enlightened in the report. We impose also some additional restrictions on the
particles' kinematics motivated by the properties of the primary B-field and its
twistor counterpartner. These properties define the law of transfer of twistor field
and, in addition, the transfer of singulartities, caustic-like structures. In result, we
obtain a remarkable classification of the types of singularities-particles and their
corresponding dynamics.
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AnreOpa KOMIUIEKCHBIX KBAaTEPHUOHOB, WIH Ouxeamepnuonos, B sBusercs
OJIHUM W3 Haubosee MOAXOAIMX KaHAUIATOB Ha POJb aneebpvl NpoCmpancmea-
spemenu. JIeWCTBUTENbHO, ee Tpymnma cuMmMmerpuu (aBromopdusmon) SO(3,C)
nzomMopdua crnuHOopHOM rpymme Jloperma SL(2,C), a Tabnuia yMHOKEHHSI MOKET
OBITH MPEJCTABICHA B ABHO JIOPEHI-MHBapUaHTHOU GopMe [1]. OnHako BEKTOpHOE
OpOCTpaHCTBO B nmeer yetbipe kommiexcHvie KOOPAUHATHL U HE COOTBETCTBYET
CTPYKTYpE€ BELIECTBEHHOIO MpocTpaHCTBa MMHKOBCKOro. MDU3MUECKUNA CMBICI
YEThIPEX «IMIIHUX)» OCTAETCS HE BIIOJIHE SICHBIM, U MBI 00CY/IUM 3Ty MpoOJIEMY B
JOKJIAJIE.

Hecmotpst Ha 31O, OMKBaTepHUOHBI U B-3HauHble (yHKIMHM, KaK ¥ cama
CTPYKTypa  pacHIMPEHHOTO0  KOMIUIEKCHOIO  IpPOCTpaHCTBa-BpeMeHH M,
MCIIOJIb30BaJIach B PsAJI€ MHTEPECHBIX MOAXOA0B B TEOPUHU MOJS U IpaBUTaUuu. B
gacTHOCTH, B OTO KOMIUIEKCHOE MPOCTPAHCTBO-BPEMSI MOKET PACCMATPUBATHCS
KaK MCTOYHUK OeccABUTOBBIX M30TponHbIX KoHrpyeHimi (BUK), kotopsie
ONPENENSIOT, KaK HU3BECTHO, CTPYKTYpy MeTpuk PoOuHcona-TpayTtmana (B ToM
yucie pemiennit Keppa u Keppa-Hreiomena).

B npenoxeHHO HaMKU BEPCUH HEKOMMYMAmueHo20 aHanu3a (CM. CChUIKU B
[2]) ycrnosus ougpghepenyupyemocmu Gynkuuii OUKBATEPHUOHHOTO TEPEMEHHOTO
(o606menue ycnouit Komm-Prumana B KOMIUIEKCHOM aHAIHM3€) HETIOCPEICTBEHHO
CBSI3aHBI C HEeKOMMYymamusHocmuio anredpel B, Tak uto B-ouggepenyupyemvie
QYHKYyuu Mo2cym paccmMampueamuvci 8 Kadecmee Quauueckux nonei ¢
«camooelicmeuemy.

bonee Ttoro, cucrema ypaBHeHmil B-mauddepeHmpyeMocTH ecTeCTBEHHO
MOPOXKJIAeT 2-CIUHOPHYI0 U TBUCTOPHYIO CTPYKTYpbl, a ee ofIiee pelieHue
npeacTaBiiieT co0Oil WHBApUAHTHYIO BEPCUI0 3HAMEHHUTOM Teopembl Keppa-
[Tenpoysa [3]. Dta Teopema maer mosHoe omnmcanue BUK Ha mpocTpaHcTBax
Munkosckoro u Keppa-lllunga B TepMuHax TeHEPUPYIOMIUX TBHCTOPHBIX
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dbyukmuii. B cBoro ouepennr, BUK mopoxnaer Habop (yHmameHTaabHBIX (Kak
KaJII/I6p0B0‘IHI)IX, TaK H Cl'[I/IHOpHBIX) HOHCP'I, A KOTOPBIX TOXIACCTBCHHO
BBITIOJTHSIIOTCSL COOTBETCTBYIOIME BaKyyMHBbIE ypaBHEHMs. (CM. cChUIKU B [4]).
CHUHTYJISIPHOCTH 3THX TOJIeM (TOYEYHBIC, CTPYHHOTO WJIM MEMOpPaHHOI'O THIIA)
MOTYT paccMaTpUBAaThCS KaK YaCTHIIETIOAOOHBIE OOpa3oBaHMsI, y4aCTBYIOIIHE B
CaMOCOIJIACOBAaHHOM KOJIJIEKTUBHOW TMHAMUKE (CM. CCHUIKH B [5]). MBI nonyyaewm,
TakUM O00pa30oM, HETPUBHAIBHBIM HA0Op B3aMMOJCHCTBYIOIIMX TOJNEH W UX
CUHTI'YJIPHBIX HCTOYHHKOB, CBOMCTBa KOTOPBIX ITOJHOCTBIO OIIPCACIIAIOTCA
ycnoBusiMu  B-ouggepenyupyemocmu; Tako MOAXOJ TOMYYMT HA3BaHHE
«anredpoauHaMUKm» [6,2].

Tem He MCHCC, KOMILUICKCHAsA TICOMCTpPHA, IIOPOKIAACMAA CTpYKTypOﬁ
However, the complex geometry defined by the structure of B-anreopsr,
IMPCIIATCTBYCT HCIIOCPCACTBCHHBIM (i)I/IBI/ILIeCKI/IM IMPUMCHCHHUCM 6I/IKBaT€pHI/IOHOB u,
B TOM YHCJIC, 3aTPYAHACT HHTCPIIPCTAIUIO PC3YJIbTATOB, IIOJIYy4dCMbIX B KOHTCKCTC
anredpouHaMUYecKoro nmoaxojaa. B mpeasimymumx padotax [7] ObUT IpensiokeH
pana KOHCTpYKHHﬁ, KOTOPBIC €CTCCTBCHHO COOTHOCHUIJIN KOMILICKCHYIO
npcarcomMCcTpuro ¢ I‘GOMeTpI/IeIJ;ﬁ IMPOCTPAHCTBA MMHKOBCKOI'O MWJIHM €TI0
paciupenuid. Takue KOHCTPYKIIMK, OCHOBAaHHbBIC Ha B-MHBapHaHTHBIX OMITMHEHHBIX
omoopaxdceHusx U MPUBOAAIINE K OPUTHHATBLHON KMHEMATUKE YaCTHUIIECTIOO0HBIX
oOpa3oBaHuii, OyayT TpeAcTaBlieHbl B Jokiaae. HekoTopbie AOMOTHUTENBHbBIC
OTpaHHUYCHNA Ha KMHCMATHUKY 4YaCTUI, CBA3aHHBIC CO CBOMCTBaMH ICPBUIHOIO B-
IIOJIA, OIMPCACIIAIOT IIEPCHOC €0 TBUCTOPHOT'O aHAJIOra U, B JOIMOJIHCHHUC, IICPEHOC
KayCcniuk KOHZepYeHUUuU. B HUTOIC, MbI IIOJIYy4acM IMPUMCUYATCIIbHYTO KJ'IaCCI/Iq)I/IKaLII/IIO
TUIOB CUHTYJIIPHOCTEM, aCCOUMUPYEMBIX C YACTULIAMMU.
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Phenomenon of dark matter and dark energy as result
of non-calculation additional derivatives

Khamis Hassan M.H.*?, Volkova O.A.2, Kamalov T.F.%3

! Assiut University, Assiut, Egypt
2 Moscow State Regional University, Mytishchi, Russia
3 Moscow Institute of Physics and Technology, Moscow Region, Russia
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The need to introduce dark matter dark and energy becomes unnecessary if
we consider that the phenomenon of dark matter and dark energy is a result of not
computing the additional derivatives of the equation of motion. For this purpose, we
use higher derivatives in the form of non-local variables, known as the Ostrogradsky
formalism. As a mathematician, Ostrogradsky considered the dependence of the
Lagrange function on acceleration and its higher derivatives with respect to time.
This is the case that fully correspond with the real frame of reference, and that can
be both inertial and non-inertial frames. The problem of dark matter and dark energy
presented starting from basic observations to explain the different results in theory
and experiment. The study of galactic motion, especially the rotation curves, showed
that a large amount of dark matter could found mainly in galactic halos. The search
for dark matter and dark energy has not confirmed with the experimental discovery
of it, so we use Ostrogradsky formalities to explain the effects described above, so
that the need to introduce dark matter and dark energy disappears.

DeHOMEH TEMHOU MATEPUU U TEMHOU IHEPIrUM KAK
pe3yJabTaTr HePacUeTHBIX JONOJHUTEIbHBIX IPOU3BOIHBIX

Xamuc Xaccan M.X.}?, Boakosa 0.A.%, Kamanos T.®.%3

 Acciomexuii ynugepcumem, Acciom, Ecunem
2 Mockosckuii 2ocyoapcmeennviii obnacmuoii ynusepcumem, Moimuwu, Poccus
8 Mockoeckuii pusuxo-mexnuueckuii uncmumym, Mockosckas o6aracms, Poccus

E-mail: m.khamis@yandex.ru;

HeobxoaumocTh BBEIEHNS TEMHOM MaTEpPUHM M TEMHOM YHEPTUN CTAHOBHUTCS
HEHYKHOM, €CIIH Y4YeCTb, YTO SIBJIE€HWE TEMHOW MAaTepUM W TEMHOM SHEPTUU
SIBJISIETCS PE3YJIbTATOM HE BBIUYMCIICHUS NOTIOJHUTEIBHBIX IPOU3BOIHBIX YPABHECHUS
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JOBHKEHUS. /{7151 5TOr0 MBI HCTI0JIB3YEM BBICIIUE MPOU3BOIHBIE B BUJIE HETOKAJIBHBIX
NepeMEeHHbIX, M3BeCTHble Kak (opmanm3m Octporpaackoro. Kak marematuk
OcTporpazckuii paccMaTpuBail 3aBUCUMOCTh (GyHKIMK Jlarpanxka OT yCKOPEHUS U
€€ BBICIIME MPOU3BOAHBIE IO BPEMEHU. JTO TOT CIIydyall COOTBETCTBYET CIIyYalo,
KOTJ]a CUCTEMa OTCUYETa MOKET ObITh, KaK MHEPUHUAIBHOM, TaK U HEUHEPLIUATBHOM.
[IpoGnema TeMHOW MaTepuWi W TEMHOW HDHEPTUU BO3HHUKJA MJIS TOTO, YTOOBI
OOBSICHUTD Pa3IMUHbIC PE3YJbTAThl TEOPUU U SKCIIEpUMEHTa. VI3yueHue IBHKEeHUS
rajJlakTUK, OCOOCHHO KPHUBBIX BpAIICHUS, MOKa3aJl0, YTO OOJBIIOE KOJIUYECTBO
TEMHOW MAaTepuy MOKHO HAUTH B OCHOBHOM B rajo rajgaktukax. [lonck TtemHOM
MaTepUM U TEMHOM SHEPTUU HE TOATBEPANIICS €€ IKCIIEPUMEHTATBHBIM OTKPBITHEM,
MO3TOMY Mbl HCHoOJb3yeM (opmanmuaM OcCTporpajackoro Juisi OObSICHEHUS
OMHCaHHBIX BbINIE AP(HEKTOB, TAK YTO HEOOXOIUMOCTh BBEJCHUSI TEMHOU MaTepuu
Y TEMHOW SHEPIruM OTNAaJAeT B HALIEH MOJEIH.

The hypothesis of black hole evaporation in
multidimensional spaces

Kopylov S.
Moscow Polytechnic University, Moscow, Russia
Email: KopSV@mail.ru;

Evaporation of a black hole with mass M over time 7 is considered. The
black hole mass is related to its volume. Therefore, if M -0, then V —0. As a
result, we have M /T OV /T =L"/T =L"c/Tc=L"c/L=L""c. Here L' is a hypersurface
in n dimensional space.

The quantity L"* can be built from world constants: L™ =G,h/c*. Then this

is the value of the Planck size, a kind of hypersurface "quantum” : L"*=L,"". We
obtainL"c=Gh/c*. Thus, V/T=L""c>T =V /L c=Vc*/G,h.

For a black hole we have: mc*/2=G, mM/L"?. Then L"?= 2G, M/c’.

Finally L=(2G,,M/c?)""” . Thus the volume of the black hole is:

V=L"=(2G,M/c’

_ 2\M(=2) , _ onin=2)~  {ni(n-2)}-L{-2n/(n-2)}+2 \ g N/(n-2) ;
T=(2G,M/c’)" "¢’ IG,h or T=2""2G, c MM /h . Finally,

T — 2n/(n—2) G(n)Zl(n—Z)CAI(Z—n)M n/(n-2) /h .

)n/(n—z)

Insofar as  T=vc’/G,h . We  get
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If, n=3 then the black hole evaporation time T =2°G,**M*/h. If n=4, the
black hole evaporation time T =2°G,'c?M?/h. As n—ow, T—>2'G,c"M"'/h .

Finally, T 2M /h. The evaporation time decreases as n increases.

The black hole evaporation time is proportional to the time of light travelling
through its transverse size, multiplied by the number of Planck hypersurfaces
contained in the black hole's hypersurface, i.e. the number of ray reflections from
the black hole hypersurface.

Determine the temperature of the black hole radiation. We shall assume that
the black body radiation is a quantum process. Therefore, the energy of this radiation
can be estimated from the relation E =hc/L. Substitute the characteristic size of the

black hole in it: E=hc/L=hc(26, M /c?) """ . Insofar as T°=E/k,, we obtain

T°=hc(2G, M /c?

1/(2-n)
(n) )

Ik; . For n=3, T°=hc(2G, M /c?

1/(2-n)
(3) )

Iks =hc*12G, MK, .

For n=4 T°=hc?/(26,M)" k,. As n—w, T°=hc(2G,, M /c?) Ik, chc/k, . The

black hole absorbs everything falling onto it, i.e. this is a black body whose
equilibrium is due to a multiple reflection from Planck hypersurfaces.

I'unore3a ucnapeHusi YEPHLIX AbIP B MHOTOMEPHbIX
NPOCTPAHCTBAX

KonsLi0B C.B.

Mockoeckuii nonumexnuyeckuu ynugepcumem, Mockea, Poccus
Email: KopSV@mail.ru;

PaccmarpuBaercs ncnapenue 4€pHOU AbIpbl Maccod M 3a Bpems 7. Macca
y&pHOUM ABIphI cBs3aHa ¢ e€ oOnémom. Ilosromy, ecitu M —0 1O V —0. Kak
pesyiapbTaT wmMeeM M /TOV/T=L"/T=L"c/Tc=L"¢c/L=L""¢ . 3mecp L™
TUIIEPIIOBEPXHOCTh B N MEPHOM MPOCTPAHCTBE.

BenuuuHa L' MOXeET ObITh HOCTPOEHA M3 MUPOBBIX KOHCTAHT: L' =G, h/c’

Torma »oTo0 BenMMYMHA TUIAHKOBCKOTO pa3Mepa, CBOECOOpasHBI  «KBAaHT
raneprnoBepxHocty:  L"'=L,"" . Ilomywaem L“'c=G,h/c® . IlosTomy

(m
VIT=L""c>T=V/L""c=Vc’/G,h.

A b . 2 n-2 n-2 2
Jnst 9€pHOM IBIPBI BEpHO: mc*/2=G, mM /L™ . Torma L"* = 2G, M/c".
)1/(n—2)

OKOHYATEIHHO L=(ZG M /c?

- OO0bEéM dYEpHOM IBIPHI TaKUM 00pa30M:

V=L"=(2G,M/ cz)m(n_z). Hockombky T =V ¢’/G, h. [Tomydaem
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n/(n-2) _ Covi1 f _ _
T=(2G,,M/c’ c?/G,h . MWm T=2"02G O-2ictzakzg e
(n) (n) (n)

OxonuyarensHo T =2""2G  #AcHEmpM 2 h

Ecmu n=3, To BpeMs ucnapenus 4€pHOM AbIpbl T =2°G,°c*M*®/h. Ecim
n=4 , Bpema wucnapeHus 4EPHOH ObIpHI T =2°G,'c*M?/h . Ilpyu n—oo
T —>2'G,,°c°M'/h . OxonuatensHo T 2M/h . C pocToM n Bpems HCHAPEHUS

YMEHBIIIAECTCS.

Bpewms ucniapenunst 4€pHOM AbIpbl MPONOPLUHUOHAIBHO BPEMEHHU IIPOXO0KIACHUS
CBETOM €€ IIONEPEYHOro pasMepa, YMHOXKCHHOMY HA YHCIO IUIAHKOBCKHX
THUIIEPIIOBEPXHOCTEN COAEPKAIIUXCS B TUIIEPIIOBEPXHOCTH YEPHOM IbIpBL. TO ecTh
KOJIMYECTBY OTPAKEHUH JIy4a OT TUIIEPIIOBEPXHOCTH YEPHOM ABIPHI.

OnpenenuM TeMIiepaTypy HM3JIydeHHs YEPHOW IbIpbl. bynem cuurtarh, 4TO
U3IyuyeHre alCOJIIOTHO UYEPHOIO Tesa Mpolecc KBaHTOBBIA. Iloaromy sHepruto
3TOT0 MU3JIyYEHHUsI MOKHO OLIEHUTh U3 COOTHOILIEHUs E=hc/L.

IToncraBum croz1a XapaKTEepHbIN pasmep YEpHOU JBIPBI

E=hc/L=hc(2G, M/ cz)_ll(n_z) [lockoneky  T°=E/k, . Ilomyuaem
T° =he(2G,M/c?) " " Ik, .

Ipu n=3 , T°=hc(2G,M/c
T°=hc?/(2G, M) k,.IIpu n—>oo, T° =hc(2G,, M /c?) Ik, o he/k,.

Ué€pHast npipa Bc€, 4TO MajaeT Ha HeE, MOMIONAaeT. ITO a0COIIOTHO YEPHOE
Teno. PaBHOBECHBIM €ro JejaeT MHOTOKPATHOE OTPaKeHHE OT ILIAHKOBCKHX
TUIIEPIIOBEPXHOCTEM.

)" Ik, =hc* 126, Mk, . Tlpn n=4 ,

Extended f (R) theories with Kinetic curvature scalar in
the weak field regime

Koshelev N.A.
Ulyanovsk State Pedagogical University named after 1.N. Ulyanov, Russia

E-mail: koshna71@inbox.ru;

The extended f (R) theories are receiving much attention today. This is due to
attempts to give a purely geometric explanation for some cosmological phenomena,
as well as to better understand the gravity theory. However, a typical problem of
new modified theories is the presence of instabilities: ghost, tachyon, or gradient, in
the terminology of review [1].
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Recently, B.A. Naruko, D. Yoshida, S. Mukohyama [2] proposed a class of
extended f (R) theories with the action of the form

S =—-[f(R,(VR)?,0R) [—gd*x. (1)

With an appropriate choice of the Lagrangian, such theories are free of ghosts
that call attention to them. Cosmological solutions in theories of this class were
considered in [3], [4]. In ref. [4], considerable attention was paid also to the subclass

5 =—-[(R+X(R)(VR)?) [—gd*x. )
In [5], cosmological solutions were considered for the model
S = [(f1(R) + X(R)(VR)?) /—gd*x. 3)

Using a conformal transformation, one can write this action as

2 2
5= f{%ﬁ 1D+ e P (P0) - (e'ﬁ% -

2K

—e‘zﬁ""h(«p))}ﬁd‘*x. (4)

In simple cases, models (3) in the limit of weak fields are suffering from
tachyon instabilities that leads to instability of the Minkowski and Friedmann spaces
in these models. The reason is clear in the Einstein frame (4), the potential

V(p.x) =57 (e‘ﬁ“’f«p ey, («p)) (5)

has no minimum in simplest cases.

In this work, the models of the class (3) are studied in a weak field regime in
order to find a subclass of models for which instabilities are absent or weak enough
to pass observational constraints.
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Pacmiupennsle f(R) Teopuu ¢ KHHETHYECKUM CKAJIAPOM
KPHUBHU3HBI B peKHMeE ¢JIa00ro moJist

Komenes H.A.

Vavsanoeckuil eocyoapcmeerntulil nedazozuyeckutl ynusepcumem umenu M.H. Yivsanosa,
Poccusa
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Pacmmpennsie f(R) teopum, xkak u npyrue MoIuUIIMPOBAHHBIC TEOPUH
TpaBUTAllMU, CETOJHS TMPHUBJICKAIOT OOJBIIOE BHUMAHUE. OJTO BBI3BAHO Kak
MOTBITKAMH HAWTH YHUCTO TEOMETPUYECKOE OOBACHEHHE PSIIy KOCMOJOTHYECKHX
SBIICHUH, TaK W >KEJIaHHEM Jydlle TMOHSATh OOIIYI0 TEOPUI0 OTHOCHUTEIHHOCTH.
OnHako TUOUYHOW TPOOIEMOM HOBBIX MOAUGDUIIMPOBAHHBIX TEOPUN SBISETCS
HAIMYUE HEYCTOWYMBOCTEH: JyXOBBIX, TaXWOHHBIX WJIH TPAJAUCHTHBIX, B
TepMUHOJIOTHH 0030pa [1].

B pabore A.Naruko, D.Yoshida, S.Mukohyama [2] ObL10 mHpemaoKeHO
pacuupenue f(R) Teopuit rpaBuTaiiiu Ha TEOPUH C JACHCTBUEM BHJIA

$=—-[f(R,(VR)?,0R)[—gd*x. (1)
[Ipu moaxopsieM BbIOOpE JarpaHkuaHa, TaKue TEOPUH CBOOOHBI OT AyXOB,
YTO BBI3BAJIO OOJIBIION MHTEpeC K HUM. KoCMOJorHueckue perieHus B TCOPUSX
ATOTO KJacca paccMaTpuBaiuch B paborax [3], [4], mpuuem B pabore [4]
CYIIIECTBEHHOE BHUMAaHHUE ObLIO yIENIEHO MOIKIACCY

1
S = mf(R + X(R)(VR)?) ,/[—gd*x. 2)
B paGote [5] uccnenoBanich KOCMOJIOTHYECKUE PEIICHUS JIsI MOJCIIH
1
S == J(f1(R) + X(R)(VR)?) \/—gd*x. 3)

KondopmubiM peobpazoBaHreM 3TO ASHCTBUE TPUBOJAUTCS K BUTY

~ ~ 2 — |2 2 _ |2
s=f{$R— LT + e X (P0) ——( fierg -

—e‘zﬁ"”fl(ep))}J—_gd‘*x. (@)
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B npocreiimux ciydasx Mojenu ¢ aercteueM (3) B mpenesie cinadbix mojen
CTPa/laloT OT TaXWOHHBIX HECTAOWJIBHOCTEH, YTO MPUBOJIUT B ITHX MOJEIAX K
HEYCTOMYMBOCTU MPOCTPaHCTB MwuHKOBcKkoro u ®puamana. [lpuunHa BuaHa B
SUHINTEHHOBCKOM TpeacTaBieHuu (4): mjisi HUX MOTEHIMaJl CamoJIedCTBYIOIIETO
OJIA

V(@ X) =55 (e_ﬁ"xep iy, («p)) 5)

HC UMCCT MUHUMYMa.

B nanHol paboTte poBOAUTCS UCCIEA0BaHNE MOJIeneH ¢ nerictBueM Buja (3)
Ha yCTOﬁqHBOCTL B PCIKHUMC cj1aboro I10JI4, YTOOBI HAUTH IIoaKJjIacc MOI[CJ'IGﬁ, JJIA
KOTOPBIX HEYCTOMYMBOCTU OTCYTCTBYIOT WJIM JIOCTATOYHO CJIAOBI, YTOOBI MPOUTHU
HaOII0AaTeNIbHbIE OTPAaHUYEHHUS.
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Expansion of the Concept of the Term "'Physical
Vacuum™
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The hypothesis about the existence of some material substance limiting the
speed of light propagation in vacuum was formulated. By analogy with classical
physics, this substance is conventionally called ether or etheric field. The physical
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vacuum (cosmic vacuum) can claim the role of the ether field. In this case, it is
necessary to significantly "expand" the concept of physical vacuum.

2
From the wave equation Au = 12%’ it follows that at the wave velocity v—o

there are no wave processes. The speed of light in matter: v = ¢/,/en, where ¢ is the
dielectric constant, p is the relative magnetic permeability. The speed of light in a
vacuum: ¢ = 1/ [eyu, , Where g is an electrical constant, p is a magnetic constant.

Light slows down in matter: v<c. In the absence of the ether field c—o (or
got, — 0), in the presence of it c<co. Braking of light is one of the manifestations of

the etheric field. The etheric field is a material substance with zero (or close to zero)
density. It is not an absolute frame of reference. The constant gy has the meaning of
the dielectric constant, and po has the meaning of the magnetic permeability of the
ether field. This field can have elastic properties and be characterized by pressure. It
is homogeneous and isotropic (since the constants gy and po do not exhibit in
homogeneity and anisotropy) and has no voids. In the absence of the etheric field,
wave processes are impossible (“freezing” of space-time), fundamental interactions
are impossible, the categories of space and time are impossible. The etheric field is
a kind of mediator responsible for the implementation of all types of fundamental
interactions. It serves as a "limiter" of physical quantities in nature (fundamental
constants: speed of light in vacuum, Planck's constant, gravitational constant and
their consequences: Planck's time, length and mass). Perhaps the etheric field gives
rise to the categories of space-time and all wave processes, which means all
fundamental interactions. The etheric field can "stretches” the Universe by means of
the Casimir forces. The physical vacuum can be the "habitat" of waves. The
introduction of such field into consideration makes it possible to expand the range
of solved physical problems without limiting the area of research to the categories
of space-time. Essentially, the etheric field is the physical vacuum plus the categories
of space-time.

Paciuupenne noHATUSA «PU3HICCKUN BAKYYM»

Kpyraos A.H., Okynes B.C.
MI'TY um. H.D. baymana, Mockea, Poccus
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ChopmynupoBana rurnoTe3a O CYIIECTBOBAHUM HEKOTOPON MaTepuaIbHOU
cyOCTaHIIUM, OTPAaHUYUBAOIICH CKOPOCTh PACTIPOCTPAHECHHS CBETA B BaKyyMme. JTa
cyOcTaHIUs YCIOBHO Ha3BaHa 3pupoM uiu 3GupHbIM mosieM. Ha posnbs adupHOTO
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MoJiE MOKET TMpeTeHaoBaTh (usnmdeckuit Bakyym. Ilpu »TOM HEoOX0oaMMO

CYHICCTBCHHO «PACIIUPUTDL» ITIOHATHC (I)HZ%I/I‘IGCKOFO BaKyyMa.
2

ou
— 1
W3 BoJHOBOroO ypaBHEHUS Au = 57 CYENYeT, UTO NP CKOPOCTH BOJIHbI

V—00 BOJIHOBBIE MPOIECCHI OTCYTCTBYIOT. CKOPOCTh CBETa B BelecTBe v = ¢/ /€,
rAe € — JUDJIEKTPUYECKasl MPOHUIIAEMOCTb, |[L — OTHOCHUTEJIbHAsE MarHUTHas
npoHUIaeMOCTh. CKOPOCTh CBETA B BaKyyMe ¢ = 1/ [ggl, T/IE €0 — DIEKTpHYECKas

MOCTOSIHHASI, |lg — MarHUTHas MOCTOsIHHAs. B BemiecTBe cBeT 3amemiisercs: V<C.
[Tpu orcyTcTBUM 3PUPHOTO MO ¢ — o0 (WK € o — ), IpH ero HaTu4Iuu ¢<oo.
TopmokeHHE cBeTa — OJIHO M3 MPOSBICHHUHN 3(DHPHOro Imoias. DPUPHOE IMOIe —
MartepualibHas CyOCTaHIUs C HyJIeBOU (Miu OJIM3KOM K HYJIIO) TNIOTHOCTHIO. OHO HE
SBISETCA aOCOMIOTHOM cHcTeMoM oTcuera. KoHcTaHTa € HMEeT CMBICI
JUBJIEKTPUYECKON MPOHUIIAEMOCTH, a [lg — MArHUTHOW NPOHUIIAEMOCTH 3(PUPHOTO
noJyisi. ITO T0JIe MOXKET 00J1alaTh CBOMCTBAMH YNPYTOCTH M XapaKTEPU30BAThCS
nasienreM. OHO OJTHOPOIHO M U30TPOITHO (€9 U o HE IIPOSBIIAIOT HEOIHOPOIHOCTH
U HEU30TPOIHOCTH), HE wuMeeT IycToT. Ilpu oTcyTcTBHM 3(GUPHOTO MO
HEBO3MOJKHBI BOJHOBBIE ITPOLECCHI («3aMOpaKMBAaHUE» IPOCTPAHCTBA-BPEMEHH),
HEBO3MOXKHBI  (pyHIaMEHTaJbHbIE  B3aUMOJEHCTBHUSA. ODdupHOE TMoje —
CBOCOOpa3HbI TOCPEIHMK, OTBEYAIOIUM 3a peaju3aluio BCEX BHJIOB
(dbyHIaMEHTaJIbHBIX B3aUMOJACUCTBUM. OHO BBITIOJIHICT (GYHKIIUA «OTPAHUUNATEIIS
(U3MYECKUX BEIUYMH B MPHUPOJIC (MHPOBBIX KOHCTAHT C, h, G, BpeMeHH, JUIMHBI U
Maccel [Inanka). Bo3amoskHo, a3upHOE nojie TopoxKAaeT KaTeropuu NpoCTpaHCTBA-
BPEMEHHM, BCE BOJIHOBBIC TPOIECCHI, 3HAYUT, Bce (yHIaMEHTAJIbHbBIC
B3aUMOJIEHCTBUS. DPUPHOE TOJIE MOXKET «PACTIATHBATh» BceaeHHyo nocpeacTBoM
cun Kasumupa. 310 mosje MoxeT ObITh «cpefoil oouTaHus» BOJH. BBenenue B
PacCMOTPEHUE TAKOTO TOJISI TO3BOJISIET PACIIUPUTh CIIEKTP PeIIaeMbIX (PU3NUECKUX
3a/7a4, HE OrpaHWYMBas OO0JACTh HCCICAOBAHUM KaTETOPUSMH IPOCTPAHCTBA-
BpeMeHH. D(UpHOE T0JIe ATO (PU3HUESCKUN BaKyyM ILTFOC KATETOPHH IMPOCTPaHCTBA-
BPEMEHHU.
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In 2013, there has finished Moscow period of full-scale OGRAN facility
creation, which had begun in 2005. GW effect appears as equivalent force
F Gm=hmM(oH2L/2 acting to cylindrical acoustic resonator. Here 4, is metric variation
amplitude, L is resonator length, ®, is resonant frequency and M is mass of
equivalent oscillator. Comparison it with Nyquist force defines limit thermal
threshold signal with spectral density (SD) Su(f)=(4/L)*ks T(MQ,»,°)!, where Q, is
a quality factor. GW force causes variation amplitude Ax,=F,t(2M®,)", where T is
supernova burst pulse duration. This variation is added to Brownian motion as a
harmonic process; its amplitude and phase change stochastically and slowly.
Variation Ax,, should exceed stochastic variation; this is how short pulse detect.
Phase variations are under control by quadratures.

In the OGRAN project, the advanced laser optoelectronic scheme registers
resonator length variations [1-3]; Fabry-Perot interferometer mirrors are fixed at top
ends of the cylinder. The scheme has borrowed from AURIGA project (1998).
Scheme is a product of initial competence and skill of ILF RAS [2]. Attendant
sensitivity theory had lagged behind in accounting of peculiarities of the scheme.
INR represents interest of RAS in the project and assists hardware adjusters of SAI
MSU in circuitry functioning study in detail and in complex.

In 2013, there has achieved displacement resolution of [Gx(f)]"*=2-10"1
cm/Hz!"?[1]. This figure determines unambiguously reception bandwidth of 8§ Hz
according to clear algorithm. This signicative has been introduced in 2014 [1]. It
based on sensitivity result representation in the AURIGA project as a graph of metric
variation SD (Fig. 1); the novelty is option the distance in frequency (10 Hz) between
two points with ordinates of 10" Hz 2,

Meanwhile, the theory of the project of 1996 has established the design level
of threshold signal hy,, in pulse metric variations. There is actual to apply the theory
to adduce achieved result into initial format to compare two signicatives. The
OGRAN theory is based on the expression: hyi=(SiAf)2F"?, where Af=t! is
antennae sensitivity bandwidth under optimum data processing, F' is a noise factor
taking into account noise of an optoelectronic scheme [1]:
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S F = QM)(Ge/Gr)'?

2 -
s M,M Gr = Bow2(2hviP)(W2aN)>
£ = Gr = UM/,
. F:(/N)/—( A ](ﬁ)
nPt) (Axp(D)/\nN
_ (\/Tp)[l W)W(ISJ
Fig. 1. 07 520 s se0  seo ANJUP ) x

Here Gris SD of thermal noise; N is FP resonator “sharpness”, P is optical
power at photodiode (n=0.7), B is a laser excess noise factor. The last noise factor
formula in a “suitable form” allows theorist select parameter values to calculate
required value of F=1+10. Using numerical value for Sy, the sensitivity expression
has transformed: hpni,=10"°(AfF)"? [1]. For base values A=100 Hz and F=1, the
design metric threshold of hy,=10"" has established as of 2014. The previous
“theoretical basis” had presented in [3] and reports [2]; it had assumed to detect
pulses of 1 ms (A/=1000 Hz). The narrowing of intention sensitivity bandwidth has
caused by observing significant excess noise in tests. To take into account this noise,
range of acceptable values of factor B has expanded: B=1+1000 [1]. To find
dependence of noise factor on measured displacement resolution SD Gy, the
relationship has extracted from the latent OGRAN theory: G=0, Gx®).
Substituting the achieved numerical value, we can find values of factor " and metric
threshold hpin (for =10 ms). Also option Af=10 Hz is considered [3].

The second task of this report is to provide developer with a suitable formula
for measured value, because the noise factor formula “with a clear physical sense”
is not relevant. In particular, traditional connection between theoretical introduction
and test result is absent within the article. In this case, some manifestations of
theory's inadequacy become not meaningful. The purpose of scientific part of
development is to achieve coincidence of test result with calculated figure
corresponding to design displacement resolution. In turn, this figure should
correspond to antennae design sensitivity.

Since design sensitivity has not announced, the third task of the report is to
define design displacement resolution from the renewed intention. Its numerical
value has determined from the noise factor formula under conditions =10 ms
(Af=100 Hz) and F=1; it is [Gx(f)]"*>=10"' cm/Hz!?, which corresponds to reception
bandwidth of 150 Hz. Concerning resolution formula, after extraction it obtains the
view: Gx(®)=B(hv/2nP)(\/nN)>. This formula is too simple: no account of Pound-
Drever-Hall technique, of discriminator, of laser noise components. In this way,
analytical expression for Gz must be much more complex in formula for noise factor.
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Ilym-¢akTop U IIMPUHA MOJ0CHI NPUEMA B
ONTOAKYCTHUYECKOW AHTEHHE TPABUTAIMOHHBIX BOJIH

Kproicanos B.A.
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B 2013 romy 3aBepmmics MOCKOBCKMH MEPHUOJ CO3MAHUS MOJTHOPA3ZMEPHOU
ycranoBkn OI'PAH, nauaBmmiica B 2005 romy. BosneicTBue rpaBUTallMOHHOU
BOJNHBI  TPEACTABIACTCS KAk  OKBMBAJIEHTHas  cwia  Fg,=h.Mw,*L/2,
BO3JICUCTBYIONAs HAa IWJIUHIPUYCCKUN aKyCTHUYECKUM pe3oHarop. 3Aechb A, -
aMIUIMTYZla METPUKH, L - JJIMHA pE30HATOPA, O, - PE30HaHCHAas JacTora u M - Macca
SKBUBAJIEHTHOIo ociuuritopa. CpaBHeHHne e€ ¢ cuioi HalikBucra omnpeneinser
IpeeIbHBIN TETUIOBOW MOPOTOBBIA CHUTHAN CO CHEKTpalibHOM TuioTHOCTHIO (CII)
Sno(f)=(4/LY*ks T(MQ,0,°) !, tne O, - no6poTHOCTL. CHila TPaBUTALMOHHON BOJIHBI
BBI3BIBAET M3MEHEHHME aMIUIUTYIbl Ax,=Fc,t1(2Mm,)"', tme T - JIMTeabHOCTh
UMIYJIbCa BCHBILIKA CBEPXHOBOM. JTO M3MEHEHUE JT00aBIsSETCS K OpOyHOBCKOMY
JBKEHUIO KaK TAPMOHUYECKOMY MPOILIECCY; €ro aMIUIUTYAa U (ha3a U3MEHSIOTCS
CTOXACTHYECKU M MEUIeHHO. Bapuarms Ax,, 10JKHA NpeBbIIATh CTOXaCTUYECKYIO
BapUalMio; Tak OOHAPYKMBAETCS KOPOTKMM uMIynbc. F3MeHnenus (asbl
KOHTPOJMPYIOTCS KBaJApaTypaMHu.

B mnpoekte OI'PAH ycoBepiieHCTBOBaHHAs Ja3epHas ONTOMIEKTPOHHAsS
cXeMma peructpupyer Bapuanuu Iiausbl [1-3]; 3epkana unrepdepomerpa Padbpu-
[lepo 3akperuieHsl Ha Topuax IwiMHApa. CxeMa 3aMMCTBOBaHa W3 IPOEKTa
AURIGA (1998). Cxema siBasieTcs NpOAYKTOM KoMMeTeHIMU u mactepcrsa NJID
PAH [2]. Ob6cnyxwuBatomasi TEOpHs YYBCTBUTEIBHOCTH OTCTalla B y4eTe
ocobennocreit cxembl. AN mpencrasnser nntepec PAH x mpoekry u momoraer
Hanaguukam anmaparypsl u3 TAUII MI'Y usydare paboTy CXEeMOTEXHUKHU B
JETaNSAX U KOMIUIEKCHO.

B 2013 roay Obu10 TOCTUTHYTO pa3pelleHre M0 CMEIIEHUIO
[Gx()]"*=2-10"cm/Tu!? [1]. DT0 3HAYEHME ONHO3HAYHO OMNpEAEISeT LIUPUHY
1oJIOCHI pueMa 8 '] COracHo ICHOMY aJIropuTMy. ITOT MOKa3aTeNb ObLI BBEJIEH B
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2014 r1omy [1]. OH ocCHOBaH Ha TPEACTABICHUH PE3YIbTUPYIOLIEH
gyBcTBUTENBHOCTH B TipoekTe AURIGA B Bune rpaduka CII Bapuaruii MeTpuku
(puc. 1); HOBU3HA 3aKJIouaeTcs B BeIOOpe paccTosHus no yactore (10 ') mexmy
NByMs Toukamu ¢ opauHaramu 107 T'ii!2,

Mexny TeM, Teopus mpoekTa ot 1996 r. yctaHoBMIIa pacueTHBIN (MPOEKTHBIN )
YPOBEHB MTOPOTOBOTO CHUTHANA hpin B BapHAIIUAX METPUKH B UMITYJIbCE. AKTyaIbHO
MPUMEHUTh TEOPHUIO IS TPUBEICHUS JOCTUTHYTOIO pe3yibrara B HMCXOJHBIN
dopmar nns cpaBHeHHs nByX Tmokaszareneil. Teopus OI'PAH ocHoBana Ha
BIpaKeHUU: hnin=(SpoAf)2F"?, rne Af=t! - mmMpuHa MoNOCH 9yBCTBUTEIHLHOCTH
aHTEHHBI MIPH ONTUMAJIBHON 00pabOTKe MaHHBIX, F - MIyM-(aKTOp, yUUTHIBAIOIIAN
IIyM ONTOAJIEKTPOHHOM cXeMsl [1]:

N N F = QMRr)(Gg/Gr)12
= - as M,M‘* Gr = Bo,22hvinP)(W2aN)?
o haf” Gr= 2ij\l4(?p/TEQH
(o) ()
nPt) (Axp(D)/\nN
_ (Q)(ﬂj“('j]
Puc, 1, 10 820 840 860 880 - N P T

3nech Gr - CII temoBoro myma; N - «pe3kocTb» pe3onatopa dadpu-Ilepo,
P - ontrueckas MmomHOCTh Ha Poronuone (N=0,7), B - koadhPuireHT n30bITOUHOTO
nryma jasepa. [locneansis hopmyna B «moaxoasiiei popme» mo3BoJsieT TEOPETUKY
noa0MpaTh 3HAYCHHUS TM[MapaMeTpOB i BBIYHMCICHUS TpeOyeMoro 3HaueHUus
kodpdurmenta F=1-+10. Mcnonb3ys 4ncioBOe 3HAUCHUE IS Sp9, BEIpAKEHUE IS
YyBCTBHUTENBHOCTH IIPE0OPa30Banoch: hyi,=102(AfF)"2. [lns 6a30BbIX 3HaUeHHUN Af
=100 I'u u F=1 ycTaHOBJIEH IPOEKTHBIN TOPOT B METPUKE hyyin =107 110 cocrosHuro
Ha 2014 rox. [Ipeapiayme “TeopeTHdeCKre OCHOBBI MIPEACTABJIEHBI B CTAThE [3] 1
coOOIIIeHUsIX [2]; TpeAnoiarajJoch 0OHaAPYKEHUE UMITYJIbCOB INTUTEILHOCTHIO 1 MC
(Af=1000 T'm). CyxeHue TOJOCHI TPOIMYCKaHUs BBI3BAHO HAOIIOACHUEM
3HAYUTENBHOTO M30BITOYHOrO IiymMa. YTOOBI y4ecThb 3TOT UIyM, JAHMANa30H
JIOTYCTUMBIX 3Ha4eHHI Kod(duimenta B Opu1 pacmmper: B=1+1000 [1]. UtoOsI
HaiiT 3aBUcUMOCTh OT CII n3MepeHHoro paspenieHus B cMenieHus1xX Gy U3 CKphITOM
teopur OI' PAH usBneueno coornonienne: Ge=o,>Gx(w). [Toacrapiss 10CTUIHYTOE
YUCJICHHOE 3HaYCHHE, MOKHO HAWTH 3HaYCHUS 1TyM-(pakTopa F 1 mopora B METPHKE
(mng =10 mc).

Bropas 3amada 3TOTO COOOIIEHUS COCTOMT B TOM, YTOOBI MPEIOCTABUTH
pa3paboTyuKy yAoOHyI0 QopMydy IS HU3MEpSEeMONl BEIUYHHBI, IOCKOJIBKY
dbopmyna s myM-pakTopa “c SICHBIM (PU3MUECKUM CMBICIIOM’ HE akTyajabHa. B
YaCTHOCTH, BHYTPH CTaTbd OTCYTCTBYET TPAIUIIMOHHAS CBSI3b  MEXAY

74



TECOPETUYCCKUM BBEICHHEM M PE3yJIbTaTOM HCIBITaHUA. B 3TOM ciiyuae HEKOTOphIE
NIPOSIBIICHUS HEaJIeKBaTHOCTH TEOPUHU CTAHOBATCS HE 3HaYMMBIMHU. Llenpio HayuHOM
qacTu pa3pabOTKU SBISICTCS] TOCTH)KEHHE COBIMAJICHUS Pe3yJibTaTa HMCIBITAaHUHA C
pacueTHbIM 3HAUCHUEM, COOTBETCTBYIOIIUM IPOCKTHOMY Da3pelIeHUI0 B
CMEIIeHUsAX. B cBOIO ouepenp, 3TO YHCIO JTOMKHO COOTBETCTBOBATh MPOEKTHOM
JyBCTBUTEIHLHOCTH AaHTCHHBI.

[TockombKy MpOEKTHass YYBCTBUTEIBHOCTh HE OOBSIBICHA, TPEThs 3aaadya
COOOIIICHHUST COCTOUT B OMPECICHUN MPOSKTHOTO PA3pEIICHHs] B CMEIICHUSIX W3
O0OHOBIIEHHOTO 3ambIcia. Ero yucieHHoe 3HaueHue ompezesieHo no (opmyne s
myM-axropa npu ycnoBusix =10 mc (A=100 I'n) u F=1; 310

[Gx()]"*=10"16 cm/T'u!?, uto coorBercTBYeT monoce mpuéMa 150 I'u. Uro kacaercs
GopMynBl IS pa3pelieHus, TO TIIOCIE€ W3BICYCHHS OHAa oOpeTraer BHUI:
Gx(0)=B(hv/2nP)(MrN)?>. Dta (QopMyna CIMIIKOM IIPOCTA: HET y4YeTa TEXHHUKH
[Taynna-/lpuBepa-Xona, IUCKpUMHUHATOpA, KOMIIOHEHT IIIyMa Jiaepa. Takum
o0pa3om, aHaTUTHYECKOE BeIpaxeHue 11t G B (hopmyrie s myM-(pakTopa JOJIKHO
OBITH HAMHOTO CJIOJKHEE.
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A study of space-time variation of the gravitational
constant using high-resolution quasar spectra
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The possibility of motivational probes variations in dimensionless
fundamental constants like the fine-structure constant, the proton-to-electron mass
ratio, and the gravitational constant could provide a significant test of Grand
Unification Theories (GUTSs). The best way of probing these variations would be
based on quasar absorption lines, which allow to test them directly at any regions or
epochs of the universe. Using the high-resolution quasar spectra of J110325-264515,
we find an upper limit on the temporal variation of G/G = (5.3 + 6.0) X
107 yr=1. The constraints coming from this study will open new physical
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phenomena beyond the Standard Model that enables to check for the GUTs [Gen
Relativ Gravit. 53, 37 (2021)].

Breakdown of the Equivalence Principle for a composite
guantum body

Lebed A.G.

Department of Physics, University of Arizona

We calculate passive gravitational mass of a quantum body with inner degrees
of freedom and investigate possible application of the Equivalence Principle (EP) to
it.

We show that in the most practical cases the EP is applicable, as expected.
Nevertheless, in one important case, where we have a coherent macroscopic
ensembles of superposition of the stationary quantum states (which we call
Gravitational demons), the EP is shown by us to be broken [1,2]. We demonstrate
that calculated weight of such ensemble is not related to energy by the famous
Einstein’s equation E=mc? anymore and that the corresponding difference can be on
the order of unity. We also discuss possibilities for experimental observations of this
unigue phenomenon.
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Cosmological distance scale: discordances and rank
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Metrological expertize of the 1998-1999 data on supernovae of type SN la,
for which the Friedman—Robertson—-Walker model revealed the "acceleration of the
expansion of the Universe", established the presence of dipole anisotropy of the red
shift, model disorders coinciding with the moments of the "cosmic push”, and rank
inversions of the photometric distance and red shift. Statistical tests for inadequacy
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showed that the scale of cosmological photometric distances based on the red shift
has neither the status of metric nor ordinal.

In [1-4] for estimating the parameters of Friedman-Robertson-Walker model
(FRU) as models of the cosmological distance scale based on the redshift z in the
emission spectra of extragalactic sources, regression analysis algorithms were used
to first detect and then confirm "acceleration of the Universe expansion" from the
updated data on the photometric distances D, to supernovae of type SN la.

In 2016, W. Friedman and A. Riess initiated a discussion about "impasse in
cosmology". It caused by a statistically significant discrepancy between the Hubble
parameter estimates obtained on basis of the expansion of the FRU-model in the
Taylor series and framework of the ACDM-model.

The metrological examination [5] of the data [1-4] and algorithms for their
statistical processing based on tests of checking for inadequacy established the
following.

1. The one-dimensional model of the 3rd order used by A. Riess group is
redundant, the two-dimensional model of the 2nd order with dipole anisotropy is
more plausible.

2. The one-dimensional dependence Dy (z) for the data [1] has a gap of the 1st
kind (disorder), which coincides with the predicted value of the moment of the
"cosmic push" z=0.46+0.13 [3], and for the data [2] disorder that coincides with the
predicted value of the transition moment from deceleration epoch to acceleration
epoch at z=0.763.

3. The data [1-4] do not form a compositionally homogeneous set for DL(z)
and contain rank inversions, which requires a choice between the non-metric status
of the scale model based on redshift and significant errors in the inadequacy of
estimates for photometric distances to supernovae of type SN la. At the same time,
a number of violations of the conditions for the applicability of regression analysis
found as the cause of the "dead end situation in cosmology™.

4. Tests for inadequacy remove the discrepancies problems for the Hubble
parameter estimates.
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Mertposoruyeckas skcnepTuza AaHHbBIX 1998—1999 ronoB 0 CBEPXHOBBIX
tunia SN 13, mo xkoTopeiM Ha ocHoBe Mmojenu Dpummana—PobGeprcona—Yokepa
OOHapyKEHO «YCKOpEHHE pacuiMpeHusi BceneHHOW», yCTaHOBWIA HaJIAYUE
JUIIOIBHON aHU30TPOIMHU KPACHOTO CMEILEHHUS, Pa3JiaJoK MOJENH, COBIIAIAIOLIUX C
MOMEHTaMHU «KOCMHYECKOTO TOJTYKa», U PAHTOBBIX MHBEPCUU (POTOMETPUUECKOTO
paccTosiHUs U KpacHOro cmenieHus. CTaTUCTUYECKUE TECThl Ha HEeaJeKBAaTHOCTh
MOKa3aJiv, 4To IIKaja KOCMOJIOTUYECKUX (POTOMETPUUECKUX PACCTOSIHUI Ha OCHOBE
KpacHOTO CMEIIEHUSI HU CTaTyca METPUUYECKOM, HU MOPSAIKOBOM HE UMEET.

B paborax [1-4] mns oueHuBanus mnapamerpoB wMozaenn Dpuamana—
PoGeprcona—Yoxkepa (OPVY) kak Moienu IKajlbl KOCMOJIOTHYECKUX PACCTOSTHUM Ha
OCHOBE KpAacHOrO CMEIIEHHUS Z B CIEKTpaX W3JIyYEHUsS BHETAIAKTUYECKUX
UCTOYHUKOB MPUMEHSUINCH AITOPUTMBI PETPECCUOHHOTO aHAIN3a, MO3BOJIMUBIINE
CHayaJla OOHApYyXKWTh, a TMOTOM M TIOATBEPIUTH «YyCKOPEHHE pPaCIIUPEHUs
Bcenennoi» mo yrouHeHHBIM JaHHBIM O (poromeTpuueckux pacctosHusx D mo
cBepxHOBBIX THHA SN la.

B 2016 rony B. ®punman u A. Pucc HHUIIMUPOBAIU IHCKYCCHUIO O
«TYIIMKOBOM CHUTyalluu B KOCMOJIOTMW». Ee npu4MHOM CTano CTaTUCTUYECKU
3HAYMMOE pacXO0KJICHUE OIICHOK mapameTpa Xa00Jia, MOJy4EHHBIX Ha OCHOBE
paznoxenus moaenu OPY B psan Teitnopa u B pamkax ACDM-moznenu.

Mertponornueckas oskcneptuza [S] maHHbIX [1-4] W aIropuTMoB HX
CTaTUCTUYECKON O0OpabOTKM Ha OCHOBE TECTOB IMPOBEPKH Ha HEAJEKBATHOCTH
yCTaHOBHJIA CJIEAYIOLIEE.
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1. Ucnonb3oBanHas rpynmnoi A. Pucca ogHoMepHas Mojelb 3-ro Mopsjaka
I/IB6BITO‘{Ha, OoJtee Hp&BI[OHOI[O6HOﬁ ABJACTCA TPpCXMCPHAA MOACIIb 2-T0 nopsaaka €
JIATIOJILHOW aHU30TPOITUEN.

2. OnHoMmepHast 3aBucuMocTh Dy (2) ast nanHbIX [ 1] mMeeT pa3pbiB 1-ro pona
(pa3znaaxky), COBHAAAIONIYI0 C  MPEACKAa3bIBAEMbIM 3HAUYEHUEM  MOMEHTA
«kocMmuyeckoro tomukay z=0,46+0,13 [3], a mna ganHBIX [2]-pasznanxy,
CoBIIagaromyro C IMpCACKA3bIBACMBbIM 3HAYCHHCM MOMCHTaA IICPEXoJa OT IIIOXHU
3aMeJIIeHHs K a1oxe yckopenus npu z=0,763.

3. Nannble [1-4] KOMITO3UITMOHHO OJTHOPOIHYIO COBOKYIHOCTE st D (2) He
o0pa3yloT W cojAepXkaT pPAaHrOBblE HMHBEPCHUH, YTO TpeOyeT BBIOOpa MEXIy
HCMCTPUYICCKUM CTATYyCOM MOJACIM IIKAJIbl Ha OCHOBC KpPAaCHOIo CMCHICHHA H
SHAYMMBIMH IIOI'PCINHOCTAMH HCAJACKBATHOCTH OICHOK IJIA (I)OTOMCTpI/ILIeCKI/IX
pacctostHuil 10 cBepxHOBBIX ThIa SN la. Ilpu 3TOM 0OHapyXkeH psii HapyIICHHI
yCJIOBI/Iﬁ IMPUMCHHUMOCTH PCTPCCCHOHHOI'O aHaIM3a KaK IIPpHYMHA ((TYHHKOBOfI
CUTyalli B KOCMOJIOTHH).

4. TecTHl Ha HEAACKBATHOCTh CHHUMAIOT HpO6JICMBI PaACXOKACHUA OLICHOK
napameTpa Xaoouia.
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In this paper, we theoretically investigate the time dilation effect in curved
space-time from the perspective of quantum field theory (QFT). A Coordinate
Transformation which Maintains the Period of Clocks is introduced, and such
coordinate transformation is named as CTMPC throughout this paper. By analogy
with the Lorentz transformation in Minkowski space-time, CTMPC is a correct
transformation in curved space-times in a sense that it shows the correct relation
between the time measured by the two observers, moreover, Lorentz transformation
IS just a special case of CTMPC applied in Minkowski space-time. We demonstrate
that the Coordinate Transformation which Maintains the Local Metric (CTMLM) is
one CTMPC, while the mathematical forms of physics formulas in QFT will be
maintained. As applications of CTMLM, the time dilation with an arbitrary time-
dependent relative velocity in curved space-time are analysed.

Dynamical behaviour of accelerating cosmological
model F(R, G) gravity

Lohakare S.V., Mishra B.
BITS Pilani, Hyderabad Campus, India

Email: lohakaresv@gmail.com, bivudutta@gmail.com;

In this paper, we have studied the cosmological model framed in an isotropic
background in the F(R, G) theory of gravity. The field equations are derived and the
dynamical parameters are studied with a scale factor that favours early deceleration
and late time cosmic acceleration. The model is showing an accelerating behaviour
which can be confronted from the behaviour of geometrical parameters. The scalar
field reconstruction and the stability analysis are also performed.
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The problem of the existence of gravitational waves in
classical physics

Makarov A.M., Luneva L.A.
Bauman Moscow State Technical University, Moscow, Russia

E-mail: luneva@bmstu.ru;

The article describes an attempt to reveal the general physical laws of
gravitational waves, relying on the well-known coincidences of the mathematical
forms of individual physical laws of the classical theory of gravity and classical
electrodynamics and using the hypothesis of a complete physical analogy for the
phenomena under study. The result of the described work is the assumption of
existence of a gravitational field of the second type (analogue of the magnetic
induction field in classical electrodynamics), which is different to the known
gravitational field of the first type (analogue of the electric field strength). The
gravitational laws are formulated, similar to the laws of Ampere and Biot-Savart-
Laplace in classical electrodynamics, the coefficient value for the gravitational law
of the Bio-Savart-Laplace type is calculated.

IIpobsema cymecTBOBaHMS I'PABUTAIIMOHHBIX BOJIH B
KJIACCHYECKOM pusuke

Maxkapos A.M., JIynéBa JL.A.

Mockoeckuii Texnuyeckuti Ynueepcumem um. H.3. baymana, Mockea, Poccus

E-mail: luneva@bmstu.ru;

B pabGore mpeanpuHsTa TIOMBITKA BBISIBUTH 0OmUe  (Qu3nUecKue
3aKOHOMEPHOCTH TI'DABUTALIMOHHBIX BOJH, ONMPASCh HAa HU3BECTHBIE COBIAACHUSA
MaTeMaTU4YecKuX (OpM OTICIBbHBIX (PU3MUECKUX 3aKOHOB KJIACCUYECKOW TEOpUHU
IPaBUTALIMM U KJIACCUYECKOUN DJIEKTPOJWHAMUKH W HUCHOJIb3Yys THIOTE3Y ITOJTHOU
(¢u3nuecKoil aHaJOTUM  HW3Y4YaeMbIX SIBIICHUW. Pe3ynpTaToM paboThI SIBISIETCS
NPEANoI0KEHNE O CYIIECTBOBAHUHU IPABUTALMOHHOTO TI0JII BTOPOTO THUIIA (aHAJIOT
MO0JIE MarHUTHOM MHAYKIUHU B KJIACCHMUYECKOW 3JEKTPOJMHAMMKE), OTIUYHOTO OT
M3BECTHOTO TPABUTALIMOHHOTO TMOJS MEPBOro THMa (aHaJIOr HANpsHKEHHOCTH
anektpudyeckoro  mossg).  CdopMynupoBaHbl — TpaBUTAIMOHHBIE  3aKOHBI,
aHajmornuHble 3akoHam Awmnepa u buo-CaBapa-Jlammaca B KiaccHyecKou
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ANIEKTPOJMHAMUKE, BBIUMCIEHA BeIWYMHA Kod(dduireHTa B TpaBUTAIMOHHOM
3akoHe tumna buo-Capapa-Jlamiaca.

Search for periodical variations of nucleus
weak decay parameters

Mayburov S.

Lebedev Institute of Physics, Moscow, Russia

Possible temporal variations of nucleus decay parameters studied extensively
in the last years, their observation can be the signal of unknown physical effects
[1,2]. Earlier, several experiments reported the annual and daily decay rate
oscillations in alpha and beta-decays of some nuclides of the order 0.05 % [1,2].
Also, correlation of Mn-54 e-capture decay rate with Solar activity was reported,
which can have important practical applications [1]. BSTU - PhlAN collaboration
studies decay rate variations in inverse beta-decay (e-capture) of Fe-55 isotope in
Moscow lab. In this process K-shell electron absorbed by nuclei and electron
neutrino emitted; it accompanied by X-ray with energy 5,9 or 6,4 KeV which in our
set-up detected by cooled Si-Pin detectors. Measurements of decay rate performed
in 2016-2020, demonstrate that together with observed Fe-55 decay exponent with
life-time 1004 days, oscillation period 29.5 +/- 1.5 days corresponding to moon
month is found with amplitude (0.22+/-0.04)%. Description of this effect in quantum
gravity theory with nonlocal matter-gravity interaction discussed in [3]

Possible influence of electromagnetic solar activity was studied during 2015—
2020 for Fe-55 decay rate, simultaneously with Co-60 beta-decay rate measured by
germanium detector in Novosibirsk INF at the distance 2800 km from Moscow [4].
The deviations of similar form and size from exponential decay low at the average
level (0.55+/-0.004)% were detected in both experiments during October-December
2018. Supposedly they can be related to the Sun transition to solar activity minimum
started in the beginning of 2019. In addition, six decay rate dips of the order 1% of
decay rate and with duration from 40 to 208 hours were found, they deviate
essentially from exponential decay rate. It is shown that their occurrence correlate
with x-ray solar flare moments with significant reliability [4].

References:

1. E. Fischbach et al., Rev. Space Sci. 145, 285 (2009); Astrop. Phys. 59, 47
(2014);

2. E. Alekseev et al., Phys. Part. Nucl. 47, 1803 (2016); ibid. 49, 557 (2018);

3. S. Mayburov Phys. Part. Nucl. 51, 458 (2020);
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4. S. Bogachev et al. J. Phys.: Conf. Series 1690, 012028-012035 (2020).

ITouck nepuoaANYECKUX U3MEHEHUN MapaMeTpPoOB
cJ1a0BIX pacnaaos siaep

Maiioypos C.H.
Quzuueckuut uncmumym PAH um. I1. H. Jlebeoesa, Mockea, Poccus

Bo3MmoskHbIE BpeMEHHbIE M3MEHEHMsI MapaMeTpoB pachaja siapa MIHUPOKO
U3y4aloTCsd B TMOCICAHHE TOJbI, WX HAONIOACHHUE MOXKET OBITh CUTHAJIOM
Heu3BeCTHBIX (pusnmyeckux s dextoB [1,2]. PaHee B HECKOIBKUX SKCIEPUMEHTAX
COO0MIAIOCH O TOJIOBBIX M CYTOYHBIX KOJICOAHUSX CKOPOCTU paciiaja B aibda- u
OeTa-pacnagax HEKOTOphIX HyKIHa0B nopsiaka 0,05% [1,2]. Takke cooOIIanocs o
KOppEeJslMA CKOPOCTH pacmaga 3JIeKTpoHHOro 3axBara Mn-54 ¢ conHeuHoM
AKTUBHOCTBIO, YTO MOXET HMETh BaXXHbIE IPAKTUUYECKWE TMpuiioxkeHus [1].
Konnabopamus BI' TY-O®HUAH uzyvaeT Bapuanuu CKOpOCTH paciajia npyu oOpaTHOM
Oera-pacnaze (e-3axBaT) uzortoma Fe-55 B mockoBckoi nabopatopuu. B sTom
nporecce 3JeKTpoH K-000704YkM MOMVIOHIAaeTCs  sSApaMu M UCIyCKaercs
ANIEKTPOHHOE HEUTPUHO; OH CONPOBOXKAAJICS PEHTTEHOBCKUM H3IIyYEHUEM C
sHepruen 5,9 wimm 6,4 k3B, KOTOpoe B HamEd YCTAaHOBKE PErMCTPUPOBAIIOCH
oxnaxmaembiMu  Si-Pin gerexkrtopamu.  M3MepeHus  CKOpOCTH  pacmaja,
BeInoiHEeHHBIE B 2016-2020 romax, MOKa3bIBAIOT, YTO BMECTE C HAOJIOJaeMOM
AKCIIOHEHTOM pacmaga Fe-55 co BpemeneM sku3znu 1004 nHS 0OHApYKEH NEPHOJ
konebanuit 29,5+/-1,5 nHs, COOTBETCTBYIONINI JIYHHOMY MECSIy C aMIUIATYA0U
(0,22+/-0.04)%. Onwucanue 3toro 3hdexkra B KBAHTOBOH TCOPHM TPABUTAIUH C
HEJIOKAJIbHBIM B3aUMOJICCTBUEM MATEPHUH U TPaBUTAIIMHU, O0CYX1aeTcs B [3].

Bo3MoxkHOE  BIMSIHUE  DJIEKTPOMArHUTHOM  COJIHEUHOM  aKTHUBHOCTHU
MAPAJUICIBHO C 3TUM JKCHEPUMEHTOM H3ydanochk B TeueHue 2015-2020 r. mo
n3Mmepenusim oeta-pacnana Co-60 HoBocubupckom UAD Ha paccrosnun 2800 kM
or Mocksbl [4]. Cxoanble mo ¢opMe W pa3Mepy OTKIOHEHUS OT MUHUMYyMa
AKCIIOHEHIIMAJILHOTO 3aTyXxaHusi Ha cpenneMm ypoBHe (0,55+/-0,004)% Obuin
oOHapykeHbl B 000MX HIKCIIEPUMEHTaX B TeueHUe OKTI0ps-nekadps 2018 rona.
[IpennonoxkuTebHO OHU MOTYT OBITh CBSI3aHBI ¢ TiepexooM CoJlHIla K MUHUMYMY
COJIHEYHOW aKTHUBHOCTH, HauaBmiemycsi B Hadane 2019 roma. Kpome toro, 6110
OOHapyKEHO TIECTh pPE3KUX NAJACHUN CKOpOCTH pacmama mopsaka 1%
nuTenbHOCTEI0 0T 40 g0 208 4yacoB, CYIIECTBEHHO OTKJIOHSIIOUIUXCS OT
AKCIIOHEHIMAJIbHOM CKOpPOCTH pacmana. IlokazaHo, 4TO WX BO3HUKHOBEHHUE CO
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3HAYUTEIJILHOMN AOCTOBCPHOCTBIO IIPCAMICCTBYCT MOMCHTAM MHTCHCHBHBIX BCIIBIIICK
Ha ConHie [4].

Jluteparypa:

1. E. Fischbach et al., Rev. Space Sci. 145, 285 (2009); Astrop. Phys. 59,47
(2014);

2. E. Alekseev et al., Phys. Part. Nucl. 47, 1803 (2016); ibid. 49, 557 (2018);

3. S. Mayburov Phys. Part. Nucl. 51, 458 (2020);

4. S. Bogachev et al. J. Phys.: Conf. Series 1690, 012028-012035 (2020).

Gravitational Radius in view of Existence and
Uniqueness Theorem

Meierovich B.E.
P.L. Kapitza Institute for Physical Problems, Moscow, Russia
E-mail: meierovich@mail.ru;

Talking about a black hole, one has in mind the process of unlimited self-
compression of gravitating matter with a mass greater than critical. With a mass
greater than the critical one, the elasticity of neutron matter cannot withstand
gravitational compression. However, compression cannot be unlimited, because
with increasing pressure, neutrons turn into some other "more elementary" particles.
These can be bosons of the Standard Model of elementary particles. The wave
function of the condensate of neutral bosons at zero temperature is a scalar field. If
instead of the constraint det g;;, < 0 we use a weaker condition of regularity (all
invariants of the metric tensor g;;, are finite), then there is a regular static spherically
symmetric solution to Klein-Gordon and Einstein equations, claiming to describe
the state to which the gravitational collapse leads. With no restriction on total mass.
In this solution, the metric component g™ changes its sign twice: g"" (r) =0 atr =
r, and at r = 1, > r,. Between these two gravitational radii the signature of the
metric tensor gy is (+, +,— ,— ). Gravitational radius 7 inside the gravitating body
ensures regularity in the center. Within the framework of the phenomenological
model "Ay*", relying on the existence and uniqueness theorem, the main properties
of a collapsed black hole are determined. At r = rg a regular solution to Klein-Gordon
and Einstein equations exists, but it is not a unique one. Gravitational radius rq is the
branch point at which, among all possible continuous solutions, we have to choose
a proper one, corresponding to the problem under consideration. We are interested
in solutions that correspond to a finite mass of a black hole. It turns out that the
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density value of bosons is constant at r < 7. It depends only on the elasticity of a
condensate, and does not depend on the total mass. The energy-momentum tensor at
r < 1, corresponds to the ultra relativistic equation of state p = £/3. In addition to
the discrete spectrum of static solutions with a mass less than the critical one (where
g'" < 0 does not change sign), there is a continuous spectrum of equilibrium states
with g™ (r) changing sign twice, and with no restriction on mass. Among the states
of continuous spectrum, the maximum possible density of bosons depends on the
mass of the condensate and on the rest mass of bosons. The rest energy of massive
Standard Model bosons is about 100 GeV. In this case, for the black hole in the
center of our Milky Way galaxy, the maximum possible density of particles should
not exceed 3x108! cm=.

I'paBUTANMOHHBIN PANYC C TOYKH 3PEHUS TEOPEMbI
CYLIeCTBOBAHUA U €IHHCTBEHHOCTH

MeiiepoBuu b. J.
Hnuemumym ¢usuyeckux npoonem umenu I1. JI. Kanuywt, Mocksea, Poccus
E-mail: meierovich@mail.ru;

['oBOpst 0 uUepHOU nbIpe, MBIl UMEEM B BHUJIY MPOLECC HEOTPAHUUYEHHOTO
CaMOCXKaTHsI TPaBUTHPYIOLLEH MaTepuu ¢ Maccoul 0osbIe kputuueckoi. [Tpu macce
OoJblIE KPUTHUYECKOM yIPYrocTb HEUTPOHHOTO BEUIeCTBA HE B CHiax
MPOTUBOCTOSITh TPABUTALIMOHHOMY CKaThi0. OJIHAKO CXKaTHE HE MOXKET ObITh
HEOTPAHUYEHHBIM, TOTOMY UYTO C [IOBBIIEHUEM JaBJICHUA HEHUTPOHBI
IpeBpalalTcs B JApyrue «0ojiee 3JIEMEHTApHBIE» YaCTUIIBI. DTO MOTYT OBITh
6030nub1 CranmapTHOM Mojenu saeMeHTapHBIX 4YacTull. BomHoBas QyHKIms
KOHJIEHCAaTa HEUTpajdbHBIX OO30HOB TIPH HYJIEBOM TeMIlepaType SBISETCS
CKaJsIpHBIM moJieM. Ecniu BMecTo orpanudenus det g;, < 0 MbI HcTioNib3yeM Ooiee
cnaboe ycClOBUE PETyJIspHOCTH (BCE HMHBApPUAHTBI METPUYECKOTO TEH30pa (i
KOHEYHBI), TO CYIIECTBYET PETYJISIPHOE CTaTHYecKoe c(hepuuecKu-CUMMETPHUYHOE
pemienue ypaBHeHud KueitHa-I'opaona u  OifHmiTeliHa, MNOpeTEHIyIONIEe Ha
OMMUCAaHUE TOTO COCTOSIHUS, K KOTOPOMY IMPUBOJMUT TPABUTAIMOHHBIN KOJUIAIC.
[Tpuuém, 6e3 orpanmyeHus mo oOmiel Macce. B 3ToMm pemieHun MeTrpudeckas
KOMIIOHEHTa g’ JBaxabl MeHseT 3Hak: g'' (r) = 0mpur =1, u npur =1, > 1.
Mexy 3TUMH JIByMsl TPAaBUTAIMOHHBIMHU paJilyCaMH CHUTHATypa METPHUYECKOIO
TEH30pa gj, Takas: (+,+,—,—). Hanmuume rpaBUTanMOHHOTO paauyca g BHYTPH
IPaBUTHPYIOLIETO Tejla O0EecneYrBaeT pEryaspHOCTh B ILeHTpe. B  pamkax
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'

(eHOMEeHOMOrnYeCKOoi Moaenu "Ay ‘", MCXOHIs M3 TEOPEMbI CYIIECTBOBAHUSA M
€IMHCTBEHHOCTH, OINPEIEICHbl OCHOBHBIE CBOMCTBA CKOJIJIAIICHPOBABILIECH YEPHOU
neiphel. [lpu 1 = ry peryisipHoe peuienue ypaBaenuid Kneitna-I"'opiona n OiiHmreiiHa
CYILECTBYET, HO OHO HE €IMHCTBEHHOE. [ paBUTAMOHHBIN paauyc g — 3TO TOYKA
BETBJICHUSI, B KOTOPOI M3 BCEX BO3MOKHBIX HEMPEPHIBHBIX PEIICHUA HEOOX0IMMO
BBIOPATh TO, KOTOPOE COOTBETCTBYET paccMaTpuBaeMoi 3amade. Hac mHTEpecytoT
pelIeHusi, COOTBETCTBYIONIME KOHEYHOM Macce uyepHOU NbIpbl. OKa3bIBAE€TCS, YTO
IJIOTHOCTH OO30HOB MOCTOSIHHA BHYTPH cQepbl 7 <1, . BennuuHa MIOTHOCTH

3aBUCHUT TOJIBKO OT YIPYTOCTH KOHJEHCATa U HE 3aBUCUT OT oO11el Macchl. TeH3op
SHEPIHU-MMIYJIbCA  TIPU T < T;  COOTBETCTBYET  YJIbTPAPEIATHBUCTCKOMY

ypaBHEHHUIO cocTosHUA P = £/3. [loMHUMO IUCKPETHOTO CIIEKTpa CTaTHYECKUX
pCIICHUI ¢ Maccol MEHbIIe KPUTHYECKOU (B KOTOPhIX g'' < 0 He MEHSET 3HaK),
MMEETCSl TAK)XKE W HENPEPBIBHBIA CIIEKTP PABHOBECHBIX COCTOSIHUM, B KOTOPBIX
g""(r) mBaxkmpl MEHsSET 3HaK, M HET OrpaHu4YeHus Macchl. Cpelnd COCTOSHUIA
HEIPEPBIBHOTO CIIEKTPa MAaKCUMAJIBHO BO3MOYKHAsSI TNIOTHOCTh O0O30HOB 3aBUCHUT OT
Macchl KOHJICHCaTa U MaccChl MOKOsI 6030HA. DHEPrus MOKOSI MAaCCUBHBIX 0030HOB
CrangaptHoit moaenu okojio 100 I'5B. B aToMm cityuae /114 4epHOMl AbIPHI B IIEHTPE
Hallen ralakTuku «Miteunbiv [1yTe» MakCUMabHO BO3MOXKHAs TIJIOTHOCTh YaCTHII
He JI0J)KHA TIpeBbImath 3x 108 cm3,

The space-borne gravitational wave detector TianQin:
Current progress on science and technology

Milyukov V.K.12, on behalf of the International Collaboration TianQin

! Lomonoscov Moscow State University, Moscow, Russia
2Sun Yat Sen University, Guangzhou, China

E-mail: milyukov@sai.msu.ru;

TianQin is a planned space-based gravitational wave (GW) observatory
consisting of three Earth-orbiting satellites with an orbital radius of about 10° km.
The satellites will form an equilateral triangle constellation the plane of which is
nearly perpendicular to the ecliptic plane. TianQin aims to detect GWs between 10~
Hz and 1Hz that can be generated by a wide variety of important astrophysical and
cosmological sources. In order to start science operations around 2035, a roadmap
called the 0123 plan is being used to bring the key technologies of TianQin to
maturity, supported by the construction of a series of research facilities on the
ground. Two major projects of the 0123 plan are being carried out. In this process,
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the team has created a new-generation 17 cm single-body hollow corner-cube retro-
reflector which was launched with the QueQiao satellite on 21 May 2018; a new
laser-ranging station equipped with a 1.2m telescope has been constructed and the
station has successfully ranged to all five retro-reflectors on the Moon; and the
TianQin-1 experimental satellite was launched on 20 December 2019—the first-
round result shows that the satellite has exceeded all of its mission requirements.

This work was carried out within the framework of the Interdisciplinary
Scientific and Educational School of Moscow State University “Fundamental and
Applied Space Research” and was supported by the Russian Foundation for Basic
Research (project no. 19-29-11008).

KocMuuyecknii rpaBUTALIMOHHO-BOJIHOBOU 1ETEKTOP
TianQin: coBpeMeHHBIIT Mporpecc B HAyKe H TEXHOJIOTHH

Mumokos B.K.1?, or umenn mexxaynapoanoii kosiadopamun TianQin

! Mockoeckuii 2ocyoapcmeennuiii ynusepcumem um. M.B. Jlomonocosa, Mockea, Poccus
2 Ynusepcumem um. Cyno Am Cena, I'yanuoy, Kumaii

E-mail: milyukov@sai.msu.ru;

[Mpoekt TianQin - 3T0 KocMHUYecKas TIpaBUTAMOHHO-BOJHOBas (I'B)
o0OcepBaTopusi, COCTOAIIASA U3 TPEX KOCMHUYECKUX anmapaToB Ha reOleHTPUYECKON
KPYroBoii opoure paguycoM okoino 10° kM. [pynmupoBka KOCMHYECKUX allllapaToB
o0pa3yeT paBHOCTOPOHHUM  TPEYroOJIbHUK, IUIOCKOCTh KOTOPOTO  TMOYTHU
MEPICHIUKYISIPHA TUIOCKOCTH SKIMnTUKY. Hayunas niens TianQin — oOHapyxeHue
IPAaBUTALIMOHHBIX BOJH B amanasoHe or 10#Tm go 1 I'm, kKoTopele MOryT
TEHEPUPOBATHCS  IIUPOKUM  CIHEKTPOM  BaXKHBIX  acTpOPU3UUECKUX U
KOCMOJIOTMYECKUX HMCTOYHUKOB. UTOOBI 0OCepBaTOpHs MOIJIa HayaTh HAYUYHYIO
nesaTenbHoCTh TpuMepHo B 2035 roay, paspabotanHa nopokHas kapta («Ilman
0123»), 1enp KOTOpO# A0BEACHUE KITFOUYEBBIX TexHojorui Ti1anQin go tpedyemoro
YPOBHSI TOYHOCTH. JlJIsl peaiin3alvy 3TOW LIEJIH CO3AaH Psifi UCCIEAOBATEIbCKUX
0o0BekTOB. B Hacrosimee BpeMsi OCYIIECTBISIOTCS JBa KpymHbIX dTana «[lmana
0123». B xoae peanuzanuu NpoeKTa co3aaH 1 7-cCaHTUMETPOBBIN OJJMHOYHBIN MOJIBIN
YTOJIKOBBIN PETPOPEedIEKTOp HOBOTO TOKOJICHUS, KOTOPBIM OBbLIT YCTAaHOBJICH Ha
cnytHrke QueQiao u 21 mas 2018 roaa BeiBeeH Ha opOUTY B Touky Jlarpamka L2,
IToctpoena HoBass crTaHuus JazepHou Jsokauuu JlyHel, ocHamieHHas 1.2 m
TEJIECKONOM, KOTOpasi YCICIIHO JIONMpPOBAJIa BCE TISATh pPeTpopedieKTOpoB,
Haxomsamuxcss Ha Jlyne. C 1enbl0 TECTUPOBAHUSL CO3/1aBAEMbIX TeXHOJorui 20
nekabpss 2019 roma ObLIT 3amylleH SKCIEPUMEHTAIbHBIA CIyTHHK T1anQin-1.
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[TepBrie pe3yabTaThl MOKA3BIBAIOT, YTO HAYYHOE 000PYI0BAHHE, YCTAHOBIICHHOE Ha
CITyTHHUKE, PEBOCXOIUT TEXHOJIOTHUECKHUE TPEOOBAHUS MUCCHH.

PaGora BeIIOTHEHA B paMkKax  MeEXIUCHUIUIMHAPDHOW  HAy4HO-
obpazoBaTtenbHOM MKOJIBI MI'Y “®yHnaMeHTanbHbIC U TPUKIIAIHBIE HCCIICI0BaHUS
KocMoca” U npHu puHAHCOBOM noaaepxke Poccuiickoro gonaa ¢pyHmaMmeHTalIbHbIX
uccienoBanui (rpant Ne 19-29-11008).

Little Rip Cosmology in Extended Gravity

Mishra B.
Birla Institute of Technology and Science-Pilani, Hyderabad Campus, India

E-mail: bivudutta@gmail.com;

In this research, we have investigated accelerating cosmological models at the
backdrop of an anisotropic metric in an extended gravity theory. Two viable
cosmological models one with a little rip behavior and the other with a hyperbolic
form of Hubble parameter have been constructed. The dynamical aspects of the
models along with some physical and geometrical parameters are analyzed. Both the
models presented here evolve in the phantom-like region and overlap with ACDM
model at late times. We carried out a geometrical diagnosis of the model to show the
viability of the models.

Spinor vacuum and C, P, T inversions

Monakhov V.V., Kozhedub A.V.
St. Petersburg State University, St. Petersburg, Russia

E-mail: v.v.monahov@spbu.ru, a.kojedub@spbu.ru;

We developed the theory of Clifford reflections and extended spacetime
inversions. This extended spacetime has two additional dimensions associated with
the presence of internal degrees of freedom of spinors. Inversions C, P, and T contain
not only reflections of the basis Clifford vectors and transformations of basis spinors,
but also transformations of the components of vector and spinor quantities. The
research is carried out on the basis of algebraic quantum field theory using the
superalgebraic representation of spinors. We have proved that due to the presence of
internal degrees of freedom of spinors, there are two vacua, the vacuum of our
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Universe and an alternative vacuum. The inversion operators C and T transform the
vacuum into an alternative one, and therefore cannot be operators of the exact
symmetry of our Universe.

CnuHopHbIl BakyyM U uaBepcuu C, P, T

Momnaxos B.B., Koxkenyo A.B.
Canxm-Ilemepoypecxuii ecocyoapcmeennwiii ynusepcumem, CI16, Poccus

E-mail: v.v.monahov@spbu.ru, a.kojedub@spbu.ru;

Mg paszpaboranu Teoputo KimddopnoBeix oTpaxkeHUW W HUHBEPCHIA
PACHIMPEHHOTO  MPOCTPAHCTBA-BPEMEHH. ITO MPOCTPAHCTBO HMMEET JiBa
JIOTIOJTHUTENbHBIX W3MEPEHUs, CBSI3aHHBIX C HAJIWYUEM BHYTPEHHHX CTEICHEU
cB000/161 crinHOpOB. MHBepcuu C, P u T coaepikat He TOJIBKO OTpa)KeHUs: 0a3UCHBIX
KinuddopaoBeix BekTOpoB U mpeoOpa3oBaHus Oa3UCHBIX CHOUHOPOB, HO U
npeoOpa3oBaHus KOMIIOHEHT BEKTOPHBIX M CHMHOPHBIX BeIW4YuH. Paccmorpenue
IPOJIeIaHO Ha OCHOBE ajreOpanvyeckoil KBAaHTOBOM TEOPUHU MOJIS C UCTIOJIb30BAHUEM
cynepanreOpandeckoro MPEACTABICHUs] CIUHOPOB. MBI JOKa3ayd, YTO W3-3a
HaJU4Msl BHYTPEHHUX CTeNeHeld CBOOOIBI CIMHOPOB CYIIECTBYET JIBa BaKyyMa,
BaKyyM Hareil BceneHHblii 1 anbTepHAaTUBHBIN BakyyM. OnepaTtops! uaBepcun C u
T mepeBoasAT BaKyyM B allbTepHATHUBHBIN, U TTIOTOMY HE MOTYT OBITH OIEpaTOpaMH
TOYHOW CUMMETpUH Halleh BeeneHHom.

An Elementary Analysis of the Simplest Relations of
Relativity Theory

Okunev V.S.
Bauman Moscow State Technical University, Moscow, Russia

E-mail: okunevvs@bmstu.ru;

The well-known simple relations of the special and general relativity theory
allow us to make simple assumptions about some of the properties of black holes.
Using the Lorentz transformations, the form of the gravitational potential ¢ at the
Earth's surface, generalizing this potential to any gravitational mass M, we get:
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where At, Ax, m, At", AX" and m” are the time interval, length and mass in the frame
of reference associated with the external observer (Jo|— 0) and with |p|—>c?
respectively; G is the gravitational constant; x is the distance to the center of a
celestial body of mass M (A x || x); c is the speed of light in vacuum.

In Fig. 1 shows the dependence of At / At” on x when approaching the center
of a black hole from the region |p|—0 at yo=G/c?=const. Here Xs is the Schwarzschild
radius. From the point of view of an external observer, a temporary "potential”
barrier "isolates" the black hole from the outside world. Suppose yo —y= G/c?=y(x)
#const for Xx—Xs (Fig.2). Fig.1 and 2 are equivalent and illustrate the curvature of
space-time. The dependence of the differential density of the physical vacuum on
the distance x qualitatively coincides with the dependence shown in Fig.2. The

G:le Is equivalent to the velocity v=c at rest mass m+0.

6 6
a0 !
Arar ) Y, 4
\
2 i 2
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Fig.1. Dependence of At/At” on x. Fig.2. Dependence of y/yo on X.

DJIeMEHTAPHBIA AHAJU3 MPOCTEHIINX COOTHOIIEHUI
TEOPUU OTHOCUTEILHOCTH

Oxkynes B.C.
MI'TY um. H.O. Baymana, Mockea, Poccus

E-mail: okunevvs@bmstu.ru;

W3BecTHBIE TIPOCTHIC COOTHOIIEHUS CHENHAIbHOM U OO0Ied Teopuu
OTHOCHUTEJIBHOCTH IO3BOJIAKOT CHENaTh IPOCTHIE IPEANOJIOKEHUSI O HEKOTOPBIX
CBOMCTBax 4epHbIX JbIp. Bocmonb3oBaBumck npeodpazoBanusmMu JIopeHiia, BUIOM
IPAaBUTAIIMOHHOTO MOTEHIMANa ( Yy TMOBEPXHOCTH 3eMJIM, OOOOIIEHHMEM 3TOTO
MOTEHIIMaja Ha JI00YI0 TpaBUTALMOHHYI0 Maccy M, momyunm:
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2 XCZ XCZ X X

XC
&

rae At, AX, m, At", AX", m" — IpoMeKXyTOK BpPEMEHH, JUIMHBI U Macca B CHCTEME
OTCcueTa, CBA3aHHOM ¢ BHemHMM HaOmogarenem (jo|—0) um ¢ |p|—>C?
COOTBETCTBEHHO; G — IpaBUTAIIMOHHAS TIOCTOSIHHAS; X — PACCTOSIHUE JI0 IICHTPa
HeOecHoro Tena maccoii M (A X | | X); C — CKOpOCTb CBETa B BaKyyMe.

Ha puc. 1 mpexacraenena 3aBucuMocTh At/At” oT X mpu IpUOIMKEHUH K
LIEHTPY 4epHOM ABIpBI U3 obnactu |p|—0 mpu Yo=G/c?>=const. 3aeck Xs — paguyc
Bapummnbaa. C  TOYKM 3peHUs BHEIIHErO0 HAOIMIOJATENs] BPEMEHHOU
«MOTEHIMANBHBINY Oapbep «U30JMPYET» YCEPHYIO IBIPY OT BHEIIHEr0 MHUpA.
JHonyctuM yo—>y=G/c?=y(X)#const mpu X—>Xs (puc.2). Puc.1 u 2 5KBMBaJICHTHBI U
WILTIOCTPUPYIOT VCKPUBJICHUC MPOCTPAHCTBA-BPEMCHH. 3aBUCHMOCTh
muddepeHunanbHOil  IIOTHOCTH  (DU3UYECKOTO BakKyymMa OT pAcCTOSHUA X

Ka4eCTBEHHO COBIIQJAET C 3aBUCHUMOCTBIO, MPEJICTABICHHON HAa puUC.2. YCIOBHE

GM _
-=1 5KBHBAJIEHTHO CKOPOCTH V=C IIpH Macce oKos M#0.

xXsC

AC ] v ©]
At* 4- | v o4-
I T 4
2 | 51
4 i}i iiiiiiiiii _
0 —_— 0 —————
1 23 4 1 2 3 4
X /)CS X /xS
Puc.1. 3aBucumocts At/At” ot X. Puc.2. 3aBucumocTs y/yo OT X.

Theory of relativity and geometrisation of quantum
mechanics

Olkhov O.A.

N.N. Semenov Federal Recearch Center Institute of Chemical Physics Russian academy
of sciences, Moscow, Russia

E-mail: oleg.olkhov@rambler.ru;

Geometrisation of quantum mechanics means here an explanation of unusual
properties of microworld (well described by its mathematical formalism) in the
language of familiar (geometrical ones in our case) concepts. Detailed discussion of
the problem and exhaustive list of references see at [1]._Notice that Nobel-prize
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laureate V.L. Ginzburg considered interpretation of quantum mechanics as one of
the “three great problems” facing physics (along with explanation of phenomenon
of life and irreversibility of time) [2]. But why do we need some interpretation of
mathematical formalism of the theory that agrees well with experiment? The main
reason is that new physical models opened always new opportunities for theory
development. The known example — the Einstein general theory of relativity based
on geometrical model of gravitational field. Besides quantum mechanics has some
“old” problems. They do not question the old results but the solution of which would
help a deeper understanding of quantum physics. These include finding out the
nature of gauge symmetry, negative energy of antiparticles and not conservation of
parity. The possibility of geometrical interpretation for some of these problem is
shown in this work. In particular, a solution to the oldest problem is proposed — the
problem of so called “hidden variables”. In the last century much attention was paid
to this problem although it was not possible to reach a consensus. The problem
appeared as the contradiction between Bohr and Einstein regarding the completeness
of quantum mechanics. In contrast to Bohr, Einstein thought that the quantum
mechanics is not a complete theory because it says nothing about physical reality,
responsible for statistical character of the theory (“hidden variables™ ).

It is shown in this work that wave function of free quantum particle with spin
Y% can be considered as a description of microscopic distortion of the space-time
geometry, namely, as the tensor, realizing representation of the fundamental group
of a closed not orientable topological 4-manifold. Universal covering space for this
manifold appears to be the space-time of the Special theory of relativity (Minkowsky
space). Elementary mass, charge and components of 4-momentum have the meaning
of some geometrical parameters with dimensionality of length and spin appears to
be the consequence of not orientable character of the manifold. In three dimensional
space such object looks as topological defect of this space having stochastic and
wave-corpuscular properties of quantum particle. The role of “hidden variables”,
responsible for statistical character of quantum theory play all possible deformations
(homeomorphisms) of the closed topological manifold. It may be said that quantum
mechanics satisfies within suggested interpretation the FEinstein’s criterion of
completeness of the theory. The geometrical meaning for gauge symmetry, negative
energy of positron and not conservation of parity are discussed. Preliminary results
see at [3].
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Teopusi OTHOCUTEJILHOCTH M FeOMETPU3ALUS
KBAHTOBOH MEeXaHUKHN

Oabxos O.A
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[Tox reoMerpuzanmeil KBaHTOBOW MEXaHHKH B paboOTe MOApa3yMeBacTCs
OOBSICHEHHE HEOOBIYHBIX CBOMCTB MHKPOMHpPA, XOpOILIO ONHUCBHIBAEMBIX €€
MaTEMaTUYECKUM aIllapaToM, Ha SI3bIKE MPUBBIYHBIX (T€OMETPUUYECKHX, B TAHHOM
cinyuae) nousatuil. [lonpodHoe oOcyxaeHre TpoOIeMbl U UCUEPIBIBAIOIINI CITUCOK
JauTepaTypsl npeactarieHsl B padbote [1]. 3ametum, uro B.JI. ['un30ypr cuuran
MHTEPHPETALHNIO0 KBAaHTOBOM MEXAaHUKH OJIHOM H3 «TPEX BEIHUKUX MpOoOIem»,
cTosiMx Tnepen (usukond (Hapsay ¢ OObACHEHHMEM (EHOMEHA >KM3HU U
HeoOpaTuMoOl cTpeinbl BpeMeHnn) [2]. Ho 3aueM HyXHa Kakas-TO WHTEpIpETalus
MAaTeMaTUYECKOTO aImapara TEOPUH, XOPOLIO COMIACYIOIIENCS C IKCIIEPUMEHTOM?
['maBHas mpUYMHA 3aKIOYAETCS B TOM, YTO HOBBIE (PU3NYECKHE MOJEIM BCErna
OTKPBIBAJIM HOBBIE BO3MOXXHOCTU JUIS pa3BUTUS Teopuu. V3BECTHBIN Npumep —
oOmmasi Teopus OTHOCUTEIBHOCTH OWHINTEIHA, B OCHOBE KOTOPOH JIEKHUT
reOMETpPUYECKasi MOJENIb I'PAaBUTALMOHHOIO B3amMmojneucrtBusa. Kpome Ttoro, B
KBAHTOBOM MEXaHUKE, HAKOMMWICSA P «CTapbIX» MpoOsieM, KOTOpbIE XOTS U He
CTaBST 110/l COMHEHHE U3BECTHBIE PE3YJIbTaThl, HO PELIEHUE KOTOPHIX TOMOTJIO OBI,
BO3MOXHO, Oosiee TIyOOKOMY ITOHUMAaHWIO KBAHTOBOM MexaHWKu. K Takum
npoOjemMaM OTHOCSTCS: BBISICHEHHWE TMPUPOJbl KaJTuOPOBOYHOW CHMMETPHUH,
OTpHULIATENbHAS DHEPTUsI AHTUYACTULl U HE COXPAHEHHME YETHOCTU. B Hacrosmen
paboTe mokazaHa BO3MOKHOCTb T€OMETPUYECKON MHTEpIpETallMi HEKOTOPBIX U3
TUX OCOOEHHOCTeH. B wyacTHOCTH, TpPeMJIOKEHO  pelIeHue CcaMoil cTapoi
poOJeMbl — MPOOJIEMBl  «CKPBITBIX MapameTpoB». B mpouuioM cronetuu 3ToU
npo0seme ObUIO yIeIeHO MHOTO BHUMAaHUS, XOTS K €IMHOMY MHEHUIO IPUITH HE
yaanoch. [lpobiiema BO3HMKIIA KaK pe3ysbTaT MOJEeMUKH OWHIITeWHa U bopa o
TOM, SIBJISICTCSI JIW KBAHTOBAsl MEXAHWKa NMOJHOM Teopued. B ornmume ot bopa
OWHINTENH CYMTaJ KBAaHTOBYID MEXAHUKY HE IOJIHOM TEOpUEH, NMOCKOJIbKY B €€
dopManu3mMe He OTPaKEeHBI AIEMEHTHI (PU3MUECKOI peaibHOCTH, OTBETCTBEHHbIE 32
CTATUCTUYECKUI XapaKTep TEOPHUH (TaK Ha3bIBAEMBIE «CKPBITBIE TAPAMETPBI» ).

B pabote mnoka3zaHo, 4TO BOJHOBYIO (YHKIHIO CBOOOJHOM KBaHTOBOWU
YaCTHULIBI CO CIIMHOM 1/2 MOXHO paccMaTpuBaTh KaKk OMMCAHUE MUKPOCKOITUYECKOTO
UCKa)XEHUs TE€OMETPUH MPOCTPAHCTBA-BPEMEHHM, a MMEHHO, KakK TEH30pa,
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peanu3ylouero  npeicTtaBieHue  (yHAAMEHTAIBHOM  TPYIIbl  3aMKHYTOTO
HEOPUEHTUPOBAHHOTO  TOIMOJOTHYECKOTO  4-MHOrooOpasus, yHUBEpCAIbHBIM
HaKpbIBAIOIMM  ITPOCTPAHCTBOM  KOTOPOTO  SIBJISIETCS  IPOCTPAHCTBO-BPEMSI
CHCHUATBHOM  TEOPHUM  OTHOCHTEIBHOCTH  (TMPOCTPAHCTBO  MHMHKOBCKOTIO).
DneMEeHTapHble Macca, 3apsA] U KOMIIOHEHTHl 4-UMIyJbCa HWMEIT CMBICH
ONPEAECICHHBIX TEOMETPUUECKUX XAPAKTEPUCTUK C PA3MEPHOCTHIO JJIMHBI, 4 CIIUH
OTpa)XKA€T HE OPHEHTUPYEMBIM xapakrep MHorooOpasus. B TpexmepHoM
OBKJIUJIOBOM TPOCTPAHCTBE TaKOW T'E€OMETPUYCCKHA OOBEKT WMEET B
TOTOJOTHYECKOT0 1e(heKTa ITOro MPOCTPaHCTBA, 00IAJAOIIETO CTOXACTHYECKIUMHU
U KOPIYCKYJISIPHO-BOJTHOBBIMU CBOMCTBaMHU KBAaHTOBOM 4acTHUIIbI. POJIb «CKPBITHIX
apaMeTpoB», OTBETCTBEHHBIX 32 CTAaTUCTUUYECKUU XapaKTep TEOPUHU, UTPAIOT BCE
BO3MOXHBIE JaepopManuu (romMmeoMopdu3Mbl) 3aMKHYTOTO TOTOJOTUYECKOTO
MHOT000pa3usi. MOXHO CKa3aTh, YTO B PaMKax MPEIIOKEHHON reoMeTpUYecKon
UHTEPIPETAlM  CTAaTUCTUYECKOTO XapakTepa KBAaHTOBOW MEXaHUKU OHa
yIOBIIETBOPSIET KPUTEPHUIO TOTHOTHI TEOPHUH, CHOPMYITUPOBAHHOMY DUHIITEHHOM.
OO6cy>k1aeTcsi reOMETPUUECKHUI CMBICI OTPUIIATEILHOTO 3HAKA SHEPTHH TTO3UTPOHA,
KaTMOpOBOYHOM CHMMETPUM U HE COXpaHeHus ueTHOCTH. [IpenBaputenbHbIe
pe3ynbTatel cM. [3].
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In this paper, we have studied the dynamical behaviour of f(Q,T) gravity,
which is an extended version of the symmetric teleparallel gravity. Q and T
respectively be the non-metricity and trace of the energy momentum tensor. Two
functional form of f(Q,T) such as, (i) f(Q,T) = aQ + bT and
(i) f(Q, T)=aQ*D+bT, where a, b and n are the model parameters are investigated.
Two cosmological models are presented by incorporating the hybrid scale factor to
analyse the behaviour of the models at late time of the evolution. The equation of
state parameter is lying in the quintessence region at late time.
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Conserved currents and related superpotentials for perturbations on arbitrary
backgrounds in the Lovelock theory are constructed. We use the Lagrangian based
field-theoretical methods where perturbations are considered as dynamical fields
propagating on a given background. Such a formulation is exact (not approximate)
and equivalent to the theory in the original metric form, for a more detail see [1].
From the very start, using Noether theorem, we derive the Noether-Klein identities
and adopt them for the purposes of the current work. Applying these identities in the
framework of Lovelock theory, we construct conserved currents, energy-momentum
tensors out of them, and related superpotentials with arbitrary displacement vectors,
not restricting to Killing vectors. A comparison with the well known Abbott-Deser-
Tekin approach is given. The developed general formalism is applied to give
conserved quantities for perturbations on anti-de Sitter (AdS) backgrounds. As a test
we calculate mass of the Schwarzschild-AdS black hole in the Lovelock theory in
arbitrary D dimensions. This part of the results can be found in [2].

Formalism [2] adopted to the case of a pure Lovelock gravity (with only one
polynomial in Riemannian tensor in the Lagrangian) is used for constructing
conserved quantities for static [3] and dynamic of the Vaidya type [4] black holes
with AdS, dS and flat asymptotics. Global energy as well as quasi-local energy and
fluxes of these quantities are calculated on AdS, dS and flat backgrounds in
correspondence with asymptotics of black holes. In the case of the dynamic black
holes, geometries of related static black holes are considered as backgrounds as well.
For the dynamic black holes energy densities and energy flux densities are
constructed in the frame of a freely falling observer on backgrounds of the related
static black holes. The results are new and clarify new properties of the solutions
under consideration, e.g., they allow us to correct parameters of the null liquid for
the Vaidya type solutions. This part of the results can be found in [5].
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[TocTpo€HBI TOKM M COOTBETCTBYIOIIUE CYNEPIIOTEHIUAIIBI 1JI1 BO3MYILICHHI
Ha TMPOU3BOJBHBIX ¢oHax B Teopuu JlaBrnoka. Mcmonb3yroTcsi JarpaH;KeBbl
TEOPETUKO-TIOJIEBBIE ~ METOABI, T/€ BO3MYIIEHUS pPacCMaTpuBalOTCS  Kak
JUHAMUYECKUE TIOJIsl, paclpocTpaHsmoImuecss Ha 3adaHHoM ¢oHe. ITa
dbopMyIMpOBKa SIBISETCS TOYHOU (HE MPUOIMKEHHOW) ¥ SKBUBAJIEHTHON UCXOHON
TEOpUU B MeTpuueckoit dopme, cM. 00 3tux meronax [1]. C camoro Hayaina,
ucnosib3ysa Tteopemy Herep, Mbl BbImUChIBaeM ToxaecTBa Herep-Kieitna u
aZonTUPYeM UX s uenei uccinenoBanusi. C HCHOJIB30BAHUEM JTUX TOXKICCTB
MOCTPOCHBI COXPAHSIONIUECS TOKH C TEH30POM SHEPrUU-UMITYJIbCa, KaK UX
COCTABJIAIONIEH, U COOTBETCTBYIOIIME CYMEPHOTEHIUAIBI € MPOU3BOILHBIMU
BEKTOPAMH CMEIICHUH, a HE TOJIbKO BekTopamu Knimunra. [IpoBeneHo cpaBHEHME
C XOpOILIO U3BECTHBIM noaxoaoM A6O0OoTa-J/le3epa-Tekuna. Pazputsiii popmanuzm
UCIIOJIb30BaH JIJIsl IOCTPOEHHUS COXPAHSIOIINXCS BETMYMH Ha aHTU-]I€ CATTEPOBCKHUX
(AdS) donax. B kauecTBe TecTa paccunTana Macca AdS mBapIIIUIBLI0BOI YepHOM
IBIpBI B Teopuu JIaBmoka B mpou3BoiibHEIX D m3Mepenusax. 3ta 4yacTh pe3ybTaToB
MOKeT OBITH HalijieHa B [2].

@opmain3M [2] anonTUPOBAH IS ClIyvasi Yucmo JIaBIOKOBCKOW I'paBUTALIUH,
r€ B JarpakMaHe OCTAaBJEH E€IUHCTBEHHBIM MOJMHOM TEH30pa KPHUBU3HBI, U
UCTIOJIB3YETCS JJIsl TOCTPOEHHUSI COXPAHSIONIUXCS BEIUYUH JIJIsI CTaTUYECKUX [3] U
AuHaMu4Yeckux tuna Baiinbu [4] yepubix apip ¢ AdS, dS u mimockoit acCHMITOTHKOIA.
I'moGanpHast SHeprusi, Kak W KBa3W-JOKaJdbHAas, a TAaKXKE MOTOKU ATUX BEIMYMH
paccuntansl Ha AdS, dS u miockoM (oHaX B COOTBETCTBHHM C aCHMIITOTHKOM
YEpHBIX AbIp. B cydae TuHaMUYECKUX YEPHBIX JIBIP T€OMETPHUN COOTBETCTBYIOIINX
CTaTUYECKUX JBIp TaKXke HCMIOJIb3YIOTCd Kak ¢Goubl. Kpome Toro, s
JTUHAMHYECKUX YEPHBIX JIBIP MOCTPOEHBI IUIOTHOCTH JHEPTHMM U €€ TOTOKU B
CUCTEMax CBOOOJIHO MAaJAOIIUX HAOIOaTeNe Ha (OHE CTATHUYECKUX PEIICHUH.
Bce pesynbrartel OpuUrMHaibHBI, @ BMECTE C TE€M, HaWJIEHbl HEKOTOpPHIE HOBbBIC
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CBOMCTBA PEIICHUM, HAIIPUMEDP, CKOPPEKTUPOBAHBI ITAPAMETPHI HYJIEBOW KUJIKOCTH
B pelieHusAx tuma Baiinpu. OTa 4acTh pe3ynbTaToOB MPEACTABIICHA B [S].
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It was shown that the mathematical physics equations, which describe material
media (such as thermodynamic, gas-dynamical, cosmic, and others), possesses the
properties of field theory equations.

It is well known that the mathematical physics equations, which describe
material media, are composed of the equations of conservation laws for energy,
momentum, angular momentum, and mass. The field theory equations such as
Einstein’s, Maxwell’s, Schredinger’s and others, which describe physical fields, are
also based on the properties of conservation laws. However, the conservation laws
for physical fields are the conservation laws that point to the presence of
conservative quantities or objects. Such conservation laws are described by closed
skew-symmetric forms. It turns out that closed (inexact) skew-symmetric forms that
describe conservation laws for physical fields (the Noether theorem is an example)
follow from the conservation law equations for material media.

Such a connection, which is realized discretely, discloses a connection
between the field theory equations and the mathematical physics equations. This
follows from the evolutionary relation that is obtained from the mathematical
physics equations and corresponds to field theory equations. The evolutionary
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relation discloses a mechanism of evolutionary processes in material media
accompanied by the emergence of physical structures that made up physical fields
and the advent of a dark energy and a dark matter.

CB#A3b YpAaBHEHUI TEOPUU MOJIA C YPABHCHUSIMU
MaTemMaTu4deckoi pusuku. [Ipupoaa u npoucxoxaeHue
TEMHOUW MAaTepPUH U TEMHOMN SHEPruu

IHerposa JI.U.
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Tocyoapcmeennviii Yuusepcumem, Mockea, Poccus
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Bb10 MOKa3aHo, YTO ypaBHEHUS MAaTEMaTUYECKON (PU3UKH, ONMHCHIBAIOIINE
MaTepuaibHble Cpelbl (TEPMOJIMHAMUYECKHE, Ta30IMHAMUYECKIE, KOCMUYECKUE U
Apyrue), 00J1aJatoT CBOMCTBAMU YpaBHEHUN TEOPUH TOJISL.

XO0pOI1110 U3BECTHO, UTO YPaBHEHUS MaTEMaTUYECKOM (PU3HUKH, ONTUCHIBAIOIINE
MaTepUAIIbHBIE CPEABbl, COCTOAT U3 YPABHEHUN 3aKOHOB COXPAHEHUS U SHEPIUH,
KOJIMYECTBA JIBJKCHMS, MOMEHTA KOJUYECTBA JBM)KCHHUS M MAacChl. Y paBHEHUS
TEOpPUHU TOJIS,, TAKUE KaK ypaBHeHUs OuWHmTelHa, MakcBemna, llpeaunrepa u
JIpyrUe, KOTOpPbIE OMUCHIBAIOT (PU3UUECKUE TOJIs, TAK)KE OCHOBAHbI HA CBOMCTBAX
3aKOHOB coxpaHeHHs. OHAKO 3aKOHBI COXPaHEHUs AJid (PU3NYECKUX MOJIEH - 3TO
3aKOHBI COXPAHEHMS, YKa3bIBAIOIINE HA MPHUCYTCTBUE KOHCEPBATHMBHBIX BEIMYHH
uin  oO0beKTOB. Takue 3aKOHbI COXPAHEHHsS OIHCHIBAIOTCS 3aMKHYTBHIMU
KOCOCUMMETpUYHBbIMU (popmamu. OKa3pIBaeTCs, 4YTO 3aMKHYThIE (HETOYHBIE)
KOCOCUMMETPHUYHBIE ()OPMBI, ONHUCHIBAIOIINE 3aKOHBI COXPAHEHUS ISl PU3UYECKHUX
noJsiel (Harpumep, Teopema Hérep), cienytor U3 ypaBHEHHI 3aKOHA COXpaHEHUS
JUISI MAaTEPUAJIBHBIX CPE.

Takas cBs3b, peanusyemasi JUCKPETHO, BBISIBIISIET CBSI3b MEXY YPaBHEHUAMHU
TEOPUU TMOJsI U YpPAaBHEHUSMU MaTeMaTUyecKoll (u3uku. OTO clexyer u3
OBOJIIOLIMOHHOTO  COOTHOLIEHHWs, KOTOPOE€  IIOJYy4YaeTcss W3  YpaBHEHUU
MaTeMaTHUYeCKOM (U3UKM W COOTBETCTBYET YpPAaBHEHUSM TEOPUU  TOJS.
DBOJIIOLIMOHHOE COOTHOLIEHUE PACKPBIBAET MEXAHNU3M 3BOJIOLMOHHBIX MPOLECCOB
B MAaTEpUAIBHBIX CpeAax, KOTOPbIE COMPOBOXKIAIOTCS BO3HUKHOBEHUEM
(U3HUECKUX CTPYKTYP, COCTABISIOMMX (PU3NYECKUE TIOJIS, U MOSBICHUEM TEMHOM
JHEPIrUU U TEMHOU MaTEepUH.
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Space-Time Scales in High Energy Collisions

Petrov V.A.

A.A. Logunov Institute for High Energy Physics, National Research Centre “Kurchatov
Institute, Protvino, Russia

E-mail: Vladimir. Petrov@ihep.ru;

This is a concise survey of spatio-temporal aspects of hadron-hadron
collisions at high energies.

In practice of relativistic quantum field theory and particle physics the use of
spatio-temporal arguments and notions is quite limited with preference to the
energy-momentum language.

However, new data from, e.g., the Large Hadron Collider, show quite unusual
features and behavior like the growth of the transverse size of fast moving nucleons
which might seem to contradict the well-known relativistic effects.

In particular, we analyse the use of space-time concepts like impact
parameters, interaction region, interaction time and influence of relativistic effects
(retardation etc) on their use for interpretation of the experimental data.

IIpocTpaHCTBEHHO-BpEeMEHHbIE MACIITAOBI B
CTOJIKHOBEHMSIX IPH BHICOKMX JHEPTrUAX

IleTpoB B.A.

Hncmumym ¢uzuku evicoxkux snepeuti um. A. A. Jloeynosa, Hayuonanomwiii
uccredosamenvckutl yenmp « Kypuamoesckuii uncmumymy, IIlpomeuno, Poccus

E-mail: Vladimir. Petrov@ihep.ru;

OT0 KpaTkuii 0030p MPOCTPAHCTBEHHO-BPEMEHHBIX aCIEKTOB aJpOH-
aJPOHHBIX CTOJIKHOBEHUM NPU BBICOKUX YHEPIHUSIX.

B mpakTtuke pensTUBUCTCKOM KBAaHTOBOM TEOpHH TMONS U (DU3UKH
3JIEMEHTAPHBIX YaCTHUIl KCIIOJIb30BAHUE IPOCTPAHCTBEHHO-BPEMEHHBIX APTYMEHTOB
M TOHSATHM BECbMAa OTPAHUYEHO, U NPEANOYTEHHE OTHACTCS S3BIKY SHEPIHH-
UMITYJIbCA.

OnHako, HOBBIE JaHHbIC, HAIpUMEpP, ¢ BoJbIIOro agpoHHOTO KoJUTaiiAepa,
JEMOHCTPUPYIOT TI0BOJILHO HEOOBIYHBIE 0COOCHHOCTH U TTOBEJICHHUE, TAKHE KaK POCT
MOMEPEYHOro paszMepa OBICTPO JBWKYIIUXCS HYKJIOHOB, YTO, KaK MOXET
MOKa3aThCsl, MPOTUBOPEUYUT U3BECTHBIM PEISTUBUCTCKUM 3 PerTam.
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B YaCTHOCTH, MblI adHAJINM3UPYEM HCIIOJIB30BAHUC IIPOCTPAHCTBCHHO-
BPCMCHHBIX KOHHCHHHP'I, TaKUX KadK IIpUOCIBbHBIC IIapaMCTPBhI, 00acTh
B3aHMOHCﬁCTBHH, BpCM:A BSaHMOHGﬁCTBHH U BJIWAHHNUC PCIITUBUCTCKUX 3(1)(1)CKTOB
(BaHaBILLIBaHI/Ie n T. I[.) Ha HX HCIOJb30BAHUC I HHTCPIPCTAINHN
OKCIICPUMCHTAJIbHBIX TaHHBIX.

Estimating the Chirp-mass and Eccentricity of
Coalescing Binary Systems from Time-Frequency
Representations of their Gravitational Wave Emission

Pinto 1.M.1, Addesso P.2

Y University of Naples “Federico I, INFN and LVK, Italy
2 University of Salern, INFN, Italy

E-mail: pinto@sa.infn.it;

The Peters-Mathews equations, proposed 60 years ago, provided the first
viable model for describing the orbital evolution of compact binary stars under the
emission of gravitational waves [1,2]. These equations, on which the early analysis
of the binary pulsar PSR1913+16 was based [3], eventually leading to the first
(though indirect) evidence of gravitational wave emission [4], are also of great
pedagogical value, as they can be solved exactly [5], yielding a universal evolution
scenario. Remarkably, these equations also allow to re-map the instantaneous-
frequency lines representing gravitational wave data in the time-frequency domain,
into an histogram in the (chirp-mass, orbital eccentricity) plane for source
parameters estimation [6].

The relevant algorithm is numerically robust against non ideal noise features,
and computationally fast. Its performances will be illustrated using numerical
simulations. The algorithm may also be used to determine a reduced area in the
source parameter space where a refined higher-order post-newtonian template-based
search can be implemented, which would be otherwise numerically unaffordable.
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Fully Optimized Ternary Coatings for Next Generation
Interferometric Cryogenic Detectors of Gravitational Waves

Pinto 1.M.%, Pierro V.2

Y University of Naples “Federico I, INFN and LVK, Italy
2Uiversity of Sannio at Benevento, INFN, Italy

E-mail: pinto@sa.infn.it;

Thermal fluctuations in the highly reflective dielectric multilayers coating the
mirrors of interferometric detectors of gravitational waves set the ultimate noise
floor level of these instruments, and determine their visibility distance.

The possible advantages of using three different refractive materials to fulfill
the strict and conflicting requirements on coating transmittance, absorbance and
thermal noise were first discussed in [1] and [2].

In this communication we present a general m-ary coating design optimization
framework, based on reconstructing the related Pareto (tradeoff) manifold,
extending previous results in [3]-[5] that led to the successful design of the aLIGO
and adVirgo coatings.

The performance of optimized ternary coatings based on
(aSi/Ti::Ta205/Si02) and (SiNx/Ti::Ta205/Si02) at ambient and cryo-
temperatures is evaluated by comparison with current aLIGO/adVirgo coatings.

It is shown that optimized ternary coatings may fulfill the requirements of next
generation gravitational wave detectors, even if no further progress is made in
reducing the extinction coefficient and mechanical dissipation (thermal noise) of the
used materials.

References:
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2. W. Yam et al., Phys. Rev. D91 (2015) 042002;
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F(R,G) Gravity with Maximal Noether Symmetry

Pokrovsky Yu.E.

National Research Center “Kurchatov Institute”, Moscow, Russia

E-mail: Yury_Pokrovsky@mail.ru;

A novel version of gravitational theory reasoned by the Noether symmetry,
string theory, possibility of guantum renormalization, a bounce instead of an initial
singularity, accelerated expansion on the inflation stage, and the accelerated late-
time stage of the Universe evolution described without the cosmological constant is
presented and discussed. This new theory is based on an extension of the General
Relativity (GR) by a unique combination of the Ricci scalar (R) and Gauss-Bonnet
topological invariant (G) of the Riemann curvature tensor with a condition that the
metric part of the Lagrangian, F (R, G), is maximally restricted by Noether symmetry
conditions.

Thus obtained modification of GR is free of initial singularity (the bounce
instead), don’t contain the cosmological constant, and it depends only on two
dimensional parameters: Inflation curvature scale (4A;), and late-time acceleration
curvature scale (A;). In comparison with other known modifications of gravity
proposed to solve cosmological controversies [1-7], the values of A; and A; in this
theory are introduced as fundamental constants which may be originated from a
complete theory of gravity. As well, the calculated evolution of the Universe
depends on initial conditions.

As a result this purely geometric theory provides an accelerated inflationary
epoch of Universe at early times which evolves smoothly into the matter-radiation
phase, and then arrives to the late-time accelerated evolution demonstrating the
better agreement with observational data (Type la Supernovae, cosmic
chronometers, Baryonic Acoustic Oscillations, and Cosmic Microwave
Background) than it is provided by the ACDM cosmology added by an inflation
model. In particular, the evolution of the Hubble parameter H in this theory
eliminates the conflicting difference between two values of the Hubble constant (H,)
predicted by Planck 2015, and founded from local sources. Forecasts for black holes,
cosmic voids, filaments, and DESI, EUCLID, LISA experiments are also discussed.
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F(R,G) rpaBuTamnus ¢ MaKCUMAaJIbHOI CHMMeTpHeii
Hérep

IHokposckuii I0.E.

HUIL] «Kypuamosckuii uncmumymy, Mockea, Poccus

E-mail: Yury_Pokrovsky@mail.ru;

[IpencraBinena Kk OOCYXXJIEHHUIO HOBas BEpPCUS TEOPUU TpaBUTAIMH,
OCHOBaHHasi Ha cummerpun HErtep, TeopuM CTpyH, BO3MOMKHOCTHIO KBAaHTOBOW
NEPEHOPMUPOBKH, OTCKOKOM BMECTO HAYAJIbHOW CHUHTYJSIPHOCTH, YCKOPEHHBIM
paciIMpeHueM Ha CTaJuH UHQISIUU U YCKOPEHHOW MO3/IHEN cTaauel SBOJIIOIHUH
BcenenHol, onuceiBaeMoil 6€3 KOCMOJIOTMYECKOM MOCTOSIHHOM. DTa HOBas TEOpUs
OCHOBaHa Ha JOMOJHEHUH 00111ei Teopun oTHOCUTENHHOCTH (OTO) yHUKATBEHBIMU
koMOuHaIusamu ckainspa Puuuu (R) u Tononorudeckoro nuBapuanta ['aycca-bonne
(G) mpu ycnoBuu, 4TO METpUYecKas 4dacTh jarpamkuana, F(R,G), makcumanbHO
OTpaHUYCHA YCIOBUAMHU cuMMeTpun Hétep.

[Tonyuennas TakuM o6pazom moaudukaius OTO cBoOogHA OT HaYabHOU
CUHTYJSIPHOCTH (BMECTO HEE - OTCKOK), HE COJEpPXKUT KOCMOJIOTUYECKOU
MOCTOSTHHOM W 3aBHCHUT TOJIBKO OT ABYX Pa3MEPHOCTHBIX NapaMETpPOB: IIKAJIbI
KpuBU3HBI WHOIsAIMU (A4i) W MmKaibl KpuBU3HBI (4)) Ha mo3aHed cramuu. [lo
CPaBHEHUI0O C  JPYTUMH  W3BECTHBIMH  MOIU(DHKAIMAMH  TpaBUTAIUH,
NPEUTOKEHHBIMU  JUTL  pa3pelicHuss KOCMOJIOTHYECKMX MpoTHBOpeunit [1-7],
3HaueHus Ai u A B 3TOM TEOPUU BBOIATCA KaK (PyHIAMEHTAIbHbIE KOHCTAHTHI,
KOTOPBIE MOTYT OBITh MOJyYEHBI U3 HanOOoJIee TTOJIHON TeOpUH rpaBUTAlIMU. Takxke
pacyeTHasi 3BOJIIOLMS BceneHHoM CylecTBEHHO 3aBUCUT OT HAYalIbHBIX YCIOBHA.

B pe3ynbrare 3Ta 4MCTO reoMeTpruecKast TEOpHusi 00ECeUrBAET YCKOPEHHYIO
uHQISIIIMOHHYI0 310Xy BcelleHHOW B paHHUE BpEeMEHa ¢ IJIaBHBIM IEPEX0JIOM B
a3y MaTepuu-u3nydeHus, a 3aTeM - B CTaJAMIO MO3/IHEN SBOITIOLUUU C YCKOPEHUEM,
JIEMOHCTPHUPYS JIyUlllee CoTjlache ¢ JaHHBIMU HaOJoeHuH (CBepXHOBbIe THNA 13,
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KpacHble TaJIaKTUKU B KadeCTBE KOCMHYECKHUX XPOHOMETPOB, OapHOHHbBIE
aKycTUYecKkue KojeOaHuss U KOCMHUYECKMM MHUKPOBOJIHOBOW (DOH), YeM 3TO
obecnieunBaercs kocmosioruer ACDM, nomnosHeHHOM Mojenbio uUHGsAMU. B
YaCTHOCTH, crienuduyeckas 3BONONUS MapameTpa Xadbna (H) B sToit Teopun
YCTpaHSAET MPOTHBOPEUHE MEXKIY IBYMS 3HAUCHUSAMHU MOCTOSTHHOH Xab0Ousa (Ho),
npenckasanapiMua Planck 2015 mu6o0 oCHOBaHHBIMH Ha JIOKAJIBHBIX MCTOYHHUKAX.
OOcyxpaaroTcsi mpeicKa3aHus TEOPUU [JISl YEPHBIX JIbIP, KOCMUYECKUX IYCTOT,
¢dbumameHToB U Takux skcnepumeHToB, kak DESI, EUCLID, LISA.

Jlureparypa:

1. E.Elizalde, R.Myrzakulov, V.V.Obukhov, D.Saez-Gomez,
Class.Quant.Grav. 27, 095007(2010);

2. S.D.Odintsov, V.K.Oikonomou, S.Banerjee, Nuclear Physics B 938,
935-956 (2019);

3. S. Capozziello, M. De Laurentis, S.D.Odintsov, Modern Physics
Letters A 29, No. 30, 1450164 (2014);

4, K.F.Dialektopoulos, S.Capozziello, Int. J. Geom. Meth. Mod. Phys. 15,
1840007 (2018);

5. U.Camci, Symmetry 10 (12), 719 (2018);

6. P.Bueno and P.A.Cano, Phys. Rev. D 94 (2016) 104005;

7. G.Arciniegaa, J.D.Edelsteina, L.G.Jaimeb, Physics Letters B 802
(2020) 135272.

High frequency gravitational waves: generation,
detection

Pustovoit V., Gladyshev V., Kauts V., Morozov A., Nikolaev P., Fomin
I., Sharandin E., Kayutenko A.

Bauman Moscow State Technical University, Moscow, Russia

E-mail: kauts@bmstu.ru;

The problem of establishing the conditions for the generation and detection of
high-frequency gravitational waves in material media in laboratory conditions is
considered. The possibilities of realizing mutual conversion of electromagnetic and
gravitational waves in various media are analyzed. An intense repetitively pulsed
laser is considered as a source of electromagnetic radiation, which generates pulses
characterized by a high power density, providing efficient excitation of quadrupole
modes in a medium. Photon-graviton conversion is expected in a relatively small
condensed dielectric medium (10-100 cm), i.e. in the laboratory.

104


https://doi.org/10.1088/0264-9381/27/9/095007
https://doi.org/10.1016/j.nuclphysb.2018.07.013
https://doi.org/10.1016/j.nuclphysb.2018.07.013
https://doi.org/10.1142/S0217732314501648
https://doi.org/10.1142/S0217732314501648
https://doi.org/10.1142/S0219887818400078
https://doi.org/10.1142/S0219887818400078
https://doi.org/10.3390/sym10120719
https://doi.org/10.1103/PhysRevD.94.104005
https://doi.org/10.1016/j.physletb.2020.135272
https://doi.org/10.1016/j.physletb.2020.135272

BbICOKOYACTOTHBIE TPABUTAIIMOHHBIE BOJIHBI:
reHepanus, 1eTeKTHPOBaHUE

IIycroBoir B., I'maasimes B., Kayn B., Mopo3os A., HukoJgaes I1.,
®omuH U., Hlapanaun E., KaloTenko A.

MI'TY um. H.D. baymana, Mockea, Poccus

E-mail: kauts@bmstu.ru

PaccmarpuBaercss 3amada  yCTAaHOBJIICHHSI  yCJIOBHM  TEHEpAllUd |
JETEKTUPOBAHUS BBICOKOYACTOTHBIX TPABUTAIIMOHHBIX BOJIH B MaTEepHUATbHBIX
cpenax B JIa0opaTopHbIX yciioBuax. [IpoaHanu3upoBaHbl BO3MOKHOCTH peaTn3aluu
B3aMMHOM KOHBEPCHUU AJIEKTPOMATHUTHBIX YW TPABUTAIIMOHHBIX BOJH B Pa3IMYHBIX
cpenax. B kauecTBe HCTOYHMKA JIEKTPOMArHUTHOTO M3IIYYEHHS pacCMaTPUBACTCS
WHTEHCUBHBI HMMIYJbCHO-TIEPUOJUYCCKUN J1a3ep, TECHEPUPYIOUUNA HUMITYJIbCHI,
XapaKTEepU3yIOIIMeCss OOJBIION IUIOTHOCTBIO MOITHOCTH, OOECIEeYMBAIOIINE
s dexTuBHOE BO30YXKJIEHHE KBaJIPYIMOIbHBIX MOJA B cpene. POTOH-TpaBUTOHHAS
KOHBEpPCUS  OXKHUJAeTCSd B  KOHJCHCUPOBAHHOW  JMDJIEKTPUYECKOM  Cpelie
CcpaBHUTENIBHO HEOOIBITUX pazMepoB (10-100cm), T.e. B 1aGOpaTOPHBIX YCIOBUSIX.

Stability analysis of two-fluid dark energy models

Ray P.P.
Vellore Institute of Technology- Andhra Pradesh University, India

E-mail: pratik.chika9876@gmail.com;

This work aims to give an insight to the role of anisotropic components on
dark energy (DE) and dynamics of the universes in different two-fluid environments.
We have constructed the Bianchi type-V model of universe with a newly developed
mathematical formalism in various two-fluid situations, such as: usual DE fluid +
bulk viscous fluid, DE fluid + one dimensional string fluid and DE fluid +
electromagnetic fluid. In each case, the DE fluid is assumed with different pressure
along orthogonal spatial directions to incorporate the effect of anisotropy. A small
amount of anisotropy is also contributed by the three matter sources (viscous, string
and electromagnetic fluid) in each case. We have considered a hybrid scale factor
that simulates the cosmic transition and based on the coefficient values of these three
different sources of matter. The physical parameters (DE density, equation of state
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parameter, skewness parameters etc.) are derived, analysed and found to be in
agreement with recent observational data. In order to yield a healthy comparison
among these two-fluid situations, a brief stability analysis is carried out w.r.t
situation followed by DE fluid. For each case, we found, there is instability in early
time and stability at late epoch. Also, this work clearly compares the effect of
magnetized fluid w.r.t other two fluids according to cosmic evolution, along with
DE fluid. We observe that at early phase of evolution, the anisotropic effect due to
the sources of matter substantially dominate the dynamics of the universe, whereas,
the late epoch is completely filled and driven by DE fluid. Also, the electromagnetic
fluid has found to be more dominant among other two during early epoch. Finally
the geometrical nature and physical acceptability of the model is confirmed by Om
diagnosis. This diagnostic is used to distinguish the A- CDM model from our DE
model. We also demonstrate that Om is a useful diagnostic to apply observational
data. Also, the role of matter field on the stability analysis has been obtained. The
positive and negative value of cosmic string completely changed the stability
behavior of the model. The presence of a magnetic field disturbs the stability aspects
of the models at least in an early epoch.

The Invariant Weyl Theory of Gravity

Romero C.

Department of Physics, UFPB, Brazil

E-mail: cromero@fisica.ufpb.br;

We revisit Weyl's unified field theory, which arose in 1918, shortly after
general relativity was discovered. As is well known, in order to extend the program
of geometrization of physics started by Einstein to include the electromagnetic field,
H. Weyl developed a new geometry which constitutes a kind of generalization of
Riemannian geometry. However, despite its mathematical elegance and beauty, a
serious objection was made by Einstein, who considered Weyl's theory not suitable
as a physical theory since it seemed to lead to the prediction of a not yet observed
effect, the so-called "second clock effect"”. In this lecture, our aim is to discuss Weyl's
proposal anew and examine its consistency and completeness as a physical theory.
Finally, we propose new directions and possible conceptual changes in the original
work. As an application, we solve the field equations assuming a Friedmann-
Robertson-Walker universe and a perfect fluid as its source. Although we have
entirely abandoned Weyl's atempt to identify the vector field with the 4-dimensional
electromagnetic potentials, which here must be simply viewed as part of the space-
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time geometry, we believe that in this way we could perhaps be led to a rich and
interesting new modified gravity theory.

Euro-Asian gravitational network: criteria of quality

Rudenko V.12, Andrusenko S.!, Krichevskiy D.}?, Manucharyan G.1?

! Bauman Moscow State Technical University, Moscow, Russia
2 Sternberg Astronomical Institute, Moscow State University, Moscow, Russia

E-mail: valentin.rudenko@gmail.com;

We estimate efficiency of a conceivable Euro-Asian network (EAN) of
gravitational wave (GW) interferometers that might be realized having in mind a
plan of construction of third generation interferometer in Novosibirsk region. The
quality of network in question is considered on the base of typical numerical criteria
[1] of efficiency for detecting GW signals of known structure - radiation of
relativistic binary coalescence and rotational instabilities of proto-neutron stars
during core collapse. We compare EAN efficiency with two reference networks and
choose optimal orientation angle for Novosibirsk detector. EAN shows good results
especially in Polarization criterion for chirp signal. EAN copes with localization
reconstruction worse than other networks because of location of all EAN detector
on the same continent.
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Msi onenuBaeM 3¢ (GeKTHBHOCTH BO3MOXHON EBpo-Asuarckoii cetr (EAN)
IpaBUTAIIMOHHO-BOTHOBBIX (I'B) uaTEpdEepOoMeTpoB, KOTOpasi MOKET OBITH CO3/1aHa
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B CJIy4ae peaju3allii IjlaHa CTPOUTENIbCTBA UHTEP(EPOMETPA TPETHETO MOKOJICHUS
B HoBocubupckoii obmactu. 3 PpexkTHBHOCTh paccMaTprUBaeMOM CETH OLICHUBAETCS
C TOMOINBIO THUIHUYHBIX YHUCIEHHBIX KputrepueB [l1] sddexktuBHOCTH A5
oOHapyxeHusi ['B-curHanoB W3BECTHOW CTPYKTYpbl - HW3IIy4Y€HHsS] OT CIUSHUAN
PENSATUBUCTCKOM  JBOMHOM  (4uMpH) H  BpallaTeabHOM  HECTAOWMIIBHOCTH
MIPOTOHEHUTPOHHBIX 3B€37, BO BpeMs Kojulanca sjapa. Mpel  cpaBHUBaeM
s dextuBHOCTE EAN € 1ByM™MSs pedepeHTHBIMU CETSIMU U BRIOMpPAeM ONTHUMAIbHBIHN
yrojl OpHWeHTanuu HoBocuOupckoro naerekropa. EAN mokassiBaeT xoporme
pe3yabTaThl, OCOOCHHO MO KPUTEPHIO MOJSPHU3ALUU JJI YAPI-CUTHAIIA, HO XYXKE
IPYTUX CETe CHpPAaBIIAECTCS C PEKOHCTPYKLMEN JIOKAIM3AMU U3-3a TOTO, YTO BCE
netekTopsl EAN pacnoioskeHbl Ha OTHOM KOHTUHEHTE.

Jlureparypa:

1. Raffai, P.; Gondan, L.; Heng, I.S.; Kelecsenyi, N.; Logue, J.; Marka, Z.;
Marka, S. Optimal networks of future gravitational-wave telescopes. Clas. Quant.
Grav. 2013, 30, 155004,

Wormhole geometry in a modified symmetric teleparallel
gravity

Sahoo P.K.

BITS-Pilani, Hyderabad campus, India

E-mail: pksahoo@hyderabad.bits-pilani.ac.in;

The current interests in the universe motivate us to go beyond Einstein's
General theory of relativity. One of the interesting proposals comes from a new class
of teleparallel gravity named symmetric teleparallel gravity, i.e., f(Q) gravity, where
the non-metricity term Q is accountable for fundamental interaction. These
alternative modified theories of gravity's vital role are to deal with the recent
interests and to present a realistic cosmological model. The main objective of this
talk is to discuss the traversable wormhole geometries in f(Q) gravity. We construct
the wormhole geometries for three cases: (i) by assuming a relation between the
radial and lateral pressure, (ii) considering phantom energy equation of state (EoS),
and (iii) for a specific shape function in the fundamental interaction of gravity (i.e.
for linear form of f(Q)). Besides, we discuss two wormhole geometries for a general
case of f(Q) with two specific shape functions. Then, we discuss the viability of
shape functions and the stability analysis of the wormhole solutions for each case.
We have found that the null energy condition (NEC) violates each wormhole model
which concluded that our outcomes are realistic and stable. Finally, we discuss the
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embedding diagrams and volume integral quantifier to have a complete view of
wormhole geometries.

Noether Symmetry Technique in Modified Gravity

Sharif M.
University of the Punjab, Pakistan

E-mail: msharif.math@pu.edu.pk;

This talk investigates the newly developed f(R,T?) theory (R is the Ricci scalar
and T?=Ty T2, T demonstrates the energy-momentum tensor) to explore some
viable cosmological models. For this purpose, we use the Noether symmetry
approach in the context of flat Friedmann-Robertson-Walker universe. We solve the
Noether equations of this modified theory for two types of models and obtain the
symmetry generators as well as corresponding conserved quantities. We also
evaluate exact solutions and investigate their physical behavior via different
cosmological parameters. For the prospective models, the graphical behavior of
these parameters indicate consistency with recent observations representing
accelerated expansion of the universe. In the first case, we take a special model of
this theory and obtain new class of exact solutions with the help of conserved
quantities. Secondly, we consider minimal and non-minimal coupling models of
f(R,T?) gravity. We conclude that conserved quantities are very useful to derive the
exact solutions that are used to study the cosmic accelerated expansion.

Examples of Calabi-Yau threefolds with small Hodge
numbers

Shishanin A.O.

Bauman Moscow State Technical University, Moscow, Russia

E-mail: shishanr@rambler.ru;

The compactification of E; x E; heterotic strings on Calabi-Yau threefold M
(Ricci-flat Kéhler manifolds with SU(3) holonomy) leads to four-dimensional theory
with N =1 supersymmetry. Most famous example of CY threefold is quintic on
(1 P*. For more realistic theories it is necessary that Calabi-Yau manifold M has the
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Euler characteristics y +6 or £8. | y | /2 of M is generation’s number of elementary
particles. Also for CY threefolds y = 2(h** —h*"), where h" are dimensions of

Dolbeault cohomology groups which are called Hodge numbers. Moreover, there

IS more strong restriction for M. Because of Hosotani mechanism M should be non-

simply connected manifold. It means that M has non-trivial fundamental group.
Historically first example Calabi-Yau threefold with y =—6 was constructed

by Yau in 1985. The Tian-Yau space is formed from two copies of [ P*® with three
polynomial equations (two qubics and one linear for each variables). Such variety
has y =-18, and there is a freely-acting [/, group which lead to y=-6. The
fundamental group of the Tian-Yau space equals [ ;.

There are few approaches of forming of CY spaces with small Hodges numbers
obtained from intersections of some polynomial. The first one is factorizing on

freely-acting group. For example, quintic on [JP* is factorized [1,x[. and
y =—8. Beside this approach, there are other methods for obtaining manifolds with

lower Hodge numbers when some group acts non free. As a result of taking a factor
over this group, singular points appear on the manifold. It is possible to blow up
those singular point. In talk will be discussed some significant examples.

IIpumepsbl TpexmMepHbIX MHOTO00Opa3ui Kanaou-Sy ¢
HEOOIBIIMMH YUCTAMU XO0/12KA

Mumanun A.O.

Mocxkosckuii I'ocyoapcmeennwiii Texnuueckuu Ynusepcumem um. H.O3. baymana,
Mockea, Poccus

E-mail: shishanr@rambler.ru;

KomnaktupuuupoBannass Eg X Eg  Teopuss CTpyH Ha TpEXMEpHOE
MHoroo6pasue Kamadu-Sly M (puuum-miockoe kanepoBo MHoroobpasue ¢ SU(3)

IPYNIONH  TOJOHOMHH) TNPHUBOJUT K  dYeTbipexmepHor Teopun ¢ N =1
cynepcummMmetpueii. Hambosee M3BECTHBINM TpUMEP TPEXMEPHOTO MPOCTPAHCTBA

Kana6u-SIy — 510 KkBuHTHKa Ha [JP* . Jlns Golee pEaNMCTHUHBIX TEOPHi
HeoOxoaumo, npoctpaHcTBo Kanabu-SAy M umeer »itnepoBy XapakTepuCTHKY Y
paBHyto +6 wm £8. [TonoBuHa sitepoBoii xapaktepuctiuku M | y | /2 — 310 umcio
MOKOJICHUM DJEMEHTAapHBIX dYacTuil. Takke sl TpexmepHblx Kamabu-AAy
7=2(""=h*") | roe h" - pasmepHoctn rpynm koromonormii JompGo. h"
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Ha3bIBAIOTCS ynciaMu Xomka. OgHaKo UMEIOTCs 0oJiee CUIIbHbIE OTPAaHUYCHUS IS
M. bnaromaps Mexanusmy Xocoranu M [IOJDKHO HMMETh HETPUBHAIBHYIO
byHIaMEHTAIbHYIO TPYIIITY.

[epBBIii mpuMep TpexmepHOro mpocTpancTBa Kamabu-Sly y=-6 Obu1

noctpoen Sy B 1985. IIpoctpanctso Tsana-Sy dpopmupyercs n3 aByx xommii [ P°
C TpeMs TOJMHOMHAIBHBIMU YpPaBHEHUSMH (IBeé KyOWKH W OJHO ypaBHEHHE

JUHEHHO TI0 KaKI0oW nepeMeHHoi). Takoe MHOrooOpasue umeer y =—18. 3aech
ecTh CBOOONHO IeHCTBYyromas rpymnma [J, , ¢akrop MO KOTOpOH HPUBOAMUT K

y =—6. ®yngaMenTtanpHas rpymnna npocrpancrsa TsHa-Sly paBHa [ ,.

CymecTByeT HECKOJIBKO TOAXOAOB KaK MOYKHO CKOHCTPYHMPOBATh
npoctpancTBa Kanmabu-Sy ¢ HeOonbIIMMU yucIaMH XOMKa, TMOJYYEHHBIX OT
MEPECCUCHU HEKOTOPhIX NOJMHOMOB. IlepBblii crmocod — Qakropuzanus 1o

cBOGOHO-eiicTByIomell rpynme. Hampumep, kBunTHKY Ha L P*  MoxHO
¢akropuszoBate mo [, x[], U 3mech 3iulepoBa xapakTepucTtuka y =—8 . Kpome

ATOT0, €CTh JIPYTUe METOJbI MOJYYSHUS] MHOT000pa3uil ¢ HEOOIBIIMMHI YUCIAMU
Xomka, Korja rpynna JAelcTByeT He cBoOOaHO. B pesynbprare hakTopa mo Takoi
rpynme Ha MHOrooOpa3uu MOSIBIAIOTCS 0coOble TOYKU. OcoOble TOYKU MOMKHO
paspemuTh ¢ TOMOIIbI0  pasayTus. B nmokmane OyayT  oOcykaaTbes
COJIEpKATEIIbHBIE IPUMEPHI.

Completely geometric theory

Siparov S.V.
State University of Civil Aviation, Saint Petersburg, Russia
E-mail: sergey@siparov.ru;

When constructing the dynamics, Newton used Kepler's observations, i.e. the
elliptical form of the trajectories of the planets. This made it possible to find the
equation of motion. According to Hamilton's principle, from a geometric point of
view, Newton's law of dynamics corresponds to the geodesic equation: see (1). These
equations must be supplemented by field equations (2), i.e. the Laplace equation in
the first case and the Einstein equation in the second one.

ayt _ _ 9 d’xt | oy oaxidxt
dt  odxi dsz_ +11kl_ ds ds _ (1)
A = p(x) Rik — 1 gikR = ik @

2
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If the solutions of the equations of motion (trajectories) are known, then it is
possible to solve the field equations and determine the position of their singularities,
I.e. sources, namely the mass distribution and the form of the energy-momentum
tensor. And vice versa, setting the latter, one can solve the direct problem, i.e. solve
the field equations and then find the trajectories.

In electrodynamics, Maxwell's equations are obtained by generalizing
observations. However, with an appropriate physical interpretation, all these

equations directly follow from two geometric identities
OF;;  OFjx . OFy aF4d  9rJk  gFki
oek t ot T o = 0and S+ T+ o =0, 3)
where F;, is the antisymmetric tensor and FY = g*g/™F,_, . In physical
applications, as a rule, the direct problem is solved, i.e. set the initial distribution of
sources and currents and find the fields. But if you set the trajectory of the test body,
then you can solve the inverse problem and find the singularities of the solution of
the field equations.
In the theory of gravity, the identification of physical sources with the
singularities of field equations is reflected in the principle of equivalence, when the
forces of inertia that do not have sources are considered indistinguishable from the

gravitational forces that have them.

Let us choose F;, = B ; — Bix, By = Ne and set the observed trajectories of

motion. The geodesic equation (1) should be generalized, taking into account the
possible dependence of the metric on the derivative with respect to the natural

parameter. This greatly complicates the geometric aspect of the matter. For
simplicity, let us set & =o¢;;0<<1 and assume gu(x,y) =y +

g (X, Y); nix = diag{—1,1,1,1}, where y' = CZ—’:. Then the generalized geodesic

(equation of motion) takes the form
it 0%k

ay' j 1 i\ kol —
g+(Flzk+577 axj—aytyj))’)’ =0 (4)
Choosing the necessary notation in corollaries of (3), we obtain the field
equation in the form

i_ 9D _
AD e I ) (5)
where D is the metric 4-potential, I* = aaZ' Equation of motion (4) and field

equations (5) represent a closed system of geometric equations suitable for solving
both direct and inverse problems in any branch of physics. In particular, in the theory
of gravity, they allow one to obtain flat rotation curves and a number of other
observable consequences without involving the concept of dark matter.
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I10JIHOCTBIO reoMeTpUYeCcKAasi TeOPusi

Cunapos C.B.
Tocyoapcmeennwiii ynusepcumem epasxcoanckou asuayuu, Cankm-Ilemepoype, Poccus
E-mail: sergey@siparov.ru;

[Ipu nmoctpoenun nuHamuku HeroToH onmpancs Ha Habmonenus Kemepa,
OOHapy’KMBIIETO JJUIMIITHYECKUI BHUJ TPAeKTOPUA JBUKEHUS IUIAHET, YTO
MIO3BOJIWJIO HAaWTU ypaBHEHWE ABWkKeHUsA. CorilacHO nmpuHIuny [ aMuiabTOHA, €
r€OMETPUYECKOM TOYKM 3pEHHs] 3aKOH JIMHAMUKA HbIOTOHa COOTBETCTBYET
YPaBHEHUIO Treojie3nueckoit: cM. (1). OTH ypaBHEHUS AOJKHBI OBITH JOMOJIHEHBI
ypaBHEHUsIMHU 1107151 (2), T.€. ypaBHeHHeM Jlamiaca B IepBOM cilydyae U ypaBHEHUEM
OWHIITEeHA BO BTOPOM.

dyt o¢p d2xt . dxkdx!
w = o w2 Py =0 1)
A9 = p(x) R% =2 g"R = —xT* @

Ecnu u3BeCTHBI pelicHHUs ypaBHEHHU JBIKEHHS (TPACKTOPHH), TO MOXKHO
pEIIUTh YpPaBHEHUS IOJII M ONPEACIUTh TOJOXKCHHE HX OCOOCHHOCTEH, T.e.
HCTOYHHUKOB, 2 IMEHHO PacIpe/IelIeHIe MacC M BUJ] TEH30pa SHEPTUU-UMITYJIbca. U
HAoOOpOT, 3a/aBas MOCIEAHUE, MOXHO DPELINTh MPSAMYIO0 3a1ady, T.e. PEUIUTh
ypaBHEHUS TIOJISA, @ 3aTEM ONPEICITUTD TPACKTOPHH.

B oanmektpomuHamMuke ypaBHeHHS MakcBella TOJyY9alOT B pe3yibTare
0000menust HabmomeHud. OHAKO TIPU  COOTBETCTBYIOIICH  (PU3MUYECKOM
MHTEPIpPETAlMd BCE OTH YPAaBHEHUS HEMOCPEICTBEHHO CIEIYIT U3 JIBYyX
T€OMETPUYECKUX TOKICCTB

0F;j  OFji . 0Fy oFY  grik  gFki

oxt T o Yoy = 0w T ot T o = 0 (3)
rie Fi - anTucuMMerpuunbli Temsop u FY = gkg/™F, . . B ¢usnueckux
NPUIOKCHUSAX, KaK IMPAaBHIIO, PEHIAIOT MPSIMYIO 3a7ady, T.C. 3aJal0T UCXOJIHOE
pacrpeieieHue HCTOYHUKOB ¥ TOKOB M HaXoAT 1mouist. Ho ecim 3a1aTh TpaeKTOPHIO
JBWDKEHUS TIPOOHOTO Tejla, TO MOXKHO PEIIMTh W OOpaTHYIO 3aladyy W HalTH
0COOEHHOCTH pelIeHUs] ypaBHEHHM MOJIs.

OroxpaecTBieHue (U3UYECKUX HCTOYHUKOB C OCOOCHHOCTSIMH DEIICHUS
YPaBHEHHMIA TIOJIsI B TEOPUU TPABUTAIIMH OTPAKEHO B MPHUHIIUIIC YKBUBAJICHTHOCTH,
KOTJ[a CHJIbI MHEPIIUH, HE UMCIOIINE UCTOYHUKOB, CUUTAIOTCS HEOTIUYUMBIMU OT
I'PaBUTAIMOHHBIX CHJI, UMEIOIUX HX.

]
Beibepem Fy, = Bx; — Bix , By =% U 3aJaauM  HaOIIrogaeMble

TPaeKTOpUM JBWKEHUS. YpaBHEHHE Teojesnueckoir (1) crmemyer 0000MIHTH,
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YYUTBIBAS BO3MOXKHYIO 3aBUCUMOCTb METPUKH OT IIPOU3BOJIHOM MO €CTECTBEHHOMY
napameTpy. ITO CYIIECTBEHHO YCIIOXKHSET reéOMETPUUECKYI0 CTOpPOHY aena. Jlis
YOPOUIEHUSI TOJIOXKHUM Ejf = OCjj; 0 << 1 I/I Ooyaem cuutath g;x(x,y) = Ny +

gk (%, ¥); N = diag{—1,1,1,1}, tne y* = —. Torna o6o6IIeHHas Teoe3nIecKas
(YpaBHCHHUE JBHIKCHY) HpI/IHI/IMaeT BU]I
dy 0%¢ ;

+ (Mg + 37 PRI )y"yl =0 (4)

BBI6I/IpaH HGO6XOI[I/IMI>IG obo3HaueHuss B caeAcTBHAX (3), MOIy4YHM

YPaBHCHUC I10JIsI B BUAC
AD' —

aXOZ

=i ©)

rne D — merpuyeckuii 4-norennman, It = R YpaBHenue aBwxkeHus (4) u

ypaBHeHUs1 MoJs (5) MPEACTABISIIOT 3aMKHYTYH0 CHCTEMY T'€OMETPUYECKUX
YpaBHEHUH, MPUTOJHYIO IS pElIeHUs] Kak MNpsMOW, TaK U OOpaTHOW 3aJayu B
moboM paszene ¢u3uku. B yacTHOCTH, B TEOpHM TIpaBUTALMM OHHM IO3BOJISAIOT
HOJyYUTh IUIOCKME KpUBBIE BpaIleHUs M LEJbIM paa Jpyrux HaOJI01aeMbIX
CJIeICTBUM 0€3 MPUBJICUEHUS OHATUS TEMHOW MaTEPUH.

On the force caused by a null Einstein-Maxwell field
with the plane symmetry

Timofeev V.N.
Saint Petersburg State University of Civil Aviation, Saint Petersburg, Russia

E-mail: WTimoff@yandex.ru;

In this work, the following task is set: to find out whether an infinitely large
flat platform on the surface of which an alternating current flows creates a force
whose nature is different from that of gravity. If the answer is yes, then find the
direction of the force relative to the flat platform and the dependence of the force on
the current flowing over the surface of the platform.

Let us choose a Cartesian coordinate system coordinate plane yOz of which
coincides with a boundless flat platform with a surface mass density o. Let also an
alternating current flow along the z-axis; the strength of the current which flows
along the plane surface band of unit width (linear current density) is equal to I =
1(t). The field outside the platform will be radiative in nature. Therefore, we require
that the electromagnetic field of the platform with an alternating current is null.
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The paper shows that it follows from the field equations and the Stokes
theorem that the metric of the null Einstein-Maxwell field which is created by an
infinite plane with an alternating current has the form:

ds? =L SRR R 2y ey g Mx)(dy? + dz?)
Vi—M '
where M = 8nGo "
= =0

For the case of a weak gravitational field (Mx <« 1) the acceleration of a free
sample particle along the x-axis will be equal to:
d?x c20gey 43U,

211 2
dt? !

~ —C [‘00 r —— =~
2 0x o
For the current which changes according to the harmonic law
I = I, cos wt,
the time-averaged acceleration of a particle has the form:
(dzx 22yl

a) = | |
Thus, we can draw the following conclusion: if the alternating current, which
creates a null electromagnetic field, flows along the surface of a flat platform of a
large size, a test particle located close to this platform is affected not only by the
gravitational attraction of the platform but also by the repulsive force the magnitude
of which is directly proportional to the square of the linear current density and
inversely proportional to the surface mass density:
12
F~—.
o

O cuJie, BHI3BAHHOM U30TPONMHBIM MM0JIeM JWHIITEHHA-
MakcBeJsliia ¢ JIOCKON CUMMeTpuen

Tumodeen B.H.

Canxm-Ilemepbypaeckuii 20cy0apcmeenHblil YHUsepcumem 2paircoOanckou aguayui,
Canxm-Ilemepoype, Poccus

E-mail: WTimoff@yandex.ru;

B aT0li paboTte cTaBUTCS ciaeayroas 3ajada: BbISICHUTb, CO3/1a€T JIU TUIOCKast
miatpopMa OECKOHEYHO OOJBIIMX Pa3MEPOB, MO MOBEPXHOCTU KOTOPOH Teuer
IIEPEMEHHBIN TOK, CUJLY, IPUPOJIAa KOTOPOH OTIMYAECTCA OT IPaBUTALlMOHHON. Ecin
OTBET YTBEPAUTEIbHBIMA, TO HAWUTW HAIIPABICHUE CHUJIbI OTHOCHUTENBHO IUIOCKOU
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mw1aTpoOpMbl M 3aBUCUMOCTh AITOW CHJIBI OT CHJIBI TOKa, MPOTEKAIOLIEro IO
MOBEPXHOCTH TUIATPOPMBI.

[TycTh BbIOpaHa AekapToBa CUCTEMa KOOPAMHAT, KOOPAUHATHAS TJIOCKOCTh
y0z KOTOpO# coBMajaeT ¢ 0€3rpaHMIHON TIOCKOM TIaThOPMOI C TOBEPXHOCTHOM
IJIOTHOCTBIO Macchl 0. IlyCTh Takke BIOJIb OCH Z IMIPOTEKAET NEPEMEHHBINA TOK, Y
KOTOPOT0 CHJIA TOKA, TPOTEKAIOIIETO O MOJI0CE €AUHUYHON IUPUHBI IOBEPXHOCTU
IUTOCKOCTH (JIMHEHHAs IJIOTHOCTh TOoKa), paBHa | = I(t). Ilome BHe miaTdopMeI
OyZer wuMeTh U3NMydaTenbHbI Xapaktep. [loatomy moTpebyem, dYTOOBI
AJIEKTPOMArHUTHOE TOJIE TUIAT(HOPMBI C IEPEMEHHBIM TOKOM OBIJIO U30TPOITHBIM.

B pa6ote nmokazaHo, 4To U3 MOJIEBBIX ypaBHEHUH U TeopeMbl CTOKCa ClIEeIyeT,
YTO METPUKA HM3O0TPOIHOrO MOJiAI OWHINTEHHA-MakcBemia, KOTOpOE CO34aeTCs
OECKOHEYHOM IIOCKOCTBIO C IEPEMEHHBIM TOKOM, UMEET BH/L:

1 8m Mojft_xlzdr

(c?dt? — dx?) — (1 — Mx)(dy? + dz?),

8nGo
c2
Jlns  cnaydas crmaboro rpaButaioHHoro moisi (Mx < 1) yckopenwue
JBUKEHUSI CBOOOIHOM MPOOHOM YaCTHUIIBI 1O OCH X OyJeT paBHO:
d_zx ~ -2 ~ _C_Zagoo N A, ]2
dt?2 ~ W™ 2 x o ’
JI1st TOKa, MEHSIFOLIETOCS 1T0 TAPMOHUYECKOMY 3aKOHY
I = I, cos wt,
YCPEIHEHHOE N0 BPEMEHHU YCKOPEHUE YACTHUIIbI UMEET BU/L:
d?x,  2m*p,lg
<dt2 T e
Takum 00pa3zom, MOKHO C/AENIaTh CIEAYIOIIMI BBIBOJI: €CIIU MO MOBEPXHOCTH
MJIOCKOM TUIAaT(OPMBI OOJIBIIUX PAa3MEPOB TEUET MEPEMEHHBIM TOK, CO3AIOIIUMA
M30TPOIMHOE 3JEKTPOMArHUTHOE MOJE, TO Ha MPOOHYIO0 YaCTUILY, HAXOISIIYIOCS
BONMM3K 3TOW MIAaTGOpPMbI, KPOME TpPaBUTALMOHHOTO MNPUTSKEHUS IIIAT(HOPMbI
Oyler NeHCTBOBAaTh OTTAJKMBAIOMIAs OT MJIAT(GOPMBI CHIIA, BEIMYMHA KOTOPOU
MpsMO TPOMOPLMOHANIbHA KBaJpaTy JMHEWHON IIJIOTHOCTH TOKa M OOpaTHO
MIPONOPLUOHAIBHA TOBEPXHOCTHOM MIIOTHOCTH MACCHI:
12
F~—.
o

rne M =
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Flow and peculiar velocities in the background of
spherically symmetric black holes

Toporensky A.V.%, Zaslavskii O.B. 2

! Sternberg Astronomical Institute, Lomonosov Moscow State University, Moscow, Russia
2 Department of Physics and Technology, Kharkov V.N. Karazin National University,
Kharkov, Ukraine

E-mail: zaslav@ukr.net;

We consider geodesic motion of particles in a spherically symmetric black
hole space-times. We develop an approach based on splitting the velocity of a freely
falling particle to the flow velocity which depends only on a metric, and deviation
from it (a peculiar velocity). It applies to a wide class of spherically symmetric
metrics and is exploited under the horizon of the Schwarzschild black hole. We
compare description in different frames (the static one, the Lemaitre frame,
Painleve-Gulsstrand frame). Our approach enables us to use the formulas of special
relativity. We apply it both to the regions outside and inside the horizon. It is used
for the description of redshift and high energy collisions of massive particles.

From Photon to Oganesson: Lie Algebra Realization of
the Standard Model Extending over the Periodic Table

Trell E.
University of Linkoping, Sweden
E-mail: erik.trell@gmail.com;

As reported in a series of previous PIRT conferences, a direct SU(3) structural
realization of the Standard Model has been developed based upon Marius Sophus
Lie’s original Norwegian Ph.D. thesis Over en Classe Geometriske
Transformationer from 1871 (and thus due for a most deserved 150-year
anniversary). It elucidates how “the theory of main tangential curves can be brought
back to that of rounded curves”, anticipating a coherent linear representation of the
elementary particles instead of the rotational chosen since they were considered
point-like and amorphous when they many years later entered the stage. Under these
premises the Standard Model has built a magnificent, undoubtedly true but
congested multi-particle system whereas the Lie continuous transformation element,
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the partial derivative ’straight line of length equal to zero’ spans an isotropic vector
matrix lattice of crystallographic Killing root space diagram A5 form which from the
Nucleon and inwards can backtrack the Standard Model geometrically, as well as
continue outward iterating to a spacefilling solid state R3xSO(3) wave-packet
complex tessellating the whole periodic table with electron shells and subshells,
Isotope spectrum, neutron captures, radiative channels, oxidation states, molecular
binding sites etc. in successive layers also including the Lanthanides in the sixth
period and the Actinides in the seventh, in which now the concluding Oganesson has
been reached in perfectly well-built saturated noble gas shape and condition.

Unified Dark Fluid models in Brans-Dicke Theory

Tripathy S.K.

Department of Physics, Indira Gandhi Institute of Technology, Sarang, Dhenkanal, India

Email: sktripathy@igitsarang.ac.in;

Some dark energy cosmological models are constructed in the framework of
a generalised Brans—Dicke theory which contains a self interacting potential and a
dynamical coupling parameter. The models are constructed in the background of an
anisotropic metric. The dark sector of the universe is considered through a unified
linear equation of state. The parameters of the unified dark fluid have been
constrained from some physical basis. Since the universe is believed to have
undergone a transition from an early deceleration to a late time acceleration, the
deceleration parameter should have a signature flipping behaviour at the transition
redshift. We have used a hybrid scale factor to simulate the dynamical behaviour of
the deceleration parameter. Basing upon the observational constraints on the
transition redshift, we have constructed four different transitioning dark energy
models. The constructed models are confronted with observational data. For all the
models, the behaviour of the dynamical scalar field and Brans—Dicke parameter are
investigated. Also, on the basis of the generalised Brans—Dicke theory, we have
estimated the time variation of the Newtonian gravitational constant.
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Statistical analysis of random error of satellite
measurements of anisotropy of CMB temperature in
temporally and frequency areas

Vargashkin V.2

1 Bauman State Technical University, Moscow, Russia
2 State University named after 1.S. Tourguenev, Oryol, Russia

E-mail: finstp@Dbk.ru;

The purpose of the present work is to obtain estimates ¢ of the limits main of
the absolute random errors of measuring the anisotropy of CMB temperature during
satellite measurements "WMAP" and "PLANCK" according to individual sets of their
data for all measurement frequencies f.

The results of the anisotropy measurement, which compiled the « WMAP»
probe database, were obtained [ 1] using ten receivers with frequencies: 23 GHz (one
receiver, K1); 33 GHz (one receiver, Ka); 41 GHz (two receivers, Q1 and Q2); 61
GHz (two receivers, V1 and V2); and 94 GHz (four receivers, W1; W2; W3 and W4).
These results are presented as nine integrated into a single whole, temporally
sequential data sets lasting one year each. The results of the anisotropy measurement,
which compiled the «PLANCK» probe database, were obtained at eight frequencies
classified in two ranges using ten receivers. The lower range included frequencies
of 30 GHz, 44 GHz and 70 GHz. The upper range included frequencies of 70 GHz;
100 GHz; 143 GHz; 217 GHz; 353 GHz; 545 GHz and 857 GHz (frequency 70 GHz
was thus present in both bands). These results are presented as eight integrated into
a single whole, temporally sequential data sets lasting six months each for
frequencies from 30 GHz to 70 GHz, or five data sets for all other frequencies.

For analysis, two directions of measuring temperature in the celestial sphere
were chosen: P - along the dipole moment vector of temperature anisotropy, as well
as the opposite direction of —Pj.

The figure shows the main results of the work. An analysis of the figure made
it possible to obtain the following conclusions:

- the mean squared deviations ¢ of the results of measuring the CMB
anisotropy from the corresponding average values obtained by the « WMAP» probe,
both in the P and —P; direction, at frequencies of 23 GHz and 33 GHz, belong to the
interval from 9.34 mK to 25.4 mK (in view of the significant spread of values, these
data should be considered separately from data obtained at other frequencies);

- similarly, the mean squared deviation ¢ obtained by the "WMAP" probe
measurements at all other frequencies belong to a range of 0.160 mK to 0.441 mK;
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Fig.1. Dependencies between the values o and f for measurements using
probes "WMAP" (a) and (b), as well as "PLANCK" (c) and (d) in directions P, (a)
and (c), as well as -P; (b) and (d).

- similarly, the mean squared deviation ¢ obtained by measurements by the
«PLANCK» probe at 30 GHz, 44 GHz, 70 GHz (from the lower range), 70 GHz (from
the upper range), 100 GHz, 143 GHz, 217 GHz and 353 GHz belong to a range of
0.0200 mK to 0.244 mK;

- similarly, the mean squared deviation ¢ of the results of measuring the
anisotropy of the density of the CMB flux from their corresponding average values,
obtained using the «PLANCK» probe at frequencies 545 GHz and 857 GHz, belong
to the interval from 0,265 MJy-sr! to 0,512 MJy sr'.
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CraTucTHYeCKMI AaHAJIN3 CJIYYANHOU MOTPEeIIHOCTH
CIIyTHUKOBBIX M3MEPEHUN aHU30TPONIUH TEMIIEPATYPhI
MHUKPOBOJHOBOI'0 PEJUKTOBOI0 U3JIYYECHHUS] BO BPEMEHHOU U
YaCTOTHOM 00/1acTAX

Bapramkun B.51.12
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[lenapto Hacrosimield pabOTHI SIBISIETCS TOJYYEHHUE OIICHOK G TIPENEsoB
OCHOBHBIX aOCONIOTHBIX CIIYYalHBIX TOTPEIIHOCTEH H3MEpPEHUs aHU30TPOIUU
TEMIIEPATYPbl MUKPOBOJIHOBOTO PEIUKTOBOIO M3IIYYEHUS B XOJI€ CITyTHUKOBBIX
nsmepennit « WMAP» u «PLANCK» 110 OTAEIbHBIM COBOKYITHOCTSIM MX JTJAHHBIX JJIsI
BCEX YaCTOT f U3MEPEHHUSI.

PesynbraThl M3MepeHus aHU30TPONHH, COCTAaBUBIIME 0a3y JaHHBIX 30HAA
«WMAP», nostyyensl [1] ¢ uCnonp30BaHUEM IECATH MPUEMHHUKOB C 4aCTOTaMHu: 23
I'Ty (onun npuemuuk, K1); 33 I'Ty (ogun npuemuuk, Ka); 41 I'Ty (1Ba nprueMHUKA,
01 u Q2); 61 I'Ty (nBa npuemnuka, V'l u V2); u 94 I'Ty (uetpipe npuemnuka, Wi;
W2; W3 u W4). DT pe3ynbrarbl IPEeACTaBICHBI B BUE JIEBSITH HHTEIPUPOBAHHBIX B
€IUHOE 1IeJIOE, TMOCJIENOBATEIbHBIX 10 BPEMEHUM COBOKYIHOCTEW JIAHHBIX,
JUIMTEIBHOCTBIO OIUH TOA Kaxkjas. Pe3ynbTaTel HU3MEPEHHUsT aHU30TPOINH,
cocTaBuBIIKe 0a3zy AaHHBIX 30HAA «PLANCK», moilydeHbl Ha BOCBMH YacTOTax,
OTHECEHHBIX K JBYM JUala3OHaM, C HCMOJIb30BAaHUEM JIECSATU TMPUEMHUKOB.
Hwxuuit quanazon Bkirodan yactotel 30 /7y, 44 I'Ty w70 I'Ty. BepxHuil quamna3zoH
BKJTr0ual yactotel 70 I 7y; 100 1Ty; 143 1Ty; 217 I'Ty; 353 I'Ty; 545 Ty u 857
I'Ty (aacrora 70 I Ty, Takum 0OpazoM, MpUCYyTCTBOBaIA B 00OMX JAHAra3zoHax). ITu
pe3ynbTarhl MPEACTaBICHbBl B BHJIE BOCBMH WHTETPUPOBAHHBIX B €IMHOE IIEJOE,
MOCJIEA0BATENIbHBIX BO BPEMEHU COBOKYITHOCTEM TaHHBIX, JJIUTEIBHOCTHIO MOJIT0/1a
kaxas, as gactot ot 30 [Ty no 70 1Ty, mubo MmSITH COBOKYITHOCTEM sl BCEX
MIPOYUX YACTOT.

Jns  ananmu3a, Takke OBLIM BBIOpAHBI JBa HaIpaBJICHUS U3MEPEHUS
TeMmIieparypsl Ha HebecHoil cdepe: Pi — BAOIL BEKTOpa JUNOIBHOIO MOMEHTA
AHU30TPONHUHU TEMIIEPATYPHI, a TAKKE MPOTUBOIIOJIOKHOE eMy HarpasieHue —P1. Ha
pHUC. TIPEICTABICHBI OCHOBHBIE PE3YNIbTAaThl PadOThl. AHaMM3 puc. | MO3BOJIMI
MOJIYYUTh CIEAYIOUINE YTBEPKICHUS:
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- CpeoHHE KBAJpPATHUUYECKUE OTKIOHEHUS G PE3YyJIbTarOoB HW3MEPEHUS
AHU30TPOIUU TEMIIEPATYPHI U3IYUYEHUS OT COOTBETCTBYIOLIUX CPEIHUX 3HAYEHUU,
MOJIYYEHHBIX C TOMOIIbI0 30HIa «WMAP», kak B HamnpaBieHun P, Tak u B
HarnpaBineHud —P1, Ha vacrorax 23 /7Ty v 33 [Ty, npuHaanexar uHTepBaty ot 9,34
MK 1o 25,4 mK (B BUAY CYLIECTBEHHOTO pa3dpoca 3HAYEHUN 3TH JaHHBIE CIEAYET
paccMarpuBarh OTACIBHO OT JAHHBIX, OJYYEHHBIX HA MPOYUX YACTOTAaX);

- QHAJIOTUYHO, CPEJTHUE KBAJIPATUUECCKUE OTKIIOHEHUS G, MOJYYEHHBIEC MyTEM
W3MEPEHUIN ¢ TOMOIIBIO 30H1a « WMAP» Ha BCeX MPOYMX YACTOTAX MPUHAIIEHKAT
unrepBaiy ot 0,160 mK no 0,441 mK;
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Puc. 1. 3asucumocmu mexcoy eeruvuHamu ¢ u f 01 usmepeHuil ¢ NoOMOoubio
30n0a « WMAP» (a) u (6), a maxace « PLANCK» (8) u (2) 6 nanpasnenuu P (a) u (8),
a maxoice —P1 (0) u (2).

- QaHAJIOTUYHO, CPETHUE KBAJPATUYECKUE OTKIOHEHUS G, TIOJTYyUYEHHBIC ITyTeM
n3MepeHuit ¢ nomoipio 30u1a «PLANCK» na yactorax 30 [Ty, 44 [Ty, 70 [Ty (u3
HIDKHETO auanasona), 70 I Ty (u3 Bepxuero auanasona), 100 /1y, 143 I'Ty, 217 [Ty
u 353 I'Ty, npunaanexar uatepsaiy ot 0,0200 »K no 0,244 uK;

122



- aHaJNIOTUYHO, CpPEIHUE KBAAPATUUYCCKUE OTKIOHCHHSI G PE3yIbTaToOB
MU3MEPEHHST aHU30TPOIUHU TIOTHOCTH MOTOKA MOIIHOCTH PEIUKTOBOTO H3ITyUEHUS
OT COOTBETCTBYIOIIUX WX CPEIHUX 3HAYCHUH, IMONyYEeHHBIE C TOMOIIBIO 30H[A
«PLANCK» na yacrorax 545 I'Ty v 857 [Ty, npunagnexar uarepainy ot 0,265
MAn-cp™ 10 0,512 MAn-cp™.
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Forces in Schwarzschild, Vaidya and generalized
Vaidya spacetimes

Vertogradov V.D.
Herzen State Pedagogical University of Russia, Saint-Petersburg, Russia

E-mail: vdvertogradov@gmail.com;

We consider the force expressions in Schwarzschild spacetime in Eddington-
Finkelstein coordinates in order to find out how the null dust influences the particle
movement. For this purpose, we compare the force expressions in empty
Schwarzschild spacetime with expressions in Vaidya spacetime. Due to the fact that
Vaidya metric is time-depended the energy of the particle is not conserved and one
should realize how the force expressions depends upon the energy. When we
consider the null dust together with the Il-type of the matter field - so-called
generalized Vaidya spacetime then both and the centrifugal and non-conservative
forces might change its sign in the region outside the apparent horizon. We paid
extra attention to the sign change of non-conservative forces and explained why this
happens.
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Cuabl B MeTpukax llIBapumuiabaa, Baiabsa u
00001IeHHOTr0 Baliana

Beprorpanos B./I.
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B pabote paccmarpuBaroTcs cuiibl B Metpukax IlIBapummnbna, Baitaes u
o6o6mennoro Baitaps. 1lenbro mpoBeIeHHOTO UCCIISIOBAHUS SIBISUIOCH BBISICHEHUE
KaK MPUCYTCTBUE PENSATUBUCTKOM NbuK U || THa BeliecTBEHHOTO MOJIA BIUsSET HA
JIBMDKEHUE YACTHUIIBI B OJIM3U TOPU30HTA BUIUMOCTH YEpHOU IbIpbl. Takke ObuLIn
HaWJICHbl WHEPLHOHHBIE CWJIBI B 3TUX METPUKAX U MPOBEICHO HUX CpPaBHEHUE.
OcoObie 3¢ dexThl, CBA3aHHBIE C HW3MEHEHHWEM 3HAaKa JHCCUMATHUBHBIX U
IEHTPOOCKHBIX CUJI, ObUIM BBISIBICHBI TOJBKO B 0000IIEHHON MeTpuke Baiinbs B
npucytcTBu || THIIA BEIIECTBEHHOTO TOJIS.

About spin of a massive particle in the Standard Model

Yurasov N.I.

Bauman Moscow State Technical University, Moscow, Russia

E-mail: yurasovni@bmstu.ru;

Spin moment of a particle (spin) is determined the internal degrees of freedom.
The Dirac has found that spin is equal ' in the relativistic theory of electron. In the

guantum theory spin is ZkZ—H or 2k,k = 0,1,2, ... and particles are fermions or

bosons. The wave functions may be antisymmetric or symmetric. Usually a particle
considered as point and wave function is determined evolution of mass centre. In
accordance of the de Broglie’s hypothesis the motion of a particle correspond to
propagation of wave. The De Broglie has noticed that length of the Bohr’s orbit is
equal integer number of lengths of such waves. In accordance of the wave theory
such orbit is equivalent to resonator with torus geometry. Therefore the Bohr’s orbits
correspond to stable states.

Using the de Broglie’s hypothesis and torus geometry in analysis of internal
structure of the massive particle of Standard Model is purpose of this work.

The first model of internal structure with nonpoint geometry was the Frenkel’s
model of electron. In this globe model equator velocity was more velocity of light
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in 137 times. Modern models discussed in Deriglazov and Ramirez review content
disk geometries.

We have supposed that torus is internal geometry of a particle. Torus has axis
symmetry as own moment of a particle and torus resonator may have large quality
factor. Also we have supposed that in this geometry is realized zero oscillations with
energy equal own energy of particle and they propagate with light velocity. Own
energy was natural minimum of quantum system energy. The Bohr’s rule
guantization generalization was used. On base this dynamical model characteristic
dimension was evaluated and was considered question about particle spin. It was
found that values spin 2 and 1 correspond to stable states, but state with spin equal
72 more stable. Therefore this model is model for leptons and quarks and other
particles of the Standard Model. This dynamical model agrees with the
supersymmetry theory. The Minkovsky’s geometry is used in considered model and
this model not for strong gravitation field.

Characteristic dimension was of order 0.01 of the Compton’s length of wave.

Propagation of wave field within a particle may apparently explain point form
of a particle in experiments on electron- electron scattering. This dynamical model
of elementary particles apparently assumes development for calculation parameters
of such particle.

O cnimHe maccuBHOM YacTuubl B CtangaprHon Moaeau

FOpacos H.H.
MITY um. H.D. baymana, Mockea, Poccus

E-mail: yurasovni@bmstu.ru;

CHnMHOBBIN MOMEHT YaCTHIIbI (CIIMH) OTPEESICTCS] BHYTPEHHUMU CTETICHIMHU
cBOOONbI. BmepBbie cnuH, paBHBIM Y2, OBUI TOJY4YeH TMPU TOCTPOCHUU
PEIATUBUCTCKOTO ramuibTOHMaHa Jlupakom. B KBaHTOBOM TEOpUM CIUH
orpeesnsaeTcs MO0 NOMYLEIbIMHU, MO0 LEIBIMU YUCIaMU. B cOOTBETCTBUM € 3TUM
BOJIHOBbIE (YHKLIMM YacTHI] OOpa3yloT JiBa KJacca: aHTUCUMMETPUYHBIE U
cumMeTpuuHble. OOBIYHO 4YacTUIA pPACCMATPUBAETCS KakK TOYKAa M BOJHOBAs
(GyHKUMS ONMUCHIBAET MPOCTPAHCTBEHHYIO HBOJIIONMIO LieHTpa Macc. CoriacHo
TUIIOTE3€ A€ bpoilyist IBM>)KEHUIO YaCTULIBI COOTBETCTBYET PACIIPOCTPAHEHHE BOJIHBI.
Jle bpoiuib oOpatwyi BHMMaHWe, 4TO Ha OOPOBCKOW OpOMTE B aTOME BOJOPOJIa
YKJIaJbIBACTCS LIEJI0€ YUCIIO TAKUX BOJIH. COTJIaCHO BOJIHOBOW TEOPUU Takasi opouTa
SKBHUBAJICHTHA pe30HATOpy C reomerpueil Ttopa. Iloaromy OGopoBckue OpOUTHI
SABJISIFOTCS yCTOMYMBBIMU. Vcnionb30Banue rumoressl Ae bpoiis u reometpuun Topa
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B aHAJIM3€ BHYTPEHHEW CTPYKTypbl MaccHMBHOM dactuubl CranmaptHol Monemu
ABJISTIOCH LIEJIBIO 3TOM pabOTHI.

[lepBast mombITKa NOCTPOEHUS HETOYEUHOM TIE€OMETPUU YacTUIBl Oblia
npeanpuHsaTra @DpeHkeraeM, KOTOPbIM B KadeCTBE MOJEIM  MCIOJb30Ball
Bpaujaromuiics map. B pesynbrate pacuéra ObUIO MOJYYEHO, YTO HA 3KBATOPE
ckopocTh B 137 pa3 Oonbie ckopoctu cBeta. COBpeMEHHbIE MOJENN BHYTPEHHEN
CTPYKTYpBIL, 00Cy)k1aemMble B 0030pe Jlepuriasoa-Pamupesa, cogepxar TUCKOBbIE
TEOMETPUH.

MBI npeanonoKuiy, 4To0 BHYTPEHHEN N€OMETPUEN YaCTULbI SIBISIETCS TOD.
Top uMeeT O0CeByl0 CHUMMETPHIO, KaK COOCTBEHHbI MOMEHT 4YaCTHUIbI U
TOPOUIAJIbHBIA PE30HATOP MOXKET 00Ja/aTh BBICOKOW TOOPOTHOCTHIO. Takike Mbl
OPEINOJIOKUIN, YTO B 3TOM T€OMETPUHM pEaNn3yloTCs HyJIEBble KOJEeOaHUs C
SHEprueil, paBHOM COOCTBEHHOM SHEPIUU YACTHUIBl U OHU PACHpPOCTPAHSIOTCS CO
cKopocThio cBera. CoOCTBEHHas SHEprusi paccMaTpuBaiach Kak €CTECTBEHHBIN
MUHUMYM 5SHEPIMH KBAaHTOBOW CHCTEMbI. BbUIO HCHOJB30BaHO 0000OIIEHHOE
npaBuio KBaHToBaHUs bopa. Ha ocHOBe 3T0#1 AnHaMuyeckoil Mojenu OblT OLICHEH
XapaKTEepUCTUUECKUN pa3sMep BHYTPEHHEH CTPYKTYpbl U PAaCCMOTPEH BOIPOC O
CIIMHE 4YacCTHLbl. bbUTO HAWJAEHO, YTO YCTOMYMBOM CTPYKTYpE COOTBETCTBYIOT
3HAYEHHs CIIMHA, paBHbIE 2 W |, mMpuU4éM COHUH ‘2 COOTBETCTBYET Hauboliee
ycTorunBoM cTpykrype. [loaTomy Moaens nmpuMeHMMa K JIENITOHAM M KBAapKaMm U
apyruMm yactuuaMm CranmapTHoM Monenu v B 3TOM YTBEPKACHUU COIVIACYETCS C
TEOPUEN CyNEpPCUMMETpUH. PaccMOTpeHHass MOZAENb BHYTPEHHEH CTPYKTYpPBI
YaCTHI[bl UCIIOJIb3YET FreOMETpUI0 MUHKOBCKOTO. [103TOMY MO1€7TE HE MOKET OBITH
UCIIOJIb30BaHa B CHJIBHOM TI'PaBUTALIMOHHOM IOJie. XapaKTEPUCTUUYECKUN pa3Mep
UMEJl TOpSAJOK COTBIX JOJEH OT KOMIITOHOBCKOW JUIMHBI BOJHBL. Bun
pacrpoCTpaHEeHus BOJIHOBOTO II0JISA B CTPYKTYPE YACTULIBI MOXKET, I10-BUAUMOMY,
OOBSICHUTH TOYEUHBIN BUJ] YACTUILIBI ITPHU SKCIIEPUMEHTAX IO PACCESTHUIO MaCCUBHBIX
YacTHULl, HAIpUMEp, JJIEKTPOHAa Ha dJeKTpoHe. lIpemnoxeHHas auHaMUYECKas
MOJIEJIb DJIEMEHTAPHOM YAaCTULBl, I1I0-BUAMMOMY, JOIIyCKA€T pa3BUTHE IS
BBIYMCJIEHUS IPYTUX XapAKTEPUCTHUK TAKUX YACTHIL.
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Properties of thin accretion disks in the space-time of a
non-singular charged black hole

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

! Institute of Molecule and Crystal Physics, Ufa Federal Research Centre, Russian
Academy of Sciences, Ufa, Russia
2 Bashkir State Pedagogical University named after M. Akmullah, Ufa, Russia

E-mail: yu.rose@mail.ru, izmailov.ramil@gmail.com;

A new solution of a spherically symmetric and charged nonsingular black hole
was obtained by L. Balart and E. S. Vagenos (BV) and is a solution of the Einstein
field equation and nonlinear electrodynamics via a term of the L(f) in the action, with

the Lorentz — invariant scalar F = iF“"FW.

In this research, we study the physical properties of thin accretion disks in the
space — time of a non-singular charged black hole based on the Page and Thorne
model. As a result, kinematic and emissivity accretion profiles for the BV black hole
were obtained and a comparative analysis was performed with the Reissner —
Nordstrom (RN) solution. It is also shown that the efficiency, that is, the conversion
of mass into radiation, for a black hole BV is less than for the RN black hole.

CBOHCTBAa TOHKUX AKKPEUHOHHBIX TUCKOB B
NMPOCTPAHCTBE — BPEMEHU HECUHTYJISIPHOM 3aPSAKEHHOU
YEPHOM AbIPbI

IOcynosa P.M.}, M3smaunsos P.H.?

Y Unemumym usuxu monexyn u xpucmannos, Ypumckuii pedepanvibiii
uccnedosamenvckuti yenmp, Poccuiickas akademus nayk, Yea, Poccus
2 Bawikupckuii 20cyoapemeennulil nedazo2uyeckuii yuugepcumem um. M. Axmynnol, Yeba,
Poccus

E-mail: yu.rose@mail.ru, izmailov.ramil@gmail.com;

HoBoe penienne cheprniecku-CHMMETPUIHON U 3apPSHKEHHON HeCHHTYJISIPHOM
yepHoi Ablpel Obuia monydena JI. bamaprom u 3.C. Bamxenocom (bB) u
MPEACTABISIET COOOW pEIICHUE ypaBHEHHE TMOJsS OWHINTEHHA W HETHMHEHHOU
aNIeKTpoaAMHaMuKu depe3 narpamkuan L(f) ¢ JlopeHil — HHBapHAHTHBIM CKaIsPOM

1
F =~FW"E,.
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B nganHoit pabGore wuccnenyroTcss  (U3MYECKHE CBOMCTBA  TOHKHUX
AKKPELMOHHBIX JUCKOB B MPOCTPAHCTBE — BPEMEHU HECUHTYJISIPHOW 3apsyKEHHOU
YepHOM IbIpbl Ha ocHOBe Mojenu [leimka u TopHa. B pe3ynbrare ObUTH MOTyYSHBI
KMHEMaTHYECKUE W U3JIydaTelibHble MPOPIIN aKKpeluuu Jjsi yepHou nbipbl BB u
MIPOBE/ICH CpPaBHUTEIbHBIA aHanu3 ¢ pemieHruem PeiiccHepa — Hopacrpema (PH).
[Tokazano, yTo 3¢ (HPeKTUBHOCTD, TO €CTh MpeoOpa3oBaHNE MACCHI B U3IyUYCHHE, IS
yepHOU abIpel bB menbie, yem st uepuou aeipsl PH.

The principle of materiality of space and the theory of
fundamental fields

Zhuravlev V.M. 1?2

! Ulyanovsk State University, Ulyanovsk, Russia
2 Samara National Research University,Samara, Russia

The paper sets out the grounds for introducing the principle of materiality of
space as an alternative to the description of space-time in the framework of general
relativity [1]. The principle of materiality of space itself is formulated as an initial
element of the topological theory of fundamental fields [2, 3, 4, 5, 6, 7]. A method
is proposed for implementing this principle using the concepts of markers of material
points in space. The general connection of this approach with the description of the
geometry of space and its dynamics in the form of the dynamics of a material three-
dimensional hypersurface embedded in the ambient Euclidean space W* of
dimension 4 and given using the height function is stated:

u=F(x,t), (1)
where x = (x4, x,,x3) are coordinates in a three-dimensional distinguished
hyperplane P3 € W*, and u is a coordinate orthogonal to P3. The time is considered
classic.

Within the framework of this approach, a connection is established between
relation (1) and the transfer equations of material markers, and an equation for the
dynamics of a hypersurface as a material physical object in W* is derived. The
connection between the theory of material markers developed here and the
topological theory of fundamental fields previously developed in [2, 3, 4, 5, 6, 7] is
discussed. The latter is also based on the theory of geometric markers e* = e%(x, t),
which are connected on each separate region of the space V € P3, bounded by a

special isosurface of the height function F(x, t) by the relations:

Oxq OF _ 123
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Here ¢ = +1, depending on whether the region IV contains a maximum or a
minimum of the height function F(x, t).

Within the framework of this theory, particles of matter are associated with
separate regions of space bounded by special isosurfaces F, and their electric charge
Is interpreted as a topological invariant of the Euler characteristic of the
corresponding region of space. The equations of the gravitational and electric fields
are consequences of obvious differential identities that are fulfilled on the Cartesian

map of geometric markers e® of the following form:

de? a [e?

=3 () =@, 2)
where e = (el,e?,e3), |e|?> = (e!)? + (€?)? + (e3)%. The mass of particles is
determined by the volume of the region V corresponding to the particle in the space
of markers, 1.e. in fact, the “number” of material points of the hypersurface in region
V. In papers [2,3,4,5,6,7], the connection of identities (2) with the standard equations
of the electromagnetic field and generalized equations of the gravitational field of
Newtonian theory is described in detail. After the introduction of the geometric
averaging procedure, the connection of this approach with the classical Newtonian
theory in a certain limit, as well as with quantum mechanics, is proved.

The principle of the materiality of space formulated in the work allows us to
give a tool with which it is possible to close the TTFP based on the formulation of
hypotheses about the properties of the material hypersurface, which in this theory is
the source and carrier of all physical properties of the observed material objects.
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IpuHUMI MAaTEPHAIBHOCTH IPOCTPAHCTBA U TEOPUS
(pyHIaMEHTAJBbHBIX MOJIeH
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B pabote u3znararotrcst OCHOBaHUS JIJIsl BBEJICHUSI PUHIIUIIA MATEPUATLHOCTH
MPOCTPAHCTBA KaK aJbTEPHATHUBBI K OMHCAHUIO MPOCTPAHCTBA-BPEMEHU B paMKax
OTO [1]. ®opmynupyeTcss cam MNPUHLUUII MATEPUATBHOCTH MPOCTPAHCTBA KAK
HCXOJHOTO 3JIEMEHTa TOIMOJOTUYECKOW Teopuu PpyHaaMEeHTaNIbHBIX moJie [2, 3, 4,
5, 6, 7]. llpennaraercst cnoco0 peanu3anyy 3TOro NPUHIUIIA C TTOMOIIBIO MTOHSITHI
MapKepoB MaTepUalbHBIX TOUYEK NMPOCTpaHCTBA. M3naraercs oOuias cBs3b JAHHOTO
MOAX0/Ja C ONUCAHMEM T'€OMETPUU MPOCTPAHCTBA M €ro JUHAMUKH B (opme
JUHAMHUKA MaTE€pUaIbHOM TPEXMEPHOW THUIEPHOBEPXHOCTH, BJIOXKEHHON B
00BEMJIIOIEE EBKIMIOBO MNPOCTpanctBo W* pasmepHocTn 4, W 3amaHHOM C
MOMOIIBIO (PYHKITUU BBICOTHI:

u = F(x,t), 1)
rae X = (Xq,Xy,X3) - KOOPAUHATHI B TPEXMEPHOM BBIJICJICHHON THUIEPIUIOCKOCTH
P3 € W*, au - koopaunara, oproroHansHas P3. Bpems cuMTaeTcs KIaCCUYECKHM.

B pamkax 5TOro mojaxoja yCTaHaBIMBAETCs CBs3b cooTHomieHus (1) c
YPaBHEHHUSIMA TIEPEHOCA MAaTEpPUaIbHBIX MAapKEpPOB W BBIBOJUTCS YpaBHEHHE
JIMHAMHMKH THIIEPIOBEPXHOCTH KaK MAaTepUabHOro (pusmdeckoro oonekra B W*,
OO0cyxmaeTcsi CBSI3b Pa3BUTOM 3]1eCh TEOPUU MaTEepUATBHBIX MAapKEpOB C paHee
pa3BuTOl B pabdotax [2, 3, 4, 5, 6, 7] Tonoyiorunueckoi Teopueii GpyHIaMeHTaIbHbBIX
noJieit. [locnenHsst onmpaercs Takke Ha TEOPHIO TEOMETPHUSCKUX MapKepoB e =
e%(x,t), KOTophle CBA3aHbl HA KaXI0M OTIENbHOM 001acTu npocTpancTea V € P3,
OTpaHWYCHHOW  OCOOOW  HM30MOBEPXHOCTHIO  (QYHKIIMHM  BBICOTHI  F(X,t)

COOTHOLICHUAMMU
dx, OF

904 7x, =ce%a=1,23.

3nech € = +1 B 3aBUCUMOCTU OT TOTO, COACPKUT JU 00JacTh V MakcuMym
WM MUHUMYM (YHKIMH BbICOTHI F (X, t) .

B pamkax TakoW TEOpHUH YAaCTHIbI MAaTEPUU CBS3BIBAIOTCS C OTIACIbHBIMU
00JaCTsIMU IPOCTPAHCTBA, OTPAHUYEHHBIMU OCOOBIMU M30MOBEPXHOCTAMHU F, a ux
JNEKTPUYECKUN 3apsi[i HUHTEPIPETUPYETCA KaK TOMNOJOTMYECKUA WHBAPUAHT
SiiIepoBa XapaKTEPUCTUKA COOTBETCTBYIOIIEH 00JIaCTH MPOCTPAHCTBA. Y paBHEHUS
IPABUTALIMOHHOTO U AJIEKTPUYECKOTO MOJIEH SIBIIIIOTCS CIECACTBUSAMU OYEBUIHBIX
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I[I/I(l)(bepeHHI/IaJIBHLIX TOXICCTB, BBIIIOJIHAIOIIMUXCI  Ha I[CK&pTOBOfI KapTe

ICOMCTPHUUICCKUX MAPKCPOB e? CIcayromecro Buaa.

de? 0 (e%

Pyt @(W) = (e), (2)
rae e = (el,e?,e3?), le|? = (e1)? + (e%)? + (e2)%. Macca yactun onpenensercs
o6bemMoM 001acTu V', COOTBETCTBYIOIIEH YacTHIIE, B MPOCTPAHCTBE MapKEPOB, T.€.
Mo CyTH ‘“‘duCiIOM” MaTepHaJbHBIX TOUEK THIEPIOBEPXHOCTH B obOmactu V. B
paborax [2, 3, 4, 5, 6, 7] moApoOHO OMHUCKHIBAETCS CBsI3b TOXAECTB (2) CO
CTaHAAPTHBIMU  YPABHCHHUSAMU SJICKTPOMAIHUTHOI'O IIOJIA H 0606H_ICHHBIMI/I
YPaBHCHUAMU T'PABUTALIUOHHOI'O IIOJIA HreroTOoHOBCKOM TCOPHUMU. Ilocne BBCICHUA
mpoucaAyphbl rcOMCTPUICCKOT0 YCPCAHCHUA JOKA3BIBACTCA CBA3b TAKOI'O IIOAXO0Ha C
KJIaCCUYECKOM TGOpI/Ief/'I Herotona B HCKOTOPOM IIPCACIIC, a4 TAKIKC C KBAaHTOBOH
MEXaHUKOM.

ChopmynupoBaHHbIii B paboTe MPHUHIMI MaTEPHAIBHOCTH MPOCTPAHCTBA
IMO3BOJIACT AaTb MHCTPYMCHT, C IIOMOIIBIO KOTOPOI'O MOXHO 3aMKHYTb TT®II na
OCHOBE (POPMYTUPOBKH THIIOTE3 O CBOMCTBAX METEPUAIBHOW TUIEPIIOBEPXHOCTH,
KOTOpada B I[aHHOﬁ TCOpPUN ABJACTCA NCTOYHUKOM M HOCHUTCIIEM BCCX CI)I/ISI/I‘-IGCKI/IX
CBOMCTB HAOJIIOJJa€MbIX MaTEPUATbHBIX O0BEKTOB.
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The paper presents the results of applying the method of multiscale expansions
(MSE) to the problems of cosmological inflation and some other problems of the
evolution of the Universe at the present stage [2] - [5].

Initially, the method of multiscale expansions was and is applied in problems
of mechanics, hydrodynamics, and nonlinear wave dynamics in various systems [1].
However, its application in problems of cosmological dynamics is a fairly new
direction that can give new results in the study of the dynamics of the Universe in
complex models. The ground of the method is based on methods for expanding
solutions in small parameters with the introduction of fast and slow independent
variables into the theory. They allow, relying on certain physical concepts of the
nature of the processes, to construct approximate models that are stable with respect
to perturbations.

As the first illustrative example of the use of MSE in this work, we consider
the problems of analyzing a simple cosmological model with a scalar field in two
special approximations. The analyzed equations are as follows:

3H2 = =2 +V(¢), 2H = —¢%, ¢ + 3He + Z—; = 0. (1)
As a result of the introduction of the dimensionless time t = t/T, , the field

n=¢/d, and the Hubble parameter ¢ = H/H,, where Ty, H, and & are some
predetermined scales, the analyzed model equations are reduced to the form:

58 388 =V, @),2¢ = —pr’. (2

Here a = ®3/(TyHy)?, B = ®3/(T,H,). By choosing different scale ratios,

it is possible to construct approximate solutions of the model under consideration

using the MSE, introducing into consideration the slow variables 7; = et, 1, = €27,
etc., where ¢ is the chosen small parameter.

The paper analyzes and compares two main options for choosing a small

parameter: ®3 = &£ < 1,H,T, =1 and H,T, = ¢ !,®, = 1. The solutions are
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presented in several first orders of the models, and their correspondence to the slow
roll approximation is noted. Prospects for the application of MSE for the tensor-
multi-scalar theory of gravity [6] - [8] and the chiral cosmological model [9] are
considered.
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B  pabGore  mpexacraBieHbl — pe3yibTaThl ~ NPUMEHEHHS  MeToAa
MHOTOMacmTabHbIX pasnoxkenuit (MMP) k 3aauaM KocMosIOruuecko HHGIAIUN
Y HEKOTOPBIM JIPYTUM 3aJ1adyaM 3BOJIIOIUKM BceneHHol Ha COBpEMEHHOM 3Ttane [2]-

[5].
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W3HayabHO METOJ MHOTOMACIUTAaOHBIX PpAa3JIOKEHUH TNPUMEHSICS U
OPUMEHSAETCS B 3aJauax MEXaHUKU, THAPOAVMHAMMKM M HEIMHEWHON BOJHOBOM
JMHAMMKA B paznuuHbIX cuctemax [l]. OnmHako ero mpuMeHEHHe B 3ajadax
KOCMOJIOTUYECKOW JIMHAMUKU SIBJISIETCSI JAOCTATOYHO HOBBIM HaIlpaBJIEHUEM,
KOTOpPBI MOXET JaThb HOBBIE pE3yJbTaThl B W3YYEHUM TUHAMUKU BcelleHHOU B
CIIOXKHBIX MoJiensiX. OCHOBOI MeToAa SABJIAETCS METO/ABI Pa3JIOKEHUS! PELIEHUH 110
MaJIbIM ITapaMeTpaM C BBEICHUEM B TEOPHUIO OBICTPHIX U MEJIEHHBIX HE3aBUCHUMBIX
MEPEMEHHBIX, KOTOpbIC MO3BOJIAIOT, OMHPAsCh B TE WM HUHBIE (DU3HUECKHE
MIPEACTABIICHHS O XapaKTepe MPOLECCOB, CTPOUTH MPUOIHKEHHbIE YCTOMYNBBIE 110
OTHOLIEHUIO B BO3MYILIEHUAM HX MOJIEIIH.

B kauecTBe mepBoro HarJIIJHOro MpuMepa ucnonb3zoBanuss MMP B paGote
paccMaTpUBAOTCS 33Jayd  aHaIM3a IPOCTOM KOCMOJOTMYECKOHM MOJEIH CO
CKaJSIPHBIM TIOJIEM B JBYX CHELHAIBHBIX HPUOIMKEHUSAX. AHaIU3UpPyEeMble
YPaBHEHUS UMEIOT BUJL:

H? =2 +V(¢), 2H = —¢2,¢ + 3He + Z—; = 0. (1)
B pesynbsrate BBenenus 6e3pazmepHoro Bpemenu T = t/T,, moman = ¢ /P,

u napametpa Xabona ¢ = H/H,, rae Ty, Hy u @, - HEKoTOpbIC 3apaHee 3aJaHHbIC
MaciTaObl, aHAJTU3UPYEMbIC YPABHEHUS MOJICIIA MPUBOISITCS K BUAY:
58 +38 =V, 0)2§ = —fn’”. o)
3necs a = ®F/(ToHy)? , B =®3/(ToH,) . DBoibupas pasiuuHble
COOTHONICHHS]  MacImTaboB, MOXHO CTPOUTHb  MPHUOJMKEHHBIE  pEIIeHUs
paccMmaTtpuBaeMor Mozenu ¢ nomombso MMP, BBOIS B paccMOTpeHrE MEJIEHHBIE
TIEpEMEHHBIE T; = £T, T, = £2T U T.1., TJI€ € - BLIOPAHHBII Mallblii mapameTp.

B paboTte aHanM3upyrOTCS U CPaBHUBAIOTCS JIBA OCHOBHBIX BapuaHTa BbIOOpa
manoro napamerpa: @5 = £ K 1,HyTy = 1 u HyTy = £, ®, = 1. IIpexncrapieHsl
peLIeHUs B HECKOJIBKUX MEPBBIX MOPSAIKAX MOAEJIECH U OTMEYAETCS UX COOTBETCTBHE
NpUOIMKEHUIO MEIJICHHOTO CKaThIBaHUSA. PaccMaTpuBaroTCs MEPCHEKTUBBI
npuioxenns MMP 171s1 TeH30pHO-MYJIbTH-CKATISPHOW Teopun TpaButanuu [6]-[8]
Y KUPaJIbHOU KOCMOJIOTHYECKOi Mojenu [9].
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Superfluids in astrophysics and all that jazz
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Using the logarithmic superfluid model, one can formulate quantum post-
relativistic theory of superfluid vacuum, which contains special and general
relativity in the “phononic” (low-momenta) limit, but differs at higher momenta.
According to the theory, an effective gravitational potential is induced by the
guantum wavefunction of physical vacuum in a stationary state, while the vacuum
itself is viewed as the superfluid described by the logarithmic quantum wave
equation. On a galactic scale, the model explains the non-Keplerian behaviour of
galactic rotation curves, as well as why their profiles can vary depending on the
galaxy. It also makes a number of predictions about the behaviour of gravity at larger
galactic and extragalactic scales, which are expected to be seen in the outer regions
of large spiral galaxies. We compare the non-flat asymptotics’ prediction with the
furthest data points available for a number of galaxies. Using a two-parameter fit,
we do a preliminary estimate; which disregards the combined effect of gas and stellar
disc, but is relatively simple and uses minimal assumptions for galactic luminous
matter. The data strongly points out at the existence of a crossover transition from
flat to non-flat regimes at galactic outskirts and beyond.

Another range of applications of the “logarithmic” matter can be found in the
astrophysics of cold dense stars. We demonstrate the existence of equilibria in self-
gravitating logarithmic fluid, described by spherically symmetric nonsingular finite-
mass asymptotically-flat solutions in general relativity. Unlike other boson star
models known to date, equilibrium configurations of relativistic logarithmic fluids
are shown not to have scale bounds for their gravitational mass or size. Therefore,
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they can describe large massive dense astronomical objects, such as bosonized
superfluid stars or cores of neutron stars.

Evolution of Tsallis Holographic Dark Energy in
Minimally Coupled Gravity

Zubair M.

In this project we have analysed Tsallis holographic dark energy in a flat
Friedmann-Robertson Walker model under the framework of minimally coupled
gravity. The effects of this model in a non interactive universe are studied by taking
different IR cut-offs that include particle horizon, event horizon, conformal age of
the universe and GO (Granda-Oliveros) horizon. The cosmic evolution is studied by
determining the conventional cosmological tools including the density parameter
Ny, equation of state parameter 2, and the deceleration parameter g. We have
analysed the impact of these parameters by assuming different values for the matter-
curvature coupling constant A and the Tsallis parameter 8. We observe that all our
four models exhibit appropriate behavior for the system parameters and support the
accelerated expansion mode described by phantom-like scenario. Stability was only
achieved for event horizon (partially) based on the speed of sound v.2. Furthermore
we examined the behavior of our model by using various diagnostic mechanisms
such as 2,z — 2y analysis, statefinder pair (r,s), Om diagnostic and statefinder

hierarchy Sél) and SAEI). The trajectories of the 2,; — 2pz show a transition from
freezing to thawing region, whereas r — s plane corresponds to a phase shift
between Chaplygin gas model and quintessence model for particle and event horizon
and solely Chaplygin gas model for conformal age and quintessence for GO-horizon.
Om parameter also supports the quintessence era while statefinder hierarchy
distinguishes our model effectively from the A CDM model and demonstrates the
distinctive nature of all our models.
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