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PACIHINPEHHA YA AKCUOHHAZ# 9JIEKTPOJIMHAMUIKA:
AHOMAJIBHBIN JMTHAMOOIITTYECKNN OTKJINK, .
NMHAYIINMPOBAHHBIU IIJIOCKOU 'PABUTAIIMOHHOU BOJIHOU

T.IO. Ajnpnur?

oF-mail: Timur. Alpin@kp fu.ru; Kazanckuit dbegepasibabiii yausepcurer, Kazanb, Poccust

MpI pacmpuin TEOPUIO I'PABUTAIIMOHHOIO, JEKTPOMATHUTHOIO U aKCUOHHOI'O II0JIEH,
BKJIIOUHMB B JIarpaH:KHUaH IIEPEKPECTHBIE CJIaraeMble JTUHAMOOITHIECKOTO THUIIa, KBaIpa-
TUYHBIE TIO TeH30py Makcseia, JUHEHHbIe IO KOBAPUAHTHON MPOU3BOJIHON 4-BeKTOpa
MaKPOCKOIINIECKOH CKOPOCTH CPEJIbl, a TaKyKe JIMHEHHBIE M0 MCeBJIOCKAIIAPHOMY (aKCH-
OHHOMY) TIOJIFO, JIHOO ero rpajmenty. Mbl nmpok/accudunupoBain HOBbIE CJaraeMble 10
3JIeMEeHTaM HEITPUBOIMMOTO IIPEJICTaBICHNST KOBAPUAHTHOM MTPOU3BOIHON 4-BEeKTOpa MaK-
POCKOITIYECKOH CKOPOCTH CPEJIbL: CKAJISIPy C2KaTus (pacIiupenusi), 4-BeKTOpY YCKOPEHHUs,
1 TeH30paM cjaBura u Bparenns. OCHOBHBIE YpaBHEHHsSI PACIIHPEHHON AKCHMOHHOMN 3J1eK-
TPOJIMHAMUKA UCIIOJIL3YIOTCS JIJIS ONMMCAHUs OTKJINKA aKCUOHHO aKTUBHOI 3JEKTPOINHA-
MHYECKON CHUCTEMBI, IMOPOXKIEHHOTO ILJIOCKOBOJIHOBBIM I'DaBUTAIMOHHBIM (pOHOM. MBI 10-
Ka3bIBaeM, UYTO STOT OTKJMK HMeeT KPUTHUUECKUIl XapakTep, T.e. UYTO 3JeKTPUUeCKoe U
MarHuTHOE MOJIsd, JUHAMOOITHYECKN CBA3aHHbIE C aKCHMOHAMH, BO3PacTaloT aHOMAaJbHO
OJT BO3AEHUCTBUEM BHENTHEHN IIJIOCKON I'DABUTAITMOHHON BOJIHBI.

JImreparypa

[1] A.B. Balakin and W.-T. Ni, Class. Quantum Grav. 27, 055003 (2010).
[2] Balakin A.B. and W.-T. Ni, Class. Quantum Grav., 31, (2014).

[3] L.D. Landau, E.M. Lifshitz and L.P. Pitaevskii, Electrodynamics of continuous media,
Butterworth Heinemann, Oxford, (1996).

JMNOHHBIE KPOTOBBIE HOPBI, TEHEPVIPYEMBIE
IMPOJAOJIbBHBIMU ABEJIEBBIMU KAJIMBPOBOYHBIMMU I10JIAMMA

A.B. Amunosa?, I1.1. Yymapos®

eE-mail: —; Kasanckuii ¢deiepaibHbIil yHUBEPCUTET
YE-mail: p.i.t.choumarov@mail.ru; Kasanckuii denepabHbIil yHUBEpCATET

B craree [Aminova, A. V. Static cylindrically symmetric dyonic wormholes in six-
dimensional Kaluza-Klein theory: Exact solutions /A.V. Aminova, P. I. Chumarov //
PHYSICAL REVIEW D. 2013. - V. 88, Issue 4] mokazaHo, 4To cTaTUYECKHE YeThIPEXMeD-
Hble TTUJINH/IPUYECKN CUMMETPUYHbIE PelleHns B paMKax 4 + n—mepHoil Teopun Kasrynibl-
Kneitna ¢ makcumaJibHOM abeieBoOil IpyIoil n30MeTpuil BHYTPEHHErO MPOCTPAHCTBA C
JIMaroOHAJILHONW BHYTPEHHEN METPUKOI MOT'YT OBIThH ITOJIyY€eHbI TaK YKe, KaK B CJIydae Cymep-
CHUMMETPUTHON CTATHYECKO UepHOI JIBIPBI, TOJIBKO ecyin KaanbpoBounas rpymma U(1)"
HAPYIIAEeTCs J10 TPOU3BeieHns KaanopoBodbix rpymi U(1), x U(1),,; oHE cOOTBETCTBY-
I0OT JIMOHHOW KOH(MUTYpAIUU € OJIHUM SJCKTPUYECKUM U OJIHUM MATHUTHBIM 3apdIaMu,
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KOTOPBIE OTHOCATCA JTUOO K OJIHOMY, JINOO K Pa3IUYHBIM MHOXKHUTEISIM KaJTuOPOBOYHOMN
rpynnbl 3 dekTuBHoi 6-MepHoit Teopun Kamympl-Kieiina. B mutuposannoit crarbe naii-
JIEHbI HOBBbIE TOYHBIE perrenust B 6-mepmnoit Teopun Kasynpr-Kieitna ¢ 1Byms abeseBbi-
MU KaJIMOPOBOYHBIMU MOJISAMHY, JIMJIATOHHBIM U CKAJISIPHBIM TTOJISIMU, ACCOIMIPOBAHHBIMUI
C BHYTpEHHel MeTPHUKOM; MOJIyIeHbl HOBbIE TUIBI IMJIMHIPHIECKA-CHIMMETPUYHBIX KPO-
TOBBIX HOP C PaJUAJBHLIMU U MPOJOIBHBIMUA SJIEKTPUIECKUMU U MATHUTHBIMU TTOJISIMU
B KadecTBe MCTOYHUKOB. /laHHOE COOOINEHME MOCBAIIEHO NCCIIEIOBAHUIO T'eOIe3MIecKOit
CTPYKTYPBI, CUHTYJIAPHOCTEH U TEPMOJUHAMUYECKUX CBOMCTB KPOTOBBIX HOP C ITPOJIOJIb-
HBIMH 3JICKTPUYECKUM ¥ MArHUTHDBIM TTOJISIMH.

O PEIHHIEHNAX YPABHEHU A K/IINOPOPIA ITP1 YETHOM N

K.B. Anjgpees®

eF-mail: krit _ufa@mail.ru; Crponrensuas rpymma «Anny, YPA, Poccus

Mup Bech mpejicTaBisgeT coboil €IMHYIO TEIYI0 KAPTHHY, 9JIEMEHTBI KOTOPOil TeperLie-
TAIOTCA MK COOOI HACTOIBLKO MPUYY/JIMBO, YTO CBI3U MHOTJIA TPYJIHO YI0oBUMBL. U, Kaza-
JIOCh, JIBa BPOJIe ObI COBEPITICHHO He CBA3AHHBIX JPYT C JIPYToM (haKTa BJIPYT OKA3BIBAIOTCS
00beIMHEeHbl HEPA3PBIBHO YCJIOBUSIME CBA3HM B OJIHO €JIMHOE TIEJI0E.

Nrak, nmerorcd 371€eMeHThI:

1. TunepKOMILIEKCHBIE JIaCTUYHO-aJIbTePHATUBHBIE aareGpbl A™, B TOM 4uciie aarebpol
Komm-dukcona: Va,b € A" (a-a)-b—a-(a-b)=b-(a-a)—(b-a)-a (craboaib-

TepHATUBHOE TOXK1eCTBO). lemurenn HyIis.

2. Ilpunmun Tpoiicreennoctu Kaprana n nepuoguanocts borra. KoMiniekcHbie opToro-
HaJIbHBIE IpeobpaszoBanus (Teopema Kaprana-/Ipesonne). Hyab-apsr Posendensa.
Cootsercrue Kieitna.

3. Anreopsr Knmuddopaa n kmuddopaoBo ypasnenue.

4. KomMmILiekcHasl 1 JIeiCTBUTE/IbHAsT PeAIN3allii, B TOM YHUCJIe CBI3YIONINX OIIEPaTOPOB
u (mceBo-)puMaHoBbIX npocrpancTs. Oneparop Hopaena. Nusosonus. Bioxkenue
JEeNCTBUTETHLHOTO TTPOCTPAHCTBA B KOMILIEKCHOE.

5. CBs3HOCTH B KacaTeIbHOM U CIIMHOPHOM paccyioernn. [Ipoussosaast JIu, B ToMm uncie
U Ha CIUH-TIapax.

6. TBucropnoe ypasuenue n nopmajnsaiug rpaccmannanos Hopena-Heitdensia, cim-
HOPHAsT HOPMaJTH3aIus.

7. IIpeobpaszoBanust Borosmobosa-Basatuna.

Kax, 0CHOBBIBASCh Ha 9TUX 3JIEMEHTAX, BOCCO3/IaTh IIOIHYI0 KapTHHy? Y TBepzKIaeTcs, 9TO
TS TOTO HEOOXOIMMO PEINTh KOMILIEKcHoe ypasHenne Kmmddopaa 1id peLympoBan-
meix cnmaopos Kaprama (A, U, ... = 1,n, A, B, ... = 1,221 A8y a0 + 0o Bnpac =
gawdc?. YactHble permenus TAKOTO ypaBHeHns MOFyT GLITH TOCTPOCHBI B BHJIC nYap =

24 ~
¥ am 1" as), 1% sy = 3 AT 10)Y (€@)an, 1V ian) = P "(16)" (g)an (4G = 0).

11
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Taxwue perenust TO3BOJIAIOT YCTAHOBUTD CBA3b MEXKJIY CTPYKTYPHBIMU KOHCTAHTaAMU AJThb-
TEPHATUBHO - 3JACTUIHBIX aJredp nijk U reHepaTopaMu JAeficTBUTENbHbIX aaredp Kimd-
bopma 7,47 (i,j,... = 1,n). TpeTbuM 31€MEHTOM CBA3ZM OyeT YIPaBJIAIONIHIl CHMMeT-
puveckuii crun-tensop 097 gk = \/ETIZ‘ABUjCAnk ppl°P. D10 MO3BOMAET CTPOUTH I'H-
ePKOMILIEKCHBIE ayredpbl g n mod 8 = 0 m OPUMEHUTDH I HUX HEePUOIUIHOCTH
Borra. Ilpunoxkenus ykazammoii Teopunm TakoBbl: 1. MoxKHO mepeHecTu MeTpPUKY IIPO-
crpancTBa MuHKOBCKOro 1 JIneBy nmpoms3BojHyIo Ha IapacluHOPHOE ITPOCTPAHCTBO. [l
9TOrO CJIeyeT PacCMOTPETHh KOMILIEKCUPUKAINIO TTpocTpaHcTBa MUHKOBCKOTO, mepeiTn
K 8-MepHOil JIeHCTBUTEILHON peaju3alliil U BEPHYThCA Ha3aJ | oOpaTHbIM XoioMm. 2. Pe-
menns ke ypapuenust Kymddopaa npu n=6 HapsaMyo CBA3aHbI ¢ MpeoOpa30BaAHUIMI
Borousrobosa-Banaruna.

PEJIAINIMOHHOE CTATUCTUYECKOE ITPOCTPAHCTBO - BPEM#
n EAVHBIN ITOAXO0/d K OIIMCAHNIO 'PABUTAIIMOHHBIX
KBAHTOBBIX 9OPEKTOB

B.B. Apucros®

eE-mail: aristovvl@yandex.ru; Boranciaurenbusiii nearp uMm. A.A.Joponuunsina PAH, Mocksa

B nacrodireit paboTe mocTpoeHne pesisdiinoOHHOr0 CTATUCTUIECKOTO TPOCTPAHCTBA - Bpe-
menu (cm. [1]) mpuBoguT K peanuzaius npunnuna Maxa, 910 MO3BOJISET CBA3ATH MUKPO-
U MaKpoOypoBHU omnucanugd. Pa3BuBaeMas craTuCTHYecKas MOJETb 00J1a/1aeT KOHCTPYK-
TUBHOCTBIO U YHUBEPCAJBLHOCTHIO: B CBOUX PA3JIMYHBIX MPUOINKEHUAX OHA OIMCBHIBACT U
rpaBUTAIIAIO, W KBAHTOBBIE 3(pdekThl. B cornacum ¢ pesidnuoHubIME TTPEJICTABICHUSIMEI
IIPOCTPAHCTBO U BPEMs OKA3BIBAIOTCH CBA3AHHBIMU C XapPaKTEPOM pPacIpeIe/IeHusT YaCTHUIL
B CHUCTEMe U CIIocoOOM ux jBuzKenusd. [Ipu paBHOMEpHOM pacIpe/ie/IeHI U PABHOMEPHOM
nepeMernenny 9acTurl hyHaMeHTaIbHble TPUOOPEI - YaChl U JIMHEWKN MOJEJUPYIOT CBOI-
crBa Merpukn Munkosckoro. [Ipn masnmbix Maccax u mMacmrTadax pacCTOAHUI M3ydaeMast
JINCKPETHAsT TeOMETpPUsl MPUBOJANT K HEEIMHCTBEHHOCTH TPAJUIIMOHHBIX 00pa3oB (Impsi-
MBIX, TJIOCKOCTEli ¥ T.JI.) €BKJIMJIOBOI TeOMETPUH. JTO CKA3bIBACTCS TAKIKE Ha XapaKTepe
OTIMCAHMS C TIOMOIIBIO MOJIEJILHOIO BPEMEHU U BEJIET K UHJIETEPMUHU3MY, CBOWCTBEHHOMY
KBaHTOBO# Mexanuke. [loydyen amasior cooTHorenus Heompeenennoctu. Heomnoznad-
HOCTDL IPOCTPAHCTBEHHO BPEMEHHOI'O OIMCAaHUs corjacyercd ¢ gpopmaimsmoMm Hembcona
[2, 3|, aTo nosBosisteT BhiBecTH anasor ypasuenns Ipémunrepa. [lpu 6obimunx maccax u
Macmrabax paccTOdHUIl OTKJIOHEHUs] OT YCPEIHEHHOIO PAaCHpeieleHns TPUBOJIUT K I'Da-
BUTAIMOHHBIM 3 @eKTaM U MeTPUKEe MPOCTPAHCTBA-BPEMEHU, COOTBETCTBYIONIEN pruMa-
HOBOIT TeoMeTpuu. B M3MepuTeIbHOM IIaHe BPpeMsl COOTHOCUTCSH € MPOCTPAHCTBEHHBIMU
BEJIMYMHAMU, & MTPOCTPAHCTBEHHBIE BEJTMIMHBI COOTHOCATCA ¢ MACCOBBIMU. DTO MO3BOJISIET
TPAKTOBAaThL M3MEHEHUE PacIpejiesieHnsl MacC B TaJaKTUIECKNX, KOCMOJOTUYECKIX Mac-
mrabax KaK COOTBETCTBYIOIIee n3MeHeHne 3@ EKTUBHBIX PACCTOAHUN, 9TO (PaKTUICCKI
U3MEHSIeT TPABUTAINOHHBIE TOTEHITHAJIBI. C 9THM CBSI3BIBAETCS MPOSBICHUE TaK HA3bIBA-
€MO#l TeMHOII MaTepuu.
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ON THE SOLUTION OF THE STATIONARY
AXTALLY-SYMMETRIC PROBLEM

R.M. Avakyan?®, G.G. Harutyunyan®

eE-mail: rolavag@ysu.am; Department of Physics, Yerevan State University, 1 Alex Manoogian

Street, 0025 Yerevan, Armenia
*E-mail: hagohar@ysu.am; Department of Physics, Yerevan State University, 1 Alex Manoogian

Street, 0025 Yerevan, Armenia

At present the problem of stationary gravitational fields is not finally resolved. There
exists no exact general solution of the Einstein equations describing the stationary axially-
symmetric field. In the present paper we attempt to consider this problem by making use
of isotropic coordinates. An interesting result is obtained which, in particular, allows to
understand additional restrictions leading to the well-known Kerr solution. This allows
us to explore the possibility of using the Kerr solution for real objects. The line element
is the following

ds® = e®dt? — M dr® + r2df?) — r2e* sin’ 0(dyp + wdt)?,
with f = e/*"rsinf. One of the combinations of Einstein equations is written as
P22 f +r0.f + 05 f = 2se/—grP(r,0),

where P(r,0) is the pressure. This allows to find the vacuum solution for e#*”:

oty _ 1+Zc% 18in[(2n — 1)6]

r2n sin 6 ’

with the coefficients ¢, = —3¢/(7*m) [ Pr™sin(mf)/—gd*z, c; = —M?*G?/(4c*), and M
is the mass of the configuration.

DARK ENERGY AND DARK MATTER PROBLEMS AND THE
EXISTENCE OF THE DIRAC SCALAR FIELD IN NATURE

O.V. Babourova®, K.N. Lipkin®, E.V. Febres®, B.N. Frolov?

eF-mail: baburova@orc.ru; Moscow Pedagogical State University, Moskow, Russia
*E-mail: lipan86@mail.ru; Moscow Pedagogical State University, Moskow, Russia
¢E-mail: solntce 07@mail.ru; Moscow Pedagogical State University, Moskow, Russia
4E-mail: frolovbn@orc.ru; Moscow Pedagogical State University, Moskow, Russia
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The Poincare-Weyl gauge theory of gravitation (PWTG) has been developed in [1].
This theory is invariant both concerning the Poincare subgroup and the Weyl subgroup
— extensions and compressions (dilatations) of spacetime. An additional scalar field
is introduced in PWTG as the essential geometrical addendum to the metric tensor:
gap = B%(2) g2 The properties of this field coincide with those of the scalar field introduced
by Dirac |2] and earlier by S. Deser (see [3]). The Dirac scalar field plays the important role
in construction of the gravitation Lagrangian, some members of which have a structure
of the Higgs Lagrangian and can cause nonzero rest masses of particles. Spacetime in
PWTG has the geometrical structure of Cartan—Weyl space with a curvature 2-form, a
torsion 2-form and a nonmetricity 1-form of the Weyl type.

Variational field equations in the Cartan—Weyl spacetime have been derived by the
exterior form variational formalism [3]. Independent variables are basis 1-forms, a nonho-
lonomic connection 1-form and the Dirac scalar field. We solve the field equations for the
scale factor 5(x) and the scalar Dirac field at the very early stage of evolution of Universe.

For the spatially flat Friedman—-Robertson-Walker (FRW) metric, the solution is found
which realizes the exponential diminution of the field 3, and thus the sharp exponential
decrease of physical vacuum energy (dark energy) by many orders [4, 5. We have A.pp =
B?A — A in a limit t — oo. This can give a way of solving the problem of cosmological
constant 6] as a consequence of fields dynamics at the early Universe.

Then we find a static spherically symmetric solution for a central mass m in the case
A = 0[7], the metric of which is the Yilmaz—Rosen metric [8] and 5(r) = S exp (—km/7).
This metric gives the same results as the Schwarzschild metric at large r, but has no
Schwarzsschild singularity. As a consequence of this solution, the Dirac scalar field intensive
concentrates near massive objects. In [3] the hypothesis has been formulated that the Dirac
scalar field is realized itself not only as the ’dark energy’, but also as one of the components
of the ’dark matter’. Maybe, the Higgs particle, which has been recently found at Large
Hadron Collider (CERN), is a quantum of the Dirac scalar field in a reality [3].
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O KOHCTPYUPOBAHUU CTATUYECKON MOJEJIN YKMJIKOTO
IITAPA KAK TOYHOM PEIIIEHNN YPABHEHUI TATOTEHUS

A.M. Bapanos®,

eF-mail: alex m_bar@Qmail.ru; Kpacnosgpckuil rocy/1apcTBeHHBIH [1€arOrUYeCKUil yHUBEPCUTET
um.B.IT.Acradnesa, Cubupckuii rocyrapcTBeHHbBIH TEXHOJIOIMYeCKnii yHuBepcurer, Kpacunosipck, Poc-
cus

Awunoranusi. It is shown that a static fluid ball model as an exact solution of gravitational equations can
be constructed. Various combinations of gravitational equations lead to various models which correspond
to the exact solutions of the Einstein equations.

B ormmane ot pabor [1, 2, 3|, rue HaiiieHbl TOUHBIE cTaTHYECKHE CDEPHIECKU-CIM-
METPUYHBIE PEIeHUs YpaBHEHNT DUHIITeHA KaK JIJIsi HeHTPaIbHOMN, TaK U JJIsl SJIeKTPU-
YeCKU 3apAKCHHON MjieajlbHOM IacKaJIeBON >KUJAKOCTH, 3JeCh PacCMaTpUBaeTCdA II0JXO/I,
YUUTBIBAIONIHI SIBHO BJIMSIHUE JIABJIEHMUs, TJIOTHOCTU MACChl (SHEPIUM) U UX B3aUMOCBSI3b
IIPU HOJIYYEHUU MOJEJIM CTATUYCCKOIO I'PaBUTUPYIOIIECTO YKUJKOIO I1apa KaK TOYHOI'O pe-
[ICHUS YPaBHEHUN TATOTCHUSI.

B nannoit pabore paccMaTpuBaeTcs chepuuecKu-CUMMETPUIHAS CTATUYIECKAs MOJENb
JKHJIKOTO TpaBUTHUPYIONIero mapa. llpn nccmemoBannm ncnoab3yoress KOOPAMHATHI, B KO-
TOPBIX METPUYCCKUI TEH30D HeJuaroHalieH,

ds* = F(r)dt® + 2L(r)dtdr — r*(d6® + sin*dp?), (1)

riae sequmunsabl = F(r) u L = L(r) cytb Merpudeckue (GYHKIMU oo U Jo; COOTBET-
CTBEHHO; I — pajajibHas IepeMennas ¢ — BpeMeHHad Koopjaunata; 6 u ¢ — yIrjioBble
[IepEeMEHHbBIE; CKOPOCTh CBeTa M HBIOTOHOBCKasd I'paBUTAIMOHHAs TocTosHHasg (G 3/eCh
BLIOpaHbI paBHbIME euauIe. OnpeneanTeab KOBAPUAHTHOIO METPUYECKOIO TEH30Pa o s,
oTBevalomuii Boipaxkenuio (1), pasen det(gas) = g = —L*r*sin?0.

B nasnbneiinem ypo0Hel paboTaTh B KacaTeJIbHOM YeThIPEXMEPHOM IIPOCTPAHCTBE-BPe-
menn. [losromy Jutst BeiOpanHO#t MerTpuku (1), BBemeM TeTpajisl (OPTOHOPMUPOBAHHBII
4-6a3uc B KacareJIbHOM MPOCTPAHCTBE BPEMEHM) TaKuM 00pa3oM, YTOObI B KacaTeJbHOM
IIPOCTPAHCTBE-BPEMEHH TeTpaJjiHasi MeTPUKa COBIIaJIa ¢ METPUKOI MUHKOBCKOTO :

=VF 5%7(5}” gV, = ﬁ(s;, (2)

g(Q)u = 7“(55; g(S)u =r-sinf (52, (3)

rJe TeTpajHasd METPUKA §(a)(8) = Oaf = diag(1,—1,—1, —1); rpedeckue UHIEKCHI TPOOE-
ratoT 3nadenud 0,1, 2, 3;

VYpaBuenus Ditumreiina ¢ Ten3opom sueprun-umiryibea (TIU) upeanbHoil nackaiesoii
JKUJIKOCTU 3aIUITYTCS B 3TOM C/Iydae Kak

1

Glaye) = B — 596 1 = —>Ta)e), (4)

rae Gy g — Tensop Diinmreiina; Ry - Tensop Puuun; R = R(a)(a) - CKaJisipHas
KpPUBH3HA; 3 = 87 — IOCTOsIHHAs DifHIITEeiHA B BRIOPaHHO# HaMmu cucTeme eauaut]. TOU

15
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1/IeaJIbHOI TTacKaJIeBOI KUJIKOCTUA B COILYTCTBYIONIEl cucTeMe OTcYeTa 3/eCh MPUHUMAET
BU/I

_ mfluid 0 ¢0
Ta)8) = Tiay(s) = (1 +P)0s 05 — P bag, (5)
TJe COIIYTCTBUE IIOHHUMaETCA KaK BI)I60p 4—CKOpOCTI/I B T€TpPa/IHbIX O6OSH&‘I€HI/IHX B BHUJE
dxt
U) = Gl = 62: u(r) — mioTHOCTL Macch-3Hepruw; p(r) — JaBJIEHUE HICATbHOM
S

IacKaJIeBoOi »KIIKOCTH; B BBIOPAHHON crCTeMe OTCUYeTa BCe (PYHKITMU 3aBUCAT TOJBLKO OT
pajuaJibHONi IIepeMEeHHOM.

Kpome Toro, paccmarpuBaeTcs yeIMHEHHDBIN acTpO@U3NIecKuil 00bHEKT, UMEIOITU KO-
HEYHbIE Pa3Mephl, [I09TOMY €CTECTBEHHO BBECTH BMECTO Pa3MEPHOIl PalabHOM epeMeH-
HOfT 7 Ge3pasMepHyto HepeMennyo © = r/ R, rae R — BHEIHUN pajinyc TPABUTHPYIOIIETO
mapa. Jrta rnepeMeHHas n3mensiercs B npejetax 0 < x < 1.

I[Tocsie mepexosia K HOBOM IEePeMEHHON T W BBEJEHHS IOCTOAHHON Y = xR? = 8mR?
ypaBHeHwsI (4) MeperceBAOTCsT B KACATEIBHOM [IPOCTPAHCTBE B BHJIE CUCTEMBI TPEX yPaB-
HEHuit

%(1—5)———xu; (6)
—%(1—e)+§(1nF)’=xp; (7)
“(nLy - (% + 2y - (n F>'<1nL>') —w ®)

IJIe BCe IIPOU3BOJIHBIE OePYyTCs OTHOCUTE/IHHO Oe3pasMepHOil paiuaIbHONI IepeMeHHOl X,
mex iy dyukuuamu F(x) u L(x) BBeJeHa Clie/lyiolas CBs3b, MOJCKA3aHHAs KAK B IPO-
Ilecce MCCJIe/IOBAHNS, TaK U TpeOOBaHNEM HEM3MEHHOCTHU 3-00beMa YKUJIKOCTH JIJIsl CTATH-
geckoro cayuas: €(x) = F(z)/L*(z). llpu stom Bemmauunt yu(x) 1 xp(x) oKasbiBaioTcs
Oe3pa3sMepHBIMA.

Cornacto ([1]-[3]) MOKHO Iy TeMm HCKITIOUeHUS TaBJICHUS U3 STOH CHCTEMbI IPUHATH K JIH-
neiinoMy g depeHmaIbHOMy YPaBHEHUIO ¢ TIepeMeHHbIME KO3 duImenTaMu Ha pyHk-

o G(x) = /F(x):

G" + fo(x)G" + g(2)G =0, 9)
e fo(r) = (Ing)', ¢(z) = V&/z, a kosbduument g(xr) papen
2(1 —¢) 4z’
o) = 2L (10)
Eciu BBecTn HOBy10 IepeMeniyio ¢ = ((x) COrIacHO COOTHOMICHUIO
dc = xdx ’ (11)

To ypasterue (9) nmpeBpaiaeTcs B ypaBHEHUE Jijisl HEJTMHEHHOTO TPOCTPAHCTBEHHOIO OC-
[UIJISITOPa OTHOCUTEJILHO TIepeMeHHON (¢ aHAJOroM nepeMeHHoil «dactorbiy Q(((x))

e+ (¢(x)G = 0. (12)
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B snementapubix (pyHKIHMSX 9TO ypaBHEHHE, BOOOIIE MOBOPs, HE MOXKET ObITH ITPOMHTE-
IPUPOBAHO, TI09TOMY HaKJIa/IbiBasg TpeOOBAHUe IIOCTOSHCTBA KBaIPaTa «9acTOThl» ()2 =
Q2 = const cpasy noayuaeM ypaBHeHHe
Lo+ %G =0, (13)
peleHre KOTOPOro JIErKO BLIINCHIBAECTCS B BUJIE
G(Q) = Gocos(Q( + ag), (14)
a ypasaenus (6) u (7) CTAHOBATCS ONPEJEICHUAME IIJIOTHOCTH MACCHl U JABJICHUS, KOTO-
pbIe JKECTKO HE CBI3aHbI MEKLy COOOI.
OHAKO MOXKHO PaCcCMOTPETh M HECKOJILKO MHBIE TIOIXOIBI.
[Ipexie Beero, ckiuapiBast ypasaerust (6)-(7), moaydaem CBA3b
e(z) X
D (L)) = o) + ), (15)
HCIIONIB3YS KOTOPYIO, peobpasyem ypasrenue (8) (¢ yaerom F(x) = G%(z)) x Buy
G+ (In(a* /() G = 375 (3p(a) + ()G = 0. (16)
e(x
Beenenne nasnee HoBoit epemennoit () Kak
dx
d¢(z) = ——, (17)
f(x)
re
f(x) = a?\/e(@), (18)
03BOJIZIET Ipeobpa3oBarh ypasuenue (16) K Buy
Gl — Q(¢(x)G =0 (19)
c Q%(¢(x)), pasnoit
X X
Q*(x) = f*(2) )Bp(w) + u(x)) = Sa' (B3p(e) + u()) (20)
2e(x) 2
Camoe mpocroe pertierne ypasHerust (19) mosty<muM, ecim HAJIOKUTH yCJIOBUE
§x4(3p(:1:) + p(x)) = Qf = const, (21)
TO ecTh perienneM ypasuenus (19) B arom ciyuae Gyger dyHkius
G(¢) = Gpcosh(QpC + ), (22)

rjae o — IOCTOsIHHASI MHTErPUPOBAHUS.
OHAaKO TaKOM MOIX0/ O3HATAET CHHIY/ISIPHOE TIOBeIeHIe TaBIeHHSI 1 IJIOTHOCTH MaCChI
B EHTPE KUJKOI'O Iapa, TO €CTh MOXKHO $IBHO BBECTU

pla) = i), p(e) = (o), (23)

17
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rie fi(z) u p(x) cyTh peryispHble B IIEHTpe mapa (byHKIHN.

B yrobom cirydae Takoe perrenne He MOXKET OIMUCHIBATEL PETYIAPHYIO MOJEb TPABUTH-
PYIOIIEro Iapa u MOyKeT ObITh IIPUMEHEHO K 00o010uedHoit Mojiesn. [loaTomy HEOOXOMMO
9Ty MOJE/b JIONOJHUATE, HAIPUMED, OJIHOPOJHON TJIOTHON cepianeBuHoil. B vacTtHOCTH,
MOZKHO HCIIOJIb30BaTh BHyTpeHHee perienne [[IBaprimmibia ¢ oHOPOIHBIM pacipe/iesie-
HUEM TIJIOTHOCTH MacChl.

Eciu ke jy1st Harero perienust BoIOpaTh [i(z) = const, TO 3T0 NPUBOJUT K PABHOMY
HYJIIO JIABJIEHUIO BO BCeM O0beMe Iapa n3-3a TpeboBaHus OOpaIlleHus JTaBJIeHUd B HOJIb
Ha TTOBEPXHOCTHU IaPa.

[Tosromy masiee onpeenumM bYyHKIMIO 1(x) Kak

() = po(l — agz®), (24)

9T0 O3HAUAET crafanne GyHKIuU [i(x) K moBepxHocTH mapa (z = 1) no napabosmaeckomy
3aKOHY; g — HOCTOsIHHAsI, Olpeje/iseMas U3 MPAHUYHBIX YCJIOBUIL U YIOBIETBODSIOMIAS
HepaBeHCTBY ap < 1. Ha noBepxHOCTH HmIapa INIOTHOCTH MACChl YIOBJIETBOPSIET YCJIOBUIO:
(e =1) = po(1l — ag).

B srom ciayuae ¢ yaerom (21) nasienne p(x) MoxKeT ObITh 3allicata B BUJIE

1 2
p(x) = 3 (;Qg — po(1 — a0x2)) ) (25)
OGpalenue JaBjeHld Ha IOBEPXHOCTH IIapa B HOJIb IPUBOJIUT K COOTHOIICHHUIO
X
Q = Sho(1 = ap). (26)

g Toro, 9To0bI IepeMeHHYI0 ( ABHO BBIPA3UTDL Y€pe3 &, BOCIIOJIL3YEMC PE3yIbTaTaMu
pabor ([1]-[3]), To ecrb zammmmem dynknuo £(x) B ciaemyomeM Buje, MPUTOIHOM 17
UCCJIE/IOBAHUS:

c@)=1-d@z)=1-2 / p(z)z2dx (27)
x
WJIN TIPH y9€Te PACIpeiesieHus MI0THoCTH Macchl (23)-(24) mveem
Xto G
e(z) = 1—XM06L0+70—?07 (28)

rie dbyuknusg P(z) gBagercs aHaJIONOM HBIOTOHOBCKOTO I'DABUTAIMOHHOIO MOTCHIINAIA
BHYTPH 2KHJIKoro mapa, Cy = const.
Torma nepementyio ¢ u3 (17) MOXKHO TIpeJICTABUTH Kak

1
VvV XHo

riae Cy = const, y=1/x.
Kpowme roro, snanue dynkiuit €(z) u3 (28) u ((z) u3 (29) nmossosser cpasy 3alucaTh
dbyuxiun F(x) n L(x) kak

Co
24/XHo

((z) = — ln(\/%y - + v/ 1+ xpolag + y2) — Coy) +C,  (29)

F(z) = G*(x) = GZ cosh? (¢ + ap) =
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1 C
2 2 N N 0 2\ _ .
G| cosh (Qo ( NG ln(,/xuoy N + 1+ xuolao + 42) Coy) + Cl> + 0(40))7
30

F(z) _ G(x) _ Goeosh (2¢(2) +ag)
e(x)  /e(x) \/ Xto  Co

1 — xpoag + —
X X

1
n
XHo

Gacosh (9 (- e

C
(\/Xuoy — 2\/% + \/1 + xto(ag + y?) — Co@/) + 01) + Oéo)

xto  Co
\/1—XM06L0+———
X T

(31)
[Tpu cmuBke Ha oBepxHOCTH mapa (pu x = 1) co BremuuM pentenneM [IIBaprmmimib-
Ja KOHKPETA3UPYeTCA YacTh NOCTOAHHBIX.
Crretyronuil 1o/Ixo/1 K MOJIETUPOBAHHUIO KMJIKOTO I'PABUTUPYIOIIETO Iapa CBA3aH C
Jpyroit KomMbuHarmeli ypapaenuit sarorerust (6)-(8). D1y cucreMy ypaBHEHWH TI0CTe Tie-
pexozia K dyukimu G() MOXKHO CBECTH K YPABHEHUIO

6"+ (/5 6"+ 3 (K o) —pap) 6 =0 @

ac = ‘Zx) (33)
npeobpa3yercs B ypaBHEHHE
Gl + QP (¢(x)G =0, (34)
rie
22(c(a)) = S ED 4 X () — pla) (35)
OngaTh HAJIOXKUM YCIOBUE
SN X (e — ) = 95 = comst, (36)

[O3BOJISTIONIEE Cpa3y 3alncarh obIee pelenne ypaBaerns (34) B 3aBHCHMOCTH OT 3HAKA
QQ
Mo2KHO paceMOTpeTh, K IPUMeEpY, TapaboIMIecKoe OBeIeHIe [IJIOTHOCTH MACChI fi(x) =
po(1 — az?), rae a — nekoropast nocrosunas. Torga dynknus () TpUMeT CJIe/y IOt
BUT:
X Xa
e(x) =1— 22 + 2, (37)
3 )
a cooTHoIeHre (36) HATIOKHUT YCIOBHE Ha MOCTOSTHHBIE, BXOJISIIIIE B 38141y, KaK 1 YCIOBH
CITUBKM CcO BHeNHUM pertenueM [IIBaprmmibiia, KOTopble obecriedar COTJIacOBAHIE ITUX
MTOCTOAHHBIX MEKTy CODOI.
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Tpernii 1mojxo/1 K MOJEIUPOBAHUIO CBsI3aH C YPaBHEHUEM

G" + (In(x+/e(2)))'G' — L ((5(x))/ + Xp(x)) G =0, (38)

e(x) 2x

HOJIy9eHHBIM U3 TOIl 2Ke cucreMbl ypaHeHuil Tsarorernst (6)-(8).
BBo/is1 HOBYIO IIEpEMEHHYIO aHAJOIMIHO KaK 3TO CIEJAHO BBIIIE,

IPUXOIUM K ypaBHeHnIo Buja (34) ¢

2x

P(((x)) = —a (M ; Xp(fr))) | (10)

CHOBa MOXKHO HAJIOKUTBH YCJIOBHE, YIPOIIAIoIiee pernenne ypasuenus (34), n 3arem
[POBECTH COOTBETCTBYIOIIEE UCCJIC/OBAHNE.

Takum o6pasoM, B JaHHON paboTe PACCMOTPEHbBI BO3MOXKHOCTH MOJICJIMPOBAHUS TDABH-
TUPYIONIEro YKUJKOrO Iapa B PaMKax TOUHBIX DEIIeHnil ypaBHEHUH TATOTEeHUs JIJIsd TPex
citydaeB, Kpome paccMoTpertoro B ([1]-[3]). Dtu perenns okaspiBatoTcst He 00s13aTeIbHO
PEryJISIpHBIMA B IIEHTPE IIapa, HO X MOYKHO HCIIOJIb30BATh B KAUECTBE 000I0UCTHBIX 171
KOHCTPYUPOBaHUSA aCTPOPU3NICCKIX 00BEKTOB.
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ON THE EXTENDED FOKKER—FEYNMAN—-WHEELER ACTION
FOR GRAVITATION AND NON-ABELIAN FIELDS

S.V. Bolokhov®

eF-mail: bol-rgs@yandex.ru; Peoples’ Friendship University of Russia 117198 Russia, Moscow,
Miklukho—Maklaya st., 6

We consider possible ways to extend the so-called "action-at-a-distance"theory of
Fokker, Tetrode, Feynman, Wheeler [1]-|2], initially developed for an electromagnetic
interaction, onto the case of gravitation and non-Abelian fields. This investigation is
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motivated by modern attempts of many researchers to develop a background-independent
theory of gravity and fundamental interactions mostly based on the idea of non-primary
(emergent) status of spacetime on the microscales.

Among the various approaches to this idea (e.g., Loop Quantum Gravity, Penrose’s
twistor approach, causal sets theory, etc.), we will focus on the relational model of
spacetime and interactions developed in Vladimirov’s works [3|, in which the Fokker—
Feynman principle is considered as an intermediate step in obtaining a background-
independent description of the interactions. In this model, the concept of classical field
is modified in terms of an effective field determined by a direct relativistic-invariant
interaction of particles on the null surface of light cone. For example, the electromagnetic
interaction in this approach can be described in terms of the well-known Fokker—Feynman—
Wheeler action which is equivalent to the Maxwell electrodynamics in classical limit.

We briefly analyse the possible generalization of Fokker’s action in the following cases:

(a) Electromagnetism, linear gravitation and scalar fields in four and five dimensions.

(b) Non-Abelian generalization of classical 4-dimensional Fokker’s action in the N-point
interaction scheme.

(¢) Generalized 4-dimensional Fokker’s action for non-linear gravitation and electromag-
netism in the relational model [4].

(d) Generalization of Fokker’s action in the framework of the Vladimirov—Turygin per-
turbative scheme for Einstein’s gravity [5], as well as its possible multidimensional
extension (including non-Abelian fields) via the Kaluza—Klein approach.
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Continuous material space admits geometrization of sources aside with geometrization
of gravitational fields in Einstein’s General Relativity. Mass densities of extended radial
particles and their radial fields are proportional to the Ricci scalar at the left-hand side of
Einstein’s Equation. There is no need to duplicate matter by the conventional right-hand
side once particles are already implemented into the left-hand side of this gravitational
equation. Non-empty space metric solution of Eisenstein’s equation with the radial Ricci
scalar is free from an event horizon and singularities.

PE/IAINTINOHHO-CTATUCTUYECKAA IIPUPOJA
ITPOCTPAHCTBEHHO-BPEMEHHBIX OTHOIIEHNN

1O0.C. Bnagumupos®

eF-mail: yusvlad@rambler.ru; @usnveckuii pakyaprer MI'Y umenun M. B. Jlomonocosa, Jlerunckue
ropsl, j1. 1, ctp. 2, Mocksa

JlokJ1a/1 TOCBAIIEH U3JI0KEHUI0 UJIeil U Pe3yIbTATOB AJbLTEPHATHBHOTO K I€OMETPH-
YeCKOMY IOJIXOLy K HPUPOJIE MPOCTPAHCTBA-BPEMEHN U (DU3UYECKUX B3AUMOJEHCTBUN —
PeAIMONHO-CTATUCTUIECKOMY TIO/IXO/Ty, Hamedennomy B paborax ['. Jleitbnuna, 9. Maxa,
P. ®eitamvana, I1.K. Pamesckoro u psga apyrux asropos [1|. Paccmorpenst cieyioniue
BOIIPOCHI:

1. CyTh pessiIuOHHOrO MOJIX0/a K IPUPO/Ie MPOCTPAHCTBa~-BpeMeHn [2.

2. MaremaTudecKuil armapaT pedgiimoOHHOr0 MOJIX0da — TCOPHUA CUCTEM OTHOIIECHMUIA.

3. Onucanue busnIecKnx B3aMMOJIEHCTBIN Ha OCHOBE KOHIIEIIINY JIaIbHoeiicTBus [3].

4. ObocHoBaHMe 3aa3/IbIBAIOIIETO XapaKTepa B3anMO/IEHICTBUI TOCPEJICTBOM IIPUHIN-
ma Maxa.

5. Bropuunblii XxapakTep rpaBUTAIIMOHHBIX B3aUMOJICHCTBHIA.

6. Bropu4nbrit xapakTep KJIaCCUIECKUX T€OMETPHUil, KOTOPbIe MOXKHO MOy YU Th ITOCPE/I-
CTBOM KBaJpUPOBaHUs 0oJiee 3JIeMEHTAPHBIX TeOMeTPHil — OMHAPHDIX.

7. Ilepexom oT OMHAPHBIX T€OMETPUI € BEIIECTBEHHLIMU OTHOIIEHUAMH K OMHAPHBIM
cucremam KoMmiuiekcHbIX orHomernii (BCKO).

8. Pennrepriperaryst KBAaHTOBOI MEXaHUKHU HA OCHOBE OMHAPHOM reoMeTpun (GMHAPHBIX
CHCTEM KOMILJIEKCHBIX OTHOIIEHNIT ).

9. Iepecrpoiika Teopun dbusnveckux B3anMojeicTuil ¢ dpona yHapHoii (0brmenpuHs-
TOM) reOMeTpHH B PaMKH OMHAPHBIX reoMerpuii [4].

10. Penanumonnoe onmcanune (pusnmdecKnx B3aUMOJECHCTBUN B paMKaxX OMHAPHOI'O MHO-
roMepus.

11. Onucanue 3/1eKTPOCIA0BIX U CUIBHBIX B3AUMOJICHCTBUI B paMKax OMHAPHBIX CHCTEM
KOMILIEKCHBIX OTHOIIeHuit panra (6,6).

12. Onucanne 37eKTPOMATHUTHOTO U3JIYUEHUS B PEJIATIMOHHOM ITO/IXOJIE.

13. Craructudeckasi MpUpojia KJIACCUYECKUX MPOCTPAHCTBEHHO-BPEMEHHBIX OTHOIIIE-
HUI (KJIACCHIECKON TeOMETDHH).

14. PengnuonHo-cTaTuCTUYIECKAs TEOPUs aTOMOB.

15. CriesicTBUS PEIAIMOHHONO MOX0/1a B (bU3MKe Meramupa (B KOCMOJIOIHN ).
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[Tpu anasmse MHO)KecTBa paboT [1-5] BeisgCHEHA HEOOXOUMOCTD AJIbTEPHATUBHOIO OIIH-
CaHdsl TEOPUH aTOMa C HMOMOINBIO PEIAIUOHHO - CTATUCTHIECKOro nojxoja. OnHoit ns
OCHOBHBIX HJIEiT 9TOTO TIOJX0/Ia ABJISCTCS UAES O MaKPOCKOIMYECKON MPUpPOJIe KIacCute-
CKOTO MPOCTPAHCTBA U BpeMenu [5]. B kauecTBe MaTeMaTnveckoro anmapara peJisiiuoHHO
- CTATUCTUYECKOTO MOAXO0/A MCIIOIb3YeTCsl TeOPUs OMHAPHBIX CUCTEM KOMILIEKCHBIX OTHO-
meHnii, pazsuras B paborax |6, 7).

B mannoM mosixojie aToM BOJOPOJIa SBJISETCA CBA3AHHBIM COCTOSTHUEM JIBYX 3apsiKeH-
HBIX YaCTHII, YIOBJIETBOPSIOININX YCJIOBHIO cTannonapuoctu. Vexonsa u3 Treopun 6GunapHoit
crucTeMbl KOMILIEKCHBIX OTHOIIeHuil panra (4,4), TaHHOE yCJIOBHE 3AIlCBIBACTCS B BUJIE
BUJIOM3MEHEHHOTO ypaBHeHud Jlamnmaca ¢ mpaBoil 9acTblo, 3aIIMCAHHOIO Ha TPEXMEPHOT
ruriepcdepe B 4eTBIPEXMEPHOM aOCTPAKTHOM ITPOCTPAHCTBE. YCJIOBUEM CTAIMOHAPHOCTHU
SIBJIAETCS TIPU 3TOM HEKOTOPOE YCJIOBHE Ha (DYHKIIMIO pacIpeeieHus M0 MOBEPXHOCTHU I'i-
nepcdepnl (az’oBbIX BKJIAJOB OT YaCTHIl OKPYZKAIOIIEr0 MUPAa, YTO COOTBETCTBYET ITPHH-
nuny Maxa — OfHOMY M3 OCHOBHBIX IPUHIIAIIOB PEISIIMOHHO-CTATUCTUYIECKOTO TOJIXO0/IA.

Pemenunem ycioBug cTannoHapHOCTU SBJIAETCH PEISIIMOHHO-CTATUCTUYECKOE ypaBHe-
HIe, KOTOPOE MOYKHO COIIOCTaBUTH ¢ ypaBHeHueM Jlareppa. Kak u3BectHo, mnocjiegHee cBsi-
3aHO C paJuaJibHOIl JacTbio Kak ypaBHenus [lIpemuHrepa B HEpeJIdTUBUCTCKOM CJIydae,
Tak n ypaHenus Kireitna-®oka-l'opnona B pesraruBucTckoM ciaydae. [Ipu conmocrasienun
MTOJTy YeHHOT'O PEJIAIMOHHO - CTATUCTUYIECKOrO YpaBHEHU ¢ ypaBHeHHeM Jlareppa naiijaeH
obmumit BU (DYHKIMKA B NPaBOil 9aCTU YCJIOBUsI CTAIIMOHAPHOCTHU, & TaKKe 3HAYCHUSA €€
KO3 PUITUEHTOB.

OrmernM, 9TO 3aja49a OMUCAHUS ATOMa BOJOPOJIA B PEJIAIIMOHHO-CTATHCTUIECKOM 10/
XOJIe ABJIACTCA KpaeyroJIbHOW B IIPOrpaMMe BBIBOJIA KJIACCUYCCKHX ITPOCTPAHCTBEHHO-
BPEMEHHBIX OTHOIIEHUH (MMEIOIIX MaKPOCKOMUIECKHUH 1 CTATUCTUIECKHUIT XapaKTep) u3
TEOPHUH, B OCHOBE KOTOPOII JiezkaT OoJsiee pyHIaMeHTaIbHbIE MIKPOCKOINYIECKHE IIPOIEC-
Chl.
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Panee (T'omybsraukos A.H., 2000 u masee) ObLta mpe/jiozKeHa pocTast (PU3MIecKast
TEOpUsI TPaBUTAIINN, KAK HbIOTOHOBCKAsl, TAK W PEJISITHBUCTCKAsI, OCHOBAHHAST HA TUIPO-
JIMTHAMUYIECKOM B3aUMOIEHICTBUN HUCIAPSIONINXCST TaCTUI BUMMON MaTEPUU B ILJIOCKOM
pocTpancTBe-BpeMenu. [1pu 9ToM rpaBUTAIMOHHAS TTOCTOSTHHAS TTPEJICTABIIAET OO0 OT-
HOIIIEHKE JIBYX OU€Hb MAJIbIX BEJTMINH — KBa/paTa OTHOCUTE/ILHON CKOPOCTH MacCcOOOMeHa
U IUIOTHOCTHU «BaKyyMmay. /laHnas Teopus XOpOIIO OMICHIBACT IKCIIOHEHIINAILHBIN pa3Jier
Bcenennoii.

Ha stom myTu ypasaenus obreii Teopun ornocuresnbaocru (OTO) moryr ObITh uH-
TEpPIPETUPOBAHBI KAK JIMBEPTEHIINsI MTOTOKA SHEPTUHU-UMITY/IbCA BaKyyMa, OPOXK1aeMast
CKOPOCTBIO Hcrapenns: o0braHoil Marepun. OHAKO TAKO TOIXO0JT TMPEJICTABIAETCS MTOKa,
crummkoM cyiokabiM. C spyroit ctoponbl, B pamkax ypasuennit OTO ¢ camoro nauasa
UMeeTCsI HeOIPEIeIeHHOCTD, CBSI3aHHAsT ¢ TEPMOJIMHAMUYIECKIM 3aMbIKAHIEM YpaBHEHU
— JIazKe JIJTs UJIeaIbHOTO ra3a, eCJId MOCTYJINPOBATh YPaBHEHUEe HEePa3pbIBHOCTH, TO MOJIY-
YUM ypaBHEHHE COXpaHeHue SHTponuu, Jubo Haobopot. [IpousBos mobasiiser u BBeICHIE
«JIAMOTa-1IeHay, KOTOPBI IIPU HAJIMYIUN MaTEPUH, BOOOIIE TOBOPSI, HE PABEH IMOCTOSHHOIA.

B nannoit pabore pa3sBUBaeTCs MOJIXO0/T K 3aMBIKAHUIO YPABHEHUI, B KOTOPOM, JIJIsI TIPO-
CTOTBI, B CJIydae XOJIOJHO TIBLIEBO CPeJIbl YPABHEHNE HEPA3PBIBHOCTH YIUTBHIBACT CKO-
POCTB UCIIAPEHUST MATEPUN, JTUHEHHYIO 10 IJIOTHOCTH MACCHI TOKOS ¢ MaJIbIM KO3 uIm-
entoM. [Ipu 9TOM BO3HHKaET ypaBHEHUE, OIPE/IEISIONee BeTHINHY YKA3AHHOTO JISTMO1a-
YjleHa KaK He3aBUCUMOTO OT IJIOTHOCTU JaBjeHus. Perraercs 3aada 00 OTHOPOIHOM
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pasJiere CpeJibl ¢ IJIOCKON ITPOCTPAHCTBEHHON dacThio. lIMeeTcs mBa TUNNYHBIX PEXKU-
Ma: paclIupeHne U3 0coOOH TOUKM C IMOCJIEIYIONINM CKaTHeM 3a KOHEYHOe COOCTBEHHOE
BpeMs IIPU OI'PAHUYEHHOM MacIITabHOM MHOXKHUTETIE U SKIIOHEHINAIbLHOE PACIIIPEHNE JI0
HeckonevnocTu 3a beckonevdHoe BpeMs. Bennunna jgam6/1a mpu 3TOM MeHSeT 3HaK C ILIIO-
ca Ha MUHYC, a IUIOTHOCTb MAaTEPUU CTPEMUTCA K HY/IIO0. TakimM 0O0pa3oM, y2Ke B ILIOCKOM
cIydae HaOJIOaeTCs TIOBeJIeHre PeleHnil, XapaKTepHoe JIJIsi IPOCTPAHCTBEHHBIX dJIEMeH-
TOB KaK C OTPHUIATEILHON, TaK W IMOJIOKUTEIbHONW KpuBU3HOI. PaboTa BbIoHEHa 1Ipu
dbunancosoit nomiepkke PODU (npoext 14-01-00056).
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B pamkax ojHOMepHOil 3a/1a1i ¢ TJIOCKUMU BOJIHAMU HCCJIEyeTCsl BOIPOC 00 yCKOpe-
HUAW YJAPHON BOJIHBI, JIBUKYIIEHCS 110 PAaBHOBECHOMY COTOSIHUIO ra3a C Ia/Iaromieil mioT-
HocThio. B wacTHOCTH, TAKOro pojia ABJEHUS HAOJ/IIONAIOTC B PA30IPETHIX O00JIACTIX aT-
Mocdep 1ianer u 3Be3. [Ipuyaem, nanpumep, npu xpomocdepHbix Benbikax Ha CoJmie
CKOPOCTDb YaCTHI] MOXKET JIocTurarh (0,8 CKOpOCTHU cBeTa, M HEOOXOIMMO YIUTHIBATD Y pek-
ThI TEOPUU OTHOCUTETLHOCTH. PU3NIECKN 3]IeCh UI'PAIOT POJIb JIBa (paKTOpa: YyCKOPEHHe
cpener 3a cder norepu uHeprmu (JI.U. Cemos, 1951) u HeorpaHwdeHHBI pOCT HavYab-
HO¥ cropocTh 3ByKa. CyIIeCTBEHHBIM TOPMO3SAIIUM (haKTOPOM SIBJISIETCSI BHEITHSIS CHIA
TAYKECTH, KoTopas (hopMUPYeT HavdaJbHOE COCTOSHEE U CllepKuBaeT yckopenwe. [Ipu ee
OTCYTCTBHUM BO3HHUKAIOT pa3IudHble 3D@MEKThI 000CTpeHns, CBA3aHHBIE C KOHEYHOCTHIO
BpEMEHH yXoJa yjaapHoil BosHbl Ha Oeckoneunocth (Losmybstaukos A.H., Kosanesckas

C.J1., 2012-2013).

B paMkax HBIOTOHOBCKON MeXaHUKH MOTYT OBITH JIaHbI KaK TOYHbIE YaCTHLIE pelre-
HUs ypaBHEHUN a/inabaTUIecKoro JIBUZKEHUS ra3a, TaK | IIPOBEJIEHO 00IIee NCCIeI0BAHNE
METOJIOM JIBYCTOPOHHUX OIEHOK 3aKOHa JBIKeHus yjaapHoii Bosubl (Lonybsaraukos A.H.,
1978). B wacTHOCTH, JAHBI KJIACCHI PENIEHWH ¢ HYJEBBIM YCKOPEHHEM YaCTHUIl ra3a Hu C
TBEP/IOTEILHBIM PABHOYCKOPEHHBIM JIBUKEHUEM B 00JIACTU 3a YIapHO BOJTHOM, JTOITYyCKa-
I0IIUe pas/ie/ieHne JarpaHzKeBbIX MepeMeHHbIX. KadecTBeHHO MCC/IeIOBAHBI aBTOMOJIE/ b
Hble JIBUZKEHUS, OIpPe/IeideMble BEJTMINHON CUJIbI TAZKECTU U CTEIEHHBIM pacIlIpe/ie/IeHueM
HavaJIbHOM IVIOTHOCTH. YKa3aH P/l IEPBBIX NHTEI'PAJIOB.

Penarusucrckoe ofHOpPO/HOE I'PaBUTAIMOHHOE II0JI€ MOJCTUPYETCA TBEPIOTETHHBIM
nBuzkenueM 1o M. BopHy B paMkax IJIockoro mpocrpancTBa MUHKOBCKOTO CIeNuaIbHON
Teopuu OTHOCUTETLHOCTH. CKJIEUBAIOTCS JIBA PA3IUIHBIX PEIIeHUs] TAKOTO COPTa, IIEPBOe
U3 KOTOPBIX 3aTeM MpeoOpa3soBaHUeM CUCTEMbI OTCUYETa MPUBOJUTCA K PABHOBECHOMY CO-
CTOSTHUIO (B METPHKE BO3HUKAET KBAJIPAT JMHEIHOrO MOTEHIHAA). YKa3aHbl JBa EPBBIX
UHTerpaJa, CBA3aHHble C COXPAaHEHHEM MOTOKOB MMILYJIbCAa U SHEPruu. BhIBeJeHO ypas-
HEeHue MepPBOro MopsdjKa, OTBEYalolee COXPAHEHUIO MACCHI MTOKOs, KOTOPOe HCCJIeyeTCs
Ka4eCTBEHHO W YHUCJICHHO.

Pa6ora Beimosnena npu dbunarcoBoil nopepxke PODU (poekt 14-01-00056).
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[Mosyaena B3anMOCBsI3b MEZK/Iy SHTPOINEN Ha OJIHY YacTUIly () n ypaBHEHHEM COCTOSI-
Hust Marepun (J = p/e, e p - paBHOBeCHOE (TUAPOCTATHIECKOE) JaBJICHHE, € - JIOTHOCTh
suepruu). [lokazaHo, 4TO JOCTATOYHO BBICOKOE HAKOIIEHUE SHTPOIMU Ha OJHY YACTHUILY
B COBPEMEHHOM BcejieHHON NPUBOJUT K SBOJIIONNY YPABHEHUS COCTOSHUS, HE3ABUCUMO OT
[EePBUYHOTO COCTOSIHUS , OYJIb TO cocrostHue Bakyyma ( = —1) mam CBEpXKECTKOe CO-
crostuue (5 = +1), K COCTOSIHUIO MaTe€pUu, KOTOpas MPEJCTABICHO B HACTOSIIEE BPEMs
ubuibio (5 = 0).

B kadecTBe MCTOYHUKA TPABUTAIMOHHOIO IO/ GEPETCsl TEH30D SHEPrUH-HMITYIIbCA
(TOUN) mpeanbHO KUJAKOCTH ¢ HAJIAIHEM TEILJIOBBIX TIOTOKOB, NMEOIINX B/

Ty = (€ + P)uptly — PG + Qutty + G U,

7€ u, - KOMIOHEHTHI 4-BekTopa ckopoctu (u,u’ = 1), g, - 4-BeKTOp LOTOKA TeILIa OPTO-
roHaJIbHOTO K u*(g,u* = 0).

[peamonaraercs, aro norok dacrut (N* = nut | rje n - MJIOTHOCTL YACTHUIL) COXPAHSI-
erca (N/, = 0), a BexTop moToxa suTpormn (X* = nput + ¢*/T | rne T' - Temueparypa)
YZIOBJIETBOPSIET BTOPOMY Hadasly TEPMOIMHAMEUKH JII PaBHOBECHBIX cucteM (X, = 0),
IIPU 5TOM BCE KOMIIOHEHTHI TPAJMEHTa TeMIICPATYPhl PABHBI Hy/110. Takum o6pa3oM, mpe/-
JaraeMas MOJIeIb BeeleHnoi MoxKeT paccMaTpuBaThCs KAK M30TEPMUYECKAs.

Heobxomumoe TpeboBatus K PEIIEHNIO 3a1a91 SIBJISIeTCs KOHKPETU3allis BUIA 4-BEKTOPa
noroka Temta. IIpeamonaraercs, aro ¢* = ¢&#, rae " - mexoropslit 4-BekTop (£, = 1)
oproroHaybHLI 4-BekTopy cropoctu ({Hu, = 0), ¢ = q(&") - yaenbHas Temiora.

OOBIYHO PACCMATPHUBAIOTCS MOJEN, B KOTOPBIX YPABHEHNE COCTOAHNE MATEPUU ITOCTO-
saHoe. Termepb MoSBJISIETCs BO3MOYKHOCTDL PACCMOTPETH MOJIEIU B MPEIIIOI0KEHU, ITO

p(n,¢) = B(p)e(n, @), 0<[B(p) [ 1.

B ofmeM paccMOTpeHnu ypaBHEHUE COCTOAHUS SIBJISETCH MPOU3BOJBHON (DyHKIIMENH OT
SHTPOIINK, HO IIPU HEKOTOPBIX IPEIIOJI0KEHUAX BUI 9TOM (PYHKIIUKM MOXKET ObITh 3allicaH
gaBHo. Hampumep, ecyim TemiiepaTypy U KOHIIEHTPAIIWIO PACCMAaTPUBATH KaK HEITPEPLIBHBLIE
(GYHKIIUU, TO B CUJIy IMPEIIOJOXKEHHUS, 9TO BCE KOMIIOHEHTBI I'DaJUEHTa pPaBHBI HYJIIO,
perienne ¢ y4eToM Havda/IbHBIX YCJAOBUI MOXKHO 3alucaTh Kak

B(p) = foexp(—by),

e b -toctosinnasi, 3y - ypaBHEHHE COCTOSHHUE ¢ KOTOPOro HAYMHAETCsI IBoJrolus Beesen-
HOIA.

ECTI:; BO3MOXKHOCTDB 3a CHUCT I'PaJleHTa TeMIlepaTyp OIIMChIBaTb T€ BOSMOXKHbBIE CTaJun
sBoJtionnu BeesieHHoi, T/1e oIycKaeTcs ¢ POCTOM SHTPOIIMHU Ha OJIHY YaCTUILY YBeJIUndIeHne
abCOJIIOTHOIO 3HAYUEHUSI YPABHEHUSI COCTOSTHHUSI.
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ADS/CFT COOTBETCTBUE, HEKOMYTATNUBHAA TEOMETPUA N
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lonorpadudecknit cBepXIIPOBOIHUK JAET OIUCAHIE CBEPXIIPOBOIUMOCTHU B PEXKUME CUJTb-
Hoit cBs3u. g ero onmcanus ucnossdyercs texuosorus Ads/Cft, auciao pabot mo sroit
teme ipubm3uaock K 10000. Uccneayercss okosio 15 pasjmdaHbIX Mojieiell rpaBUTaIMOH-
HOT'O CEKTOpa, KOTOPBIE COJeprKaT JarpaH:KuaHbl JditHmTeiina-I minbepra, KoHMOPMHYIO
rpaBATaINO, TpaBuTammio Xopaskl, Jlosemoka, ['aycc-Borner. C mOMOIBIO TEXHOJIOITI
Ads/Cft oObsicHeHBI OCHOBHBIE CBOHCTBA BBICOKOTEMIIEPATYPHBIX CBEPXIIPOBOIHUKOB, B
JaCTHOCTU CJIOXKHBIE OCHOBHBIE COCTOSTHUSI, COJEPZKAIe BOJIHBI 3apsI0BOM U CIIMHOBOI
miornocreil [1]. OCHOBHBIM HEJIOCTATKOM JAHHOIO TIOJXOJA HA CErOJIHS ABJISETCS HesC-
HOCTh KaK BBIYUCIUTH KOHKpeTHYI0 Ads/Cft n3 MHKPOCKONHYECKHX MOJE/Iel TBEP/IBIX
TeJI, KOTOpbIE TOJIYyYaloTCsd U3 30HHBIX pacdeToB. Takke HEOOXOJMMO Pa3BHUTh aJIbTEp-
HATUBHYIO IPOIE/YPY BBIYUCICHUS JIyaJbHOTO JIarPAHXKUAHA ITyTeM HelOCPEICTBEHHOTO
BBIUNCJIEHUST U3 MUKPOCKOIIMYIECKUX Mojeseil, Hanpumep, mojenn Xabbapga. B mannoii
paboTe mpejiytaraeTcd perienue JanHoi mpobsembl. Briepsobie cxema Bbraucsenus 3gpdek-
tusHoro dyukimonata Ads/Cft 6buta npemmoxkena s Moaean Xabbapaa B padore [2].
Bruin Boranciien 3hdekTuBHbI pyHKImonaa npu (hUKCHPOBAHHON KaJHMOPOBKE s 0O-
30HHBIX I10JI€M, T.€. YUUTBIBAJIUCh TOJLKO hepMuoHHbie 1oJid. [Ipegaraemas cxema mosry-
genusi 3(PHEKTUBHOrO (hYHKIMOHAIA BKIIOYAET CIIEYIONINE JIEMEHThI: 1) UCHOJIb3yeTcs
dyuKIMoHaIbHas HOPMYINPOBKa JjId Mojie/n Xabbapia, JaHHasd aBTOPOM paHee Ha, OC-
HOBE TOYHO BBIYUCJEHHBIX CYNEPKOT€PEHTHBIX COCTOSTHUAX JIJI PA3JIMIHBIX KOHTPAKITHI
cymepairedpbl XabbapIoBCKUX OIEepaTopoB, 2) BBeJEHHUE KBAJIPATHIHBIX KOMILIEKCHBIX
10JIeH, UCTIO/Ib3YeMbIX JIJIs TOHMKEHUsI CTelleHell TIepBUIHBIX (PEPMUOHHBIX MOHOMOB 3(h-
dbekruBHOTO dyHKIWOHATA. B paborax [2| mokazano, uro B Mojean Xabbapia MOsBIIs-
ercs sJeKTpoMarauTHoe mosie ( 6 KOMIIOHEHT), BEKTOPHOE I10Jie, TPUHUMATOIIee 3HaATe-
mnst B anrebpe SU(2) (12 KOMIIOHEHT) B CHMMETPUYHOE TEH30pHOe oI, cojepzkariee 10
KOMIIOHEHT, 3) MOJICTAHOBKA JAHHBLIX MOJIEfl B MUHUMAJILHYIO MOJEJb TOJorpaduiecko-
'O CBEPXIIPOBOIHUKA ITPUBOIUT K TOSIBJICHHUIO CJIATaeMbIX, BOCIIPOU3BOIANINX TOJTUHOMU-
asbHOe 110 hepMUOHAM Bbipaxkenus B sddexrusrom dynkunonane.B padorax [2| Gbuia
pasBuTa cxema nosydenns Jjarpanxkuana Ads/Cft u3 mMukpockonuueckoii mojenn Xab-
Oapa, ONUCHIBAIOINIEH CBOMCTBA CUIBHOKOPPEIUPOBAHHON MHOTO3/IEKTPOHHON CUCTEMBI.
bBruin Beraucien sarpamxkunan lupaka ¢ abesieBbIM 1 HeabeJIeBbIM KaJIUOPOBOYHBIMU 105
mu. OKazajoch, 9TO B JAHHBIN JIArPpAHKUAH BXOJIST BhIpaykKeHus i TeTpaji. Hanbosiee
UHTEPECHBIM SIBJISIETCS TOT (PaKT, ITO BBIPAYKEHUS JIJIsT TeTPaJ] COBIAJO C MPEJICTAB/ICHU-
eM JIJIs IIPOUBBOIHON MOABJISIONIENCS B IIPEJICTABICHIN OJIHOIIAPAMETPUIeCKoil 1edopma-
ruu KBauTosoil rpynnst SU,(2) u aByxmapamerpudeckoit gedopmariun rpymist SUy,(2).
UNsBectHO [3], 9T0 KBAHTOBbIE TPYIIILI 33/[a10T HEKOMMYTATUBHOE MPOCTPAHCTBO U COOT-
BETBYIOINIYIO TeoMeTpuio. M bl mosiydaeM HEKOMMYTaTHBHOE ITPOCTPAHCTBO JIJIs 9JIEKTPO-
HOB, JBIZKYIINUXCA B TBepoM Tejie. OdeHb MHTEepeceH CJIEIYIONNi BOIPOC:KAKOW CMbICT
UMeeT HEKOMMYTATHUBHAsI T€OMETPHUsI B MHOTO3JIEKTPOHHBIX CHCTEMaX IJe MaKCHMAaJIbHAs
sHeprust He npesbiaer 10 98. B pabore 3] Obuin BeIUHCIEHBI KBAHTOBAHbBIE KOODANHATHI
HEKOMMYTATUBHOTO TUIEPOOIMIecKOro mpocTpancrsa. OHU B TOYHOCTH COBIAJIAIOT C I0-
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BepxHOCTbI0O PepMu JIByMEpPHOI 3JIEKTPOHHON CHCTEMBI, ¢ TAKUM PaJIMyCOM, UTO BHYTPHU
noBepxHocTu Pepmu momagaer ToabKO mepebie Arc. Mbl B TOYHOCTH HOJIYIUM CTPYKTYPY
paspelleHHbIX 3Hepruit Ha nmoBepxaoctn Pepmu B Buge Habopa Arc. HekommyrarnpaOe
IIPOCTPAHCTBO JIMCKPETHO U 0Opa3yeT B TBEPJOM TeJie BTOPYIO PEIIETKY COCTaBJICHHYIO
He M3 MOHOB, a 3JIEKTPOHOB. Ke mogBjieHne ecTh sSBJIEHHUE JOKAJIU3AINNA MArHUTHBIX JIU-
00 9JIEKTPOHHBIX CTereHeir cBo0obl. [lomyueHnblil pe3yibTaTMOXKHO CHOPMYIUPOBAHTH
B BHJIE CJIEJIYIOIIErO YTBEPXKJIEeHHS: OOHAPYKEHHbIE B BBICOKTEMIIEPATYPHBIX CBEPXITPO-
BojHnKax mopepxuoctn Pepmu B Buae Habopa Arc —CBHIETEIHCTBO HEKOMMYTATHBHOI
reoMeTpUH, B KOTOPOIl JIBUTAIOTCS KBA3UYACTUIBI B CUJIbHOKOPPEJINPOBAHHBIX MHOI'OJJIEK-
TPOHHBIX cucreMax. [losTomy coe/iMHEHNS ¢ CUJITBHBIM KYJIOHOBCKUM OTTAJIKMBAHUEM MEK-
JIY JIEKTPOHAMHU MOT'YT CJIYXKHUTh JlabopaTopueil /jisi n3ydeHus pa3jIndHbIX ITPOCTPAHCTB
C HEKOMMYTATUBHOI reoMeTpueii.
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ENTROPY FOR CURVATURE SQUARED GRAVITY USING
SURFACE TERM AND AUXILIARY FIELD
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We calculate the entropies of general curvature squared gravities in arbitrary dimensions

by using the conserved charge and the Virasoro algebra coming from surface term. We
introduce an auxiliary tensor field and construct a new action including up to second
derivative term. Using this new action, we obtain a surface term, so called the generalized
Gibbons-Hawking term (GGH-term). From GGH-term, we define the Virasoro algebra
and obtain the central charge and the eigenvalue of the zero mode. Therefore, using the
Cardy formula, we obtain the entropy formula for the general curvature squared gravity.
For some specific models, that is, the Gauss-Bonnet, new massive gravity (NMG), and
critical gravity, the known results are reproduced.
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PacemarpuBatorest ypaaenust nocr-itumreiinosekoit reopun rpasuraru (II9TT) ver-
BepToro nopsijika (reopus uzsioxkena B [1])

(4)TMV — (Q)Tuy + A [(04 —5) R*, + <5 _ %) R;)‘;)\(S“V — (Ru;AV;)\
1 1
+2R0)\R)\HVU - iR)\URU)\guu) + BR(RMV - ZR)5MV:| )

rae A T*, — remsop sueprum-nmiyisca 8 OTO, a u § — Hekoropbie KorcranTsl [I9TT.
st cpepruaecKu-cuMMETPUIHON METPUKU

ds® = —e’dt* + e dr? + 2%(d6? + sin*do?)
(S,ILer v, A 1 x GyHKIAKA 7’) B BaKyyMe IIOJIy9I€HO JaCTHOE pelleHne

12

ds* = —clxﬁdt2 + 1x

Adr2 + 2%(d6* + sin*de?),

KOTOPOE MOXKET OIMCHIBATH BHEINIHIOI METPHUKY KOHMUTYpaIuil TUIa YePHDbIX JIbIP WU
CBEPXIIOJITHBIX 3BE3]I, JOIyCKalolee IVIaJIKoe cIuBaHue ¢ BakyyMmuoit merpukoit OTO.
AKTyaJIbHBIM OCTaeTCsl IIOUCK 0oJiee OOIINX PEeIeHuii.
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PaccmarpuBaercst 9acTHbI cirydaiil oo1ieit Teopun (buHCIEPOBHIX [N-CIIMHOPOB, IIOCTPO-
ennoii B [1]. Peus uier o dpunciepoBbix N-cimHOpax ¢ IefiCTBATEIbHBIMA KOMIIOHEHTAMY.
Takue N-crmuopsl nopoxgaior N (N + 1)/2-mepubie 1wiockue 1nceBaohbuHCIEPOBbI IPO-
CTPAHCTBA C METPUKAMM, OIPeIeIsIeMbIMIA OTHOPOTHBIMA MHOTOUYIeHAMU [N-0il CTereHun
oTHOCUTEJILHO nuddepenimaios Koopannat. [lokazano, aro mpu N = 2 BOCIPOU3BOIAT-
¢ M3BECTHas TeOpHUs MalflOPaHOBCKUX CIIMHOPOB B 3-MEPHOM IpocTpancTBe MUHKOBCKOTO.
Ciyuait N = 3 orBevaer 6-MepHOMY ICEBIOMDUHCIEPOBY TPOCTPAHCTBY ¢ KyOUIHON MeT-
pukoii. KagecTBenubie 0cOOCHHOCTHU TIOBEJICHUST MACCUBHOM YACTHUIIBI B 9TOM ITPOCTPAHCTBE
HOBTOPSIIOT PE3YJIbTATHI, TIOJIyUeHHbIe B |2, 3| it GUHCIEPOBBIX 3-CIIMHOPOB ¢ KOMILTIEKC-
HBIMU KOMIIOHEHTaMU. B 4acTHOCTH, HEM30TPOIHbIE Teojle3nuecKre (TPACKTOPUY JIBUZKe-
HIsI JaCTHUIL) OKA3bIBAIOTCS TPSMBIME JIMHUSIMHI, PACIPOCTPAHSIs 3aKOH nHepIuu [ asmies
Ha TCeBI0MUHCIEPOBO MPOCTPaHCTBO. Kpome Toro, 6-uMITy/IbC 9aCTUIIBI ¢ TOYKU 3PEHUS
3-MepHOro HabJrojaTe s paciierisercst Ha 3-umiyibe p* (p = 0,1,2), maiiopaHoBcKuit
cimuop p' (i = 3,4) n ckansap p° (pasmepnast peayknus). C 9TOi e TOUKH 3peHust
SL(3, R)-unBapuanrHoe ypaBHeHUE JUCIEPCUN JJIsi 6-MMITyJIbca IPUHUMAET B/

L kKN, R\ M
w0 =g ) \P o) T T

rae (g,,) = diag(l, —1,—1), p* — 3-nmmyabc gactuip, k* — uzorpomnstit (g,,k k" = 0)
3-sekTop ¢ kommonentamu k° = (p*)? + (p)2, k' = —2p°p* u k% = (p*)? — (p*)?, a M —
6-MepHas «Macca» YaCTUIBL. B KOHTEKCTe ypaBHEHM /IS CKAJISPHOIO IOJIS HOCIICIHEe
O3HAYAET, YTO B 3-MEPHOM IIPOCTPAHCTBE MUHKOBCKOIO MMEETCS BBIICJICHHOE HAIIPABJIC-
HHe, 3a/1aBaeMoe 3-BeKTOpoM k', a poJib KBaJpaTa MAacChl MOKOS YaCTUILI UTPACT CKAJIAD
M3 /pP. Tlomobuble k* MOCTOSIHHBIE BEKTOPBI YaCTO BOZHUKAIOT B TEOPHAX C HAPYIICHHOI
JIOPEHIICBON MHBAPUMAHTHOCTLIO, HAIIPUMED, KaK BAKYyMHBIC KOHJICHCATDLI HOJICH paciim-
pennoit CrangapTHOil Mogen (PU3UKU 3JIeMEHTAPHBIX YACTHIL.
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Awnunoramusi.  Instantons are under consideration as specific field configurations having null energy-
momentum tensor. It is evident that such tensor, situated on the right-hand side of Finsteinian equations,
leaves them the vacuum that. But such instantons can transform the space-time topology. In particular,
black holes can do it. Space- time topology is not determined by differential equations of Einstein. Black
holes are described by the vacuum solutions of Finstein equations and correspond with null energy-
momentum tensor. They can not be regarded as the physical objects, but the mathematical objects only.
As instanton configurations can be gemerated nmot only by gravity field, but other physical fields also,
consideration of them is tmportant in connection with the energy problem in the elementary particle
theory,astrophysics and cosmology.

Keywords: gravity, instantons, topology, energy problem.

HEOBXOJMMOE PACIINPEHNE OTO
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Kaxk usBecrno, meros nosydenusi ypasuenuit OTO, npenioxkennsiit ['nanbeprom [1],
OBLT OCHOBAH Ha BapUAIMOHHOM IIPUHITAIIE JJIsI AeHCTBUS

5= / Ry=gd9). (1)

rae R — ckangpuasg KpusnsHa, df) — saeMenT 4-06bEéMa ICEBIOPUMAHOBA IPOCTPAHCTEA.
B pesysbrare ypasaerue §S = () npunumaer Buj (cM., Hanpumep [2]):

/ (Rik — %Rgik) §gF\/—gdQ2 + /5Rikgik\/—gd9 =0. (2)

ITociiennee ciaraemoe B (2) OOBIYHO 3allCHLIBACTCA B JOKAJILHO I'€OIE3MUCCKON CHCTEME
KOOPJIMHAT (me BCE Fﬁ P = 0) B HEKOTOPOIi TOUKE IPOCTPAHCTBA-BPEMEHU KAK JIUBEPIeHIUsT
BEKTOpPAa
1 ksl il 5 Tk
w =g 5Fz‘k_9 5Fik- (3)

Torga ¢ yuaérom (3) mmeem

[ sruv=agtio = § v=gulas, (W
rae dY); — 3JeMeHT THIICPIOBEPXHOCTH JId dS), KOTOPLIl OPTOroHaJIeH KOOpAnHATE T
B 2] yTBepKIa10Ch, 9TO PO UHTErPUPOBAHUN 10 BCEMY IIPOCTPAHCTBY-BPEMEHU IPa-
Bag JacTh (H) obpamaerca B Hy/Ib (“Bapuarus moss Ha Geckomeanoctn ncdesaer” [2]).
Ounaxko, emé B 70X rojax MpOILIOro BeKa yIUThIBAIOCH (3], uro BekTop (3) comep:kut
BapUalui HE TOJIHKO METPUUIECKUX (DYHKIWI ¢;5, HO U UX MPOU3BOAHDBIX, KOTOPBIE Ha I10-
BEPXHOCTHU ., BOOOIIE TOBOPsI, OTJIMYHBI OT HyJid. [losToMmy mipejicraBiisier nHTEpEC Orpe-
JleJieHre nHTerpada ¢ 0 R;; B BopaykeHun (2).
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B pesynbrare “npsiMoro” BbIMHUC/IEHUsST HAXOIUM

/6Rz‘k\/_gg "6 :/(_gisz Qszg 8 T Ll + 2gzkg] T Ll o+
+ égilg 8 72 9 w29k T T, — 591 R A W N VR
+ 50" Tin U + 59ing™ Doy T + S 910" T, — 9iag™ T ot
3 . .
+ 39isgnjrskrnm + Qg’kglngsmgjﬂrjlrgm”} 5gzk V—gdS+ (5)

7 n n 659271
_i_f(gkgl _g lk) a de—i—
1 A
+ ]{ {gik (2 g, 4 2g™ ) - gugm”Flmk} 59" /= gdS,+
+ 7{ (ging" ™ Thy — 2100 ) 69"/ —gd%.

[Mocienaue nBa uaTerpasia B (5H) oOpaIalTcs B HyJb B CJEJICTBUE BaPUAIMOHHOTO
npunimna. OJHaKo, BTOPON MHTErpaJl siBJISeTCS HEHYJIEBBIM, ITOCKOJBKY Bapuallus IIpo-
U3BOJHBIX O0¢;p / Oz ormyaerca ot Hyns Ha Y. Bosee Toro, mepsbiit unrerpan B (5)
COJIEPKUT BEJIMUUHBI OJTHOTO MOPSIIKA ¢ TEH30POM JUHINTEHHA

1
Gik = Rix — iRgik

u3 BbIpazkerus (2).

[Tosromy obtmenpuHsaThIl BoIBOJL ypaBHenunit OTO n3 BapuammoHHOro IpUHIIAIIA, ABJIsI-
eTCsl HEKOPPEKTHBIM. BoJiee TOTo, BeJIMIMHBI DK TIEPBOM MHTErpaJie npasoi yactu (5) B
cymme He 00pasyior Tensopal OjHako, jeBast 4acTh paBeHCTBa (5) mpejcrapiger coboi
CKaIIpHY0 PYHKINO. KEé MOXKHO 3amucaTh B CJIEIYIOINIEM BHUJIE:

/5Rik\/—ggikd9 = /Tik(Sgik\/—ng, (6)

IJie T;x CAMMETPUIHBINA T€H30D BTOPOTO pPaHra.
Torna ypasuenust OTO cBomsTCs K cucreme

1
kT, = Ry, — éRgik + Tik (7)

Takum 06pa3oM, U3 BAPHAIMOHHOTO HPHUHIIAIA, CJIE/LYeT HEOOXOJAUMOCTh BKJIIOUEHHsI TeH-
30pa Tik.

Kax usBecrno (cm. [4]), Ditamrreiin noayunt ypasaenus OTO ¢ ucnonb3oBanueM ycio-
B3I

[Tpu Takom mojxoe Terzop Ty, B (7) omnpejiesieTcst HeOIHO3HAUHO: T;; MOYKHO BBIODATH
PaBHBIM HYJIIO WJIM YK€ COOTBETCTBYIOMNUM A-deny:

Tik = Agik.
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Kpowme Toro, eciiu 1mo1oKuTh ' ‘

Tzk — thl;l, (9)
e ' '

hzkl — _hzlk’ (10)

TO, BMecTO TiceBjioTensopa Jlanmay-Jludmmra 2|, Beamanna (9) Gymaer mpegacTaBiIsTh Co-
6oit Ternzop. Bemmauny A Mozkno mHTEpIpPETHPOBATH KaK “TEH30p IPABHTAIIHOHHOIO HO-
Jist’ WM KaK TEH30p ILIOTHOCTH MOMEHTa UMITY/IbCA. [aKO#l IOJIXOJ TMO3BOJISET YIeCTh
B ypaBuenusx OTO ppamareabHbie cTeneHn CBOOOIbI MATEPUAIbHBIX UCTOUHUKOB. [1pn
9TOM CJIeJyeT OTMETUTD, UYTO B OTJINIKe OT aHajorndnoit nporeaypbl B CTO, nmpeobpaso-
BaHUe
T — T + ™, (11)

COBMECTHO € ycJIoBUeM (8) MPUBOIUT K “DUMAHOBY OrpaHUYICHUIO”

) klm __

rmh =0 (12)

ma tenzop h**. Ommaxo, coormomenme (12) onpemessier ToJabKO 4 orpaHuveHusi Ha 24
komtonenTs A,

Ecau paccmarpusath Gostee obiiue CBOWCTBa TeH30Da Tig, YeM ompejenenue u3 (6),
TO CTAHOBHUTCSI BO3MOKHBIM, HAIIPUME]D, BKJIIOYUTH B Tj;, BBICIINE IIPOM3BOIHBIE METPUIE-
ckux pynknmit. Takum cmocoboMm, B 4aCTHOCTH, MOXKET OBITH €CTeCTBEHHO BBEJCHA MOCT-
SWHINTERHOBCKas Teopus rpaButanuu |5]. BepoaTHo, BOSMOXKHBI U IpyTrue BapUAHTHI PAC-
mupenns OTO.
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Kak u3zBectrno, nanboJsiee odIIiee perenne CTalmoHapHbIx cPepuIecK CUMMETPUIHBIX
BakyyMmHubix ypasaeruit OTO omuceiBaercs Boipaxkenuem [1]| (mrpux osnagaer audde-
PEHIUPOBaHUE TIO T')

(x/Q _ aQ)
(1 —ry/z)
rje r, — TPaBUTAIMOHHBIN pajuyc obbekTa, £ and a — DyHKIUHI OT 7.

ITpu a = 0 merpuka (1) cranoBurcst [IIBapimmibo-mogo06HOM U OIIPeIeseT BHEITHIO0
FEOMETPHIO CTATUIECKUX NCTOUYHUKOB.

B pab6orax [3], [4] Mbl mosmyuman obmumii Kiaace HeCTATHIECKUX CHEPUICCKE CHMMET-
pruasbXx BakyyMHBIX pernernit OTO. Bouio ycranoBaeHO, YTO HEKOTOPHIE U3 HUX HE CO-
riacytores ¢ Teopemoit Bupkrodda n He MoryT ObITh cBeieHbI K (1). OdeBumHO, OHAKO,
YTO TPEIIOoJIOKEeHHe O ¢hepuIecKoil cuMMeTpun 1oJiel, co3aaBaeMbIX acTPOMU3TIECKI-
MU 00bEKTaMHU, SIBJISIETCS CYIEeCTBeHHON nmeam3arueii. [losTomy mpescrasisier nnrepec
BOITPOC 00 0OOOIIEHUH JTAHHOM 3a/1a91 Ha CIydail ypaBHeHHH ¢ HechepuaecKUMHI UCTOIHHU-
kamu. OJHUM U3 OCHOBHBIX YTBEPKJICHUN B JIAHHOM KOHTEKCTE sIBJISIETCS “THIIOTE3a 00pYy-
qa” [4], Koropast IPUBOIUT K BBIBOJLY O HEM30E€KHOCTH TOPU30HTA COOBITHI JIjisi BHEIIHEH
MeTPUKN 0O0beKTa B HallpaBJICHUN ero “oXBaTa’ OKPYKHOCTBIO JIJTMHBI 47 7.

JList oTBeTa Ha BOIIPOC: sIBJISIETC JIM “TUIIOTe3a 00pyva’ MCTUHHON WJIM JIOXKHOI, HEe0O-
XOJIUMO TIOJIYIUTh PElleHre BaKyyMHBIX HechepUIecKnX ypaBHEHMIA.

CoOTBECTBYIOIIYIO METPUKY MOYKHO IIPEJICTABUTH B BHJIE

ds® = —x dt® + ydr® + 2 d6? + k dp?, (2)

ds® = — (1 —ry/z) dt* + 2adt dr + dr® + z%dQ?, (1)

e z, y, 2, k dbyuknum ot 1, 6, ©.
st mumeiinoro siaementa (2) Bakyymuble ypasaenus OTO cBoggares K cucreme

& — — F(#)y () B (y(w))2 B k@) 20 () (e) B (Z(so))2 N y(#¥) N ~(pp)
4k2y 4k 12 4k?z 4k y z 4k 22 2ky  2kz
(k) . EOYO (02 g0 y00) ) 1:(66) ) (00) (3a)
4k2z 4k y z 4y?z 4k 22 4y 22 2kz  2ky
L) R0 R0 050 (50)2 R
4k2y 4k 12 4k y 2 4y? 2 dy 22 2ky  2yz ’
Gl E@gl@)  (2(9))2 L@ (0) () 5(#) B (Z(so))2 N 2(Pe) N ~(pp)

4k2x  4ka?  4k2z 4k x 2 4k 22 2k x 2k z
(K2 | KO2® (@02 00 g0:0 g0 g )
4k2z 4k2x 2 4a?z 4k 22 4 22 2kz  2xz

) 00 )0

4k zy * 4k y 2 * dryz '
o L(#) (%) B (x(w))2 B (#)y(#) N 2Py (@) B (y(w))2 2(p9) N y(#¥)
2 4k2x 4k 22 4k2y 4k xy 4k 12 2kx  2ky
EON2  p(0)(0)  (0),(0)  1(0),,(0)
4k2y 4k2x z 4k y z dryz

(@)? kM) gy @) g )

=0
42y 4k 12 4 12 i 4k zy * 2ky+2xy ’
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o8 2Py (@) (x(so) )2 @y ) () (y(#))?
5T dkxy 422z * dry z * Akxz  Aky?
(0))2 (0)4,(0) (0) ,(6) (0) ,(0) (00) (69)
T My x\z Yz x )
: 2 ) o 2 5 T + (3d)
da?z dxyz 4o z 4y z 20z 2yz
(2 My g ) )5 glrr) ()

C da?y Azy? dryz 4y?z i 2y i 2y z
EOKO  p0y©)  p0p0)  g0y0) 06 0560 0 00)

= + + - + + —e— =
4k2y 4k 12 42y 4 12 dkyz  drxyz  2ky 2xy
FORD OO 2@z g0y L0y 040 e )

Gy = — — =0, (3f
5 dkay * 4k y z * 4y * 4 2 * 492z * 4y 22 vy 2yz  (36)

’

0, (3e)

FOEO  YORO @0 @0 YO0 O 00 0)

G = — — =0, (3
55 dkxz * 4k y = * 42z * 4 22 * 492z * 4y 22 2uz 2z  (3e)

(31mech B CKOOKax 0603HAYEHBI IPOU3BOIHBIE 10 COOTBETCTBYIONIIM KOOD/MHATAM).

B nacrosiiiiee BpeMst ypasHeHust (3) penmuTh He yJaajioch. B janHoi pabore Mbl HCCIe-
JLyeM MPOCTEHIiT BapUAHT, KOTJIa MeTpuieckne (DYHKIUK T, ¥, 2 3aBUCAT TOJIBKO OT T, &
k = k(r,0). ®akrudeckn 5TOT ciydail cOOTBETCTBYeT cheprIecKn CUMMETPHUIHON 3a1a4e,
HO 6e3 TpeboBaHUsI

k(r,0) = z(r)sin® 6. (4)
B pesyibrare HesaBHCHMBIC YPaBHEHUs CUCTEMBbI (3) 3aIUIIyTCA B BUJIE

k) () () p(r) 5(7) (k(G))2 1:(00)

Gi = — =0 5
Vo dkxy + dky 2z + dryz 4k2z + 2k z ' (52)
ko) M) R®) () (0)
2= "ok T T ke (5b)
RO B0 (@02 ROy 00 (02 gn) e

G=— — — — =0. (5
2 4k2y * 4k xy 42y 4k 2 492z 4y 22 * 2ry * 2y z (5¢)

Unrerpupyst (5¢) OTHOCHTETBHO 7, MBI HAXOJUM
KO = f(0)Vzk (6)

(3ech f(0) — mekoropas yHKIMs TePEMEHHON 0, MOABJISIONAsICS KAK PE3y/IbTAT HHTE-
rpupoBanus). asee, pemas ypasaenue (6), Haxoaum

k= (F(O)Vz +(r), (7)

rje ¢ — Hekoropas dyHKius nepementoi r, F(0) — dyukius oraocurenbho 6.
Taxum obpasom, HaiigeHo obiee perenne ypasaerus (5¢). Ilpu =0 u F (0 )=sinf ono
[IEPEXOJIUT B OOLIYHOE JIJIst C(PEPUICCKH CUMMETPUYIHON METPUKU COOTHOIICHIE MEXKLY (22

n g33-
[Moacrasmss reneps (7) B (5a) u (5b), MbI moIy9aeMm cucTeMy

/ / / / ! !
e (2£ i Z_) + 22y (£ + i) + IV L gy Re0 o, (8a)
Tz r oz x\/z
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F l22’/z — 27+ 2z (i/ — 2/) + 296//22 T (i/ + 2/)
Ty T r \r vy

2 ! / / / (8b>
# 2 o ar (L4 )] e o (2= L)) -0
x r oy Ty
U3 pemenust oJfHOPO/IHOI YacTn ypasHeHus (8a) MoxKHO Haiitu Buj Gynknun F(6):
F(0) = Asin(ab + B), 9)

e A u [ — KOHCTaHTBI HHTEIPUPOBAHNA, & apaMeTp « YAOBJIETBOPSAET yCJIOBUIO

/ / /
z T z
a=—|[2—4+—. (10)
94\ =z =z
Y0661 0beciieunTh “00bIYHBIE” COOTHOIIEHUST MEXKLY (oo U (33, BHIOEPEM CJIELyIOIINE
OrpaHU'IeHUSI:

A=a=1,  B=0.

Torna ypasuenus (8) cBoggarcs K cucreme (mpu 1) # 0)

SN
_ (2 1
=3 (25+2). (1)
/ / i
i (F43)+ 500 (11b)
r oz T
/ / / / /
222 — 2% + 22 {295” - (£ + 2) +2'z (£ — g)] =0, (11c)
r\r vy r vy
7 / / / / /
¢P3_J5(£+9)}+my(3—y0%4w”=. (11d)
r  x\r Yy r oy
Uurerpupys (11d), vaxomum
! "/x)dr
Log(y) = 2Log (2¢/ + L/ /) 12
oatw) = 2Log (20 + Zu )+ [ T (12)
Breipazkas u3 (11b) ornomrenne
w/ .CIZ'/Z/
R — 13
1) (22 + 2'z)’ (13)
u nojcrasigs (13) B (12), nosyuanm
7\ 2
y==Cxz (Qw' + —w> (14)
x

(rme C — kocuranTa narerpuposanus). 113 (11a) u (14) ciaemyer, aro

/ !/

/ 2 /
Oﬂz(mw+%w)::%($5+f> (15)

€T z
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[oacrasmiss (13) B (15), maxomum

NI

(@'z + 2'x)

V= 2 (2'2)”

Z/
- !/ 2/
|:Cl (2'z + xz)}

Ucnomszys (11a) B (11c) u (16) B (11b), MoxKHO 3amucaTh

3 2 3 2
/ x/ Z/ ‘/I/‘/ Z/ x/ x// l,// x/ Z/
—2(——) —-2—(—) =2(—) ——4———
Tz T\ z x x T Tz
2
Baeném obosnaueHusa

Torma cucremy (17) MOXKHO HEepenucaTh B BHIE
—v3w? — 20%wv’ — 20w — dvw*’ — 2w + 203w + 4v*wu’ + v’ = 0,
/U/
20’ — w? — 2w (—+v) = 0.
v
Breipazkas sesmanny w' u3 (19b), u, mogcrasiss eé (19a), Mbl HaXoAUM
vw (2v 4 w)? = 0.

VYpasuenue (20) uMeeT CIeyIONIHIE PEIIeHUsT

v =0,
w = 0,
w = —20.

(21a)

(21b)
(21c)

B ciyuae (21a) z(r) saserca KonctanToil, a dbyukius z(r) - npoussosbhoil. Torga u3

(14) u (16) mosyaum
2/2
Yy=-——, ¢ — 00
4z

CrieioBaTesIbHO, TAKOE PEIICHNE COJCPKUT CUHIYIAPHYIO0 QyHKImIO 1 (1). Jna ciydaes
(21b) u (21c) umeer mecro coorrorenue y = 1) = (. Takue permenusi copepKar “KOHU-
YeCKy0 CHHTYJISpHOCTE . Bapuant (21b) cooTBecTByeT MOCTOSHHOMY 3HAYEHUIO BEJIUYN-
HBI 2 OpU TPOU3BOJILHON (yukiuu z(r). [Tpu yeaosuu (21¢) mMeer MecTo COOTHOIIEHUE

x = Cy/z (rme C' — KOHCTAHTA UHTErPUPOBAHUS ).

YEBUJIH 49TO B Hail HHBI IMIEHUA HE ABJIAOTCA JINCTUYHBIMU . HaK! HI
OueBuHO, YTO BCe Halije e perie e 10TCA “peastuc ”. OgHAKO, O

He MOI'YT OBITh IOJIyYeHbl KaK YacTHbIe caydan MeTpukn (1) mpu a = 0.

37
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Takum ob6pasom, cucrema (5) ABJIAETCS HEYCTONUUBON OTHOCHTEILHO 0000MIeHniT BO3-
MOYKHBIX OTpaHMYICeHUiT 1711 MeTpudecKnx (pyHKIWMIL, KaK UB CIydae HeCTATUICCKIX 3a,1a4,
pacemorpeHHbIX B [3], [4]: BBIOOD yesioBuil cummMeTpun He KOMMYTHPYET ¢ IIPOLIELy POl pe-
menns ypasaeruii. Jlerko ybemurbes, uro mnpu yeaosuu ¢ = ( B Bbipaykenuu (7), Mbl
nostyauMm Metpuky (1) ¢ a = 0.

B kagecTBe nepCeneKTUBE I JaJIbHEAINX UCCIeI0BAHNI IpeICTaBIdeT HHTepec 0006~
HMICHUE PACCMOTPEHHOMN 3a1a491 MOCPEJICTBOM BKJIIOYEHUS OOJILIIErO YUC/Ia apryMEHTOB B
METPUICCKUX (DYHKIMSX.
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1. BBeneunune

Kak m3BecTHO, B KadecTBe OMHOIO M3 IOAXOI0B K PENIEHUIO IPOOJIEMbI OIMMCAHUS KOC-
MOJIOTUYIECKUX Mojiesieil ¢ "oObIdHoil” MaTepueir n "XOpormuMu’ MeTPpUIecKuMu (PyHKITH-
SIMI, & Tak:Ke JJIg IMOCTPOEHUsI MPOXOAMMBIX KPOTOBBIX HOP U YCTAHOBJIEHUsI BHENTHEi
reoMeTpun YEPHBIX JBIP PaccMaTpuBaioTcs Teopun rpasutanuu, obobmatonime OTO (1mo-
JpobHbIil 0630p gan B [1]). B [2] 6buta mokasana reopema, corIacHO KOTOPOii B 4-MepHOM
[IPOCTPAHCTBE-BPEMEHN CUMMETPUIHBII TEH30p BTOPOrO paHra ¢ HYJIEBOH KOBapHaHTHOM
JIMBEPreHIIneil,coaepKalluil IIPOU3BOIHbIE METPUIECKUX (DYHKIUI He BBIIIE BTOPOrO I10-
psIIKa, UMeeT BUL

A/u/ = Guu + Ag;w' (1)

CrenoBaTebHO, s HocTpoenns Teopuii, obobmaronmx OTO HeoOX0oanMO HAPYIIUTD
KaKoe-JIm00 M3 YCJIOBHUIl 3TOW TeOpeMbl. Y UET BBICHIMX MPOU3BOIHBIX OT METPUYECKUX
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hyHKIWIT TPUBOIUT, B 9aCTHOCTH, K MOCT-DitHIIITeiHOBCKOI Teopun rpasutarmu ([19TT),
KOTOpast JIJIst CJIydasi 9eTBepTOro Mopsaka paccMoTpera B [3|. Ipyrum BO3MOXKHBIM Ba-
puantom o606menus OTO sBisgercd mepexo/i K 00Jiee BHICOKON TEH30PHON pasMepHOCTH
"PeOMETPUIECKOTO UCTOYHUKA 1 BKJIIOUeHHe 00bekTa (aHaora rpaBUTaInOHHON KOHCTAH-
ThI), HE 3aBUCAIIETO HEMIOCTPEJICTBEHHO OT METPUKHU [IPOCTPaHCTBa-BpeMern. PopmabHo
3/1eCh MOYKHO HCIIOJIb30BaTh aHAJOTUIO C COOTHOIIEHUSIME 3JIeKTpoannaMuku. JleiicTBu-
TEJILHO, B CJIydae M30TPOITHON CPejibl MEXKJIy BEKTOPAMU HAIPSKEHHOCTH U UHJIyKITUU
SJIEKTPUYIECKOTO U MArHUTHOIO TIOJIEHl UMEeT MEeCTO CBsI3b

D;=¢kE;, B;=pH; (2)

L1t OTHOPOIHBIX CpeJl MPOHUIIAEMOCTH € U [ ABJIAIOTCA KOHCTaHTaMu. Fcam xKe cpejia
AHU30TPOITHA, TO, BMecTO (1.2), crnpaBe/iyIuBbl COOTHOIIEHUST

D; = e By, B; = paHy, (3)

TJE €k U [Ljk - COOTBETCTBEHHO TEH30PBI JUIJICKTPUYCCKON U MArHUTHON ITPOHUIIAEMOCTHI
CPeJIbl.

[Ipm 3TOM MOXKHO CYNTATh, YTO BEKTOPHI HAIPIKEHHOCTH EuH OTPEJIETIAIOT BHE-
IeHee 1oJjie, a BeJIMIUHBI €, U [l XAPAKTEPU3YIOT MePY BOCIHPUUMYUBOCTU CPEJIbI 110
oTHOIIEHNO K HeMmy. COOTBETCTBEHHO, BEKTOPHI WH/LYKITHH D u B zasucar xkax or E u H ,
TaK U OT HPOHUIIACMOCTECH.

AnaiornaaeiM 00pa3oM MOYKHO HHTEPIPETUPOBATH CBA3b TEH30PA SHEPIUU-UMITYJIHCA
MaTepun ¢ KPUBU3HOM IMPOCTPAHCTBAa-BPEMEHN U I'PABUTAIMOHHON ITOCTOSHHON K

T = %G“V. (4)

Torna momy4aercs, uro B pamkax OTO cpena, B KOTOpoii paccMaTpUBAIOTCH ypaBHe-
aust (1.4) ("rpaBuranuoHHbI BakyyM”), SBJISETCS OJHOPOIHON U U30TPOIHON. BapuaHTs
C TIepeMeHHol K COOTBETCTBYIOT HEOJIHOPOIHBIM M30TPOIHBIM cpefaM. Femm ke mpesno-
JIOZKUTH BO3MOXKHOCTD TOJIIPU3AIUN IPABUTAIIMOHHOTO BaKyyMa, TO €ro IIPOHUIIAEMOCTh
(KaK B 9JIEKTPOJMHAMUKE) OY/IeT ONUCHIBATHCS TeH30poM K %, a "MCTOYHUKOM KPUBU3HBI
TEOMETPUN ITPOCTPAHCTBA-BPEMEHH CTAHET TEH30D KPUBU3HBI U €r0 CBEPTKH.

B TI'BII B kadecTBe posin "IpaBUTAIIMOHHON ITOCTOSHHON paccMaTpPUBAETCsS TEH30D
k. dakTuaecKu 3/1eChb UCIOJIB3YETCA aHAJIOIUs C 3JIEKTPOJMHAMUKOL CIIONIHBIX CPe;
POJIb HAIPSAZKEHHOCTH JIEKTPUIECKOTO0 UM MArHUTHOTO TOJIs UTPAaeT TEH30P KPUBUZHBI
U ero CBePTKH, aHAJOIOM BEKTOPOB 3JIEKTPUYECKON MJIM MATHUTHONW WHYKIIUUA SIBJISET-
s TEH30D SHEPIUU-UMILY/IbCa, & TEH30D MOJApU3anun kj MOKHO MHTEPIPETUPOBATH KaK
"Mepy BocmpuuMYnBOCTH cpejibl (“rpaBUTAIMOHHOTO Bakyyma') K Bo3JeiicTBuio moss. B
obmeM ciydae ykazanublil anajor ypasuenus T1'BII npurmmaror Bu

T = flKg‘R“’Bm + fo( KE R, + K9 RE )+ fs KA R+ fuKR:, + fs KR, (5)

(3mech f; - mponsBosIbHBIE KOHCTAHTBI, K = K?).
[Ipu ycioBusix (T.e. B OTCYTCTBHE BAKyyMHOIl TOJISIPU3AIIIN )

[0} 1 03
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if1+%f2+f4=1 (7a)

1 1
Zf3+f5:_§’ (7b)

cucrema (1.6) mepexoaur B ypasuenust OTO.
B [4] 610 pacemorpeno npumenenne TTBIL st m10ckoit KOCMOJIOTHYECKONH MO/
PoGeprcona-Yokepa npu "muauMaabHoM oTKIoHeHun” ot OTO

1
H=k=k=r (8a)

K

k) = L + 6 (8b)

4Kk

rjie 0 - MaJIblil TOJIOXKUTEIbHBIN TTapamMeTp.
B pesybraTe ObLT pean30BaH CliecHapuii HEOrpaHUIEHHO paciupsioneiics Beenernoi
KaK KOH(UTIYpaAIMF MAaTEPUU C BBIIOJHEHUEM CTaHJAPTHBIX (PU3MICCKHX HEPABEHCTB

(3J1€CH € - MJIOTHOCTD SHEPIUH, P - JIABJIEHUE BEIECTBA)

e>p>0, (9a)
dp

< b

0<—< (9b)

IIPA OTCYTCTBUN HAYAJLHON CHHTYJIAPHOCTH.

2. Cratudeckue cepudecKn-CuiMMeTPUYHbIe BaKyyMHbIE€ PellleHUsd

Paccvorpum cucremy Bakyymubix ypasaennit TI'BII mrsa cnenmaibnoro ciydas craTude-
CKOM cheprIecKr-CUMMETPUIHON METPUKHI

ds? = ="M dt? 4 dr? 4 r?dQ>. (10)

B kavecrse npocreiinero papuanta, BbioepeM T€H30p K IMAarOHAIbHBIM, & €ro HeHy-
JIeBbIe KOMIIOHEHTHI OyjieM paccmarpuBarh Kak ¢yukinun r. Torma ¢ yaérom (1.7a u 1.7b)
ypasHenust (1.5) IpUHUMAIOT CJIeTyOuii BII

—(iﬁ+2ﬁ+ﬁ0(C+2D)M$+(C%y+ﬁ)c+(}%ﬁ+2ﬁ)D)A}+

—+((—%fy+2ﬁ)<7+(fy+4ﬁ)D)53=ﬂl (11a)

((%ﬁ+ﬁ0(ﬂ+(1+%ﬁ)D)K€+((—iﬁ—2h—q@>O+42—3ﬁ)D)K}+

+((—éﬁ+2ﬁ)0+w4+2ﬁ)D)K3=0;(H@
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((1+%f3> C (1+Zf1+gf3) D) K8+((1+%f3) C + (1— ifﬁgfg) D) Kt
+ ((1 —f3)C+ (_%fl —2f> — fg) D) K3 =0; (1lc)

/
(3mecs D=5, C =rD'+ D + r?D? mrpux obosnadaer qud HepeHmpoBanue mo 7).
B kadecrBe JIOMOJIHUTETIHLHOTO YCJIOBUS MOTPEOYEM OTCYTCTBUE "aHTUTDABUTAIIAN

K >0, K| >0, Kj > 0.

[IpeamnookuM Takke, 9T0 UpU r — OO HOJASpPU3ANNOHHBIE 3(PEDEKTHI MCIE3aI0T:
K} ~ K| ~ K3. Torga B npegene “cnaboro nous” acCHMITOTHYECKH JIOJKHO OBITH BbI-

HOJIHEHO ycyioBue |5

e —1— 7;—9 (12)

IJie Ty - TPABUTAIMOHHBIA PaJInyC UCTOIHUKA.
Jlerko ybeauThes, 9To BhIpazkeHnue Jijisd D uMeer BU/L

,
D=——29% 13
2r3 (1 —ry/1) (13)
D'+ D 2p?
e s S e S R (14)
D 2(r—ry)
B pesysbrare moayduM Cepyionyo CBI3hb

14+ 8f, — 9fs = 0. (15)
Kpome Toro, B npesnesne “ciaaboro mojisg’ yciopue Y = —2 JIOJIZKHO COOTBETCTBOBATH

ofHOMY 13 KopHeil ypasuenus (2.2). [Toxcransg Y = —2 B (2.2), Haxomum
fi(fs+2)(3fi +8fy—6f3+12) =0. (16)

Uccenesyst BO3MOXKHBIE pelenus Jist yeaoBuit (2.4) u (2.5) MOXKHO IpuiiTu K BLIBOJY:
upu r > r, uvmeer Mecro ” Ditamrreitnosekuit pexnm’ K = K{ = K3, a npu r < 1,
HCIIOJIb3YETCs TOJIAPU3alidsd BaKyyMa 0e3 "aHTUTIDaBUTAIIHN .

v

IIpu sTom B obiactu r > r, B MeTpuke (2.1) dbyukims e” Bu

v <1 TQ)Q (17)
e =(1—=
2r/)
anpur <,
eV =—. (18)
Yemosue (2.1) npu 7 > 1, He COIEPKUT FOPU30HTA COOBITHII B PacCMaTpUBaeMOil 00-

JIACTH, & TIPU 7 — OO COOTBETCTBYET ILJIOCKPMY IPOCTPAHCTBY-BpeMmeHu. s dpyHKImm
e” = 0 Tonpko npu r = 0, a me npu r = r4 Kak B OTO.



42 CEKIINA A. KIIACCUYECKAS TEOPUSA I'PABUTAIINN 1 EE OBOBIIEHNUSA

3. ¥YpaBaenua TI'BII nna KH Moppuca-Topua npu "MuHUMAaJIbHOM OTKJIOHE-
nuu or OTO”

Pacemorpum Bakyymubie ypasuenus TI'BII B npemonoxkenun

ki = k3 = k. (19)
Beenem oboznauenne

1
—1 —
K 1+a (20)

3/ech BeIUYINHA (v ONIPEJIeTIeT "Mepy MOJsIpu3alun’ IPABUTAIIMOHHOTO Bakyyma. Torma
HE3aBUCHMBIMU ypaBHeHusME cucteMbl (1.5) myst merpukn (2.1) GymyT

1

(f1—2f2)R8+(%f2—if1—3)R

1 1 3 3
3 (RS - 53) - ZflRS - 5ng8 — /s =0 (21a)

a =4R (21b)

(3.3b) mpezcrasisier coboit pesyibraT BerumciaeHus ciaega tenzopa TH B (1.5). Oue-
BH/IHO, B OTCYTCTBHE BLIPOXKieHus ¢ (3.3) cobmectum Tosibko ciaydait OTO: Ry = R = 0.
[TosTomy Jijist OJIydeHrsl HeTPUBUAJIBHBIX PEIeHnil paccMaTpuBaeMas CUCTEMa, JIOJIKHA
OBbITH BBIPOZKJICHHON. DTO COOTBETCTBYET CJIEYIONIEH CBI3M MEXK/Ly apaMeTpaMu TeOPUH

_ 256 + 384a — 32 fia — 64 forx + 1440® — 24 f10% — fia? — 48 foa® — Af foa® + 12f2a?

Je 20, = 2,) o

(22)

C yerowm (3.4) ypasuenue (3.3b) mepemnuiercs B BUJIE

dB dB
6A22B?+6 (A + 4fy) D42 (A + 4fy) 22 D*+6AB—4 (A + 4f,) zQBD+2)\zE+2)\z3Bd——
z

dB dD dD
— 4 SD— +2 4 — 42 4 S B— = 2
(A+4f2)=z " (A+ fQ)Zdz +2(A+4f)= 7 0, (23)
rae
1
B=RE=-("-1), (24a)
zZ

122
P02 p03
D = Rg; = Ry3 =

— 24h
2 zx’ (24b)

A=16+ (12 + fi — 2fs)a (25)
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4. IIpumep koHcTpyknuu KH

B kadecTBe npumepa nccieyeM ciydait

A+4f, = 0. (26)

Torpa ypasuenue (3.5) npuHuMaeT BH
(1+2°B)(3B+ zB') = 0. (27)
Jlerko y6enuthest, uto permenne (4.2) ¢ B = —Z% cooTBeTcTBYeT yeaosuio 2 = 0 Bciomy

n HecoBMectuMo ¢ onpejeneranem KH. [Tosromy pacemorpum Bapuant

2B'+3B =0, (28)
Uurerpupyst (4.3), u, yaurbiBas (3.6a), moayaum
C
P=1-—. 29
o1 S (29

Ypasuenne(4.4) umeer tor xe Bu,uTo (1.3) Ero pemenne (C - KoHCTaHTA MHTEIPUPO-
BaHsI )

L /1_§+%Cm[22 <1+\/1—C/z) —C}

Cy
upu Cy = C = g (1o - paguyc ropaosunsl KH)coorsercrByer yemoBusim 2/ — luz ~r

npu r — oo (“acummrorudeckn miockuii’ pexkum) u onpegenennio KH Moppuca-Topaa
(2/(0) = 0,2(0) =19 > 0).
Uccneayem reneps ypasaenne (3.3a) ¢ yaerom (3.4)

1 dB dB dB
11D + 792" B* + 7322 D* + 2B 4+ 142°BD — =732 D— + yaz— + 132° B—+
2 dz dz dz
dD  , dD
it B —
VsE + V32 e 0, (30)

rie

=3 (f3 (=5 +2a) — 12 (4 + 3a)” + 4f> (—16 — 8o + 30”))
Y2 = —=3f2 (fo (=5 +2a) — 6 (4 + 3v))
v3 = —20 (44 3a)* + 2 (—17 4+ 10a) + 12f5 (=12 — 5a + 3a?)
va=—=2(f7 (=14 2a) +6f> (4+ 3a) + 8 (4 + 3a)?)
v5 = f2(7T—20) + 125 (4 + 3) + 4 (4 + 3a)?

Ucnonbsys coornomenue (4.3) B (4.5) mosayanm

3 dD dD
Y1 D+(72 — 375) 2° B*+732° D*+ (72 — 375) B+ (573 + 74) Z2BD+732—dZ +7323B—dz = 0.
(31)
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Jlerko yoeanThesi, OJTHAKO, UTO UMEET MECTO CBSA3b

Y4 =71 — V3.

[Tosromy (4.6) moxkHO TepenmcaTh B Buje (npu 3 # 0 u ¢ yaerom (4.3))

dD 22 1 C N, re=3nC
oo prc | D) B 32
dz z—C +z 2(z—C) 73 - v3 24 (82)
[Moxcrapmssa (3.6b) B (4.7) mosmyanm
dy 1, [1 n c 2C (72 — 375)
SN B e i ] , 33
dz A z( V3 2z (z—C) y+73(z—0)22 (33)
rie y = dv/dz.
Beenem obosnadenust
_ Yoo 2002 = 3)
c=1-—p=—"""—""
73 3
Torma nmeem
dy 1, fo C pC
A g____= P 34
dz 2y+ z 22(z—-0) y+z2(z—0) (34)
YHacrubiv pererneM (4.9) spiagercs (npu o = p — 1)
2p
=, 35
y=- (35)
Unrerpupys (4.10), Haxommm
e’ = Oz (36)

(3mech Cy - mosoKuTEbHAST KOHCTaHTa). V13 yemoBuit "rimajkoro crimBanust” GyHKIHi
u dv/dz w3 BbIpayKeHust

v

e

dS% = Chz®dt® + dr® + 22d0? (37)

¢ anasiorom metpuku (1.2)

dS* = — (1 —ry/2) dt* + dr® + 22dQ? (38)
HaXOJ M
Z=ro(1+1/(2p)) (39a)
0= 2 b
2T 1+2 (39b)

rje Z - TOYKa [epexoia aCUMITOTHICCKH II0CKOiT MeTpukn (4.13) B perenue (4.12).

OueBnyiao, pu p > 0 BbIOJHSAETCS TpeboBaHUE Z > 1. TakKuM 0Opa30M, METPHUKa
(4.12) ommceiBaer nmpoxoquMyto Bakyymuyio KH B pamkax TI'BIL. ITpu sTom nmeer mecto
CJIEeIYIONAsl CBA3b MKy IapaMeTpPaMy pPelleHns
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N9 (40a)
73

Y2 3% = 0. (40Db)
73

U3 nepasencts (4.15) u cooromenust (3.4) MOXKHO OIpeenTh HAGOP OrpaHUIeHH

Ha f27 fS n .
B macrosiee BpemMst HaMU UCCJIEYIOTCS TIEPCIEKTUBBI TaJbHEHIINX UCCIeJOBaHMil, B
YaCTHOCTHU, MTEPCIIEKTUBBI OOHAPYKEHUS TOJIAPU3AINNA ~TPABUTAIIMOHHOTO BaKyyma .
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WEYL UNIFIED THEORY REVIVED: COVARIANTLY-CONSTANT
FIELDS AND GEOMETRIZATION OF ELECTRODYNAMICS

Vladimir V. Kassandrov?®

eE-mail: vkassan@rambler.ru; Institute of Gravitation and Cosmology, Russian Peoples’ Friendship
University, Moscow, Russia; Joseph A Rizcallah (School of Education, Lebanese University, Beirut,
Lebanon)

We consider a real-valued scalar field W(z) on a Weyl manifold background. Two
fundamental equations for it are the eikonal equation g"*0,¥0,¥V = 0 and the linear
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wave equation g''V,0,¥ = 0, where V,, denotes the covariant derivative with respect to
the Weyl connection

1
PZV - IYZV + 5(/4#65 + AV(SZ - Apguv)7 (]‘>

with Christoffel symbols 7#,, and non-metricity vector A* interpreted as the electromagnetic
potential.

Apart from the ordinary Weyl conformal-gauge invariance, the eikonal equation possesses
an additional functional invariance: for any its solution W(z), an arbitrary differentiable
function ®(W(x)) is also a solution: in fact, the gradient field 0,V gets then an additional
factor 0,V — ®'0,¥, & := dP/d¥, and, together with the gauge transformations of
potentials A, — A, — 0, In®’, it preserves also the wave equation. Thus, one has the
double gauge invariance w.r.t. both the Weyl conformal group and that resembling the
SU(1) group in QFT.

Now consider a covariantly constant vector field K,, (CCVF) on the Weyl background.
The defining CCVF system

VK, =0,K, ~T" K, =0, (2)

is overdetermined and can be used to determine both K, and A, provided the metric is
fixed. Symmetry of the connection (1) results in a gradient-wise form of the CCVF (2),
K, = 0,¥, for some function W(z). Then, in the case of nontrivial EM field F),,, the
norm of the CCVF K, should be null; therefore, the generating function W(x) necessarily
satisfies the eikonal equation.

As the latter, we can now adopt the field 7(x) of retarded /advanced time-like parameter
implicitly defined by X, X* =0, X" :=a# —¢#(7), along an arbitrary worldline £(7)
in Weyl space with constant Minkowski metric 7,,. It is readily verified that the field 7
does really obey the eikonal equation, and the reparametrization symmetry corresponds to
the additional gauge invariance above obtained. The associated electromagnetic potential
A,(x) can now be determined from (2) for connection (1) with g,, = 7., and 74, = 0.
It turns out that, up to a 4-gradient, the electromagnetic potential coincides with the
Lienard-Wiechert ansatz

A, = —e€ | XO€, 3)
Note that for retarded time solution for which X° = 2% — £Y > 0 the dimensionless
electric charge ¢ = —1 whereas the opposite value ¢ = +1 corresponds to advanced

potentials. In either case the value of charge is fixed, “self-quantized” (the constant e is
the same for an arbitrary motion of a point-like source). In particular, for a charge at rest
the solution reproduces the Coulomb potential. For more details see [1].

Thus, the fundamental solution of Maxwell equations, the Lienard-Wiehert field, acqui-
res an explicit geometric meaning, and the particle/antiparticle asymmetry turns out to
be explicitly related to the irreversibility of time, in full analogy with the well-known
Feynman representation. As for the problem of determination of metrics, one can use the
Pushkin-Gorbatenko’s [2] geometrodynamical equations R;,, = 0, where in the Lh.s. one
encounters the Ricci tensor defined w.r.t. the Weyl connection (1). The joint system of
the latter equations and those for the CCVF (2) defines a self-consistent dynamics of the
EM and GR fields which seems to resolve most of the fundamental difficulties of the old
Weyl unified theory.
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TWISTOR ALGEBRAIC DYNAMICS ON A UNIQUE WORLDLINE
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General solution of the equations of biquaternionic differentiability [1] is equivalent
to that of the defining equations of the shear-free null congruences (the so-called Kerr
theorem)

(W) = 0. (1)

Arbitrary homogeneous function II depends on the projective twistor variable W =
{£,iX¢}, where X = X™T is the representative Hermitian matrix of the Minkowski
space-time (M) coordinates. Ratio G(X) of the principal spinor components £4(X) is
defined from (1) and forms a multi-valued field on M which satisfies both the eikonal and
wave equations. Moreover, the Maxwell and SL(2,C) Yang-Mills fields can be defined
through the derivatives of G and its twistor counterparts; corresponding equations also
hold identically on the solutions of (1).

A wide class of the latter is represented by the retardation equation for an arbitrary
worldline which corresponds then to the focal curve of the shear-free congruence of rays.
The worldline, moreover, can be defined implicitly [2], through a system of algebraic
equations F,(X) = 0, a = 1,2,3, in close relation to the old ideas of Stueckelberg-
Wheeler-Feynman on the "unique worldline dynamics-[3|. Indeed, at any instant ¢ of the
observer’s time, one has then a whole ensemble of identical particles, together with their
transmutations at singular points of the curve where some two real roots (R-particles)
merge together and transform then into a complex conjugate pair (composite C-particle),
or vice versa; the transmutations model the processes of annihilation/creation of a particle-
antiparticle pair, respectively.

We considered the polynomial form of generating functions F,, and studied self-consistent
dynamics of the ensemble of R- and C- particles w.r.t. the time ¢ of an "inertial"observer
(whose own worldline is uniform and rectilinear). Then the correlations in positions
and dynamics of different particles-roots are explicitly represented by the set of the
Vieta formulas (or their modifications). We demonstrate then that the whole set of the
conservation laws take place for an arbitrary (non-degenerate) form of the generating
polynomials. In particular, the first two Vieta formulas (linear and quadratic in roots)
give rise to the SO(3)-invariant laws of conservation of total momentum and (the analogue
of) total mechanical energy, respectively. Conservation of angular momentum also takes
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place for any non-degenerate polynomials. The dynamics is manifestly Lorentz invariant;
an example of this is presented and animated.
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BBEJIEHNE BO3OHHBIX CTPYH B MO/IEJIb CIIMPAJIbHBIX
IFAJTAKTUK
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N3zyuenne pBuzkenus 38371 B CHUPAJIbHBIX MaJIAKTUKAX MPUBEJIO B cepeuHe XX Beka K
06HAPYZKEHUIO AHOMAIBHON 3aBUCHMOCTH UX CKOPOCTEHl OT PACCTOSAHMS JIO IEHTPA JHC-
Ka TaJlaKTHKH [0 OTHOINICHUIO K npejckasannsM Mexanuk Hoioroma u OTO [1]. Crekrp
opOUTAJIBHBIX CKOPOCTEH 3BE311 v (1) A const. ITO HE COOTBETCTBYET HOTEHIUAILHOMN SHEP-
MU TPABUTAIMOHHOTO 0JIA HAO/IIONAEMbIX 0ObEKTOB raJakTHKHU. JlJ1st paspenienus 3Toro
IIPOTUBOPECYINA 6]:>I.Ha BBEJICHa THUIIOTE3a O CYIEeCTBOBaAHUM B CIIPHUPaJIbHBLIX TIa/JaKTHKaX
"TeMHOI MaTepun KOTopasi He HabJII0/IaeTCsi COBpEMEHHbIMU cpejicTBaMu. TemHast mare-
pus JIOJIZKHA COCTABIATL 0K0JI0 96% Beeit Maccehl ragakTuku. M3BecTHO HECKOIBLKO Teope-
TUYECKIX CXEM IIPOCTPAHCTBEHHOT'O PACIPE/Ie/IeHUs 9TOM MaTepuu, KOTOPbIEe TTPUBOIAT K
Hy2KHOMY pe3ysbraTy. IIpoBeieHblii aBTopaMi aHaAJIN3 He0OXOANMOIT CUMMETPUN I'PABU-
TAIMOHHOTO IO B JUCKE TaJaKTUKN HOKa3aJl, ITO HeOOXOIMMa IMJINHIPHIECKast CHM-
MeTpPHsl BEKTOPHOIO 11071 Harnpsizkennoctu. [Io Teopeme 'aycca-Octporpasickoro 3To naet
rpasuraronnoe yckopenue ¢(r) = 2GM/(rl) tae | — TonmHa rajakTHIECKOTO JUCKA,
G — rpaBuTanuonnas nocrosnnaz, M — Macca BHYTpH JHCKa pajuyca r. Ecam ocnoBHas
9aCcTh MAacChl COCPEJIOTOYeHa B OJM3KOI K IEHTPY 30HE, TO Ha JOCTATOYHOM YIAJEHHN
v(r) = \/2GM/l =~ const. Oka3aa0ch, 9T0 TAKYIO CUMMETPHIO MOYKET 00ECIIeUNTh TeMHAs
MaTepusd, OpraHn3oBaHHasd KaK MaCCHUBHad CTPYHa, IIPOXOAdInasd Iepe3 HECHTP I'aJJaKTUKH
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OPTOTOHAJIBHO TIJIOCKOCTH JINCKA. DTa MOJIE/b TO3BOJISET TaKyKe 00bICHUTH (hOPMUPOBaA-
HIUe rajakTudeckoro jaucka. CTpyHa cTaruBaeT 00ObeKThI, 3aXBaUeHHBIE €€ I'PABUTAIINE,
K IeHTpa/bHOI 30He. OObICHIET OHa U HAJUYINE MUKPOBOJHOBOTO TAJII0 ¢ 000UX CTOPOH
JINCKa TaJJaKTUKU. B 9ToM ciiydae cTpyHa paboTaeT KakK JMHEHHBI YCKOPUTEIbh KOCMUIe-
ckux dactut,. Kanaugarom Ha 110I00HBIH 00HEKT MOTYT OBITH TEOPETHIECKH ITPE/ICKA3aH-
Hble KOCMUYIECKUE CTPYHBI, KOTOPbIE BOBHUKAIOT U3 DO30HHOTO KOHJICHCATA B PE3YJIHLTATE
dazoBoro Mepexojia, Korjaa IMpOUCXO/IUT Pas/ie/ieHe CUILHOIO U 3JIEKTPOCIa00r0 B3aUMO-
neficreuit [2]. Jluneitnast miornocts Takoit crpyubl p = 102%kg/cm. dro naer myKmyo
MacCy TpHU JJIUHE CTPYHBI MOPAIKa JUaMEeTpa raJJakKTuKu. PadoTa BBIIOJTHEHA TPU TI0/I-
nepxkke Poccuiickoro donia dyHmaMeHTaIbHbIX ucciepoBanuii, mpoekT 13-01-00190a
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OB OJTHOI I'MIIOTE3E XOKIUHTA
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B pamkax kiaccmueckoil (He KBAHTOBOIT) TEOPHM TPaBHTAIMN OOCYZKIAETCs THIIOTE-
3a, BbICKa3zaHHasg XOKUHroM B 1978 romy, o eBKJIMI0OBOI TPUPO/Ie TTPOCTPAHCTBA-BPEMEHN,
COTJIACHO KOTOPOI KBAHTOBasl Teopust (& B JAefCTBUTETHLHOCTH BCs (DU3UKA) PeasbHO OIpe-
JieJIeHa B €BKJIMJIOBO OOJIACTU U JIUITH OCOOEHHOCTHU HAIIETO BOCIIPUATHSA ITPUBOJAAT HAC K
ee MHTEePIIPETAINN B JIOPEHIIEBOM pexKmnMe. B KBaHTOBOI Teopum I1epexo] OT €BKJINI0BOM
METPHUKHU K JIOPEHIIEBOU OCYIIECTBJIAETCS IOCPEJICTBOM MTOBOpoTa Buka. B ki1accnyaeckoi
TEOPHUH TAKOIl MepexoJ| peaim3yeTcs KaK OToOparkeHre eBKJINI0Ba IIPOCTPAHCTBA Ha, JIO-
PEHIIEBO € TIOMOIIBI0 HEKOTOPOTO BEKTOPHOIO 10JIs (101 Hanpasenuii). OrMedeno, 4to
B paMKax T'UMOTe3bl XOKUHTa COOTHOIIEHHE, CBA3BIBAIONIEE TICEBJIOPUMAHOBY METPUKY JIO-
PEHIIEBOIl CUTHATYPBI M ITPOM3BOIBLHOE BPEMEHHIIOI00HOE BEKTOPHOE I0JIE ¢ HEKOTOPOit
€BKJIMJOBOI METPUKON, MOXKET paccMaTpuBaTbCd KaK HapyllIeHHe JIOKAJIbHON cuMMeT-
pUM eBKJIMJIOBa NpocTpaHcTBa. [lokazaHo, 4To ecTecTBEHHBIM CJIEJICTBUEM OOCYZKIaeMOit
TUTIOTE3BI SBJISIETCS BbICKa3aHHAsI aBTOPOM eIl€ B 1985 1. rumoresa o MOJTUMETPUIECKOi
CTPYKTYPe KJIACCUYIECKOT0 ITpocTpaHcTBa-BpeMenn. [locensas runoresa, B CBOIO OYepe/b,
MIPUBOIUT K HEM30EXKHOMY MOSIBJIEHUIO 9K30THYECKOI TEMHOI MaTePUU U TEMHOI SHEPIrui,
a TaKyKe K BO3MOYKHOMY CYIIECTBOBAHWIO IACTHIL (U MOJIEi), KOTOPbIE MOTYT JIBUTAThCS
CO CBEPXCBETOBBIMH cKopocTsamu.llpemmnosoxkenne o mpuHIUNINATIBHON BO3MOXKHOCTH CY-
IIeCTBOBAHUSI TaKNX O0BEKTOB HECKOJIBKO JIeT Ha3aJ 00CYKJIaJ0ch TakxKe ['‘epouem Ge3
paccMOTpeHnsl KOHKPETHBIX MaTeMaTHudecKuxX Mmojesteii. [lokazano, 4ro cymiecrBoBaHme
TaKuX 00LEKTOB IIPU OMPEJICTIEHHBIX YCJIOBUIX He MPUBOJIUT K HAPYIIEHUIO TPUIUHHOCTH.
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CUMMETPUUN CIIMHOPHOTIO I10JI4 U IIOJTHOTA YPABHEHUI
QJIEKTPOJIVMHAMUKN
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PacemarpuBaioTcst BO3SMOXKHBIE CJISICTBUASI HAJTUYNS Y JIUPAKOBCKOTO CIIMHOPHOTO OJIST
JBYX Tpymi cummerpun: 1) rpynnbt dasosbix Bpamenuit; W — We @ (rpynma U(1)), 2)
Py Ys-Bpamennii; ¥ — Wes® (rpymma U(1)), rae o, € — mapaMerpsl IpyIL.

[Tokazano, 9To JJIsi BOCCTAHOBJICHUS CUMMETPUU MAaCCUBHOI'O CIIMHOPHOI'O IOJIsI OTHO-
CUTEJILHO Y5-Bpallenuil Tpebyercst BBeIeHIe TCEBI0CKAISPHOTO aKCUOHHOIO TIOJIA.

[IpousBoauTcs Iporeypa Jokammsamun ykasanusx rpymn U(1) o U(1) u sBogsTCs
COOTBETCTBYIONIHE KaTHOPOBOUHbBIE TO/IsT: BekTopHOe Ay — syt rpymmbr U(1) u mcesio-
BexTopHoe Ay — s rpymnust U(1). B pesysibrare CIHHODHBIA JIArDaHKUAH GYIeT HH-
BapHAHTHBLIM OTHOCHTE/IBHO JOKabHoi rpymmst U(1) x U(1). mpu 5ToM BeKTOpHOE HOJIe
Aj, ABIAETCS, KAK M3BECTHO, 3/EKTPOMATHUTHBIM IOTEHIHAIOM, a TICEBIOBEKTOPHOE Ay,

KaK ITOKa3aHO, MOYKHO OTOKJICCTBUTD HJIU C IICEBIOCIEOM KPydeHH () j, HJIN BUXPEBBIM

i 1 _ikim (a) k
IPABUTAIIMOHHBIM TI0JIEM W' = 5€ €(a)kCp s TAC €(y) — TCH30PHbIC K03 DUIUEHTEI.

Jlasiee BBOJATCA TEH30PbI HAIPAZKEHHOCTH JIBYX KaJIMOPOBOUHBIX moJeit: [y, = 0; Ay, —
O Ai, Qi = 0; . Ay, — OpA; 1 06beTHeH DI TEH30D HaHpH}KeHHOCTI/I M, = Fy, + ®up, tre
Dy — JIyaJbHO CONPSZKEHHBIN TeH30p K Pj: O =1 Zklmcplm

B pesy/brare mo/Iy4aeM CUCTEMY ypaBHEeHMi o6o6meHHOI/I 9JICKTPOIMHAMUKH, JIyaIbHO
CUMMETPUYIHYIO:

O;M™* = ehcU~y* U,
ik ok (1)
oM™ = qhc U~y ysU,
rjie e, ¢ — KOHCTAHThI B3auMOoJIelicTBI, 0600IaoILyo cucreMy ypaBHeHuit Makcseuia
O F™* = Uy ;9 F =0, (2)

KOTOpas, KaK BUIHO, HE 00J1a/1aeT JyaabHON CUMMETPHUEHl B CHJIy OTCYTCTBUSI MArHUTHOTO
TOKA.

B nosrydennoit HamMu JayajbHO CUMMETPUIHON CHCTEeMe YpaBHEHHIT 000OIEHHO d/1eK-
TpoguHAMUKU (1) HCTOUYHUKOM JIyaslbHO CONPSIZKEHHOIO TEH30Da M}, sIBISIETCS] aKCHATb-
HBIIl BEKTOD IJIOTHOCTH IMOTOKA COOCTBEHHOIO MOMEHTA UMITYJIbCa (CIMHA) CIHHOPHOTO
nosist: S(V) = heWy,v5 W, a He HafieHHLIH 0 CHX HOp TOK MArHUTHLIX MOHO MO,
TpedyeMbIil /I IyajJbHON CUMMETPUN OOBIMHOM 3JIeKTPOIMHAMUKH.

LIGHT DEFLECTION CORRECTION USING EINSTEIN-STRAUSS
VACUOLE MODEL

R. Mingazova?, R. Izmailov®

eF-mail: mira789@mail.ru; M. Akmullah Bashkir State Pedagogical University, Zel’dovich
International Center for Astrophysics

YE-mail: izmailov.ramil@gmail.com; M. Akmullah Bashkir State Pedagogical University, Zel’dovich
International Center for Astrophysics
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We resolve here an outstanding problem plaguing conformal gravity in its role in making
consistent astrophysical predictions. Though its static spherically symmetric solution
incorporates all the successes of Schwarzschild gravity, the fit to observed galactic rotation
curves requires >0, while the observed increase in the Schwarzschild light deflection by
galaxies appears to demand y<0. Here we show that, contrary to common knowledge,
there is an increase in the Schwarzschild deflection angle in the vicinity of galaxies
due purely to the effect of v>0, when the idea of the Einstein-Strauss vacuole model
is employed. With the inconsistency now out of the way, conformal gravity should be
regarded as a good theory explaining light deflection by galaxies. The metric exterior to
a static spherically symmetric distribution in Weyl conformal gravity has been obtained
by Mannheim and Kazanas [1|. Recently, the solution has been used to fit rotation curves
of many galaxy samples [2] as well as to predict the maximal size of galaxies [3|. Their
original method of invariant angle is most appropriate in such situations, but it has an as
yet unnoticed difficulty on the galactic scales, as explained below. Ishak et al. [4] thereafter
improved the calculations using the Einstein-Strauss vacuole model. The purpose of this
paper is to use the vacuole model to show that there is an increase in the Schwarzschild
deflection angle in the vicinity of galaxies due purely to the effect of v>0
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The conclusion about possible existence of the limiting energy density obtained in the
framework of the Poincare gauge theory of gravity (PGTG) is of principal meaning for
massive superdense stars preventing its collapse [1|. The evolution of massive gravitating
homogeneous dust sphere is studied in the frame of PGTG based on general expression
of gravitational Lagrangian including both a scalar curvature and terms quadratic in
the gravitational field strengths - the curvature and torsion tensors. Internal solution
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for metric and torsion functions is obtained by using co-moving coordinate system and
integrating gravitational equations for homogeneous closed system [2] (similar to [3]).
Obtained internal solution corresponds to dynamics of dust sphere in the form of oscillations
between maximum and minimum values of energy density. External vacuum solution
is obtained by numerical integration of system of gravitational equations of PGTG in
spherically symmetric case, which contains 6+8 differential equations for two metric and 8
torsion functions. Matching of external and internal solutions is carried out. Gravitational
equations for massive dust sphere were obtained by using restrictions on indefinite para-
meters of gravitational Lagrangian compatible with observational cosmological data.
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Uccnemyercs rpaBUTalinoOHHOE TI0JIE JIJIT HECTAIIMOHAPHOIO C(epUIecKn CHMMETPHU-
HOT'O paclpeJie/ieHnusi MaTePUu U JIYIUCTOTO MOTOKa SHEPruu. TeH30p SHEePruu-uMIry/Ibca
(TOW) nmeer Bu

T* = (e + p)u'v’ — pg™* + wi'l'.
[IycTh 715 njieabHOM KUJIKOCTH BBITIOJIHAETCS YPaBHEHNE COCTOSHUS (DU3MIECKOTIO BaKy-
yMa, T.e. p = —e. U3 koBapuanTHoro nocrosiacta TOU ciemyer, uro € = £(t). B pabore
HCIIOJIb3YEeTC METPHUKA,

ds® = ydt* 4 2zdtdr — 2 (d6* + sin® 0dp?)

e byHKINKA T,%, 2 3aBUCAT OT IIEpEeMeHHBIX t,r. V3 ypaBHeHuUil DilHINITEHA HAXOIIM
TOYHBbIE BBIPAYXKEHUSI JIJII METPUIECKHX KOI(MDMUIMEHTOB, IIJIOTHOCTENH SHEPIruu (pusnde-
CKOI'O BaKyyMa M YUCTOT'O U3JIyUYCHUA

z=a(t)r', y=d*(t)+2ia(t) — A(t)/z — B(t)2?,
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e=3BW =B (mﬁ)_ié (mA)

a%(t) ’ a 22 a a?

B craruke 910 permrenne cBoguTcd K m3BecTHoMy perternio Koriepa, koropoe npu A = 0
CBOJIUTCS K craTudeckoMy perenuio je-Currepa, K BHerrHemy perrenuio [IIBaprmmin-
jga npu B = 0 wim K perennio Baitnps npu A(t) = 2m(t). 13 ocraBumxcst ypaBHeHHit
caeyer, uro st € > 0 rpebyercst B(t) > 0. Uccnenosanue ypasuenuii DiiHireiina moka-
3aJ10, 9TO (PU3NUECKUE CBOWCTBA CPEJbl C YPAaBHEHUEM COCTOAHUS (DU3MIECKOIO BaKyyMa
MHBapPUAHTHBI OTHOCUTE/IHHO BBIOOPA CHUCTEMBI OTCUYETA. JTO O3HATAET, 9TO paIuaibHAas
CKOPOCTH BBINIQJIACT W3 ypaBHeHuil DitHmreiina, ecimm p = —e. M3BecTHO, 9TO ecu uc-
oJIb3yeTcst TOMbKO TV ujaeanbHON KUJIKOCTH, TO YPaBHEHUE COCTOSHUS (PUBNIECKOTO
BaKyyMa IMPUBOJUT K P = —& = CONSt, 9TO MOKHO MHTEPIPETUPOBATH KaK MPOSBICHUE
KOCMOJIOTHYIECKOI TtocTosinnoit. B namem ciaydae k TOU njeanbHOl KUJIKOCTH T00aBICH
TOU gucroro uzaydenusi, uro npusogut K p(t) = —e(t). B urore mosydaercs wecrary-
OHApHOE PeIIeHne ¢ 3aBUCUMOCTDHIO OT 7. [loydennble pentenns 1 BBIBOJIBI CIIPABE/IJINBHI
BCIOJy BHE TOPH30HTa cOObITHA, T.e. pu ds # (. Terepb paccMoTpuM 0coOble perieHwst
JUIsT CUCTEMBI OTCUYETa, B KOTOPOi BbINIOJIHAETCS yesioBue ds = (. YpaBHeHUs DIHIITEH-
Ha MMEIOT PEIICHHs, eCJIH OCTaéTCsl KOHEIHBIM oTHomIenne (& + p)/ds. s merpudeckux
KO3 (DUITUEHTOB TI0JIyIaeTCsl ypaBHEHUE

(zy" — 2 + 222 — 228") 2% + 22(2* + 2200 — y2'?) = 0.
MozKHO yKa3aTh TOYHBIE PENICHUsI IS CJICYIONIX TACTHBIX CJIyIaeH:

r, , O*w/0to¢ = 2sh(w), w=1Inz, E=1/r;
r=a(t), y=0bt), Ow/ordr=exp(w), w=Iz, a*0/0r=209/0t.

31ech 3anncanbl ypapaenne cunyc-l'opyon runepbosindeckuii u ypasauenue JInyBuiis, s

KOTOPBIX M3BECTHBI TOYHBIE PEIIECHUs. YCTAHOBJIECHO, UTO CYIIECTBYET 00JIaCTh JIONYCTHU-
MBIX 3HAYEHU JIJIA [TapaMeTpPOB U IepeMeHHbIX, obecrieunBaionas (PU3nIecKnuii CMBICII.

JIEMEHTHI KOH®OPMHOMN TEOPUN I'PABUTAIIN
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[IpeacraBuM MHIYIIMPOBAHHYIO HA TUIIEPIIOBEPXHOCTHU X; ITPOCTPAHCTBA-BPEMEHU MET-
PHUKY IIPOCTPAHCTBA Y B BUJIE
4~
v =03, (1)

e W-HeKoTopoe CKaJIAPHOe T0JIe U Y—BCIIOMOraTe/ibHasg METPUKA Ha Y, KOTOpas SBJIs-
ercs puMaHoBoil Kak 1 7. CoorHorernne (1) HasbIBaeTCs KOHEGOPMHBIM NPEOOPAZ0BAHUEM.
Beeném momoHUTETIBHYIO CTPYKTYPY Ha THIEPIOBEpXHOCTH Y, (hoHOBYIO MeTpuKy f. C
nomorpio f onpeses M MeTpudecKuilt TeH30p

1/12
=Ty, U= (%) ) v = det (745), f=det(fi;). (2)

93



54 CEKIINA A. KIIACCUYECKAS TEOPUSA I'PABUTAIINN 1 EE OBOBIIEHNUSA

Metrpuka 7, oupezesnéunast (2), Oymer Ha3bBATHCA Kongopmmot mempukot. Tanee, mves
KOH(MOPMHYIO METPHUKY, MOXKHO pa3paboTarsb Konpopmuut anasud. Hadaapuble ganHble
Ha Yo B KOHPOPMHOT MEopuy 2pasumauuy, Ioapa3aeasioTcs Ha cBOOOIHO 3a/laBaeMble 1
“cBsA3aHHbIE” .

o CB0oOOIHO 3a1aBaeMble JIAHHBIE:

— KOoH(OpMHAas MEeTPUKa 7; -

— CUMMeTPUYIEeCKHUil OeCCcIeIOBLIA U IOIEPEeYHbI TeH30p BHEITHEH KPUBU3HDI A’IZT;

— CJIeJT TeH30pa BHENTHel KPUBU3HBI K ;

— KOHCl)OpMHbIG MaTepHuaJibHbIE IIEpEeMEHHbIC.

Pacmmupenue Bceesternoit mpejmnosiaraeT paciimpeHne BceX MHTEPBAJIOB, BKJIIOUas dTa-
JIOHBI U3MEPEHMsI STUX MHTEPBAJIOB. BBejleHne OTHOCUTEIHLHOTO 9TAJIOHa O3HAYAET OTOXK-
JIeCTBJIEHHE HAOJTIOIAEMbBIX BEJIMIUH ¢ KOH(OPMHBIMHE ITOJISIMHI 1 KOOPJANHATAME, YTO BEJET
K KOH(pOPMHON KOCMOJIOTUN MACC BMECTO CTAHIAPTHON KOCMOJIOIHMHU SBOJIIOIUH PACCTOsI-
unit. Kongopmmas xKocmor02us OMMUCHIBACT OJHOBPEMEHHO COBPEMEHHYIO CTAIUI0 YCKOPS-
[oTIeiicst 9BOJIIONUH (B COOTBETCTBUY C MOCIETHUME JIAHHBIMU 110 CBEPXHOBBIM) U CTAIHIO
IIEPBUYHOTO CUHTE3A 3JIEMEHTOB B C/IYUae IPEIETbHO XKECTKOTO YPABHEHUST COCTOSTHUS, 9TO
YKa3bIBaeT Ha YHUCTO I'PaABUTAIIMOHHOEC ITPONCXOXKJACHNEC TaK Ha3blBaCMbIX TEMHON dHepIrumn
u TéMmHOI MaTepun. POTOHBI, UCIYIIEHHBIE aTOMaMU Ha JAJEKUX 3BE3JaX MUJLIAAP/IbI
JIET TOMY Ha3aJ, 3allOMHHAIOT Pa3Mepbl aTOMOB. ATOMBI Ke OIPEeIeISINCh UX MaCCAMI
emé B TO Jajaékoe BpeMsi. ACTPOHOMBI B HACTOSIIEE BPpeMsi CIIEKTP CPABHUBAIOT CO CIIEK-
TPOM TaKHUX K€ aTOMOB Ha 3eMJie, HO C YBEJUUIUBIIEHics 3a IpoIie/inee BpeMs Maccoii. B
pesyJibTaTe HabJII0IAaeTCd KpacHoe CMeIleHne 2 ClIeKTpabHbIX Junnit @paynrodepa

Ao Ao

M e~ Mola(t)yma]

B kondopmHoit Teopun, 171e KOHMOOPMHBIE BEJTUUINHBI OTOXKJIECTBIIAIOTCS ¢ HAOJII0IaeMbl-
MU, JAHHBIE [10 3aBUCHMOCTHU KPACHOI'O CMEIIEHUs OT paccTosdnud 10 CBepXHOBBIX U JIaH-
Hbl€ TI0 HYKJICOCHHTE3Y COOTBETCTBYIOT OJHOMY U TOMY K€ IPEJIE/IbHO KECTKOMY ypaB-
HEHUIO COCTOAHMA. TemuepaTypHas ucTopus ropsdeit Beesrennoit, nepenncanias B OTHO-
CUTEJIbHBIX €JINHUTIAX, BBITJISAIAT KaK UCTOPHUS SBOJIIONMH MACC 3JIEMEHTAPHBIX YACTHUIL B
X0J10/1HOM Beesennoit ¢ mocTosiHHOM TeMitepaTypoit petukToBoro u3nyuenus 1’ = Tj. DBo-
JIIOTIUS JIJTUH B CTAHJIAPTHONW KOCMOJIOTUH 3aMEHSETCd Ha IBOJIIONUIO MacC B KOH(POPMHOI
KOCMOJIOTU .

OBOBIIEHVE TEOPUN JIEKTPOMATHETU3MA MAKCBEJIJIA
B CEMUMEPHOM ITPOCTPAHCTBE-BPEMEHN

FO.A. TlopTHOB®
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ma @emnoposa, Mocksa, Poccust

B pa6orax [1], [2| u [3| 6buta OKa3aHa n 060CHOBaHA HEOOXOIMMOCTE BBEJICHHS CEMII-
MEPHOI'O IIPOCTPaHCTBa-BpeMEH B TE€OPUIO I'PaBUTallUKU JIJIf OIIMCaHW A ITOCTYIIaTE/IbHOT'O
1 BpalllaTeJIbHOI'O JABUXKEHUA TeJI.

DJIeKTPOMArHUTHAS BOJIHA, KaK CIydayeT u3 pabor [4] u [5], obragaer He TOILKO MM-
IIyJIbCOM, HO 1 MOMEHTOM HUMIIYJIbCA. STO IIPUBOJUT K MBIC/IM, 9TO JIJIgA OIIMCaHUA JIBU2KE-
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HUAd 3aKPYYCHHBIX 9JICKTPOMalHUTHBIX BOJIH HeO6XO,ZLI/HVIO HCIIOJIb30BaTh HE YeThIpexXMep-
HOE TIPOCTPAHCTBO-BPEMSI, & CEMUMEPHOE ITPOCTPAHCTBO-BPEMSI.

ﬂﬂﬂ OIIMCaHWd 3aKPYYECHHDBIX 3JICKTPOMalrHUTHBIX BOJIH Y€ThbIpEXMEpHasd TCOPUAd IJICK-
TpoMarneruzma Makcsesia Obla 0000IIEHa B IPOCTPAHCTBE-BPEMEHH CEMU U3MEPEHMIT,
YTO IIO3BOJIXJIO IIOJIYIUTDL YPaBHCHUA JICKTPOMalrHUTHBIX BOJIH C YI€TOM UX CO6CTB€HHOI‘O
Bpatenusd. Tak nHampumep, Jjidg MyCTOTO ITPOCTPAHCTBA-BPEMEHN YpaBHEHHE 3JIEKTPOMAr-
HUTHON BOJIHBI IIpuHUMaeT BUJT:

2 2
E = Eyexp (—i (wt——%v——ﬂa)).
A It

JLst mpocTpaHCTBa C MACCUBHBIM BPAIIAIONIMMCA TEJIOM, HAIJIEHO peleHne, B KOTOPOM
IIOMHUMO MCKPHUBJCHUA XOJa JICKTPOMArHUTHBIX BOJH IIPUCYTCTBYCT N3MCHEHUE MOMECHTa
AMITYJIBCA 3JICKTPOMArHUTHON BOJIHBL.
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THE SOMMERS BIVECTOR OF AN SHEAR-FREE CONGRUENCE
AND CR GEOMETRY
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We consider the properties of shear-free null geodesic congruences with the tangent null
vector field I = €464 where spinor field €4 satisfies the shear-free condition E468V g4 ép =
0. There is the well-known Sommers bivector F,, = V|,¢,; where complex vector field
¢aa is defined by Vara€p)y = dara€p). The bivector is invariant under rescalings of €4
and his anti-selfdual part describes the conformal (Weyl) curvature of the space-time. The
selfdual part is more particular to the congruence. On the other hand the 3-dimensional
leaf space of integral curves produced by I* has an CR structure. This structure is uniquely
determined by a complete set of invariant quantities, so-called the Cartan invariants. We
study the relations between the self-dual part of the Sommers bivector and the underlying
CR geometry.

35



56 CEKIINA A. KIIACCUYECKAS TEOPUSA I'PABUTAIINN 1 EE OBOBIIEHNUSA

GENERAL THEORY OF MECHANICS FROM HYPERCOMPLEX
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Geometry and pregeometry. All basic units of real, complex, quaternion, double, dual
and bi-quaternion algebras can be composed of a single dyad on a basic surface. The
metric of the dyad’s vicinity, 2D-cell, behaves as the real unit, three vector units behave
as a frame in 3D space. The “pregeometric” 2D-cell’s dimensions are square roots from
“geometric” 3D space dimensions.

Transformations of 2D-cell. The 2D-cell’s area can “flicker” from real to imaginary
sector with a phase; respective 3D frame rotates by the double angle, this doesn’t damage
the algebras; stretching of the flickering 2D-cell (endowing it with a “semi-density”) disables
the algebras.

Stability condition. The defect is smoothed away by a normalizing integral of a dyad’s
vector square length over a volume of an abstract space. The algebras are saved “forever”
if the functional is constant with respect to a parameter; this “stability condition” yields
a continuity-type equation for the semi-density square.

Consequences of the stability condition. If a 2D-cell propagation vector in the abstract
space is just a gradient of the flickering phase, then the continuity equation yields a math
equation equivalent of the Schrodinger equation, its real part being a math equivalent of
conservation law for semi-density function, the imaginary part being a math equivalent
of the Hamilton-Jacobi equation of classical mechanics, the 2D-cell’s flickering phase (or
angle of the 3D frame rotation) playing the role of the action function. The minimal value
of the phase on the parameter segment entails a math equivalent of the Euler-Lagrange
equation. If a 2D-cell propagation vector also includes an exterior vector field, then the
primary continuity equation yields a math equivalent of the Pauli equation.

Transition to the physical space. Transition from an abstract space to the physical
space compels to introduce space-time standards. Characteristic short space-time scales
are chosen based on the Compton wave length. In these units the 2D-cell describes a
pregeometric protoparticle its semi-density function acquiring the sense of relative semi-
mass density, the normalizing functional becoming definition of 3D particle mass.

Equations of mechanics. In the physical units the primary equations become those
of Schrodinger and Pauli. Schrodinger equations decays into Bohm-type equations [1],
that for the semi-mass density being a square root from the mass conservation law. In
physical units the 2D-cell’s flickering phase becomes a mechanical action measured in
units of the Planck constant. The Bohm-type equation for the action disintegrates into a
static equation for the semi-mass density distribution influenced by an interior potential
(on micro-scale) and the Hamilton-Jacobi equation for a classical particle (on laboratory
scale). In physical units the math Euler-Lagrange-type equation becomes the Newtonian
dynamical equation.

The helix model. The model of a particle in 3D space is a point-like mass distributed
in a small volume with frozen in 3D frame able to rotate; at a point of the particle’s
ultimate radius velocity of rotation equals that of light; for moving particle this point
depicts a cylindrical helix line.
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Relativistic particle. The difference between squares of the free particle’s helix small
length and path has the form of the space-time interval of Special Relativity; in physical
units this interval gives the action function of a relativistic particle. Reduction to the
non-relativistic case reestablishes relations between classical and quantum magnitudes,
thus determining the free particle’s 2D equivalent (protoparticle) as the De Broglie wave.
The rest energy of an immobile 3D particle turns out linked with its interior rotation.

“More general” relativity. Distortion of the helix line (as if under an exterior force
influence) leads to appearance of variable metric components. The 3D space Euler-Lagrange
equation of such a particle exactly coincides with the 4D space-time geodesic equation,
thus converging the helix model theory with general relativity.

References
[1] D.Bohm, “A Suggested Interpretation of the Quantum Theory in Terms of "Hidden"
Variables. I”. Phys. Rev., 85, pp. 166 — 179 (1952).



Proceeding of International Gravitational Conference «<RUSGRAV-15»

SECTION B. Quantum gravity, string
theory, supergravity

Kazan, Kazan Federal Uiversity, 30.06-05.07.2014



TE3UCHI ME2K/IVHAPOJIHOV KOH®EPEHIIUN GR-XV 99

ON THE PHENOMENOLOGICAL DESCRIPTION OF PARTICLE
CREATION AND ITS INFLUENCE ON THE SPACE-TIME METRICS

Victor Berezin®
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60th October Anniversary Prospect 7a, 117312 Moscow, Russia

Abstract. The method is proposed for the phenomenological description of particle creation by external
fields (in the presence of gravitational field or without it). It is shown that, despite the appearance of
the non-dynamical degrees of freedom, such as the number density and four-velocities of particles at the
moment of creation (and corresponding Lagrange multipliers) the theory is complete and self-consistent.
It appears that the very existence of particle creation processes requires the non-zero trace anomaly of
the external quantum field under consideration. .

Pacs:04.20.Dw, 04.40.-b, 04.40.Nr, 04.70. Bw, 04.70.-s, 97.60.Lf Keywords: particle creation,

hydrodynamics

The great activity in investigation of particle creation in strong gravitational fields [1]
revealed the importance of such processes both in cosmology and in black hole physics. It
appeared that the most difficult problem is tat of taking into account the back reaction
on the space-time metrics. And it is not only the influence of the created particles, what
is rather easy to do, at least in principle, but also the contribution due to the vacuum
polarization accompanying necessarily the creation processes (and being, in a sense, its
cause). The main obstacle to do this self-consistently is that the construction of the
quantum part of the specific model requires the knowledge of the boundary conditions
which, in turn, can be formulated only after solving the corresponding Einstein equations
with the right hand side (the energy-momentum tensor) with the properly averaged
quantum entities. In some special cases when, by definition, the space-time possesses very
high symmetry, such a procedure can be fulfilled, at least, in the one loop approximation.
For instance, for homogeneous and isotropic cosmological models the quantum normalization
demands the modification of the initial classical Einstein-Hilbert action by adding the term
quadratic in the scalar curvature. This lead to the violation of the energy dominance - the
necessary condition of the well known singularity theorems. The most famous example is
the Starobinsky inflationary model [2].

Our idea is the following. The processes of particle creation are essentially nonlocal.
But, if the external fields are strong enough, the separation between just created particles
becomes of order of their Compton length, and we can safely approximate them by some
condensed matter. Since in such an approach the nonlocal processes become, formally,
the local ones, there is a hope that the local vacuum polarization ill be automatically
incorporated into the formalism as well. The same concerns also the trace anomalies that
play essential role in quantum processes of particle creation both in cosmology [3] and
in the black hole thermodynamics [4]. One should be rather cautious when constructing
the formalism, because it may appear controversial to use the conventional form of the
energy-momentum tensor for created particles and just demanding their number non-
conservation. The problem is that in deriving the hydrodynamical energy-momentum
tensor, as how it is described in the textbooks, one starts from the action for a single
particle and obtain the equation of motion by varying its world line, find the expression



60 CEKIINA B. KBAHTOBAA I'PABUTALINA, TEOPUSA CTPYH, CYIIEI'PABUTAITNA

for the energy and momentum, and then consider the particle ensemble and take the
limit of continuous distribution. Therefore, by doing this, one make use of the Lagrangian
coordinates for describing condensed matter and, implicitly, the conservation of particle
number.It follows from this, that we need the more appropriate Euler coordinates from
the very beginning, that is, already in the action integral. Such a formalism was developed
by J.R.Ray [5], who demonstrated also that the equation of motion for the perfect
fluid derived from the proposed action integral is just the famous Euler hydrodynamical
equation. The advantage of the Ray’s approach is that the particle conservation condition
(the continuity equation) enters the action integral explicitly through the corresponding
constraint with the Lagrange multiplier.

The first attempt to describe the particle creation phenomenologically was made by
the author in 1987 [6]. The proposed recipe was very simple: instead of the continuity
equation, considered as one of the constraints, just to equate the number of created
particles in unit volume per unit time interval not to zero but to some function of the
responsible for this process external fields. Among other things, it was shown that, indeed,
it is possible to violate in this way the energy dominance condition. But at that time it
was not recognized that the four-velocities of particles at the moment of their creation
(just those ones that enter the creation rate law) have nothing in common with that of
already created particles and, therefore, they should not be considered as the dynamical
variables subject to variation according to the least action principle. Thus, the flow of the
creating particles must be separated from the flow of the already created ones. In this
paper we would like to show that, in spite of such diminishing in the number of dynamical
variables (compared to the number of unknown functions), it is still possible to construct
a self-consistent theory.

To clarify our point of view, let us start with the simplest model: construction of the
constraint dynamics for the perfect fluid using the Euler variables.

The dynamical variables in this case are the number density n(z), the four velocity
vector of fluid’s flow u®(x) and some auxiliary field X (z) for enumeration of the world-
lines. The constraints are the normalization condition u’ug = 1, the continuity equation
(particle number conservation) (nu”),; = 0 and Xgu® = 0 — X(x) = const on
every trajectory (here "comma'"denotes the partial derivative, while "semicolon covariant
derivative with respect to the space-time metrics g,3 and metric connections). The (invariant)
energy density of the fluid equals

e(n, X) = pu(X)n + nll(n), (1)

where II(n) is the potential energy describing the (self )interaction between the constituent
particles, and p(X) is their mass distribution. The pressure p(n) is

p=n‘—=—c+n—. (2)

The action integral S can be written in the form (,/—g¢ is the determinant of the metric
tensor):

S = —/e(X, n)\/—_gdx—l—/)\o(x)(uﬂuﬁ —1)y/—gdx +
/Al(x)(nuﬂ);g\/—_gdx—i-/)\Q(x)X,guﬁ\/—_gdx. (3)
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Here A\o(x), Ai(z) and A\y(x) are the Lagrange multipliers. Variation of this action integral
with respect to the dynamical variables and Lagrange multipliers gives us the following
set of equations of motion and constraints:

—2—2 — Apu’ =0
20U — nA o+ XX, =0
_5—; - ()‘2uﬁ);6 =0
U’BUg =1
(nu’)s = 0
X gu” 0 (4)

It is easy to show, by calculating a convolution of the second equation with the four-
velocity vector and making use of the constraints, that 2\ = —(¢ + p). Also, it is
not difficult, by using the integrability conditions (A1,ap = Age and X.ap = X5, ) and
constraints, to obtain the hydrodynamical Euler equation. Thus, the Lagrange multipliers
are, effectively, decoupled, and it is become possible to solve first the equations of motion
for dynamical variables and only then to find out the multipliers. In what follows we will
also need the expression for the energy-momentum tensor, 1,5 = %% (L is the
Lagrangian). For the hydrodynamical action, considered above, it reads

Top = —2XoUats + gap(e — No(uuy — 1) +nA ) — XX u”). (5)
By use of the equations of motion and constraints, it can be rewritten in the famous form,

Top = (€ + P)uatis — DGags - (6)

It is noteworthy to say that the Euler equation is just the continuity equation for such a
tensor, Tf; 5

Now, let us start to generalize the scheme in order to include in it the particle creation
processes. The simplest (and naive) way to do this is just to replace the continuity equation
(nu®)., = 0 by (nu®)., = ® (as was done in [6]), where ® is some function of the
invariants characterizing the field(s) that causes the particle creation. But, as was already
mentioned, this is rather controversial because both the number density of the creating
particles and their four-velocities are giving by the quantum theory of the external field
and they do not form the world-lines governed by the least action principle. Thus, the
above-mentioned variables should be separated from those describing the already created
particles. In what follows, for the sake of simplicity (and brevity) we will consider all the
particles as noninteracting directly with each other, i.e., the hydrodynamical pressure is
absent, p = 0, and the energy density equals ¢ = un (u = p(X) is the mass distribution,
n is the number density), while that of just creating particles is £ = MN (M is the
mass of the creating particles, and N is their number density).Note, that if there are no
other particles from the very beginning except the created ones, then u = M, but here we
prefer to keep them different. And, again, for the sake of simplicity we will consider in this
paper only the case of the external electric field creating the electron-positron pairs.So,
the total action integral contains two (actually) identical hydrodynamical parts (we will
distinguish them by the "tilde"sign), the conventional electromagnetic action, the parts
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describing the particle’s electromagnetic interaction and, at last, two parts responsible for
the pair creation. Namely,

Stot = Shydro + ghydro + Sem + Sint + Sint + Scr

Shydm(ghydm) = —/un\/—gdx%—//\o(uaua—1)\/—gdx+
/Al(nua);a\/—gdﬂc + Ao X qu®y/—gdx
1

Sem = ——— [ FopF*\/—gdz, (7)
16m

where Fo3 = AR — Anp = Aga — Aap - the electromagnetic field tensor, and Ao -

its vector-potential. To go further, we need to introduce the electric current four-vector,

In our case of identical particles (antiparticles) it is simply j* = enu® (j* = —ena®),

where e is the elementary electric charge. The action integral for their interaction with

the electromagnetic field reads as follows

Sint = _/Aaja\/ —gd$+/)\3j%\/—gdx+ //\a(ja — enu®)y/—gdx . (8)

The definition of the electric current four-vector j¢ with the corresponding vectorial
Lagrange multiplier ), is added to the conventional A,j%-term for further convenience,
while the continuity constraint jg, (with the Lagrange multiplier \3) is really necessary
here, because due to the change in the set of dynamical variables (the four-velocity
u® instead of the world-line trajectory z(7) in the conventional description) the gauge
invariance is not automatically incorporated into the formalism. To write down the exp-
ression for S;,;, one needs only to put “tilde” everywhere and change the sign of the electric
charge, e — —e. Let us now turn to the last term in the total action integral, S.,., which
is responsible for the particle creation.

S, = — — / MN\/—gdx — / MN/—gdx
+ /Ao(UaUa 1) gda + /Ao(ﬁaﬁa 1) gda
[ aa(vUz) - 0o + [ (V) - B)vgda
- /Aa(Ja + J)/—gdx + /AS(J“ +Ja).av/—gdr
+ / Au(J® — eNU®)y/gdz + / Ra(J® — eNT®)/gda (9)

It looks awful, but one should take into account that particles are created in pairs, so
M =M, N =N, & = &. It follows, then, that J*™/*=0 and, since only the inverse
metric tensor ¢*? should be varying when calculating the energy-momentum tensor, these
currents will not enter all the expressions individually but everywhere as the sum. Thus,
we can safely forget about them in the action integral. Eventually, one has

S, = —2 / MN/=gdz+2 / Ao(U° Uy —1)y/=gda+2 / As(NU®)—®)y/gdz . (10)
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Please note the absence of the auxiliary dynamical variables.
Let us write down the equations of motion obtained by varying all the dynamical
variables (except the four-vector potential A,) and Lagrange multipliers:

n —p— A pu’ —edg =0
u® 2M0Uq — Ao + XX o —enA, =0
o
X —n—=— (A =0
nax ~ (A2uB)is

Ao wug =0

A (nu”).s =0

Ao Xpu’ =0

J° Ao = X304+ A =0

A =
Ao Jj* = enu® (11)

(for the "tilde"equations one should change e — —e). In the same way as before we can
easily find, that B
200 = —pn; 2\ = —[inn. (12)

Also, constructing the integrability conditions and making use of all the equations of
motion as well as the constraints, we recover the expression for the Lorentz force:

pgpu’ = eFygul

filig50° = —eFopt”. (13)

Again, the hydrodynamical Lagrange multipliers and auxiliary variables are decoupled.
To continue, we need to specify the "creation function"®. It is already mentioned that it
depends on the invariants, describing the "creator". In our case it is the electromagnetic
fields, for which there are two well known invariants. For simplicity, we suppose that &
depends only on one of them, namely, L., = —IGLWF 5, FP7. We are now ready to derive
the modified Maxwell equations by varying the vector-potential A,. The result is

(1 + zAl%chemFaﬁ) = —Ar (% +j°) . (14)
iB

Note, that, "still unknown"Lagrange multiplier A; enters these equations. To summarize,
we have the following set of equations:

,uua;@uﬁ = eFaf;uﬂ
filig50° = —eF,p0°
uug = @Pug =1
(nu’). = (na”)s =0
§ =enu®, j* = —enu®
oL
(1 + 2A1—LemFaﬂ) = —4r (5™ + &%)
0 ;8
1
UUs =1, (NUP) .y = ®(Lem), Lem=———F"F (15)

167 e
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Evidently, for 7 non-dynamical functions, namely, N, U%, Ay and Ay, we have only two
constraints. What to do?

To understand this, let us find the energy-momentum tensor. After some lengthy
calculations we get eventually

Tap = pnugug + intats — 4MoUsvy + 2gag(MN + Ay, U7)
1 0P

1
— — (1 =2\ )| Fo, I + Gap | =—F - F77 + 20,9 | . 16
47T( 18Lem) s I 5(167{' K ek ) (16)

It is well known that the energy-momentum tensor obeys the continuity equation, 7’ f; 5 =0,
either as a consequence of the Bianchi identities in General Relativity, or due to the re-
parametrization invariance of the action integral plus equations of motion. We can use
these four equations and solve them four, of five remained, non-dynamical functions. It
appeared that they can be written in the form

—2(AU?) Ua + 280U Unip + MN o + (NA1gU) |+ Ao (NUP) ;=0 (17)

We see that there is no trace of either hydrodynamical variables and corresponding
Lagrange multipliers, or the electromagnetic field. Thus, we need only one more equation.
To find it, let us calculate the trace of the purely electromagnetic part of our energy-
momentum tensor, T/ (em):

h

0P 1
Tg(em) = 8\, (@(Lem) — Lem%) , em = ~To~ Lo F7 (18)

Equating this to the trace anomaly (which is to be taken form the "outside- relevant
quantum field theory), we get the last of the required equations.

This proves the consistency of the proposed approach. It is very interesting and seems
important that without the nonzero trace anomaly the particle creation is impossible.

P.S. When he particle creation goes due to the gravitational field, the argument in the
"creation function"should be chosen as the square of the Weyl tensor.

The author is grateful to Vyacheslav Dokuchaev, Yurii Eroshenko and Alexey Smirnov
for valuable discussions. I would like to thank for the financial support the Russian
Foundation for Basic Researches, grant 13-02-00257.
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KERR-NEWMAN ELECTRON AS SPINNING SOLITON:
EMERGENCE OF THE DIRAC EQUATION

Alexander Burinskii®

eF-mail: bur@ibrae.ac.ru; Theor. Phys. Lab., NSI, Russian Academy of Sciences, Moskow,Russia

It has been discussed for long time that black holes (BH) have to be related with
elementary particles. The Kerr-Newman rotating BH solution has gyromagnetic ratio
g = 2 as that of the Dirac electron, and the four measurable parameters of the electron:
spin, mass, charge and magnetic moment shows unambiguously that gravitational and
electromagnetic field of the electron should correspond to over-rotating Kerr-Newman
(KN) solution without horizon. However, remarkable properties of this soliton cannot
draw us away from the question: Where is the Dirac equation hidden inside this soliton?
Here we answer this question.

The naked Kerr singular ring forms a branch line of space into the sheet of advanced
and sheet of the retarded fields with different null congruences K+, creating two different
metrics gff,/ = N +2H kf/{f on the same Minkowski background M*. The Kerr singular
ring conflicts with flat spacetime of quantum theory, which requires "regularization"of
space. The consistent regular source of the KN solution is formed by a regular soliton
model in the form of a disk-like bag with the confined Higgs field in a pseudo-vacuum
state. The Higgs matter regulates the KN electromagnetic (EM) field pushing it from
interior of the bag to a string-like boundary forming an oscillating electroweak soliton. It
seemed that the disk-like soliton removes twosheeted space, however, the problem emerges
from another side. The source has a doubled world-sheet. This second sheet is related with
advanced field, and this structure is analogous to the old Dirac model of radiation reaction.
The retarded potential A,.; is split into a half-sum and half-difference with advanced fields
Aga as follows A, = %[Aret—i—Aadv] +%[Aret — Auan|, where half-difference is responsible for
self-interaction. Orientifolding the soliton source, one has to add to the sheet of retarded

65
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fields an additional sheet of advanced fields, which should be related with self-interaction
of the soliton, which determines its mass.

In accord with the properties of the Kerr-Schild solutions, the fields A,.; and A.q,
could not reside on the same physical sheet, because each of them should be aligned with
the corresponding Kerr congruence. Considering the retarded sheet as a basic physical
sheet, one fixes the congruence K,.; and corresponding metric g:[,/, which are not suit for
the advanced field A,q4,, which is consistent with another congruence K,q4, and should be
positioned on a separate sheet with metric g,,. However, this problem disappears inside
the bag, where the space is flat, and the both null congruences K,.; and K,4, are null
not only with respect to the corresponding Kerr-Schild metrics, but also with respect to
the flat Minkowski background. Two external spinor fields associated with two Kerr null
congruences, generated by two conjugate solutions of the Kerr theorem Y*(z#), reside
on the different sheets k:(x), and are connected by antipodal relation Y = —1/Y .
The projective spinor coordinate, Y = ¢/, is equivalent to the Weyl two-component

spinor ¢, = ( jZl ) . Two massless spinor fields of different chirality ¢, and x® are joined
0

into Dirac spinor and satisfy the massless Dirac equation. In the Weyl basis it splits in
two equations 6+ (id, + €A, )do = mx®, ok, (10, + eA,)x* = md,. The corresponding
null vectors kf = ¢pote k' = xo*x describe two principal null congruences given by
antipodal solutions Y* of the Kerr theorem. Outside the bag these null fields reside on
different sheets of the KN solution, but penetrating in the bag they meet without conflict
on the same internal sheet due to flatness of internal space and may be described as a
four-component Dirac spinor W(z) satisfying the massless Dirac equation. The confined
in the bag Higgs field ® provides the left and right spinor fields of the Kerr congruence

by the Yukawa interaction
ﬁYukawa((I)a \I/) = —g\TJ(I)\II (1)

and gives them the mass term creating the massive Dirac equation.
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Aunoramus. Pasauvue 3nauerutl KOCMOAORUYECKOT NOCMOAHHOT, NOAYUEHHOT U3 acmPoPusuMecku
nabmodenudi u npedckasanuds obwet meopuu omnocumenvnocmu (OTO), ¢ yuemom xeanmosvix sfgex-
MO8 NOAAPUZAUUY BAKYYMA, USBECTMHO 8 HAYKE Kak Nnpobrema Kocmonrozuveckot nocmosnnot”. Ocmpo-
my amoti npobaemvl, yeususaem gaxm, wmo ykasannoe pasaunue ozpommoe - 10120, ITpedrazaemesa pe-
wenue JaHHol NPOOAEMBL 6 PAMKAT TEoPuY UHIYUUPOSAHHOT 2pasumayuy paspabomannoti 6 pabomax
asmopa.

Bsegenne

Panee namu 6b1JI0 IPEJJIOKEHO Cleytolnee 0b6o0Ierne reopun cTpyH [1]

w

So = — / {—%(VVX, V'X) + ER(X, X) + U} V—gd'o, (1)

e npuaaATH obozHavenus: (X, X) = X4XBn,p =Y, (V,X,V"X) =V, XV, XBg"n,p,
U = U(X?) - norenruan 3apucsamuii ot noseit X 4. B crarne [1] Mbr npunuvamm U(X4) =
Up = A(X, X)?, tne p = =*5. Jlna npocrorst 3ammcn Gyaem cunrars U(X4) = U(Y (X))
. B neitcreun (1) dynkmmn X4 = XA(o#), rne A, B=1,2,....D, pv=01,...,n—1,
orobpazKaloT n-mMepHoe MHoroobpasue 1l onuceiBaemMoe METPUKOiL gy, B D-MepHOe 1mpoc-
TPaHCTBO - Bpemst M ¢ MeTpukoir 14p, Ije npocTpancTBo M orpejensercs MeTpPUKOit
MunkoBCKOrO ¢ curHaTypoit (—,+,...,+). OJHAKO, KAK BBISCHSIETCS HPU JIeTATHHOM
paccMoTpenun yjobnee ocTaBadaTh curuatypy M mpou3BoJibHOM. 3/1eCh MOJI CUTHATYPOIt
IJIOCKOTO TpocTpancTBa M TOHMMAaeTCs 3HAKHM 3JIEMEHTOB JHArOHAJILHON METPUYeCKOi
MATPHUIIBI, Y KOTOPOil O TVIABHO# Juaronaan crodT + mwin -1. R — ckajagpHas KPpUBH3HA
muoroobpasug 11, oneparop V, o3nadaer KOBapHMAHTHYIO IPOM3BO/IHYIO B MHOTOOODa3UN
I1, re cumBostbl Kpuctoddens cBa3anbl ¢ METPUKOI cTaHIaPTHBIM 00pa3oM. Byaem cun-
TaTh, UTO IpocTpancTso I — mapamMerpuszoBanbl KoopauHaTamu ot riae o =t — BpeMeH-
Has KOOpJMHATa, a KOMIOHeHThl o' (i = 1,2,...,n — 1) onucbiBaioT HeKoTOpbIi 1 — 1 -

MepHBIiT 00beKT. Besmmaunbr w, £, A gBISIOTCS TOCTOSTHHBIMU.

Makpockonndyeckue ypaBHEHUA

11t rpaBUTHUPYIONIEH CUCTEMBI, ¢ MaTepueil, B3anMOoAeficTBYIONIEH ¢ CKaIsipHBIMU TTOJISIMU
[2] 6bLIH TOJTyUeHBI CoteyoIIne CAMOCOTIACOBAHHBIE YPABHEHUS:
1 n—2 1

w
2§—Y[_ 5 B+ U]gag + ?[VQV5 — gaBD]Y + QS—YT(e)ag, (2)

Gap =

e Gop -rensop Diinmreitna; T{eyas- TOU nosteit marepun (HanpumMep, njieaabHON K-
koctH) B, &, w - mocrosiaabie, U = U(Y')- noTeHmuan caMoeficTBusl CKAISPHBIX TTOJIE.
CileicTBUEM 3TUX YpaBHEHUH ABJISETCS 3aKOH COXPAHEHMS SHEPIUU, UMEIOIIEro BU/I:

—2 au
—TS VB A VY - (ER+ o)+ wVal, =0, (3)
U ypaBHeHue Ha moJje Y:
n—2 2n w
Oy = ——[-nB + 2(RY U T 4
T e B RRY A+ U o =y T (4)

Ypasuenus (1) - ecTb aHAJIOr ypaBHEHUIT DHHIITEHHA /IS MAKPOCKOIIMIECKOH CPE/IBI.
[Ipu BBIBOJIE ypaBHEHMIT JIETAIOTCA CJIEIYIONINAE TIPE/IITOTOXKEHUS:
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1) uro mmmyrmposannas Merpuka (orobpaxkenns) (V,X,V,X) cBazana ¢ MeTpuKoif
MHOTro0Opaszus M mocpecTBOM (POPMYJIBL:

9w =Bo(V,X,V,X) p,v=0n-—1, (5)
- paccMaTpuBaeMast MOJIEIb MO3BOJIAeT HHTEPIPETHPOBAThL Pa3BUTHE BCeleHHON KaK pas-
BUTHE N = 4 MEpHBIX OOBEKTOB, BIOKCHHBIX B MHOIOMEpPHOE ILIOCKOE IIPOCTPAHCTBO-
Bpems 11 .

2) 3a cuyer B3aUMOJICHCTBUsI ¢ BEKTOPHBIMU TOJISIMUA YPABHEHUE I CKAJIAPHDBIX MOJIeil
npuobpeTaer JonosHnTeabHbl wien S4.To ecTh 9TH ypaBHEHHS MEHAIOTCS Ha YPABHEHUA

OXA + 26RXA + 29U x4 _ g4, (6)

dy
KonkperHblit Buji 9TOTO “ieHa 3aBUCUT OT Mojen. PaccmarpuBaeTcss B caMmblii OOIIui
cay4qait. [Ipu Bcem aToM OyJ1eM 1pe/iroiaraTb, 9T0 UMeeT MeCTO OOIIUil 3aKOH COXPaHEHMS.

Ypaaenusi (1), 32 UCK/IIOUEHHEM TI€PBOIO WIeHA B IIPABOI YacTH ypaBHEHMUsI, COBIIA-
JIAIOT € YaCTHBIM CJIydaeM ypaBHeHuii Treopun bpanca - Jlukke, eciu ckajagpHoe 10Je B
970l Teopun moI0KUThH: @ = 167Y /w. Tona X 4 Kak KOOpJMHATHI IpocTpancTsa M
MMEIOT Pa3MepHOCTh caHTUMeTp, oTKyda ciaeayer[Y] = em? u [w] = ecm®. Heitcrsue (1)
MBI B3sLii Oe3pa3sMepHON BETMIUHOII.

[Tepsoiit wien B ypaBHeHusix (1) MOKHO MHTEPIPETUPOBATH KaK "KOCMOJOIMIECKYIO
nocrogaay0". OgHAKO, YTOOBI yUIECTh BAUSHIE SHEPIUHU IOJIPU3allil BaKyyMa B I'DaBU-
Tarmio, BeraeauM n3 TOV marepun 9acTh CBA3aHHYIO C 9TOM SHEPIUEil, yI0BIETBOPSIONIE
YPABHEHHIO COCTOSIHUSA: &, + p,, = 0. [Ipennomaraercs, aro Bakyywm (B cpennem) obiajaer
CBOWCTBAMHU OJTHOPOJHOCTH ¥ m3oTporumu. Torna, B ypaBHeHusix (1) wieH CBA3aHHBIA ¢
s dekTuBHOI "KOCMOJIOIrHYIecKOi MOCTOSHHOI"OyIeT NUMeTh BUI;:

1 n—2
Aegr = —(———B, »+U). 7
£t 2€Y( 5 Bo+ we, +U) (7)
B nanbneiimmem BBemeM obosHadenne —B = —”T_QBO + we,,.

Taxkum 06pa3oM, BOBHHKAIOT SBOJIOIUOHUPYIONIHE BO BpeMenu rpasutanuontas (k),
kocMostorndeckast (A.s) "mocrosnmbe’:

we?

= — A —_
G 167EY R’ ef 25Y(

3JIECh €, ~-TJIOTHOCTDb SHEPTUU TOJIAPUBAINHI BaKyyMa, h - MOCTOAHHAS TIJIAHKA.

_B+U), n=4, (8)

s cayaas “Broxennss” (By = 1), Kak cieayer u3 ypaBHEHUiA (3), BOSMOXKHBI CIIETy-
FOIIME CTyYan:

DY = C = const, VgT(myas = 0.

Ormernm Taxzxke 9ro u3 Y = C = const, B = const. = Vg1, = 0.

B sroMm ciydae mosiydaeMm ypaBHEHHsI COBIAQJAONINE C ypaBHEHHAME DWHINTelHA, ¢
IPaBUTAIMOHHON ITOCTOAHHON Geff = const U ¢ KOCMOJIOTUYECKON ITOCTOAHHON Aeff =
const.

I) Y # const, u svinoansemea omdesvronti 3axon coxparenus oas mamepun: Vgl myas =
0. B srom caryuae u3 (3) ciemyer ypaBHeHne

dU

ER+ > =0. (9)
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III) Korma Y # const, B = const u ne 00A3a4MEALHO 6LINOAHACTCA OMOENLHYIT 3a-
KON COTPAHENUA OAA MaAmepuu. DTOT CIydail ABjgeTcd 0O0OICHIeM IPEeJbLIYIIEro CIIy-
4Jasd. 3aKOH COXPaHEHUs IPUHUMAET BUJ;:

dU
—V5Y . (ER + W) = ngT(m)ag. (10)

Kocmonoruueckast mozenb 6e3 camogeiictsus (U = 0)

CyIiecTBYIOT pelllenust ONUCBIBAIOITIE 9BOIONMIo Beernenmoit, korga Besmuannet Y, G, Ay
aBJistioTcsd QyHKImaMu Bpemenn. g ciaydas U = 0 mosrydeHsl aHAJIUTHYICCKHAE PEIeHUsT

Y =Y(t), a(t) ypasuennii (1)-(4) . Merpuueckas dhopma muoroobpasus I, coorser-
CTBYIOIIEH OJIHOPOHON, N30TPONHON KOCMOJIOTUYCCKON MOJIC/IN UMEET BUJI:

ds? = di* — &*(1)[(dx)* — K()de), (11)

re K (x) = {sh?x;sin? x; x?} - cooTsercrBenno s Mojeseil OTKPBITOTO, 3aKPLITOrO I
mwiockoro tunos. d)? - merpudeckas GpopMa chepbl, eIUHIIHOIO PaIlyca, BhIpaykKeHHast
B cepruyuecknx KOOPAMHATAX. [JIsT KOCMOJIOITYECKOH MOJIEJIN.

[LnoTHOCTD 9HEPIUM COOTBETCTBYIOILYIO MATEPUH U B3AUMOEICTBUIO €€ CO CKAJISIPHBIM
[I0JIEM TIPEJICTABJISEM B BUJIE:

fg + g) (12)

€ €
5:_+_p Y g0
at a3+ (fA+a

ypaBHeHI/IH MOZKHO IIpUBECTHU K CJIEAYIOIIEMY BUIAY:

y{— 4 A2 20 ARy 1

{a2+a2 2 a3 at b=0 (13)
a  kaY Ay w1, g r

e T2 A (ly (A R — 42l =0 14
a? +a2 +aY 3 6§{Y(a4+a3>+f)‘+a4+a3} (14)

[IpousBenena crmuBKa perieHnii jiad THIAIMOHHON cTajiun paciupenus Beenennoit. B
HavaIbLHOM cTajun, Beelennas HaxoIUTcs B PeXKUMe SKCIIOHEHITUAILHOTO PACIIUPEHNUS:

sh (tH,p) | B
Y =Y, =const, a(t)=—25 Hy=4/——, 15
0 1( ) Hop P 6£ YO ( )

KOTOpas OIUCHIBACTCS DWHIITEHHOBCKIUME YPABHEHHUSIMU U IPOJIOJIZKAETCsI KOPOTKOE Bpe-
Ms. Dra dasa MepexoguT B paJuanuoHHO-IOMUHUPYIONLYyIo crajuio. [Ipu stom Y # 0.
Pemenns ypasuenuit (13)-(22) nmeror Bu:

a=ay(t) =22 —Fy, x=1—1y (16)

BF, Bx*> BFyzIn(lz+al) cz p, pr
Y = — — _ o, T 1
®) 6 12¢ - A€ a o a a * Fy’ (17)

rae
_we o _we o Who o who o wh
pp - 65 ) p'r' - 65 ) :up - 65 ) IU/)\ - 65 9 :u”f' - 6§ )
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B dopmymax (15)-(18) mpuBesieHbl pereHns Jyisi Caydas TPOCTPAHCTBA OTKPBITOIO
tunia (k = —1), tue Fy, ta, ¢1 -NOCTOsIHHBIE MHTErPUPOBaHUsI. PeleHus Moy deHbl st
6oJiee IpocToro ciaydas, KOrja iy = [, = [, = 0. B aToM cirydae nmeer MecTo oT/ieIbHOE
coxpanenue TOU marepun.

[Tpupasusis coorsercryioniye Gyukiuu (15)-(18) u ux meppble NPOU3BOHBIE HalileM
macirabublit dhakrop ag = a(rg) U Bpemsi T CIIUBKU pemteHuil. V13 srux ypaBHeHuit

ciejayeTr COOTHOIICHUE:
Pp Pr Aepo  Fo

= — 18
%a3+%aé+ 3 ag’ (18)
e
B
Aojo = ——o.
Py

Mpr npoussesin cuuBky jByx (a3 pemennii (15)-(18) B MOMEHT BpeMeHH, Korja Mare-
pus orcyrcTByeT p, = 0, p, = 0 1 npousse/n cpaBHeHHe 3HAUCHUI BEJUYIUH, KOTOPBIE
[TOJTyYaIOTCS U3 HAIEll TEOPUH ¢ UX 3HAYCHUAMU TIOJTYICHHBIMU U3 aCTPOMPU3NIECKUX Ha-
OJITOJICHUIA.

s pemenns napaokcoB OpuMaHOBCKO KOCMOJIOTHE (ILJIOCKOCTHOCTH, OJJHOPOJHO-
CTU U U30TPOIMHU U T.J1.) JIOCTATOYHO, YTOOBI HH(DJISIINS TPOI0JZKAIAch 0K0JI0 70 Xab60108B-
CKHUX BpeMeH. 3a 9T0 BpeMs MacuTabHbli GhakTop ([epBoHaYaIbHBIM PA3MEPOM MOPsiIKa
10733¢m) yBemunBaercs B e ~ 10% pas, n kK MomenTy Hadasa DOPHIMAHOBCKON CTa-
TN MacIITabHbI (paKkTop oKasbiBaeTcs 1opska 107 3cm, uTo u Tpebyerca Jid perienust
po0JieMbl TOPU30HTa.3HAMEHNE MOCTOSHHON Xa0bJia Ha cTajuu WHQJISINNT COCTABIISIET
10%2cek™ > H > 10%%cek™! ~ 10%cm ™. Takum obpasom, cTaaus nHGIAIET 38 BPeMs
0t = 107**¢ ~ 10~%*cm "roToBUT"IEpBUYHOE BEIECTBO B OOIACTH € PA3MEPOM HOPIKA.
0.001 cm, KoTopoe pacmtupsiercs 1o wreprmu ¢ @ < 0 ([5], [6]).

N3mepennsd , ocnoBannbie Ha 3ddekTe pazderanns rajakTUK, Jal0T O9eHb MaJIoe 3Ha-
YeHue Jjid KOCMOJIOTUYECKON ITOCTOAHHOI:

598-107%  1.242.10756
c?em cm? ’

Ay =

[LnrorHOCTH SHEPIUN BaKyyMa, CBA3aHHYIO ¢ KBaHTOBbIMH ddderramu cs3biBator (B KTII)

¢ yInTpadHoIeTOBLIM 06pesanue. Ay = 22— = 9.62-10%cm 2 [7].9dbdexrusmas xoc-

Gmodh -
MOJIOTHYEeCKasl IIOCTOSTHHASA B Halllei Teopumn
paBHa
_BO + EpacW _BO
vae” — + Apge = 1.242 x 107°0 em 2,
2é“vaod 2SYrmod

rje Y04~ cOBpeMentoe 3uadenue Y (t).
C apyroit cTOPOHBI IPpaBUTAIIMOHHAS TOCTOSHHAL

w
— = = 6. 21 107% em? 1
T Gmod = 6.565362150 x 107% cm (19)

Pemast atu nBa ypaBHeHus, nojaras npu 3roM: By = 1, £ = —1/12, maxoaum:

Yimoa = —6.236 x 1077 em?;,  w = 6.823 x 107 %% e

Hewnssecrnas nocrostnuast Teopun w uMeeT BeJIMYUHY I1IJIAaHKOBCKOI'O MacIraba lw = (U}h)l/4 =

1.4x10733¢m. Taxmv 06pas3oM 3a cIeT COKPAIICHNS IBYX “"KOCMOJOTMIECKIX TOCTOTHHBIX -
FeOMETPUYIECKON 1 KBAHTOBOMN MPUPOJILI MOJTydaeM 3POEKTUBHYIO "KOCMOJJIOINYECKYIO TT0-
CTOSIHHYIO, COIVIACOBAHHYIO acTPOMU3NICCKUMU JTAHHBIMU.
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[ToncraBisas naiieHuble 3HaYCHUS TOCTOAHHDBIX BEJIUYUH, U YIUTBHIBadg BBIIIEC ITPUBE-
JIeHHbIE YCJIOBUS CIIUBKM, & UMEHHO, Mbl HaJlaraeM YCJIOBHE:
sh (10724 H,
sh(1077 Hoy) _ 107 (20)
H,,
13 sroro nagaabHOro ycjaoBud U ypasHenuil cimmsku, upu ky = —0.043, naxonum H,, =

5.99 x 10, Fy =3, c¢o=4.917 x 10%°cm, ¢ = —5.540 x 107%cm?. Bpems cyrue-
crBoBanmg wHAIIOnHON cTamn 0t = 1072 cm — 10733em. 3a 3T0 Bpems MacITabHbIil
dakTop yBesmauBaercd 1o 3Hadenus 0.905¢m.

Haiinennple 3Ha9eHns MOCTOAHHDBIX TT0CTaBUM B hopMyity (18) u BerMuUCIMM 3HAYEHEE
bynxnun Y (t) B COBPeMEHHYIO 310XY Zyoq = 1.3 X 1028em: Y (20q) = —2.231 x 10757 cm?.
IIpu 5TOM 3HaYeHHE 3TOI HMEepeMeHHOl B MOMEHT Iepexoja M3 MHQJISIUOHHON CTaJuu
10~ em cocrasnsier Y (tg) = —4.7341 x 107'cm?. Bnadenue nocrosmnoit Xabbaa a/a, B
COBPEMEHHYIO 310Xy, Bbraucennas 1o dbopmyiie (18) pasugerca 7.605 x 107> cm u s1o ne
IIPOTUBOPEYHUT COBPEMEHHBIM aCTPOHOMHMYECKIM JaHHBIM. Bendnna, KoTopasl He COIvla-
cyercst ¢ HAOJIOJACHUSIMA - 3TO OTHOCUTE/ILHOE N3MEHEHHUEe TPABUTAIIMOHHOMN ITOCTOSHHOI:
g ~ —1.438 x 10 %ear.

O 1Hako, OBLIO 3aMEYEHO CJIeIYIOIIee siBIeHre: Hab I faeMble BeTmanHb: H - mapameTp
Xabbma, Aepo = —2%, -3 deKTuBHAs KOCMOJIOIHYeCKas IMOCTOsIHHAsT BBIUHUC/IsSIEMbIE 110
nostydeHHbIM (opmMytaM ciuBKa aByX dyuKimii (15)-(18) He 3aBucar or BesmumHbl B.
D70 0OBACHACTC TeM, UTO U3 HauaIbHOro yeosus (20) caemyer: 26Y (1) = =Y (t) x B ;
a u3 (19) cremyer, aro
Gmociymod . (21>

Y
Takum obpazom napamerp B u3 ypaBHEHUII MOXKHO HCKJ/IIOYUTH, 3a CUYET IEperapamMer-
pusanuu GyHKIUR. B = By — €,4,W U MBI IPUXOJIUM K BBIBOJIY YTO B PacCMaTpUBaeMO
MO/JIE/IN, SHEPT sl IMOJIIpU3aliuu He HabJJrogaeMas BeJauduHa. [pu oM Teopust Bce
TaKW COJIEPXKUT KOCMOJIOIMIECKUN UIeH KOTOPBIA UMEET BHU/I

1
Ae - =.
Ir %

w = Gmod{/(tmod) X B = Geff =

B Hammx 9uc/IeHHbIX BBIYUCIEHUAX, O3 yuera BIUAHUS MaTepPHUH, 3TO BeaundnHa 3.465 X
107%%cm?, uTo B TpPU pasa GOJbINE BEJMIUHL IPUHATONH B CTAHIAPTHON TEOPUH I'DaBUTa-
UK, COIACYIONIeics HaOII0aeMbIMU JTAHHBIMI.

[IpeanosiozKumM, 9T0 B KOHIIE PaJIUalliOHHO-IOMUHUPYIONEH (ha3bl €CcTh aCUMIITOTUKA
Y(t) = Y1 = const, = p, = FyYy. I ydera Baugnus MaTepunm M3JTydeHHs IOJCTa-
BUM 9TO 3HAYeHHe MOCTOsIHHOM p, B dopmyay (18), tme Yy = —B/(26Acosm); Y1 =
3Acosms  Neosm = 1.241107%%cm =2 - npennosaraemMoe 3HadeHne KOCMOJIOIHYECKOIT TIOCTO-
snnoit. KoMIbioTepHble BLIYUCICHUS TOKA3bIBAIOT, 4TO Ipu BpeMenax t; = 10M ¢ bynxiums
Gess  (21), ¢ TOIHOCTBIO JIO UETBEPTOTO 3HAKA COBIAIAET C €€ COBPEMEHIBIM 3HAUCHIEM.
[TpemoioKumM, 9T0 B 3TOT MOMEHT BPEMEHH IPOMCXOIUT BTOPOil (ha3oBbIil mepexoj| oT
daszer Y # const k daze Y = Y1 = const. Torma sBostonus mocsieaneil pa3bl OMUCHIBA-
eTcsl ypaBHEHUSIMI JUHINTEIHA:

a2 A

a? 3

Pr . Ppy
GmOd(@ + E) =0 (22)
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BriBoabl

1.VpaBHeHUs TE€OPUN UMEIOT PEIIeHNsi KOTOPhIE MOTYT KaK COBIAJIATH C PENICHUsIMHI CTaH-
JIapTHOI Teopueil rpaBUTAIINN, TaK U HE COBIAJIATh. DTO CBI3aHO C TeM, UTO PYyHIaMEH-
TaJbHbIe "TIOCTOsIHHBIE Teopu, TaKue KakK I'PABUTAIMOHHAS U KOCMOJIOIHYECKAs MOI'YT
9BOJIIOIMOHUPOBATE BO BPEMEHH, a TaKyKe 3aBUCETh OT KoopanHaT. Takum oOpasoM, B 10-
CTATOYHO OOIIEM CJIydae, TeOPHsl OMHICHIBACT J[BE CHCTEMbI (CTAIIN): SHHIITEHHOBCKYIO 1
"sposmormonupyontyo " wi "nepecrpoeunyio” (HazBaHue mpeJIoKeHHOe aBTOpoM ). [lan-
HBIl [IPOTIECC HATIOMUHAET sIBJICHHE (DA30BOIO Mepexojia, TJe pasndHbe dha3bl (SUHIITeli-
HOBCKHE I'DABUTAIMOHHBIE CHCTEMbI, HO C PA3JIMUYHBIME TIOCTOSHHBIMU) [EPEXOJIAT JIPYT B
apyra.

2. B paccmaTrpuBaemoii Mojiesin cymiecTByeT 3peKT COKpaIieHus BJIUTHUS KOCMOJIO-
I'UYeCKOil TTOCTOTHHOM. MexaHn3M coKpallleHusl IIOCTOsIHHOM YacTH SHEPIUH BaKyyMa, CBO-
JIUTCS MYJIBTAILIHKATHBHOMY COKpaIleHno. [IpuHIuI ero mpocroit 1 0CHOBaH Ha 3aKOHEe
COXPAHEHHUs SHEPruu MpHu (Pas30BbIX IEPEX0JaX, COOTBETCTBYIONINX PA3JIUIHBIM STAIaM
sBoJionuu Beestennoit n cTpykTypoii paccMmarpuBaeMoit Teopur. OTMETHM, UTO yKa3aH-
HBII MEXaHU3M COKPAIIEHNS SHEPIUN BaKyyMa HallOMUHACT MEXaHU3M COKPAIIEHUs PACX0-
JIIMOCTEll B KBAHTOBOI TEOPHUH ITEPEHOPMUPOBOK, HECMOTPS Ha TO, UTO paccMaTpUBaeMasi
TEOpUs SIBJISIETCSI KJIACCUIECKOI.
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Pabora siBiisiercs npojozkenem uccsegosanuii 1, 2, 3| B K mpuiozkeHnn KOCMOJIOTH-
YEeCKOM MOIEJIN.

[Ipu u3yvennn KOCMOJIOTUIECKUX TPUIOKEHII TEOPUN YIUTHIBACTCS BIUTHUE HAJITIHE
BeIlecTBa, YTO MPUBOIUT K HAPYIICHUIO KOH(MOPMHON MHBAPUAHTHOCTH IT€PBOHAYAIHLHO
Teopun 1 K ee Mojudukanuu 2|, [4].

st TpaBUTHPYIONIE cHCTeMBbI, ¢ MaTepueil, Ten3op sHeprun-umiyibca (TOU) koro-
poit umeer cTpykTypy TOU mmeaabHOI »KUIKOCTH, B3aUMOJIEHCTBYIONIEH ¢ CKaJIsIPHBIMEI
HOJISIMHA |2 perarorcesi caMOCOTJIaCOBAHHBIE YPABHEHHS:

1. n—2 1 wo

= ——|— B+ AY? — — Oy T 1
Gap 2§Y[ 5B+ 1908 + [VaVs — gap] +2§Y (e)aBs (1)

Y

rjie Gop -rensop Diinmreitna; T{eyas- TOU noseit marepun (HanpumMep, njieaabHON K-
koct) A, B, £ - OCTOSIHHBIE, Wy - 3aTPABOYHAsI KOHCTaHTa Teopruu. HaiijeHbl aHamTu-
JecKue PelreHnsl pacCMaTPUBAeMbIX YPaBHEHU JIJIs OJJHOPOIHOM M M30TPOITHOM KOCMOJIO-
rudeckoit mojesu. [TokazaHo, 9T0 3Ta MOJIEIb OIMUCHIBAET KaK CTAIUI0 WHMJISIUN, TaK 1
CTaINI0 MEJJIEHHOI'O YCKOPEHHOI'O pacIiupenns. B paccMaTpuBaeMoil TeOpUN MeK Iy KOC-
MOJIOTTYECKOI U I'PABUTAIIMOHHON "TIOCTOAHHBIMI " CYIIIECTBYET KOPPEJIAlnsi, 00yCIOBIEH-
Hasg TeM, 9TO 3TU BeJIMYMHBI BOJIIONUOHUPYIOT BO BPEMEHHU U ITapaMeTPUIECKUil CBI3aHbI
MeXKIy cOo0Oii.

3a cueT cokpalleHus JIByX ~"KOCMOJIOTHYECKUX IMOCTOTHHBIX - T€OMETPUIECKONH U KBaH-
TOBOI HPUPOJIBI TTOJIydaeM 3DPHEKTUBHYIO "KOCMOJIOTNYIECKYIO TTOCTOAHHYIO , COTJIACOBaH-
HYIO aCTPOMU3NICCKIME JTaHHBIMH.

YpaBHeHus paccCMaTPUBAEMON TEOPUU UMEIOT PEIICHIs KOTOPbIe MOI'YT KaK COBIIAIaTh
C PeLIeHUSIMU CTaHIAPTHONR Teopreil FpaBUTAIMK, TaK ¥ He COBIIAIATL. DTO CBA3AHO C TEM,
aro hyHIaMeHTa bHbIe "TocTosiHEbIE" Teopun, TaKne KaK I'PaBUTAIIMOHHAS U KOCMOJIOTH-
JecKast MOT'YT SBOJIIOIIMOHUPOBATH BO BPEMEHH, a TaKKe 3aBHCETh OT KOOpAuHaT. B J10-
CTATOYHO OOIIEM CJIydae, TeOPUsl OMKUCHIBAET JIBE CHCTEMbI (CTaIun): SMHINITEHHOBCKYIO U
"sposmoruonupyontyo " wi "nepecrpoeunyio” (HazBaHue mpeIoKeHHOe aBTOpoM ). [lan-
HBIIl IIPOTIECC HATIOMUHAET sBJICHHE (DA30BOIO Mepexojia, TJe pasndHbe dha3bl (SUHIITeli-
HOBCKHE I'DABUTAIMOHHBIE CHCTEMBI, HO C PA3JIMYHBIME TIOCTOSHHBIMHI) MEPEXOJAT JIPYT B
JapyTa.

Bosaukaer BaxKHBII Bompoc: "Kakas M3 CTaJInii COOTBETCTBYET COBpeMeHHOM smoxe?".
JI1st oTBeTa Ha 3TOT BOIPOC HEOOXOIUMO HoJjIee AeTaabHO POaHAJIM3NPOBATH BO3SMOXKHBIE
KOPPEJIAIMN 3aBUCAMOCTH "TeMHOi sHeprun'" (KOCMOJIOTUYecKoli TOCTOSHHOM ), IpaBuTa-
[IMOHHOI mocTosgHHOM 1 "TeMHONI MaTepun"oT apaMeTpa 3alas3/IbIBAHUs 2.
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B pabore paccmaTpuBaloTcd pe3yJibTaThl TPUMEHEHUsT TOIOJIOTMIECKON KBAHTOBOW TEO-
pun [1,2] K 3a/1a9e onmcaHns TPABATAIIMOHHOTO B3aNMOJICHCTBUsT 1 06 bsicHeHUIO bdeKrTa
CKPBITOI MacChl WK “TeMHOI MaTepun . PaccmaTpuBaeTcst BOIPOC O reOMeTPUYECKO Tpu-
pose Temuoit marepuu. [IpuBoaurcs dbopmysta, Jaromas ONeHKY pacipee/ieHns TeMHON
MaTepU# B IIPOCTPAHCTBE BOJIM3U MACCUBHBIX OOBHEKTOB.

OCHOBHBIM 3JIEMEHTOM JIAHHON TEOPUU SIBJISIETCS TOMOJOTUIECKAs MHTEPIIPETaIus 11e-
JIOYHCJIEHHOTO 3JIEKTPUIECKOr0 3apsia KaK TOIOJOTMYeCKOro NHBapruaHTa odacreil dpu-
3UYECKOT'O MMPOCTPAHCTBA, BLIJIEJIEHHBIX T€OMETPUIECKIM CIIOCOOOM € MOMOIIBIO (DYyHKITUT
BBICOTHI J', KOTOpas 3a/1aeT ¢ IOMOIIbIO YPaBHEHUSI:

u= F(x,t),

bU3NYICCKYIO TPeXMEepHYI0 THIIEPHOBEPXHOCTL V3 B YeTHIPeXMEPHOM eBKJIMIOBOM IIPO-
crpancree W Bnech x = {a!, 22, 2%} u u = 2* - nekapross KoopunaTe Ha W*, t - Bpems
(abcommornoe 8 W1). Koopmunare x = {x!, 2%, 23} cooTBeTcTBY10T TOKAM TpexMepHOil eB-
K 10B0i1 runepiiockoct P2 € W4, Bee npoctpancerso P? pasbusaeTcs 0JHO3HAMHO Ha
OTJIEJIbHBIE 00JIACTU OCOOBIMU M30MOBEPXHOCTAMU (PYyHKIMKM JF, HA3bIBaeMOoil (pyHIamMeH-
TaJbHBIM TTOTeHIIagoM. [1o 0co6oit U3010BEpXHOCTHIO (DYHKIUKN JF IIOHUMAETCS U30II0-
BEPXHOCTD (MM ee 3aMKHyTas KOMIIOHEHTa), Ha KOTOPOI JIe?KUT XOTsi Obl OjiHA CeJjIoBast
ToKa JaHHoi (yHkimu. [Ipy 3TOM BBOAUTCH TOHATHE TOIOJOTUIECKON d4Ueiiku, KOTO-
past olpejiesgeTcss Kak o0/JacTh IIPOCTPAHCTBa, OrpaHndenHas JI0O0H U30MOBEPXHOCTHIO
dyuxmu F. KpoMe TOMOJOrNYeCcKUX d9€€K, OTHOCSIIUXCS K OT/ICTBLHBIM /IEMEHTAPHBIM
HJacCTUulaM, MOT'YT CYIIEeCTBOBATb TOIIOJIOT'MYECKUE dYeiikn MaKpOMaCH_ITa6OB, CpaBHUMbBIX
¢ pazmMepaM# OT/AEJIbHBIX acTPOPU3NIECKIX 00bEKTOB U TaJaKTHK.

OHI/IC&HI/IG I'PaBUTAIIMOHHOI'O II0JIA OIINPACTCA Ha BHEITHIOIO '€OMETPUIO BJIOZKCHU A TPEX-
MEpPHO#! FHIEPIIOBEPXHOCTH V3 B deThIpexMepHoe eBKINI0BO mpocTpanctso W u ommcn-
BAETCS € MOMOIIBIO (popMasIi3Ma, GJIM3KOro y HBIOTOHOBCKOI Teopun Tsrorenus |1]. ITo-
CKOJIbKY B TEOPUU JIMHAMUKA MaTepPHH ONMHUCHIBACTCA B (hOpME yCPETHEHHBIX YpaBHEHUIA
HbioTona n BOJHOBO# JUHAMUKM, aHAJOTUIHON KBAHTOBOH Teopun, B hopMe ypaBHEHMUSI
[IIpeaurepa, TO IPUXOIUTCA BBOJUTH YCPEAHEHHDIE W JIOKAILHBIE TOJIA B3aUMOIEHCTBHS.
JlokasbHOE 10JIe TATOTEHNsI ONUCHIBAETCS B TEOPUH C TIOMOIILIO YPABHEHMUSL:

divg = 4nGux, t)W + Wy,

rjie g - BEKTOPHOE TI0JIe, COJIEPXKAIIee BUXPEBYIO COCTABJIAIONLYIO, SKBUBAJIEHTHOE YCKOPE-
HUIO CBOOOIHOTO TIajierusd, W - mIoTHOCTDb SHeprun (pyHIaMEeHTAIHLHOTO SJIEKTPOMATHUT-
HOTO 1107131, Wy - IWIOTHOCTB SHEPIHH, CBs3aHHAs C OCOOBIMU TOYKAMHU, DYHKIWMs (X, t)
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- ONKCBHIBAET reoMeTprIecKuii 3(pdeKT pacipe/ie/ieHnsi SHEPTUKA B TOMOJOIMIECKIX SIeii-
kax. B pabore maercs BeiBog dyHKIMN [4(X, 1) 1 00CyKIAETCs 00BICHEHNE C €€ TIOMOIIBIO
sdpdekra "remuoit marepun".

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

[2] ZKypasies B.M. I'pasuraliysi, 3/leKTpOMarHeTU3M U reoMeTpus (hU3NIECKOTO PO~
crparcTBa. Tpyabl MeXKIyHapoIHOTO ceMuHapa "HemuHeitHbIe 11019 B TEOPUU TPaBUTAIIIN
u kocmoJjtorun "' u Poccuiickoit mkosibl "MaremaTnieckoe 1 KOMIILIOTEPHOE MOJIETNPOBAHIE
dynmamenTaabHbIX 00bekTOB U gBjenuit" Kazanb, 21-26 okTsaops 2013 1., c. 52

ITPOITATATOP BEKTOPHOI'O I10JI4d HA CTAIIMOHAPHOM
MEJAJIEHHO MEHAIOINIEMCY I'PABUTAIIMMOHHOM ®OHE

I1.0. Kaszunckuit®

eE-mail: kpo@phys.tsu.ru; Tomckuii rocyrapcreennsiit yausepcurer, ToMCK

Haiiyteno neneprypbaruBnoe KOH(MOPMHO MHBAPUAHTHOE BLIPAYKEHUE JIJTs ITPOIIaraTo-
pa 6e3MaccoBOTO BEKTOPHOIO TOJIS HA CTAITMOHAPHOM MEJJIEHHO MEHSIONEMCS I'DaBUTAa-
IMOHHOM (hOHE B rayccoBoM Ipub/mKennu. Pazpaborana mporie/iypa MocTpOeHnsT TeOPUN
BO3MYTIEHNI, TTOCTIEIOBATETHHO YIUTHIBAIONIEH BBICIINE IpaIleHTHRIE TToTpaBKu. Haitnen
OJTHOIIET/IEBOI BKJIA I B I'PABUTAIIMOHHLIN CeKTOP 9D PEKTUBHOIO JIefCTBU IPU KOHEIHOM
TeMIepaType, HHIYyIUPYyeMbIii 6€3MacCOBBIMUA BEKTOPHBIMU TOJISIMU, ¢ YIETOM HEIepTyp-
OaTUBHBIX MTONTPaBOK. [lokazamno, 4To jraxke mpu HyJIEBOI TeMIlepaType HenepTypOaTUBHbIC
MIOIPABKU SIBHO 3aBUCAT OT BeKTOpa KMIWHTa, ONpeJe/dionero BaKyyMHOe COCTOTHUE
KBAHTOBBIX BEKTOPHBLIX II0OJI€l, U HE MOTYT ObITH yOpanbl KOHTpuaeHaMu. KondopmHaas
aHOMaJIns He 3aBUCUT OT BeKTOpa Kusumnra, BhipazkaeTcd TOJILKO Yepe3 METPUKY U UMeeT
cTaHIapTHBIN B, Bhlparkenne Jjisi aHOMAaJIMH ‘“SHEPIUA-BpeMsI’ COBIIAJIAaeT ¢ KOH(MOPM-
HOIl aHOMaJInei.

HEISENBERG DOUBLE OF SUPERSYMMETRIC ALGEBRA FOR
NONCOMMUTATIVE QUANTUM FIELD THEORY

V.S. Kirchanov®

eE-mail: kirchanv@rambler.ru; Perm Natioanal Recearch Politechnical Univercity, 29 Komsomolskii
str, 614990, Perm, Russia

Keywords: superalgebras, quantum algebras, Hopf algebras, smash product, Heisenberg doble.

The ground work is laid for the construction of a Heisenberg superdoble in the fom
of a smash product of a standard Poincare’-Lie quantum-operator superalgebra witch
coalgebra and its double Lie spatial superalgebra witch coalgebra, which are Hopf algebras
and a Hopf modular algebra, respectively. Deformation the superalgebrasis realized by
Drinfeld twists for the shift and supershift operators. Evaluating the Heisenberg double
as a mathematical construction, it can be said that Heisenberg double of Poincare’-
Lie quantum-operator superalgebras are physical since in ther extended algebra they
simultaneously constain a defomed phasespase, a non(anti)commutative superspace, a
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quantum operator algebra, and supersymmetry describing boson and fermion systems.
Future conctruction of hierarchy of Heisenberg doubles, i. e., of Hopf algebras and a
Hopf modular algebras the operator algebras of which comprise, for example, double
superalgebras with (N=2), conformal superalgebras with subsequent twist-deformation
and k-deformation , is, in our view, of unquestionable physical interest since superconformal
theories lie at tce basis of all such theories supergravitation. Additional possibilites in this
scheme arise with the replacement of the imaginary unit ¢ — e by the hypercomplex
number a + be, such that double and dual numbers are introduced: e? = 1 corresponds to
double numbers (complex numbers of elliptical type), €2 = 0 corresponds to dual numbers
(complex numbers of parabolic type). This allows one to concider curved spaces.

ELECTROMAGNETIC VACUUM QUANTUM EFFECTS IN DE
SITTER SPACETIME

A.S. Kotanjyan®, A.A. Saharian®, H.A. Nersisyan®

eF-mail: anna.kotanjyan@ysu.am; Department of Physics, Yerevan State University, 1 Alex
Manoogian Street, 0025 Yerevan, Armenia

*E-mail: —; Department of Physics, Yerevan State University, 1 Alex Manoogian Street, 0025
Yerevan, Armenia

°E-mail: —; Department of Physics, Yerevan State University, 1 Alex Manoogian Street, 0025
Yerevan, Armenia

A better understanding of physical effects in dS background could serve as a handle
to deal with more complicated geometries. In most inflationary models dS spacetime is
employed to solve a number of problems in standard cosmology. More recently astronomical
observations indicate that at the present epoch the Universe is accelerating and can be
well approximated by a world with a positive cosmological constant. If the Universe would
accelerate indefinitely, the standard cosmology would lead to an asymptotic dS Universe.

The interaction of a fluctuating quantum field with the background gravitational field
leads to vacuum polarization. The boundary conditions imposed on the field operator give
rise to another type of vacuum polarization. These conditions can arise because of the
presence of boundaries having different physical natures, like macroscopic bodies in QED,
extended topological defects, horizons and branes in higher-dimensional models. They
modify the zero-point modes of a quantized field and, as a result, forces arise acting on
constraining boundaries. This is the familiar Casimir effect. The particular features of the
Casimir forces depend on the nature of a quantum field, the type of spacetime manifold,
the boundary geometry, and the specific boundary conditions imposed on the field. In
the the present talk, we investigate the vacuum expectation value (VEV) of the energy-
momentum tensor and the Casimir forces for the electromagnetic field in the geometry of
two parallel plates on background of (D + 1)-dimensional dS spacetime.

The two-point functions of the electromagnetic field are evaluated assuming that the
field is prepared in the Bunch-Davies vacuum state. These functions are decomposed
into boundary-free and boundary-induced parts. The two-point functions are applied for
the investigation of the VEVs of the field squared and the energy-momentum tensor,
induced by the plates. Unlike to the case of conducting plates in Minkowski bulk, in
the problem under consideration the stresses along the directions parallel to the plates
are not equal to the vacuum energy density. We show that, in addition to the diagonal
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components, the vacuum energy-momentum tensor has a nonzero off-diagonal component
which describes energy flux along the direction normal to the plates. For a single plate
this flux is directed from the plate. The Casimir forces are investigated in the geometry
of two plates. At separations between the plates smaller than the curvature radius of the
background spacetime, to the leading order, we recover the corresponding result in the
Minkowski spacetime and in this case the forces are attractive. At larger separations, the
influence of the curvature on the Casimir force is essential and it decays as the inverse
sixth power of the interplate distance for all values of the spatial dimension.

MODELS OF PARTICLES IN A CAUSAL SET APPROACH TO
QUANTUM GRAVITY

A.L. Krugly®

eF-mail: akrugly@mail.ru; Scientific Research Institute for System Analysis of the Russian Academy
of Science, 117218, Nahimovskiy pr., 36, k. 1, Moscow, Russia

A review of models of particles in a causal set approach to quantum gravity including
recent results of the author is introduced. A causal set is a locally finite partially ordered
set. This is a model of a discrete pregeometry on a microscopic scale. A partial order
describes causality. A local finiteness describes finite divisibility. We assume that there
is only a causal set. This set can be represented as an acyclic directed graph. Vertices
and edges are fundamental objects without any internal structures and consequently any
internal properties. All properties are described by a topology of graph. One of main
tasks is to design models of particles. Continuous spacetime is considered as a result of
interaction of many particles. Consequently we must describe particles without spacetime.
Any causal set is a model of some process, and any models of particles in this approach
are models of processes. Stable particles must be repetitive structures. Their properties
must have a topological nature. One example is a model of particles and a mass formula.
The dynamics is an addition of new elements one by one (a sequential growth). An
equation of motion is an algorithm of sequential growth. Particles must be emergent
self-organized structures. There are examples of algorithms that generate self-organized
structures. Some algorithms are deterministic and some are probabilistic. Self-organized
structures are investigated by numerical simulations and analytically. All these simple
examples can be considered as toy models and cannot describe real particles. An important
unsolved problem is an identification of topological properties of investigated structures
and quantum numbers of real particles.

CONSTRAINTS ON AN AXION AND CORRECTIONS TO
NEWTONIAN GRAVITY FROM THE CASIMIR EFFECT

V.M. Mostepanenko®

eF-mail: vmostepa@gmail.com; Department of Astrophysics, Central Astronomical Observatory
at Pulkovo of the Russian Academy of Sciences and Institute of Physics, Nanotechnology, and
Telecommunications of St.Petersburg State Polytechnical University,Sankt-Peterburg, Russia
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It is commonly known that the light pseudoscalar particles called axions and other
axion-like particles are an important element of modern fundamental concepts. These
particles were predicted [1,2] to avoid strong CP violation and the large electric dipole
moment for the neutron in QCD. What is more, axions reasonably explain the nature
of dark matter in astrophysics and cosmology. However, in spite of great efforts (see,
e.g., Ref. [3] for a review), the existence of axions is not yet confirmed experimentally.
Another problem is the verification of Newton’s gravitational law at short separations
below a micrometer. Here, the Yukawa-type corrections to it, which are in excess of the
Newtonian gravity by many orders of magnitude, are possible. Just such kind corrections
are predicted in many extensions of the Standard Model due to exchange of light scalar
particles [4] and in models with low-energy compactification scale [5].

We discuss recent model-independent results [6-8] on constraining the coupling constants
of axion-like particles to nucleons from the laboratory experiments on measuring the
Casimir force. Taking into account that the test bodies in these experiments are unpolarized,
any additional force of axion origin arises from the two-axion exchange between the
protons and neutrons. We present the calculation results for additional forces in experiments
on measuring the Casimir-Polder force between the condensate atoms and a plate [9], the
gradient of the Casimir force between a sphere and a plate by means of an atomic force
microscope [10], and the effective Casimir pressure by means of micromachined oscillator
[11]. From the measure of agreement between the measured Casimir-Polder and Casimir
forces with theory, the additional forces are constrained. The obtained constraints are
stronger than the previously known model-independent constraints up to a factor of
several hundreds. We compare the constraints on an axion with respective constraints
on the Yukawa-type corrections to Newtonian gravity [12].
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O POXKJIEHIU YACTUIIL CO CBS3bIO C KPUBU3HOI TUIIA
I'AYCCA-BOHHE B O/THOPO/JIHBIX N30TPOITHBIX
KOCMOJIOI'MTYECKUX MO/IEJIAX

10.B. Ilasjios®

eF-mail: yuri.pavlov@mail.ru; JTaboparopust reoperndeckoit dpuszuku um. A.A. @puamana, Cankr-
[Terepoypr; UTIMam PAH, Cankr-Ilerepoypr, Poccus

KBanrosomnosieBbie 3bdeKTh, B 9aCTHOCTH, POXKJIEHUE YACTUI[ MOI'YT UMETh BaXKHbBIE
NPUJIOZKEHUs K KocMoJiornu panueii Beesennoit u acrpodusuke [1]. To macrosiiero spe-
MEHU B TEOPHUH POXKJIEHUs YACTHI] I'PABUTAIMOHHBIM IOJIEM ITOJIPOOHO PACCMATPUBAJICI
caydail KOHDOPMHO CBA3aHHBIX ToJiell. Yuciennble OleHKH MoKa3au, 9To 3MdeKT poxK-
JIEHUsT YaCTHI[ ¢ MACCAMU TMOPSIJIKA MACCHI ITPOTOHA B KOCMOJIOIMH ITPEHEOPEKUMO MAJT.
O1HaKO, ecim Macchl YaCTHUI] BEJTMKH, HAIIPUMED, rmopsika Macimraba Bemmkoro Ooben-
HEHUs, TO YUCJIO POXKJIAIOMNXCA BO (PPUIMAHOBCKON BCEJIEHHOI YacTHIl OyJIeT MOPsIKa
qncaa aauHrTona-lupaka. 1o MoXKeT OBITH UCIOIB30BAHO I O0bICHEHUST HADJIIO 1A~
eMoro 6apmoHHOro 3apsja Bceemennoit 1 mpoucxoxKienuss KOCMIYECKUX JIydell CBEPXBDI-
COKOI 9HEPI'UH.

[Ipu nexkondopmMHOIT CBA3M KBAHTOBAHHOIO TI0JIs ¢ KPUBU3HO COOTBETCTBYIOITNE HEKOH-
dopmEbIe BKI&JIBI MOT'YT OBITH JOMUHUPYIONIUMUI, KAK B BEJIMYNHE BAKYYMHBIX CPETHUX
TEH30Pa SHEPTUU-UMITYJIbCA, ONPEJIESIONIINX 00pATHOE BJINUIHIE KBAHTOBAHHOTO TIOJIS HA
METPUKY ITPOCTPAHCTBAa-BPEMEHH, TaK U B 3pdekTe poxKaeHud JacTuil. B gannoit pabore
paccMaTpuBaeTCs CIydail KOMIUIEKCHOTO CKAJISIPHOTO HOJtst () Macchl m ¢ ypaBHEHHEM
JIBUKEHU ST

(V'Vi+ ER+ (RGp +m*) p(x) =0, (1)

rje V; — KoBapuaHTHBIE NMPOU3BOJHbIE, RZp dof Rimpg R4 — 4Ry, R'™ + R2. Taxoe
B3aMMOJIEIICTBIE CKAISPHOTO MOJIsI ¢ TPABUTAIMOHHBIM (cBsi3b Tuia [aycca-Bonne) mpe-
craBjisier coboit 0600IIenre OOBIYHON HEKOH(MOPMHON CBA3U, HE MEHSIONee KUHETUYe-
CKUI YJICH M COXpaHdIoNIee BaykKHelIee CBONCTBO CKAJIAPHOTO TOJIA: METPUYICCKUAIT TEH30D
SHEPIUU-UMITYJIbCA W B 9TOM CJIydae He COJNEPKUT MPOM3BOJIHBIX OT METPUKU (U I0JIs)
BBIIIIE BTOPOIO MOPsijiKa [2].

[IpoBeienbl pacdeTsbl poXK IeHnsT MACCUBHBIX U O€3MACCOBBIX CKAISAPHBIX YACTHUIL CO CBSI-
3b10 C KPUBU3HOM BH/IA (1) B OHOPOIHBIX H30TPOIHBIX KOCMOJIOIHIECKNX Mojesisix [3], [4].
[Tokazano, 9TO B cilydae MO ¢ Maccoil m BJIMsIHUE TTapaMeTpa CBsI3u ( ¢ MHBAPUAHTOM
[aycca-Bonme na poxienne 4acTull HesHadnTeabHo, ecan (m? < 1. Bo dpuamaHoBeKnx
KOCMOJIOTHIECKUX MOJIE/ISIX UUCI0 POYKICHHBIX YACTHIL MO TOPSIKY BEJIUIUHBI COMOCTA-
BUMO C 9UCJIOM TPUIUHHO HECBA3AHHBIX 00/1acTeil TPOCTPaHCTBa-BPEMEHN HA KOMIITOHOB-
CKHil MOMEHT BPEMEHH, cOOTBeTCTBYIomuil 1/m umm +/C.
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OYHKIINA I'PUHA JJI4d YPABHEHUA JINPAKA B CJIABOM
BHEIITHEM I'PABUTAIIVTOHHOM IIOJIE

B.H. Tumodeen®

*E-mail: —; TTosmrexanueckuit uacturyt (dbumman) PTAOY BIIO «Cepepo-Bocrounstii deepaisb-
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J171s1 371eKTpoHa BO BHEIIHEM rpaBHTAIMOHHOM ToJie (yHKIms ['puna G(x — z’) onpe-
JesisieTcst ypapHenueM [1]

i"V,G(x —a") —mG(x —2') = —6(z — 2).
DTO ypaBHEHUE MOKHO IPEJICTABATD B BHJIE
iV"o,G(x —a') + TGz — ') —mG(x — 2') = —6(x — ).
31eck omeparop T mveer BHT
T = (’Y“ _ ,Y(u)) O+ T,

e yH = e?y)v(”), W) - marpuner dupaxa, e?y ) = BEKTOpa OPTOHOPMHPOBAHHOM TeTpabl,
I, - ciimnopnast CBA3HOCTD.
Torna mas dysxiun 'puna G(z — 2') cupasemmusa dopmyiia

G(x — ') = Golx — ')+ / Gz — 2"\ (2")Go(2" — 2')y/—g(z")d"* 2",

riae Go(r — 2') - dyukuusa [puna ypasuenus upaxa st cBobognoit gacrunpt, g(x) -
OIIpEJIENIUTENb MaTPHUILBI (g;j).
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YPABHEHUIY I'EOJIE3NYECKINX B HEJIMHENTHOI
QJIEKTPOINMHAMUNKE BAKYYMA
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B nocieiiee BpeMsi BO3pOC MHTEpeC K BO3MOYKHOI TpoBepKe 3(D@eKTOB HeJTMHEeHHO
9JIEKTPOJIMHAMUKN B BakyyMe. [[J1s1 mccieoBanns B3anMOAEMCTBUI 3JIEKTPOMATrHUTHBIX
BOJIH B BaKyyMe €O cJIabBIMI BHEITHUMHI HosisMu nopsaka 1013 — 1016 T'e ymobno onuck-
BaTh 3aJlavy IPU TOMOIIHU JIarpaHKeBbIX Mojeseil. Hanbosiee n3BecTHble Jarpanzkuanbl
npeioxKennr emie B 1934-36 rogax B Teopusix bopua-Mudenbna n eitzenbepra-ditnepa
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[1,2]. B naHHbBII MOMEHT €CTh SKCIEPUMEHTAJIbHBIE TIOITBEPXKICHIsT HeJIMHETHOCTH JIeK-
TPOJMHAMUKHI B BaKyyMe [3|, HO HET HU OHOTO MOATBEPKICHUS BEPHOCTH TON WM WHOM
U3 TEOpHil, YTO HECOMHEHHO IPEJICTAB/SIET UHTEPeC JJId Moucka 3pdOEKTOB M3MepuMOit
BeJIMYUHDBI. B3auMo/IeificTBUSA ¢ MOJIsIME TaKOi BEJIUYIUHBI HauboJjee yJI00HO HMCCJIeI0BaTh
B acTPOPU3NIECKUX YCIOBUAX, T/ ObLIN HAWIEHBI TPUPOIHBIE HCTOUYHUKH TAKUX MOJIeH -
IyJIbCapbl 1 aHOMAaJIbHBIE ITYJILCAPHI T0JIsT KOTOPBIX UMEIOT MPOTszKeHHOCTH 10 — 100 xM.
[Ipuvem rcTOUYHMKAME JIEKTPOMATIHUTHBIX BOJIH JIJISI TAKOT'O POJIa MCCEJIOBAHUI MOTYT
SIBJISITbCSl CAMU HEHTPOHHBIE 3BE3/IbI UJIN yI00HBIE 00bEKThI HAXOSIINeCs] Ha HEKOTOPOM
pPacCTOSIHUHM OT HUX.

JL1st onmcaHus CUCTEMbI: HEHTPOHHAS 3Be3/1a - JIEKTPOMarHUTHAas BOJIHA, YI00HO BOC-
10J1b30BaThCsI 0000IEHHOM (DOPMOIi JTarpaH:KMaHa BBIITUCAHHON COTJIACHO ITOCTIIOCT - MaK-
cBejutoBckoMy bopmasusmy [4,5] B mapaMeTpu3oBaHHOM BH/IE:

[ V=9

5o {2J2 +¢ [(771 — 2m)J5 + 4772J4} + & [4(771772 — 205 — 1) JoJat

1 (60— G+ 1203 + 0 — ) + O]}~ Y jra,
rie Jo = Fi F¥ Jy = F, FF™F,, F" — nuBapuanTbl TeH30pa 3JICKTPOMATHITHOT'O IOJIA,
g — OUpeJIeIuTe/Ib METPUYECKOro TeHsopa g, & = 1/ Bg, a BeJMYnHa Oe3pasMepHbBIX
[TOCT-MaKCBEJIJIOBCKUX ITapaMETPOB 1)1, 12, )3 U 74 3ABUCUT OT BBIOOpA MOJIE/IN HEJTUHEHHO
9JIEKTPOJNHAMUAKH BaKyyMa.

B gacTHOCTH, B HETUHEHOI 3/1eKTpoamHaMuKe [eiizenbepra-Ditiepa, SIBJIAIOMIENHCS CIeI-
CTBHEM KBAHTOBOI 3JIEKTPOIMHAMUKH, [TaAPAMETPBI 1)1, )2, )3 U )4 UMEIOT KOHKPETHbBIE 3HAa-
JeHU

o To
= — = 51 . 1075 - ——— = 90 N 1075
T 2T R0r ’
20 o? 13« T’
_ —_—4.4-107° = =-23.107°
= 1055 | 202572 e ’

12607 324072
B TO BpeMd KakK B Teopun bopna-Mndenbia onn BeIpakaioTcsd Yepe3 OJIHy U TY YKe Hen3-
BECTHYIO IOCTOAHHYIO a2 : 1) = 1)p = aQBg/ZL, Ny = 1Ny = —a4B§/8. B rakoit dpopme
JIarpaHzKuaH YHUBEPCAJCH U IO3BOJISIET PACCMaTPUBAThL 3aJady TEOPETHYECKHU He JieJras
BBIOOpa Mejry TeopusiMu. [Ipu 9TOM ¢ TOYKHM 3peHusd SKCIEPUMEHTAILHON TTPOBEPKU OJTHA
HeJIMHEeHHAsT JIEKTPOJIMHAMUKA, OT JIPYTroil Oy/eT OTJINYaThCd JIMIL 3HAYEHUAMU Iapa-
METPOB.

B npucyrcTBUM rpaBUTAIIMOHHOTO TIOJIS PEJIATHBUCTCKOIO 00bEKTa B KadecTBe 6a30BOTO
METPHYECKOr0 TeH30pa Bo3bMeM pernenne [ papumuibia [6] :

r r
i =1t o= =g = i

rje 1y — TPaBUTAIMOHHBIN pajuyc HeHTpPOHHOI 3Be3/bl. Takzke MOXKHO HMCIOJIb30BaTh
perrerne Keppa jist cirydast Bpamiatorteiics 3se3pl [7]:
Ty r? + a®cos? 0

goo =1——5—=—=, g =—

r?2 4+ a2 cos? 6’ r2 —rgr +a?’

ryra®sin® @

<2
— ) Sl 0
r2 + a? cos? 9> ’

goo = —(r* + a®cos’0), g, = —(r* +a° +
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Tera sin® 0

r2 + a? cos? 0
I7le @ — OTHOIIIEHNEe MOMEHTa NMITYJIbCa Bpallaomeiicsa 3Be3/1bl K e€ Macce. VI3BecTHO, 9TO
B ClIydae MeJJIeHHO Bpalllalolieiicss 3Be3/Ibl MOIpPaBKU oT/nJaiomnme MeTpuky Keppa or
merpukn [IBapmmmibaa Masisl. B qaibHeiinem Mbl OyaeM paccMaTpuBaTh UMEHHO TaKyIo
CI/ITyaL[I/HO7 9TO JaCT HaM BO3MOZKHOCTDL HE qu/ITbIBaTb paSﬂI/IqI/Iﬁ B 9TUX MeTpI/IKaX.

Cucrema ypaBHEHUI 3JIEKTPOMATHUTHOIO IOJIsI B C1a0bIX mosistX COJTHETHON CHCTEeMBI
nmMeeT BUI:

Jop =

1 0 . R <,
\/——_gax"{v_gQ }— C] , (2)
oxk ox™ ox™

re JUI COKpaIlleHns 3alliCh BBeJeHO obo3HadeHue Q" :

=0,

Q"M {1+§(771—2772)J2+§ [ (6774—6771772+12772+771 3)J22+

+2(mne — 25 — 774)J4] }an + [45772 +4E (mme — 205 — ma) o | F™ Fy, M

Pemmenne ypasaennii (2), onmceiBarornee akCHaJbHO CHMMETPHYHOE MATHHUTHOE IOJIE
3Be3apl, npu § — 0 u ry — 0 nepexoJuT B 10JI€ MarHUTHOTO JUIIOJIS,C YIeTOM I'DaBUTa-
IIMOHHOT'O B3aNMOJECUCTBUA OHO UMEET BUJ:

(0 _ |m] 3rg , 12m&m[*y ) 2lmémf®
F31 __7'—2{1 g+w}81n 0+TSIH 6, (3)
2 3 16 2 12 3
Fég) = _];n\ [1 4L7f’ + 77;13?‘ } sin # cos 6 — 77711161?1’ sin® f cos 0,
rjle M — MACHUTHBIN JIUIOJIBHBI MOMEHT 3Be3/bl. TeH30p 3JIeKTPOMATHUTHOTO IIOJIst

cucreMbl (2) TPEICTaBUM B BHJIE CYMMbI MATHHUTHOTO IOJIst 3Be37bl (3) 1 1oJist ciaboit

0 . .
9JIEKTPOMATrHUTHOM BOJHBI fif: Fi = FZSC) + fir. st cmaboit 971eKTpoMaruuTHOM BOJTHBI
ypaBHeHus (2) Oy1yT UMeTh aHAJOTUYHBIN BUJ IPUYEM B JIUHETHOM IPUOJIMKEHUN 110 fiy,
rerzop Q™" (f) Gyaer umers BUI:

QM (f) = {1+§(771 _2772) +€2[ (6774—6771772+12772+771 )J2 (0
+2(mne — 215 — 774)Jio)] }fmn + 26 (my — 2m0) ™ F™ fr+
+ [45772 + 452(771772 - 2773 - 774)172} {fmleka" + F™ f B4 leFlkfkn}‘i‘

+8¢2(mmp — 208 — ) { PR FG B + FFly FalE F b

Haiiyiem Temnepb ypaBHEHHE, KOTOPOMY YJIOBJIETBOPSIOT JIYYIH CJIa00# BBICOKOYACTOTHOM
3JICKTPOMATHATHON BOJIHBI, PACHPOCTPAHAIONICHCA B I'PABUTAIIMOHHOM WM MArHUTHOM II10-
JAX HEATPOHHON 3BE3/IbI.

JIuHeHO He3aBUCHMbIE YDaBHEHNUS, TIOJYIaeMble U3 CUCTEMbI ypaBHeHNUiT (2), mpumyT
BUJIL;

1 0
Vg0

{v=ga} =0, (4)
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Ofap N Ofs0 N 0 foa

020 oz ozh
rJie UHJIEKCHI, 0O03HadeHHble OyKBaMU I'PedecKoro ajadaBuTa, IPUHIMAIOT 3HadeHus 1,2,
u3,a

=0,

1
Q™" (f) = [1 +E(m — 2m) 1Y + 65 (6ns — Gy + 1215 + 117 1) 5

+26% (i — 203 — 774)J4§0)} [+ [45772 +4E% (mng — 2n3 — 774)J2(0)] [ FR
Tenszop ciraboit 3/IeKTPOMAarHUTHONW BOJIHBI IIPEJICTABUM B BUJIE:

[JIe AMILTATYIA [ (T) SBIISIETCS MeJIJIEHHO M3MEHsIIoIeiicss (DYHKIeli KOOpAnHaT 1 Bpe-
MEHH, 110 CpaBHEHUIO ¢ (DyHKIWel siikoHata S = S(r,t) u BBITOTHIETCS YCIOBHE

O frum(r, 1)
oxt

= 0S
t .
fnm(r7 )axl

[Toxcrasum Beipazkenue (5) B ypaaenus (4). OneHKH 10 HOpME JIJIsi TOYEK HAXO/Is-
IIUXCA BHE 3BE3/IbI JAIOT:

IIE9|
R

rie R — XapakTepHbIil JIMTHEHHBIH pasmep, Ha KOTPOM MPOABJISIETCS HEOIHOPO/IHOCTH
BHEIITHETO JIEKTPOMATHUTHOTO T0JIs (PaJiyc 3BE3/Ibl), A — JIJINHA BOJIHBI.

Tak Kak g onTudeckoil objiacTu crekTpa R >> A, TO aCHMITOTHYECKU TIJIaBHAsI
9acTh ypaBHeHuil (4) npumer BUI:

[15]]
d S| ~

(0)
Jerad g < 1920 avaa Q) <

nm

2{ FB95S + F200S + E(m — 2np) (JQ [f98055 + f20,5]+
F2FO2FY fy50,8 + FO fﬁuanS]) +

+£2%(6774 — 6nomp + 1205 + nf — 13)-
-<J§ [fPO5S + f00,S] + 4T Fm 9, [2F fys + FPr fﬁu]) +
+26%(mmz — 205 — 1a)-
(IlF000S + F70055) + AP0, S2FG) fos + Fif fau]) +
F4en, (F(-g)o_ 00,8 + gy 0,8 + FeOF f999),54 (6)
+FOP RO B0y S poBpun firg S
FFG)0f" 055 + F.sf 005 + F5 /70,5 )+

+AE (e — 205 — 1a) <2F & OnS[2F” fog + F7F f,]+
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+ 205 [Fn)p.f% + Fnpo. f + Fngy. [+
+ o0, S[FFP" fo5 + FPEO fog + FOPFrm fo 1+
D AF )5S 008 + F3)0 7058 + F3y 5 79,5]) } =0,

~ 08 ~ 0S8 ~ 08
Jap s + ooz o + foag 5 = 0.

VMHOKHMM TIepBOe U3 TeH30pHbIX ypasuenuii (6) ma 9S5/0x° u yurem BTOpOe ypasHenue
cucrembl (6). B pesyiabrare moyduM cucTeMy JIMHEHHBIX ypABHEHWI:

Agﬁ)ﬁ =0, (7)

rIIe BBEICHO 0003HAYCHIE

A5 = 078055 — 650" 50,5+ (8)

+&(m — 2m2)[J2(0°S8sS — 650"80,9) + AF“" Fj,30" 50, 5]+

+%§2(6n4 — 6oy + 1205 4+ 17 — 13)[J3(0*S0pS — 050"50,5)+

+8J5F" 50 S0,S] + 282 (mme — 207 — 1) [J4(0%S9pS — 650"S0,9)+
+8F " Fiayp0" S0,5] + AEm[F ) 050" 50,5 + F(35.0% S0, 5+
+FG FF0"S0,S + FF"050,S + F) ,0° 5035 + F(35.0" S0, S]+
HAE2 (2 — 205 — na)[AF ) Fiop0* 50,8 + J20,S (05 F 3 , 0" S+
+F3.0°S + FY FoRS + FEFRO"S) + Jo(F($)5.0" 50,5 + F3),0"S055)].

Taxk Kak sy c/1aboit 3JIeKTPOMATHUTHON BOJIHDBI foﬂ # 0, To u3 ypaBuenus (7) cie-
ayer, aro det ||[AZ|| = 0, uTo Kak W3BecTHO B CIydae PeNATHBHCTCKON WHBAPHAHTHOCTH
SKBUBAJIEHTHO ypaBHEHUSIM dUKOHAJIA JIJIs JIBYyX B3aUMHO OPTOTOHAJIBHO MOJISIPU30BAHBIX
BoJTH. /lj19 TIepBOIT BOTHBI ypaBHEHNE XapaKTEPUCTUK MMeeT BUT:

; ; oS oS
ik . 2 ip -k _
(g% + 4(m€ — ) FPF (ax) (—axk) 0, )
a JiJIgd BTOPO HOPMaJIbHON BOJIHbI
oS oS
nm _ 2 nl ;pm _
[g"" + 4(112€ — ma&? o) F™ F) ] (8x”) (—axm) 0. (10)

Yro aHaJIOrTIHO YpaBHEHUAM JABUZKCHUA SJICKTPOMalrHUTHBIX CHUI'HAJIOB BO BHEIIHHUX
QJIEKTPOMArouTHOM U I'PaBUTAITMOHHOM IIOJIAX:

do do

d?xm oG12  q 3G( dzP dxF
4 [ mk pk ]
do? 2 ggpr 2 Ox™m

rjie 0 — HEKOTOPLI apaMeTp, a G(l 9 = = g% 4 4 (126 — 73,483 JQ)F’p F(k . DTO XOPOIIIO
N3BECTHBLIC B I'paBUTallW YpaBHEHU I I/I3OTpOHHOI/I FeO,ZLe3I/ILIeCKOI/I B IIPOCTaHCTBC-BPEMCHU
¢ MeTpukoit G** MeTo/BI perenns TaKWX ypaBHEHHI B TCOPHH TPABHTAINE XOPOIIO H3-
BecTHLI [8].
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B zaBucumocTu oT mosigpusanymu cradboit 3JeKTPOMarHuTHONW BOJIHBI €€ SUKOHAJ OY/IeT
VJOBJETBOPSATH OJIHOMY U3 JIBYX YPaBHEHWUI:

() 0BG () ) w

o ma B0 ] M [ = e 2

r6sin?g  r0gin® g Y or
0572 IS\ 2
(0) . N 0)\2 , ((0)y2 (36
+ 7 S| sin? 0+ | (r = ) () + (F5) ](&p) b =o' F).

U3 ypaBrenuii xapakKTepUCTUK BUJIHO, UTO [P 1) # 7)o, U N3 7 1)4, BOSHUKAET 3 DeKT aBY-
JIyderpeioM/IeHns ¢/1aboit 3JIeKTPOMArHUTHOMN BOJTHBI IIPHU €€ PACIIPOCTPAHEHNN B CUJILHOM
BHEIITHEM 3JICKTPOMarHUTHOM I10J1€, MaJIo TOTO OJHa BOJIHA OY/IeT UCIHBITHIBATH 3alla3/Ibl-
BaHWE OTHOCUTETHHO BTOPOIA.

Taxk paccyeTsl POBEICHHBIE /I CJIydasd PACIPOCTPaHEHUs 3JIEKTPOMATrHUTHOM BOJTHBI,
HaYMHAIONIEHCS Ha MPOCTPAHCTBEHHON OECKOHEYHOCTH, MCKPUBJILIONIEHCT B MArHuTHOM
JIUTIOJIBHOM ¥ TPABUTAIIMOHHOM IIOJISIX 3BE3/IbI U YXOJIAIIEH Ha MPOCTPAHCTBEHHYIO OECKO-
HEYHOCTb 1I0Ka3BalOT, YTO yI'OJI UCKPUBJIEHUS JIJI JBYX MOJI TaKOil BOJIHBI COCTABJISIET:

sor. . 2rg 15Ty 15y a¢imlf? 384 o¢[m|*r, 1o
PL2Z 700 T e 4 507 - (12)
_217’(’77172(49771 + 231n172)§2|m\4 i 6937rn3,4§2|m\4

64012 64012
3HAK MUHYC B 9TOM BBIPDAXKEHUU ITOKA3BIBAET, YTO I'PABUTAIIMOHHOE W MArHUTHOE TIOJIs
HEATPOHHON 3BE3/bI B IJIOCKOCTH MATHHUTHOI'O 9KBATOPA JIEHCTBYIOT Ha 3JIEKTPOMATHHUT-
HbIe BOJTHBI KaK cobuparoras JuH3a. Pasnocts 6 = 0@ — 0y YIVIOB UCKPUBJIEHUS JTy et
JUTST JIBYX HOPMAJIBHBIX MOJT 9JIEKTPOMATHUTHON BOJIHBIL:

5 15mEm?  384r,&m?  1477(40m; + 33m9)E%m?
Y= (772 - 7]1) Ab6 5h7 64b12 ]+

693 (n3 — 14)E2|m|*
64012 '

Yroa HeJTMHEIHO-3/IEKTPOIMHAMUYIECKOTO NCKPUBJICHUS JIyda JEKTPOMArHuTHONW BOJI-
HBI, TOJITPU30BAHHON B TIJIOCKOCTU MArHUTHOTI'O SKBATOpPa HEUTPOHHON 3BE3/IbI B OOIIEM
cjydae OKa3blBaeTCd He PABHLIM YIVIY MCKPUBJICHUA JIyda JICKTPOMArHUTHONW BOJIHBL, I10-
JIAPU30BAHHON B IIEPIEHANKYJIPHON IIJIOCKOCTH.

Takoro posia 3pdeKThl MOTYT JOCTUTATh BIOJIHE U3MEPUMBIX 3HadeHuit. Oxkujaercs
BO3MOKHOCTD TOJIYUEHUS IKCIEPUMEHTAIbHBIX JAHHBIX O MPOSBIEHUU 3TUX IDDEKTOB,
9TO JACT CBEJICHUS IIOJITBEPXKAAIONINEe BEPHOCTh U BO3MOXKHOCTH K JaJIbHEHIIIeMy Pa3BU-
THUIO COBPEMEHHBIX TCOPUA HEJMHEHHON 3JIEKTPOJANHAMUKI B BaKyyMMe.
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DOPEKT KA3SVMUPA JJI4 IPOBOALIIIINX IBYMEPHBIX
IIJIOCKOCTEM

H.P. Xyrayrmumos?, P.H. Kamarmos®

eE-mail: nail.khusnutdinov@gmail.com; Kazauckuii denepaabHblil yHUBEpCATET
YE-mail: —; Kazanckuii deiepajibHbIil yHUBEpCUTET

Cuibl Ban jiep Baasibca/Kasumupa siBiastorcst yHUBEPCATBLHBIMU U BOSHUKAIOT MEKLY
JIIoObIMHU Testamu. Ha MaJibIX paccTosHusx, Koraa 3ala3/IbIBAaHIeM B3auMOJIeHCTBUS MOXK-
HO IIpeHeOpedb, 3TU CUJIbI HA3bIBAIOT cuJIaMu BaH Jiep Baasibca. Ha 66/b1ux paccrossHusx
oHU HOCAT Ha3BaHue cuyi Kazumupa. B kinaccndeckoit pabore Kasumupa Oblia BeraucieHa
CUJIA TIPUTSKEHUS JIBYX UJICAJTHHO-ITPOBOISIINX TLIACTHH.

HemaBHo ObLT 110/Ty9eH 9KCIIEPUMEHTAJIHLHO MOHOATOMHBIH CJIOi rpaduTa, Moy IUBIITHI
nasBanue rpadena. ['paden aBisiercst MPOBOIHUKOM, IPOBOIUMOCTH KOTOPOI'O IIPAKTHYIe-
CKU HE 3aBUCUT OT YacCTOThI. B CBaA3M ¢ 9TUM siBJIsieTcd aKTyaJbHBIM HCCJIEJOBAHUE CHJI
Kasumupa jutg 1ByMepHBIX ITOBEpPXHOCTEH, 00J1a/1al0MuX KOHETHOH ITPOBOIUMOCTHIO.

B pabore mosydeno BwIpaxkeHue sl cuibl Kazumupa Jiid Habopa IIJIOCKUX JIMCTOB
rpadeHa, pacioI0KEeHHBIX HapaJiebHO ApyT Apyry. IIpu BeraucaIeHnn nCI0Ib30BaI0Ch
IIPEIII0I0KEHNE, ITO IPOBOJIUMOCTD IpadeHa sSIBJISIeTCs He 3aBHUCAINEel 0T 9acTOThI KOH-
cranToil. Vcronb3ys JaHHyI0 MOJE/b, MOJYy9YeHO BhIpaskKeHue Jjist cuabl Kasumupa s
caydas JIBYX, YeTBIPEX U IMIECTH IIACTHH rpadena. PaceMorpena Tak»ke MOJIEIb TOCTOSIH-
HOIl ITPOBOIUMOCTH, OOpE3aHHON Ha HEKOTOpOil dacTore. B ciydae oMHAKOBBIX PacCTO-
SHUM MKy ITacTHHaM# I'padeHa moJydena cuia Kazumupa B caydae MPOU3BOJILHOTO
KOJINYECTBa JINCTOB IpadeHa.
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YPABHEHUA NBV2KEHN A SAPA2KEHHBIX ITPOBHBIX YACTUL]
n IIATVNMEPHBIE TO2KJIECTBA PNYYN

B.I.Anue?

eE-mail: bgaliyev@mail.ru; MI'Y [Iuzaiina u rexuosoruu, Mocksa

B mammux paborax [1,3|6buin paccMOTpeHbl MATUMEDHbIE TOXKJIECTBA Puddn u ux pe-
Jykiwst npu (44 1)-pacriernieHnn msiTMMEepHOT0 PUMaHOBa, IIPOCTPAHCTBA. B pamMKax rsi-
TUMEPHOH KaJmbpOBOYHO-UHBAPUAHTHOMN €IMHOT TEOPHUH TI0JIsT |2] JaHHBIE TOXK IECTBA PAC-
aJIaI0TCs, KaK OBLIO MTOKA3aHO, HA aHAJIOIU YeTHIPEXMEPHBIX TOXKJIEeCTB Puvun, oTpaka-
IOIe PUMAHOB XapaKTep YeTBLIPEXMEPHOI'O IPOCTPAHCTBA-BPEMEHU U YPaBHEHUA, CBs-
3BIBAIOIIE MeKJIy CODOil (PU3MKO-TeoMeTpUYIecKre XapaKTePUCTUKU, COOTBETCTBYIOIINE
9JIEKTPOMArHUTHOMY U TaK HAa3bIBAEMOMY CKAJAPHOMY T'DABUTAIMOHHOMY MOJIAM. DTU
ypaBHEHUs MPU yIEéTe OOBLIYHOIO YCJIOBUSA MUJINHJIPUIHOCTH II0 TATON KOODJAWHATE, T.€.
HAJIMYIUH BJOJIbL Heé BeKTopa KuutnHara, pacrerisiorcs Ha aHaJIor IePBOil maphbl ypaBHe-
nnit Makcsesia u ypaBHeHH,CBA3BIBAIONINE MEXKTy COOOI aHaJIor TeH30pa JIEKTPOMar-
HUTHOTO TIOJIA U (PUBUKO-TEOMETPUYIECKNE XapaKTEPUCTUKNA HAIPSAKEHHOCTU CKAJISIPHOTO
IPaBUTAIMOHHOTO TOJIsd. TakuM 00pa3oM, MBI MMOJIyYaeM, UYTO IPU BBITIOJTHEHUU YCJIOBUSI
IMHPUYHOCTY aHAJIOT IIEPBOil Tapbl ypaBHenuit Makcse/uia TepgeT IpaByio « MarauTHO
- TOKOBYIO» YaCTb, COJIEPKAIILYIO (PU3UKO-TEOMETPUIECKUE XaPAKTEPUCTUKHI SJICKTPOMAT-
HUTHOT'O CKAJISPHOIO IPABUTAIIMOHHOTO TOJIS U CTAHOBUTCS OJTHOPO/IHBIM, T.€. HE COJIEPIKa-
UM (PU3UKO-TEOMETPUIECKOTO AHAJIOTa MATHUTHOTO MOHOIOJISA. AHAIM3UPYS MSATUMED-
Hble KaJTMOPOBOYHO-UHBApUAHTHLIE ypaBHeHus reojiesndecknx, FO.C.Biajumupos B cBoeit
KHUTe [2] oT™MeTHII, 9T0 B HUX IPUCYTCTBYET CJIAraeMoe, CTPYKTypa KOTOPOro HAIIOMUHAET
BKJIAJ[ B yDABHEHUsI JIBUKEHNUST 3aPI?KeHHBIX TPOOHBIX YaCTHUIL TOPMO3ZHOIO H3IydeHus [5|
U TOCTABUJI 33/1a9y YCTAHOBUTH COOTBETCTBHE MEXK1y (DU3UKO-TCOMETPUIECKUMU XapaK-
TEPUCTUKAMU, BXOJIANIUMHI B 9TO CJIaraeMoe, U PeaibHbBIMU COCTABJISIONUMHU CJIATacMoro,
OTBECTBEHHOI'O 3a BKJI&J] TOPMO3HOI'O U3JIy4YeHUS B JAHHBbIC ypPABHEHUs JIBUKCHHUSA. DbI-
JI PACCMOTPEHBI U ITPOAHAJIM3UPOBAHHBI PEYITUPOBAHHBIC MTATUMEPHbIE KaJIUOPOBOTHO-
MHBapUAHTHBIE YPABHEHUS JIBUYKEHUs 3aPS’KEHHBIX MPOOHBIX YACTUI, T.e. MATUMEpPHbIE
reojie3nvecKne, M OKa3asloCh, UTO MPHU yYETe PACCMOTPEHHDLIX BBINIE DPEIyIINPOBAHHBIX
TOXKJeCTB Puvdn, MOYXKHO TPUJATH K BBIBOJLY, YTO 3aBHUCAIIAs OT T'PABUTAIMOHHOIO CKa-
JIIPHOTO TI0JIsl TaK HasbiBaeMasl "TsiTuMepHas' Macca 3apsizKeHHO nmpoOHON yacTuiibl [4]
MIOPOZK/IAET B JIAHHLIX YPaBHEHUAX JIBUZKEHUs CJAraeMoe, COOTBETCTBYIOIIEE 10 CBOEH
CTPYKTYPE BKJIJLY JIEKTPOMArHUTHOIO TOPMO3HOTO W3Jiydenusd. bBoJiee Toro, 3To cia-
raeMoe IOgBJIAETC JaxKe IPU OTCYTCTBUHU BHEITHETO 3JICKTPOMATHUTHOIO IO/, OTKY/Ia
MOXKHO CJIeJIaTh BBIBOJ, YTO TOPMO3HOE HU3JIyYEHHUE CBA3AHO CKOpee BCEro C JIBUZKEHU-
eM 3JIEKTPUYIECKOTO 3apsjia,B3auMOJIEHCTBYIONIEr0 KaK C 9JeKTPOMAHUTHBIM, TaK U CO
CKaJITPHBIM T'PaBUTAIMOHHBIM TosieM. Ho BBuIy Mauioit BeJTMYMHBI rpajiienTa CKaadpHO-
IO TPABUTAIMOHHOIO MOJIs [4], OCHOBHOI BKJIAJ B 9TO M3JIyUeHUe JIAET B3auMOJIeiicTBIe
C 3JIEKTPOMArHUTHBIM IojieM. TakuM 00pa3oM, OTCIO/a CJeIyeT BO3MOXKHOCTDB CIeIaTh
BBIBOJI O TOM, YTO HAJIMYNE SJIEKTPOMATHUTHOTO TOPMO3HOIO M3JIYUEHUS U €r0 CKAJISIPHO-
IPaBUTAIIMOHHOTO AHAJIOTa, & TaKyKe BEPOATHOE OTCYTCTBHUE KJIACCUYECKOIO MATHUTHOTO
MOHOTIOJIS SIBJISTIOTCS CJICJICTBUSMU PUMAHOBOIN CTPYKTYPBI IIATUMEPHOIO MUPA U €r0 IU-
JIMHIPUYIHOCTHU TIO IIATON KOOp/IMHATE.
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MAIIINMHA BPEMEHUN 1 TEMHAA SQHEPI'I£

A K. T'yn®
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Poccusa

B monorpadun [1| omuceiBaeTcst MpoeKT MAIMHBI BDEMEHH, B KOTOPOM TI€PEX0/T B IIPO-
IIIJI0E OCYIIECTBIISIETCS 38 CUET CO3/aHus 4-MepHOW KPOTOBOW HOPBI, BEIyIIell 13 HaCTO-
SIIIIETr0 B IIPOIILJIOE B €IMHOM IIOTOKE H-MepHOro Bpemenu. pyrumu cjioBamu, 4-mepHOe
npocrpancro-spema (M?, g™) paccmarpupaercs kax cioii (6pana) B 5-MEpHOM 3aMKITy-
Tom JslopertiesoM Muoroobpasmn (M°, g®)), g = gO)| 4, co croernem, pacnonoxennoit
B M® TaK, 9TO MOXKHO COEIUHHTHL cobbiTue a € M*, mpunajjiexaliee HACTOSIIEMY, C
cobbITHE b, JIEZKAIIIM B IIPOIILIOM, ¢ IIOMOIIBIO HAIIPpAB/JIEHHON B Oy 1IyIiee BpeMEHHUIIO100-
noii (ornocurenbno 5-merpuxn ¢°)) roagkoit kpusoit. C TOUKH 3peHns TeOMEeTPHHI TaKas
chTyanus Bo3MOxKHa, ecau M* peammsyerca B M° Kak Tak Ha3bIBACMBIIH npyorcurill
caoti Tiiajikoro cioenus JF, Kotopoe paccaambaer M® ma muokecTBo cioes F = {F,},
M° = U,F,, F,NFs =0 (o # (), oHUM U3 KOTOPBIX SIBJISIETCST HAIE TTPOCTPAHCTBO-
Bpema M*.

B [1| anamusuposadsicst cirydail, KOrjia IPOCTPAHCTBO-BPEMS HE OKA3bIBAJIOCH MIPYKIH-
HBIM CJIOEM, W CJIydail, Korja IPY:KUHHBIE CJIOM B CJIOEHHEe BOOOIEe OTCYTCTBYIOT. BBLIO
[IOKa3aHO, 9TO MOYKHO JIOOMTBHCS TOSBJIECHUS HMPYKUHHBIX CJIOEB 3a CUET Pa3HOro Poia
HEeMHTErpupyeMbIx Jedopmaluii ciaoenus F B HOBoe cjioenne JF', u ObLIN OleHeHbI HeoO-
XOAMMBIE JIJIsT 9TOTO 3aTPAThl SHEPIHH.

JIist Toro 9To0bl 00pa30BaAJIMCH TPYKUHHBIE CJIOU HEOOXOIMMO, HAITPUMED, j1edopMu-
pOBaTh CJIOEHHEe Tak, YTOOBI OHO MPEBPATHIOCH B pacwupsloweecs (expansive) cioenue,
B KOTOPOM KaXKJIbIil cjioii yberaeT Mmpodb OT OJIMKaiIero K HeMy JIPYroro cjos. fcHo,
YTO JIJISI 9TOTO HYYKHO BKJIIOUUTH UCTOYHUK SHEPIHH, CIIOCOOCTBYIONIUI OTTAJIKUBAHUIO
OJIHOTO CJIOZ, T.€. OJIHOW OpaHbl OT OT JPYTOro CJiog, T.e. Apyroi Gpanbl. (OTTajkuBaHme
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3aTParuBaeT U TPACKTOPUH B CJIOSX ). EcTecTBeHHBIM HEOOXOMMBIM HCTOTHUKOM SHEPIHN
JUI JTaHHO# gedpopMarum aBJIgeTcsd TeMHasd SHEPrus B OaJike.

Yo6eranue ciog F,, IpoXoJdiiero 4uepes TOUKY o, OT cjiog F,, IPOXOJAIIero depes
TOUKY Y, U3MepSAETCs cieyionmmM obpasom [2]. Bosbmem R > 0 u paccMOTpuM 1y Th 7, B
F, ¢ nagasiom x u ¢ jjuHoit He OoJibleil, yeM [, ¥ CIPOEKTHPYeM ero JIoOKaJbHo Ha [,
HauMHas ¢ TOYKH Z. IIycThb pjoc(7,) pesyaprupytomuit nyts B F,. Ilponenaem sTo xe ¢
aHaJIOTUYHBIM IIyTeM 7y, B [, ¢ HadajoMm y u cupoenupyem ero Ha . Ilycrn

di = sup supd(Vx(t), Piocva(t)), do =
e I(VI)SR t

sup sup d(ﬁ)/y(t% plocﬁ)/y(t))a dR(xa y) = max(dla d2)
Yys H)<R 1

Crnoernne F pumanosa muoroo6pasus (MP, h®)) naspisaercs pacwupsaouumca, ecim cy-
mecTByer € > 0 Taxkoe, 9TO JyIf KaKJ0i Iapbl Todek ¥ u y B M°, goctaTouno 6ms-
KX, 9TOOBI JIONYCKaJIaCh BBIIIEOINCAaHHAs KOHCTPYKIMs, Halijgercs [ > 0, /it KOTOporo
dr(z,y) > e. (HesaBucumoe or merpuxn h(®) onpejesnenue pacimpsionierocs coeHus
Jano B [3]).

Inaba u Tsuchiya [3] mokazasu, 4ro pacHupsonieecs: CJIOCHHE KOPa3MEepHOCTH 1 3a-
MKHYTOTO MHOTOOOpa3us o0j1a1aeT IpyKIUHHBIM cj10eM. MoXKHO TakzKe MOKa3aTh, 9TO B
TAKUX CJIOCHUSIX TIPYKUHHbBIE CJION TLUIOTHBI |2, p.64], u, cienoBaTe/bHO, MAIlIMHA BPEMEHU
— pacIpocTpaHeHHOe KOCMUYIECKOe SIBJIEHUE.
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QUANTUM BILLIARDS IN MULTIDIMENSIONAL MODELS WITH
BRANES
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Gravitational D-dimensional model with [ scalar fields and several forms is considered.
When cosmological type diagonal metric is chosen, electro-magnetic composite brane
ansatz is adopted and certain restrictions on branes are imposed the conformally-covariant
Wheeler-DeWitt (WDW) equation for the model is studied. Under certain restrictions
asymptotic solutions to WDW equation are found in the limit of the formation of the
billiard walls which reduce the problem to the so-called quantum billiard on the (D+[—2)-
dimensional Lobachevsky space. Two examples of quantum billiards are considered. The



TE3UCHI ME2K/IVHAPOJIHOV KOH®EPEHIIUN GR-XV

first one deals with 9-dimensional quantum billiard for D = 11 model with 330 four-forms
which mimic space-like M2- and M5-branes of D = 11 supergravity. The second one deals
with the 9-dimensional quantum billiard for 10-dimensional gravitational model with one
scalar field, 210 four-forms and 120 three-forms which mimic space-like D2-; D4-, F'S1-
and NS5-branes in D = 10 /1A supergravity. It is shown that in both examples wave
functions vanish in the limit of the formation of the billiard walls (e.g. at the singularity
for D = 11) but magnetic branes could not be neglected in calculations of quantum
asymptotic solutions while they are irrelevant for classical oscillating behaviour when all
electric branes are present [1|. The special case of quantum billiard in 11D model which
mimics M2 branes was considered earlier in [2].
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ON THE COUPLING OF STABLE ELEMENTARY PARTICLES
MASSES WITH THE SPACE DIMENSION
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The last astronomical data [1] do not let to doubt what the Universe is classified
among the physical systems, the information’s on which’s it is impossible to consider the
full one. As is known, for the description of the similar systems it is used the formalism
in which the functions have the probable interpretation. As a result it might be out of
place worthwhile to remember the Boltzmann fluctuation hypothesis of the Universe birth
supplementing it the assumption about the existence of the great background from weakly
interacting particles. That’s precisely this supposition does the task of the construction of
the Universe stationary model the practicable one. What is more, we shall suppose that
the greater part of these particles exist in the degenerate (basic) state inserting the minor
contribution in the vacuum polarization for the estimation of which the space curvature
is used, what allows to solve the problem of the Universe planeness.

Neutrinos and antineutrinos of various flavors are classified among such kind of particles,
their participation only in weak interactions is the peculiarity of which’s. The total density
of neutrinos and antineutrinos in the Universe is not known, because the estimations can
be obtained when considering the inelastic scatterings, having the enough high energy
thresholds. Having the neutrino Universe and considering the Fermi-Dirac statistics, we
can remember on the Sakharov’s hypothesis [2], in which the vacuum elasticity and the
gravitational interaction of macroscopic bodies were interconnected. As a result it might
be worthwhile to use the elasticity of the neutrino Fermi liquid for that object with the
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sufficiently high Fermi energy ep (characterizing of the Fermi particles density in the
Universe).

Bashkin’s papers [3] appearing in 80th on a propagation of the spin waves in the
polarized gases initiated the supposition, that the analogous collective oscillations are
possible under certain conditions as well as in the neutrinos medium [4]. Precisely it with
the attraction of the Casimir effect allowed to connect the gravitational constant Gy ~
10738GeV =2 with parameters of the electroweak interaction (G o< 0., 0, is the cross—
section for scattering of a neutrino on an electron) [5]. Taking account of the obtained
result and also the empirical formula H,/Gy ~ m2, (m, ~ 107'GeV is the pion mass,
H, ~ 107*2GeV is the Hubble constant) it can offer the interpretation of the Hubble
constant as a quantity characterizing kinetic process of a relaxation in the Universe (we
shall use the system of units h/(27) = ¢ = 1, where h is the Planck constant and c is the
velocity of light).

We consider that the partition of the Universe matter on two subsystems is a description
method allowing the construction of the Universe evolution theory not resorting to fantastic
forms of a matter. In the first place it is necessary to give a definition of fast subsystem
particles as particles participating in strong and electroweak interactions, at the time as
slow subsystem particles do not have such opportunity. Causes of this can be the very
different. According to our supposition for the most part of slow subsystem particles is
what they being fermions (particles with a half-integer spin) formulate quantum liquids
(the Fermi liquid, the Bose liquid from fermionic pairs). When particles go from the
ground state to the excited one they acquire all properties of fast subsystem fermion —
the color charge and (or) the electric charge.

In the degenerate state background fermions of Universe, generating Fermi and Bose
liquids, are weakly—interacting particles, but it is not excluded by the interaction with
hadrons their exhibition as color fermions — ghosts. We do not exclude also the possibility,
that in the state of the Fermi liquid they must be considered as right neutrinos and
left antineutrinos with the sufficiently high Fermi energy ep (“sterile” neutrinos and
“sterile” antineutrinos) [6]. It must be exhibited in the absence of these particles by decays
attributed to weak interactions of low energies (a mirror asymmetry). Thus for example,
it can be inter-preted a lepton production upon a charged pion decay as a freezing—out
of color degrees of freedom what is expressed in the form of the spontaneous breaking of
the SU(3) symmetry, characterizing the interaction of color quarks to the SU(2) x U(1),
symmetry characterizing the electroweak interactions of leptons [7].

Using the Ginzburg — Landau theory it can consider, that hadrons are the analog of
second—kind super—conductors with the large London penetration depth, defined by sizes
of strongly interacting elementary particles (A < 10GeV ~1). At the freezing—out of color
degrees of freedom and at the increase of the order parameter bound to the density of
neutrino Cooper pairs, we obtain the vacuum as the first—kind super—conductor with the
small London penetration depth (the value 1/my can play its role, my is the rest mass of
the Z°~boson).

We note that the transition to the description of the slow subsystem by the adaptation
of the space-time manifold is carried when the Fermi energy cp of “sterile” neutrinos
tends to infinity. In this case the quotation—marks in the words of “sterile” neutrinos can
be discarded, because these neutrinos will not interact with the other particles even at
very high energies.

The principle of the theoretical notion adequacy to experimental data must be put in
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the base of the serious physical theory. It is precisely therefore we attach the fundamental
importance to symmetries which in the condensed (pithy) form. For this in the elementary
particle physics is used the scattering matrix which allows to guess a form of transition
operators if only for linear approximation. Because we must forecast results of future
experiments, the description of physical systems states will proceeds by use of smooth
functions, which it is desirable to obtain as solutions of differential equations. It is precisely
therefore we shall approximate the transition operators by differential operators using the
variation formalism. We note that the presence of the neutrino background with the finite
Fermi energy er is the catalytic agent of stochastic processes, but the large value of this
energy causes to the determinancy of physical processes. Specifically we connect the large
value of the Fermi energy and the low temperature of the neutrino background with the
stability (or if only with the metastability) of elementary particles.

Let us to consider the packet {¥(w)} of functions given in some domain of a parametrical
space M, and let the substitutions

U — U+ 00 = U = §T(V)

are the most general infinitesimal ones, where 07" are infinitesimal operators of a transition
(we do not concretize at first which type of symmetries by them are given). We note
that just the operators 07, defined by a scattering matrix, will generate the symmetries
characterizing the studied interactions.

We draw smooth curves through the common point w € M, with the assistance of
which we define the corresponding set of vector fields {6&(w)}. Further we define the
deviations of fields ¥(w) in the point w € M, as

5,0 = 6X(U) = 6T (W) — 56(V)

and we shall require that these deviations were minimal ones even if in “the mean”. If
we state the task — to find the smooth fields ¥(w) in the studied domain €, of the
parameters space M, then it can turn out to be unrealistic one (possibly r > 1 and
possibly r — 00). That’s precisely therefore the task of the finding of the restrictions ¥(x)
on the manifold M, (z € M,, C M,, n < r) will present an interest.

Let the square of the semi-norm | X (W) | has the form as the following integral

A= /,c d,V = /ﬁW@X(W)ng (1)

Qp

(we shall name A as an action and £ as a Lagrangian also as in the field theory). Here
and further k is a constant; o = p(x) is the density matrix and the bar means the
generalized Dirac conjugation which must coincide with the standard one in particular
case that is to be the superposition of Hermitian conjugation and the spatial inversion
of the space-time My. We shall name solutions W(z) of differential equations, which are
being produced by the requirement of the minimality of the integral (1), as the maximum
plausible realizations of Lie local loops [8] and we shall use for the construction of the all
set of functions {W(z)} (generated by the transition operators).

Of course for this purpose we can use the analog of the maximum likelihood method
employing for the probability amplitude, but not for the probability as in the mathematical
statistics. As is known, according to the Feynman’s hypothesis the probability amplitude
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of the system transition from the state W(x) in the state U'(2") equal to the following
integral

KU, 0') = / exp (1A) DV =

QT )
N-1
lim IN/d\Ill.../d\Ilk.../d\I/N_lexp (iZ[,(\I!(xk)) Am) (2)
N—oo P}
(i* = —1; the constant Iy is chosen so that the limit is existing). So, the formula (2)

allows describe the physical process in the quantum theory the most adequately. At the
same time the functions W(z), being the solutions of differential equations and obtaining
from the requirement of the minimum of the action A, may be the maximum likelihood
ones only, but then they allow to describe the same physical system in condensed (short)
form. In this approach the Lagrangian £ plays the more fundamental role than differential
equations which are generated by it. As the transition operators are constructed on the
base of experimental data, then the differential equations, obtained in a result of the
Lagrangian special choice in the action (1), can name as the differential equations of the
root—mean-square regression ¥ on z.

Let E, .y is the vector fiber space with the base M, and the projection my, ¥(z) is
the arbitrary section of fibre bundle F, .y , 0; is the partial derivative symbol. Let us to
consider the infinitesimal substitutions defining the vector space mapping of the neighbour
points x and x + 0z (z € U, x + dx € U, U C M,) and conserving the possible linear
dependence between vectors. We demand that the action A was the invariant one with
respect to the infinitesimal substitutions

7t — 1+ 02 = 2+ Sw(z)El (z), (3)
UA(z) — UA(2) + dw () Ty p(x) W5 (), (4)

of the local Lie loop G,.(x) conserving the type of geometrical objects (here and further
x' are the co-ordinates of the point z; 2° + dz° are the co-ordinates of the point x + dx;
UA(x) are the components of the vector field W(z); dw®(z) are the components of the
infinitesimal vector field dw(x) being the section of the vector fibre bundle E, ., with
the base M,, and with the projection ,; Latin indices a,b, ¢, d, e will run the values of
integers from 1 to r; Latin indices i, j, k, [, ... will run the values of integers from 1 to n;
Latin capital indices A, B,C, D, E/ will run the values of integers from 1 to V). By this
the components C¢,(z), alternating on down indices of the structural tensor, must satisfy
to the generalized Jacobi identities [9]:

C[O(lzb Cce]d - ffa V\i\Cfc] + Rija” & fg] =0 (5)

(Rij.° are the curvature tensor components of the connection I';2(x)).

That the appearance of stringent restrictions can be excluded on a Lagrangian when
V,dw® # 0 we introduce its dependence on additional fields B(x) , the changes of which’s
contain the covariant derivatives V;dw® of infinitesimal parameters dw®(x), in consequence
of this they are named as gauge fields. Let

BB = ptr(BB")
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in the Lagrangian (1) (trp = 1, p™ = p, the top index “+” is the symbol of the Hermitian
conjugation). Further fields W(x) we shall name as prime ones. We denote the components
of the gauge fields B(x) , as: BS(z) . By this the transformation low of gauge fields B(z) ,
must have the form:

BS — BE 4 6,BS + 0w’¢0; BS, (6)
where the changes d,5¢ in a point z € M,, are defined by the equality
6. B = 6w'U, (B) + V0w Zi¢ (B).

Here and further U, (B) and Z¢(B) are arbitrary functions of gauge fields which’s ought
to be defined [9].

Probably the rank of the density matrix p equals n, but it is impossible to eliminate
that the generally given equality is satisfied only approximately when some components
of a density matrix can be neglected. In any case we shall consider that among fields B the
mixtures II? were formed with non-zero vacuum means !, which determine differentiable
vector fields & (z) for considered domain €, as:

M, =B, &

(fields &/ (z) determine a differential of a projection dr from 2, C M, in €,). It allows to
define a Riemannian space-time M, the basic tensor g;;(z) of which we shall introduce
through a reduced density matrix p'(z). As a result it can be “to hide” a part of fields by
a non-trivial geometrical structure.

So let components pf of a reduced density matrix p'(z) are determined by the way:

pl=ETe pb gl [ (€T pleky =TI/ (ITFLIIR).
and let fields ‘
g7 =" (g )

are components of a tensor of a converse to the basic tensor of the space-time M7 (M}
has the local diffeomorphism in M,,). By this components g;;(x) of the basic tensor must
be the solutions of following equations:

gijgik: = 5%

(hereinafter 1n;; are metric tensor components of a tangent space to M? and 77“€ are
determined as the solution of equations: n”n;, = d7; (5} are Kronecker deltas).
Let us note the integral (1) in the following manner

A = /ﬁtdnv = /[Eo + ﬁl(\If) + ﬁQ(B)]ng, (7)

Qn

where L, is the constant which is connected with the normalization of the integral (2)
and
L1 = kX (0)pi X, (V) = kDUD,V / (BY¢BY),

D,V = —B{X (V) = B{(EVi¥ — L. ).
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Since the action (7) must be invariant by infinitesimal substitutions of the Lie local
loop G,, then the Lagrangian £,(B) must depend on the gauge [10] (boson) fields B(x)
by intensities F¢,(B) having the form

o = 05 (I, 9,B8) — 11 98] + E5,),
where
O =0, — & I} (Bj — 7). Zauy = (B Leg — B Leg) Be — B; B Ce..
Hereinafter a selection of fields I1¢() and 82 are limited by the relations:
I 10, = 05, ¢ &, = he
Further it is convenient to use the following Lagrangian:

Lo(B) = KL F,F1 194 (s s — vshs§) 4+ 17 (5458 — vsts§) + uep (1N — vt®t*)] /4
(k!,v are constants) [10]. If s = &% t® = n?® wy = nw (N are metric tensor
components of the flat space and 77‘“’ are tensor components of a converse to basic one)
then the given Lagrangian is most suitable one at the description of the symmetry matter
(all matter states are equally likely), because it is most symmetrical one concerning
intensities Fy, of the gauge fields. What is more we shall require the realization of the

correlations:
Lb e+ LY =0,

that the transition operators L.’ generate the symmetry which follows from the made
assumptions.

Let’s connect non-zero vacuum means 3% of gauge fields B2 with a spontaneous violation
of a symmetry which we must consider as a phase transition with a formation a Bose
condensate from fermions pairs. The transition to the stage of the matter evolution of
the observable region of the space for which one it is possible to suspect the presence
of cluster states of weakly interacting particles will be expressed in following formula for

tensors 2, 1%, uy, and h¢:
sb=s& hl+& e, =1 €l € ()ﬁ()(J)—i-EE?]
wap = & & B B e+ €5 & meas B =B € (8)
(i), (5), (k), (D), ... = 1,2,...,m; a,b,e,dje=n+1,n+2,...,n+r; r/r < 1), where fields

hﬁj )(x), taking into account the relations (8), are determlned uniquely from equations

h hi = ;. Similarly tensors n0), 2 are determined from equations: n@®n ;)4 (5
n%ne = dg, while tensors 7)), 1ap are determined as follows 7)) = Nap €6 e?k), n@

Ned € eb We shall connect constants e( ) eg with a selection of the gauge fields I1¢(x)
recordlng them by in the form

a j a b a
Hi = q)ij) E(j) + -PJ EQ
and let €5 = 0. Besides we shall apply the decomposition of fields Bf(z) in the form

= G0+ G A
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where Ay = Bf £2.

Note that we decompose the physical system described by fields BY(z) on two subsysterns.
One of them described by fields IT:(x) will play the role of the slow subsystem. In addition
components of intermediate tensor fields &i(z), £&(x), (#(x), (#(x) should be connected
by the relations: (26 = &7, (el = 0, (f€) = 0, € = 6;. That’s precisely what
will be the first step by the construction of the condensed description for the present
stage of the matter evolution of the Universe observable region. So, considering the
indistinguishability of physical states of weakly interacting particles we shall use the
reduced set of fields {II¢, A%} instead of the full set {B¢(x)}.

We shall use that smooth manifolds are locally diffeomorphic ones to the Euclidean
space or to the pseudo—Euclidean space in a certain neighborhood of any point. Therefore
we shall choose the connection components I';%(z) equal to zero in the region under
consideration. As a result the structure equations (5) are rewritten in the form:

C[(ib Cf]d - ffa a\z‘\olfc] =0. (9)

So, suffice it to assume

§la 0ilChe = 0 (10)
that in the points of space M,,, in which the correlations (10) are satisfied, the Lie local
loop can be named the Lie local group (the Jacobi identities are satisfied: C[(flb Cg 4 =0).

Since stable states or metastable states are characterized the specific symmetries, then
giving the parameter dependence of structural tensor components C¢,, we can describe
decay processes of elementary particles if only approximately. Specifically, we shall consider
that the process of the spontaneous symmetry breaking is characterized the quasi-group
structure. (Of course we take account of the presence of the Universe neutrino background
which is the catalytic agent of stochastic processes, including decays of elementary particles).
In consequence of this it is logically connect the stability of differential equations (9)
solutions with the stability of elementary particles. As a result functions C', must describe
the process of spontaneous breaking of symmetry at hadrons decay, including with the
violation of baryonic charge conservation.

If the Lie local loop operates in the space of the affine connection as transitively so
and effectively (n = r), then it can choose the components £! of the intermediate tensor
field equaled to the Kronecker symbols & in a neighborhood of a point w. As a result we
must test the solution stability of differential equations

d e e
C1[ab cld a[a be] — 0.

Specifically, when n = r = 8, it allows to do not increase the count of gauge fields beyond
8 as in the grand unified theory. Thereby we consider that gluons attend in the space
domain where intermediate vector bosons are absent and on the contrary intermediate
vector bosons attend in the space domain where gluons are absent. Here we can use the
theory of second—kind superconductor. In the given case the order parameter must be
connect with the density of Cooper neutrino pairs considering that it is reducing to the
hadron center. That’s precisely what causes to the dependence of properties both fermions
and vector bosons in different space domains.

Note that in more general cases, when the connection components I';’(z) are not
equal to zero and the Lie local loop operates in the space of the affine connection as
transitively so and effectively, then the correlations (5) become in the Ricci identity
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(C¢, = 25¢). Because the symmetry, characterizing the physical system, is selected in
terms of experimental data, the geometrical structure tied to the symmetry is only the
maximum plausible one. Hence it follows that it is desirable to use the spaces of the
affine connection with the torsion for the description of particles. What is more precisely
the torsion must depend on a rest mass of a particle. The assumption on the “sea” of
quarks in the ground state allows using the Landau theory of the Fermi liquid considering
observable particles as quasi-particles on the background of “sterile” neutrinos and “sterile”
antineutrinos. (We evolve the Dirac hypothesis on the presence of the electrons sea with
negative energies in the Universe for the explanation of the electrons stability with positive
energies.) The properties of the latter’s must define the geometrical and topological
properties of the space—time . Personally it must not be the simply connected space
if physical systems are considered at sufficiently low energies that allow explaining the
charge quantization of observable particles. As a result we forecast the appearance the
new physics just at sufficiently high energies.

At present veritable elementary observable particles are considered charged leptons.
Besides stable leptons are only electrons and positrons. We shell consider them excited
states of “sterile” neutrinos and antineutrinos [7|, which’s are in the ground state under
the temperature 75, (the temperature of the cosmic microwave background may be its
estimation) and the Fermi energy ep (the open resonance (126GeV) at LHC may be its
estimation) in the boundary layer of Fermi sphere. The stability condition for the electron
is written as

3aT,e% ~ m? (11)

(me =~ 0.5-1073GeV is the electron mass, « is fine structure constant). Here we took into
account the Lie algebra dimension of Lie group SU(2), which characterizes the properties
of the lepton interior space, and also the equality of the pressure and the temperature
for the electron and “sterile” neutrinos. The crude estimation shows (o ~ 1072, T, ~
107¥GeV, er ~ 10*°GeV), that the relationship (11) is satisfied. For arbitrary charged
leptons the relationship (11) need be rewritten in the form:

3aT,e5 < m?.

If we shell consider hadrons, then it need take into account, that the properties of their
interior space (in specifically, for the stable proton (m ~ 1GeV)) are characterized by the
group SU(3) (the space dimension 7 is equal to 8). As a result the stability condition (11)
for the proton is rewritten in the form:

80 Topefn, A M. (12)

What is more, considering so named “black holes” as hadrons with the large baryon
number [11], we can use the relationship (12) as the stability condition of theirs. By this
it is inexpediently the study of the gravitation ignoring the torsion of the space M,,.
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Jlokj1a/1 MOCBSIIEH HOBBIM TOYHBIM KOCMOJIOTUYECKUM PEIIeHUAM C SKCIIOHEHIINA b
HBIM 3aBHCUMOCTBIO MacCIITaOHOTO (paKTopa OT BPEMEHH B MOJEIN MOIUMUIIMPOBAHHOI
rpaBuTannn JitHmreitHa-'aycca-bBonne. B mokmase mpeacraBiieHb:

1. HeobGxoumble yCIoBUS CyIIECTBOBAHNSA SKCIIOHEHIIMAILHBIX PEITCHHIA.

2. Mero1, 1103BOJISIIONINI TTOJTyYIaTh TOUYHBIE SKCIIOHEHITUAJIbHBIE PEIeHMS.



100 CEKIINA C. MHOI'OMEPHAS I'PABUTAIINA 1 ®YHJAMEHTAJIbHBIE KOHCTAHTBI

3. TouHble IKCIOHEHIMAIBHBIC DEIICHNs B KOCMOJOTMIECKUX MOJEIAX ¢ A-4IeHOM U
[IPOU3BOJIbHO M30TPOIHOM M/IeaIbHO KUIKOCTBIO B (4+4-1)- 1 (5+1)-MepHOM 1TpOC-
TPAHCTBE - BPEMEHH, & TaKKe nX 0000IIeHns Ha CiIydail MPOU3BOIBHOIO UHCIIA U3~
MEPEHUNA.
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TEMHAS SHEPTHUS B 0CDM MO/JIEJIA C PAJINAITNEI
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B nacrosiieit pabore Mbl ucciieryem HadasibHble yeioBus st 0 CDM mojesnu, BKITo-
Yaloleil paauanuio, ¢ JeiicTBUEM BUIA

1
4 v A B A
S = /d z\/—g (—59“ haOu 0”0, =V (p )) + Spf
rje Spf 9acTb JefCTBUS, ONUCHIBAIONIETO UACAILHYIO XKUJKOCTh U € JMaroHajbHONl MeT-

PHKOIi BHYTPEHHErO MPOCTPAHCTBA KUPaIbHO Kocemoorundeckoit mojesu (KKM) B Buse

hiit =1, hoy = exp <\/ﬁ%) U IIOTEHIMAJIOM B3auMOICHCTBUAA B BUIE

2 X
V= Voexp [ —VA-2-) & Vpex (_ﬁ_),
0 p( Mpe) 0 €XP Mg

e Mpy = \/81—G [Ipn naTerpmpoBanny ypaBHEHUI MOJEIN MBI TPUJIEPKUBAEMCS TTO]I-
m

XOJ1a, MPEJJIOKEHHOTo B [2|, ¢ Mojudukarumeil, yauTbBaomeil IPUCYTCTBIHE B MOJIEIN
pajuarnuu. PaccmarpuBasach S10xa OT BPEMEHH, COOTBETCTBYIONMIAS HYKJIECOCUHTERY, JI0
HacToAIIero BpeMenu [3]. Mbr oOHADYKU/IHM, 9TO HAYMHAS C HEKOTOPBIX 3HAYEHUIT KOH-
CTAHTDHI MTOTEHIMAJILHOTO B3amMojielicTBus, Beenennas, ommncoiBaemas KKM, B3anmoeii-
CTBYIOIIEH ¢ WIeAJIBLHOM YKUJIKOCTBIO, He TIEPEXOIUT K YCKOPEHHOMY paciiupennio. Kpome
TOr'0, OKA3aJI0Ch UTO IMapaMeTp YpaBHEHUS COCTOAHUS TEMHOI SHEPIUHU, OIUCHIBAEMOil Ku-
PAJILHBIMU KOCMOJIOTHYECKUMU TIOJISME, OBICTPO CKATLIBAETCA OT HAYAJbLHOIO 3HAYEHUS,
pasnoro () K 3Ha4eHuIO -1, Ipu 9TOM B 00JIee TIO3/IHION0 M0XY OTKJIOHEHUS OT STOrO 3Have-
HUsI MOTYT JIOCTUTATh 3HAYUTETbHBIX BEJIMYNH, & BKJIa/l KHHETUIECKOTO B3aUMOIEHCTBUS
npeHedpeyKnMO MaJl TPAKTHIECKN Ha MIPOTSIKEHUN BCETO BPEMEHHOTO HHTEPBAJIA PACCMAT-
puBaemoii 3ataun, 1 KKM BwIpoKtaeTcs B MOIeNb ¢ IBYMs CKAJISIPHBIME TTOJISIMU.
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KOCMOJIOTTYECKUE BO3MVIIIEHIIS B TEOPUU 'PABUTAIINN
C HEMUHUMAJIBHON KUHETNYECKOI CBSI3bIO
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Mpb1 paccmaTpuBaeM KOCMOJOTMYECKHE BO3MYINEHUSI B CKAJISIPHO-TEH30PHON Teopun
I'paBUTall C HEMMUHUMAJILHON KUHETHUYECKON CBSI3bLIO CKaJIAPHOT'O IIOJIA C KpI/IBI/I3HOI7L
JlarpaHKmuaH TeOPUH COMEPKUT ciaraemoe Bujga kKGY¢ ;¢ ; n upeacrasiser coboil qact-
HBII cirydait obrero jlarpamkuana XOpPHJIECKH, TPUBOJILIIETO K YPABHEHUSM JIBUKCHUS
BTOPOro nopsiaka. 3BecTHno, 4To HEMHHIMAJIbHAS CBA3b TAKOIO POJIa MPUBOJIUT K CYIIe-
CTBEHHO HOBOMY MHMbJISIHOHHOMY MexaHusMmy [1-4]. A umenno, Ha panseil crajaun ciara-
eMble, coJlepzKalliie TapaMeTp CBA3U K, JTOMUHUDPYIOT B yPaBHEHUAX I0JIs, oDecrieunBas
KBa3U-JIe-CUTTEPOBCKUI XapaKTep KOCMOJIOTMYECKON SBOJIONUU € MACIITAOHBIM (PaKTO-
poum a(t) ~ exp(Hut), tne H, = 1/v/9x (kunermieckas wndmsmus). Ipu stom crout
0coDO0 TIOTYEPKHYTh, UTO JAHHBIN MeXaHU3M HHQJISINA He HYXKJIAeTCsS B CIEIUaJIbHOM
o100pe  TOTEHINAIA CKAJIAPHOTO MO/, KaK 3TO TpebyeTcd B OOJIBITUHCTBE CKAJIAPHO-
TEH30PHBIX MoJiesieil. B narreit paboTe Mbl CTPOUM B JITHEHHOM NPUOJINZKEHUN YPaBHEHUS
JUTS CKAJISPHBIX, BEKTOPHBIX U TEH30PHBIX BO3MYIIEHUIT, KOTOPbIe Pa3BUBAIOTCA Ha (hoHe
OJIHOPOJIHON M m30TponHoil BeelleHHoil, onuchiBaomeiicsa maockoit Moaenbio Opuamana.
JleTabHbI aHAIN3 BO3MYIIEHII TPOBOJIUTCH HA CTA NN KUHETUIECKON MHMIIAINN.
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PAHHSAA KOCMOJIOTMYECKA S 9BOJIIOIIN S BBIPOXK/IEHHOM
OEPMU-CUCTEMBI C ®PAHTOMHBIM CKAJISIPHBIM
B3AVMO/JIEVICTBUEM
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Aunoranus. [Iposedeno wucienHoe MOOEAUPOBAHUE MOJEAU KOCMOAORUMECKOT IB0MOUUY CKAAAPHO 3a-
paccennoli eupostcdennoti Pepmu-cucmemv, OAf CAYUAA PAHMOMHO20 CKAAAPHO20 NOAA NPU GEAUNUHE
CRANAPHOL 3aPA00S U Maccv, depmuonos nopsdka 1. IIposedeno cpasheHue Pe3ysvbmamos co CAYHaeMm
KAACCUMECKO20 CKANAPHOZO 63AUMOOETICTNEUA ¢ OMMANKUBGHUEM OOHOUMEHHO CKANAPHO BAPANCEHHBLT
Ppepmuoros.

Abstract. A.A. Agathonov, Yu.G. Ignat’ev. Cosmological evolution degenerate plasmas with phantom
scalar interaction.

Numerical modelling of model of cosmological evolution scalar charged degenerate Fermi-system for a case
of a phantom scalar field at the values scalar charge and mass fermions by order 1 is carry. Comparison
of results with a case of classical scalar interaction with pushing away the same scalar charged fermions
is research.

Keywords: Early Universe, Local Thermodynamic Equilibrium, Relativistic Kinetics, Scalar Interaction,
Early Inflation, Acceleration.

Ha ocHOBe caMOCOTIaCOBAHHON PEJISITUBUCTCKON KuHeTHIeCKoi Moesn |1| B pabore 2]
OblIa MCC/Ie/IoBaHa KOCMOJIOTUYIECKasd IBOJIIONNS BBIPOXK/IEHHOI'O CKAJISPHO 3apsIKEHHOTO
raza epMu-vacTHIl ¢ OTTAJKUBAHUEM OJHOMMEHHO 3apsizKeHHbIX YacTuil. B paborax |3, 4]
Ha OCHOBE JMHAMUYECKONW TEOPUHU ITOCTPOEHA MOJIC/Ib ILIa3Mbl C KJIACCUYIECKUM U (paHTOM-
HBIM CKAJISIPHBIM IIPUTSAKEHUEM OJIHOMMEHHO 3apsKeHHBbIX JacTuil. B Halreit pabore Mbl
pPaccMOTPUM MOJIEIb KOCMOJIOTMYECKOH SBOJIIOINN ITPOCTPAHCTBEHHO-TIJIOCKON BeesreHHoil,
cocTodIneil n3 BhIpoXkKIAeHHONH PepMHU-CHCTEMbI CKAJISIPHO B3aMMOICHCTBYIONIUX YACTHI] U
MaCCHUBHOTO (PaHTOMHOI'O CKaJgpPHOTO IOJId. B 3TOoM cilydae KOCMOJIOTHYECKas MOJIED
OIIUCBHIBACTCS CUCTEMOM OOBIKHOBEHHBIX Ju(depeHInaIbHbIX YPaBHEHHIT, COCTOAIIEH U3
ypPaBHEHWUsI [OJIsl U OJJHOIO U3 ypaBHeHuit DifHIreiina, OTHOCUTENLHO MepeMeHHbIX a(t) —
macrrabHoro dakropa u $(t) — moreHnuAaIa CKaJISIPHOTO TOJIST:

C.I.>+3g<i>—,u2<1):47ra; 2:\/8—7%, (1)
a a 3

e=cp+es; p=Dps+Dps; (2)
85,]95 — IIJIOTHOCTDH SHepI‘I/II/I " ,IL&BJIGHI/IG (i)aHTOMHOI‘O CKaﬂHpHOFO II0JI4d C HpI/ITH}KeHI/IeM
O,ILHOI/IMGHHO CKaJIHpHO SapH}KGHHI)IX tI&CTI/IH

rie:

1 . 1 1.
gy = —(—0* 4+ p*0%); p,=—— (5D + p7D%); (3)
81 8t 3
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Sf, pf — INIOTHOCTDb SHEPT'UU U JaBJICHHUE BBIPO2K/ICHHOI'O q)epMI/I—Fa3a, 0 — CKaJIdpHadd I1JIOT-
HOCTB 3apsia (cm. [4]):

ef = ;?2 [w\/1+w2(1+2w2)—ln(w+\/1+w2)} ; (4)
by = o [V 0 - 3) + 3w + VT 39)]: (5)

o= qé:f’ VTHE? (g + T+ 7)) (6)

rie ¢ = pr/|m,| - ornomenue nmnyibca Pepmu K abdexruBHO Macce, m, = |m + ¢P|
— 3 derTuBHAd Macca (pepMUOHOB. YKa3aHHas CUCTeMa YPaBHEHUH MHTEIPUPYETCS THC-
JleHHbIME MeTojiamu B rmakere Mathematica-9. B kadecTBe Haga/IbHBIX YCIOBUI 38/1aI0TCH:
K03 durmenTol 6aporporbl PepMu-cucTeMbl, OTHOIIEHNE IIOTHOCTel sHeprun Pepmu-
CUCTEMBI M CKAJIAPHOTO TOJIs, CYMMAaPHBIH Ko duimenT 6apoTporbl CUCTEMbBI YaCTHIL 1
IoJI4:

k=P, (7)
CBSI3aHHBINA C NHBapUaHTHBIM KOCMOJIOTUYECKHUM YCKOPCHUEM. Q, COOTHOIIICHUEM

Q- :—%(1+3/<a). (8)

C.L2

B pesyibrare YHCICHHOrO NCC/ICIOBAHNS CUCTEMBI (2-3) GBI IIOJIyIeHbl PEIICHHs], OIN-
CBIBAIOIIHIE KOCMOJIOTHYECKYIO 9BOJIONNIO BBIPOKICHHON IIa3MBI ¢ (hAHTOMIBIM CKAJISIP-
HBIM B3anmmMozeiicTsueM (em. Puc. 1 - 6).

— repulsion — repulsion

- gtraction N - ftraction

‘/ .

. L
3 2 1 1 2

Puc.1. 3Ssosroyus xoadguyuernma bapomponve

K 68 CAYUAE HaHMOMHO20 CKAAADHO20 NOAS C NPU-

MAACENUEM 0OHOUMEHHO CKAAAPHO 3aPANCEHHHE —PUC.2.  DB0A0UUA KOCMOAORUYECKO20 YCKODE-
YacuY (HCUPHAA AUHUA) U KAGCCUNECKO20 CKG-  HuA §) NPU MET Jice NAPAMEMpPAT CUCTNEMbL, YIMO
AAPHOZO MOAS C OMMAAKUBAHUEM (MONKAA Au-  Ha puc. 1.

nus). Beody: ph =3167T,m=1,p=1,q=1,

D(0) = —0.2497, d(0) = 0.0711.
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K 9

— .
b = ,2/ ,/_/ 5 3 +— 11D

Puc.3. 3Ssosrovyus xoadduyuernma bapomponvy
K 6 3G6UCUMOCTU OM NAPAMEMPOE CUCTNEMDL:
MOHKAA NUHUA: p% =100, m=1,u=1,qg=1, Pwuc.4. s6oaouusi KOCMOAO2UNECKO20 YCKOPE-

®(0) =1, <I>(O) = —1; oicuprasn wepnas sunus:  nua  NPu Mex sice NAPAMEMPAT CUCTEMDL, YIMO
p% =100, m = .01, u = .01, ¢ = 1, ®(0) = 0, na puc. 3.
®(0) = 10; orcupnan cepas aunua: pl = 100,

m=.01, p=.01, ¢ =0, ®(0) =0, ®(0) = 10.

N
L L h . 1D

Puc.5. 3Ssosrovyus xoadduyuernma bapomponvy

K 8 3G6UCUMOCTIU OM NAPAMEMPOE CUCTNEMbL:

monkasa aunus: m =10, p =1, ¢ = 10; orcupraa Pwuc.6. Dsosoyus KoCMOM02UNECKO20 YCKODE-
yepnaa aunus: m = 0, p =1, ¢ = 10; orcupraa  nua ) npu mex oce nAPAMEMPAT CUCTIEMDL, 4NO
cepas sunua: m = 10, p =1, ¢ = 0; nynkmupras  wa puc. 5.

aunusa: m =10, p =0, ¢ = 10. Bewody: p% = 1,

®(0) = 10, $(0) = 0.01.

Kak BumHO M3 mpe/icTaB/IeHHBIX PUCYHKOB, OCHOBHOE OTJINYWE IMOBEJIEHNS CHUCTEMBI C
daHTOMHBIM TIOJIEM TPUTIKEHUs OT CHCTEMBI ¢ KJIACCUIECKHM OTTAJKUBAHUEM 3aKJIIO-
JaeTcd B OTCYTCTBUU MUKPOKOJIEOAHMIT C 4aCTOTOH MOpA/IKa IIJIAHKOBCKON U TOABICHIEM
daHTOMHOTrO BCILJIECKA YCKOPEHUS.
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HEINMATOHAJIbBHBIE KOCMOJIOTNTYECKUWUE MOAEJIV
POBEPTCOHA-YOKEPA B OTO

K.E. Bemoymko?, B.B. Kapbanosckmit®

eE-mail: beloushko@mail.ru; MypMaHcKuii rocyuapcTBeHHBI TexHuYecKuili yHusepcurer, Myp-

MaHCK
*E-mail: Karbanovski V. V@mail.ru; MypmascKknit rocy/1apCTBEHHBII TEXHUIECKI YHUBEPCUTET,

Mypmanck

Kaxk n3Bectrno, merpuka Pobeprcona-Yokepa, onuchbiBaroiias OJJHOPOIHYIO U H30TPOII-
Hyto Beenennyto, B npocreiiiem ciydae uMeeT BUT

ROP o o (a4 sn? 0d¢p2)) 1)

ds* = —b(t)dt* + a*(t) (W

Jl1s1 Takoif MeTpHKH, 3alMcaHHON B JuaronasibHoM Buje, ypasaenus OTO mpusogar
TaKyKe K JMaroHaJbHOMY TeH3opy sHeprum-ummysibca (TOU). B pabore [1] 6b10 moka-
3aHO, YTO HEBBIPOXKJCHHBIMU KOODJMHATHBIME MPe0OpasoBaHUAME METPHKY (1) MOXKHO
IPUBECTU K HEJUATOHAJLHOMY BHUJY W HOJIyYUTh HEJMArOHAJbHBbIE KOMIIOHEHTHI TOIL.
Takoit 11oax0/1 TO3BOJISIET:

1. mocrpouts Mojsesn BeesleHHOM U3 «OOBIUHOI» MaTepuu, He mpuderas K «IK30THUIE-
CKO»;

2. BBECTU B MO/IeJIb HAOJIIOAaeMblii MIKPOBOJIHOBOM KOCMUYecKuii (hoH, KOTOPOMY CO-
OTBETCTBYIOT HeJMaroHabHble KOMIOHeHTHl TV (mioTHOCTH MOTOKA SHEPIUU O U
TEH30D HATSKEHUIT T);

3. coracoBaTh HEOJIHOPOIHOCTH PACIIPEIE/IEHIs] MaTEePUN ¢ 00IIIeil 0JIHOPOTHOCTHIO Meo-
METPHHI IPOCTPAHCTBA.

PacemorpuM o/iMH 13 BADHAHTOB paccoraacoBanus MeTpuku (1) mo paaunaibHOil 7 Ko-
opauHaTte. st 9TOro Bocmob3yeMcsl KOOPJIMHATHBIM ITPeoOpazoBaHueM BHUIA

dt — dt — Cét(t g)dr, (2)

rie c(t,r) nekas merpudeckas yHkIws. B arom ciyuae merpuka (1) mpumer Buj

R/2 C2
— —) dr? + R* (d6” + sin® 0d<p2)> , o (3)

2 2 2

a ypasaenusd OTO OyayT BBITVISIETH CJIETYIONIIM 00Pa30M:

3k 3  *a(1—kRY) | cab(l— kR  2ca(2 — 3kR?)
S a® a? a'b>R" a’b3 R a*bRR! (4a)
2caR"(1 — kR?)  2da(1 — kR?)  2céa(l — kR?)
a3bR" B a3bR'2 B a3b2 R’ )

RE
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ko a®  ab A1 —kR»a* 231 —kR¥ab  2¢(1 — kR?)a

TETE T @ T T R abR? GORE (1)
L c(1—kR)b 20 2c*(1—kR¥)id | 2c(1—kR%ac | 2(1— kR?)¢
a?b?RR’ ab a3b?R'? a3b?R? a?bRR
koa®>  ab 2a?(1—kR?) Pab(l —kR?)  520*(1 — kR?)
LT T AR T T aR? oDR? | 4a%iR?
_ 2a N ca(l — 2kR?) _ob(1 — 2k R%) N Ai(l — kR?) B Ab(1 — kR?)
ab a*bRR’ . 2a202RR’ a*b?R"? . 2a2b3 R"?
caR'(1—kR?) = cbR'(1—kR?) da(l—kR%)  b(1 — kR?) (4¢)
I 20202 R a*R?  2a20?R”
~ caé(1 —kR?)  5cbé(1 — kR?) N ¢(1—kR?)  ¢R'(1—kR?)
ab?R"? 2a2b3 R"? a’bRR' a’bR"3
2(1—kR?)  ¢(1—kR%)  cé(1 — kR?)
a2b2R/2 a2bR/2 a2b2R/2 )
o o [20R'(1—KR?) 2a(1—2kR?) b(1 — kR?)
B a3b?R’3 a3b2RR a2 RR (4d)
(26 20d(1—kR) | 21— kR?)
a?b ab?R"? a’b’RR’

PaccmorpuM, B KadecTBe mpuMepa, Mojesb crarndeckoit Beesennoit (a = const), co-
CTOsIIIEl U3 HECZKMMAeMOTo BelecTBa (€ = const). B TakoM BelecTse OTCYyTCTBYIOT YIIPY-
rue BOJIHBI, &, CJIeJIOBATE/ILHO, TIOCTOSHHBIMU JIOJI?KHBI OBITH p, U P, . /lannble orpannde-
HUS TPUBOJAT K YCJIOBUSIM:

2(1— kR?)

C— Ie) a
CL2 RR’ \/E ’

(1-2kR*) F (1-kR»R' F
a’RR’ Vb a’R" NG

. LN 2 N (5b)
N (1 —-kR?) o (FF n F n F _ 3
a? R ot \ b NG NG -
rje & = p, U @ = P, — HEKOTOPbIe KOHCTaHTHI, a F' = ¢/ Vb. Ucnonb3ys TpeboBamms

YCTOWYIMBOCTH BEIECTBA OTHOCHTENbHO MUKpOKosIarca p, > 0, py > 0 [3] u craboe
SHEpPreTuvIeckoe ycjosue [4] B cocTogHIN MOKOsI paccMaTpUBAEMOil Cpeibl

1
€ > 3 (pr +2p1), (6)
HO.HyLH/IM Bpra)I(eHI/Ie JIJISL MeTpI/IKI/I KOCI\TOHOFquCKOﬁ MO,He.HI/I

ds? = —C3 (6t +C0)* ) at - gl 56+ €) () drdr+

/ / 2 .
<(1a,25322) - 462221:222])%023 (0t+ Ch) 5) dr? + a*R* (d6” + sin® 0 dp?)

(7)
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rie C7 n (5 — KOHCTAHTBI WHTErpUpOBaHus, o = [ = _#ﬁé)’ a JId mapamerpa o
BBITTOTHAETCS HEPABEHCTBO

)

—7<6< ——.

2

[Ipu 5TOM IJIOTHOCTH MOTOKA SHEPTUU MaTEPUU ONUCHIBAETCH PyHKIHE
akRR'(§ — 1
g = ) ((5 t+ C 1)

(1—kR2)(5 + 1)

U HeOTPAHUYEHHO BO3pACTaeT cO BpeMeHneM. Takum obOpasoM, JlaHHas MoJelb uMeeT (hu-
3UYECKYIO CHHTYJIIPHOCTD MPU ¢ — 00.

B nacrosiee BpeMsi pacCMOTPUBAETCsT HECKOJIBKO BAPUAHTOB PACCOTTIACOBAHUST METPHU-
ku (1) 1o pajmanbHOi (1) U JAByM yIJIOBbIM (¢ 1 ) KOOPIMHATAM C TEIbI0 TOCTPOEHsI
PEATTUCTUIHON KOCMOJIOTHIECKON MOJIC/I ¢ AHU30TPOITHBIM MUKPOBOJHOBBIM (DOHOM O,
nabsmogaeMbiM B skcrrepuMentax COBE, WMAP u Planck.
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I'JIOBAJIBHBIN AHAJIN3 YCTOMYUBOCTU JIJ1d MOJEJIEN C
HUMWHNUMAJIBHO CBSIA3AHHBIMU CKAJISIPHBIMUA ITOJISIMI

C.10., Bepnos?, M.A. Ckyropesa’, A.B. Tonopencknit®
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n Kocmostorun, Mocksa, 117198, Poccus
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B mannoit pabore ucciegoBana JuHaMUKa KOCMOJOTHIECKAX MOJIeIell ¢ HEeMUHUMAJIHLHO
CBA3AHHBIM CKAJIAPHBIM II0JIEM, SBOJIIONUOHUPYIONNM Ha (DOHE IPOCTPAHCTBEHHO TLJI0CKO
Merpukn Opuamana-/Ilemerpa-Pobeprcona-Yokepa. PacecmoTpenbl Mojien, BKIIOYAOIIHE
qJIEH CO CKaJIsIPHON KPUBU3HON M HEMUHUMAJILHON CBA3BIO CKAJISIPHOIO I10JIsI U I'DaBUTAa-
mun suja ¢ R. TloTenmuanl 6paiuch KaK B BUJE MOHOMOB 7 CTEIICHH, TaK ¥ HOJIHHOMHE-
asibHble. ONNCAHO HECKOJIBKO KAYeCTBEHHO PA3/JINYHBIX TUIIOB JUHAMUKHU B 3aBUCHMOCTHU
ot nokazatreseit crerneneit N u n. [locrpoens! hazoBble auarpaMMbl it TPEX OCHOBHBIX
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caydaeB: n < N, N <n < 2N un > 2N. HeckoJIbKO BayKHBIX CBOWCTB, CBSI3aHHBIX CO
cnydasmMu n = N u n = 2N, onucanbl oT/ebHO. V3yvueHo BMsHIE KOCMOJIOIUYECKO
KOHCTAHTBI Ha TVIO0AJBHYIO JUHAMUKY PACCMATPUBAEMbBIX MOJIEJICH.

ANISOTROPIC COSMOLOGIES WITH TORSION

A .M. Galiakhmetov?®

eFE-mail: agall7@mail.ru; Donetsk National Technical University 51 Kirov str. Gorlovka 84646
Ukraine

Recent cosmic observations favor an isotropic spatially flat Universe, which is at present
expanding with acceleration. The source of this expansion is an unknown substance
with negative pressure called dark energy (DE). Establishment of the origin of DE has
become an important problem. Different theoretical models of DE have been put forward.
Among these models various modifications of general relativity (GR) were considered,
the Einstein—Cartan theory (ECT) in particular . This theory is an extension of GR to a
space-time with torsion, and it reduces to GR when the torsion vanishes.

The observed large scale isotropy of the present Universe does not mean that it should
have been isotropic at earlier times. It is well known that the problem of description of
the earlier Universe admits a scenario of anisotropic expansion. In this context, we here
investigate exactly integrable homogeneous anisotropic cosmological models in the ECT,
in order to elucidate whether their isotropization in the course of evolution is possible.

In this talk, the role of the scalar field potential V' (®), stiff fluid and an ultrarelativistic
gas for Bianchi I model in Einstein-Cartan cosmology with a nonminimally coupled scalar
field is presented.

An analysis has shown, that for the cosmological models with “Scalar-torsion field” +
“Stiff luid” the presence of stiff fluid leads to:

(1) for ny > 0, the slowing-down of the cosmological evolution of the bouncing models
with ® > 0, C3 > 0 at t — —oo, which for t — +o00 undergo isotropization with the
law of the expansion a(t) ~ b(t) ~ c(t) ~ eM?,

or ny < 0, the existence of singular expanding models wi e de Sitter-like law o
9) for ny < 0, the exist f singul ding models with the de Sitter-like law of
the isotropization at late times (® > 0) and the restriction on the coupling constant

£ &> 3/8.

The supplementary source of the gravitational field in the form of the negative potential
of the form V(®) = —|Cy|cosh™ Ayt results in the singular expanding models with
the Sitter-like asymptotic at late times. The difference among the analogous models for
“Scalar-torsion field” + “Stiff fluid” consists in the following: a unique law of the evolution
for ® at early times (®|;o ~ t) and another restriction on the coupling constant ¢
(&> 3/2).

The effective EoS parameter of these models at late-times has the fantom behavior
with the Pseudo—Rip for bouncing models and corresponds to the quintessence for singular
expanding models.

An introduction of the positive scalar field potential V' (®) of the form V(®) = Cy(1 +
3kCyt?)~2 into the mixture of a scalar-torsion field with stiff fluid leads to the singular
expanding models which at late times are isotropized by the law a(t) ~ b(t) ~ c(t) ~ 43
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When radiation is taken into account in the mixture of a scalar-torsion field with stiff
fluid, this causes the existence of singular expanding models, which are asymptotically
isotropized by the law a(t) ~ b(t) ~ c(t) ~ t*3 and the restriction on the coupling
constant &: £ > 1/6.

A.M. Galiakhmetov , Int. J. Mod. Phys. D 23 | (2014) 1450034.

MEAN VALUE THEOREM AND BUCHDAHL TYPE OF BOUNDS
FOR STATIC PERFECT FLUID STARS WITH )\ IN ANY DIMENSION

Alberto A. Garcia—Diaz®

eF-mail: —; Departamento de Fisica, Centro de Investigaciéon y de Estudios Avanzados del IPN,
Apdo. Postal 14-740, 07000 México DF, México

Under the Buchdahl’s conditions [1] on the behavior of the density and the pressure
for regular fluid static stars in the presence of a cosmological constant the bounds of the
mass and the pressure are determined in any dimension. The use of the Lagrange mean
value in theorem in this context is revisited.

The main objective of this contribution is to establish a generalized Buchdahl’s theorem
in d > 4—dimensions in the presence of a cosmological constant. For lower dimensions,
d < 4, there is no room for bounds of the mass density distribution.

Theorem

If a perfect fluid distribution fulfills the conditions:

e it is described by a one-parameter state equation p = p(u) ,
e the density is positive, ;1 > 0, and monotonically decreasing, Z—‘; < 0,
e it is microscopically stable, 3—Z >0— % <0,

in d—-dimensions, there is a bound on the mass density given by

Lo (@=2 -2 2R )@=

> .
Rd—3 ( >— (d_1>2+ (d—1)2 —Rd73m
For vanishing cosmological constant one gets
1 (d—2)? 2
Rdng(R) S 2 (d . 1)2 Z Rdfg Megt-

Moreover, for the fourth dimension, d = 4, this inequality reduces just to the well known
expression %M (R) < g > %mm.

In 2 + 1-dimensions, there is not a bound on the density.

A close formulation of the conditions of the theorem in 4-dimensions under the name of
minimal assumptions M1—M4, can be found in the book of Straumann [2|, p. 302, without
any mention to the related formulation of Buchdahl [1]|, and to the derivation of the mass
inequalities using, as the starting point, the Buchdahl inequality equation, Eq.(3.11)). On
the other hand, for a d-dimensional static star, bounds on the mass has been derived by
Ponce de Leon and Cruz [3]|. The generalization of the mass restrictions to d—dimensional
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static stars with cosmological constant was carried on by Zarro [4], unfortunately this
work exhibited several misprints in its development although the final result occurs to be
the correct one. Mak et al [5] extended these results to the charged cases.
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MATEMATUYECKOE 11 KOMIIbIOTEPHOE MO/JIEJMPOBAHUE
KOCMOJIOTMYECKOM 9BOJIIOIINN CIIEKTPA YACTHIL
CBEPXBBICOKIX SHEPTUI HA OCHOBE PEJIATUBUCTCKOTO
MU®PY3INOHHOTI'O YPABHEHUS B ITIPUBJINYKEHUU
®OKKEPA-TIJIAHKA

N.X. Tapumosa?, 10.I. Urnarnes’
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AHHOTaHI/Iﬂ. Onucanovt pe3yavmamal MO@GﬂUpOGGHU.ﬂ npouecca KOCMON02UYECKOT] I60AMI0UUU CBEPTMEN-
A06DT HACMUY, Ha 0OCHOBE KOM6U’H,0/L4UU ACUMNMOMUYECKUT U YUCACHHO-AGHAAUTNUYECKUL MEMOJ0E pewe-
HUA U UCCALIOBAHUA PEAAMUBUCTMCKO20 YPABHEHUA TMUNG QDO’KJ’ICEPG,-HACLH?CCL.

Keywords: mamemamuueckoe u KomMnuromepHoe mMo0esuposaHue, KOCMOA02USA, HEPAGHOBECHBLE NPOUEC-
Col, PEAATNUBUCTNCKAA Kunemuka, ypashenue Pokkepa-Ilaanxa, CKM Maple.

B psiyie pabotr [1-6] ucciaenosasics nporece BOCCTAHOBJIEHHsI TEIJIOBOIO DABHOBECUSI B
M3HAYAIbHO HEPABHOBECHOM KOCMOJIOTMYECKOI TIJIa3Me B YCJIOBUSX SHEPTOIOMUHAHTHOCTH
JaCTHUI CBEPXBBICOKNX 3Hepruit. B aTux paborax ObLIu chOpMYTUPOBAHBI JIBE pa3/Ind-
Hble MaTeMaTUIeCKue MOJE/IN 9TOro mpolecca — nepsas u3 Hux |1-3| onucbiBasia 5B0JIO-
A0 KOCMOJIOTUYIECKOM TIJIa3Mbl B IPUOJINZKEHUN MAJIOT0 YNC/Ia CBEPXTEILIOBBIX YaCTHUIL 110
CPABHEHUIO C YHCJIOM TEIUIOBBIX, a Bropasi [4-6] — B mpubJimzKkeHnn, KOrjia 9uc/ao CBePXTell-
JIOBBIX YACTHUIIL €ITe BEJIUKO 10 CPABHEHUIO C YUCJIOM TEILIOBBIX. Bropasd Mo/ie/lb OCHOBDI-
BaJlaCch Ha TaK Ha3bIBAEMOM JIU(MDDY3MOHHOM MPUOJIUKEHNUN, OIMMCHIBAEMBIM YPaBHEHUEM
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turra Poxkepa-Ilianka, Brepsbre moydeHroM B [1]. Dra Momesnb 6blia uccae0BaHa B Ii1-
TUPYEMbBIX padoTax, OJHAKO, B NPUOJIMZKEHUN MAJIBIX KOCMOJIOTHYECKUX BpeMeH. [lombiT-
K& PacIpOCTPAHUTL PE3YJIbTATHI Ha OOJIBbINNE BPeMeHa HATOJKHYIUCH Ha CYIIECTBEHHDLIE
TPYAHOCTH, KAK MATEMATUYECKOTO, TaK M BBIMUCIUTEIHLHOIO XapaKTepa.

B nammnoit pabore mpeanpuHIMAETCS MOMBITKA PENTUTD YKA3aHHYIO 33/1a9y C IIOMOIIBIO
YUCTIEHHO-aHATUTUIECKIX METOJ/IOB, OCHOBAHHDBIX Ha CILUIAHHOBOW SKCTPATOJAINN (DYHK-
muit B8 CKM Maple. Ilpu sTom ucmosb3yercs: makeT IporpamMM CILIATHOBON 9KCTPAIo-
gy perennii auddepennmanbabix ypasaeruii [8]. C moMOIb0o SKCTPAOIAAN Psijia
UHTETPAJILHBIX (DOPMYJT YAAETCA TOJYUYUTh KOMITBIOTEPHYIO MOJIE/Ib, CIPABE/JIMBYIO TTPU
OOJIBITTUX KOCMOJIOTMYIECKUX BpPEMEHaX, UTO IO3BOJIAET IMPOBECTU HMCC/ICIOBAHNE CIIEKTPa
KOCMHUYECKUX YaCTHUIl CBEPXBLICOKUX dHepruil. B pabore npejcrasien rpadudeckuit Ma-
Tepuas 00 IBOJIONUU CIHEKTPa KOCMUYECKUX JIydeil CBEPXBBICOKUX 3Hepruii. Paccmorpe-
Ha dyukius pacrpeienenus GO(7,X) HyJI€BOro U mepBoro NpubIMKEHUil, OMUCHIBAIONIAA
KOCMOJIOTHYIECKYIO 9BOJIIONUIO YaCTUIL CBEPXBLICOKUX SHEPIHUil B YCIOBHUAX CKEHIMHTA!

81 x4 x T+ x9 81T (& mo>2  (ata0)?
o —® e
aor) =1 |* (3) -2 ()| - [ -],

rie ®(x) — unmeepana eepoammuocmet

1 Tt y? ay
Gitri) = —= [ [ Gatropae- [~ ane Go(ty)(1+2—t+2t)

HpOBO,ILH aCUMIITOTHYECKHUE OIICHKN METOI0M Jlarmiacca Inpu 7 — O, II0JIy9YUM HEKOTO-
Pble HHTEI'PaJIbHbI€ BbIPpazKEHUA, KOTOPbIE aHaJIU3UPYIOTCA COYeTaHNeM aHaJIMTUYCCKUX 1
YHMCJICHHBIX METOI0B. B pa60Te IIPUBOAATCA pe3yJibTaTbhbl MOJC/IMPOBaAHUI.
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YCPEJHEHUE KOCMOJIOTUYECKON MOJEJIN C
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B crammapTHOil KOCMOJIOTHYeCKO MOoJie/n HAOTI0aeMoe yeKopentnoe paciiupenue Bee-
JIEHHOI CBA3BIBAETCS C MPUCYTCTBUEM B Hell TeMHOit sHeprun. OHaKO, CYyIIECTBYIOT TaK-
7K€ U Pa3/IMyIHbIe TOTBITKE aJIbTePHATUBHOIO OObsICHEHUsT HAOIIOIaTe/IbHBIX JTAHHBIX (CM.
0630p B [1]). OnHuM 13 aJbTepHATHBHBIX TIOJXOJOB SIBJISIFOTCS METO/IbI, OCHOBAHHBIE Ha
yCPEeJIHeHUU HEeOIHOPOIHOCTel, nMeromuxcs Bo Beestennoit. B ¢Bsi3u ¢ HeJIMHEHOCTHIO 1
TEH30PHBIM XapaKTepoM ypaBHEHWI DWHINTeHa UX yCPeTHEHHE SIBJISITCS HeTPUBHAIBHOMN
zaiadeil. /o cux mop OTKPBITHIMU BOIIPOCAME OCTAIOTCH KaK BBIOOD MPOIIETYyPhI yCpe IHe-
HUsl, TaK ¥ BeaunanHa 3 dekToB yepeanenus [2].

OsauM u3 HanboJiee TOMYJISIPHBIX CIIOCOO0B yepeiHeHusl siBjisiercst MeTo)1 Bromepa |[3].
Metoj1 3aK/IIO9aeTCS B YCPETHEHUN CKAIAPHBIX BEJIMYHH IO TPEXMEPHBIM 00JIACTAM, Jie-
JKalluM Ha TUIEPIOBEPXHOCTAX OPTOTOHAJIBLHBIX IOJII0 4-CKOPOCTH KOCMOJIOTUYECKNX Ha-
omonareneit. 3-3a Toro, 4To onepalun ycpeaenud u guddepeHnupoBanus mo coOCTBEH-
HOMY BPEMEHU He KOMMYTHUPYIOT, ypaBHeHud Ppujmana MOIUMUIUPYIOTCS CJIEIYIONTIAM
obpazoM

3% +4m(p+3p) = Q+ P, (1)

6H? —16m(p) = — (Q + (R)), (2)

rjie (...) — IPOCTPAHCTBEHHOE CPEJIHEee CKAJSIPHON BeIUInuHbl, () — KHHEMATHIeCKUi -
dekT ycpeanenus, P — punamudeckuit 3 dext. lanmbie nonmpasku K ypasHeHuaM Ppuji-
MaHa MOTYT JlaBaTh YCKOPEHHOEe pacimpenue. Pe3ynbrarT 3aBUCHT OT BBIOPAHHOTO pPac-
IpeJieIeHnsl HeoqHOPoIHOCTe. MBI paccMoTpuBaeM pacipejiesieHne, B KOTOPOM HEO/THO-
POJTHOCTD MACCHI JIOBEJICHA JI0 KpaiiHei crermeHn. A UMEHHO, BCe BEIIECTBO COCPEIOTOIEHO
Ha PACIHIMPLAIONUXCH CPEePUIECKNX TOHKHUX 000JIOUKAX, Pa3JIesISIoNiNX IIycThle 00JIacTu
[4], kaxkmast u3 Koropbix onuchiBaercs perterneM [IBapimuibaa. Isukerne 06010uex
OTIPEJIE/ISIETCS U3 YCJIOBUI CIUBKY. /lanHas MoJe/h ABIsgeTcs CyIeCTBEHHO HeJTMHEHHOi],
TO €CThb He MOYKeT ObITh ONucaHna B BUJIE MAJIOTO BO3MYIIEHUS OJHOPOIHOTO TPOCTPAHCTBA.
Kpowme Toro, aBuzkenne TOHKUX 000JI0YEK, COCTABJIAIONINX MOJIE/Ib HE SBJISAETCS T'eOJIe3U-
YeCKUM, 9TO MPUBOIUT K HAJUIUIO JUHAMUIeCKOro sdpderrta P # 0.

Mp1 BBIUmC/IIEM TIOPABKU K ypaBHeHuaM DpujMana v aHaJu3upyeM UX BJIUSHUE HA
pelienue ypasHCHUI.
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1. BBenenune

Joctynnasg Ham MerarajakTuka siBjIsgeTcs caMoii OOJIBINION rpaBUTUPYIONIEH CHCTEeMOI, 1
[I09TOMY KOCMOJIOTHYECKUE HAOJIIOICHIS TIPEJICTAB/IAIOT 3HATUTE/ILHBII MHTEPEC JIJIs ITPO-
BEPKH rpaBUTAIMOHHBIX Teopuii [1]. B pamkax obmieit Teopun ornocuresnsaocru (OTO)
TaK Ha3bIBaeMasl CTaHIapTHAs MOje b OpuaMana yI0BICTBOPUTEILHBIM 00PA30M OIHUCHI-
BaeT CBolicTBa BcesieHHOI Ha MO3HUX TAllaX €€ IBOJIONUU, HO CTAJKUBAETCI C PIJIOM
TPyIHOCTE pu paccMoTpeHnn panHEX 3tanoB [2]. [Tocrpoenne ke KOCMOIOTHYECKIX
CIIeHAPHEB IBOJIIOIUN BeesleHHO#M Ha paHHUX STallaX CePbEe3HO 3aTPYIHAETCS OTCYTCTBU-
eM TOYHOI mH(MOPMAIUK O TPOXOAUBIINX B TO BpeMs (PUBNUIECKUX IHPOIECCax.

B nocieanee gecstuierre MpOU30ILIa PEBOJIONUS B KOCMOJIOTHH. ACTPOHOMUYECKIE
HabJIIO/ICHIS TTOKa3a i, YTO BeejleHHas YCKOPEHHO PACHIUPSIeTCs U KaK CIUTaeTCsl IIPOUC-
XOJIUT 3TO 3a CYET HEe M3BECTHON panee (pOPMbI SHEPIUU, MOJIYyUUBIICH HA3BAHME TEMHOMN
sHepruu. Bmecre ¢ Tem B HacTosIee BpeMs HE OTBEPIHYTO BO3MOXKHOE MAJIOe BpallleHue
Bceenennoit n ee cmabast riiobasibHasg agu3orporrs. OTMeTnM 3/1ech OOHAPYZKEHIE aHU30-
TPOIUH MOJIAPU3AINAN PAIHOU3IYIeHUST BHETAJIAKTHICCKIX UCTOYHUKOB [3]. PesysbraTst
9TOit paboThl yOeauTeIbHO He OnpoBeprayThl. [lybmkarus 3] mama Tordok Teopernde-
CKUM HCCJIEJIOBAHUSIM 110 KOCMOoJIoruu ¢ BpatenueM [4, 5.6, 7, 8,9, 10, 11, 12]. Hakoner
YKazKeM, UTO HOBBIH MTOAPOOHBIN aHAIN3 KOCMUIECKOI0 MIUKPOBOJIHOBOI'O U3JIyUEHUST YCHU-
JIAJT TIOJIO3PEHNE, UTo B Halel BeesleHHO# ecTh HEKOTOpas BbljiesieHHast och |13].

WccenenoBanne KOCMOJIOTTIECKAX MOJIEIEH ¢ BpallleHneM KaK aJIbTePHATUBHBIN ITOIXO0T
B TEOPETUYIECKON KOCMOJIOTHH, MOXKET JIaTh BO3MOYKHOCTH OOBSICHUTH HADJIIO/IaTeTbHBIE
JIaHHBIE, He YKJIQIBIBAIONINECT B PAMKHU (PPUJIMAHOBCKON TEOPUH, IIPeICKAa3aTh U U3YIUTh
HOBBIE KOCMOJIOTHYIeCKHe 3(PEKThI, 9TO MO3BOJIUT MOJIHEE TOHITH (DU3UIECKYI0 KAPTUHY
Mupa. Bompoc o Tom Bpammaercsa naia Beenlennag min Her, JIaJ€KO He BBIACHEH W SBJIs-
eTCsl TPEJIMETOM HaydHOM JIMCKYCCUHU, UTO MOITBEP:KIaeTCsd OOJIBINNM KOJTUIeCTBOM I1y0-
JINKAIUHI 110 JIAHHOM TeMe W caMo I10 cebe TOBOPUT 00 aKTyaJIbHOCTU HPOOJIEMbBI II00A -
noro Bparenus. VccienoBanue BpareHuss BeesleHHOW MOXKET yCTAHOBUTH BO3MOXKHYIO
CBA3b KOCMOJIOTUYECKOTO BpAIlEHUs C BpallleHUeM TajakKTUK. BblscHeHue pojim Bpailie-
HUS B KBAHTOBOW KOCMOJIOTUH MOYKET OKa3aTh BJIUSHUE Ha Pa3BUTHE KOCMOJIOTUN paHHEi
Beenennoii. HeobxoimmocTs mocTpoenuns namboJiee peasibHOi Mojienn Bcenennoii, ObITH
MOZKET C YYeTOM BpAaIlleHUs, OIPE/Ie/IAeT BaXKHOCTh M HAYYHYIO 3HAYUMOCTH HCCJIE/IOBA-
HUIl B 9TOI 00J1aCTH.
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HpelmaraeMaﬂ BHUMaHHUIO pa60Ta IIOCBAIICHA YUCJICHHOMY U aHAJIUTUICCKOMY aHaJIU3Y
ypaBHEeHWT DUHIITENHA, OMUCHIBAIONINX OJHOPOIHYIO aHU30TPOITHYI0 KOCMOJIOTHIECKYTO
MOJICJIb C BpallleHUEeM.

2. YpaBHeHusi DUHINTEIIHA, ONUCHIBAIOIINE AHU30TPONHbIE KOCMOJIOTUYECKUE
MOJeJId C BpallaTeJbHOI CMMMeTpueit

i paccMOTpenus aHU30TPOITHBIX aKCHAJIbHO-CHUMMETPHYHBIX KOCMOJIOTHIECKIX MOJIe-
JIelt, 3aITiIeM IepBYIO KBaJIpaTHIHYIO (pOPMY B CJIEIYIONIEM BHJIE:

ds® = —dt* + a*(dp* + A'dy”) + b* B dz, (1)

e A, B - dyukiun koopaunatel p: A = A(p), B = B(p); a, b - dyuknuu Bpemenu:
a=a(t), b=">0(t).

Byaem npe/osaraTh, 4TO yCPeIHEHHOE BEIIeCTBO ABJISCTC UICATbHOM KUJIKOCTBIO 1
OIKCBIBAETCS PACIPEIETIEHUEM MACChl [t ({4 - IJIOTHOCTH MACChI) U MoJieM cKopocreii U®,
KacaTeJIbHBIM K JIMHUSIM TOKa BEIIECTBA, a JaBJICHHE BellecTBa P 3a/aeTCsl JIOKAJIbHBIM
ypaBHeHueM cocTosinus. IIpemnosaraeM Takzke, 9TO BpallleHHe BEIIeCTBA OTCYTCTBYeET.

VpaBHeHns IPABUTAIMOHHOIO 0JIs UMEIOT BII:

1
Raﬁ - igaﬁR - _"QTaﬁa (2)

TJie TEeH30P aHepIunu-nuMIly/ibCa, KakK OTME4Y€HO BbllIe, UMeeT BU/I:

Tos = (1t + p)UaUs + pGag- (3)

[Momcrasnss (1), (3) B ypaBHeHust (2) U mepexojis B COIyTCTBYIOIIYIO CHCTEMY OTCUe-
Ta, TJe KUJIKOCTh HOKOUTCA OTHOCHTEIHLHO IIPOCTPAHCTBEHHBIX KOOPAUHAT, IIPUXOIUM K
CJEYIONIeH CUCcTeMe yPaBHCHUIL:

%a % = —%ﬁ(u+3p), (4)
(1)

B ) )
D S
% (%ﬁ +%) - g —22—2 = —%/@(u—p), (8)

IJIe TOYKON 0003HaYeHbI TPOU3BOIHBIE METPUYIECKUX (DYHKITUI 110 BpDEMEHH, a IITPUXOM -
IIPOU3BOIHBIC IO p.
YpaBHeHUS JIBUKEHUS

77, =0, (9)
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SIBJISTIIOIIIECS CJIEJICTBHEM ypaBHEHMIT DIfHINTeliHa, B PAcCMaTPUBAEMOM CIydae MOXKHO
3aIUCATD CJIEYIONUM 00pa30M:

[L a b
424+ -=0 10
s tZatr=0 (10)
op Op op
DL _g L _og XL _y 11

Us ypasuenuii (10), (11) cremyer, aro p = p(t), u = p(t). Takum obpazom, pacipeseerne
MAacChl BeIeCTBa U JIaBJIeHUs Ha IIPOCTPAHCTBEHHO MOJ00HON THIIEPIIOBEPXHOCTH t = const
ABJIAETCA OJHOPOIHBIM [t = const, p = const.

U3 ypasuenns (5) HeMeJJIHHO CJICJyeT, 4TO Bce perenus cucreMbl (4) - (8) moryr
ObITH pa3buThl Ha JBa Kjacca: penieHus ¢ b = a - const u pertenus ¢ B = const. Mox-
HO IOKa3aTh, YTO KJIAcC peleHuit ¢ b = a - const ONUCHIBAET OJHOPOIHYIO U30TPOIHYIO
KOCMOJIOTHYECKYIO MOJE/Ib U B JaHHOM KOHTEKCTe MHTepeca He IPe/ICTaB/IserT.

Bynem nckars pernenust ypaBHeHUit DAHIITEHA /1151 KOTOPBIX B = By, rie By = const.
B stom ciyuae ypasaerust (4) - (8) MOryT ObITH CBEJEHBI K CJIEYIOIINAM:

%?+%=—%Mu+&m (12)
R
%+(3>+%%+%:%Mu—m, (13)
§+%§:%Mu—m, (14)
ég::—k, (15)

IJIe BBEJIeHA KOHCTAHTa pasJjiesienus k, KOTopas MOKeT IPUHAMATD CJIE/IyIOIIIe 3HAYeHI:
k<0,k=0,k>0.

Ypasuenusi (12)-(15) onuchBaroT OJHOPOJHYIO aHH30TPOIHYIO MOJENb, TaK Kak JJIs
HUX B obmieM ciaydae b # a - const.

Ypasuenue (15) mMeer Tpu perieHust:

1) k<0
A= Ajexp ( ]k!p) + Agexp <— k| ) : (16)
e Ay, As - mpousBosIbHBIE KOCTaHTHI. Tak Kak 1pu p = () 3HAUEHUE ( He OIPE/IeIeHO Ha

ocu, To GyHKIMI A moKHA obparmarbes B HOMb. OTciona ciaeayer, 4ro Ay = — Ay, u

A= Aysh (v/Iklp) (17)

2) k=0
Kak u B ciyuae 1) npu p = 0 dbyuxiuss A qomkHa 06pamaThest B HOJIb, TI09TOMY UMeeM
A= Aip; (19)

3) k>0

A= Ajexp <\/—_k‘p) + Asexp <—\/—_kp) : (20)
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Ananornyno ciaydagm 1) u 2) uvmeem Ay = —A; 1 cie0BaTEIBHO
A = 2iA,sin (x/Ep> . (21)

[TockosbKy Hac uHTEpecyeT 061acTh JAeficTBUTEIbHBIX 3HaUeHuiT yHKimm A, 1o u3 (21)
HaXOIUM

A=—2(Im A)sin (x/Ep) . (22)

3. TouHnoe yacTHOe pelieHue

Paccmorpum kiace perenuii ypasaennii Ditnmreiina (12)-(14) momaras ¢ = 0. B stom
ciaydae cucrema (12)-(14) cBesercs K CJIEIYIONMM YPaBHEHUSIM:

% = —%/ﬁ(u + 3p), (23)
= 3 (24)
L= SAlu—p). (25)

Jlerko mpoBeputh, uro npu k = 0 ypasaenus (23)-(25) ommcsiBator mycroe (u = p = 0)
wi0ckoe (Rap,s = 0) IPOCTPAHCTBO-BPEMS.

CoBepiienno unHas curyanus umeer Mecto npu k # 0. B sroMm ciydae ypasnenue co-
CTOSIHMS BEIIECTBA IPUHUMAET SK30TUICCKUIT BUJL

p=—, (26)

a ypasHenue jyis dbyakiuu b = b(t) umeer nBa pereHus:

1)k<0

b(t) = Cysin (@t) + Cycos (@t) : (27)
2) k>0

b(t) = Crexp (?t) + Chexp (—gt) . (28)

TakumM 00pa30oM MMeeTCs [Ba YACTHBLIX PENICHUS ypaBHEHUil DiHIITeiiHa mpudeM ecim
k < 0, To merpudeckue yuknuu onpejensiorcs dopmyaamu (17), (27), a npu k > 0 -
(22), (28), mpu sToM B 060uX ciydasx B = By, a = ay.

4. YucjeHHoe pelreHue

B xadecTBe mpuMepa YHCJIEHHOTO PeIleHns ypaBHEHUil DIHINTeHa PacCMOTPHUM IIbLIe-
BHJIHOE PaclIpe/iesienue BelllecTBa, To ecThb Aasjenue p = (. Torga umeem Tpu ypaBHeHHA
JUTsE TpeX UCKOMBIX (byukuuii a(t), b(t) u pu(t) ps kaxporo 3uadenus k. Pemenue ypaste-
HUiT 1poBouIock MeTosioM Pynre-Kyrra 4-ro nopsiiaka. OuH U3 NIpuMepoB 3aBUCUMOCTI
HCKOMBIX (DYHKIIUN OT BPEMEHU sl PA3HBIX 3HAUYEHUIl KOHCTAHTBI pas/iesieHus k mpuse-
JneH Ha Puc. 1. B wacrHocTn, u3 pucynka BujgHO, uTo caydan k < 0 u k = 0 peaJim3yror
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OTKPBITBIE KOCMOJIOTHYECKHE MOJAE/H, a ciaydail & > 0 cooTBeTcTByeT 3aKPBITOH MOJICJIN.
[Ipudem, BO Bcex ciydasx MOBeJeHHe MaciITabHbIX dakTopos a(t) u b(t) 3HAUMTENTBHO
oT/IM9IaeTcs JIPYT OT JIpyTa, TO €CTh MOJEH CYHIECTBEHHO aHU30TPOIHEBIE.

k<0 k>0 k=0

a(t) 3] a(t) a(t) 3

k<0 k>0 k=0

2.44

2.2

b(t) 20)
1 b(t) b(t)

0.2 0.4 0.6 0.8 1 12 1.4 1.6 2 4 6 8 10

k<0 k>0 k=0

1.
xu(t) 089 w(t) p(t)
0.61

0.49 054

ol 1.01

2 4 6 8 10 12 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0 2 4 6 8 10
t t t

Puc. 1: 3aBucumoctu MmeTpuieckKux GpyHKIUN @, b U IJIOTHOCTH BEIECTBA 3 OT BPEMEHH ¢ JIJTsl Pa3INIHBIX
3Havenuii k.

5. 3akJiroueHue

B npemaraemoit BHUMaHUIO paboTe MOJIyUEeHbI TOYHBIE YaCTHBIC PEIIeHHUs ypaBHEHUI
DifHIITeliHA, OIUCHIBAIOIIIE OJIHOPOIHYIO AHU30TPOITHYIO KOCMOJIOTUYIECKYIO MOJIE/Ib C Bpa-
menneM. Ilokazano, aro B ciydae ¢ = (0 perneHus ypaBHeHu# DifHInTelina ub0 Tpu-
BUAJILHBI, JITOO IIPEIIIOJIAraloT CyIIeCTBOBAHNE dK30TUYECKUX BUIOB MaTepun. OJIHAKO
3Ta IKZ0TUUECKAsl MaTepUs He YKJIAJIbIBACTCA B PAMKHU CYIIECTBYIOIIMUX Ha CErOJHAIIHUNI
JIeHb OTIpeJiesIeHit TeMHO# sHeprun (A-wieH, KBUHTICCEHIUs, KBUHT, (DAHTOMHAs HEP-
rust). Marepusi Takoro THIa MOXKET MPEJCTABIATH COOON OJHOPOIHOE CKAJISPHOE IOJIe,
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11oJ100HOe KBAHTOBOMY BaKyyMmy, 3(hdeKTuBHOe ypaBHEHUE COCTOSIHUs KOTOPOI'O HMeeT
BUJI, OJIM3KUI K TaK HA3bIBAEMOMY KBa3MBAKYyMHOMY ypaBHEHUIO cocrodgnus. menno
MaTepus ¢ TaKUMH CBOMCTBaAMH peasiu3yeT SKCIIOHEHIIMAIbHO ObIcTpoe pacimupenue Bee-
JICHHOIA.

Tax>ke IpoBe/IEHO YHUCICHHOE PEIleHre ypaBHeHn JUHINTeiHa Ha IpUMepPe TTbLICBU/I-
HOTO pachpejesenns Bemectsa (p = 0). TlokazaHo, 4TO CyIIECTBYIOT KaK OTKPBITHIE Tak
U 3aKPbITasi MOJIE/Ib, IPUYEM BCE OHU CYIIECTBEHHO aHU30TPOIIHBI.
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In accordance of recent observational data the dominant contributions to the energy
of the Universe come from the dark energy and dark matter. The first one is the source
of anti-gravity, while the second one generates an attractive gravity. At present a balance
of forces is established which leads to the accelerating expansion of the Universe. Dark
energy is usually associated with the cosmological constant. As regards the dark matter,
there are reasons to consider it as a scalar field. In the present paper we consider a scalar
field within the framework of the Jordan modified theory. Models of flat Universe are
presented with different cosmological scalars. The results are obtained for several values
of the dimensionless parameter ( and they are presented graphically. Unlike to the case
¢ = 50, the behavior of the corresponding curves is practically indistinguishable for the
cases ( = 500 and ¢ = 1000. This is related to the fact that for large values of { the theory
is close to General Relativity. With decreasing ( the role of scalar fields increases.

CONSIDERATION OF ANTIGRAVITY WITHIN THE FRAMEWORK
OF MODIFIED JORDAN-BRANS-DICKE THEORY OF
GRAVITATION
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¢E-mail: —; Department of Physics, Yerevan State University, Alex Manoogian Street, 0025 Yerevan,
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Recent cosmological observations of large-scale structures confirm that the expansion
of the Universe is accelerating and the dominant component is the dark energy. This has
stimulated the development of the theory of gravitation and has led to the theoretical use
of numerous alternative variants, including the scalar-tensor theories. It is known that the
idea of generalization of Einstein’s theory by introducing the gravitational scalar arose in
an attempt to unify gravity and electromagnetism [1]-[3] without additional hypotheses.
Later, related to the appearance of the cosmological constant problem, this theory was
modified [4]-]6]. It has been used to construct cosmological models of the Universe for the
stage of accelerated expansion at the recent epoch. The models described in the present
paper are based on the modified tensor-scalar theory of Jordan within the framework of
the "Einstein"frame when the scalar field is minimally coupled to the tensor field and also
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in the "proper"frame with a self-consistent scalar field. Motivated by the importance of
the role of vacuum phenomena in the cosmic evolution, it is also considered a model in
which A is responsible for the vacuum effects.
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KNHETUKA YCTAHOBJIEHUA TEPMOJANHAMNYECKOI'O
PABHOBECH? B YCKOPEHHOU BCEJIEHHOU ITP11 HAJIMYNN
CKEWJIMHTA BSAVUMOJAENCTBN B YHUTAPHOM IIPEJIEJIE

IO.I'. Urnarnes?

eF-mail: ignatev__yu@rambler.ru; Kazanckuit ¢desepasnpubiii yuusepcurer, Kazanb, Poccus

AnHoTanusi. Paccmompervt HEPABHOBECHDIE KOCMONOZUNECKUE CUEHAPUL 6 NPEONONOINCEHUL BOCCTNANOE-
AEHUSA CKETAUNRE 60 B3AUMOICTLCMBUAL INEMEHMAPHBIT YACTUY, NPU CEEPTEHICOKUT INEPLUAT GbIULE
yrumaprozo npedeaa. Ha ocnose mownozo pewenus ypasHenus IHEP200GAGHCE NOAYHUEHO cmpozoe 0o~
KA3AMEABCNEO 0 NPUHUUNUANHOT HEDOCTNUNCUMOCTIU MEPMOIUHAMUECKO20 PABHOBECUS 8 YCKOPEHHOU
Beeaennoti. Ilpedcmasaerv, u npoaHaAu3upo8atvl. PEFYALMAMBL YUCAEHHO020 MOJCAUPOBUIHUS TOCTPOEH-
1O pamee cmpozoti MAMEMAMUYECKOT MOJEAU MPOUECCA BOCCTNANOBAEHUA TEPMOOUHAMUNECKO20 PAG-
HOBECUA 6 UBHAYAALHO HEPABHOBECHOT YALMPAPEAANMUBUCTNCKOT KOCMOAO2UMECKOT NAa3Mme 60 Bceaen-
HOT € MPOUZBOALHBIM YCKOPEHUEM 6 NPEINOAONCERUL BOCCTNAHOBAENUA CREUAUNEA 60 83AUMOIETCMEUAT
INEMEHTNAPHBLT HACTNUY, NPU IHEPLUAT 8vlue YHUMapHozo npedeaq. Hatidenwvs npedeavrvie napamempot
HEPABHOBECHO20 PACTPEIEACHUS BHICUBUUT PEAUKMOBHIT wacmul,. Budeunymo npednonosicenue o npun-
YUNUAABHOT BO3MONCHOCTNU 0EMEKMUPOSAHUL <UCTIUNHO PEAUKMOBHLT YACTNULS, HECYUWUT UHPOPMALUI0
0 CAMDBLT NEPEOHANANOHHLL CMAJUAT 260M0UUY Beeaennot.
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Abstract. Yu.G. Ignat’ev. Kinetics establishments of thermodynamic equilibrium in the accelerated
Universe at presence scalling interactions in a unitary limit.

There are considered non - equilibrium cosmological scenarios with the assumption that scaling of particles
interaction is restored in range of extra-high energies. On basis of energy-balance equation’s exact solutions
it is obtained the strong conclusion about fundamental unattainability of local thermodynamic equilibrium
in the accelerated Universe. There are presented the results of numerical simulation of previously
constructed strict mathematical model which describes thermodynamic equilibrium’s establishment in
the originally nonequilibrium cosmological ultrarelativistic plasma for the Universe with an arbitrary
acceleration with the assumption that scaling of interactions of elementary particles is restored at energies
above the unitary limit. Limiting parametres of residual nonequilibrium distribution of extra-high energy
relic particles are obtained. The assumption about possibility of detection of "truly relic particles which
appeared at stage of early inflation, is put forward.

Keywords: Early Universe, Local Thermodynamic Equilibrium, Relativistic Kinetics, Scaling, Cosmic
Rays, Early Inflation, Backward Acceleration.
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Puc.1. SBosrorust pactipeesieHust JI0THOCTH SHEPIHU
HEpaBHOBECHBIX dacTuil; Bcroay oy = 0.5 (orHOCHTE b
Hasl J[0JIsT SHEprun paBHOBecHBbIX dacthil); Ny = 100;
N =10, (p)o = 10 (cpeamsisi oTHOCHTEIbHAS YHEPIHUsT
HEPABHOBECHBIX YACTHUI[ B HAYAJHHOM DACIPEJIeJICHIN ),
to = 1 (kocMmostormdeckast MOCTOSIHHAST ); CBEPXY BHH3: t—
0.0001; 0.01; 0.1; 1; 10; 100. Lines at t=10 and t=100
are coincide. ITogpo6uocru cm. B [5, 3|.
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MOAEJINPOBAHUE JU®P®Y3UN YACTHUL, CBEPXBbBICOKNX
OQHEPI'IM B YCKOPEHHOUM BCEJIEHHON HA OCHOBE
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KOCMOJIOTUYECKA S 9BOJIIOIIN A BEIPOXKJIEHHO ®EPMU -
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[IpoBesneno uncienHoe MojieIMpoOBaHNE KOCMOJIOTHYECKOI 9BOJIIOINN BBIPOKIeHHOI Pep-
MU - CUCTEMBI, COCTOSIIEH U3 CBEPMACCUBHBIX 1 3> 1M p; CKAJSIPHO 3aPSKEHHBIX TaCTHII,
KaK JIJIg CKaJgPHOTO OIS ¢ OTTAJKUBAHUEM OJTHOMMEHHO 3apAKeHHBIX (DEPMHOHOB, TaK
U ¢ IpUTszKeHneM (haHTOMHOTO XapaKTepa.
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CTATUCTUYECKUNE YPABHEHUY JJ1d ®YHKIINI .
PACIIPEJEJIEHN A YACTHUL BECCTOJIKHOBUTEJ/IPHOU
KBAPK-TIVIFOOHHOU IIJIA3MbI

N.®. NUcxakos”

*E-mail: ozmamarsQyandex.ru; Habepexxnouesnnunckuii uuncruryr (bumman) Kazanckoro deme-
panbHOrO yHuBepcurera, Habepexmunie Yemnnr, Poccus

Annorauwmsi.  [loayuena cucmema cmamucmuieckus YpasHerut OAa aHaAU3a No6edenUs HEPABHOBEC
1Ot 6ECCMOAKHOBUMENLHOT KEAPK-2A100HHOT NAAZMYL 6 CUADHBLT 2PABUMAUUOHHBLT NOAAT NPU CEEPTEbI-
coxuz memnepamypaxr T < Ty, = (1/8)-(myc?/k) = 2.5-10" K (my — macca t-xeapra, k — nocmosanmnan
Boavymana) u naomuocmaz 1024 2/cm. [lokasano, wmo npu 603MYWenuaz 6 cucmeme, conpocodcda-
WUTCA B03PACTNAHUEM TREMTEPAYDPBL, Npesviuatowem Tkp, npoucrodum 63pue, Tapakmepusyouuiics
AHOMANLHOM NPE0BAGIaHUEM BOADWUT CKOPOCTNET NOCACOYIOWEM K HOPMUPOBAHUIO NOMOKOS AdPOHOE
BUCOKUT IHEP2UT].

1

B ecrecrBeHHbIX yeaoBusix KBapk-rioonHas miasMa (KI'TT) — runorerndeckoe cocrositme
CUCTEMBI KBA3MCBOOO/IHBIX KBAPKOB U TJIIOOHOB - CYIIECTBOBaJIA, 10-BUJIUMOMY, B II€PBHIE
1075 ¢ moc/ie KOCMOJIOTHYEeCKOro B3pbiBa. He HCKIII0YeHo, 9To OHa ydacTByeT B IIPOIEC-
cax, IPUBOJIAIINX K BBIOPOCY CTPYil BellecTBa U3 Hambojee aKTUBHBIX sjIep TaJaKTUK:
HAIIpUMED, U3 IeHTpa s/ummnTudeckoil rajaktuku M87 (NGC4486) runa EO. Bosmoxkho,
OHa CYIIECTBYET U B IEHTPe HAMOOJIee MACCUBHBIX HEUTPOHHDLIX 3BE3/I.

Hama 3aj1a4a: cocraBuUTh KMHETUYECKUE yPaBHEHUS g KBAPK-TJIIOOHHON TIJIa3Mbl B
00JtacTdX, CKayKeM, aKTHBHBIX sIJIep TFaJIAaKTHK B YCJIOBUAX YPE3BBIYANHO OOJIBINON s1/1ep-
HOM IJIOTHOCTU M PE3KUX (PJIYKTYAIUH 3TOH IJIOTHOCTH U IPOBECTU AHAJN3 HEKOTOPBIX
BO3MOXKHBIX PElICHU 3TUX ypaBHEHUIL.

Kuneruveckne ypasuenus jyisg KI'II Mbl coctaBum B 6eccmonknosumenvHom npubau-
ofCeHUU, YINTBIBAS JINIIH KOJJIEKTUBHOE B3aUMO/JIEICTBIE JACTHI Yepe3 CaMOCOTJIaCOBaH-
HbIe TIOJIsI U YCJIOBUS B3AUMHBIX KOPPEJ[IUil KBapKOB B UX JBIKeHuu. /lamnmnoe npudim-
JKEeHUe COOTBETCTBYET 3HAUEHUIM TeMIIepaTyp, 3HAUNTETbHO ITPEBBIIAIONINX Te TeMIIepa-
TYPBI, ¢ KOTOPBIMI UMEET JIeJIO TUJIPOIUHAMUYECKAasT TeOPUsl MHOYKECTBEHHBIX ITPOIECCOB.

2

[Ipunumag runore3y 00 aCUMITOTUYIECKON CBOOOJIE U UCXO/d U3 IJIOTHOCTH JIArPAHZKUaHA
B KBaHTOBOI XpoMoauHaMuke [1].

LKX,Z[( ) = 5 . h \Ifz(x) fylu‘ . axu — axu . «-ylu‘ . \Ijl(x) —

1 a o .. g A
— (—Ay(l') - aI‘VAH + % ' fabc ' AZ ' A]/) (]->
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BOJIHOBOE ypaBHEHME KBapKa B II0Jie JCHCTBUSA TJIFOOHA ¢ 4-TIOTEHITAJIOM AZ(x) MOXKHO
IIPEJICTaBUTH B BHUJIE

0
u (z’hca—x&ij + gAZ(x))\Z) () —m; - Wy(z) =0 (2)

(amasior ypasuenus dupaka), rae V,(z) — BoanoBas dbynkims kBapka Tuia ("apomara')

(i = 1,2,3), BXomamero B cocTap onpeseaénnoro 6apuona, Af(r) — BochbMUIBETHOE
riioornoe noste (a = 1,...,8; a — onpexnenger "user"nosst; = 0,- -+, 3; p — KOOP/IH-
HATHBII WHJIEKC); ¢ — KOHCTAHTa KBapPK-IJIFOOHHOTO B3AMMOJIEHCTBIUSI, AHAJIOT JIEKTPUTIe-
CKOTO 3apsijla B KBaHTOBOf ssieKTpounamuke; 7 — marpunpl [lupaxa; Aj; — coBokyr-
HOCTB BochMu MaTpull ['es-Manua; f,. — aHTHCHUMMETPUIHBIN 110 " 1IBEeTOBBIM " HHIEKCAM
€JIMHANYHBINA TEH30D.

[Tpu BBICOKMX TeMmmeparypax u/uan GOJbINX GAPUOHHBIX ILIOTHOCTAX DABHOBECHOM
aJIPOHHOI MaTepUN MOXKHO OXKHIaTh BOSHUKHOBEHNUs "IIBETOIPOBOIMMOCTH TO €CTh COCTO-
SIHUSL, B KOTOPOM I[BETHBIE KBAPKU ¥ IVIIOOHDI, IJICHEHHDBIE aJIpDOHAMU B aPOHHOI MaTepuu,
OCBODOXKIAIOTCST U MOTYT PACIHPOCTPAHITHCS KaK KBAa3UCBOOO/HBIE YACTUIIBI TI0 00BEMY
IJIa3MeHHO Marepuu. B Takom ciydae MOXKHO PacCMaTpPUBATL JIBUYKEHHUE OTIEIBHOTO
KBapKa B KBa3WKJIACCHYECKOM NpuO/mkennu, nazpisaemMom BKDB-mpubmmkennem.

B BKB-npubim:kenun ypaBHeHre JUHAMUKI KBapKa MOXKHO IPUBECTU K BUJLY

dp? 1 D* A
s :__pa ; P\ R L
< cdr > m; - PP = Z piile) - A O0x,0x” %
0A? h
A\ H Iz a vA
2mlc2 me Aji- 0%y e dmc i % (3)

rzie Ry, — TeH30p KpUBU3HBI IPOCTpaHCcTBa-Bpemenn; I, — cumBosibl Kpucroddens; pff

Y=g U (0 = MY) W, py() — dymxis koppessiium

B JIBUZKEHUU KBAPKOB i U j (KOpPEIAIMOHHAs MATPHUIA), YAOBJIETBOPSIONIAs BOJTHOBOMY
YPaBHEHUTO

— 4-uMIIyJIbC KBapKa; oy

. apz m g : a a a
ihe==L - y"™u = (m; —my) - pij + +3 D (o)A — A () - Ag(x)y" (4)
k=1

Takum 0oOpa3zoM, B KBa3UKJ/IACCHYCCKOM NMPUOJIMZKEHUN JIBUKEHUE OTJIEIHHO PacCMaTpH-
BaeMOro KBapKa He SBJIETCH HE3aBUCUMBIM OT JIBUYKEHHS OCTAJILHBIX KBAPKOB, & CBA3b
BBIPAYKAETCS Ie€Pe3 KOPPEIANNOHHYIO MATPUILY p;;(x), KOTOPast, B CBOIO OUePeb, 3aBIHCHT
OT CaMOCOTJIACOBAHHOT'O TJIFOOHHOTO ITOJIS AZ(x), YJIOBJIETBOPSIOIIETO YPABHEHUIO

9% Ale 0AP 0AY QA
7+ifzbcw4b“ _i_g.i.fadl B 4 g fape - APPAC ) A% =
Oxtdx,,  hc oz Oz, oz hbarc #
3
=950 | Y i) Ny [ AER 0G| 6)
ij=1 (c0)
rie Spl...| — mmyp-cymMMa IuaroHaabHbBIX 9JIEMEHTOB MATPHIIBL, a 4- < [TOTEHIUAI» TIF00H-

noro nosis AP(x) sapucut ot dynkmu pactpesenenus kpapkos f; (7, p,t). Ypasuenue (5)
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sBJIIeTCs anajoroM ypastenus Jlasambepa B 3/1eKTPOJMHAMUKE, HO B OTJIMYUE OT ypaB-
nerns /lasambepa oHO COJIEPKUT CIaracMble, BbIpazKalolie HeJIMHEHHbI XapaKkTep ypaB-
HEHWIl KBAHTOBOW XPOMOJMHAMUKHU. YpaBHeHUe (5) HOJIyUeHO B pe3ysbTare yCpPeJHEeHMst
1o dusnaeckn Geckonedno Majaomy oobémy AV u npomekyTky Bpemenu At (aHAJIOTHTIHO
BBIBOJIy YDPABHEHWI MaKPOCKOIUYECKOl 3JIEKTPOJIMHAMUKN B BEIECTBE) U3 COOTBETCTBY-
IOIEro ypaBHEHUST MUKPOIIOJIEH, OIPEIEeIgeMOr0 B COOTBETCTBUN C IIJIOTHOCTBIO JIArDAH-
kuana (1).

B ypasrenusix (3), (4), (5) 10 HOBTOPSIIOMUMCST KOOPMHATHBIM, IPEYECKUM, WHIEKCAM
npousBouTCst cymmuposanue ot 0 j10 3, mo "mBeroBbiM " uHIEKCAM A, b, 1 ¢ — CyMMUPO-
Bauue or 1 7o 8. KBapkn B KBasWKIaCCHYIECKOM HpUOMKeHNN sBistiorcs "6esbivn (B
ypaBHeHUN JuHaMUKA (3) 4-UMITyIbec KBapKa He CHaOKEH "TBeTOBBIM'"HHJIEKCOM, a 110
"BeTam " TIIFOOHOB TPOU3BOUTCS CYMMUPOBAHIE).

JlanbHeiiee perene 3a/1a91 OCHOBAHO Ha pe3y/IbTaTax, moaydeHHbix A. A. BiracoBeiM
U U3JI0KEHHBIX UM B MoHOrpadun [2|.

OcnoBorosaraioliee ypaBHeHnue B periennu 3a1a9u JJIs CTATHCTHIeCKIX PyHKITHIT pac-
npejie/ieHns KBapKOB IPUHUMAETCS B BU/JIE

a 7 _)7 _;t . 5 . pA
G waive (7.) i (7). 1) ©)
rae ¢ — tun kBapka (i = 1,2, 3). Kunernuaeckoe ypasuenue (6) mpescrapisger coboit

ypaBHEHIE HEIPEPBIBHOCTHU JJIsi CTATUCTUIECKNX (DYHKIUN f; (F, (7, ﬁ, ﬁ),t) B (bazoBoM
npocrpanctse (7, p). O6pbIB nenovku jyist byHKImI f; (F, D, ﬁ, ﬁ, e ,t) JIOCTUTAeTCS BBE-

JeHnueM MeXaHHYIeCKOI'o aJjieMeHTa — CpeJHero SHadeHusd HpOHSBO,ILHOfI <_]b> n 11epexoaom

K (PYHKIIUU MEHBIIIEro YUC/Ia U3MEPEeHHil:

EGaD) = [ f(ERRR )

Bropoit wien ypashenus (6) yaurbiBaeT usMeHeHne (OyHKIUMNA PACIIPE/IEIEHIsT 0] BIINsI-
HUEM IepeMeIeHns] YacTHull, TPETU - 10/ BIUSHIEM U3MeHEeHNs UX UMITYJIbCOB. B coor-
BETCTBUU CO CMBICJIOM CTATUCTUYECCKOI'O PACIIpe/Ie/ICHU BbIPAXKCHUE B JICBOH 4acTH ypaB-
HeHusl (3) Onpee/geTcs Kak

apr\ W0 f B g (R - dp
cdr/ ~ fi 5 0)

(7)

0_dr 4d
TAe U™ = "5y gr

110 BpEMEHHU JIaOOPATOPHOI CUCTEMbI OTCUETA;

— IPOMU3BOJHaA II0 CO6CTB€HHOMy BpeMeHnu 4aCTHUIIbI; d

; o — IPOU3BOJHAs

dpy _ 1 dpf
dt

f— p = — —

oY dr
Cucrema ypasaenuit (3), (4), (5) - cucrema CTATHCTHYECKUX YpaBHEHUI /IS aHAIMA3a
[OBEJICHUST HEPABHOBECHON OECCTONKHOBUTEILHOM IJIa3Mbl B CHJILHBIX I'DABUTAIIMOHHBLIX
OJISIX TIPU CBEPXBLICOKMUX TEMIIEPATYPax M ILIOTHOCTAX.
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3

PaccMoTpuM MHTEpecHbIH CIydail MPUIOKeHus cucTeMbl ypashenuii (3)-(6) mis craTu-
cTrdecKnX (QYHKIUN pacipeesieHusd. DTO aHAJIN3 BO3MOKHOCTH B3PbIBA METPUUECKOTO
ITPOMCXOK IEHUSI .

B prMaHOBOM IPOCTPAHCTBE €IMHCTBEHHBIH (haKT PacXosIuxcsa ckopocreii (6e3 meii-
CTBUSL CHJI) caM 1O cebe BJICUET OINPEJIeTICHHYI0 METPHKY, KOTOpasl OKAa3bIBAETCS CYIIe-
CTBEHHO HECTAIMOHAPHOI (CBSI3aHHON € PaCHIUPEeHUeM MPOCTPAHCTBEHHBIX MAacIITaboB).
DTO clIe/lyeT U3 YCJIOBUM pa3periuMOCT CUCTEMbI YpaBHEHHIT

_ow
OB

BBIPAZKAIOIINX YCIOBUS ONPAHIYICHNsS Ha H0JIst cCKopoctTeil (Dgu® — KoBapHaHTHAS IPON3-
Bo/Hast 10 Puaun or 4-ckopocTu u® 1o Kooppunate °), Tj1e TeHsop aj (saBucsmumit ot
KOOpJMHAT, 4-CKOPOCTH 1 (DYHKIMN PACIPEIeJIeHUsT IacTUll) BBOIUTCA U3BHe |2, ¢. 172].
CooTBeTcTBYyIOIAs METPUKA MOYXKET OBITh BhIOpaHa B BUJIE

Dgu® + 15, -u” = ag(x", u?, f) (8)

3
20 ~
d52 = (dl’o) —e% e . g qaﬁ(x1’ 12’ x3) . d.fl;'ad.f[ﬁ (9)
Oé,ﬁ:l

TJie a, ¢ — HEKOTOPbIe TIOCTOSHHBIE; TEH30D

ag =a 52‘—%? . = uu,
U KOBAPHAHTHOE YCKOPEHNE PABHO HYJIIO:
(Dgu®) - da” _ Du® d_u+ a .uv.d_x —
dr dr dr hr dr
:ag-cil—xf:a- g—uzgﬁ -uﬁ:a-(ua—uo‘):O

Bosuukaer 3ajada n3ydeHus CTATHUCTUYECKUX DPACIPEICTICHUI 110 CKOPOCTAM B 00J1aCTH
BBICOKUX TEMIIEPATYD, HE UCKJIIOUasi BOSMOXKHOCTH AHAJIUTHICCKON HE3aBUCUMOCTH B TIO-
Ka3aHUsIX COOCTBEHHOrO M JIaOOPATOPHOTO BPEMEHH.

CooTBeTCTBYIONNM MaTeMaTUIECKUM alapaToOM sABJISETCHA METO/I KOBAPUAHTHOTO JTHdD-
dbepennuposanus 1o Kaprany [4, r71. 5|, B KOTOPOM HApsijy ¢ IMPOCTPAHCTBOM KOOD/MHAT
BBOJIUTCsI IPOCTPAHCTBO OMOPHBIX 3JIEMEHTOB (4-CKOPOCTEii), ONpe e/ IEHHbIX BJIOJIb JIMHUIA.

[TocsieroBaTeIbHO TPOBEJEM MaTEMATHIECKIE BBHIKJIAIKI, MJIIOCTPUPYIONTUE IIPOTIECC
METPpUIECKOI'O B3pPbIBa.

4

YpaBHEHHe HEelPepBIBHOCTH Jist (DYHKIWN paciipeieierus (5) mpejcTaBiM B KOBAPUAHT-
HOM BH/Ie B llepeMeHHbIX T, u®:

l~)ivrufi(xa, u®) + div, < filx® u®) =0 (10)

du
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IJle Ha OCHOBaHUM KOBApHAHTHOTO mauddepennupoBanus no Kapramy

af . u'yafz —

Divyufy = u*Dafi + fiDau®, Dafi = 2% = Tou’ - 220 Dyu® = 0

<%> onpe/Jiegercs ypapHeueM (3).

B ypaBuennsix (10) u (11) cBsi3b Mexkjy COOCTBEHHBIM U JIAOOPATOPHBIM BPEMEHEM
JIOJIZKHA KOHKPETU3UPOBATHLCA JIOMOJHATENIHHBIM yCJIOBUEM. UMCJIO HE3aBUCUMBIX IIepe-
MeHHBbIX %, p* (mm u®) paBHO 8, HOBas (BOCbMasl) CTEIEHb CBOOOJIBI KAK a3 CBsi3aHa C
IIPOU3BOJIOM 3aBUCHUMOCTHU MEXKJYy T U Xy = ct. B BbIpaxKeHnun 4eTbIpéXxMepHoil JTuBepreH-
887t

Zjivr“fi = uaﬁafi + fiﬁaua

TaKoil 4jIeH eCThb

af % FO o,y

S0 ayuu’.
Xapakrep CBA3U MeXKJIy t 1 T MOXKeT OBITh B BHJIE QHAJTUTUIECKON OMHO3ZHATHON 3aBUCH-
MOCTH, JTHOO MOKET CYIIECTBOBATD ITOJIHAST CTATHCTUIECKAA HE3aBUCUMOCTD B IIOKA3AHUIX
JacoB t n gacoB 7. [lociennnii ciydail He mMeeT aHasora HU B KJIACCHYECKOW, HU B pe-
JISTUBUCTCKOI TEOPHUH, TEM He MeHee, JIOTUIecKasi BO3MOKHOCThH 9TOTO CJIydas siBJISAETCSI
odeBUAHON. MOXKHO 0XKHIaTh, YTO B 00JIACTH BBICOKHX Temieparyp "dacel"Ha dacTuiax
[IOJIBEPraloTCs HACTOJILKO CHILHBIM BO3MYIIECHHUSAM, 9TO HI O KAKOH CHMHXPOHU3AIUU IIOKa-
3aHMii 9acoB JIAO0PATOPHLIX U COOCTBEHHDBIX HE MOXKET UATH pedb. MOXKHO IPEIIIOI0KUTh
CTATUCTUIECKYIO HE3aBUCHMOCTH B ITOKA3aHUSIX TUX ABYX THIOB "daco". Crarucrude-
CKYIO HE3aBUCHMOCTH B YKAa3aHHBLIX BEJIMYMHAX MOYKHO BKJIIOUYUTL B (DYHKIIMIO PacIIpejie-
JIeHHsI KaK HOBYIO CTeleHb cBOOObI (2, ¢. 214].

5

Bysem orbickuBaTh pemntenust st byHKIuu pacupejesenus f;(7, p,t) B yCJIOBUAX CTAIM-
OHAPHOCTH I10 OTHOIIEHUIO K JIADOPATOPHOMY, HO HE COOCTBEHHOMY BPEMEHU:

ﬁ =0 0gas
0x0 " 020

B nengax BbIAB/IEHHA KadeCTBEHHOTO PE3yJIbTaTa IMPUMEM CJIEIYIOINee Ype3MepHoe YIIpo-
ImeHne 3aja4qu: npernedperaeM JIeHCTBUEM CHJI Ha OTJIE/IbHbIE KBAPKH, TO €CTh IPUMEM

= 0,90, = g"% = 0(k =1,2,3).

<%>, TEeM caMbIM MBI IIpeHeOperaeM M KOppeadIueil B JIBUKECHUU KBAPKOB, 9TO JOITY-

CTUMO JIUITH B KpailHeM cjIydae BLIPOXKICHHONW KBapK-TJIIOOHHON TIJ1a3Mbl. B nabHeiinem
OyJieT npuBeJIeHa OIEHKa IJIOTHOCTH U TEMIIEPATYPhI BEIIECTBA B TAKUX YCIOBUAX.
[Tpu sTom ypasaerne (10), BeIpazkaroriee 3aKOH COXpaHeHUsl J7isi QYHKIIUH PACIIPE/Ie-
JICHUSL
fs(x® u®) — f(2',u®), (a=1,2,3);(s,i = 1,2,3)

IIpUHUMaeET BUJL

Divyuf(z',u®) =0 (11a)

u® (ﬁ _ 9 re u”) = 0. (11b)

NJIn

Ox>  OJus
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BoraeuMm B pyHKIMEM pacrupeeieHusd mepeMennble, KOTOPbIe B JlajbHeiemM OyaemM cuu-
TaTb HE3A6UCUMBLMUL

fla® u®) — f(a', & u’)

7
L — COCTaBJIAIONIUE 3-CKOPOCTH.

40040

rae & =

KommonenTs! ckopoctn £Y) He 3aBHCAT OT COOCTBEHHOIO BPEMEHH, HOC/Ie/IHee BXOIUT
TosbKO B u”. PackpbiBaeM Terephb 9acTHble TPOU3BOjHbIe B ypasuennn (11b) u npusogum
€ro K BUTLY

i | of
oxt - oxt

3 =0, (12)

3lng00 2 3lng00 0 af
/ .(f 1). i .u.auo

(—gi'€" = €2).

Bynem uckarn perenne B Bujie (pyHKIMU pacIpe/ie/IeHns, N30TPOITHO 3aBUCAIICH OT CKO-
pocru:

) 0 4 ick 0
f(xagau)—)f(xagzkgg , U )
HpHMeHHeM IITPUHITAIL CTATUCTUYECKON HE3aBUCUMOCTH 110 OTHOIIIEHUIO K ITOKa3aHUIM Ya-
COB CO6CTB€HHOFO n JIa60paTOpHOFO BpeMeHnun; Toraa BbICTYIIalolllad B YpaBHEHUN CTEIICHD

0 d(ct oo .
cBo6oBl U’ = dd% = ((jCT) JIOJ’KHA OBITH CJIyYallHOI BEJIMYNHOM, CTATUCTUIECKN He3aBU-
CUMOIl OT OCTAJILHBIX TIEPEMEHHbBIX ' 1 £
i ¢2 0y _ i 2 0
f', &5 u”) = p(a) - w(E7) - wo(u”). (13)
Paznenss nepemennble, moJsrydaem
ol
Bt 2 dlnwg (- 1) dnw 2 11
— . U = — — « _— = — - -
_m202 ) _‘9lgx9ioo me?  Ou 02 mc? 0 O

rje 0, Oy, — NIOCTOsIHHBIE Pa3/ie/IeHus; IPU Pa3/eJIeHIN Mbl YMHOKUM ypDaBHEHHE CIIDaBa
1 CJIeBa HA MHOXKHATEh M2
s onpenenenns GyHKIIE p, W, Wy CAYKAT CJEIYIONNE OIPe/Ie/IeHNs:

mc? me? [ du® me? (1 1 dg?

0

nTepecyiomas HAC 3aBUCUMOCTE OT cKopocTeit £2 u nepemennoii u° onpenensercsa QyHK-

OUAMI pacIIpeae/ICHUA

_1 1

9Kp> wo(uo) — ’U}o(O) e
(u0)

=

w(€) = w(0) - (1 - €)%

ITepexon K KJlacCHIeCcKOMY paclpe/iejleHuio TpedyeT ABYX ycJIoBuil: ¢ — 00, Oy, — 00,
TOT/Ia

me2 2

p2\ 2 1\ = 7 me? 1
im (1-2) " = lim(1-= — 57, lim —— = 1.
c—00 02 Z—0 A Oxp—r00 (UO)%

IIpu sToM Hepexojie crenenb cBoboab! 1m0 1’ BLIIAIAeT.
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Ecmu 60y, < 00, TO IpH J0CTATOYHO OOJBITOM 3HAYEHUH (), MMEIOIeil CMBIC TeMIIe-

mc> 1 1
PaTyphbl, IIOKa3aTe/Ib 5 " \ag — % MOZKET M3MCHHUTL 3HaK. B Takom cJIydae d)yHKHI/IH

w(£%) cranosured He ybbIBalomieil, a BozpacTaiomnieii byHKIMell CKOpOCTH U HOPMUPOBKA
0 CKOpocTH Hapymaercs. Ecrecrsentio 6 > 0,, HHTePIPETHPOBATL KaK yCJIOBHE B3PLIBA
cucreMbl. [Ipn U3BECTHBIX JOMYIIEHISX MOKHO YCTAHOBUTD CBSA3D Oy, C APYTUMI BEJINIH-
HAMMU, XapaKTePU3YIOIIUMI 3a/1a9y.
Diiement obbéMa KoopAuHaThI-cKopocTeit: /—gd*z - \/—gd*u . Beipaskas unrerpupo-
@

BaHME 110 CKOPOCTSAM Yepe3 HOBbIE IlepeMeHHble & = ——

4004,
d*u - du® ~ d*¢(u®)? - du®.

JHomyckas, uro v’ He MeHgeT 3HaK - COOCTBEHHOE 1 JIAGOPATOPHOE BPEMsI MOI'YT U3MEHATh-
Cs1 TOJTBKO B OJIHOM HAIIPaBJIEHUM - U 9TO MHTEpPBaJ BpeMenn At, BHYTPU KOTOPOTO CyIIie-
CTBYET ITPOU3BOTHAS %, MOXKET C yBeJIUIeHNe Xa0ca TOJTbKO YMEHBITATHCS, 110 CPABHEHUTO
O cIydaeM uieabHoll cunxponnsanun (dr = dt), na obaacth nzmenenust u” ecTeCTBEHHO

Has10KUTh yeaosue ¢ < u’ < oo. JIjis HOpMUPOBKH HEOOXOIMMO II0TPebOBATE

o 1 mc?
Of'y+3_d 0 _ X 07'y+40°< _
|t = et <o = (55,

OTKy/la IOJIydaeM OrpaHudeHne Ha BeJudnuny O, —y +4 < 0, nam

mc?

N 8. (14)
Kp

Taxum 00pa3oM, ecii B CHCTeMe YaCTHUIl BOZHUKAIOT HACTOJILKO CHUJILHBIC BO3MYIICHHS,
YTO aHAJUTUICCKAS CBA3L MEXKIY COOCTBEHHBLIM U JIAOOPATOPHBLIM BPEMEHEM 3aMeHAeTCs
CTATHCTUICCKON HE3aBUCUMOCTBIO, TO CHCTEMa XapaKTePU3YyeTCsd MaKCHMAJILHBIM 3HaYe-
HEEM TeMIIepaTyphL; IIPU Hepexojie depe3 3TOT IPeAe] BO3HUKACT B3PbIB, XapaKTepU3yIo-
muiicss aHOMAJIBLHBIM IIPe0dJIaIaHueM OOJIBITIX CKOPOCTEH TaCTHII,

CdopmymmpoBaHHbIii BLIBOJ, ABIAETCA yTBepzK aeHneM TeopeMbl A. A. Biacosa, qanmoii
uMm B MoHorpadun [4, c. 219].

Koppenaius B IBUZKEHUN KBAPKOB HPUBOJAUT K TOMY, YTO YaCTHIAME OOJIBIINX CKO-
pOCTEll IIPU HAZBAHHOM IEPEXOJIE CTAHOBATCS aJIPOHBI CBEPXBBICOKUX 3Hepruii (hazosblii
[EPEXO/I, COMPOBOKIAIONINIICH aPOHU3AIIEil KBAPKOB ).

6

[Ipousseiém OIEHKY ILJIOTHOCTU KBapPK-TJIFOOHHOM T1J1a3MBbl, IIPU KOTOPOI CIIpaBeJINB 110~
JIydeHHbli pe3yabrar. Macca Hambo/iee MACCUBHOTO KBapKa — (-KBapKa, OIpe/eIeéHHas
Ha TIBaTpOHE Jaboparopun uM. Pepmu, cocrapser |3

my; = 176 = 1118

U paBHa IPUOIM3UTETHLHO Macce d/Ipa 30J/I0Ta. TeMepaTypy TaKoil BHIPOZKIEHHOMN TL/1a3Mbl

ﬁ2

g 70’

TBprO)K,ZL -
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[OJIYYUM PaBHON ,
me - C

k

1 <mt-c)3
AT ’

[InorHocThb p; = My - Ny OKA3BIBACTCI PABHON A 10%* =5, uT0 Ha 10 HOPSIKOB IIPEBBIIIACT

M3 ?
SJICPHYIO IIOTHOCTD (Pyrep A 1014$).

=25-10"K.

| =
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ABOUT THE DARK MATTER GENERATION MECHANISM

V.S. Kirchanov®

eE-mail: kirchanv@rambler.ru; Perm Natioanal Recearch Politechnical Univercity, 29 Komsomolskii
str, 614990, Perm, Russia

Keywords: dark matter, superstrings

Space-time universe in the Planck epoch could have complex dimension d > 4. At
the end of the Planck epoch in the highly simmetric vakuumsimilary initial state with
enormous energy phase transition occurred with changes in the topology and dimension
d— 4+ (d—4) in a minimum volume.

Universe in the Planck epoch can be represented in the complex geometry in the form
of a flattened "Bud set compressed complex world surfaces which move complex particles.
Closest example is the geometry of the Kerr - Schild black hole containing two-sheeted
complex surfaces. According to the model and cyclic coordinates were compressed wound
strings.

Highly symmetric state is unstable with respect to spontaneous internal disturbances
having a low symmetry. When you break the "Bud"inner complex geometry changes,
turning at the end of the outer psevdoevklidovuyu geometry. Changing the structure of
space and space formed a new topology.

Possible mechanism of the phase transition next. In chaotic motion within the primary
space as a result of collisions with cyclic coordinates wound strings they form a dynamic
complex of three dimensions. If the amount of energy that comes to a state with one
dimension exceeds the critical, fracture occurs. Symmetry is spontaneously broken vakuum-
similary state. Volumetric energy density decreased . Other states of the complex coordi-
nates have changed and they Compactified in a variety of type of Calabi -Yau manifolds.
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Complex (z1, 22, 23) stands compressed complex surfaces straighten arises primary space
Penrose, of whose sections, resulting from the transition, the coherent state interacting
strings creates a flat space-time. Three-dimensional world surface moving cosmic strings
surrounds three-dimensional sphere screening it from collapsing.

Vacuum condensate scalar field began to evaporate and spread to the educated 3D-
brane acceleration. There was a wave mode. When driving scalar field arose "radia-
tion whose quanta formed dark energy with negative pressure, filling the entire universe.

Thus, we can assume that dark energy was formed in an era of inflation. Electroweak
phase transition occurs at energies of about 100 GeV and was accompanied by the release
of the Higgs condensate from the vacuum with the formation of dark energy in the form
of gas filled the entire space. It refers to the Higgs sector fields, so the dark energy does
not interact with gravity and other interactions. Note that the four-dimensional space -
time formed because the 4- space, offering a large number of features have the highest
"capacity"to organize matter, compared with the spaces of other dimensions.

TOYHBIE PEIIIEHI Y B IBYXKOMIIOHEHTHOI KNPAJIBHOI
KOCMOJIOTUYECKOM MOJIEJINI C ®PAHTOMHBIM IIOJIEM

A.C. Kybacos®

eE-mail: as-kubasov@rambler.ru; Yabsinosckuii ['ocymapersensnsriit [lejarornyeckuii Y HuBepcurere
nmenu U1.B. Vibganosa, YIbaHOBCK

JeiicTBre Jyist KHPaJIbHON KOCMOJIOIHYECKON MOJIE/N C MOTEHIMAIOM B3anMOIeHCTBISE
V(¢) nmeer Bu:

R 1
S = /\/—gd“x (ﬂ + ihAB(w)wﬁwﬁg“” - V(s@)) , (1)

1€ g, () — MEeTpHuKa MpOCTPAHCTBA-BPEMEHN, hp — METPHKA IPOCTPAHCTBA-IEIEl, (¢ =

(9017 e SON) — KHpAaJIbHbBIE TI0JIs, cpi = 8M¢A — %;;“
Merpuka mpocTpaHcTBa-Ie/Ieil JuaroHajbHast BIIA:
ds}, = do” + (6, 1) dy)? (2)

Metrpuka npocrpancTBa-Bpemenn Boibpana B hopme Ppuvana—Pobeprcona—Yokepa (PPY):

dr?

— er2

ds* = dt* — a(t)? (1 + 72df? + r* sin? 9dg02) : (3)

[TosteBBIe ypaBHEHNS U ypaBHEHNsST JUHIITEHA B 9TOM CJIyUIae 3aliChIBAIOTCA CJIELYIONIAM
obpazoM:

o A0hy ., OV
¢+3H¢—§a¢¢ +8—¢_0’ (4)
3H (hoyt)p) + 0y (haath) — %aahj P2+ g—z =0, (5)

K(t) = %q?(t) + %hm(tw?(t) = % [% — H} : (6)
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3 1. 2e€
Vity==(H*+-H+>—|. 7
=2 (145435 7
Cucrema ypaBHEHUIT peraercs s cjiydasi 000DIIEHHOTO SKCIIOHEHIINATBHOTO MACIITAa0-

HOro hakTopa
a(t) = A(B + ™)™ (8)

rae A, B,a,m,t > 0.
B nokja/ie NpuBOAATCS HOBBIE PENICHUS U UX aHAJIU3.

PACIIAJT YACTUILI «TEXHUIIBETOBO» CKPBITOI MACCHI 1
N3BBITOK KOCMMNYECKUX IIO3UTPOHOB

M.H. JJanerun®, K.M. Benonkwuii’, K. Kysapuc®, M.IO. Xromnos?

eE-mail: mnlaletin@mail.ru; HanuonajbHblii ncciemoBaTe/bcKuii siaepubiii yuusepcurer « MO »,
Mocksa, Poccus

YE-mail: —; HanmonaJibHbIi nccienoBareibekmii siyiepubiii yausepcurer « MU », Mocksa, Poccust

¢E-mail: —; University of Southern Denmark, Odense, Denmark

4E-mail: —; APC laboratory 10, Paris, France

st pemennst mpobJieMbl CKpBITOH Macehl Beesennoit, cocrapisonieii okosio 25% ee
IJIOTHOCTH, TIPE/IJTATAIOTCS PA3IMIHBIE TIOIX0/IbI, B TOM UHCJIe MOJE/IN COCTABHON CKPBITOI
Macchl. B mx pamMkax IpeJosiaraeTcs, 9To CKPhITas Macca COCTOUT U3 CBSI3HBIX aTOMO-
MO/IOOHBIX COCTOSTHU THIIOTETHIECCKUX TACTHUIL C JIBONHBIM JIEKTPHICCKIM 3aPSIOM (CM.
[1, 2] u ccbuiku B HUX). ['HnoTeTnvecke 4acTUIlbl MOTYT ObITH CBSI3aHBI JAPYT C JIPYTOM,
Jibo ¢ sapom renud. JIBazKibl 3apsizKeHHbIe YaCTUIBI BO3MOXKHBI B PA3JIMIHBIX MOJIE/IAX
[3,4,5,6,7,8, 9,10, 11, 12, 13|.

B nmamnoit pabore paccmaTpuBaercs Mojieb «buyKaaomnero» texauipera (WTC). B
vuaEMabHOI WTC Momenu mMeeTcst 1Ba TeXHUKBapKa, Bepxunit U u mHmkHuit D ¢ 3a-
pagamMu +1 u 0 cOOTBETCTBEHHO, PeoOPA3YIONINECs 0 MPUCOETNHEHHOMY IPEeICTABIIe-
HIUIO KaJnOpoBOUHOi Tpymmbl Texaurpera SU(2), a Takzke JONOJTHUTETHHOE MOKOJIECHIE
nerrronoB V' u ( ¢ 3apsigamMu —1 u —2, npejcrasisione coboii yber OTHOCUTETBHO
a/1eKTpociaboro B3aumojieiicteusg. B pamrax momgeneit WTC npejiaraiorcs pasindHbie
KaHMJIaThl B CKpITYIo Maccy |13, 14, 15, 16, 17, 18, 19, 20|. B nameit pabore Mbl ucciie-
JlyeM cJIydail By XKOMIIOHEHTHON CKPbITOl Macchl. OjHa (OCHOBHAS ) KOMIIOHEHTa COCTOUT
U3 CBAZAHHBIX COCTOAHMH TeXHmIacTHIb ¢ 3apagom —2 (¢ mmm UU) ¢ sapom remus He,
06pa30BaBIIIXCs B [IPOTIECCE TIEPBUTHOIO HyKJIeocuHTe3a. Takue «atombly HeA (e A - ¢
win UU ) HIPOSIBJISIIOT CBOMCTBA CHIIBHOB3AMMOJIEHCTBYIONNX MacCuBHBIX dacTuil (SIMP)
3a caer He. Hammume Takmx 9acTHUIl He BCTYIIAeT B IIPOTHBOPEYHE C pe3yJbTaTaMU II0/I-
3eMHBIX jieTekTopoB (CDMS, Xenon, LUX), Tak Kak OHH TOPMO3STCS B I'DYHTE W He
OPUBOJISIT K SHEPTOBBIJIEJIEHUIO B JIETEKTOPE BbIlIe mopora. Bropast (cybpoMuHaHTHAS)
KOMIIOHEHTa CKPBITOH MacChl cocTonT u3 «BuMmioBs Buga UUC wm (UU . Ee ornocu-
TesibHAas J0Jid JOKHa ObITh Ha yposHe 107¢ mam nuzke, 9T06BI He BCTyHATh B IPOTUBO-
pedne ¢ orpaHMYeHusIMHU MMOA3eMHBIX JabopaTopuii. IIpenmonaraercs, 9To cyOI0MUHAHT-
Hasl KOMIIOHEHTa MeTacTabUIbHA, 1 MOXKET PaCHajaThCs 10 JENTOHHBIM KaHaaaM (3a caeT
HEU3BeCTHOI BbiCOKOHepreTuieckoil dbusukn): UU — ete™ UU — ptut, UU — 7177
(st onipeienienroctu 6epercst UU ). Lenb qarnoit paboThl — pacdeT 0KuIaeMOro CIieKTpa
KOCMHUYIECKHUX TIO3UTPOHOB, B KAYECTBE IEPBUIHON KOMIIOHEHTHI KOTOPBIX IPEIITOIAraf0T-
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¢ TPOJIYKTHI PACIajia YaCTHUI] TEXHUIIBETOBON CKPBITOM MACCHI, 1 Ha OCHOBE €TI0 aHAJIHI3
BO3MOXKHOCTH OObsicHeHUsI 3a cuer Hux Janubivu PAMELA u AMS-02 (pemenue T.H. 1po-
6JIeMBI «IIO3UTPOHHON AHOMAJIUKY ), B OTCYTCTBUE IPOTUBOPEUNs PACCUUTAHHOTO CIIEKTPA
raMMa-u3aydenus ¢ ganabiMu Fermi/LAT.

PaccemarpuBasinch paz/imaabie OTHOCUTEIbHBIE BEPOATHOCTH JIENTOHHBIX MOJI. Paccun-
THIBAJINCH nepBudHble (0T pactaja UU) creKTphbl mo3UTPOHOB 1 (DOTOHOB (C HMCIIOJIB30Ba~
ue MC-reneparopa Pythia [21]). YaursiBaaoch pacnpocTpaHeHne o3uTpoHoB B [arak-
TUKE C SHEPreTUYECKUMHU IOTEpsIMU COTJIACHO TpocTeiimeit muddysnoit mogemn. Takxke
OIIEHUBAJICI BKJIAJ] B TaMMa U3JIydeHue OT paccesHus MO3UTPOHOB OT PACIajia HA CBETE
3Be3y (cM. mogpobuee B [1]). U3 cpasuenna c ganusivn PAMELA w AMS-02 Bbibou-
paJiuch ONTUMAJbHBIE HapaMeTPhl MOJIeIH (BpeMs KU3HU, OTHOCUTEIbHBIE BEPOATHOCTH )
pu pasandHbiXx Maccax (myy ). Ilpu Tex ke mapamerpax CMOTPEIOCH MaMMa-U3JIy YeHue.
Pesynbrarer mpejcraBienbl Ha pucynkax 1 u 2.

[TpoBesieHHbIN aHaIN3 TTOKA3aJI, 4TO ¢ ToMolbio pactiaaa ( WIMP-1ono6Hoit) cocras-
JIFIOMIEil TeXHNUIBETOBOH CKPBITOH Macchl pu myy ~1 TsB u Bpemenn xuznu ~10%° ¢
[0 JIEMTOHHBIM MOJIAM MOYKHO Y/IOBJIETBOPUTEJILHO OIMHMCATH HAOIIOMAeMBbIil N30BITOK I10-
3UTPOHOB, He BCTyNas B MPOTUBOPEYNE C JAHHBIMU 10 ramma-usiaydenuio. Ceituac Hamu
IPOBOINTCS OoJiee JIeTaTbHbIN CTATUCTUYECKH aHAIN3 JTAHHBIX TT0 KOCMUYECKIM JIydaM,
B pe3yJIbTaTe KOTOPOTO OY/IyT MOJIyUeHbl pa3pelleHHbIe U 3aIIPeIeHHbIe 00/ IacTH TapaMeT-
POB MO/IE/TN TEXHUIIBETOBOI CKPBITON MACCHI. DTO 0COOEHHO BayKHO B IIPEJIJIBEPHUH 3aIIyCKa,
LHC' B 2015 romy ¢ 60bIINME SHEPTUSIMU IIYIKOB, Ha KOTOPOM IPEIITPHHIMAETCS TIOUCK
TaKUX YaCTUII.
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IIIKAJIA KOCMOJIOTTYECKIUX PACCTOSAHUIA: METPOJIOT' I,
MOAEJIN 1 TAHHBIE USMEPEHUU
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eF-mail: AntoninaELQ@rostest.ru; MockoBckuit uHCTUTYT 3Kcreprusbl u wucnbiranuii 117418,
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Omnpenenenne pacCTOSHUI SIBJISETCA OJHON M3 BasKHEHINX M3MEPUTEIbHBIX 3a/ad B
KocMojiorun. E€ perennto ¢iyzKar pas/ndHbie TUIIBL KA — TI0PsJIKa, WHTepBaJjoB (pas-
HocTelt) 1 oTHOmeHnit. Cpe/l HUX WHTEPEeC MPEJICTABISIOT TOJbBKO METPHIECKUE TIKAJIBL,
MIPUYIEM KAl THTEPBAJIOB OTJIMIAIOTCA OT TTKAJI OTHOIIEHUH TOJTHKO YCJIOBHOCTHIO HYTb—
nyHkTa. OcoOEHHOCTD »Ke MIKAJI KOCMOJIOTUIECKUX PACCTOSHUN 3aKII0UaeTCd B TOM, UTO
OHHU MOT'YT OBITH PeAJM30BaHbl HCKIIOUNTETHHO METOJOM KOCBEHHOI'O U3MEPEHHs, B OCHO-
Be KOTOPOTO JIeyKaT MaTeMaTHIeCKHe MOJIC/IN PA3INIHBIX (DU3NIECKUX siBJICHU 1 3pdek-
ToB. OHU CBSI3aHBI C YCJIOBUSIMU U3MEPEHMiT, ¢ (DU3UIECKUME XapaKTepUCTUKaMu 1eden,
CBEPXTUTAHTOB M KPACHBIX TMI'AHTOB, IIAPOBBIX CKOILJIEHU, IJIaHEeTaPHBIX TyMaHHOCTEI],
HOBBIX U CBEPXHOBBIX 3BE371. VMcrosb3yoTes (hJIIoKTyalm TOBEPXHOCTHON APKOCTUH 00b-
ekToB, 3aBucumoctu Pabdep—/I:xxekcona, Tamm—Puinepa u ap. [Ipu sToMm mupokoe pac-
IpocTpaHeHne MPU MOCTPOEHNH KA KOCMOJIOTHYECKUX PACCTOTHUN TTOTYUUIN MOJETN
KpacHOTO CMEIeHHUsI B CIIEKTpaxX BHerajJakTudeckux ob0bekToB. Ho mcrosb3oBanue pas-
JIMIHBIX TITKAJT KOCMOJIOTUYECKUX PACCTOSHUI MPUBOINUT K PA3IUIHBIM HHTEPIPETAIIIM
OJIHUX M TeX JKe JAHHBIX acTpOopu3ndecKnxX n3Mmeperuii. CIo:KUBIIYIOCA CUTYAIUIO OCI0K-
HAIOT T.H. «HEOKUJAHHBICY U HEOXKUJAHHBIC Pe3yJIbTaThl HAOJII0IaTeIbHON KOCMOJIOIUH,
a WHOT/Ia ¥ HEKOPPEKTHOE IMPUMEHEHNE CTATUCTUICCKIX METOJIOB PN 00PadOTKe JTaHHbIX
acTpodu3nIecKnx n3Mepenuii [1], Koropoe yzke MpHUBEJIO K «JIereHepaIliny CTaHIaPTHOMN
ACDM-mozenn [2| u neobxogumoctn eé yrodnennust [3].
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B nokJtajie paccMOTpeHbI Pe3yIbTaThl CPABHUTEILHOTO aHaIn3a IIKaJI Ha OCHOBE (poTOo-
MEeTPUIECKOro paccTogHuss DL u pa3/ImIHbIX MOJIe/ell HabJ 1101aeMOro KPacHOTO CMEIeHHS

z=(142z)(1+ z)(1+2) — 1 (1)

C I'PaBUTallMOHHBIM Zg, JOIIJIEPOBCKUM Z;, 1 KOCMOJIOTUYICCKUM Zj KOMIIOHCHTaMM. B gacr-
HOCTHI

Zp1 = \/11—7‘%,%2 =qo- (Ho/c)Dp — (o — 1) [\/1 +2(Ho/c)Dp — 1|,

(Ho/c)Dy,

Zk3

e V — h — reJmoreHTpudeckas CKOPOCTh BHETAJIaKTUIECKUX 00bEKTOB, ¢ = 299792, 458
KM ¢!, gy — mapamerp yckopenusi, Hy — nocrognnas Xab66/a. IIpu ToM JijId rpaBuTa-
[IMOHHOTO KOMIIOHEeHTa ObljIa MCIoJIb30BaHa Mojesb |4, 5|, yaurbiBaromas 3¢ dekTuBHy 0
TemiepaTypy 1. n HaO/I0JaeMyI0 3BE3IHYIO BEJIMIUHY M 00HEKTOB:

zy = [1—1,152107702mT2 D 1=1/2 1,

B urore jinneiinoe npubsmzkenue (2) o6beMHIIO JrarpaMMy 1 3akoH Xab0Jia 110 Kpac-
HBIM CMEIIEHUsIM 2 U 3Be3/HbIM Beamanaam m Ha uarepsage (0,21 ...9,16)10% ceerosbix
JIET, a MIKaJa KOCMOJOIHYEeCKUX (POTOMETPUUICCKUX PACCTOAHUI MPUHSIIA U30TPOIHBII
BU/I

Dy, = 2{(1 + 2)(Hp/c) + K,10°7%2™} 1, (3)

B pamkax mozesn (1) mokasaHo COBIaJIEHIEe «3TIO0XU YCKOPEHHOTO Paciupenus Beejen-
HOIi» € 9II0XOil MaKCUMyMa SKBUBaJIeHTHOrO 3 dekTy /loriepa yckopeHus 1o KpacHOMY
CMEIIEHUIO U CyIecTBOBaHne B MecTHOM 00béMe KPacHO-(hHUOJIeTOBOTO JTUIIOJIST AHU30TPO-
Iy CMeEIEeHns B CIIEKTPpaX BHeETaJIJAKTUYICCKHUX O6”b€KTOB. Hpe,ZL.HO}KeHa naoreplupeTrainunsd
Toro pakra, 9T0 «aHomajus [ImoHepoB» COOTBETCTBYeT HE KPacHOMY, a (DHOJIETOBOMY
CMEIIEHUIO.
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GRAVITATIONAL AND COSMOLOGICAL MODELS WITH EXTRA
DIMENSIONS. RECENT RESULTS.
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The motivation for studying multidimensional models of gravitation and cosmology
[1, 2| is quite apparent. The main trend of modern physics is the unification of all known
fundamental physical interactions: electromagnetic, weak, strong and gravitational ones,
and the main problems are connected with the dark matter and dark energy. Since no
self-consistent successful theory of unification is currently available, it is desirable to study
the common features of existing models and their applications to solving basic problems
of modern gravity and cosmology.

Multidimensional gravitational models, as well as scalar-tensor theories of gravity, are
theoretical frameworks for describing possible temporal and range variations of fundamental
physical constants [3|. These variations are another challenge to modern physics.

Applying multidimensional gravitational models to basic problems of modern cosmology
and black-hole physics, one may hope to find answers to new (the present acceleration
of the universe, DM and DE problems, results of BICEP2, if they will be independently
confirmed) and such long-standing problems as the cosmological constant, non-singular
behavior, isotropisation and graceful exit problems, stability and nature of fundamental
constants, the possible number of extra dimensions, their stable compactification, etc. [2].

Here we dwell upon some important and recent ones concerning integrable multidimen-
sional models with variation of constants, especially « and G [4, 5, 6], quantum billiards
and cosmological singularity problem |7, 8] etc.
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COSMOLOGICAL PERTURBATIONS IN F(R) GRAVITY
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In order to explain the observational results about current accelerated expansion of the
Universe, we need to modify the Einstein equation or introduce the anisotropic metric. The
standard way to explain the accelerated expansion of the Universe is by introducing the
new energy called “dark energy,"or revising the left-hand side of the Einstein equation to
obtain “modified gravity." The most popular model of these is the Lambda cold dark matter
(ACDM) model because of its simplicity. The ACDM model is given by introducing the
contributions from the cosmological constant and the cold dark matter into the Einstein
equation. However, an extraordinary fine-tuning for the value of the cosmological constant
is necessary to explain the observational results, because the typical scale of gravity Mp; is
much larger than the observed scale of the critical density ~ 1073 eV. Therefore, there have
been suggested many dark energy models and modified gravity models to relax the fine-
tuning problem. As an example of modified gravity models, there are F'(R) gravity models.
F(R) gravity models are described as an extension of the Einstein-Hilbert action to have
higher power terms of the scalar curvature R. Today, viable F'(R) gravity models cannot
be distinguished from the ACDM model by the observational data of the background
evolution, therefore, it is necessary to evaluate carefully the perturbations in these models.
The perturbations in F(R) gravity models had been also examined before the discovery
of the current accelerated expansion of the Universe. However, we need to reconsider
the perturbations because the matter can be negligible during the inflationary era of the
early universe, however, the matter is an essential component of the late-time Universe.
In addition, we are interested in the evolution of the matter density perturbation. In this
talk, not only quasi-static solutions, but also oscillating solutions of the matter density
perturbation are investigated by analytic calculations.

GRAVITATIONAL INTERACTION AND PHYSICAL SPACETIME
GEOMETRY

A.V. Minkevich®

eE-mail: minkav@bsu.by, awm@matman.uwm.edu.pl; Department of Theoretical Physics and
Astrophysics, Belarusian State University, Minsk, Belarus,
Department of Physics and Computer Methods, Warmia and Mazury University in Olsztyn, Poland

The principal distinctive feature of gravitational interaction in comparison with other
fundamental physical interactions is connected with its profound dependence on geometrical
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structure of physical spacetime. In the framework of metric gravitation theories and first
of all of general relativity theory (GR) the gravitational interaction is described on the
background of pseudo-riemannian spacetime continuum with non-vanishing curvature.
Properties of gravitational field, which has as a source the energy-momentum tensor of
gravitating matter, depend essentially on metric characteristics of physical spacetime. The
dependence of physical properties of gravitational interaction on spacetime geometry is
broader in the framework of gravitation theories in Riemann-Cartan spacetime - Poincare
gauge theory of gravity (PGTG), where gravitational field has as sources the energy-
momentum and spin momentum tensors of gravitating matter, and it is described by
means of interacting metric and torsion tensors. Generally physical consequences depend
on the choice of gravitational Lagrangian of PGTG L, and on the coupling of gravitating
matter with gravitational field. As it was shown by using general expression of £, and
minimal coupling with gravitational field, the gravitational interaction in the case of usual
gravitating matter can be changed by virtue of the influence of torsion on spacetime
metrics that offers opportunities to solve some principal cosmological and astrophysical
problems of GR (see [1, 2, 3, 4, 5] and Refs herein).

The present talk is devoted to consideration of some physical results concerning the
gravitational interaction and obtained in the frame of PGTG based on general expression
of gravitational Lagrangian including both a scalar curvature and quadratic in the curvature
and torsion invariants and includes the discussion of the following question:

1. The fulfilment of correspondence principle with general relativity theory (GR) in linear
approximation in the metric and torsion tensors in the case of usual gravitating systems
(energy densities and pressure are not extremely high).

2. Gravitational interaction at cosmological scale, gravitational repulsion effect at extreme
conditions and the solution of the problem of cosmological singularity.

3. The spacetime of physical vacuum as Riemann-Cartan continuum with de Sitter metric
and non-vanishing torsion. The vacuum repulsion effect and accelerating cosmological
expansion at present epoch.

4. Regular massive objects in galaxies centrum as alternative to singular black holes of
GR.

5. Gravitational interaction at astrophysical scale and dark matter problem of GR.
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VEV OF CURRENT DENSITY OF CHARGED SCALAR FIELD IN DE
SITTER SPACETIME WITH NONTRIVIAL TOPOLOGY

H.A. Nersisyan®, A.A. Saharian®, A.S. Kotanjyan®

eFE-mail: henrik.nersisyan@ysu.am; Department of Physics, Yerevan State University, 1 Alex
Manoogian Street, 0025 Yerevan, Armenia

*E-mail: —; Department of Physics, Yerevan State University, 1 Alex Manoogian Street, 0025
Yerevan, Armenia

¢E-mail: —; Department of Physics, Yerevan State University, 1 Alex Manoogian Street, 0025
Yerevan, Armenia

Vacuum expectation values (VEVs) of the current densities for charged scalar is investi-
gated in (D+1)-dimensional de Sitter (dS) spacetime with toroidally compactified spatial
dimensions. Along compact dimensions we impose quasiperiodicity conditions with arbit-
rary phases. In addition, the presence of a classical constant gauge field is assumed.
The VEVs of the charge density and of the components for the current density along
noncompact dimensions vanish. The gauge field leads to Aharonov-Bohm-like oscillations
of the components along compact dimensions as functions of the magnetic flux. For small
values of the comoving length of a compact dimension, compared with the dS curvature
scale, the current density is related to the corresponding current in the Minkowski space-
time by a conformal relation. For large values of the comoving length and for a scalar field,
depending on the mass of the field, two different regimes are realized with the monotonic
and oscillatory damping of the current density.

HECTAIIMOHAPHA YA KOCMOJIOI'UA C BPAIIIEHVEM

B.®. ITanos?®, B.H. Iaseaxun®, E.B. Kysmmuosa®, O.B. Cangaxosa?
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Ha nannbrit MomeHT O0IIenpunsATas TOUYKA 3PEHUs COCTOUT B TOM, UTO Haia Bcesen-
Hasg OJHOPOHA u m3oTponHa. OJHaKO B MOC/e/Hee BpeMs MOSBUJICH PsJi SKCIIEPUMEH-
TOB, KOTOPbIe MOT'YT CBUJIETEJILCTBOBATH B MOJIL3Y IVIOOATLHOM anu3oTponuu Beerennoii.
Oco0bIit TUI AHU3O0TPOIUU - STO AHU3OTPONHS, OOYCIOBJIEHHAT KOCMOJOTHUIECKUM BpPa-
menueM. [Ipemnosiaraerca ncropmdeckuii 0630p pa3BUTUsI KOCMOJIOTUU C BpaIlleHUEM Ha
MIPOTSI2KEHNN HECKOJIbKUX JlecaTusiernit. Anamusupyorcs paborsr [LA. Famosa, K. ['ese-
gst, 1. Bepua, K.II. Cranokosuua, P.M. Mypazasana, I1./1. Cyxapesckoro, rpymmsr P.P.
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Anpnpeacsna, /1.J1. sanenko, ['pena, Cosenra, Peboyckaca u npyrux. Ocoboe BHUMAaHTE
yJIeJIgeTcd pe3yabTaTaM 10 KocMoJjoruu ¢ BparienueMm [lepMckoil rpymibl rpaBUTAIIO-
nucroB 3a nocieanune 30 Jrer. Hamum moctpoen 1esbiit psiji KOCMOJIOTHIECKHX MoJieseit
C pacIIupeHueM U BpallleHueM JIJIsi Pa3/JIUIHbIX THIOB 110 BbsaHku, ucciaenoBan a¢pdext
CIIOHTAHHOT'O HAPYIIEHUsS CUMMETPUU B KOCMOJIOTUHU C BpAIeHHEM, UCCIET0BAHO KBAHTO-
BOe poxJieHne Bparaiomuxcd Beenennbix. [TocTpoena necrarmonaptasi KOCMOJIOTHIECKAS
MoJiesib ¢ BpalenneMm ¢ Merpukoit Tuna VIII o Besauku. /st 9T0ro KocMoJI0rmIecKoro
pelenns B KA4eCTBE NCTOUYHUKOB I'PABUTAIIMHI UCIOIB3YIOTCs COITyTCTBYIONIAS UJleaTbHas
JKUJIKOCTH M HECOITYTCTBYIOIIAsl L. COIMyTCTBYIOMAS U/iea/IbHasl KUJIKOCTb B OIIPejIe-
JIEHHBIN TIEPUOJT BPEMEHHU MOXKET MOJICJIMPOBATH KBUHTICCEHITUIO WU (PaHTOMHYIO MaTe-
puto. HecoryTcTByrorast mblIb ONMUCHIBAET XOJIOAHYIO TeMHYIO MaTepuio. Jlamnas Mojieb
OIIUCHIBACT BPAIMAIONLYIOCS TEMHYIO SHEPIUI0 W BPAIIAONLYIocs TeMHyIo Mmarepuio. [lo-
CTpOeHa TaKxKe MHMJIANMOHHAs KOCMOJIoOTnIecKast Mojiesb Tuna IX mo Besauku co ckasip-
HBIM II0JIEM, aHH30TPOIHOM »KUJIKOCTBIO U XOJIOAHOU TeMHOI MaTepueii. /lannass Momesb
MOXKET OIHMCHIBATH KaK IEPBYIO, TAK U BTOPYIO MHMJIAIIMOHHDBIE CTa NN SBOJIIONNN Bpallla-
omelica Beenennoit. [Tocrpoena Kocmotornyueckasi MoJIe/ib ¢ PACHIUPEHUEM U BPAICHUEM
¢ merpukoit Tuna Il no Beanku. VMcTrounukamu rpaBUTaluy MOJCTN ABJISIOTCA UJICA -
Hag KHUJIKOCTh, YUCTOE M3JIYUYeHHEe W CKaJdgpHoe moJe. [Ipm sTom miaeaibHasg KUJTKOCTh
OTIMCHIBACT BpaIAIONIYIocs (paHTOMHYIO MaTepuio. Ha ocHoBe 310l Moje i 0bCyzK1aeTcs
BO3MOKHOCTDb IPOSABJICHUsT KOCMOJIOTUYECKOTO BpaIleHUs B XOjie HAOJIOJAaTe/TbHbIX HC-
CJICJIOBAHUIT OTHOCUTEILHOTO TTO3UIIMOHHOTO YIJIa MEXKJIy HaIpaBJICHUEM MAaKCHUMAJILHOM
BBITSHYTOCTH PaIUONCTOTHUKA U HAIpaBJICHHEM HHTErPaJIbHON IIJIOCKOCTU OJISIPUBAITIT
JIIS pa3JInIHbIX PaIUOTAIAKTHUK.

HECTAIMMOHAPHA A KOCMOJIOTTIECKAS MOJIEJIb C
BPAIITEHVEM C METPUKOUW TUIIA 11 IIO BbAHKU

B.®. ITanos®, E.B. Kysmunosa®, JI.M. SInumenckuii®

eF-mail: panov@psu.ru; IITHNY, Tlepmb, Poccus
*E-mail: —; IITHNY, Ilepmb, Poccusa
¢E-mail: —; IITHNY, Ilepmb, Poccusa

Cortacuo HabIOIeHUsM Testeckona «l[1anky crarucrudeckast 3HATNMOCTb AHOMAJTHIH -
r1006aIbHOM AHI30TPOIINH - OCTAETCS HU3KOI, 1 pe3ysbrars! Temeckona "l Liank " momnocrsio
yaosierBopsiior CramgaprHoii Kocmostorndeckoit ACDM - momesm. Bmecre ¢ Tem, B co-
BPEMEHHO# KOCMOJIOIUU COXPAHSIOT aKTyaJIbHOCTb MCC/IEI0BAHNSA BOZMOXKHOI'O BpAICHUS
Bceenennoii. Hamu moctpoena KocMoJiorudeckasi MOJIEIb ¢ paclIupeHneM W BpAIeHHEM C
Merpukoit Tuna II mo Besuku. Mojesb omuchiBaer hpuaMaHOBCKHIT STan sBosonun Bee-
JIEHHOM, C MOCJICIYIOIIUM IIePEX0JI0M K YCKOPEHHOMY SKCIIOHEHIIMAJIHLHOMY PACIIUPEHHIO,
HabJIrIoIaeMoOMy B COBPEMEHHYIO 310XY. VcTOUYHNKOM IpaBUTAIIMOHHOTO TI0JIs B HAIIEH KOC-
MOJIOTHYIECKOM MOJIENN SIBJIAIOTCS: YIBTPAPEISITUBUCTCKOE BEIeCTBO, TbLIb U COIYTCTBY-
I01asgd aHU30TPOITHAS BPAIIAIONIAACA TeMHas SHEPTUs.
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SBOJIIOIINA BCEJIEHHON C BPAIIIEHUEM C METPUKOI TUIIA
IX ITO BbAdHKUN

B.®. ITanos?, B.H. [asenxun’, O.B. Cannakosa®, K.A. Bamxeesckux?

eE-mail: panov@psu.ru; IITHNY, Ilepmb, Poccust
YE-mail: —; IITHWY, Ilepmb, Poccus

cE-mail: o_sandakova@list.ru; IITHUY, Tlepmb, Poccus
4E-mail: —; IITHUY, Ilepmb, Poccus

[Ipegnaraercsa mecrarmonapHas KOCMOJIOTHYECKasd MOJETb ¢ BPAIEHUEM C METPUKOI
tuna IX o Besauku, onnceiBaiomnast 9BoJoIni0 BeesterHoit moce mepBoro sraria nHJIsd-
mnn. Kak n B8 CrangapTHoit mMojenu, 6a3upyioreiica Ha Teopun ropadeit Beenenmnoit, B
Hell ecTh HAaYaJbHBIH - (DPUIMAHOBCKHIT 9Tall IBOJIIOIUU, C MOCTIECIYIONIIM IEePEX0JI0OM K
YCKOPEHHOMY 9KCIOHEHIMATBHOMY paclupenuio (Bropas uHMJIAs ), HabII0aeMOMy B
cOBpeMeHnyIo 310xy. Vcrounmkamu rpaBuTaliii B Mojie/in BceesleHHOl SBJSIOTCA: YiIb-
TPapEJIATUBUCTCKOE BEIEeCTBO, IMbLIL W COIYTCTBYIONAd aHU30TPOIHAS BPAIIAIONIAICT
temuag sueprus. [locrpoena Tak:ke jpyrasg HecTallmOHApHas KOCMOJIOTHYECKAas MOJIE/b
¢ Bparieruem ¢ MmeTpukoit Tuna X mo boanku.

MAGNETIC BIANCHI TYPE II STRING COSMOLOGICAL MODEL
IN LOOP QUANTUM COSMOLOGY

Victor Rikhvitsky®, Bijan Saha®’, Mihai Visinescu®

eF-mail: rqvtsk@jinr.ru; Laboratory of Information Technologies, Joint Institute for Nuclear
Research, Dubna, 141980 Dubna, Moscow region, Russia

*E-mail: bijan@jinr.ru, URL: http://www.jinr.ru/ bijan/; Laboratory of Information Technologies,
Joint Institute for Nuclear Research, Dubna, 141980 Dubna, Moscow region, Russia

¢E-mail: mvisin@theory.nipne.ro; National Institute for Physics and Nuclear Engineering, Magurele,

P. O. Box MG-6, RO-077125 Bucharest, Romania

Loop quantum cosmology (LQC) arises from the application of the more general theory
of loop quantum gravity (LQG) to cosmology. One of the most important predictions of
LQC is that in the homogeneous and isotropic Friedmann-Robertson-Walker models the
classical big bang singularity is replaced by a bouncing Universe.

More recently, it has been shown that the big bang singularity is also resolved for
anisotropic Bianchi type I (BI) [1], II (BII) [2] and IX [3] models. Usually the matter
source that was considered is a massless scalar field that play the role of internal time.
The investigations have been extended to more complicated models including a perfect
fluid, magnetic fields [4], cosmological strings [5]. It should be remarked that in all these
studies it was observed that the bounce prediction is robust.

The purpose of this paper is to investigate the dynamics of a BII string cosmological
model in the presence of a magnetic field in the framework of LQC. We show that a
bounce occurs in a collapsing magnetized BII string cosmological model, thus extending
the known cases of singularity resolution.

First, we outline the classical equations of a BII string cosmological model in the
presence of a magnetic field. Second, we discuss the quantum theory introducing the
effective equations for the model. Next, exploiting numerical methods it is shown that the
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classical singularity is resolved in the BII quantum dynamics.

The numerical simulations are quite sensitive to the initial conditions regarding the
directional Hubble parameters. Choosing a negative velocities, the numerical simulations
are appropriate to describe the evolution towards the big bang singularity. In the classical
case the evolution stops at the singularity, while in the quantum case we have bounces
and the singularity is eluded. On the other hand the choice of the initial conditions with
a positive velocities is adequate to have in view the evolution after the big bang. In the
classical case, starting from the vicinity of the singularity, the volume of the Universe
tends to infinity, while the string density is smaller and smaller. In the quantum case,
after a few small bounces we have for large time the same behavior as in the classical
case.

The study of anisotropic models with different kinds of matter sources in the framework
of LQC deserves further investigations. These studies will contribute to answer the challenge
question if the bouncing non-singular behavior of the effective solutions is generic.
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HUTEBN/IHAA TEMHAA MATEPUA
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O06BrHO 110/1 TEMHOI MaTepueit BeesieHHON Topa3yMeBaOT TUraHTCKIe 00/1aKa HEKIX
KBa3UTOYEUHBIX YACTHUIL, BCE TPOHUTIAIONINX U 00JIaAIONTNX IPABUTAIIMOHHBIM B3aNMOJIEii-
creueM. B [1] npesyioxkena Mojieib HUTEBUTHBIX «GUAUHOPUMECKUT AMOMOE» U3 KBAPKOB
B HUTEBHUJHOM sJIpe U M3 OOBEMJIIONIUX 3TO SAPO JEKTPOHOB HUTEBHUIHON OOOJIOUKU.
DJIEKTPOHBI 000JIOUKHU COCTUHSIOTCA B KYIIEPOBCKHE Maphl, 00pa3ys 603e-:Ku1KocTh. Cra-
OMJILHOCTH HUTHU OIPEJIe/IsieT MPOHU3BIBAIONIN €€ U3 KOHIA B KOHEI KBAHT MArHUTHOTO
noToka. Takasg «MaroHuTHas» HUTH M3BECTHA KaK «HUTL Jlupaka» ¢ KBaHTOM - «(JIIOK-
couziom JIoHIO0HAY, OTKY/Ia U MOILJIO HAIE HA3BAHME HUTEBUHBIX ATOMOB — ¢hatokcou [1].
He apnsiorca s JrioKcbl ICKOMO# TeMHOW Marepueil, a sueprus KojebaHuii, 1Mo HUM
nepegaBaeMasi, TEMHOI dHeprueii’?

Pacdernasg nmpoYHOCTb HUTEBUJIHBIX <«ITUJIUHIPUYICCKUX» ATOMOB C <«dAJICPHBIM» JIHAa-
MeTpoM okoj10 10 M u auamerpom 3jekTpoHHOI obosoukn 60 dhwm, jge/raeT BO3MOKHBIM
3aII0JIHEHIE HEBUIUMOI (DJTIOKCOBOI «BaTOW» PA3/IMIHON TIJIOTHOCTU BCETO ITPOCTPAHCTBA
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Bceenennoii, Brovas maaneTbl U 38€3161. [Ipu pacdernoit Mmacce B 1 HI MOTOHHOTO MeT-
pa HUTH U MHHMMaJIbHO I1oTHOCTH Beenennoit okoso 10732 r/em® cpenee paccrosmue
MEKJTy HUTSME CPABHEMO C paccrosnueM or 3emum 10 JIyuaer. Ho B rajakTtukax u, oco-
OeHHO, Ha 3Be3/[aX U IJIAHETAX IJIOTHOCTh HUTEH CYIIECTBEHHO BBIMIE. 371eCh (OJIIOKCHI 1
00HAPYKUBAIOT €eOs 10 HUTEBUIHOCTH JICKTPOMATHUTHO CBA3AHHOTO C HUMHU OOBITHOTO
ATOMHO-MOJIEKYJITPHOTO BelecTBa. U 1Mo s/iepHbIM peakIisaM, BOSHUKAIOIIIM TP KOHTaK-
TaxX OOBIYHBIX «C(epUdecKux» gjep ¢ (pJrrokcaMu U JIpYT ¢ JPYTOM U3-3a CHUKEHHS WX
KYJIOHOBCKOT'O OTTAJIKUBAHUSA B «YKUJIKOI» OTPUIATETHLHO 3aPsAZKEHHOI 3/IEKTPOHHON 000-
JIoUKe (DITIOKCOB. YBJIeKas 3a co00il 0OBIMHOE BEIMIECTBO, (OJIIOKCOBBIE ITYYKH (DOPMUPYIOT
pPa3HOTO MacITada BUXPU TUIA TOPHAJIO, HADJIIOIaeMble aCTPOHOMAME U TeO(hU3NKaAMU.
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HYKJIEOCUHTE3 HA HUTAX TEMHOIN MATEPUIU
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Jlokamsarust AaTOMHBIX sijlep Ha HUTAX TeMHOil MarTepuu, cocrosimeil u3 duokcos [1],
[PUBOJIUT K $JIEPHBIM TIpeBparieHusM. Ho s JToKaIn3au g/ipa ¢ MaCCOBBIM THCJIOM
U JIJTUHOM BOJIHBI Jie Bpoitis, pasHoit pajmycy uutu duriokca 30 ¢dhm, Heodxoauma anepus
aokarusayuu T =~ (20/) k9B win ckopocmsv sokasusayuu sapa v = (2000/) km/c.

N3-3a MaKCBeLIOBCKOTO PacIpeie/ieHnsl CKOPOCTeHl aTOMOB JIOKAJIN3aIlus UX sijiep Ha
drroKcax U HEen30eKHO BO3HUKAIOIIUE IIPU JIOKAJIU3AINN siJIepPHbIE IIPOIECChl OyIyT 3a-
METHBI y2Ke IIPU COTHSX, a JjIsd KoHIa tabaunbl MenaeneeBa — mpu jiecatkax 3B cpesneit
TEMIIEPATYPBI OKPY2KAroniero (hJIroKehl 0OBIMHOTO BermecTBa. [losromy B 3Be3jax Twuia
CoJiHiia gjiepHbIe TPOIECChl Ha (JIIOKCAX HEM30eKHO MPUBEIYT K HPeodJIaJJaHuio B HUX
CcaMbIX JIETKHUX sijiep. B yJa/leHHbIX OKPECTHOCTSX 3BE3J MX MOBBIMICHHAS 3allbLICHHOCTD
MOYKET OOBICHATHCS KaK pa3 yJaep:KaHueM KOCMUYECKOW IMbLIH (DIIIOKCAME. 3JeCh BO3-
MOKHO U TIOBBIIIIEHHOE COJIEPIKAHNE TsKEJIbIX 9JIEMEHTOB, XapaKTepPHOE JIJIsI ILIaHEeT.

Bo3morkHO, 9TO IMEHHO TI0 TTPUIHHE si/IEPHBIX B3aUMOIeHCTBHIT Ha (DIIIOKCAX MBI IMEEM
pe3Koe — MOoYTH Ha J[Ba MOPSIKa — yMEHBIICHIHEe KOHIIEHTPAIIUA B 3€MHOI KOPe COCETHUX
¢ TIUHKOM, HO 00Jjiee TsIZKeJIbIX 3JIEMEHTOB - IIPU CKOPOCTU 3eMjiu oTHocuTe bHo CostHia
v~ 30 km/c gapa ¢ A ~ 67 (muHK) emié He Jokanusyorest Ha duokcax. Tus Mepkypus
(v & 48 KM/c) TaKOro pojia MOPOrOBBIM JIEMEHTOM OyIeT KaJbluil, jajist Benepst (v &~ 35
KM/c) — xenes30, Juig Mapea (v ~ 24 km/c) — kpunroH, s FOnurepa (v ~ 13 km/c)
— epponuit, jyist Carypra (v &~ 10 kM/c) — pryTh. Ha Ypane u 6osiee jajiekux IiaHeTax
MOTYT COXPAHSATHCA B OOJIBITIX KOHIEHTPAIUAX JIa2Ke TPAHCYPAHOBBIE 9JIEMEHTHI.

Cka3zaHHOMY BBIIIE €CTh U 3eMHbBIE TIOTBEPKICHUS. B COBpEeMEHHBIX apTU/LIEPURCKIX
CHCTEMaX CKOPOCTHU CHAPSIIOB MOYTH KOCMUYIECKNE, U IIPU MOMA[aHIN CHAPsI/Ia ¢ 00e THEeH-
HBIM YPaHOM B IpensitcTBue (6poHst, 6eTOH) Pa3sBUBAIOTCS CTOJIh BBICOKHE TEMIEPaTyPH,
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YTO BO3MO2KHBI fI/ICPHbIC IIPOIIECCHI HA (bJHOK(ZaX. Bosmozkno IIO9TOMY HEKOTOPbIE BOCHHBIE
AHaJIUTUKU IPUPABHUBAIOT IIPUMECHEHUC O6e,ZLH€HHOI‘O YpaHa BO3,ZL€I71CTBHIO MHHHATIOPHOT'O
AJEPHOTO OPYKUA C SKBUBaJIEHTHONI MOHOTHOCTBIO B KMJIOTOHHBI TPUHUTPOTOJIYOJIA.

JImreparypa
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SPINOR FIELDS AND ANISOTROPY: SOME REMARKS

Bijan Saha®
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Within the scope of Bianchi type-I cosmological model we study the role of spinor field
in the evolution of the Universe. Bianchi type-I space time is given by a diagonal metric
with the metric functions being the functions of time only. As a result the corresponding
Einstein tensor has only non-zero diagonal components. Though we have considered only
time dependent spinor field, it is found that due to the spinor affine connections the energy
momentum tensor of the spinor becomes non-diagonal. This non-triviality of non-diagonal
components of the energy-momentum tensor imposes some severe restrictions either on
the spinor field or on the metric functions or on both of them [1|. We have considered all
three cases.

(i) In case if the restrictions are imposed on the components of spinor field only, one
can find the solutions to the corresponding field equations. But the case in question allows
only massless spinor field, moreover, invariants constructed from bilinear spinor forms also
become trivial. That means a pure BI spacetime allows only massless linear spinor field.

(ii) Imposing restriction wholly on metric functions we obtain FRW model. In this case
invariants constructed from bilinear spinor forms are non-trivial and depends on time.

(iii) If the restrictions are imposed both on metric functions and spinor field components,
we come to LRS BI model. In this case we have non-trivial invariants constructed from
bilinear spinor forms. The space-time becomes isotropic at late time.

[1] Bijan Saha, Nonlinear Spinor Fields in Bianchi type-I spacetime reexamined, International
Journal of Theoretical Physics. 53 1109 - 1129 (2014) 10.1007/s10773-013-1906-7; ArXiv:
1302.1354 |gr-qc|

INFLATION AFTER WMAP, PLANCK AND BICEP2
OBSERVATIONAL DATA
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Abstract. Alexei A. Starobinsky. The maintenance of the plenary report will be announced at
conference..

COSMOLOGY WITH NON-MINIMAL DERIVATIVE COUPLING

S.V. Sushkov®

eF-mail: sergey sushkov@mail.ru; Kazan Federal University, Kazan, Russia

We investigate cosmological scenarios in the theory of gravity with the scalar field
possessing a non-minimal kinetic coupling to the curvature [1-4]. It is shown that the
kinetic coupling provides an essentially new inflationary mechanism. Namely, at early
cosmological times the domination of coupling terms in the field equations guarantees
the quasi-De Sitter behavior of the scale factor: a(t) oc ef=* with H, = 1/v/9x, where
k ~ 107™ sec? is the coupling parameter. The primary inflationary epoch driven by non-
minimal kinetic coupling comes to the end at ¢; ~ 107% sec. Later on, the matter terms
are dominating, and the universe enters into the matter-dominated epoch which lasts
approximately 0.5H;' ~ 0.5 x 10'® sec. Then, the cosmological term comes into play,
and the universe enters into the secondary inflationary epoch with a(t) o effa, where

= /A/3. Note that the present value of the acceleration parameter ¢ = da/a? i
estimated as gg ~ 0.25, that is the universe is at the beginning of the epoch of accelerated
expansion. Thus, the cosmological model non-minimal kinetic coupling represents the
realistic cosmological scenario which successfully describes basic cosmological epochs and
provide the natural mechanism of epoch change without any fine-tuned potential.
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TOYHBIE PEINIEHUS B K“I/IPAHbHOﬂ KOCMOJIOTMYECKOM
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B pabore paccmarpuBaercs KupaJbHas KOCMOJIOTHYECKas MOJEIb It DiHInTeiiHa-
laycca-Bonne (9I'B) rpasurarm, omuceiBaemast 1eiCTBIEM:

1

S=§/d5f\/—_g(R+aGBRGB) /d%\/_{ has(e)eavhg™ —V(e)| (1)
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37ech K = 1, UHJAEKCHI a, b, ... npunnmaioT 3Havenus 0, 1,2, 3,4, agp - napaMerp cBA3U
laycca-Bonne. Craraemoe laycca-Bonne nmeer Bu:

Ry = R? — 4R R™ + Rypea R (2)

Bapbupys jeficrsue (1), Mbl IPUXOIUM K JBYM YDABHEHUSIM:

Gab — aGBHab = Tab' (3)
aa . ’ _ a _— = O 4:
e (V=9¢1) = 5 i Patad" 55 (4)

rie B (3) Gap = Rap — % Jap R — Tenszop Ditnmreiina, a H,, — Tersop Jlasioka, uMmeronuii
CJIE/IYIOIINIA BUJI:

1
Hab - 4RacRg + 4RCdRacbd - 2RRab - 2R2deRbcde + agabRGB‘ (5>

Merpuku 5-meproro npocrpasnctsa-spemern Opuimana—Pobeprcona—Yokepa (OPY)
U IPOCTPAHCTBA - TeJIeil 3aluChIBAIOTCs CIEIYIONIUM 00pa3oM

2

dS? = —dt* + a(t)? (1 dr

——+ r2(df + sin® 0(dy? + sin? deQ))) : (6)

ds?s = h11d¢2 + h22(¢7 ¢)d¢2 (7>

Mozkno 3ammcarb OCHOBHBIE (DOPMYJIBI JIJIsT KHPAJIHHON KOCMOJIOTHYECKON MOJIEn U
rpasutaiiun DI'B B narumeprnom ciryuae OPY:

4 S o (24 5) =1 (%hn¢2 ¥ (o, V) + V(6 w) C®
et (17 2] - 5) =L (i hmto0). 0
hi1d + AHhi1p — %agf P+ Z—Z =0, (10)

bas(, ) + han(6, 00 + A6, 0} - 320+ S =0 (1)

Pemenne cucrembl n3 mocieTHUX YETHIpEX YPABHEHUHA T PA3THIHBIX a(t) ABJIAETCSA
OCHOBHO 3aj1adell JIAHHOTO JIOKJIaJA.
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B nanmnoit pabore MBI HCCIElyeM KHUPAJILHYIO KOCMOJIOTHYECKYIO MOJE/b, OIMCHIBAIO-
IIyI0 KMHETUYeCKOe B3aMMOJIelicTBAE (DAHTOMHOIO I0JIsI U KAHOHHMYECKOOTO MOoJd. DbIT
IIPOBEJIEH JEeTAJIBHBIN aHaIN3 JIMHAMUKHI B3aUMOJEHCTBUS U Hall/IeHbl TOYHBIE PEITeHus.
MpbI n3ygaem 1moJsieBble ypaBHEHUs MO/JIE/IN ¢ KOCMOJIOTUYECKON TTOCTOSTHHOI - TTIOCTOSTHHBIM
noreHIaj oM. Mbr 00600IIIN MOJIET ¢ B3aUMOJIEHCTBIEM B BUJIe CKAJIAPHBIX IOJEH ¢
KMHETUYeCcKUM 4jeHoM. Mbl paccMoTpenn uX ¢ TOUYKHW 3PeHusl KUPaJIbHOU KOCMOJIOTIYe-
ckoii mogen (KKM) [1]. Bouau ucceoBanbl Mojiesin, COOTBETCTBYIONIIE KOHILY SBOJIIOIIN
Bcenennoii, B ToM dmcie B3auMOIEHCTBUE CKAJIAPHBIX 0/ ¢ pajualrueil, a Tak e TeM-
HOIT 1 00bIuHOI MaTepueii. Vcenenosanne kuaromuoit Mogesb ¢ O(N)-cumerpueit mveer
BazKHOE 3HAYEHME, TaK KaK OHA IPeJCTaB/IeHa HEJTUHEHHON CUrMa-MOJIe/bIo ¢ j1eopMu-
POBaHHOIN KHpaJIbHON MeTpHuKoii |2, 3].
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IIOCTPOEHUE U UJIEHTUO®UKAIINYA ITPOPUJIEN JINHENHO
ITOJIAPMN30BAHHOI'O N3JIVUHEHU A ITYJIBCAPOB
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B nmannoit pabore npejcraBiieH YHHBEPCAJIbHBIN KHHEMATUIECKUIT METO/I TOCTPOEHUS
ePUOIMIecKX TpoduIeil U3JIydeHus IyJIbcapoB Ha OCHOBe Mojen Pajixakpuinnana u
Kyxka, cormacHo KOTOPOiIl MCTOYHUKOM 3JIEKTPOMATHUTHOTO U3JIyYEHUs IIyJILCAPOB SBJIf-
I0TCS TIOTOKU OYeHb ObICTPBIX 3aPsI?KEHHBIX YACTHIL (JZKETHI), UCTEKAIONMX U3 MArHUT-
HBIX TIOJIFOCOB ITyJIbCapa B HaIIPABJIEHUN JIMHUI HAIPAKEHHOCTH MarHUTHOTO moss. nes
[Ipe/IJIaraeMoro 3/1eCh METO0/Ia, COCTOUT B TOM, YTO MPOMUIL U3IYICHUS Iy IbCcapa Olpe/ie-
JIIeTCsl KaK JIMHUS TIePecedeHrs BPAIAIONIeiicss BMECTe ¢ My IbCApPOM ITOBEPXHOCTHU YTJIOBO-
ro pacrupejeseHusd MOIIHOCTH MIHOBEHHOT'O U3JIyYeHUs OT UCTOYHUKA, PACIOJIOKEHHOTO
Ha TPACKTOPUU JIZKETA, C HEMOJBUXKHBIM B IPOCTPAHCTBE JIYYOM 3PEHHUT HAOIIOIATEI.
YpaBHEHNE caMOll TOBEPXHOCTHU - WHIMKATPUCHI MOIIHOCTH MTHOBEHHOTO W3JIyYEHUs Ja-
€TCsl TOYHOI Teopueil n3IydeHns pejsiTUBUCTCKUX 3apsKeHHbIX dacTuil. [lo-cymectBy, -
9TO0 oOpaTHas 3ajada, peleHne KOTOpOil He 3aBUCUT M3HAYAIHLHO OT TOW WJIM MHOM MO-
JIeJIn MarHuTocepsl MyIbCAPOB M MOYKET MOMOYbL HAWTH PEeasIbHO CYIIEeCTBYIONLYIO KOH-
duryparmio pacrosoyKeHus UCTOYHUKOB U3JIyUeHUs B HAOJ/IIOMAeMbIX SKCIIEPUMEHTATHLHO
nysabcapax. JIuHeitHas moagpusaug U3/ Iy9eHIs OlPE/Ie/IAeTCsd OTHOCUTEIHLHO TIOCKOCTH
TpaekTopun JizKeTa. 1 maeHTHUKAIIMT TOCTPOEHHBIX TaKUM 00pa3oM mpoduseil mo-
JIIPU30BAHHOTO M3/IYYEHHS ITY/IHCAPOB € SKCIEPUMEHTAIHHO HAOJIIOIaeMbIMU TTPOMUIIMU
IIpe/IyIaraeTcs UCIOJIb30BATD TEJIbIil HAaOOP MOCTOAHHBIX ITapAMETPOB, TAKUX KaK yIoJl Ha-
KJIOHA MArHUTHOMN OCH ITyJIbcapa OTHOCUTEIHLHO OCH €TI0 BPAIlleHnsd, & TaK¥Ke YIJIbl, 00pa30-
BaHHBIE JIyYOM 3PEHUS C OChIO BPAIeHUs ITyJIbcapa U ¢ HAITPaBJIeHUEM ero MarHuTHO OCH.
Kpowme Toro, jmannas Mojiesib TO3BOJISIET BApbUPOBATh U ITapaMeTPhl CaMOI'0 M3JIyYeHUs,
HAIIPUMED, YUCJIO0 U SHEPIUI0 U3JIydaomux Jactul ( ramMmma-(hakTop), HAIPIKEHHOCTh
MarduTHOIO TIOJIg U PajuyCc KPUBU3HBI TpaeKTopuu. Pazymeercs, JTaHHBIN METOJI TIO3BO-
JIIeT MOCTPOUTH TaKzKe W MPOMUIN IOJTHON MOIIHOCTA U3JIYyYeHUS ITYIbCapoB, KOTOPbLIE
OKa3aJIMCh B ITPEKPACHOM COOTBETCTBUU C HAOIIOIAEMBIMU MPOMUIAMA U3JIYICHUA P
KOHKPETHBIX ITYJIECAPOB.

ON GLOBAL STRUCTURE OF BLACK HOLE SOLUTIONS IN THE
MODEL WITH ANISOTROPIC FLUID

S.V. Bolokhov®, V.D. Ivashchuk®
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We consider a family of multidimensional spherically symmetric solutions with 1-
component anisotropic fluid obtained in [1]. Any solution is defined on a manifold of total
dimension D = 2+4do+) ., d; (dy > 2) containing the product of n—1 "internal"Ricci-flat
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spaces M; with metrics h,(q?midymidy”i, and has the form

_ 200 2 2 dr? SN 7
ds? = H™ @0 [—H G (1 — T—’;) a4 r?dQy + Z HTT) hﬁﬁ)inidymidy”i] ;
=2

2p
1 —2a
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mo=e L fi-(1-2)] ot (eesu). e

2
(U,U>Eq2+zj+m<q+zm) -0 .
i=2 i=2

where d = dy — 1 € N, d; = dimM;; the line element on the sphere S% is denoted by
dQ?io; parameters ¢ and U; describe relations between pressures and density, ¢ is taken
to be a natural number here; P, > 0. In special cases, this metric contains a family of
black hole solutions (including the Reissner—Nordstréom one), as well as some black brane
solutions in models with antisymmetric form fields, and has certain interest in a context
of multidimensional cosmology and p-brane physics.

We analyse the global causal structure of the solution under consideration. The structure
of regular horizons and singular boundaries is studied, and the corresponding Carter—
Penrose diagrams are constructed for various values of the parameters. It is shown that
the structure of diagrams depends mostly on parities of the parameters ¢ and d.
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We construct explicit examples of globally regular static, spherically symmetric solutions
in general relativity with scalar and electromagnetic fields which describe traversable
wormholes (with flat and AdS asymptotics) and regular black holes; in particular, black
universes. A black universe is a nonsingular black hole where, beyond the horizon, instead
of a singularity, there is an expanding, asymptotically isotropic universe. The scalar field
in these solutions is phantom (i.e., its kinetic energy is negative), minimally coupled
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to gravity and has a nonzero self-interaction potential. The configurations obtained are
quite diverse and contain different numbers of Killing horizons, from zero to four. This
substantially widens the list of known structures of regular BH configurations. Such models
can be of interest both as descriptions of local objects (black holes and wormholes) and
as a basis for building nonsingular cosmological scenarios.

CYLINDRICALLY AND AXTALLY SYMMETRIC WORMHOLES

K.A. Bronnikov?®
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We discuss the existence conditions of wormhole throats and wormholes as global
configu-rations in general relativity under the assumptions of cylindrical and axial sym-
metries. It is pointed out, in particular, that wormhole throats can exist in static, cylindri-
cally symmetric space-times under slightly different conditions as compared with spherical
symmetry [1]. In cylindrically symmetric space-time with rotation, throats can exist in
the presence of ordinary matter or even in vacuum space-times [2|. However, there are
substantial difficulties in obtaining asymptotically flat wormhole configurations: such
examples are yet to be found. Some features of interest are discussed in static, axially
symmetric configurations [3, 4], including wormholes with singular rings and wrongly
seeming regular wormhole throats in the Zipoy-Voorhees vacuum space-time [5].
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We consider static electrically charged dust configurations in the framework of Einstein-
Maxwell-dilaton gravity with the interaction term P(x)F,,, ™" in the Lagrangian, where
P(x) is an arbitrary function of the dilaton field y, and the latter is allowed to be normal or
phantom [1]. It is shown that, for any regular P(x), static configurations are possible with
arbitrary functions goo = exp(2y(z")) (i = 1,2, 3) and y = x(7), without any assumption
of spatial symmetry. The corresponding matter, electric charge and scalar charge densities
are found from the field equations. Meanwhile, configurations with nontrivial x(z') gene-
rically require a nonzero scalar charge density distribution. The classical Majumdar-
Papapetrou (MP) system is obtained as a special case where x =const; there is its scalar
analogue in the case F;,,, = 0, but only with a phantom y field. Among possible solutions
are black-hole (BH) and quasi-black-hole (QBH) ones. QBHs are, by definition [2]|, regular
starlike objects whose size is very close to the horizon radius but a horizon is absent. Such a
system looks for a distant external observer completely similar to a true BH. Some general
results on QBH properties obtained previously for the MP system are here extended to
systems with the dilaton. Particular examples of asymptotically flat spherically symmetric
BH and QBH solutions are found, some of them being phantom-free, that is, exist with
positive energy densities of matter and both scalar and electromagnetic fields.
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COMPLEX KERR GEOMETRY AS ALTERNATIVE TO
SUPERSTRING THEORY
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It is now commonly accepted that black holes (BH) are related with elementary
particles and string theory. In spite of that, the path from superstring theory to particle
physics represents a still unsolved problem, and “... realistic model of elementary particles
still appears to be a distant dream...”, John Schwarz [1]. Meanwhile, the Kerr geometry
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of the rotating BH solutions displays in this relation some interesting surprises. The 4d
Kerr-Newman (KN) solution has gyromagnetic ratio g = 2, as that of the Dirac electron,
and therefore, the gravitational and electromagnetic (em) field of the electron should
correspond to the KN solution with good precision. The charged Kerr-Newman (KN)
solution has paid attention as a classical background for spinning particles. However, the
spin/mass ratio of the elementary particles a = J/m is extremely high and the BH horizons
disappear, which corresponds to over-rotating BH solutions with naked Kerr singular ring.
This ring represents a branch line of the Kerr space, and the analytic KN background
turns out to be two-sheeted and contains a strong topological defect — singular ring of
the Compton radius, a = h/2m. It indicates that the analytic KN solution should be
regularized to remove the ring and twosheetedness, which is realized in a regular soliton
model of the KN source representing a composition of the string, membrane and bag
(bubble) [2]. The Kerr singular ring forms a closed string of the dual models, working
as a waveguide which keeps the traveling wave excitations on the border of the disk-like
soliton. The field structure of this string is very similar to the obtained by Sen solution for
fundamental heterotic string [3]. The disk-like soliton has the form of an oblate vacuum
bag, bubble covering the former Kerr ring, and a closed Kerr string takes a position on
the sharp border of this bubble. One more complex string was found in the complex
structure of 4d Kerr geometry [3, 5|, and the basic structures of the superstring/M-
theory correspondence were obtained in the source of Kerr geometry, together with a new
remarkable fact — appearance of the Calabi-Yau twofold (K3 surface) in the projective
Kerr’s twistor space C'P? [5]. This parallelism is to be not accidental, and may be related
with the mysterious critical N=2 string [6] which is also complex and has the underlying
twistorial structure.

The Kerr real and complex Kerr strings, and the related stringy structures such as
orientifold and formation of the M2-brane, are living in the four-dimensional space-time.
There appears a wonderful possibility that compactification of higher dimensions may be
replaced by complexification of the 4d Kerr geometry. Characteristic parameter of the
Kerr string a = h/m corresponds to Compton scale, which makes this version of the
superstring theory to be closer to particle physics.

We notice, that among the consistent critical strings in dimensions d=26 and d=10 ,
there is also the complex N=2 string [6], which has the real critical dimension four and
could be used as a basis of some four-dimensional string theory. The principal obstacle
for its application emerges from its signature, which may only be (2,2) or (4,0), which
conflicted with its embedding in the real minkowskian space-time. Up to our knowledge,
this trouble was not resolved so far. The N=2 string has organic embedding in the
complexified 4d Kerr geometry, which suggests that complexification of the 4d Kerr
Geometry and complex structure of the N=2 string may represent an alternative to higher-
dimensional Superstring Theory.
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N3BecTHoOit, HO HEPEIIEHHOI TPOOIEMOil B TEOPUN YE€PHBIX JIbIP ABJISAETCS (PU3NIECKU
CMBICJT Teo/Ie3ndecKoil HeroyiHoThl pertenuit [IBaprmuinia n Keppa B npenedbpezkennn
pereHnsaMy THita, 0eJIbIX JIbIp. B acTHOCTH, B KPYCKATOBCKUX KOOP/MHATAX B METPHUKE
[MIBapimmmibia, KaK U3BECTHO, B OKPECTHOCTH T'OPU30HTA B [R-00/1acT HEOOXOIMMO pac-
CMOTPEHHE Ie0JIe3NIeCKNX Kak JIJIsi YePHBIX, TaK U Jjist OesIbix JbIp BMecTe. Hamu HeaBHO
6bL10 T0Kazano [1|, uro syist onumcanust nporecca [lenpoysa, a Takke Mpu UCCIEI0BAHIN
BBICOKO9HEPIeTUIECKIX PE30HAHCOB TIpH cTosikHOBeHun dactull [2|, [3| B sprocdepe Bpa-
IAIOMIENCA YepHO JBIPBI HEOOXOIMMO HCIOJIHL30BAHNE T€0Ie3NIeCKUX JIJId YaCTHI C OT-
PHUIATEIBHOM SHEPTHEl, BHIXOSIINX W3-TI0]] TPABUTAIIMOHHOTO PaJInyca. AHAJIM3UPYETCA
BUJI 9THX TeOJIe3MIECKNX KaK B 9KBATOPHAJBHOI IIJIOCKOCTH, Tak W B obIieM ciydae [4].
[Tokazano, B KAaKUX cjiydadx TaKue TeoJIe3nYecKrue MMEIOT HAa4YaJI0 B CUHTYJIAPHOCTH MET-
puku Keppa. Ob6cykmaercss BO3MOKHOCTH HAPYIIEHHUS IIPUHITAITA, KOCMUYIECKOH TEeH3YPhI
JIJIsI YEPHBIX JIBIP 3a CUeT CYIIeCTBOBaHUSA “OesI0IBIPHBIX T'€0Ie3UTIeCKUX.
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HEKOTOPEIE CBOIICTBA I'EOQJIE3NYECKUX B
ITPOCTPAHCTBE-BPEMEHU KEPPA

AA. Tpu6?, A.M. Pacymnosa®

oF-mail: andrei _grib@mail.ru; JTaGoparopust reoperuueckoii pusuku um. A. A. @puamana; Pocenii-
cKUit TocyiapcTBeHHbIN nejgarorndeckuit yuusepcurer uM. A. U. Tepriena, Cankr-Ilerepoypr, Poccus

*E-mail: ARasulova@gmail.com; Jlaboparopusi Teoperudeckoit dusuku um. A. A. Ppuamana,
Camnxkr-Ilerepoypr, Poccus

COBpeMeHHbIe H&6JHO,ILGHI/IH [IOKa3LIBAIOT OOJIBIIIOE KOJINICCTBO KanJamJaaToB B YepHbIe

.

JBIpbl. Macenl Taknx 06beKToB neuncasiorces oT 4+ 100 Mo (/1 9epHbIX JbIP 3BE3/IHBIX
mace) 10 10° + 101 Mg (st cBepxMaccHBHBIX 4epHBIX AbIp) [1-2].

OcobeHHOCTH COBPEMEHHBIX acTPOMhU3nIecKnx HaOJIIOIEHUN TPUBOIAT K TOMY, ITO BCE
KaH/IUJIaThl B YePHBIE JIBIPbI 3BE3/IHBIX MACC BXOJST B COCTAB JBONHBIX cuCTEM (O CIIOCO-
6ax HabJIOeHNst M. B [3—4]), uro 3arpynHser Teoperudeckoe ormcanne. OHAKO, OTHOM
u3 MOJIeJIel, OIMCHIBAIONINX AKTUBHBIE s/IPA TaJaKTUK, sIBJISIETCA HAJIHMINE OJUHOYHON
CBEPXMACCUBHON YEpPHON JIBIPBI B IEHTPE TAJTaKTUKH. e MOXKHO OOHAPYKUTH 10 BJIUSI-
HUIO Ha OKPYZKAIoNne 00beKThI (3Be3/Ibl, ra30-IblaeBble obaaka u T.11.). Ocobblil nHTEpec
K JIAHHOW MOJIEJTM BBI3BAH TEM, UTO TaKHe UEPHBIE JBIPHI MOYKHO DACCMATPHUBATH, KaK
CyTIePKOJLIA/IEPBI SJIEMEHTAPHBIX JacTull [5).

B nanaOM J0K/1a/1€ OYIYT OMUCHIBATHCI TOJBKO OJIMHOYHBIE U€PHBIE JIBIPHI.

N3 crammonapHbix pernieHuil ypaBHeHUil DUHIITEiHA B BaKyyMe, OIMHUCHIBAIOIINX Yep-
Hble JbIpbl, MeTpuka Keppa nanbosiee 0m3ka K pU3MIECKON PEaLHOCTH.

Jl1st ontmcanmst IPOIECCOB, ITPOUCXOISIINX B OKPECTHOCTSX si/Iep TaJaKTUK, HYKHO JIe-
TaJIbHOE U3YYEHUE CBOWCTB IMPOCTPAHCTBa-BpeMeHn MeTpuku Keppa.

OCHOBHBIMU TIEJISIMU UCCJICIOBAHUS SIBJIS/IUCD:

® DACCMOTPEHNE CBOMCTB MPOCTPAHCTBA-BPEMEHN BPAIIAIONINXCS YEPHBIX JIBIP C TIOMO-
IIbI0 MATEMaTHIECKOT'O aHAN3a TPACKTOPHUIl MACCUBHBIX YacTUIl U (DOTOHOB, KaK B
9KBATOPUAJILHON TaK W B HEIKBATOPUAJIHLHOU TIJIOCKOCTH;

e [0JIyUeHNe aHAJUTHIECKUX BhIDAXKeHUii (P ONpeJIe/IeHHBIX HAYATbHBIX YCJIOBUSIX )
JIJIS BpEMEHU TaJeHus MACCUBHOM YacTHILI U (DOTOHA HA TOPU3OHT COOBITHUIA;

® [I0JIyvdeHne KOJIMYECTBEHHBIX OICHOK /IJIfl BpEeMCEHU OTCTaBaHUA IaCTHUIL CO CBEPXBbI-
COKHMMU SHEPIrusgAMH OT TI'aMMa-BCIIBIIICK, IPUXOJANIMMN K HaM OT aKTHUBHDBIX €D
raJlaKTHUK.

B nokmaze Gymer paccMOTpeHa MaTeMaTHUecKas 3a/ada O HAXOXKICHUU BPEMEHH OTCTa-
BaHMs KOCMOHABTA OT CBETOBOIO JIyda IIPU IIaJICHUK Ha TOPU30HT Bpallaroleiicss YepHoil
Jeipbl [6,7]. Ha ocHoBe JaHHO# MOJIEIM MOYKHO HOJIyYUTb, 9TO BPEMs OTCTABAHUS KOC-
MOHABTa OT CBETOBOI'O JIy4a SABJACTCS KOHEYHBIM. JTO IIPOTUBOPEUUT YACTO BCTpEYUAIO-
[IEMYCsl B HAYIHO-TIONMYJISIPHOI JIUTeparype yrBepzKaenuto (cM., Hampumep, B [8-10]), uro
HaJalonyii B 9epHyIo JILIPY KOCMOHABT YBHJUT GecKoHedHoe Oyjylnee BHemiHeil Beesen-
HOI.

Ha ocnope ypasnenuii reo/ie3sndecKux ObLIM HMOJYYeHbI BbIParKeHUs JIJIs BPEeMeHH I1a-
JIeHUsl MACCUBHON 9acTHUIIBI 1 (POTOHA U BBISABJICHLI 3aBMCUMOCTH BPEMEHH OT ILJIOCKOCTH
najienns. V3 mocieHero cjejyer, 9To IpHY OIpPe/IeIeHHBIX HadaIbHBIX IapaMeTpax da-
crutibl (KaK MAcCHBHOM Tak 1 6e3MaccoBOii) OHA MOYKET YIIaCTh TOJBKO B CTPOTO OIPEJIe-
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JICHHBIX IUpoTax. TakxKe B JIOKJaJie Oy/eT MOKa3aHO, UTO BOJIU3U I'OPU30HTA PA3HOCTH
BpPEMEHU IaJIeHUs MaCCUBHOM YacTUIBI U POTOHA 3aBUCUT OT YIJIOBOI'O MOMEHTa YEpPHOIt
OBIPHL.

Pesynbrarsl, ns/ioxKennble B JOK/Ia/I€, MOXKHO HCIIOJIb30BATh B aCTPOMUIUICCKUX HC-
CJIEJIOBAHUSIX AKTUBHBIX sJIEp TaJlaKTUK W, B YaCTHOCTHU, IIPU U3YUYEHUHW raMMa-BCIBIIIEK
1 KOCMUYECKIX JIydeil TPUXOIAIINX U3 MEHTPOB TaJIaKTHK.
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Abstract. It is critically discussed the mass inflation phenomenon inside black hole. This phenomenon
implies that black hole interiors are unstable due to a back-reaction divergence of the perturbed black
hole mass function at the Cauchy horizon. Weak point in the standard mass inflation calculations is in
a fallacious using of the global Cauchy horizon as a place for the maximal growth of the back-reaction
perturbations instead of the local inner apparent horizon. It is derived the new spherically symmetric
back-reaction solution for two counter-streaming light-like fluxes near the inner apparent horizon of the
charged black hole by taking into account its separation from the Cauchy horizon. In this solution the
back-reaction perturbations of the background metric are truly the largest at the inner apparent horizon,
but, nevertheless, remain small. .

Introduction

The mass inflation phenomenon, resulting in exponential growth of the perturbed black
hole mass function at the Cauchy horizon, was considered as a fatal instability of the
interior Kerr-Newman black hole solution with respect to the small perturbations (see,
e.g., |1, 2, 3, 4, 5] and an example of the bounded mass inflation [6]). The specific
instability of the Cauchy horizon with respect to the kink-mode perturbation was considered
in the case of the Reissner-Nordstrém—(anti) de Sitter black hole [7]. The problem of the
Cauchy horizon instability has been probed also by different numerical calculations (see,
e.g., [8, 9, 10| and references therein). The mass inflation problem in the case of the
rotating black holes was elaborated in [11].

The standard mass inflation calculations |1, 2, 3| are based on the using of the generalized
Dray—t’ Hooft-Redmount (DTR) relation [12, 13| in the linear approximation of the
Einstein equations near the perturbed inner horizon. However, the using of linear approxi-
mation to the DTR relation near horizons is a quite improper in view of the nonlinearity
of the Einstein equations. This nonlinearity is especially crucial in the vicinity of the black
hole horizons.

An additional weak point in the standard mass inflation calculations is in a fallacious
using of the global null Cauchy horizon as a place for the maximal growth of the back-
reaction perturbations instead of the local inner apparent horizon, which is separated from
the Cauchy horizon. The maximal back-reaction perturbations inside the charged black
hole take place (besides the central singularity) at the local inner apparent horizon and
not at the separated global Cauchy horizon. This qualitative feature was missed in the
previous mass inflation calculations.

It is shown below that a back-reaction of two counter-streaming light-like fluxes result
in only the small corrections to the background metric near the local inner apparent
horizon of the charged black hole by taking into account its separation from the Cauchy
horizon. This implies the absence of the mass inflation and stability of the charged black
hole interiors.

We use a (slow) quasi-stationary approximation, when both the inflowing and outflowing
radial energy fluxes of light-like particles are small, m;, < 1 and ., < 1. Respectively,
the rate of black hole mass growth is also small (for more details see, e.g., [14, 15]). In
finding the back-reaction in this approximation, we use the Reissner—Nordstrom black hole
solution as a background metric and retain in equations only those perturbation terms,
which are not higher, than the linear ones with respect to m;, and 1. In other words,
we calculate the back-reaction in the linear perturbation approximation with respect to
the small dimensionless energy flux parameters, my;, and mgy;.
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Global geometry of the perturbed charged black hole

In the back-reaction calculations, we follow very closely to [3|, by using both the ingoing
and outgoing Vaidya metrics as perturbations for the background Reissner—Nordstrom
black hole metric. The global geometry of the Reissner-Nordstréom black hole, perturbed
by both the ingoing and outgoing radial null fluxes, is shown in Fig. 98 by means of the
Carter—Penrose diagram.

Figure 1.The Carter—Penrose diagram
for the Reissner-Nordsrém black hole,
perturbed by the small inflowing, m;, <
1, and outflowing, mew << 1, radial
fluxes of light-like particles, related
with the corresponding ingoing and
outgoing Vaidya solutions outside the
black hole. The maximal perturbation
of the black hole metric, which is the
most interesting for the discussed mass
inflation problem, and the maximal
blue-shift of the inward radiation,
viewed by the free-moving observer, will
take place just at the part of the local
inner apparent horizon r_(t,r), shown
by the thick time-like curve C'D and not
at the part of the global Cauchy horizon
rcu, shown by the dashed null line BD.

A principal point is that the global Cauchy horizon r = rcy is separated from the
local inner apparent horizon r = r_(¢,7) in the case of the non-stationary (perturbed)
metric. This separation is clearly viewed in Fig. 98, where the global Cauchy horizon rcy
is shown in part by the null line £D and further by the dashed null line DB.J, while the
corresponding part of the inner apparent horizon r = r_(¢,7) is shown by the time-like
curve CD.

To resolve a back-reaction problem for the perturbed spherically symmetric black hole,
we follow below closely to E. Poisson and W. Israel 3] by writing the Einstein equations
in the form

Gap = 8m(Eap + Tap), (1)

where the Maxwellian contribution to the energy-momentum tensor from the black hole

electric charge e is
2

« - :
Eﬁ = Wdlag(l,l,—l,—l) (2)

and 7,53 is a perturbation energy-momentum tensor. We calculate in the following the
back-reaction on the background Reissner—-Nordsrom black hole metric of both the inflowing
and outflowing radial fluxes of light-like particles, described by the perturbation energy-
momentum tensor

Taﬁ = pinlalﬁ + PoutMalls (3)
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with, respectively, the energy influx iy, = 47r?p;, and outflux 7y = 471%poy; and the
radial null vectors [? = n? = 0.

Back-reaction metric in the (¢,7)-frame

We use the general spherically-symmetric metric in the Schwarzschild-like (¢, r)-frame [17]:
ds? = ")t — et gr? — 240> (4)

with two arbitrary functions, n(t,r) and o(t,r). For application to the back-reaction
problem of the accreting matter on the charged black hole, we define, additionally, two
metric functions, fo(t,r) and fi(¢,r) or, equivalently, two mass functions, mg(t,r) and
my (ta T):

9 t 2 2 t 2
C2motr) €@ g g 2mn) @

") = fr=1 -, -
r r r r

The nonzero components of the Einstein tensor G,z in the (¢,7)-frame (4) have the
following form [17]:

T S O 1 Y A S 1

Ghm et = (- o G (] ) e @
e . o, . . e’ 7]/ 1
G§ZG§:7[U+§(U—W]—7{77”+(77/—0/)(5+5)]- (7)
For the inward and outward null vectors in the energy-momentum tensor (3) we choose
now
1 1

lo=(—-1,———=,0,0), n,=(1,— ,0,0). (8)

VI’ Johi

The corresponding perturbation energy-momentum tensor (3) is now

1 f
T(? = %(pin + pout) - _Tlla T‘O1 = f_(l)(pout - pin)? T22 = T; = 0. (9)

From equations (1) and (6) with perturbation energy-momentum tensor from (9) we get
the requested back reaction equations for the mass functions mg(¢,r) and m4 (¢, 7) in the
vicinity of the apparent horizons at |r — ry|/ry < 1, where fo < 1 and f; < 1:

. om fi . .
m; = 8—151 = f—(l)(mm — Moy) < 1, (10)
omy My + Mout
/ — ~ 1m ou ~ — /' 11
my o T my (11)

In the quasi-stationary approximation the both mass functions, mg(t,r) and mq(¢,r),
strongly depend on the radial coordinate r, but very weakly on the time coordinate t. For
this reason, as in the previous Section 98, we adopt near horizons a factorization for the
mass functions: mg(t,r) = m(t)ue(x) and my(t,r) = m(t)p(z) with the dimensionless
coordinate © = r/mg and with a weakly growing “mass” m(t). To solve the nonlinear
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equation (11) in the vicinity of the inner and outer apparent horizons We use also the
new variable

br(2) =0 — 2 =2 — [u(x) £ Vu(2)? — (1 —€2)). (12)
The outer and inner apparent horizons at x = x4 are solutions of equation d4(z) = 0,

where 0, () is defined by equation (12). Now, near the apparent horizons, at |z —z.| < 1,
where |04 | < 1, we have

_ \/,uo(x)Q — (1 —¢€?) N 2¢
fo ~ 42 7 R e (13)

Respectively, equation (11) is written near the apparent horizons as

d,uo (1 + €>2 Min + Mout /

= ~ — . 14
Bo= "4z + 2¢ d+(x) H1 (14)
The resulting solutions for mass functions near the apparent horizons are
(1+e)? . 2€
0. R~ log|l+ ———++—9 15
,LLO( i) /’Li :F m Og + (1 iG)Bm + 1 ( )
pi(6x) =~ 2ps — pio(dx). (16)
Here
0 in regions without fluxes,
) Min in non-overlapping regions with influx,
m= . . . . X (17)
Min + Moy 1N overlapping region,
Mout in non-overlapping regions with outflux,

and the values of mass functions at the horizons, respectively, py = po(ry) = pi(z4) and
pi— = po(x-) = pu(x-) are
(1+¢)?

pe ~1F 1 log |m. (18)
Solution (15) for the mass function po(z) near horizons may be written in the form of the
inverse function x = x (), where

() ~ o - (1—e2) - LS fron s ed] b g

Here, the signs + and F are related to the different brunches of the function z(1): the
first branch for z < z_ and the second one for z > 2_. These branches are shown in
Fig. 98 for the case of po(z) near the inner apparent horizon, corresponding to the curve
CD in Fig. 98, at |z — x_| < 1. The first branch is at < x_ and the second one is at
T > x_.

With the chosen approximations, solutions (15), (16) and (19) are valid only in the
narrow region oy, = [(14¢€)?/e?Jm < |0+| < 1 near the apparent horizons. See in Fig. 98
the mass function pg(x) from equation (15) near the inner apparent horizon z_. Note also,
that divergence in (18) in the extreme limit at e — 0 is related with a general instability
of the perturbed extreme black hole (for some details see, e.g., [14]).

The derived solutions (15) and (16) demonstrate that the back-reaction corrections to
the mass functions mg(t, ) and my (¢, 7) are small near and at the inner apparent horizon



TE3UCHI ME2K/IVHAPOJIHOV KOH®EPEHIIUN GR-XV 165

of the non extreme black hole. Namely, the relative disturbance of the inner apparent
horizon is small, of the order of 1| logm| < 1. Therefore, the mass inflation phenomenon
is absent at least in the used quasi-stationary approximation.

-0.20

Figure 2.The mass function pg(x)
from equation (15) for the black hole
with the charge e = \/3/2 and fluz 1 =
Mout = 10712 near the inner apparent
horizon ¥ = x_, modified by the
back-reaction. Inside the filled box the
used linear perturbation approximation
I | in m s insufficient for the exact
026} + 1 determination of the mass function

i to(x). In the used approximation, the
value of the pg(x) at the x = x_ is finite
and defined by equation (15).

-0.22
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Conclusion

Solution of the perturbation back reaction problem for the non extreme Reissner-Nordstrom
black hole reveals no indication of the mass inflation by taking into account the separation
of the inner apparent horizon from the Cauchy horizon in the (slow) quasi-stationary
accretion approximation. This separation was missed in the previous calculations of the
mass inflation phenomenon. The relative back-reaction corrections to the perturbed metric
at the finite distance from both the inner and outer apparent horizons, |r — ry|/ry ~ 1,
appear to be of the order of small accretion rate, rn < 1, which is a small dimensionless
energy flux parameter. At the same tine, near and at the apparent horizons, at |r —
r4|/ry < 1, the relative back-reaction corrections to the black hole metric are the largest,
but still remain the small, of the order of 7 logm < 1. This means the absence of mass
inflation phenomenon inside the charged black hole [18].

Author acknowledges E.O. Babichev, V.A. Berezin and Yu.N. Eroshenko for the
enlightening discussions. This research was supported in part by the Russian Foundation
for Basic Research grant RFBR 13-02-00257.

References

[1] Poisson E and Israel W 1989 Phys. Rev. Lett. 63 1663
[2] Poisson E and Israel W 1989 Phys. Lett. B 233 74

[3] Poisson E and Israel W 1990 Phys. Rev. D 41 1796

[4] Hamilton A J S and Avelino P P 2010 Phys. Rep. 495 1



166 CEKIINA E. ACTPODPU3UKA. YEPHBIE JIBIPBI I KPOTOBBIE HOPEBI

[5] Hwang Dong-il, Lee Bum-Hoon and Yeom Dong-han 2011 JCAP 12 006
|6] Brady P R, Nunez D and Sinha S 1993 Phys. Rev. D 47 4239
[7] Maeda H, Torii T and Harada T 2005 Phys. Rev. D 71 064015
[8] Hod S and Piran T 1998 Phys. Rev. Lett. 81 1554
[9] Hod S and Piran T 1998 Gen. Rel. Grav. 30 1555
[10] Hong S E, Hwang D, Stewart E D and Yeom D 2010 Class. Quantum Grav. 27 045014
[11] Ori A 1992 Phys. Rev. Lett. 68 2117
[12] Redmount I H 1985 Prog. Ther. Phys. 73 1401
[13] Dray T and 't Hooft 1985 Comm. Math. Phys. 99 613
[14] Dokuchaev V I and Eroshenko Yu N 2011 Phys. Rev. D 84 124022
[15] Babichev E, Dokuchaev V and Eroshenko Yu 2012 Class. Quantum Grav. 29 115002
[16] Bondi H 1964 Proc. R. Soc. (London) A 281 39

[17] Landau L D and Lifshitz E M 1975 The classical theory of fields (Oxford: Pergamon
Press)

[18] Dokuchaev V 2014 Class. Quantum Grav. 31 055009

DETERMINATION OF THE BLACK HOLE MASS AND SPIN FROM
THE QUASI-PERIODICAL OSCILLATIONS OF HOT SPOTS IN
ACCRETION FLOW

Vyacheslav 1. Dokuchaev*

eE-mail: dokuchaev@inr.ac.ru; Institute for Nuclear Research, Russian Academy of Sciences, 60th
October Anniversary Prospect 7a, 117312 Moscow, Russia

Abstract. It is described the new method of the precise determination of the black hole mass and
spin from the Quasi-Periodical Oscillations (QPOs) of hot plasma spots or clumps in accretion flow.
Interpretation of the known QPO data by dint of a signal modulation from the hot spots in the accreting
plasma reveals the Kerr metric rotation parameter, a = 0.6540.05, and mass, M = (4.240.2)10°M,, of
the supermassive black hole in the Galactic center. At the same time, the observed 11.5 min QPO period
is identified with a period of the black hole event horizon rotation, and, respectively, the 19 min period
is identified with a latitudinal oscillation period of hot spots in the accretion flow. .

Parameters of the accreting black holes are the central problem in astrophysics, because
they provide the unique opportunity for the verification of General Relativity. In the
Galactic Center dwells the nearest supermassive black hole with a mass M = (4.1 +
0.4) 10 M, measured by observations of the orbital parameters of two fast moving SO
stars [1, 2|. The major problem with observations of the supermassive black hole SgrA*
in the Galactic center is that it is a ‘dormant’ quasar, i.e., nearly completely inactive
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with a very rare splashing of activity. Nevertheless, there are serendipitous observations
of Quasi-Periodical Oscillations (QPOs) from SgrA* with a sufficiently high statistical
significance in the near-infrared [3] and X-rays [1].

The standard interpretation relates QPOs with the resonances in the accretion disks
[1, 3, 4, 5, 6, 7]. A weak point of the resonance QPO interpretation is the ambiguity
caused by the dependence on the accretion model used. It seems that the resonance QPO
models are applicable to black holes in the Active Galactic Nuclei (AGN) and in the stellar
binaries with the high accretion rates.

We describe here the alternative QPO interpretation, related to the oscillation frequ-
encies of the numerous hot spots in the accretion plasma [8], which are independent of the
accretion model and defined completely by the properties of the black hole gravitational
field. We use units with GG = ¢ = 1 and define the spin parameter of Kerr black hole as
a = J/M?* where M and J are, respectively, the black hole mass and angular momentum.
Equations of motion for test particles (e.g., clumps of hot plasma) with a mass p in the
Kerr metric in the Boyer-Lindquist coordinates (t,r,6, ¢) are [9):

dr do
2 _ 277 —
o £V, P =1V, (1)
d
ng = Lsin20+a(A'P - EB), (2)
dt
po = alL—aEsin®0) + (1" +a*)A7'P, (3)

where A\ = 7/u, 7 — is the proper time of a particle and

V, = PP AA? 4 (L aB) + QL (1)
Vo = Q —cos®0la®(u® — E?) + L*sin 26, (5)
P = E(r*+a*)—al, p*=1r’>+a*cos’l, A=r*—2r+a’ (6)

The motion of a test particle is completely defined by three integrals of motion: the total
particle energy F, the azimuthal component of the angular momentum L and the Carter
constant (), related to the total angular momentum of the particle and non-equatorial
motion. It is useful to choose the dimensionless variables and parameters: ¢ = t/M,
r=r/M,a=a/M,E = E/u, L= L/(Mp), Q= Q/(M?1?). The radius of the black
hole event horizon is x, = 1 + /1 — a?2.

Quasi-periodic plunging trajectories

From equations of motion (2) and (3) follows the crucial feature of any test particle
trajectory, approaching the event horizon at x = x),. Namely, by approaching to the black
hole horizon, x — xy,, the trajectory is quasi-periodically “winding up” with an azimuthal
angular velocity Q, = dy/dt, coming close to the angular velocity of the black hole horizon
Qn, where

dyp

- E T—rTy

Tl VI—@)

Fig. 1 shows the numerically calculated “plunging” trajectory of the test “planet” and
photon infalling into the rotating black hole.

Oy (7)
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Puc. 1: The numerically calculated in the Boyer-Lindquist coordinates trajectories of the “planet” (thin
curve) and photon (thick curve) infalling into the black hole with a spin a = 0.9982 and event horizon
radius z, = 1.063. The both trajectories are “winding up” with the angular velocity Q, — ), by
approaching the black hole horizon.)

Any source of radiation, e. g., clump of the hot plasma, approaching the event horizon of
the rotating black hole will be viewed by the distant observer in a relativistic “synchrotron
mode” as short splashes of radiation, beamed and boosted forward into the narrow solid
angles [10, 11, 12, 13|, and repeated quasi-periodically with a frequency very near to
vy = Qh/Qﬂ'.

The oscillation with ©, from (7) is a first observational signature for revealing the spin
of the supermassive black hole in the Galactic center. The corresponding second signature
is related with the QPOs of non-equatorial bound orbits in the accretion flow.

Nonequatorial bound orbit oscillations

The specific features of the accretion disk flow near the black hole depend in part on
the properties of the stable gravitationally bound orbits of test particles with £ < 1
[14], which have two radial turning points, the apocenter and pericenter radii, r, and
Tp, respectively, and also two latitudinal turning points, 7/2 £ 6,,.x above and below the
equatorial plane, where 0,,., is a maximal elevation angle of the orbit with respect to
the equatorial plane. These turning points are defined by the zeroes of the corresponding
effective potentials V() and V' (0) from (4) and (5) respectively. The bound orbits around
the rotating Kerr black hole are quasi-periodic in general, because metric depends not
on the one, but on the two coordinates: the radius r and the latitude 6, in contrast to
the Schwarzschild case. The bound orbits oscillate not in time but only in space between
the two radial turning points and between the two latitudinal turning points. The pure
periodic bound orbits in the Kerr metric are only the degenerate ones: they either confined
in the equatorial plane of the black hole or belong to the specific case of spherical orbits
[14], with a radial coordinate r = const.

The azimuthal and latitudinal angular velocities of the non-equatorial bound orbits,
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Q, and Qy, respectively, are related by the equation [14, 15]:

20 E—alL -1

Q T
240 _ KW (8)

0 = T () T, k)

©

where and K (k) and TI(—z_, k) are, respectively, the full elliptic integrals of the first and
third kind, k* = z_ /2y,

2= (28) o+ B £V (a+ B)? - 4Q8), (9)

a = (Q + L?)/a* and 3 = 1 — E% By using the values for orbital energy E and
azimuthal angular momentum L from [16, 17| for the test particle at the non-equatorial
spherical orbit, it can be calculated from equations of motion (2) and (3) the corresponding
azimuthal angular velocity at the equatorial plane:

~ 2/2*(3Q—Qr+2?)+a*Q*—a(z?+3Q)
¢,sph = {z° — a?[2? 4+ Q(z + 3)|} M '

Q

(10)

In the particular case of circular orbits in the equatorial plane (r = const, Q = 0,0 = 7/2),
the angular velocity (10) is simplified to the well known form [10]:

1 1
Q circ = T 279 ar- 11
k2 a+x3/2M ( )

From (8) and (10) in the limit @ — 0 follows the angular velocity of the latitudinal
oscillation of a near circular orbit in the thin accretion disk:

2 Va2 —4ar'/? + 3a2 1

0y = = .
T, x(a + 23/?) M

(12)

This angular velocity describes the latitudinal oscillation of the hot spot or clump of
plasma in the thin accretion disk.

It is assumed that the brightest hot spots in the accretion flow are located near the
inner edge of the accretion disk, corresponding to the radius of the marginally stable
circular orbit [10], z = 2y

Tms = 3+ Loy — \/(3—21)(3‘1‘214‘222): (13)

where
Zi=14+1-a)Y3[1+a)*+ (1 —a)/? (14)

and Zy = /3a? + Z3%. See in Fig. 2 the example of the oscillating clump of plasma in the
thin accretion disk around the moderately fast rotating black hole.

The latitudinal oscillation with an angular velocity 2y from (12), estimated at the
radius x = x,, is the second requisite observation signature of the spinning black hole in
the Galactic center.

Spin and mass of the supermassive black hole in the Galactic Center

Fig. 3 shows the 1-sigma error (M, a)-region for the joint resolution of equations (7) and
(12) with the observed 11.5 min QPO1 period, identified with 7}, and, respectively, the
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Puc. 2: Numerically calculated the near the equatorial orbit of the bright clump of plasma with @ = 0.1,
E =091, L =2.715, x, = 3.85, x, = 5.01 and Onax = 6.6°, oscillating in the superimposed thin opaque
accretion disk around the black hole with a = 0.65, x;, = 1.76 and x,s = 3.62.

19 min period QPO2, identified with Tp. This 1-sigma (M, a) region corresponds to the
Kerr metric rotation parameter, a = 0.65+0.05, and mass, M = (4.2+0.2)10°M, for the
supermassive black hole in the Galactic center. It is clearly illustrated at the right panel
in Fig. 3, that a self-consistency of the observed QPO periods with 7}, and T} corresponds
to the same value of the black hole spin, a = 0.65 + 0.05. At the same time the values
of azimuthal angular velocities €2, of hot spots in the accretion disk are spread in a wide
range. For this reason the azimuthal oscillations in the accretion disk would not produce
any prominent features in the spectrum of QPOs.

Note also, that the additional three QPOs observed in the X-rays with periods around
1.7, 3.6 and 37.5 min [1]|. These QPOs are less prominent than the used ones and seemingly
related with the resonances in the accretion disk or being the harmonics of the used QPOs
with periods 11.5 and 19 min, respectively.

Conclusion

Interpretation of the known QPO data by dint of signal modulation from the hot spots
in the accreting plasma reveals the Kerr metric rotation parameter, a = 0.65 £ 0.05, of
the supermassive black hole in the Galactic center. At the same time, the observed 11.5
min QPO period is identified with the period of the black hole horizon rotation, and,
respectively, the 19 min period is identified with the latitudinal oscillation period of hot
spots in the accretion flow. A major part of uncertainty in estimation of the black hole
spin related with an error in the measurements of the black hole mass in the Galactic
center.

A supermassive black hole in the Galactic center acquires its angular momentum by
accretion of tidally destructed stars and gas clouds with accidentally orientated individual
angular momenta. For this reason a moderate spin value of the supermassive black hole
Sgr A* is quite natural due to specific conditions in the Galactic center. Note also that the
value of spin parameter a = 0.65 + 0.05, derived here by dint of QPOs, is in a qualitative
agreement with the corresponding quite independent estimation, a ~ 0 — 0.6, from the
millimeter VLBI observations of Sgr A* [18, 19]. At the same time, the black hole mass,
M = (4.2 4+ 0.2)10° M, derived here from the QPOs, is in a good agrement with a quite
independent estimation, M = (4.1 & 0.4) 10 M, measured from observations of the fast
moving SO stars [1, 2].
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Puc. 3: Left panel: The 1-sigma error (M, a)-region for the joint resolution of equations (7) and (12)
with the observed 11.5 min QPO1 period, identified with T}, and, respectively, the 19 min period QPO2,
identified with Ty. Right panel: The observed QPOs with the mean periods 11.5 and 19 min (filled
horizontal stripes QPO1 and QPO2) from the supermassive black hole Sgr A*. The filled region for Tj
corresponds to the permissible values of () and = adjusted with the errors of the observed QPO periods.
The observed QPO periods T}, and Ty corresponds to the same value of the black hole spin, a = 0.654+0.05
and mass, M = (4.2 4+ 0.2)10°M,.
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Additionally, a moderate value of the spin indicates that the nearest to us supermassive
black hole in the Galactic center is not a very efficient accelerator of cosmic rays, because
the efficiency of electromagnetic extraction of energy from the rotating black hole is
proportional to a* [20].

Author acknowledges E.O. Babichev, V.A. Berezin and Yu.N. Eroshenko for the
enlightening discussions. This research was supported in part by the Russian Foundation
for Basic Research grant RFBR 13-02-00257..

References

[1] B. Aschenbach, N. Grosso, D. Porquet and P. Predehl, Astron. Astrophys. 417, 71
(2004).

[2] S. Gillessen, F. Eisenhauer, S. Trippe, T. Alexander, R. Genzel, F. Martins and T.
Ott, Astrophys. J. 692, 1075 (2009).

[3] R. Genzel, R. Schoedel, T. Ott, T. Eckart, T. Alexander, F. Lacombe, D. Rouan and
B. Aschenbach, Nature 425, 934 (2003).

[4] J. E. McClintock and R. A. Remillard, Black hole binaries in compact stellar X-ray
sources, eds. W. H. G. Lewin and M. van der Klis (Cambridge Univ. Press, 2003)
Chapter 4.

[5] R. A. Remillard and J. E. McClintock, Ann. Rev. Astron. Astrophys. 44, 49 (2006).

[6] Y. Kato, M. Miyoshi, R. Takahashi, H. Negoro and R. Matsumoto, Mon. Not. Roy.
Astron. Soc. 403, L74 (2010).

[7] J. C. Dolence, C. F. Gammie, H. Shiokawa and S. C. Noble, Astrophys. J. 746, L.10
(2012).

[8] R. A. Syunyaev, Sov. Astron. 16, 941 (1973).
[9] B. Carter, Phys. Rev. 174, 1559 (1968).
[10] J. M. Bardeen, W. H. Press and S. A. Teukiolsky, Astrophys. J. 178, 347 (1972).

[11] C. W. Misner, R. A. Breuer, D. R. Brill, P. L. Chrzanowski, H. G. Hughes and C.
M. Pereira, Phys. Rev. Lett. 28, 998 (1972).

[12] C. T. Cunningham and J. M. Bardeem, Astrophys. J. 173, L137 (1972).
[13] A. G. Polnarev, Astrophysics 8, 273 (1972).
[14] D. C. Wilkins, Phys. Rev. D 5, 814 (1972).

[15] A. Merloni, M. Vietri, M. Stella and M. Bini, Mon. Not. Roy. Astron. Soc. 304, 155
(1999).

[16] V. L. Dokuchaev, Class. Quant. Grav. 28, 235015 (2011).
[17] V. L. Dokuchaev, Grav. Cosmol. 18, 65 (2012).



TE3UCHI ME2K/IVHAPOJIHOV KOH®EPEHIIUN GR-XV 173

[18] A. E. Broderick, V. L. Fish, S. S. Doeleman and A. Loeb, Astrophys. J. 697, 45
(2009).

[19] A. E. Broderick, V. L. Fish, S. S. Doeleman and A. Loeb, Astrophys. J., 735, 110
(2011).

[20] R. D. Blandford and R. L. Znajek, Mon. Not. Roy. Astron. Soc. 179, 433 (1977).

rmaAPOITHAMUNYECKAS4 ITPOXOANMOCTB KPOTOBHBIX HOP

B.1. Jdoxyuaes?, }0.H. Epomenko®
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Ansoramust. O6biuHo NPOToOUMOCD KPOMOSHLT HOP PACCMAMPUBAENCS MO OMHOWEHUIN K eOUHUMHDIM
YACTNUYAM (MACCUBHBIM UAU DEZMACCOBHIM,) NYMEM USYHEHUA UL 2€00E3UNECKUT, NPOTOOAULUL HEPES KPO-
mosyto Hopy. B danwnoti pabome npumensemcs unot nodxod x npobaeme nporoduMoCmu, Kpomosvir Hop —
UCCALIYEMECA NPOTOIUMOCTID KPOMOGOT HOPYL OAA CNAOWNHBLIT 2UIPOOUHAMUMECKUT NoMOoKo8. TIpu amom
KAAHCOVLT INEMEHM, HCUIKOCTIU MOIHCEM HE J6ULAMBCA NO 2€00€3UNECKOT U3-3G BAUAHUSA 0ABAEHUS CO
CMOpPoNsL CoceonuT aremenmos. B amom saxaouaemea omauvue om memoda 2eodesuneckur. Kpomosas
HOPG 2UOPOIUHAMUMECKY NPOTOOUMG, ECAU PEWeEHUE YOAeMCs 00HOZHAYHO NPOJOAHCUMD UePe3 36YKOGDLE
mouku. Pewaromes ypasHenus cmayuonaprol akkpeyuy, udeasvroti sHcudkocmy 6 Mempuke Kpomogot
HOPBL, CMABUAUSUPOSAHHOT, Hanpumep, Garnmomnol snepaueli 6 CPHePuUecKom Caoe Y 20PA0SUHBL (MO-
deav C.B. Cywxosa, 2005). Hatidenv, obugue coomuowenus 0Asi NApamMempos 36YKoGuT mouek 60aiu
u 66AU3U OM 20pA06UNYL. B uacmmocmu, nokasamno, wmo o0na U3 36YKOGHIT MOUEK NATOOUMCA MOUHO
Ha 20pA06une Kpomosoti nopul. Ilokazano, wmo cmabusuduposanivie Kpomoesvle Hopol 2uopodUHAMUYECKY
NPOTOOUMDBL, U HEPE3 HUL MO2YM NPOMEKAMb NOMOKU CNAOWHOT cpedvl u3 00not wacmu Beeaennot 6

dpyeyro.

CpoiicTBa KPOTOBBIX HOD (CIIEIUAJBHBIX PEIIeHnil B 00Iell TeOPUH OTHOCUTEbHOCTH,
YCJIOBHO M300pazkeHHbIX Ha Puc. 1) usydasamnch Bo MHOXKeCTBe paboT 110 TEOPHU I'DABUTA~
MU U TI0 PEJIITUBUCTCKON acrpodusuke, cM. Hanpumep, [1], [2]. [Iposersr vactu yepes
KPOTOBYIO HODPY paccMaTpuBasnch B paborax |5, [6], [3], [4].

Puc.1. VcioBaoe mnzobpazkeHrne KpPOTOBOH HOPBI, CO-
eJIHHSIIONEH TOPJIOBUHOI JIBE 00JIaCTH IIPOCTPAHCTBA.
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OO6muit BuI 1raroHaJ bHON METPUKN
ds* = fi(x)dt* — fo(z) 'dr® — r?(d6* + sin® Ode?), (1)

riae x = r/M, M — mapamerp Macchl, U UCHOJIb3yercsi cucreMma equnuil ¢ G = ¢ = 1. B
cillydae KpoToBoit HOpbI [1]:

e @)

file) =@ fo(z) =1~

rje BBejeHa Gespasmepnast Gyuknusa S(z). ng yeroitauBoct KpoToBoit HOPBI TPeOy-
ercsl OKPYXKUTH ee cyOcTaHIueil, HapyIaoleil cjaaboe sHepreTudeckoe ycjioBue. Takoit
cybcrannueil Moxker ObITh, HApUMep, baHTOMHas dHeprus [7].

PaccMoTpuM rugpoauHaMIYecKnil MOTOK BeIIeCTBa, MPOXOJAININN Yepe3 TOPJIOBUHY
KpPOTOBOIT HOPBI. BemecTBo MojenmpyeM HIeaJbHOW KUJIKOCTBIO C TEH30POM SHEPTHH-
HAMITYJIbCa,

T/w = (P + p)uuuu — PYuv, (3>

e p U P — COOTBETCTBEHHO, IJIOTHOCTH U JIABJICHUE YKUJIKOCTH B CUCTEME IMOKOd, u! =
dx*/ds 4-ckopocTh, a ypaBHeHue cocrostuus p = p(p). st MeTpuku BOJIM3U TOPIIOBUHBL
UCIHOJIb3YeM TOYHOE pellleHre u3 paboThl [7|, omnuchiBaroinee KPOTOBYIO HOPY, CTabUIIU-
3UPOBAHNYIO (PaHTOMHOI SHeprueil y ropJoBUHLL. B 310l Mojmenn danToMHas SHeprus
CKOHIIEHTPUPOBAHA B Y3KOIl 001acT 79 < 1 < 11 MEXKJIy TOPJOBHHON 7" = 1) U HEKOTOPBIM
paguycom r = r1. Ilpu r > r; MeTpuka coBmajiaer ¢ MeTpuKoil yepnoit jnpipbl [IBapi-
mnibjaa. Biangaue KpoToBOil HOPBI Ha BEIIECTBO IIPU I° > 71 MOXKET OBITh PAacCMOTPEHO
AHAJIOTMIHO CJIYIal0 YepPHOM JBIPHI [8].

CranuonapHasi akKperys depe3 KpOTOBYIO HOPY BO3MOYKHA, €CJTH B IIOTOKE CYIIECTBYET
KpUTHIECKasl TOUKa. AKKperns uaeaabHON KIJIKOCTH Ha KPOTOBYIO HOPY y2Ke 00CYK/1a-
nack B pabore [9], ojHako Kpuruueckue TOYKN Hafijenbl He Obuin. Haidigem ux B mpubsin-
JKeHUU MPOOHOMN KujkocTH, cyemyst meroay [10]. Beegem Bermomoraresbuyio (DyHKIHO
dn/n = dp/(p + p), KoTOpasg COOTBETCTBYET KOHIEHTPAIMU YACTHUI] B CJIydae aTOMHOIO
rasa. Pemaem ypapnenus apuzkenns T, = 0 B sagannoii ponosoit merpuke. 13 mysesoit
KOMIOHEHTBI (= 0 91X ypasHenuil n us npoekiuu u, 7", = 0 creayor asa uarerpasia
JIBUZKEHUS:

1/2
(p+p) (fo+u2) ' Pa?u = Cy, (4)
nuyr® = —Ang,, (5)
rae u = u', y(z) = (f1/f2)"/?, 1 ny — BenmuuHa n npu x — co. PajuaibHbLl MOTOK
maceel M = —4mr?Ty" Boipazkaercst B Buge [8]:
M = 47 AM?[pos + p(poo)]. (6)

YucioBas kKoHcranTa A MoxKeT ObITH HaiijieHa myTeM (bUKCAIME IIOTOKA MAcChl B KDH-
THYECKON 3BYKOBOi Touke, n 00brdHO A ~ 1. Jljnst pacdera mapaMeTpoB KHJKOCTH B
KPUTHUIECKON TOUKe y100H0 pasznenuts (1) ma (5). 1o maer:

(0+D) (fa+ 1) yn/ne = Cs, (7)

e Cy = —C)/A. O6oznauum vepes V? = dp/dp KBajpaT CKOPOCTH 3ByKa aKKpEIlH-
pyeMoﬁ ZKMJIKOCTH. HO.HO)KQHI/IG KpI/ITquCKOﬁ TOYKHN HaXOJIUTCA CTaHJapTHBIM METO/I0M
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[10]. Bepem norapudmmaeckue muddepentmainst ypasaeruii (5) u (7), uckiaodaeM dn/n
U IPUPABHUBAEM HYJIIO MHOXKUTEN 0pu dx /T 1 du/u. DTUM criocobOM MOy daeM CUCTeMY

YPaBHCHU:
2

2 u
e ¥
/ / /
o2 (94 YTY _ 92T fom 9
(+7) Tt (9)

rjie MTpUX 0003HAYAeT MPOU3BOIHYIO IO T.

PaccmoTpuM Kputmdeckne TOYKM I KPOTOBOI HOPBI. MbI paccmarpuBaeM MMpoOHyIo
JKIJIKOCTD, HE OKa3bIBAIONIYI0 0OpaTHOE IPABUTAIIMOHHOE BIUSHIE Ha MeTpuky. OOpaTHoe
BJIMsTHUE [IPUBEJIO Obl K HEKOTOPOMY CJBUTY TIOJIOXKEHUsI KpUTHIecKux Touek. I3 (8) u (9)
oJTy9aeM KBaJpaT CKOPOCTHU YKUJKOCTU B KPUTHUYIECKON TOYKE:

2 1 !
u® = =P'(x - 9). (10)
2

flcno, aTo cranmonapHas aKKpenus MMeeT MECTO TOJbKO B CiIydae KOHEYHOU BEJTNYNHBI
@’ pu x > S (BHe ropsioBunbl). CKOPOCTH KUJIKOCTH KUJKOCTU HE JOJZKHA OBbITH HyJIe-
BOI IpU TTPOXOK/IEHUU TOPJIOBUHBI Ha = = S. [ToaToMy ycioBHe cTanmonapHOil aKKpeIrun
MOZKET BBIOJIHATLCA TOJbKO npu & oc (x — S)~! u nonoxurensaom . dro yeaosue
BBIIIOJTHSIETCs JIJ1sl KPOTOBOIT HOPBI, mojiepkuBaeMoii hanrTomHuoit sueprueii |7]. Heiicru-
TEeJIbHO, B |7| OBLIIO BBIIIICAHO COOTBETCTBYIONIEE ypaBHEHIE DUHIITEHHA, KOTOPOE B HAIIIX
0003HAYECHUIX UMEET BILIT

S = 8’ pM?, (11)

STadpM? + S
= - 12
2¢(x —8) (12)

rjie § U P IIOTHOCTh SHEPIUU U JABJIeHUe MOlepsKuBaomeil (hanTOMHON SHEprun, cooT-
sercreenno. 13 (12) scuo, uro yenosne @ o< (z — S)~! Bemosmsierca npu © — S.
Pajmasibiast KoopjmHaTa KPUTHIECKOH TOUKU & yJIOBJIETBODSET CJIEIYIOMEMY ypaBHe-
HUIO
V32 + ') = D (13)

Pacemorpum citydaii 0JIHOPOJHOIO pacupejiesenusi (haHTOMHONR SHEPIrUU Y TOPJIOBHHbI
KpoToBoii Hopsl [7]. Pemenne (11) BOiu3u ropioBuHbL

S =z + 8TpM?*(2® — 27) /3, (14)
e x9 = (—8mpoM?)~Y2 — pammyc ropIOBUHBL, Py — daBieHue (DaHTOMHON SHEPTHE Ha
ropJjiopune. Ypasuenue (13) B 3ToM cilydae IpUHUMAET BUJL

-V V2 143w
3
_ =0 15
y (1+3v2+3w)+1+3v2y 3w (15)

e y = x/xg, w = p/p < —1. Jlerko Bugerh, uro y; = 1 gBJIge€TCST KOPHEM ypPaBHEHUsI
(15) mpu j106eix V' u w. JIpyrue jBa KOpHsI HAXOJSITCS U3 COOTHONIeHM Buera:

1+ 3w
3w

14y +ys =0, Yoz = — (16)
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1 1 /4+ 15w 1 1 /4415w
— o,/ =gy 1
=75 F 5 T3 0 BT TRV Ty (17)

O U3 Kopueit Yo 3 MozkeT ObITh > 1 Tosbko npu 0 < w < 1/3. Oxmako B paccMaTpuBa-
eMOoM (paHTOMHOM ciiydae w < —1 Kopuu < 1 mim jaxke KomIuiekcuble. Perrenne ¢ y < 1
HE COOTBETCTBYET KaKOH-/1M00 KPUTUIECKO# TOUKe 1 moTomMy HedusndHo. Takum obpazoM,
MBI TIOKa3aJu (110 MeHbIIeil Mepe it MoJIesTu |7]), 94To Ipu akKpeIwn Ha KPOTOBYIO HOPY
KpUTHUYECKas TOYKA HAXOJIUTCSI TOYHO Ha TOPJOBUHE KPOTOBOH HOPBI. DTO 3HAUUT, UTO
KpPOTOBasi HOpa MPOXOIUMa, JIjI THIPOJIMHAMIIECKOTO TIOTOKA, MJ1eaIbHOM XKUJIKOCTH. BHe
obJstactu (baHTOMHON SHEPIUH MOTYT HAXOJIUTHCS M JPYTUe KPUTHIECKHE TOYKN (aHAJIO-
PUYHO CJIYYalo MIBAPIIIUIILIOBCKOM YepHOli JIBIPBI), HO OHU He BJIUAIOT Ha IPOXOJUMOCTh
TOPJIOBUHBL.

Bamernm, 9TO HAlpaBJeHne aKKpelnun ([OTOK BHYTPb WM UCTEUEHUE) I KOHKDET-
HOII KPOTOBOII HOPBI 3aBUCUT OT PA3HOCTU JABJICHUNA BellecTBa y ABYX BXOIOB KPOTOBOI
HOPBI. ¥ BTOPOr'0 BXO/a M3 KPOTOBON HOPBI MOXKET (hOPMHUPOBATHCS TAKOM Ke MOTOK, HO
¢ obpaTHO# 110 HalpaB/eHnio ckopocTbio u > (. Ecim Bo BeenenHnoit mmeroTcss KpoTOBbIE
HOPBI, TO OHM MOT'YT IPOABJIATH ceOd depe3 IepeTeKaHrne BelecTBa, OCOOCHHO B CIydae
SHEPIUYHOIO MCTeYeHus ¢ uaiydenueM. Ere 6osiee nnrepecubie 3h@MEKTh MOT'YT BO3HU-
KaTh B MOJIEJISIX C HEOPUEHTUPYEMBIMU KPOTOBBIMU HOpaMHU, depe3 KOTOpPbIE MPOTEKAET
3epKaJjibHasi Marepus, M. [11].

Pabora Bermosinena mpu nojep:xke o rpaaty POOU 13-02-00257 A.
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IIPUMEPHI PEIIIEHU Y 3AJAY PEJIATUBUCTCKON JUHAMUKI
TEJI IEPEMEHHOM MACCHI IIOKOS B KOCMOHABTUKE U
ACTPOOPU3SUNKE

V.H. 3akupor®

eE-mail: —; Kasauckuit dbenepasnbubiii yausepcurer, Kaszanb, Poccust

1. B kocmonastuke B pamkax CTO mosydenbl peaucTuYecKne OTHOIIEHIS KOHETHOTO
OTHOIIIEHUSI N7COCTABHON MACChl K HAYAJIBLHON IIyTeM peIneHust 0e3yCIOBHOIO SKCTPEMY-
ma by z = F(vy,v9,..0,) na octnose ceszu (my(z°), my(2°),..m,(z°)) = 0 upn
v;(m;(2%)), e v; —ckopocTn wacTeil B cucTeMe BHENIHEro HAaG/IOJATENs, U; — CKOPOCTH
HCTeYEHUsI B COILyTCTBYIOMIE crcremMe oTcdeTa. BIiepBble pacCMOTPEHBI PEXKUMBI PeJIs-
TUBUCTCKOI'O JIBUZKEHUSI IIPU IOCTOSHHON Tsre W IMOCTOSHHON MOIHOCTHA OTOPAChIBAEMbBIX
JACTHUIL.

2.B acrpodusuke B KauecTBe 00BLEKTOB MEPEMEHHONH MACCHI IIOKOSI NPUHATHI aKTHB-
Hble JIBOMHBIE 3BE3/IbI, MaJIAKTUKHU, KJIACTephl MaJIaKTUK, CBEPXHOBLIX 3Be3]l, cOpachIBaio-
X MacChbl Ha OIpeeeHHON cTajun dBosonnn. Vcexoas u3 acTpodu3nydecKnx HabJII0-

nennit na ocuose pemenns OTO (87k/c)T} = (1 — e‘A(m(“"O)/mO)> Jrt = (87r/cMTY,

(8mr/cTE = eV ((d*N/dxd) + (d)\/dx°)?/2) /2 = (87K /c*)T3 npusosgaTcs na Gaze cde-

PUYECKH - CUMMETPUIHON METPUKH
ds? = e”(da)?eMmE)/mo) (qr2) — 12(dh)?, v = const

, Ha, (PUKCUPOBAHHBIX PACCTOSHUAX 7'y PA/INATLHBIE OIEHKN PEAKTHUBHBIX XapaKTEPUCTUK
HEKOTOPBIX U3BECTHBIX aCTPOMPUNIECKIX 00HEKTOB.
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One of the fundamental discoveries in astrophysics in recent times is that the universe
is currently accelerating [1]. A possible explanation for the late-time cosmic acceleration
could be due to the infra-red modifications [2] of General Relativity (GR) are being
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extensively explored in the literature. Such modified theories of gravity involve more
general combinations of curvature invariants than the pure Einstein-Hilbert term [3]. One
such modified gravity theory is the Eddington-inspired Born-Infeld (EiBI) gravity, recently
explored by Harko et al [4] in the context of many astrophysical scenarios including
wormbholes [5]. The theory treats the metric g,, and the connection I'§ | as two independent
variables. Variation of these leads to two metrics, one is the physical g, metric, and the
other is the apparent metric associated with variation of the affine connection. Geodesics
are determined by the physical metric ¢, because VMT’(‘;) = 0 in the theory. Thus, all
observable physical effects connected to geodesics such as light deflection or tidal forces
should only be calculated in the metric g, .

The wormhole solution of EiBI theory, obtained by Harko et al [4], contains an extra
parameter k£ having the inverse dimension of the cosmological constant. This parameter is
supposed to influence the physical behavior of various cosmological and stellar scenarios.
Its presence also generalizes the original "zero total mass"Ellis-Bronnikov wormhole (k =
0) of Einstein minimally coupled theory with a negative kinetic term. By total zero mass
in the latter theory, we mean that the masses of two mouths (47r¢/2 and —7r(/2 ) add to
zero [6].

In the present article, we wish to investigate the impact of the parameter x (# 0) on
several physical behavior of the generalized Ellis-Bronnikov wormhole. We show that the
zero total mass behavior is preserved. A nonzero x prevents the tidal forces in the geodesic
orthonormal frame to become arbitrarily large in limit of r; — 0 , contrary to what
happens in many black hole solutions. A nonzero  also influences light bending, which
could provide a possibility to determine x through gravitational lensing observations.
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ocnabagercd. BmecTto 3Toro Mbl Tpebyem IMOJHOTHI U TJIAJKOCTH TPAEKTOPHIl MTPOOHBIX
YaCTHUIL TOJTBKO B (PUBUIECKOM CEKTOPE, T.€. JIJId TPEX CTeleHeil cBOOOIbI BMECTO YeThIPEX.
JlokazaHo, 9TO TpaeKTOPUU IPOOHBIX YACTHUIL B (DUBUUECKOM CEKTOPE ABJISIOTCA VI IKIMU
U TOJIHBIMH, & OCOOEHHOCTh MeTpUKM JitHinTelina-Posena capuraercss B HedU3MIeCKMin
cexkTop. IIpu 3TOM 1pobHBIE YACTUIIBI MOT'YT CBOOOIHO ITPOXOIUTH 110 MOCTY DUHINTEHA-
Poszena B 0boux HampaB/eHUsIX.

SOME EXAMPLES OF COMPOSITE WORMHOLES
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Abstract. Composite static spherically symmetric wormholes are analyzed within the framework of
general relativity. We construct the composite configuration by gluing the exterior vacuum metric on
standard Hilbert gauge to the interior vacuum metric in different gauge [1] at the junction hypersurface.
It is shown that by tuning parameters of interior solution, this wormhole can be supported without exotic
matter. .

Pacs: 04.20.-q, 04.20.Jb

1. Introduction

After the pioneering work by Morris and Thorne [3|, many wormhole solutions have been
found and analyzed. In this context, an important aspect in general relativity is the
analysis of how match two spacetimes. Obviously, there are infinite ways to identify
the manifolds, all of them equally valid a priory. Usually, the requirements of strict
boundary matching have been relaxed by joining two exact solutions across boundary
layers, matching their metrics on the layer but allowing jumps in the derivative structure.

A powerful theoretical method for mathematically constructing spherically symmetric
wormhole geometries was proposed by Visser |2]. This type of wormholes, constructed by
the so called cat - and - paste technique is commonly known as thin shell wormholes: take
two copies Schwarzschild spacetime, and remove from each manifold the four-dimensional
region (containing horizons, singularities e.t.s). In this case the Einstein tensor is a Dirac
distribution on the manifold is zero everywhere except at the throat, where it is formally
singular. The main objection against the existence of this model is that, within the
framework of general relativity, the flare-out condition [3, 4, 5| to be satisfied at the
throat requires the presence of exotic matter.

On the other hand, it is well known that in some alternative relativistic theories the
requirement of exotic matter can be avoided [4]. The present paper extend the results of
[6] where exact composite wormhole solutions where obtained for a Brans - Dicke theory.
As will be seen, gauge freedom at general relativity admits solution that can give origin
to wormhole models without an exotic matter.

2. Model and solutions

In this paper we will assume the static spherically symmetric configurations involved the
matching of vacuum solutions. According to the widespread common opinion, the most
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general form of line element of spherically symmetric spacetime in comoving coordinates
can be written as

ds® = —gu(r, t)dt* + g, (r,t)dr® + gy (r, t)drdt + p(r,t) (d6? +sin® 0dp®) . (1)

Note that the physical and geometrical meaning of the coordinate r is not defined by the
spherical symmetry of the problem and is unknown a priory. In this context, a coordinate
choice has been discussed from physical point of view by Eddington as early as in 1923
7] .

The Einstein equation )

Ry — EQWR =T, (2)
are the system of 10 nonlinear and inhomogeneous differential equations for 20 variables
make the computation of fundamental tensor g,,. The exact known solutions have been
obtained by restricting the algebraic structure of the Riemann tensor, by adding field
equations for the matter variables or by imposing initial and boundary conditions. Since
the field equations are very complicated, to find solutions physicists makes simplifying
assumptions about the left-hand-side or the right-hand-side. Most popular simplifying
assumptions about the right-hand-side of (2) are that 7}, = 0 represents vacuum. According
to the standard textbooks [8], in this case Einstein’s equations (2) determine the solution
of a given physical problem up to four arbitrary functions, i.e., up to a choice of gauge
fixing. It is easy to show, however, that for (1) one can obtain the most general static
spherically symmetric vacuum solution [1]

2 _ _ 21 2 P(T)/Q_OTQ _ 21 B 2
e (1 Y () (1)

+20(r)drdt + p(r) (df® + sin® 0d¢?) . (3)

where p(r), o(r) are a arbitrary function of r, u integration constant and prime denote
derivation with respect to r.

The matching condition require the equality of the first and second fundamental form
on the boundary hypersurface. If both fundamental form are equal we refer to hypersurface
as a boundary surface. If only the first then we refer to boundary hypersurface as a thin
shell.

In this Letter we assume the arbitrary function p(r) and o(r) of general solution (3) as a
new degree of freedom and show that for certain range of it one can avoid exotic matter. We
construct a static spherically symmetric configuration composite of interior and exterior
vacuum solutions matched at a smooth timelike hypersurface. Both vacua correspond to
the same solution (3), however they are described by different sets of arbitrary function.
Naturally for p(r) = r? and o(r) = 0 one recover the standard Schwarzschild geometry.

2 20\
dsgy = — (1 - 7") di* + (1 = 7“) dr® + 2 (d6® + sin® 0d6?) . (4)

On the contrary, as a toy model, the correct solutions of this kind can be readily
obtained with a polynomial form of arbitrary functions:

a
p:71+a27“+a37’2+.... (5)
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and

b
o= 71+er+637“2+.... (6)

In order to justify calling the geometry a composite wormhole we need an explicit
definition for the polynomial coefficients in the solutions (3), (5), (6). As example of this
geometry we present two models of composite wormholes. The brief computation yields

2 2u\ "
ds?, = — (1 — T’M) dt* + (1 —o?) (1 - _,u) dr® +

-
2

2
+20drdt +r* (d6* + sin® 0d¢®) , o = “ (1 _ 1) (1 + —T) (7)

r Ty Ty

and for another model
2
30, (1—2) —2r
2 1 2 P .
dsiny = = (1 - 7‘/‘_}) dt® + ( 4T3<(Tp b2>m\/ﬁ)> dr® + p (d6* + sin® 0d¢”) , (8)
rd—6r2r2 —3r*  r2(r, +8b
p=bt— + (br )
b b

where 7, is the throat’s radius. We suppose that r, > 2u; this guarantees that the
discontinuities, horizon and ill defined functions are avoided.

Using the Lanczos field equations, the surface stress-energy tensor calculated in terms
of the jump in the second fundamental form. For our advance to the composite wormhole
we look at a families of boundary layers entails via the geodetically complete spacetime
a jump in second derivations of metric coefficients but first and second fundamental form
continuous. In this case the energy density, the radial and transverse pressure for the
boundary layer are zero [9].

Moreover, interior solution (8) can be matched with two Schwarzschild solutions at the
different junction surfaces r = r,; and r = 1y where ry; # rps.

Obviously, it is possible to match the solution (3) to the metric (4) with unlimited
number of arbitrary functions p(r) and o(r). As one can see, in general relativity, the
degree of freedom to determination of arbitrary functions p(r) and o(r) allow for wormhole
configurations can be obtained even for a toy models.

3. Summary

In this work, we have analyzed the role played by the gauge freedom in wormhole geometries,
namely composite wormhole. One of the most striking features of wormhole solution
is that one can generate closed timelike curves from them [10]. Applying the analysis
to composite wormhole geometries, considering the general static spherically symmetric
vacuum solution (3) as interior region, we deduced composite wormhole, and found that
the latter exist well with a jump in second derivations of metric coefficients but first and
second fundamental form are continuous.

Both vacua correspond to the same general static spherically symmetric vacuum solution
(3), however they are described by the solution with different sets of arbitrary functions
p(r) and o(r). In particular, the exterior vacuum solution reduces to the Schwarzschild
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one. In our toy models the interior region with unusual properties is hidden behind the
matching surface.

This approach provides a clear way of showing that the two distinct Schwarzschild
spacetimes may be separated by a layer, which is a general spherically symmetric vacuum
solution (3). Moreover, the property of interior region can be tuned by transformation of
arbitrary function of solution (3). In this context, the idea of linkages for vacuum regions
bounding other metrics may have broad applications.
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B pabore paccMmarpuBaeTcs cKaJIsIpHO-TEH30pHAsl TEOPHUsi 'PABUTAINNA C HEMUHUMAJIb-
HOIl KMHETUYIECKO# CBSI3bIO CKAJISIPHOIO I10JIsi ¢ KpuBuU3HOI. Jlarpan:kuaHn Teopun cojiep-
JKHT ciaraemoe Buga G ¢ ;¢ ; U Ipe/cTaBIdeT co0Oil YacTHBIN cilydail obIero jgarpam-
JKUaHa XOPHJIECKH, TPUBOJIAIIETO K YPaBHEHUAM JIBUKEHUSA BTOPOTO TOPsAIKa. B pamkax
paccMaTpuBaeMoOil MOJIETM MBI MCIOJIB3yeM MeTo]T PUHaAILIM /1 MOCTPOEHUsT aHauTH-
YeCKUX PENIeHU, ONUCHIBAIOMNX C(HEePUIecKn CUMMETPHYIHbIE KpOTOBbIe HOPHI. [locTpo-
€HHbIe KPOTOBbIE HOPhI UMEIOT TOPJIOBUHY, CBSI3bIBAIOILYIO JIBE aCUMIITOTUYECKHE 001aCTH
¢ TeoMeTpueil mpocrpancTBa anTu-/le Currepa ¢ MOCTOSHHON OTpUIATEIbHON KPUBU3HOI.

ACTPO®U3NYECKUE YOPEKTHI 1141
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I/ICCJIG,ZLyeTCH COBMECTHasd CHUCTEeMa I'PaBUTaIlMOHHOI'O U HEJIMHEITHOI O CKaJIAPHOI'O II10-
.Heﬁ, OIIMCBhbIBacMagl JTaI'PaHzKMaHOM

R 1

L(g,¢) = o T3P — V(p).

[Torenrmast ckaasspHOTO OIS V(gp) UIIETCS TaKOW, YTOOBI pPellieHne Jjisi MeTPUKH OITH-
ChIBAJIO TEOMETPUIO IIPOCTPAHCTBA-BPEMEHH C HETPUBUAJIBHON TONOJIOTUENR, HAIpUMep, TH-
Ima KOCMUYIECKNX CTPYH WU «KPOTOBBIX HOP». IIpocTpancTBO-BpeMs onmmMchIBaeTCA CTaIln-
OHAPHOII chepUIeCKN-CUMMETPUIHON MeTPUKOM

ds? = e"@dt? — M da? — @ (dh? + sin® 0 dp?).

Haitnen coorBeTcTBYIOMMIT J171s1 TIOCTABIEHHBIX IMejIeil TTOTeHIa, KOTOPBIi B HEABHOM
dopme umeer BUI:

1+ 2k { kC? {1+3k 20— 20k Jopii

a3 1+k| * T 1+ 2k

X

Vitw
)

ak a(1l+ 3k) 2, foo 1
x |CVITR 4 \/ CVHk 4+ a)(CVIHk 4 + = Voe VZ12r?
( I T+ 25 2(1 + 2k) 0
rae a, k, C, Vo — nmapamerpsl. Ilpn moaxomsiimem BIOOpe STUX TapaMeTPOB IOy YeHbI pe-
IMEHNs JIJIT MEeTPUIEeCKUX KOI(MDMUITMEHTOB, ONUCHIBAIONINE NeOMETPHUIO «KPOTOBBIX HODP».
Hamnpuwmep,
Dopu C <0wu —1/2 < k <1 umeem

o (1 — k)ym?
~ [4(1 + k) cos® mE

1
T+k 2

) € 1+ 2k

3/1eCch TIOJTyIeHHOe peIeHre /I «KPOTOBOM HOPBI» HE 00J1a1aeT ILIOCKOH aCuMITTOTHKOIA.
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2) [Ipu C > 0 u k < —1 nmeem

1
41+ k mx | F
et = —% cosh —— =P o <2 < 0.
m2(1 — k) 2
B ganHoM pernteHny pu k = —2 MOJIydaeTca MI0CKas aCHMITOTHKA «KPOTOBOIT HOPBI».

METO/J MAKCUMAJIBHOI SHTPOIINU B PACIIIUPEHHOI
MOJIEJINI COJTHEYHOT'O BETPA C YYETOM TYPBYJIEHTHBIX
OJIIVKTYAIIUN I1JIA3MBI
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B noknajie nsnaraercs moIxo K aHAJIN3Y PACITUPEHHON CJIyYaifHO-BO3MYIIEHHON HEJIH-
HEAHON JUHAMUYCCKON MOJEN COJTHCYHOI'O BETPA [1, 2] C HOMOIILIO METO/[a MaKCUMaJlb-
noit surponni [3]-[5]. B ocrose noxoa seskut Mero Pefinonn/ica 171 yepeiHeHnst 1o an-
caM0JII0 ypaBHEHUI cJ1ydaiiHO-BO3MYIINEHHBIX cucTeM. PaccMarpuBaeTcss MOJIEIb COTHEM-
HOTO BeTpa B chepuueckux KoopannaTax. [locse mporeaypbl yepeanenus o ancaMOJIio B
NPUOIMKEHNN MaJIbIX 3HAUEHWI KOMIIOHEHT CKOPOCTH U JABJIEHUsI COJIHETHOT'O BETPa II0
a3MMyTaJBLHOMY W IHOJSPHOMY yIJIaM IOJydaeM yCpPeJIHEHHbIe 110 aHCaMOJII0 YpaBHEHUS
Peitnonnica:

— — 1 a 12 1 12 12 1
m+um+§5;u>_;«v>+@;»:_<;a>_@, 1)

@+@ﬂ+ﬁh+§ﬁﬂ+wdﬂ+@W%:0

31ech U - ycpejHeHHas paJuaibHasg CKOPOCThb, U - YCPeJIHeHHas a3UMyTabHas CKO-
POCTB, W - yCpeHeHHas MOJIsApHasa CKOPOCTh, P - YCPeJIHEeHHas IJIOTHOCTD, P - JaBijeHue,
¢ - rpaBuTanmonnblii norenmualt, (u?), (v?), (w?) - qUCHEpCUHM KOMIIOHEHT CKOPOCTH COJI-
HeIHOTrO BeTpa, (p'u’) - KoBapmarus uyKTyarmii.

B npesaraemoii pabore mis cootnomenuit (1) ¢ MOMONBIO METOIA MAKCUMATBHOL
SHTPOIMHU TIOIyYeHbI JOIOJHUTEILHBIC YPABHEHUS, 3aMBIKAIONINE CHUCTEMY, BLIYHCJICHBI
U IpOaHaJU3UPOBAHLI PEIleHus Il CKOPOCTH M ILIOTHOCTH COJIHEYHOIO BETpa, a TaK-
’Ke MOMEHTOB HCC/IelyeMbIX BeIndui. IIpoananusupobana poJib aucrepcuii (uryKTyanmit
CKOPOCTHU 110 yIJIOBBLIM IIepEeMEeHHLIM B yCPEIHEHHO paCIIUpeHHONH MOJEJN COJHEIHOIO
BeTpa € y4eToM TypOy/JIeHTHBIX (bJIyKTyaluil IiasMbl. PaccMarpubaeMasi MOJeNb JaeT
GoJtee aJIeKBaTHOE ONMCAHUE apaMeTpPOB COMHEYHOrO BeTpa B MPOCTPAHCTBE, TAKUX KAk,
HaIIpUMep, BEJIMYKMHBI IJIOTHOCTH Ha JaJbHUX paccrogHusax oT CosHIa M HaIpaB/IeHUs
CKOPOCTH, TI0 CpaBHEHHIO ¢ MoJiebio [lapkepa.
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In our approach dark matter (DM) is represented by tachyonic neutrino-antineutrino
conglomerate distributed all over the Universe and accumulated around galaxies and
clusters. It might be shown that in this case DM halo profile has a structure similar
to the isothermal sphere which seems to be natural specifically in tachyonic case due
to extremely weak interaction of such DM with ordinary matter. This model leads to
saturated rotation curves and thus is observationally favored. Isothermal DM background
has the characteristic size A related to effective halo mass as GMpy /A = VOQ, where Vj
is the amplitude of the rotation curves. Then the mass distribution describing a point
source (baryonic matter of a galaxy) at the center of an isothermal sphere (DM halo)
and the corresponding potential are p = Myd(r) + Mpy /47 r? and ® = —GMy/r +
(GMppr/X) In (r/X). These relations can be considered as generic. In realistic case, to avoid
problems with the singularities in both Newtonian and isothermal potentials we propose a
simple smoothing algorithm instead of using a variety of ad hoc phenomenological profiles.
For that we define the general smoothing operator S as a convolution of normalized
Gaussian distribution with a relevant function f(r):

B (r_r/)Q

Sf(r) = f(r) = (2m0) / = ).

Here caps stand for averaging, f = (f),, and at the limit ¢ — 0 we return to initial
singular sources. Acting with this operator on the density distribution of a point source
and singular isothermal sphere, we get the distributed baryonic source and the smoothed
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isothermal sphere:
Prot(1) = (27r0)73/2 Mye /) 4 (4o N) "N 20 Mpyr ' F <7“/\/ 20) ,

where F'(z) is the Dawson function. The potential corresponding to this smoothed density
distribution might be expressed in the form (up to a constant term):

T

. erf 7= GM 1 1
_ 20 DM 9 L2
O(r)=—-GMy . + o TQFQ( 2 5/2 ', r /20),

where 5 F3 is the generalized hypergeometric function. The rotation curve corresponding
to this potential is:

dd r 2 .2 MpuG
2 — —pr— = -1 — —e 20 —
V=(r) r . GMy (7“ erf\/Q_ e ) + Y <7“ V20 F <r/\/20)) .

This expression as a sum of baryonic (Newtonian) and DM (isothermal) terms is sufficiently
flexible and might be easily fitted to observational curves with specified value of Vi =
GMpyr /A by appropriate choice of parameter o. It is worth to remark that the second
term in the last expression might be used to represent DM density distribution on equal
footing with commonly employed phenomenological halo profiles (such as NFW, Einasto,
etc.) and so to compare the expectable impacts of CDM (cold dark matter) or TNC
(tachyon neutrino conglomerate).

ON THE NEUTRINO-ANTINEUTRINO TACHYONIC DARK
MATTER
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Assuming that two neutrino types, both bradyonic and tachyonic, may, in principle,
exist in nature, we address the question concerning the underlying symmetries. It might be
shown that the inversion of particle velocities (in units of ¢) v? = 1/u? 2 u? = 1/v?, where
0<wv<landl < u < oo, produces transition from one type to another and leads to the
tachyonic Lorentz group, with alternation of the metric tensor signature. Simultaneously,
one gets a one-to-one mapping of the bradyon and tachyon dual dispersion relations to
each other: E%(v) — p*(v) = m? 2 p*(u) — E*(u) = m?>.

Considering such extension of Lorentz group for helicity-conserving tachyons, we must
also replace Dirac-conjugated wave functions ¢ = ¥+, with Hermitian-conjugated ones
¥ in the tachyon neutrino sector [1]. Then the neutrino mass-term will be well defined
separately for neutrinos and antineutrinos (this is impossible in case of the standard Dirac
conjugation), and new tachyon Dirac equation arises: (iy*d, —I'm)¢ = 0, I' = ~o7s,
['? = —1, which can be split into two independent equations, (py + &p+ m) g = 0 and
(po — 0P — m) ¢, = 0, separately for (R-right) antineutrinos and (L-left) neutrinos. As a
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result, superposition of the squares of free tachyon spinor neutrino v and antineutrino v
fields represents a scalar conglomerate ® = ¢ = v? + %, 1) = v + iv. Such effectively
scalar field with the negative square of mass in the Einstein and Klein-Gordon equations
leads to reasonable explaination of the dark matter (DM) phenomenon as the primordial
tachyon neutrino-antineutrino background.

In the current stationary approximation the impact of tachyon neutrino DM background
might be described on the basis of generalized isothermal halo profile which leads to
appropriate additive term to the Newton-type potential. Then the DM background accu-
mulating on the scales of galaxies and their clusters behaves as a practically stable
isothermal medium.

As for the non-stationary initial ‘hot’ stage of the universe evolution, the same gravitating
neutrino-antineutrino conglomerate might be regarded as a seed material for the Pervushin
‘dilaton fabric’ producing intermediate vector bosons [2]. This will be the case if colliding
radial beams of tachyon neutrinos and antineutrinos in the central domain of super-strong
gravitational field could be reprocessed into vector bosons and leptons, v+ — WT+W ™,
v+U — Z, v+ — e +e, with the subsequent evolution close to the standard scenario.
It should be noted that existence of the primary tachyon neutrino DM background
considered here does not imply by itself that the secondary (ordinary) neutrinos (produced
at the cosmilogical temperatures about a few MeV from leptons annihilation) must be of
tachyonic nature as well, and today we cannot exclude the possibility of production of
the rest of neutrinos in bradyonic states (especially in case of presumed thermodynamic
reversibility of reactions).

So far, if secondary bradyonic neutrinos do exist in nature the standard cosmological
scenario (monitoring the local thermodynamic equilibrium) is not altered essentially but
supplemented with the effects of the primordial background of practically (in stationary
regime) sterile tachyon neutrino dark matter.
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Awnnoranusi. Pacemompen sgpexm  camodeticmeusn 3apada, ABAAOUEL0CH UCTMOYHUKOM MACCUBHO20
HEMUHUMGALHO CEAZGHNO020 € KPUBUHOT CKAAAPHO20 NOAA 6 OAUNHOU 2oparosune. Tlokasarno, wmo ag-
Pexm 6 paccmampusaemom NPUOAUNCEHUYL He 3GBUCUM, OM, 2EOMEMPUL NPOCTPAHCMEA-EPEMEHY 80N
om maxoti 20pA06UHDL.

Bsegenne

XO0poIIo U3BECTHBIM (PAKTOM KJIACCUIECKOM JICKTPOJIMHAMUKY SBJIAETCH YTBEPXKJICHUE O
TOM, YTO JIBUZKEHHE TOYEYHOI'O 3apsjia OIPEJICIIeTCd B3aNMOJIeHCTBUEM 3aps/ia C TOJIeM,
KOTOpOE OH co3/1aeT. DTOT 3hdeKT (Ha3bIBAEMBIH cAMOIEICTBHEM HIIN PAIHATIMOHHON pe-
aKIUeil) CBA3aH ¢ HEJIOKAJIbHO CTPYKTYPOii T10J1sI, KCTOYHUKOM KOTOPOT'O SIBJISIETCSI 3aPsiI.
[IepBble nccieoBanust B 9T0i 00J1acTU ObLIN CHOKYCUPOBAHBI Ha CAMOYCKOPEHUH 3JIEK-
TPUUYECKU 3aPSAZKEHHBIX TOYEUHBIX YACTHIL B [IJIOCKOM TIpOCTpancTBe-speMenn [1]. B nasn-
ueitem JIeButt, Bpem u Xo66¢ (2, 3, 4] nosyuniu dopmasibbie BHIDAYKEHUS JJIsl CUITbI
caMoJIefICTBIS Ha JIEKTPUIECKUN 3aps/] B UICKPUBJIEHHOM ITPOCTPaHCTBe-BpeMenu. Muno,
Cacaxu, Tanaka [5| u, HezaBucumo, Kyun u Yo 6] mostyauin aHAIOrTIHBIE BBIPAZKEHUST
JIJIST TPABUTAIMOHHON CHJIBI caMOJIECTBIS Ha TodedHyio Maccy. Cuia caMoeiicTBust Ha
CKAJIIPHBIN 3apsi/l, B3AUMOJICHCTBYIONINI ¢ COOCTBEHHBIM 0€3MaCCOBBIM MUHUMAJIHLHO CBSI-
3aHHBIM C KPHBU3HON CKaJSIPHBIM T0JIeM, Oblta pacemorpera Kywurom B pabore [7]. Xors
dopMaibHbIe aHAJIUTUYECKNE BBIPAYKCHUS /I PA3/JIUIHBIX THUIIOB CHJIbI CaMOJICHCTBUSA
XOPOIIIO U3BECTHBI, BEIYUCICHUS SBHBIX BbIPAXKEHUI TPEOYIOT 3HAYUTE/ILHBIX YCUJIN, KO-
TOpbI€ OBLIU OCYIIECTBJIEHBI, B OCHOBHOM, Ha (pOHE NPOCTPAHCTB-BPEMEH YEPHBIX JIbIP.
OTU yCHIUS CBA3aHBI, B OCHOBHOM, C ITOJTOTOBKOI I'PABUTAIIMOHHO-BOJIHOBBIX JIETEKTO-
poB, Taknx Kak LISA, crocoOHBIX JeTeKTUPOBATH IPABUTAIIMOHHDBIE BOJIHBI, U3/TyYIaeMble
KOMIAKTHBIM 00BEKTOM, A IAI0NIIM Ha CYINEPMAaCCUBHYIO YEPHYIO JIBIPY.

B orymame oT ciydasi IJIOCKOTO MPOCTPAHCTBAa-BPEMEHM, CHJIa CAMOJCHCTBUS MOXKET
OBITh He HYJIEBOIl JlaKe JJIsi CTaTHIeCKOro 3apsja Ha UCKpHUBJIEeHHOM (GoHe. BhLio Tak-
JKe TOKAa3aHO, 9TO 3Ta CHUJIa MOYKET ObITh He HYJIEBOH /I CTATUYECKOrO 3apsjia B ILIOC-
KHX [IPOCTPAHCTBaX-BpeMeHax Tonojiorndeckux jedexros (8, 9, 10, 11]. B uckpusieHnbix
MIPOCTpPaHCTBaX-BpeMeHaxX ¢ HeTPUBUAIBLHON TOIOJIOTUTIECKON CTPYKTYPOil MCC/IeJ0BAHUST
sdderra camoielcTBIsI IMEIOT JIONOJTHATEIbHbIE HHTepecHble epThl |12, 13, 14, 15, 16].
B s1oit rimase adpdekT camoieiicTBIsA paccMaTPUBACTCA I TIOKOSIIIIAXCS 3aPsiJIOB B CTa-
THYIECKUX MTPOCTPAHCTBAX-BPEMEHAX. JTO O3HAYAET, ITO 3aJa4da CBOJIUTCS K OTHICKAHUIO
dyuxmu ['puna TpEXMEPHOTO UCKPUBJIEHHOTO TpocTpancTBa. Llebio 9Toit paboThl dB-
JIIeTC U3yYeHUe CUJIbI CAMOJIEHCTBUSA Ha CTATHYCCKUI 3apsl, ABJIAIONIMIICA NCTOIHUKOM
MaCCHBHOI'O HEMUHUMAJILHO CBA3AHHOTO ¢ KPUBU3HON CKAJIAPHOTO I10JIs1, B IIPOCTPAHCTBE-
BpPEMEeHU, Ha3bIBAEMOM JIJTMHHON TOPJIOBUHOM.

Ha mpotskenun Beeit pabOThl MbI UCIIOJIB3YeM equHUIbl ¢ = G = 1.

OO61ie TPUHITAIIBI

Paccmorpum ypaBHeHne 1 CKaJIIPHOTO 0€3MacCOBOTO I0JIsI ¢ UCTOTHUKOM

dr
)
Ny
re € - KOHCTAHTA CBSI3H CKAJISPHOTO IOJIs Macchl m ¢ Kpususnoit R, ¢ - merepmumant

METPUKHU ¢, ¢ - CKAJIAPHBII 3apa/] 1 T - ero codcTsenHoe BpeMs. Muposast munust sapsia
onpepensiercs dbyHkmsMu T (7).

Pl — (ER+mP)p = —J = —47Tq/(5(4)(9c — 20(7)) (1)
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MeTtpuka cTaTuvecKoro mMpoCTPaHCTBO-BPEMEHN MOXKET ObITh IIPEJICTaB/IEHA B BHJIE:
ds* = gy (z")dt* + gjk(xi)dxjdxk, (2)

e i, 7,k = 1,2,3. 9T0 o3HaYaeT, 9TO MOXKHO HAINCATH YpPaBHEHHE IIOJIA CJIELYIONIAM
obpazoM:

) 0 1. 50 o
— 1@(%]- (\/—gtt\/g(?”gjk%) — (ER(x) +m®)p(a'; ')

4mqé®) (27, T
NI

rie ¢® = det gij M MBI IIPUMEM BO BHHMamHue, 4T0 d7/dt = \V/9it LI IOKosimetics (cTa-
TUYeCKOlt) gacTuibl. [Iporeaypa oleHKN Cuitbl caMojieiicTBis Tpebyer MepeHOPMUPOBKI
CKaJISIPHOTO TIOTeHIHAA ¢(T; T), KOTOPbI pACXOJAUTCs B Ipejese & — & (CM., HapuMmep,
[17, 18]).

Dra epeHOPMUPOBKA MOXKET ObITh JIOCTUIHY T Iy TeM BblunTanus u3 ¢(x; T) KOHTpUIe-
Ha [eBurra-Illsunrepa ¢,q(z; ) u 3arem ycrpemiss ¢ — & [19]:

Bra() = i [0 7) — Buul: )], @)

(3)

rie

(5)

¢Ds(xz‘;jz‘) —q ( 1 gy () o' o m) ’

+ —
V20 0T 49y ()2
0 - TIOJIOBUHA KBaJpaTa pacCTOTHUA MEXKy TOYKAMU X U T BJIOJH KpaTdaIeil reojie3u-
YECKOM, COCTUHLAIONICH UX.
o= —”2( )0’03 (6)

- 9TO TOJIOBUHA KBaJIpaTa PACCTOSHUS MeK/y TOUKaMm I’ 1 o' BJOJIL KpaTuaiilneil reo-
JIE3NYECKOI, coeuusionmeil ux, u (cM., zHanpumep, [20, 21|)

7 () = 5T @ ) (o = 3

‘ or -
x < Ll + %) (o7 = &) ("~ ) (o' =) + O (=), ()

cuMBouibl Kpucroddens I’ ;k BBIUUCJIAIOTCA B TOUKE .
Haxkomner cua camoeiicTBus, JgeficTByIONas Ha CTATUYECKUN 3apsiji 9TO

filw) = —gvz‘cﬁmn(l‘)‘ (8)

BKDB annpokcumaliuss AJisi CUJIbI caMOeiicTBUA

Metpuka cTaTnvdeckoro chepudeckoro CMMMETPUIHOTO ITPOCTPAHCTBA-BPEMEHH pacCMaT-
pUBaeTCs HUKE

ds* = —f(p)dt® + dp* + r*(p) (d6” + sin® § d?) . 9)
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B sToM mpocTpancTBe-BpeMenn ypaBHeHue (3) MOKeT ObITh Ieperncan B BUIE

/ B 0? (9 0? 2 >0 5
_ Al p00.050.0) (o

r2sinf

Braromapst ccheputeckoii CMMMETPHUE pacCMAaTPUBAEMON 381891, MbI IIPEJICTAB/IAEM I10-
TeHIUAJ B BUJIE

6(e%55%) = 3 (20 + 1) B(cos7)gi(p, ) (11)
1=0
e cosy = cos  cos f + sin 0 sin 6 cos( — @) u gi(p, p) YIOBIETBOPSIOT YPABHEHIIO
oo W+1) d(p, p)
gl"+(ﬁ 2 gl/— T—i—m +£R g = — 2 (12)

B 5T0M BbIpazkeHHM U HEZKE IITPUXOM 0003HaueHa mnponsBojHast 1o p. OHOpOHBIE
pelenus Toro ypasHenus Oygem obosnadars depes pi(p) u q(p). pi(p) 310 BBIOpaHHOE
pellleHre, KOTopoe XOPOIo BeJeT ¢ebd Iph p = —00 U PACXOAUTCS P p — +00. ¢ (p)
9T0 BBIOPAHHOE DEIIeHne, KOTOPOE PACXOJAUTC [IPU p — —O00 M XOPOIIo cebs BejeT npu
p = 0o. Takum obpaszom,

R e R I (47 SURC

a(p.7) = Coilp)alp=) = G [0 = ppilp)a(p)
+0(p = ppiPap)]. (14)

riae O(x) - crynenuaras dbynknus Xepucaiiga, r.e., O(z) =1 apu x > 0 u O(x) = 0 upu
x < 0, C] - KOHCTaHTa HOPMUPOBKH, KOTOPas MOYXKET ObITh BKJIIOUYEHA B OIPEJIC/ICHIE P 1
q;- Hopmuposka g; gocruraercs uarerpupoanueM (12) ofuu pa3 1o p ot p— 6 710 p+ 0
u crpemiieareM 6 — (. DTo TPUBOIUT K yCJIOBHIO Ha BpoHcknan

d d 1
(@ (pl—qpl - Qlﬂ) = —=. (15)

BKB-tpubauxkenue g pajnaabHbIX MO p; U ¢ TOJyYaeTCd 3aMEHOH IepeMeHHbIX

]_ P
= ex Wdp ),
P or ) p(/ P)
]_ P
= ex — Wdp | . 16
Q T p( / p) (16)

[MoncranoBka Tux Bbipakeruii B (15) mokaseiBaeT, YTO ycjaoBHe Ha BpOHCKWAH BbI-
IIOJIHACTCH, €CJIU

C =1 (17)
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[MoncranoBka B BhIpazkerne Ha Moy (13) maer criefyroriee ypaBHenue st W:

(L +1) +m>? 26 (WY 5w pw?  fw

wE = r2 T T Tlewd g af
(7‘2)// (7‘2)/2 (7‘2)/]“ (7"2)// (7“2)/2 (7‘2)/]” 1 f/2
+ 2r2 4yt + 4r2f e <_2 r2 + ot r2f B F * 212 18)

D10 ypaBHEeHHEe MOXKeT ObITh PEIIEHO METOJIOM UTEPAIil, ec/iin MeTprdecKas (DyHKIUs
r?(p) MeHgAeTCcst MeJJIeHHO, TO eCTh,

Ewks = L*/L < ]-7 (19)

re

/ /i 1/2

,
Lip) = s (20
u L - xapakrepublii mactitab n3menenus r(p):
1 r i r 1 i 1/2
m:max{; ’ ?m', 7@', - } (21)
Mpr 6y/1eM Ha3bIBaTH 00JIACTH IIPOCTPAHCTBA-BPEMEHH, I/1e MeTpraecKast PyHKIus r(p),
MEJIJICHHO MEHSAETCH, JJIAHHOH TOPJTOBUHOH.

Hymneroii nopsiiok BKB pemenust ypasuenus (18) coorBercTByeT IpeHEOPEKEHUIO ie-
HaMH C IIPOU3BOIHBIMHU B 9TOM YPaBHEHHHU

Y ? Y

r
r

W2=Q. (1 + O(szm)) , (22)
e ,
Q(p1+1/2) = U+ iffﬂ T2 r(;)Q (l + %) ot (23)
" 1
p? = 2¢ — i mr?. (24)
Hwxke npejmonaraercs, 94To
p? > 0. (25)

[MomuepkueMm, ato € - 910 TOYHOE perienne ypasHenus (18) B mpocTpaHCTBe-BPEMEHH C
MetpuKoit ds? = — fodt? + dp* + r2(d6? + sin® 0 dp?), rae fo, 7o - KOHCTAHTEI
[Moncrasisis perenne (22) B (16) u (11), u npenebperast wieHAMI BTOPOTO TOPSIKA 1
BBIIIC 110 OTHOIICHHIO K €z MBI MOZKEM TIOJIYYHTE CJICyIONIee BhIPasKeHue Jid Ipuo/m-
JKenns Hyesoro nopsiika BKB anmpokcenvarm st ¢(z%; %) upu yenobusx 0 = 6, p = ¢

and p=p+dp>p
p+op 1
. , exp|— [ Q(p’,l+§>d,0’
~ q p
¢ 707 ) 707 = TN~ (l+_> .
(0230 0.9) = 7 2 I

1 1 N 1
viY) -1 Q —
\/ (p,l—ir 2) (p,l—i— 2)
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CymMa 110 [ MOzKeT ObITh BBIYUC/IEHA C IOMOIIBIO MeTo/ia cymMupoBanust [lnana (cm.,
Harpumep, [22])

0.0:5.0,0) = —L i : <_fpp+5pmdp/> d
gb(ﬂ? y 5 05 7(10) - WEI—I}& / Y Q(p,$)Q(ﬁax) o

i exp (— e \/de’>

VQp, 2)Qp, z) (1 4 727%)

e+ico exp <_ fperép \/Wd p’)

= 2 (27)
Vp, 2)Qp, 2) (1 + e~i272)
B nmynesom BKDB mnopsijike 110 €, 9TO J1aeT
N q q " xdx
¢p767(p;p767 = —+—= —M+2/
( 9 = 5T Y T
+0 ( 5p) . (28)

[TepeHOPMUPOBOUHBI KOHTPUWIEH ¢ps(2; T) B HysteBoM BKDB mopsiike 110 €., B ipeiesie
0 =0, = @ MOKeT OBITD JICMKO BBIYHUCIICH € MOMOIIbI0 MeTpukn (9):

20 = 6p* + O (6p"),
. 1
Gos(p, 0, 0:p,0,0) == ¢ (5 —m+0 (5/))) : (29)

Takum obpaszom,

O.(z) = lim [0(p,0,0;p,0,¢0) — dus(p, 0,0, p,0,¢)]

dp—0
7 p
q rax 2
= — mrp—u+2/ <1—|—O€WKB>, 30
(o) (p) | Grom) Ja—w (Ewis) )+ (30)
a eJIMHCTBEHHAs HEeHYJIeBasg KOMIIOHEHTa CUJIBI CaMOJICHCTBUS €CTh
1%
q09.., ¢ (dr rdx
@) = =5, = e \ap) | 2 N
P r P ) (14 e¥)\/u?—=x
L 27r:td
—47rm27"2/ ‘ 5 - <1+O(53VKB)) . (31)
) (1 + eQﬂx) /1/2 _ 33'2
OTMmernM, 9TO B IPOCTPAHCTBE-BPEMEHN
ds* = —dt* + dp® + ro” (d6” + sin® 0 dp?) (32)
Ewxs = 0 u Beipazkenue (30) gaBaserca TounbiM. OJHAKO CHJIA CaMOJEHCTBUSA, B 9TOM

ciydae, paBHA HYJIIO.
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3akJiroueHue

PaccmarpuBaemblil 1o/xos /1aeT BO3MOXKHOCTD BBLIYUCIUTL MPUOIMKEHHOE BbIPaKeHUe
JIIsE COOCTBEHHOTO TIOTEHIINAJA 3apA/a, SIBJIAIONIEroCs UCTOYHUKOM MAaCCHBHOTO HEMWHI-
MaJbHO CBS3aHHOTO C KPUBHU3HON CKAJJIAPHOTO IOJS M CUJIBI CaMOJIEUCTBUSA B JITMHHOM
ropJiosure (9,19-21). D70 BhIpazkeHne B paccMaTpUBAEMOM HPUOIIMKEHNN He 3aBUCAT OT
reoMeTpPUN MPOCTPAHCTBA-BPEMEHN BJIAJIM OT TaKO TOPJIOBUHBI.
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*E-mail: —; KpAO, noc. Hayumsrit, Kpeiv, Poccust

1. BBenenune

O6bekr 1ES 1426428 (z=0.129) ornocurcs K 6mazapam tuna BL Lacertae (mamnepruisr)
- OJIHOMY U3 KJIACCOB aKTUBHBIX TajakTudeckux siaep (ALY), perucrpupyeMbix Takxke B
cBepxBbicokux Heprusax (CBY) cepie 50 ['9B. Usnydenne oT 91X 00HEKTOB B MTTPOKOM
JIMaIa30He SHEPruil XapaKTepU3yeTcst BApUAIUAMU, KOTOPbIe 00bACHACTCS N3/IYYCHIEM U3
JIZKETOB B BHJIE€ CTPYii, HAIIPABJIEHHBIX B cTOpony Habsmojareseil. Pasmubie Mojenn jaior
cBOe 00bsICHEHNE TeHePaIii raMMa-KBaHTOB, OJJHAKO CTOUT OTMETHTD, YTO MEXaHU3M I'e-
veparuu CBY-uzydenns: 10 cux mop octaeTcs MpeaIMeToM JucKyccuit. V3 ckazaHHOTO
cJIeJyeT BBIBOJI, UTO HAOJIIONEHUs JIAIIEPTU TPEJICTaBIAIOT OOJIBINON MHTEPEC ¢ TOYKHU
3peHus 00bACHEHNs] MEXAHIM3MOB I'eHepallui TaMMa-KBaHTOB, & TaKKe UX BapUAIIHil.

2. Habamonenus o6bekTa 1ES 1426+428 B nuanmazone CBY

Brepsbie 6sazap 1ES 14264428 uabmonancsa ycranoskoit Whipple (Horan et al., 2001),
[ocJIe 9ero ero perucrparnus 6nuta moarsepzkieHa B skciepumentax HEGRA (F. Aharonian
et al., 2002) u CAT (Djannati-Atai et al., 2002), nabmogasume ero B 1999-2000 u 1998-
2000 romax coorBeTcTBeHHO. 3HaUNMOCTh 3pdekrra 111 HEGRA cocraBuma 6.10, mis
CAT 5.20. Kpome Toro, naunnaast ¢ 2002 roma oobexkt 1ES 14264428 mabmogaaca u B
Kpbmvckoit acrpodusndaeckoii obceparopun (KpAO) Ha 4epeHKOBCKOM TeJIeCKoIe BTO-
poro nokosienus ['T-48, nmpuniun paboTbl U TEXHUYECKHE XapaKTEPUCTUKA KOTOPOTO I0-
JipobHo onmcanbl B (Biagumupekuit u ap., 1994). 31ech Jmiib OTMETHM, YTO DErUCTPAIUs
ramma-n3inydennss CBY HazeMHBIMU JIeTEKTOpaMU OCHOBaHa Ha TOM pakTe, 9TO TaMMa-
kBauTbl CBY 11pu B3anMoieiicTBIH ¢ s/[paMu aTOMOB BO3/1yXa 00pa3yioT BTOPUIHBIE 3JI€K-
TPOHBI, UCITyCKAIONMKE (DOTOHBI YePEHKOBCKOI'O M3JIYUEHUs B ONTUYECKOM JUAIIA30HE TIO/T
MasibiM (1°) yrioM K HAlpaBJIEHHIO JIBIZKEHHs MEPBUYHOIO KBaHTa. Biarogapst 9Tomy
yJIaeTcs OIpEJIe/INTh HallpaBJICHUE MIPUX0/la TOTOKa ramMMa-KBaHToB. [loporosas sneprus
cocrassier 1 T3B. Meroy wabmonenuii ra 1'T-48 noapobuo omucan B (Hermop u jip.,
2007).

OcHOBHOIT TTPOOIEMOIT IIPU OOHAPYKEHUN UCTOYHUKOB ramMma-KBaHToB CBY, siBistercs
Hajn4dne (hoHa KOCMUYECKUX JIydeil, 9acTUIbI KOTOPLIX TaKKe MPUBOJAT K BOZHUKHOBE-
HUIO 9ePEeHKOBCKHUX BCIBIIMIEK B aTMocdepe 3emy. OHU JIOBOJIBHO TPY/AHO OTJIMIUMBI OT
BCIIBIINICK, MHUTTHUPOBAHHBIX FaMMa-KBAHTaAMU, OJIHAKO PA3IMIUs MKy HUMHU UMEIOTCS,
IIOCKOJIBKY W Te U JIpyrue XapaKTepu3yIoTcd HaOOPOM IapaMeTpoB, C IIOMOIIBIO KOTO-
PBIX UX MOXKHO OTINYATH. C 9TOM IEJIbI0 MCIOJIb30BAJINCH KOOPINHATHO-HE3aBUCHMbIC
U KOOPJMHATHO-3aBUCUMbIe TTapaMeTpbl or6opa (Baamumupcekuii u ap., 1994).I'panudnbie
3HaYEHUs ITapaMeTpPoB 0TOOPA MOJ0NPAINCh TAKUM 00Pa30M, YTOOBI IOy IUTh OITUMAJIb-
HOE OTHOIIIEHKNE CUTHAJI/TIIYM. DTO COOTHOIIIEHHE SABJISIETCS CTAHIAPTHBIM OTKJIOHEHUEM, TO
eCThb JIOCTOBEPHOCTHIO (o) OOHAPYKEHMsI MOTOKA FaMMa-KBAHTOB OT HAOJIOIAEMOr0 00b-
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ekTa. Pe3ybraThl 0TOOpa ¢ MOMOIIBIO YIIOMSIHYTHIX ITApAMETPOB ITOKa3aHbl B Tab/ure 1.
B meit N, min~' - ckopoctb cuera (qmcio raMma-KBaHTOB B MuHyTy). CpepHuil mortox
or 1ES 1426-+428 3a Bech nepuos nadmogennii ¢ 2002 mo 2010 rox ma ['T-48 cocrapumi
N, =0.129 4+ 0.016 quant. min~! ¢ 10CTOBEPHOCTBLIO PaBHOl 80

3. Obcyxk/JieHure 1MoJIy4YeHHbIX Pe3yJbTaTOB

Kak Bujino u3 rabymisl 1 BeJIMYUHbI TOTOKOB, MOJIyYE€HHBIX B pe3y/ibTare 00pabOTKU JTaH-
HBIX, IMEIOT JIOCTATOYHO BBICOKYIO JIOCTOBEPHOCTD, 3a MCKJIIOUeHneM 3HadeHus g 2008
roga. OaHaKO B X0Jie 00pabOTKU U aHaIn3a Pe3y/IbTaTOB BBIACHIIOCH, uTo B 2009 romy
or Omazapa 1ES 1426-+428 B KopoTkwmit naHTEpBaJI ¢ 14 110 17 Mas, B KOTOPBIA BXOIIIN
TPHU ceaHca HabOJIIOJICHII, ObLIa 3aperucTpUpoBaHa BCIbIINIEYHAs aKTHBHOCTh. boJtee 1mo-
JIPOOHO 3HAYEHUs TMOKa3aHbl B Tabymie 2. VI3 HUX BUIHO, UTO IOCTIE CJIOXKEHUA C BECOM
MOJTy YeHHBIH 1TOTOK B 4.1 pasa mpeB3oIies cpeHee 3HaUeHUe 38 BeCh IePuo,1 HabJIIOICHHIT.

Tabmuna 1: Pesynbrars: nabmonenuit 1ES 1426-+428 na ['T-48 (neranu B Texcre)

Ton | Non | Noss | Iorox ¢ omubkoit, N, min~! | docrosepuocts, o
2002 | 505 389 0.138+0.035 3.9
2004 | 116 58 0.161£0.036 4.5
2008 | 1105 | 997 0.34240.145 2.4
2009 | 106 63 0.086+0.026 3.3
2010 | 85 36 0.136+0.030 4.5

o Fermi (1-300 GeV)
o GT-48 (>1TeV)
. 1 - 1 . 1 1 1T 1T T ° 1 07

6 ® May, 1417 (2009) || ¢
o May, 15 (2009)

05

44
04
0,3
5 L
0,2
@

14 ? 5 = 5|
E o 0,1
T T T T T T T T T T T T T T T T T T
52500 53000 53500 54000 54500 55000 55500 56000 56500
MJD

x10® quanta cm™s™
quanta min”

Puc.1. Kpussre 6secka 1ES 1426 B sHeprusix BbIIe
1 TsB (I'T-48) u 1-300 I'sB (Fermi LAT). Bcnbimnkn
IIOKa3aHbI OTJIEJIHHO.
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Puc.2. 3Beznammu mnokazaHbl CpeJHEr0J0BbIe 3HAYTC-
HHUsT 1MOTOKa ramma-KBantoB CB3, mosydennbie Fermi
B sueprusx 0.3-1 I'sB. Kpykkamu npejctaBaeHbl Cpe-
HerozioBble oTokwu Jiyist suepruii 1-300 1'3B.

Cremxyer oTMeTuTh, 9T0 akKTUBHOCTH 1ES 1426-+428 ObLta moaTBep:KaeHa HaOJI0/Ie-
nusmu rejeckona Fermi (The Fermi Gamma-ray Space Telescope) B nmanaszone 100
M»B-300 I'sB. /lamable 5TOr0o Tejeckora 00J1aal0T BBICOKOI JOCTOBEPHOCTHIO M IIPE/I-
CTaBJISIETCsl JIOTUYIHBIM OPUEHTUPOBATHCS UMEHHO Ha Hux. J[sg jydinero mnpejcraB/ieHUs
0 pe3y/jbTaTax Ha pucyHke 1 jgaHbl rpadudeckne n300pazkKeHusl, Ha KOTOPBIX ITOKa3aHbI
U3MEHEHNs CO BpeMeHeM TIOTOKOB, 3aperucTpUpoBaHHBLIX Tejeckonamu ['T-48 m Fermi
LAT. Taunsie monuroputra Fermi LAT BBUIOKEHBI B OTKPBITOM JIOCTYIE (B 9aCTHOCTH
http:/ /heasarc.gsfc.nasa.gov/W3Browse/fermi/fermilasp.html).

Makcumywm aktuBHocT B T9B-HbIX sHeprusax, 6e3 yuera Benbimku 3a 14-17 mag 2009
rojia, mpuxoamiaca Ha 2008 ro, moce dero mres cuall. OTHAKO TOCKOJIBKY IIPe/ICTaBIeHHbIE
IIOTOKU YCPETHEHBI 38 MHTEPBAJIbI, B KOTOPBIX HAOJIIONAJICA OOCYKIaeMblil Oj1a3ap, TO B
yepennennoe 3Hadenne 3a 2009 rog (nepuoj Habsrogennit ¢ 22.04. o 27.05.) BXoaar Bee
ckaHbl. B pesyibrare nHMOpMAaIis O BCIBIIIKE TePsSeTcs U CKJIaJIbIBaeTCsl BIeUaT/IeHHE,
9TO MJIeT MOHMZKEHNe aKTUBHOCTH. UTOOBI IMOKA3aTh HAJIUYNE BCIBIIIKA B 9TOT HEPUOI U
OJTHOBPEMEHHO €€ TIPEBBINNIEHNe CPEeTHEro 3HadYeHns MoToKa 3a Bech mAHTepBasa 2002-2010
I'T. Ha rpaduKe oHa HaHeCceHa OTJIE/HHO U BhIJIE/ICHA.

Tabmuma 2: urepsaJji, B KOTOPBIi HAOIIOIAIaCH TOBBINICHHAsA aKTUBHOCTDL 1ES 1426-+428 na I'T-48

Hara Hara 8 MJD | IloTok ¢ ommubkoit, N min~! | JocrosepHocTn, o

14.05 54965 0.71140.222 3.2

15.05 54966 0.6+£0.176 3.4

17.05 54968 0.466+0.175 2.65
14.05-17.05 | 54965-54968 0.5254+0.114 4.6
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Puc.3. Vepennennnre mo rozam Besmmiauab! 10ToKOB 1'T-
48 (>1 T5B) u Whipple (>350 I'sB). Bcubimka 14-17
mast, 3apeructpupoBannas Ha I'T-48 B 2009 roxy, BoLie-
JICHA CTPEJIKOH.

Crout oOpaTuTh BHUMaHNUE Ha TOT (pakT, 94TO Ipu MOoHuTOpuUHre Fermi Gazapa 1ES
14264428 B snepruax 1-300 ['sB zaperucrtpupoBana ero moBblllleHHAs aKTUBHOCTH, CO-
crapusmag 4.56 - 107 quant. cm™2 s~! ¢ mocrosepHocThIO OKOJIO 40 (CcpeaHecyTouHOE
sHadeHne moToKa 3a 15.05.2009), KoTopoe HpeBbImaeT cpearee 3Hadenne moroka (9.07 -
107 quant. cm™2 s7') 3a Bech nepuon monurTopunra (09.10.2008-10.10.2013 rr.) B 5 pas.
[IpeacraBiser wHTEpPEC COBIAJIEHUE ¢ TOYHOCTHIO JIO CYTOK JIAHHOW BEJIMYUHBI C CYyTOU-
HBIM 3HaYeHHeM T0TOKa, mojiydeHubiM Ha ['T-48 Bo Bpems Bembimim 14-17 masg. Torma
OCHOBHOIT BKJIaJT B Hee jast 12-it u 13 ckan 3a 14 u 15 mMag coorBercTBeHHO (CM. TabsHIEA
2). B sroit Tabmmie norok 3a narepsas 14.05-17.05 mosytden mocie CIOKEHNS ¢ BECOM.
Taxum 0O6pa30M TOATBEPKIACTCS MIPEJIIOI0XKEHNE O HAJUYINK TOBBIIIEHHON aKTUBHOCTH

00beKkTa B JAaHHBIN BPEMEHHON MHTEPBaJ B CBEPXBBICOKMX IHEPIULX.

Tabmuma 3: Cpeaneronosnie noroku 1ES 14264428 B sneprusix >350 I'sB no ganasim Whipple

Ton WNuTepnadt Torox /omubka JlocToBepHOCTD, O
nabsoziennit, MJD | Crab (107! quant. em=2 s71)

2006 53763-53907 0.154+0.028 5.5

2007 54116-54271 0.196£0.03 6.5

2008 54476-54593 0.519+0.091 5.7

Ha pucynke 2 mpejcraBiieHbl CpeHETOJIOBbIE 3HAYEHUS ITOTOKOB B JIBYX PA3JIMIHBIX
JiMana3oHax. 3Be3/IaMU MOKa3aHbl CPEJIHEro/I0BbIe 3HaUeHns 0ToKa raMmMa-KBanTos CB9,
nostyuennble Fermi B suepruax 0.3-1 ['9B. Omubku 3TuX BeJIMYUH CTOTH HE3HATUTETHHBI
(~ 107 quant. cm™2 s~ u MenbIne), 9TO UX BepTHKAJIbLHBIC METKH Ha rpaduKe He Ha-
necenbl. Kpykkamu 0603Ha4u€eHbI CpeJIHEro10Bbie TOTOKM 1t suepruii 1-300 ['9B. Baxkno
OTMETHUTD, ITO B Oostee Hu3kux suepruax (0.3-1 ['9B) B ykazanmblit 4-x JHeBHBIH BpeMeH-

HOI OTPE30K TOBBIEHHON aKTUBHOCTH HE 3apPEerHCTPUPOBAHO, a CPeTHECYTOYHOE 3Hade-
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mue 15.05.2009 (2.54 - 1078 quant. cm™2 s71) B 3TOM Juanazone oKazajach JazKe HUZKE
cpeJiHero IoToKa 3a Bech nepuo Habmojenuit Fermi LAT (2.75 - 1078 quant. cm™2 s71).

Kpome Toro, HeobxoumMo O1eHnTh N3MEHEeHHe MOTOKa 00CYZKIaeMOro 00beKTa, U3Me-
PEHHOI'O APYTMM YEePEHKOBCKUM J€TEKTOPOM. EIMHCTBEHHON T'PYIIION, BBLIOXKHUBIIEH B
OTKPBITHII IOCTYII Pe3yJIbTaThl CBOET0 MOHUTOPHHTA (J1st sHepruii >350 I'9B), 6pu1a KoJI1-
naboparmst Whipple (http://veritas.sao.arizona.edu/component /content /article /43-agn-
monitoring/48-lightcurves-for-agn), Takzke paborasiias Ha Y€PEHKOBCKOM TeJIECKOIIE. DTU
JIaHHBIe ObLIN TOJydeHbl B Tedenne tpex Jer (¢ 2006 mo 2008 rox), Korja cyMMapHbIi
norok or oobekra 1ES 1426+428 cocrasmr 0.19+0.02 Crab (107" quant. em™2 s71).
NurepecHo cpaBHeHMe TOJIyYeHHBIX 3HaYeHuil ¢ pesyibratamu ['T-48 (puc. 3), rie yepes-
HeHHble 3a 1o ganabie Whipple (moroku cbime 350 1'9B) ykazaubl kpyKkamu (nxX 3Ha-
YeHMsl TOKa3aHbl B Tabuie 3). CTONT OTMETHTh yBesandeHne akTusHocTn Oasapa 1ES
1426-+428 or roga x roay B CB9, korma B 2008 romay ero sHadeHmne IpPEB3OILIO CPeIHEEe
3HaYeHUEe 3a TpexJeTHui uHrepBaJ B 2.73 pasza. Takum obpaszom Ha 2008 roi HpHIILIOCH
pe3Koe Bo3pacTaHue MOTOKa, YTO COBIIAJIAET C MOBBIIEHNEM aKTHBHOCTHA B T9B-HBIX sHEp-
rusix. [TockosibKy HaOJIIO/IeHNs Ha TeIeCKOIIaxX IPOBOIMIMCH B pa3HOE BPEMsi, TO JAThI JJIsi
YCPEJIHEHHBIX ITOTOKOB OT 0J1a3apa B 000UX JUAIIa30HAX, MOy YeHHbIE TIPU CJIOYKEHHUH C Be-
COM 3a rojI, oTJIndaTcd Mexk 1y coboit. Camu manubie Whipple xoportro HaK/1a/1bIBaIOTCS
na pesyabratbl KpAO.

OOBEKTHI THIIA JIATIEPTHT XaPAKTEePU3YIOTCsI CUJILHON TEHICHITNE K BCIBIIIETHOI (Bpe-
MEHHasl TIKAJIa HECKOJIbKO JIHElH) U B3PBIBHOM (JINTEIbHOCTD HECKOJIBKO MECAIEB) aKTHB-
nocru (Hemmop u ap., 2007). Pesynbrarsl nabaogenuit 1ES 14264428 mokasbiBaior, 4To
AKTUBHOCTB JIAHHOTO MCTOYHMKa B juarazone CBD cyriecTBeHHO TIpeBbINIaia TAKOBYIO B
HUBKUX Heprugx. [lomumo 3Toro B 60J/Iee BHICOKUX SHEPIUAX HAOJIOMAINCH U DoJiee 3HA-
YUTE/IbHBIE BapUAINN, KOIJIa B TEUYEHNE YeThIPEX JIHEH MOTOK YeThIPEXKPATHO ITPEBBIIIa
cpeJiHee 3HaYUEHHE, MoJIydeHHoe B Xoj1e HaO o aenuit ¢ 2002 mo 2010 rr. reseckorom ['T-48.
Ecimn ne BoIIensaTh BCIBIIKY U3 o01ero notoka 2009 roja u B34Th 38 MaKCUMYM aKTHBHO-
ctu 3uadeHne 2008-ro, TO IPEBLIIIEHNE CPEIHErO MTOTOKA 3a BECh JICBATHICTHAN NHTEPBAJ
coctaBuT 2.67 paza. JI1obombiTeH TOT dakT, 9T0 MaKCUMyM Jjis JaHHbix Whipple Takxke
npuxoautcd Ha 2008 rog. ¥V Fermi cutyarnms apyras, MOCKOJIBKY OH BEJT MOHUTOPUHT TOJTb-
Ko ¢ cepeannbl 2008 roga U cpaBHUBATL CPEJIHUI IMMOTOK MOXKHO JIUIIB C TOC/IE/LYIONMEI
rOJTAMI.

4. AktuBHOCTh 00beKTa 1ES 14261428 u yckopeHUe YacTHUIl B €ro Ja2KeTe

Ha ocnoBanmm mpuBeeHHBIX PE3Y/ILTATOB MOXKHO CJIEIATh OIPeIe/IeHHbIE BBIBOJIBI. Kak
nokazano Ha npumMepe 1ES 1426-+428, B MOMEHT pocTa aKTUBHOCTH B JTHANIA30HE YKECTKUX
ramma-kBanToB (1-300 I'sB u >1 TsB) B 6osee nusknx sueprusx (0.3-1 I'9B) nuxakoro
IIOBBIIIEHNs He HabJrogaercd. /JJanHoe 06CToATe/IHCTBO O3HAYAET, UTO IToKa3aTe b Judde-
PEHITNAJILHOTO CIEKTPA U3JIyYeHUs (¢ OT 00BHEKTA JTOJIZKEH YMEHbIIAThCsA. TaKoil pe3yIbTaT
nojrBepKIaer caenanublii panee oo B KpAO (Hemmop, 2011) u cornacyercs ¢ npei-
[IOJIOYKEHUEM, UTO C YBEJIMYEHHeM aKTUBHOCTU OJiazapa CIeKTp ramma-usiaydenus CBD
cTaHOBUTCs OoJIee TOJIOTUM, a BO BpeMms Bo3mytieanit B ASL gactunpl ¢ 6oJiee BBICOKOM
SHeprHell yCKOpAIoTcs 3hdEKTUBHEH U, BOSMOXKHO, UMEHHO 3THM MOXKHO O0bLICHUTD OCO-
oennoctn Bapuannii u3aydenust CBY. OHako, MOCKOJIBKY B 00pa30BaHUU TaMMa-KBaHTOB
KJTIOUEBYIO POJIb UIPAIOT YCKOPEHHBIE JI0 PEJISTUBUCTCKIX CKOPOCTEl JacTUIlb (C JIOPEHTT-
dakropoMm v > 1), ToO KaKUM JIOJZKEH OBITh MeXaHU3M uX yckopenus’! Takoil MexaHU3M
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661 mpesytozken D. Pepmu (Fermi E., 1949), cyTh KOTOPOro 3ak/OYaeTCsS B CTATHCTH-
YEeCKOM YCKOPEHUN YACTHUIl Ha (PpOHTAX yJapPHLIX BOJH B BCIIBIIIKAX CBEPXHOBLIX WJIU
BoiOpocax u3 AL (3acos, [locrros, 2006). [Ipm MHOTOKpaTHBIX CIyYailHBIX CTOKHOBE-
HUAAX YaCTHIbI ¢ MaCCUBHBIMU OOJIAKAMU, JBHKYIIUMUCT C OTHOCHUTE/IHHON CKOPOCTHIO
V < ¢, sneprusg vacrui Bozpacraet. [Tpu kaxgom jo6osoM (1 Haubosiee 3(pdEKTHBHOM )
CTOJIKHOBEHUM OTHOCHTEJIbHOE YBEJIHMYCHUE SHEPIUU YaCTHUIIBI BO3PACTACT HA BEJIUIHHY
<AFE/E> (~V/c) - n.H. yckoperne @epmu 1-1o posa. Takoit MexaHU3M TPOUCXOUT MIPH
MHOTOKPATHOM TIEPECEYeHUH YacTUIlell (GpoHTa YAApHON BOJIHBI M3-3a PACCEAHUs Ha HEO/I-
HOPOHOCTSIX MATHUTHOTO TIOJIsI TIepet 1 3a (poHTOM yaapHOil BoHBL. OIHAKO, KaK MOKa-
sano B (Derishev et al., 2003; depumies u ap., 2007), B peIsITUBICTCKOl YIAPHON BOJIHE,
CKOPOCTb KOTOPO# OJIN3Ka K CKOPOCTU CBETa, PACCMOTPEHHBIN MEXaHU3M YCKOPEHUSA OKa-
3pIBaeTCsd HeddekTuBHBIM. TaMm ke mpejiaraeTcsd ujiest T.H. KOHBEPCUOHHOTO YCKOPEHHST,
CYyTh KOTOPOI'O COCTOUT BO B3aUMOJICHCTBUHU YCKOPAEMBIX YACTHUIL ¢ (DOTOHHBIMU TIOJISIMEI
B BbIOpocax u3 ALl (mxkerax), Koropoe OOBIYHO PACCMATPUBAECTCH JIMIIb KAK MOMEXA,
JIONIOJTHUTE/IbHBIN KaHa I ToTepu dHepruu. IIpu ompeeeHHbIX YCI0BUAX CTOJKHOBEHUS
¢ (oToHAMH TPAKTYIOTCA KaK MeXaHH3M cJjydaiinoro "Beikaodennsa" u "BRiroueHnms"
JIEKTPUYIECKOTr0 3apsjia dacTtuil. [[poxoaa depe3 GbpoHT yjapHOil BOJHBI U OTPAXKAICh
OT HEOIHOPOIHOCTEN MArHUTHOTO TOJIS, 3apszKeHHasd JacTHUIa YBEJIUIUBACT CBOIO HEp-
TUIO, & 3aTeM, I0CJIe BCTpeYn ¢ (POTOHOM, CTAHOBUTCH HEUTPAIBLHON, YTO IMO3BOJISIET €if
BEPHYTbHCs K (DPOHTY 6€3 MPEnATCTBUN €O CTOPOHBI MArHUTHOTO 11019, OKa3aBIINICh TIEPe/T
yJIapHOI BOJIHOI, YaCTHUIA BHOBL CTAHOBUTCS 3apPsAXKEHHON, TaK 9TO BECh IUKJI YCKOPEHUS
noBTOpsieTcst cHoBa. [lo oreHkaMm dacTuiia, MpOINeIIias MOJHBIH UK/ YCKOPEHUs, yBe-
JIMYUBAET CBOIO SHEPIUI0 HPUOIM3UTENILHO B Y2 pas, e 7y - JopeHn-(pakTop yaapHoit
posbl. s gxeros B ALT aro cocrapinsger emuuny 102 — 103 u 10° — 10° jy1a ramma-
H6apcTepoB, T.e. YaCTHIA MOXKET OBITH yckopena o suepruit 102° 5B Bcero 3a 2-4 nukia
KOHBEpPCHUH, 4TO CyIecTBeHHO 3ddexkTuBHeil Mmexannzma Pepmu, rie Tpedyercs JIecsaTKN
10IX0/10B. Bo3MOXKHO, B3anmMo/IeiicTBHE YCKOPEHHBIX ITOJ00HBIM O00Opa30M YACTUI] C HU3-
KOYHEPreTUIHbIMU (POTOHAMU, IIPUBOISIINMEI K IeHePaIlii *KeCTKOT'O raMMa-U3J1ydeHusl,
B OIIPEJIE/IEHHON CTEleHN MOXKET JaTh 00bsICHEHUE YBEJIUICHUIO BapUAIUi 1 aKTUBHOCTU
0J1a3apOB B IEJIOM B 00J1€€ BHICOKOIHEPTETUIHOM T'aMMa-/Iuala30oHe 110 CpaBHEHHUIO ¢ HU3-
kosHeprerudnbiMu. Tak coracuo (Iuusbypr u ap, 1989; Cronsien, 1986) wacrora ¢horonoB
[PU PACCEsTHUY Ha U30TPOITHO PACIIPEJIEJICHHBIX PEISITUBUCTCKUX 3JIEKTPOHAX (0OpaTHbIi
Kommron-acbdekr) B cpesHeM T0/KHA YBEIUIUBATHCA HA BEJTHIHHY:
4
E, = 3 €ph '72,

IJie €pp, - dHeprug hoToHa JO paccedHusd, 7 - JOPEHII-(PAaKTOP PeJATUBUCTCKOIO 3JICKTPO-
Ha. SHAYUT, eCJI B3ATh, HAIIPUMED, onTudeckuit (hoToH ¢ sueprueii ~1 3B, paccesHHbIi
Ha [acTuie ¢ JopeHr-dakropom pasubiM 10 (uto coorBercrByer mxeram ALY, mpo-
memei Xora Obl 2 HuK/Ia yekopenus (T.e. v = 10), To oH yBeIMUUT CBOIO 3HEPIUIO B
4/3 (10%)% ~ 1.33 - 108 pas, 4TO COOTBETCTBYET raMMa-KBaHTaM BBICOKHX 3HepIuii. 3Ha-
YUAT, IPHU OOJIBIIIEM KOJUYIECTBE IPOXOXKJICHUS IUKJIOB YaCTUIAMU SHEprusd (pOTOHOB B
CJICJICTBUE KOMIITOHU3AIUN MOYKET OBITh 3HAYUTEIbHO BbIIIe. CTOUT OTMETUTH, UTO JIJId
TOYHBIX 3HAYEHUIT HEOOXOIMMO 3HATH BEPOSITHOCTD OHOTO IUKJIA KOHBEPCHH JIJIsT PA3HBIX
YaCTHUIL, KOTOpasi MHOTO MEHbIIe e TUHUIbL. [Ipr 9TOM, KaK yTBEpKIaI0T aBTOPHI IIPEJII0-
»kenHoro mexanmsma (Derishev et al., 2003; Hepuries u np., 2007), Korja mpou3Be/IeHIe
BEPOATHOCTH TIPOXOZK/ICHUSI IIUKJIA Ha (haKTOp yBeJIUUeHus sHeprun (~ 7?) MpeBocXouT
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€JIMHUITY, KOHBEPCUOHHBIN MeXaHU3M JOoCTHTraeT HanboJbieil addexrusnoctu. CriemoBa-
TEJIBHO, YeM BBIIIE SHEPTIU YACTUIIBI, TEM OOJIBITYIO SHEPTUIO MOJTYYIUT (POTOH IIPH Pac-
ceanun Ha Heil. BoaMoxkHO, 3P HEeKTUBHOCTL MeXaHM3Ma KOHBEPCUU CMOXKET JIaTh OTBET
Ha BOIPOC, ToueMy Bapuanuu ramMmva-kKBanToB CBY cymecTsenneii, vem B 60J1€e HU3KNUX
suepruax. OaHAKO UMeeTCs PsiJT BOIPOCOB TI0 MPEJTIOKEHHOMY KOHBEPCUOHHOMY MEXaHMI3-
MY, HO BOBMOKHOCTDb €I'0 CBSA3U C OCOOEHHOCTAMHU aKTHBHOCTHA OOBEKTOB, 1MOJM00HBIX 1ES
1426-+428, npejicraBisger unTepec u TpedyeT TaJIbHEHINEro n3ydeHus.

5. 3akJiroueHue

Brazap 1ES 1426+428 6611 aktusen B CBD B nepuoj ero nabsoenuit B KpAO. /Tannbrit
BBIBOJI TIOJITBEPIK/IACTCs U JIDYTHMHU TeJIeCKOTIaMi. 3aperucTpupoBaHHas BerbIiika 14-17
mast 2009 roga B THB-ubIX 9HEprusx coracyercs ¢ ganabivMu Testeckona Fermi LAT, riae B
yKa3aHHBII BpeMEHHOI MHTEepBaJ HAOJIOAAIOCH IIATUKPATHOE YBE/IUNIeHNEe aKTUBHOCTH B
nuanazone 1-300 I'sB 1o cpaBHeHUIO ¢ cpeIHIM ITOTOKOM 3a Bce BpeMs MoHuTOpuHTra. OT-
CYTCTBHUE POCTa AKTUBHOCTHU B 00JIe€ HU3KUX IHEPIULAX B TOT YK€ BPEMEHHOM OTPE30K JTaeT
OCHOBaHME IPEJIIIoaraTh, 9T0 OHO MOXKET ObITh CBA3aHO C BBICKA3AaHHBIM pPaHee MPEeJIo-
noxxerneM (Hermmop, 2011) o 6osee adpdekTuBHOM yCKOpeHHN YacTHIl ¢ 60J1ee BHICOKUMI
SHEPTUAME BO BpeMs Bo3MmylrneHnit. He nck/oueHo, 9acTuibl mpruodpeTaroT yIbTPaBbICO-
K€ SHEPIUuH B JIZKeTe BCJICJACTBUAE HAJIMYINS MEXaHU3Ma YCKOpeHus Oosiee 3¢hhHeKTUBHOTO,
gem Mexanu3m Pepmu. Ha ero posib MoxKeT mpeTeH0BaTh KOHBEPCHUSI YACTHUIL, OJTHAKO
[TO/ITBEPKJICHIE WJIU OIPOBEP;KEHUE CBA3U TAKOI'0 MEXaHM3Ma C OCOOCHHOCTSIMH BapHa-
Ui JIAEPTH B TaMMa-Iualia30He elle IPeJICTOUT BhISICHUTD.
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We will confront some static spherically symmetric vacuum Brans-Dicke solutions in the
Jordan and Einstein Frames with the Robertson parameters. While the regular solution
in the vacuum Einstein theory is just the Schwarzschild black hole, the same in the
Jordan frame Brans-Dicke theory is shown to represent not a black hole but a traversable
wormbhole. But, in this case, the valid range of w becomes too narrow to yield the observed
weak field Robertson parameters at the positive mass mouth. The corresponding solution
in the Einstein frame also provides a regular wormhole, and it yields the correct parametric
values but only up to “one and half order”. We argue that a second-order contribution can
in principle distinguish between the signatures of the regular wormhole and the singular
Buchdahl solution in the Einstein frame. Thus, at the level of regular solutions, Brans-
Dicke theory in each frame predicts effects very different from those of Einstein’s theory. To
our knowledge, these theoretical distinctions seem not to have received adequate attention
so far.
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Brerauciena noreps SHEPTUH U ee CIEKTpasIbHas IJIOTHOCTD JJId JIBUXKYIIENHCS 110 Teoie-
3UYECKON 3apAKEHHONU YaCTHUILI B IIPOCTPAHCTBE-BPEMEHN KPOTOBOI HOPBI ¢ OECKOHEYHO
KOPOTKOii ropsiosunoii. Ilokaszamno, 9To noanas usrydentas sgeprus £ ~ evya? / b3, rae v
SIBJISETCS PEJIITUBUCTCKUM (DAKTOPOM, @ SBJISETCH PAJIMYCOM TOPJIOBUHBI KDOTOBUHBI U b
SIBJISE€TCS TTPUIETHLHBIM TapaMeTpoM. CIeKTp SHeprun YacTUIlhbl, pauaibHo JIBUKYIIECs
CKBO3b HODY & ~ 621)7/ a. CrekTpaJibHas IUIOTHOCTb TOJHOM SHEPruu MMeeT MaKCHMYM
HA 9acToTe Wy, ~ v7y/b sl IBUXKeHWsI BHE KPOTOBUHBI H HA YacTOTE W, ~ vY/a upn
JBUKCHUU CKBO3b HODY.
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TO THE ISSUE OF “UNEXPLAINABLE SYSTEMATIC EFFECTS” IN
GRAVITATIONAL EXPERIMENTS. 1. NATURAL DYNAMICS OF
MASS
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1. The purpose of the present report is to attract attention to the appropriateness to
control the dynamics of the corresponding complex system (minerals/mineral aggregates)
in long experiments on gravitation (and basically, not only in gravitational ones). As
a matter of fact, according to the review of the results of gravitational experiments
conducted by A. H. Cook [1], as well as in previous and modern experiments on gravitation
“unexplainable systematic effects” are usually observed [1, p. 754]. What can be the cause
of the “unexplainable systematic effects™ It is possible that in precision experiments,
that are experiments on gravitation, the situation demands to be beyond our traditional
representations. In particular, attention should be paid to the fact that the weight (mass)
of an object is a characteristic of its inertial and gravitational properties, and they,
according to the logic of things, do depend on the state of the object. I. Newton regarded
the “massive point” (i.e. a body that has no internal structure and is in one and the
same state) and could assume that the mass of the body is determined only as “quantity”
of matter (see his definition of mass |2, p.1|: “quantitas materiale est mensura ejusdem
orta ez illius densitate et magnitudine conjunctim” The quantity of matter (mass) is the
measure of the same established in proportion to density and volume of it (A.N.Krylov’s
translation).), because it stays in one and the same state so that, due to its invariability,
the mass is regarded as a constant value. In methodological notes [3| dedicated to the
concept of mass L. B. Okun underlined that in case of the change of state (inner energy)
of a complex system (i. e. the system that has an inner structure) its mass changes. That
is why a long control of the mass (weight) of an open (i. e. specially unscreened) complex
system with the simultaneous control of measurements conditions is of interest both from
the point of view of evaluation of a possible change of its inner state and for finding out
the origin of the mentioned systematic effects.

2. The given report sums up the results of long-term observations of the natural
dynamics of weight (mass) of the samples of a representative geological collection compiled
especially for the occasion [4].

e Seven types of natural mass dynamics stood out among the samples of the geological
collection.

e [t was found out that the time structure of geological systems has a characteristic
property: for the average ranges R, of the weight (mass) M magnitude over time intervals
of different scales 7 and m7 (m is such integer for that the observations number n is equal
mk, where k is also integer), takes place a definite power relation. It is described by the
formula

Ry (m;7) 2- Dy

p— 5

Ry (157)
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where

1 k

Ry (m;T) = T Z Ri(m;7), Ri(m;7) =max{M(t),(i — 1)m7r <t <im7}—

i=1
—min{M(t), (i — V)mr <t <imr}, Ru(1;7) Z |M((: —1)1) — M(iT)].

We suggested to consider quantity Dy, as a characterlstlc of the time structure of
a geological system because it turned out that this value corresponds to the material
composition of the system and does not depend on the type of the weight (mass) dynamics.

e On the whole, we showed that when we deal with a complex, organized system that can
be in different internal states its integral characteristic — the mass, which is an expression
and a measure simultaneously of its inertial and gravitational properties — can (and
must [3|) change. The complex system, which was not screened on purpose, stays actually
in the world ocean of external irreversible processes that initiate it [5,6]. That is why
(under the corresponding conditions of observation) should be observed a certain dynamics
of mass (weight) that is determined by a periodicity of external natural (cosmic) processes.
It confirms the observed annual dynamics of mass (weight) of geological samples.

3. Conclusion: while planning modern precision experimental investigations where
complex, organized systems are involved, a possibility of variation of their internal state
due to the world interconnection that is conditioning the space-time metric should be
taken into account [5-8]. The observations results of the natural dynamics of minerals’
and mineral aggregates’ mass, given in this report, open an opportunity to study the
origin of the “unexplicable systematic effects” in experiments on gravitation and also the
origin of the well-known absence of the precise reproduction of results that are obtained
in experiments where complex non-equilibrium systems or non-equilibrium processes are
present by means of the synchronous control of mass of the corresponding geological
system.
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1. The purpose of this report is to give a short review of our results of prolonged
observations of the geological systems (minerals/mineral aggregates) mass (weight) reaction
upon the exposure in the solar tower telescope BST-1 of the Crimean astrophysical
observatory, when a certain region of the Sun parallel of declination was projected onto the
geological system. These observations demonstrate the influence of cosmophysical factors
on the dynamics of mass (weight) of a complex system (i.e. the one with an internal
structure that can stay in different inner states). This influence can be one of the reasons
for the “unexplainable systematic effects” [1, p. 754| in gravitational experiments.

2. The research subject in these observations was
a special physical phenomenon — the innate
interconnection in the world of events which can
condition the space-time metric [2-5]. The point is
that this innate interconnection of events (space-time
points) relating to one and the same moment of time
can be observed in the influence of external irreversible
processes (in particular, in stars and stellar systems) on
the state of the complex terrestrial system’s substance.
The complex system’s mass (weight) is one of its integral
characteristics, and variation of the substance state can
be controlled by means of that characteristic [6]. The

given astronomic observations appeared as one of the
variants of the Solar experiment [3,4]. This experiment
predicted the geological system mass (weight) reaction
upon that region of the Sun parallel of declination W
centered at the point E;, where the event “True Sun” —
i.e. the totality of four-dimensional events connected
with the Sun, whose time coordinate coincides with the
moment of observation ¢ —is projected (see Figurel).

Figure 1. Celestial sphere
of the FEarth-bound observer
O at moments t and t +
e. ¢ = R/c = 83min,
where R — Sun geocentric
distance, ¢ — speed of light in
vacuum. x — location of the
solar disk, angle distance
«a of order of four solar
diameters.

3. For the well-aimed study of an action of the projection E; of the event “True Sun”
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on the state of geological systems, it is necessary to have a representative collection of
minerals/mineral aggregates which relate to various, already known, groups that were
selected according to the value of their reaction upon the action of external irreversible
processes. In our investigations the calendar natural dynamics of mass (weight) of samples
of a specially selected geological collection had been preliminary traced for a number of
years [7|. Observations of the mass (weight) reaction of certain geological systems upon
the corresponding exposure in BST-1 were held in 1991 (October), 2003 (June), 2008
(September), and 2010 (September).

Q. g
Control
- 17.835
ty
ity
4
L Ho—= /
iy RS e
- 17.833
A, B, C_ C_ C,4

11 13 15
Local time, hrs

Puc.2. Mass (weight) dynamics of a crystal of some
garnet

4. The series of observations realized in October of 1991, in a year of greatly high
sunspot activity (yearly averaged sunspot number was of order of 150), gave us most sig-
nificant results. The mass (weight) reaction of the geological system under control upon
an exposure during 30 min on a slit of the BST-1 spectroheliograph when the region of
E; was projected onto it is the same: the value of () increases by 0.00100 = 0.00012 g.
In Figure 2 is given the mineral mass (weight) dynamics when this mineral was under
observation (October 11, 1991). The dashed segments A, By, C, and C_ mean that in
this time during the exposure the region of the Sun parallel of declination centered at the
point, where the center of the solar disk will be observed respectively after 12 min, 4 min
(the segments A and B — the two control exposures), and 8.3 min (the segments C' —
the region of F;) was projected onto the mineral. The subscripts “+” and “—" denote two
different orientations of the mineral; the arrows show the reaction of the mineral’s mass
(weight) to the exposure.

As we can see, before the exposure there is some walk of (); the reactions to the
control exposure (Control in Figure 2), when the telescope optical system was not used,
and also to the two control exposure, when the two other, “noneffective”, regions of the
Sun parallel of declination (the segments A and B) were projected by the telescope optical
system onto the mineral, cannot be distinguished from a background. When the telescope
is projecting onto the mineral the region of the Sun parallel of declination centered at
E, its mass (weight) increases by 1 mg under the definite orientation of the mineral, Cy,
under the contrary one, C'_, reaction to the exposure is absent. (L. e. the anisotropy occurs,
for minerals it is typifying.) Nota bene: after the exposure C; the walk of ) is absent; the
mineral’s state recovery took in that year several hours, without a walk (see Figure 2).

5. The observations carried out in 2003, 2008, and 2010 (in years of low sunspot activity)
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confirmed the fact of the investigated reaction for samples of a specially selected geological
collection which was discovered in 1991. The character of the concrete reaction is defined
by a complex of factors which are connected with initial state of the geological system,
the atmospheric and other conditions — in other words with the specific properties of the
action — and, finally, with the properties of the considered Sun event.
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1. The purpose of the present report is to show the Sun factor in natural mass (weight)
dynamics of the corresponding complex, organized system (minerals/mineral aggregates):
to accumulate our results of observations of these geological systems mass reaction upon
solar eclipse (August 1, 2008) [1] and hundreds of “eclipses” of the Sun that arrange towers
disposed in the neighbourhood of the observation |[2].

2. The daily dynamics of the mass (weight) of a geological system was investigated
as the definite reaction upon the geophysical and cosmic processes by means of a special
geophysical monitoring at three points:

e Dubna—JINR Center of Applied Research (56°44’36"” N, 37°12'39" E),
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e Nauchny, the Crimea—Crimean Astrophysical Observatory (44°43'28" N, 34°00'36" E),
e Novosibirsk—Sobolev Institute of Mathematics, SD RAS (54°50'46” N, 83°6'11" E).

The monitoring [3] is realized by a specially created complex information-measuring
system (CIMS), which synchronously measures and records every 10s eight physical cha-
racteristics: the mass (weight) M of the geological system under control, the atmospheric
electric field strength F in two regions, the temperature T}, and relative humidity H;,
inside of the monitoring room, the temperature 7,,; and relative humidity H,,; in the
atmosphere, the atmospheric pressure P, the illumination L.

3. The astronomical phenomenon of the Sun shielding by the Moon (the shielding
of the influence of solar processes [4-6]) gives us a possibility to reveal the Sun factor
in the mass (weight) dynamics of geological objects: on August 1, 2008 it gave us the
possibility to see and record, sufficiently in detail, the short-term shutdown of the influence
of the solar processes on the terrestrial systems in Novosibirsk (total eclipse) and its
visible attenuation in Dubna (partial one). The general picture of the mineral mass
(weight) dynamics at three monitoring geographical points on that day showed that an
uniform decreasing of the mass (weight) was observed in Novosibirsk and Dubna. We
could hypothetically connect this decreasing with the Sun influence since there was in that
dynamics the characteristic shift of three hours, which corresponded to the difference of the
zone time. In this case we should have expect the absolute stopping of the mass (weight)
decreasing in the time of the essential Sun shielding by the Moon in Novosibirsk and a
visible slowing-down of the rate of fall in Dubna. CIMS had exactly fixed these facts in
presence of favorable conditions (Figure 1): in Novosibirsk the decreasing of the mineral
mass (weight) M had stopped in 15min before the zero illimination L has started and
renewed (with the same rate) in several minutes after the zero illumination ending.
Respectively, in Dubna (partial eclipse magnitude = 0.58) CIMS had fixed only the
decreasing of the mineral mass (weight) fall rate by a factor of about 2. At Nauchny,
where the partial eclipse magnitude was small (<0.3), such kind of changes were not
fixed.
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Figure 1. Minute dynamics of M, T;,, H;,, P, and L during three hours
which include total solar eclipse. On the vertical axes are used monitoring’s
units: the mass (weight) change of 0.01 is adequate to the change of 0.05 mg,
the temperature change of 0.01 corresponds to 0.44°C, the relative humidity
change of 0.01 — 0.32 %, the atmospheric pressure change of 0.1 — 1 mm Hg

Novosibirsk, 2010.12.31 UT

LN L B B UL N B LN B S BN L B B S B B B LSS N B L B
5 10 15 2

t hrs

Figure 2. Daily dynamics of M and L

4. The immediate cessation of the observed under definite conditions in the atmosphere
decreasing of the mass (weight) M when a tower disposed in the neighbourhood of the
monitoring in Novosibirsk “turns out the Sun” — the Sun goes down below the tower
(look at L in Figure 2 when 6hrs (UT) < ¢ < 7hrs (UT) and also when 8.5hrs (UT) <
t < 9hrs(UT)) is sharp recorded. Dickers of such solar “eclipses” is annually recorded
in Novosibirsk. That is why we can consider the statement about the Sun as a main,
predominant factor in natural dynamics of the mass (weight) of terrestrial complex systems
as well grounded.
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B nannom matepuase Mbl aHAJU3UPYEM HCCICTOBAHUS B 3JIEKTPOMATHUTHOM II0JIE I10-
IPAHUIHOTO CJIOA aTMOChepbl 3eMJIM CUTHAJIOB, CBI3aHHBIX ¢ YaCTOTAMU I'PABUTAITMOHHO-
BOJIHOBOT'O U3JIyU€HUsI IBOMHDBIX 3BE3THBIX CUCTEM; IIPUBOIUM JO0KA3ATETHCTBA BHE3EMHOTO
IIPOUCXOK/ICHHS JTAHHBIX CUTHAJIOB; BBIJIE/IIEM M UCCJIE/LyeM CBOMCTBA 9acTOThI AKCHOHHO
IpUpoOJIBl. DTOi paboTe mpemecTBoBal 6oJbimoit mepro Bpemenn (1972-2013 rr.) co-
3JIaHUsT CHCTEMbI PA3HECEHHOTO B MIPOCTPAHCTBE MOHUTOPHUHTA JIEKTPOMATHUTHBIX TOJIei
IIOIPAHIIHOIO CJ10sT aTMocephl 3eM/In, pa3paboTKi MeTOAa aHAIU3aTOpa COOCTBEHHBIX
BEKTOPOB U KOMIIOHEHT CUTHAJIA, TIO3BOJIUBINETO aHATM3UPOBATH SHEPTOHEIOMIHIPYIOIINE
CUTHAJIBI, CBA3aHHBIE ¢ acTpodusndeckumMu mponeccamu [4, 5, 6, 7, 8,9, 10, 11]; Boigese-
HUA U UCCIEOBAHUS B 9JIEKTPOMATHUTHOM TI0JIe 3eMJIA Psijia TeopU3nIecKuX MpoIeccoB
— JIYHHBIX T'PaBUTAIIMOHHBIX PUJIMBOB, CEICMUYIECKUX IIPOIECCOB.

OcHoBa TeopUN B3aMMOJIEHCTBUS KBA3UCTATUIECKUX SJIEKTPOMArHUTHBIX T10JI€i ¢ rpa-
BUTAIIMOHHBIM HU3JIydeHueM ObLia 3ajoxkeHa B paborax Bocaletti D., ['muzoypra B. JI.,
Bempgosuua . B. [1], [2]. Beuto mokasano, 9To mepuognteckoe rpaBUTAIIOHHOE U3JTY-
YeHue MPUBOIUT K (DOPMUPOBAHUIO TIEPEMEHHOI'O 3/IEKTPOMATHUTHOTO TI0JIsI, U3MEHSIIOIIe-
rocst ¢ 9aCTOTON TPABUTAIMOHHOTO U3/TyUeHH. DTU MTUOHEPCKUE PAOOThI CTUMYIHPOBAIN
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UCCJIeIOBaHUST MHOTUX yUEHBIX KaK B HaIllell cTpaHe, TaK W 3a pyOeykoM, B YaCTHOCTH B
pabore Bamakuna A. B. [3]| pasBuBaeTcst moxo/1, OCHOBaHHBII HA MHOIOIIADAMETPIIECKOI
MO/TYJISTIAN JIEKTPOMATHATHBIX BOJIH TIOJIEM TIEPUOUIECKOIO IPABUTAIIMOHHOTO U3JTyde-
nug BOosm3u ['B ncrounuka, pazsura wjest HHIYIINPOBAHHOIO HEJTMHEHHOTO CAMOICHCTBISA
9JIEKTPOMArHUTHOIO 1OJIsg B OKpecTtHocTu ucrtounnka ['M. Dr1or sacddexr mosrzken mpuso-
JINTh K 00Pa30BAHUIO AJTATUBHOM JTOOABKU B 3JIEKTPOMATHUTHBIN TOTEHITHAJ.

s amanmsa 6bLIH B3gTHl MHOTOJIETHHE BpeMeHHble psaibl (BP) BeprukasbHoil co-
CTABJIAIONIEH SJICKTPUIECKOTO TOJIA MTOTPAHUTHOIO CJI0si aTMOChepbl 3eMJIH 110 CTaHIIUAM
nabsroennii: ymeru, BoeiikoBo n Bepxuss lybposa (dymern — 30 ser, BoeitkoBo —
40 ner, Bepxusig [Ty6posa — 25 jier). O6paboTKa Bejaach ¢ UCIHOIb30BAHUEM 3aIlaTeHTO-
BAHHOI'O HAMH aHAJIM3aTOPa COOCTBEHHBIX BEKTOPOB 1 KoMmmounent curnaia (ACB u KC)
— [4, 5, 6, 7]. UcnonbzoBarue ACB u KC mesiecoobpasto B Tex cirydasix, KOrjia HCIOIb30-
BaHUe KJIACCUYIECKON KBaIpATyPHON CXeMbI CIIEKTPAJIbHOIO aHAJIN3a BBI3BIBAET 3aTPY/IHE-
HIUE B CIJIy HEKOT€PEHTHOCTH aHAJIU3UPYEMOTO BPEMEHHOTO PsIia U B CUJTY SHEPreTUIeCKN
HEJIOMUHHUDYIONTIX AHATU3UPYEMBIX CHTHAJIOB (IIOJIIYMOBBIE CUTHAJIBI).

Ha pucynkax la—1b npuBesen npumep pesysbTaTa CIIEKTPAILHOIO aHaIin3a COOCTBEH-
HBIX BEKTOPOB KOBapPUAIMOHHBIX MATPWIL, TTOCTPOCHHBIX IO PE3y/IbTaTaM MOHUTOPHUHTA
9JIEKTPUYIECKOTO TIOJIS TOTPAHUIHOTO CJIOsl aTMOCEPHI Ha 9acTOTe MH(PPAHT3KOTACTOTHO-
ro rpasuTanuonto-sosmosoro (I'B) mamydenus jgpoiinoit 3Be3nmoit cucremst J 0700+6418
o TpeMm cranimaM HaosoaeHuit. [logobnoMmy anaan3y ObLIN MOJBEPTrHYTHI COOCTBEHHDLIE
BEKTOpa Ha Yacrorax uH(GPAHU3KOIACTOTHOIO TPaBUTAIMOHHO-BOHOBOTO (I'B) u3iyue-
HUsI IBOMHBIX 3Be3MHbIX cucTeM: J 0700-+6418, J 1012+5307, J 1537+1155, J 195942048,
J 213041210, J 1915+1606. ObHapy:KeHO, UTO aHAJIU3UPyEeMble COOCTBEHHBIE BEKTOPA
UMEIOT MAaKCUMYMBbI aMIUTUTY/IHOTO CIEKTPa, COBIAJIAIONINE C YaCTOTOW COOTBETCTBYIO-
mero I'B ncrounuka (tabsuma 1) ¢ geficrByromunvu 3uadenusyvu 0.28-0.6 B/m. Ungekc
korepentHocTn (MK — aHasior OTHOIIEHNUsT «CUTHAT-IIIYM» ) JTOCTATOYHO BBICOK: 4-165.

Bce rnaBHble KOMIIOHEHTHI, JIOKAJIN30BaHHbIE HA I'PABUTAIIMOHHBIX YaCTOTaX JIBOMHBIX
3BE3JIHBIX CHCTEM OOHAPYKUBAIOT TaKKe TOJIMYHYIO MOJYJISINIO, YTO SBJISIETCH OJHIM
13 BaKHBIX MPU3HAKOB BHE3EMHOI'O MPOMCXOXKienus curnasa. Ha pucynke 2a-3b npuse-
JIEHBI ITPUMEPBI aMILIUTYIHBIX CIEKTPOB COCTABJISAIONINX, YACTOTHO JIOKAJIM30BAHHBIE HA
FPABUTAIMOHHBIX YACTOTAX JIBOWHBIX 3BE3HBIX cucTeM. CpaBHEHHUE TUX aMILIUTYIHBIX
CIIEKTPOB € aMILIUTY/THBIM CIEKTPOM TECTOBOTO CHUTHAJA (IIyHKTHPHO JIMHUEH), NMEro-
IIEr0 eJIMHUIHbIE AMILTUTY Bl TAPMOHIUYECKUX COCTABJISIIONMX ¢ mepuojgamu 1, 1/2 1 1/3
u 1/4 rona cBUIETEIHCTBYET O HAJIMYNE TOJAUTHBIX MOJLYJIATIHIA.

B mporecce uccnemoBanugd Juanazona MHQMPAHU3KOIACTOTHOIO JIEKTPOMArHUTHOIO
[IOJIT TOTPAHUIHOTO CJI0sT aTMOChepbl 3eMi ObLIO OTMEYEHO 110 BCEM CTAHITUSM HaDJIIO-
JeHusd IIpodBjieHne B CIICKTPaXx CO6CTB€HHbIX BEKTOPOB HE TOJIbKO 9aCTOT I'PaBUTaAIlMOHHO-
BOJTHOBOTI'O U3JIyY€HHNA MCTOYHHUKOB, HO U UX IIOJIOBUHHBIX YaCTOT, COBIIa/alOIIUX 110 3Ha-
YEeHUIO C YaCcTOTON obpalenus JBOHHON 3Be3/1HOM cucreMbl (pucynku 3a—3c). [Ipupomna u
MeXaHU3M TOSBJIEHNS TaKUX YaCTOT B CIIEKTpax [z mccaeayioTcsd B HACTOSIIEe BPeMs.

Tabauna 1. I'maBabie kommorerTs! Ha gacrorax JA3C: J 0700+6418, J 1012-+5307, J
1537-+1155, J 195942048, J 2130+1210, J 1915-+1606
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Puc. 2: HopMmupoBaHHBINT aMIUIUTYIHBIA CHEKTP MPOEKIMH BpeMeHHOTO psja Bz crammum ymern Ha
IJIOCKOCTB, 0OPa30BaHHYO PsJIOM COOCTBEHHBIX BEKTOPOB Ha dactore I'B mcrounuka
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Puc. 3: Cobcreennnie BEKTOpa U UX aMIIUTYJHbIE HOPMUPOBAHHbBIC CIEKTPBI JIEKTPUICCKOI'O II0JIsA I10-
I'PaHUYIHOI'O CJIOLA aTMOC(bepr Ha ITIOJIOBUHHBIX I'DABHUTAIIMOHHO-BOJIHOBBIX YaCTOTaX ,HBOfIHbIX 3BE3THbIX

CHUCTEeM II0 JaHHBIM CTaHITUN Boeiikoso
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Hepuon I'B Ammunryna
I'B ucrounuk | wsnydeHus Cranmust Homep CB | MKK (B/) UK
(gac)
J 0700+6418 12.344036435 Boeitkoso 159 0.45 0.60 118
J 0700+6418 12.344036435 Bepxusist /Iybposa 143 0.28 0.60 52.9
J 070046418 12.344036435 Hymern 160 0.40 0.59 71.6
J 1012+5307 | 7.25607255600 Boeitkoso 265 0.40 0.41 14.7
J 1012+5307 | 7.25607255600 | Bepxwusa dybposa 257 0.55 0.41 52.7
J 1012+5307 | 7.25607255600 Hymern 219 0.15 0.52 2.1
J 153741155 5.0488475975 Boeitkoso 377 0.35 0.32 68.2
J 153741155 5.0488475975 Bepxusasa dybposa 403 0.60 0.31 165
J 153741155 5.0488475975 Hymern 375 0.32 0.44 41.1
J 1959+2048 | 4.58187197939 Boeiikoso 430 0.31 0.30 27.4
J 1959+2048 | 4.58187197939 | Bepxussa dybposa 401 0.27 0.31 17.7
J 1959+2048 | 4.58187197939 Hymern 824 0.36 0.35 40.6
J 2130+1210 | 4.023384623999 Boeitkoso 516 0.19 0.28 76.6
J 2130+1210 | 4.023384623999 | Bepxusa lyGposa 465 0.24 0.28 18.3
J 2130+1210 | 4.023384623999 Jymern 487 0.41 0.41 21.6
J 1915+1606 | 3.875969568352 Boeitkoso 482 0.22 0.29 4.9
J 1915+1606 | 3.875969568352 | Bepxussa lyGposa 471 0.26 0.28 46.3
J 1915+1606 | 3.875969568352 Jymern 434 0.37 0.43 4.89

B T&6HI/IH€ 1 IIpuBEJICHbI JaHHBbIE O COOCTBEHHBIX BEKTOpaXx, UMEIOININX MaKCUMYMbI aM-
IJINTYJHOT'O CIIEKTPa Ha 9aCTOTaX I'PABUTAITMOHHO-BOJIHOBOT'O U3JIYYCHM A ,ZLBOP'IHBIX 3BE3/I-
HbIX CHCTEM. I/IH,ILGKC KOTepeHTHOCTU (aHaJIOF OTHOIIICHM A «CHFH&JI—IHYM») B Ta6JH/IHe 1
MMeeT OTHOIIEHNE K COOCTBEHHBIM BEKTOpaM aHaJIM3UPYEMOI'O IIpoIiecca.

BrolgeneHrne akCHMOHHOM YacTOTBHI B 3JIEKTPUYECKOM II0JI€ IMOrPAHUYIHOIO CJIOS
armocdepbl 3emn

O1nbIT ncce0BaHUS 3JIEKTPOMATHUTHBIX [I0JIeH B CPeIax PA3INTIHON IPUPO/IbI TOKA3bIBa~
€T, 9YTO HeCTAIIMOHAPHOCTD, HEOITHOPOIHOCTD, AHU30TPOIINS CPE/IbI IPUBOIAT K MHOXKECTBY
9KCIIePUMEHTaIbHO HabJomaeMbIX (busndecknx 3peKToB, TaKUX Kak JIBOHHOE JIyderpe-
JIOMJIEHUE, OITUYeCKas aKTUBHOCTH, JUHAMOONTHYCCKUE sABJeHUus U T.J. OUeBHIHO, UTO
JIEKTPOMHAMUKA, OTATOIIEHHAS B3aUMOJIEHCTBUSIMUI U3 TEMHOTO CEKTOPa, TAUT MHOXKE-
CTBO CIOPIIPU30B U OTKPBITHII, & IMOTOMY MPEJICTaBIIETCA HaM OJHUM U3 aKTya bHEHITNX
HAIIpaBJIEHUN B JAHHON oTpacin Haykn. Ocobo BarKHON Ha OJIMKaiiieM dTare HCC/IeI0-
BaHMII HAM IIPEJICTABIIIETCA Ta YaCTh PA0OTHI, KOTOPas CBA3aHa ¢ aKCUOHHON 3JIEKTPOIU-
HaMUKO.

B cBa3um ¢ 3TUM MBI IIpejjiaraeM CBOIO OPUTHHAIBHYIO TTPOTPAMMy KOCBEHHOTO OOHapy-
JKeHusi akCUOH-(DOTOHHBIX B3ammojielicTBuii. [Ipepiaraemast HaMu mporpaMma UCCIe/10Ba-
HUs AKCUOH-(POTOHHBIX B3AMMOJICHCTBII OCHOBaHa HA MOHUTOPUHTE MH(MPAHUIKOIACTOT-
HBIX BapHUalyil 3JIeKTPUICCKOr0 U NeOMATrHUTHOIO TOJId 3eMJIU IIPU HaJIuIuu uH(pOpMa-
MU O Bapualusgax reomnorennuaia. [lo mameit runorese peTMKTOBbIE aKCUOHBI, BXOIAIINE
B COCTaB CKOIJICHUII TEMHOW MATEepUU B OKPECTHOCTU 3eMJIM, UMEIOT HEOIHOPOIHOE Pac-
[peJieJIeHne 110 BBICOTE, W TPAJMEHT ICEBJIOCKAIAPHOrO (aKCHOHHOIO) TIOJIs MOPOXKIAET,
COIJIACHO YPaBHEHUAM AKCUOHHOW 3JICKTPOIMHAMUKU, JTUHAMUYECKYIO CBA3b JIEKTPUUE-
CKOTO M MArHUTHOTO TI0JIefl B OKPECTHOCTH 3eMJIN.

Kak rmeopernvecku 6pu1o mpejckazano |9, 10, 11], B mpormecce monuropunra uHbpa-
HU3KOYACTOTHBIX BapHUAIA JIEKTPUIECKOTO U T€OMATHUTHOIO IMOJI 3eMJIN MOYKET OBITh
obHapy’kKeHa 4acToTa, CBA3aHHAS C CUTHAJIOM aKCHOH-(POTOHHBIX B3aUMOJICHCTBUII.
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(c) Bepxusas dy6posa (meficTByromee 3HaYeHNE IVIABHOW KOMIIOHEHTE! 1.27 B/M)

Puc. 4: CobcTBenHbIe BEKTOPA U UX aMILIATYIHbIE CHEKTPLL, BOm31 9acTore! 5-107° ' o Tpen cranusm
HaOJIIOCHU S
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Puc. 5: Boigenenne rognaHoil MOILYJISINNA B AMILIUTYIHBIX CIIEKTPaX COOCTBEHHBIX BEKTOPOB HA YaCTOTE

5-107° T'u o cranmusaM HaG/IIOICHHsT
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OcytecTBisiemMast HaMU IIPOrPaMMa UCC/IEIOBAHNST aKCHOH-(DOTOHHBIX B3aNMOJIEHCTBUIT
OCHOBaHa, HA MOHUTOPUHTE UH(MPPAHNIKOYACTOTHBIX BAPUAIINI 3JIEKTPUIECKOTO U FeoMar-
HUTHOTO TOJIg 3eMJIM, TO eCThb Oasupyercs Ha TeXHUKE, U3MEPUTETbHBIX METOJUKAX U
cxeMax 0OpabOTKU JAHHBIX, KOTOPble HEOTHOKPATHO U TIIATEJHLHO OTPADOTAHBI JJI JIPY-
UX Hay4IHO-TeXHU4IecKnX 3asad4. [lo Harreit runorese peJIMKTOBbIE AKCUOHDI, BXOJIAIINE B
COCTAB CKOILJICHUII TEMHOIl MaTepPUU B OKPECTHOCTH 3eMJIM, IMEIOT HEOITHOPOIHOE PacIpe-
JIeJICHHe, U I'PAJINEHT [CeBIOCKAIAPHOrO (aKCHOHHOTO) TIOJIsI IOPOKIAET, COTTIACHO YPaB-
HEHUSIM aKCHOHHOW 9JIeKTPOIMHAMUKY, JIMHAMUYIECKYIO CBS3b JIEKTPUIECKOTO U MATHUT-
HOTO T0JIell B OKPECTHOCTH 3eMJjIu. B oTimdne oT j1abopaTOPHBIX IKCIEPUMEHTOB B Ba-
KyyMe, TIe/IbI0 KOTOPBLIX $BJIFETCH IpAMOe OOHAPYZKEHUe CHI'HAJIA, CIPOBOIUPOBAHHOTO
AKCUOH-(POTOHHBIM B3aMMOJIEHCTBAEM, MBI PACCUYUTBIBAEM Ha BbIJIE/IEHIE KOPPEIUPOBaH-
HOT'O TI0JIE3HOIO cUrHAJIa u3 IryMa. [[ocKoIbKy Ipa/InenT 1meeB1ocKaaspHOro Mo HeceT B
cebe cJie bl BpeMEHHbBIX BapUAIlil TeONoTeHIAaa, PeYb (DAKTUIECKH UJIET O COBMECTHOM
9KCIIEPUMEHTATHLHOM UCC/IEIOBAHIN XapPaKTEPHBIX CBOWCTB U B3AMMHBIX KOPPEJIAINil 10-
JIefl YeTbIpex TUIIOB: JIEKTPUIECKOTO, MArHUTHOTO, TPABUTAIIMOHHOIO 1 aKCHOHHOTO. Jli1s1
IIEPBBIX TPEX MOoJeil JOJIKHBI OBbITH UCIIOJIb30BaHbI JIOCTOBEPHBIE JIAHHDbIE HAOJIIO/ICHUI, a
[IPUCYTCTBUE AKCUOHHOTO I0JIs JIOJIZKHO OBITH OOHAPYKEHO IPU aHAJJM3e COOTBETCTBYIO-
[UX KPOCC-KOPPEIAUiL.

[To manubIM TEOPETUIECKNX UCCICOBAHNN B 9JICKTPUIECKOM T10JI€ TIOTPAHUYIHOTO CJIOS
aTMocdepbl 3eM/Ti aKCHOH-(DOTOHHBIE B3aUMOJIEHCTBYS JIOJXKHBI IIPOSIBJIATHCS HA 9aCTO-
te, 6ymskoit K 5 - 107 I'm. O6paboTka sKcIepuMenTaILHON HH(MOPMAITIN 10 JICKTPHYe-
CKOMY TIOJTIO Ha IpPEJIMET OOHAPYZKEeHUsd aKCHOHHON YaCTOTBHI BEJIACH C MCIOJIb30BAHUEM
aHaJIM3aTOPa COOCTBEHHBIX BeKTOPOB 1 KoMioHeHT curaaia (ACB u KC) [4]. Beuio npo-
BEJIEHO BBISBJIEHUE [JINTUBHBIX HEKOPPEJIUPOBAHHBIX KOMIIOHEHT, JIOKAJN30BAHHLIX HA
yacrore 6sm3Koit K 5-1070 T'm, a1 Tpex BpeMennnix pajios: dymeru, Boeiikoso, Bepxmssa
JlybpoBa. Bbuin onpejiesiennt JeficTByIONNE 3HAYEHNS UCCJIEyeMON HEKOPPEJIUPOBAHHOMN
AMILTATY/IHON KOMIIOHEHTHI. Kak Mmokas3ajm pe3y/IbTaThl UCCJIEIOBAHNN COCTABJIAIONIIE Ha,
gactote 5 - 107% ', Tak ke Kax u cocrapiaiomue na I'B gacrorax JI3C, nekorepeHTHLI
JIUTST BCeX TpeX BpeMeHHbBIX psijioB. Ha pucyrkax 4a—4c npuBegeHbl 0TOOpaHHBIE COOCTBEH-
Hble BEKTOpa U UX aMILIUTY/IHbIE CIIEKTPbI, JIEMOHCTPUPYIONIUE JIOKAJIM3AINIO HA YacTOTe
5-107% 'y mo Tpem crammusam nabmonennit. [eifcTByIome 3Ha9CHNA TIABHBIX KOMIIO-
HEHT, COOTBETCTBYOMMUX oToOpanubiM CB g Tpex BpemeHHBIX psiioB cocTaBiaioT (.71
B/m (dymern — CB Ne63), 1.36 u 1.33 B/m (BoeiikoBo — CB Ned2 u Ned3), 1.27 B/m
(dymern — CB Ned5 u Ne46). Bee, coorBercTByIoliue 0TOOpaHHBIM COOCTBEHHBIM BEKTO-
paM IJIaBHBbIE KOMIIOHEHTBI, MMEIOT IOJUYHbIE MOLYJsIu (PUCYHKE Ha—bb), 9T0 TakKe
[TO/ITBEP2K/IAeT BHE3EMHOI XapaKTep U3ydaeMOro MpOIEecca.

BriBoapbl

st tpex cranmuii nabaogenust (Jymern, Bepxusig /ly6posa, BoeiikoBo) ¢ ucnosib3oBa-
HIIEM aHaJIn3aTopa coOCTBeHHBIX BeKTOpoB n KommonenT curaaia (ACB u KC) nccemosa-
HbI MHOT'OJIETHHE BPEMEHHBIEC PsJIbl BEPTUKAILHON COCTABJIAIONICH 3JIEKTPUIECKOTO OIS
MIOI'PAHUIHOrO CJIos aTMocdepbl 3eMyn B nHMPAHI3KOIaCTOTHOM JAuarnas3one. [lokazano,
YTO BCE HMCCJIE/IOBAHHBIE BPEMEHHDBIE PsiJIbl UMEIOT HEKOTE€PEHTHBIE COCTABJISIONINE HaA Ya-
cToTax MHMPAHU3KOIACTOTHOIO I'PABUTAIIMOHHO-BOJIHOBOIO H3JIyUEHMS IMECTU JIBOMHBIX
3Be3iubix cucreM: J 0700+6418, J 1012+5307, J 1537+1155, J 195942048, J 2130+1210,
J 1915+1606 ¢ aeitcryrormumu 3uadernsyu 0.28-0.6 B /M, koropsie He MOTYT (B CHILy CBO-
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eif HEKOTePEHTHOCTH ) ObITH OOHAPYKEHBI € UCIOJIb30BAHIEM KJIACCHIECKO KBaIPaTyPHO
CXEeMBI CIIEKTPAJIBHOIO aHAJIN3a, HO MOT'YT ObITh BbIsIB/IEHBI ¢ nctob3opannem ACB u KC.
Hexoppenuposanuslie coctapisiomue Ha ['B gacToTax IBONHBIX 3BE3THBIX CUCTEM MMEIOT
SIPKO BBIPayKEHHBbIE TOJIUYHbIE aMIIJTUTYIHbIE MOJIYJIAINHI, 9TO SBJISETCA OJIHIM M3 BaXK-
HBIX I[IPU3HAKOB BHE3EMHOT'O ITPOUCXOXKJ/IEHWUS BBIJIEJEHHBIX CUTHAJIOB B JIEKTPUYECKOM
[0JIe MTOTPAHUIHOrO cJiost aTMocdepsl 3emin. [Tokazano Takzke, UTO BCe MCCIEI0BAHHDBIE
BPEMEHHBIE DALl UMEIOT HEeKOTePeHTHLIC COCTAB/IAIONINe Ha aKCHOHHOH ugacrore 5 - 107°
' ¢ peiicrByomumu 3uadenunsmu 0.71-1.36 B/m. HekoppenmpoBaHHbIE COCTABIISIONTIE
Ha gactoTe 5 - 1070 I’ nMeroT TakyKe APKO BBIPAsKEHHDBIE TOJMYHBIC aMIUIITYIHLIC MOJLY-
sganun. Paborsr ocymecTsiiensl mpu nojiepkke [porpammbr [ocytapeTBennoro 3a1anus
Ne5.2971.2011, rpanta PODU Ne11-05-97518, OIIIT 14.B37.21.0668.
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Amnnotanusi.  Pazpaboman U peasu3osan npozpammio-anasumueckul xomnaexe (IIAK) dasn uccae-
dosarus 6 Cnekmpasorot U 8pemMentoll 00AGCMALT PAJOE MHOZOACTIHUT HAOMOJeHUT 8epMUKAALHOT CO-
CMABAAIOWET, HANPAINCEHHOCTU INEKMPUECKO20 NOAA NOZPAHUYHO20 CA0A ammocepos Seman. HUcnoaw-
sosanue 6 [TAK memoda cnexmpanvrozo anasusa cobemeennnz eexmopos (CB) kosapuayuonnots mams-
puyve (KM) anexmpuneckozo noas nokasano €20 sPhexmusnocmo 0is SbACAEHUA NEPUOUNECKUT CO-
CMABAAIOWUT € OMHOCUMENDHLM dHepeemuyeckum exiadom enaoms do 1074 [7], [5], [2], [6].

Hosusna paspabomaniozo memoda [4] cocmoum 6 mom, “mo cnexmpasvrnomy aHaAu3y nodsepeaemcs
ne cam ucxrodnul epemenioli pad (BP), a cobemeenivie 6eKmMopul €20 Ko6apuayuonHoli MAmpuyvl, 4mo
NO360AAEN NPUMEHUND CREKMPANLHBIT GHAAUS K OMOEADHBIM B3GUMHO HEKOPPEAUPOBLHHVIM COCTNABAA-
M0UUM BPEMENH020 PAOG, CEA3AHNLIM € ONPEIEAEHHBIMYU Pusuveckumu npoyeccamu. Memod cobemeen-
HOLT BEKMOPOS NPU UCTLONBI0BEHUY KPUMEPUA MAKCUMANLHO20 Kooddunuenma koppeasyuu (MKK) co6-
CMEEHNVIT BEKTMOPOE C OMPESKOM 2aPMONUNECKO20 cuznana [6] npodemorcmpuposan sucokyio sfdermus-
HOCIIG M BCET UCCACI0BANHBIT MHOZOAETHUL BPEMEHNBIL PAOAL INEKMPUMECKO20 NOAA 6 NPUSEMHOM CAOE
ammocgpepol.

Boiasaenv, CB, Maxcumymovs aMniumyonos cnexmpos Komopoulr 0memoam om “acmom AYHHOT U CON-
HEYHHIT NPUAu606 He boaee wem na 0.8 mrly. Omuowenue MakcuMasvHo20 3HAYEHUA AMNAUMYOIHO20
CNERMPa K €20 CPeOHEMY 3HANENUI0 Y IMUT GEKMOPOS (dasee UNIEKC KO2EPENMNOCTU, COKPAUEHHO —
HK) cocmasasem om 10 do 100. HK mo2icho paccmampueams 6 KaHecmee ananoea OMHOULEHUSA «CUSHAA-
WYM> OAA CNEKMPANLHO COCPEIOTNOYEHHBLL KOMNOHEHM.

Pewena s3adaua ouenku amniumyos, 2AGBHHE KOMNONENT 6EPIMUKANLHOT COCTNABAAIOUET INEKMPUE-
CKO20 NONA ONA KANCIOZ0 AYHHOZO U COANEYHO20 NPUAUSH U CPABHEHUE IMUT OUEHOK € OUEHKAMU, TOAY-
YEHHOLMU PANEE ¢ NOMOULBIO MEMOJA KOPPEAAYUUOHHO020 K6adpamyprozo npuemrura [?].

Bseaenune

B 1945-1946 rr. Kapynenom u JIosBoM ObLIO IIPEJII0ZKEHO TIPEJICTABICHUE CITYYaiiHbIX ITPO-
reccoB B 6asmce cobcrBeHHBbIX byHKIMi (pasnoxkenne Kapynena-Jlossa), Brocsencrsin
HAIlle/ITee MPUMeHEeHHe TIPH OOHAPYZKEHUN CHI'HAJIOB B OKPAIIIEHHOM IryMe |7].
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Hauwmnass ¢ 1970-x rr. jiist 1peICTaBICHUS MHOTOMEPHBIX JAHHBIX IMOJIYUNI IIPUMe-
HEHUE MeTO/l aHAJIN3a TJIABHBIX KOMIIOHEHT — IIPOEKIINi JTaHHBIX HA COOCTBEHHBIE BEKTO-
PbI, IePBOHAYAJIBLHO IIPE/IITOIaraBInii (hU3NIecKy 0 HHTEPIPETAIINIO IIABHBIX KOMIIOHEHT.
[TepBoHavIaIBLHO METOJI UCIOJIB30BAJICSI IPUMEHNTEIHHO K JMHAMAYECKIM CHCTEMaM IIPU
HAJIMIUA TYPOYJIEHTHOCTH, & B HACTOSIINEE BpPeMs IPUMEHSIETC B Pa3/JIMIHBIX 00JIacTX,
B TOM YHCJIe B OMOMETpHM, XEMOMETPUN U U3MePHUTEeIbHOM Texnnke. Hapsiy ¢ anaamsom
[JIABHBIX KOMIIOHEHT B Oa3uce COOCTBEHHBIX BEKTOPOB KOBAPUAIIMOHHBIX MATPHIL, UCIIO/Ib-
3yeTcsi pasJioKeHe TeH30pOB (B XeMOMETPUH U aHajm3e n3obpazkenuii) |?|.

B 1962 r. jj1s1 BbISIBJIEHUSI IEPUONIHOCTEH B OJHOMEPHBIX BPEMEHHBIX Psgax I'PYIIIOit
akagemrnka A. H. Kosmoroposa ObL1 mpeioxkeH MeTOJ, MOJyduBINUil HazBanme «I'y-
ceantay. B merone «['ycenuria» MCIOMB3YIOTCS 3aJI€PKKU JIJIsT Pa3BEPTKUA OTHOMEPHOTO
BPEMEHHOT'O PsiJia B MHOTOMEPHBII; TIOC/Ie MOy IeHUsT TJIABHBIX KOMIIOHEHT ITPOU3BOINTCS
UX TPYIIIPOBKA U BOCCTAHOBJIEHHE KOMIIOHEHT BpeMeHHOTO psijia. [lepBoe mpakTudeckoe
IpUMEHEHUE 3TOT MeTO/l HaIéN B apuarnuonnoii spronomuke (M. M. Kucymipia, «Bormpo-
cbl KubepHeTnku», 1978 r.). VccaemoBanus mo sromy mMeTomy mpogoszkaoTces B Cuol'yY
rpynnoit H. TossaunO; OCHOBHBIE MPUMEHEHUsT METO/I HAIIET B KOJOTUIECKOM U Me-
TEOPOJIOTHIECKOM MOHUTOPHWHTe. AHAJOTMIHBIA METOJ, HMOJYIUBIINN Ha3BaHUE aHAJIN3a
cunryssipaoro criekrpa (Singular Spectrum Analysis), 6bu1 npesyioxken B Mucruryre uc-
caenosanus armocdepst, Kamudopuus (paborsr B 1980-1990-e rr.). Takke B pazpaborke
U npoJBUzKeHun Meroja aktuBHO yuacrByer A. ZKurssisekuit (Yuusepcurer Kapaudd,
Anrus) [?].

[Ipu ana/m3e CHHTYISPHOIO CIIEKTPa PEIIaeTCs 3a/1a19a BOCCTAHOBJIEHNS IVIABHBIX KOM-
[IOHEHT ¥ BPEMEHHOI'O psjia, a COOCTBEHHBIE BEKTOPHI U COOCTBEHHBIE 3HAUEHUS PACCMAaT-
pUBaIOTCS KaK HOCHTEIM IIPU3HAKOB; aBTOPHI METOa yKa3bIBAIOT HA HEOJHO3ZHAYHOCTH
BBIOOpa COOCTBEHHBIX BEKTOPOB M OTCYTCTBHE UEeTKHX KpUTepueB nx orbopa. B sTom me-
TOJIe MIPEJIJIAraeTCsl IPOU3BOJUTD BU3YAIbHBII aHa/ M3 COOCTBEHHBIX BEKTOPOB (ILyTEM I10-
crpoerns rpadukoB n buryp Jluccaxky) ¢ mesbo ux orbopa U rpyHIupOBKH. AHAIN3
CHHTYJISIPHOTO CIIEKTpPa, KaK MPABUJIO, IIPOU3BOANTCs Ipu MaJioii (e 6ostee 100-200) pas-
MEPHOCTH 33/1a9u, U TPeOyeT OOJBINX BbITUC/IUTETHHBIX 3aTPAT.

Bo Bcex mepedmciieHHbIX MeTolaX COOCTBEHHbIE BEKTOPHI M COOCTBEHHbIE 3HAYEHIS Ha-
XOJATCs C MCIIOJIb30BAHNEM YHCJIEHHBIX METO/OB JIMHEIHON areOphl W HEeHPOCeTeBBIX
MeTOJIOB (MaIMHBI OIMOPHOTO BEKTOpa, HpsiMble n obpaTHble cetn Xebba [?]). Bmecre ¢
TeM, BCe TIePEeInCIeHHbIE METO/IbI OCHOBAHBI HA MCIIOIb30BAHNN [TPOEKIINIT JTAHHBIX Ha COO-
CTBEHHBIE BEKTOPBI; CAMUM COOCTBEHHBIM BEKTOPAM OTBOJIUTCS B HUX BCIIOMOTAaTE/bHASI
posib. Ilpm sTOM anaaun3 cOOGCTBEHHBIX BEKTOPOB KOBapPHAIMOHHBIX MaTPHUIl BPEMEHHBIX
psizioB (eigenvector analysis), H3BeCTHBIN TakzKe KaK aHAJIN3 SMIUPUYECKUX OPTOIOHAIb-
ubix dyskimit (empirical orthogonal functions analysis), pejKo BbLIeISIIOT U3 aHATN3A
CHUHT'YJIAPHOIO CIEKTPa B OTHEJIbHBIA METO/I.

[IpeiytozKeHHBIIT METO/T BBISIBJIEHUST SHEPTeTHIECKN HEJOMUHUPYIONINX KBa3UIIEPUOJIH-
YeCKUX KOMIIOHEHT BPEMEHHBIX PsJIOB 3JIEKTPUIECKOTO M0JIsI OCHOBAH Ha METO/Ie eigenvector
analysis; paccMOTPUM 3TOT METOJ[ M ITOJIy9IeHHbIE Pe3yJIbTaThl 60JIee Mo IpoOHO.

CobcrBeHHbIE BEKTOPBI KOBAPUAIIMOHHOW MATPHUIHEI BDEMEHHOTO psija JyinHbl N oTce-
TOB, OIEHUBAaEMO Ha WHTEpBaJIe aHAM3a JIUHBI M OTCIETOB, OIPEIE/ISIOTCS COOTHOIIE-
areM |?|

rie K — KoBapmalmoHHas MaTpulia, uMmeromasa pa3zmep M x M,
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i, A; — 1-BbIfl COOCTBEHHBIII BEKTOp U i-0¢ COOCTBEHHOE 3HaYeHHe, COOTBETCTBEHHO
(1=1,2,...M).

KoBapuanuonnas marpuna K B HaIlleM HCCJIEIOBAHUN I0JyYaIacCh U3 TPACKTOPHOIM
MaTPUIIBI

T = (31, 52,83, ... SN—M+1) (2)

cojiepzKallieil Bce OTPE3KH, IPEJCTaB/Isonue co0oit MaTpUIb-cTOIObL §; JAymHbl M
BPEMEHHOTO psijia, ¢ UCIIOJIb30BAHIUEM COOTHOIIEHUS

% T-T (3)
N-M+1
Herpymno nmokazars, 9To cpejilss SHEPrus CUrHaJia, HabJro[aeMoro Ha MHTEePBaJie aHa-
JIN3a, OIPEJIeNIIeTC ST COOTHOIIEHTEM

1 N—-M+1 M M
EM_m ]Zl Sjsj—izlkzz—TrK—izl)\z (4)

rie kit — JUaroHaJIbHBIN 9JIEMEHT KOBapUAIMOHHOW MaTpPHITLl K

TrK — cuen (cymMMa JIMaroHaJbHBIX 9J€MEHTOB) Marpuiibl K, B coorBercTBuiu ¢ 7]
pPaBHBII cyMMe COOCTBEHHBIX 3HAYEHUN KOBAPUAIIMOHHON MATPUIIBI.

B ITAK crpoutcst TpaekTOpHasi MaTpuIia, BEIUUCISIETCT KOBAPUAIIMOHHAST MaTPUTIA 1
COOCTBEHHBIE BEKTOPBI U COOCTBEHHBIE 3HAYCHUS, 110 KOTOPBIM BBITUCISAIOTCS OTHOCUTE -
Hble YHEPreTUYeCKne BKJIAJIbI HEKOPPEJIUPOBAHHBIX COCTABJISIONINX, BbIpazkaeMble COO-
CTBEHHBIMU 3HAYEHUSMU, HOPMUPOBAHHBIMY K CJI€/Ty KOBAPUAIIMOHHONW MATPHUITHI

Ei,relative = % (5)
Zz‘:l Ai

Bemmaunbl, onpejiengeMble COOTHOIIEHUEM D, TPEJICTABIAIOT COOON OTHOCHTETLHBIE
SHepreTudeckne BKJa bl pa3andabix CB B momnyo suepruto BP ma mnrepBasie anam-
3a.

[Ipu ananuze CB ynopsiiounBaioTcs 1o yOBIBAHUIO MX OTHOCUTELHBIX SHEPreTHIeCKUX
BKJIAJIOB.

HeiicTBytomee 3uavdenune A; TJIaBHONH KOMIOHEHTHI (HEKOPPEJIUPOBAHHON COCTABJISAIO-
mieit), coorsercryoreii i-my CB, onpenensercs dopmyinoit

Ai = SqrtEi,relativeMQ (6>
rie My = m? 4+ 02 — BTOpOIt HavaabHBIT MoMeHT BP.

Ucnonb3oBanue orenkn 6 7181 TJIABHBIX KOMIIOHEHT JIYHHBIX MPHUJINBOB JIAJIO 3Hade-
HUsI, KOTOPbIE CYNIECTBEHHO (Ha OJIMH-/[BA TIOPSJIKA) IIPEBINIAIOT ONEHKH aMILIUTY/IHOTO
CIIEKTPA, TOJIydeHHbIE C ITOMOIIHI0 MeTO/a KOPPEIAINOHHOTO KBa/JIPATyPHOTO ITPUEMHU-
Ka [?]. D10 npuBeso K HEOOXOAMMOCTH HCCJICIOBAHUS TTOBEJCHHS OIIEHOK AMILIHTY/THOTO
CIIEKTPa, MOJYYEHHBIX C UCIIOJIb30BAHUEM KOPPEJAIIMOHHOIO KBaJIPaTypPHOTO IIPUEMHUKA
Ha YacToTaX JIYHHBIX IPUJIMBOB, B 3aBUCUMOCTUA OT BEJUYUHBI MHTEpPBaJa aHa/I3a.
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I/ICC.TIe,Z[OBaHI/Ie ImoBeJeHunAd (KOI‘epeHTHOCTI/I) CIIEKTPAJIbHBIX COCTaABJIAIOIINX Ha
JaCTOTaxX COJIHEYHBbIX W JIYHHBIX IIPUJIMBOB B 3aBUCHUMOCTU OT MHTEPBaJ/ia aHa-
Jn3a

[Ipu ucciemoBaHnN OBEIEHUSI CIEKTPAIBHBIX COCTABJISIONINX HA YACTOTAX COJHEYHBIX U
JIYHHBIX [IPUTMBOB MOJIEJMPOBAJIACH KBaJIpaTypHasl CXeMa CleKTpabHOro anasmsa |?|, Ha-
CTpOeHHas Ha TH JacToThl. VcciemoBaiach 3aBUCUMOCTD OIEHOK aMILIUTY/IHOIO CIIEKTPa
JIJIsI OTPE3KOB BPEMEHHOT'O psijia OT UX JINTEIbHOCTH. [IjIs1 KaxKa0# AIUTeIbHOCTH ObLIN
IIOCTPOEHBI BBIOOPKH OIEHOK aMILIUTYHOI'O CIIEKTpa /IS HellepPEeKPbIBAIOIINXCA OTPE3-
KOB BPEMEHHOT'O PsIJIa; JIjIsl 3TUX BhIOOPOK BBIYHUC/ISLINCH CpeJ/iHee 3Ha'UeHNe, CTaHIapPTHOe
OTKJIOHEHHUEe U JIEHCTBYIONIee 3HaueHne (KBaJIpaTHbIi KOPeHb U3 BTOPOIO HAYAIBHOIO MO-
MEHTa) aMILIUTYIHOTO criekTpa. Ha prucynkax 1-3 npuBe/IeHbI 3aBUCHMOCTH STHX BEJIMINH
OT JUIMTEJILHOCTU MHTEPBaJIa aHAIN3a, IOCTPOEHHbBIE JIJIS YACTOT IIPUINBOB.

W3 npuBeneHHbIX T'PaUKOB BUIHO, 9TO B AMalla30He 3HAYEHN NHTEePBaJIa aHaN3a OT
1000 1o 30000 wacoB BemuInHA JIEWCTBYIONIETO 3HAUEHUS aMILJIUTY/THOTO CIEKTPa YMEHb-
MaeTcsd — JJIsi 9aCTOT JIYHHBIX MPWJINBOB. DTO CBHUIAETEILCTBYET, UTO HA JJIUTEIHHOM
MHTEpBaJe aHAJIM3a CIEKTPaJbHbIE COCTABJISIONINE HA YaCTOTaX JIYHHBIX IIPUJINBOB HEKO-
repeHTHBI. VHast cuTyanus HaO/II0IaeTCsl Ha 9acTOTaX COJIHEYHbIX HpuinBoB. Ha pucynke
3 MpHUBEIEH MPUMEp I CJIydasl CoJIHeIHOro npuiansa S1. Kak BuaHO n3 rpaduKoB, Ha-
0J110/1aeTCsl ACUMIITOTHIECKAs CXOAUMOCTb OIEHKHU aMILIUTYTHOTO CIIEKTPa K HEKOTOPOMY
3HAYECHUIO, 9TO CBUJICTENLCTBYET O KOT€PEHTHOCTU COCTABJIAIONIECH HA YacTOTaX COJIHEY-
HBIX [IPUJIABOB.

Boeiikoro: OueHKa KarepeHTHOGTH Ha vacToTe 0.0000104 My

Cpeanee
cKo
Oeiictryioues snavenne (43)

Adisqrit)

OueHEn amnnuTyAHaro cnekTpa, Bim

WhTepsan anannaa b, 1.

Puc.1. 3aBucumoctb cpeaHero sHadeHms, CTAHIAPTHOTO OTKJIOHEHHSI U JieH-
CTBYIOIIIEr0 3HAYEHUST aMILIUTY/IHOTO CIEKTPa OT JJIUTEIBHOCTH HHTEPBAJIa
aHaJin3a Ha dacTore JIyHHOro npuiuBa 2N2 (Jijis BDEMEHHOro psijja HabJIio-
Jlennii Ha craHun BoelikoBo, JnTeIbHOCTh BpeMeHHOro psijta 122712 q)

[TpuBeennbie 3aBUCIMOCTH MTOKA3BIBAIOT, TIOYEMY C TTIOMOIIBIO KBaIPATYPHOI CXeMBbI COJI-
HEYHbIE TIPUJIMBBI OOHAPYKUBAIOTCS, & COCTABJIAIONINE HA YacTOTaX JIYHHBIX ITPUJINBOB —
et. [Ipuauna Kpoercsd B TOM, UTO 9TU COCTABJIAIONINAE HE ABIAIOTCA KOT€PEHTHBIMU, a
,cJIeJI0BaTeIbHO, YBeJInUYeHne NHTepBaJa aHa/m3a Oy/IeT IPUBOIUTh K YMEHbBIIEHUIO 3Ha~
JeHHsl OIEHKN aMILIUTY/IHOrO ciieKTpa. Kak Oymer mokasaHo, 3TO He MeIIaeT yKa3aHHbIM
HEKOT'€PEHTHBIM COCTABJISIIOIIUM OBITh CIEKTPAJbHO JIOKAJN30BAHHBIMU B OKPECTHOCTSX
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HJaCTOT JIYHHBIX IIPpUJINBOB.

g o0 bacHeHNd CUTYaIMl MOXKET ObITh PpUHATA pabovas ruroresa, KOTopasi COCTOUT
B TOM, YTO COCTABJIAIONINE Ha YACTOTaX JIYHHBIX ITPUJIMBOB MIPEJICTABIAIOT cOOOI Tpon3Be-
JIeHUEe BBICOKOKOTEPEHTHOT COCTABJISAIONIEH Ha MOJIYJIUPYIOILYI0 COCTABIIAIONLYIO (BO3MOXK-
HO FapMOHUYECKYI0), KOTOPas MHOTOKPATHO MEHSIET 3HAK Ha WHTEPBAJe AHAJII3A.

OI_IeHKa AMIIJINTYIbl I'JIABHBbIX KOMIIOHEHT Ha YaCTOTaX JIYHHBIX IIPpUJINBOB C
IIOMOIIIBIO MEeTOoJa CcOOCTBEHHBIX BEKTOpPOB

O6paboTka BeJlach ¢ UCHOJIH30BAHUEM aHAJIN3aTOPa COOCTBEHHBIX BEKTOPOB U KOMIIOHEHT
curnasna (ACB u KC) [7], ctpykrypHas cxema KOTOpOro mpejcraBiena Ha pucynke 4. Ha
BXO0J1 6JIOKa MacIITabMpOBaHus 1 MOCTYNAeT aHaJIU3UPYEMbIi BPEMEHHON psl; B OJI0Ke 2
BBLIYHC/ISETCA KOBapUAIMOHHAS MATPUIA BPEMEHHOTO PsJIa JJId 3aJaHHOM JTUTeIbHOCTI
HHTEepBaJja aHajm3a; B OJI0Ke 3 IPOU3BOIUTCS BHIYUCIEHNE COOCTBEHHBIX BEKTOPOB 1 COO-
CTBEHHBIX 3HAYEHUI KOBapUAIMOHHON MATPHILE; B OJIOKe 4 OCYIIECTB/ISETCS X aHAJIN3.
KoBapuanuonnasi MaTpuiia B 0JI0Ke 2 BBIYHC/ISETCS C UCIIOJIb30BAHIHEM COOTHOIIEHUS 3.

Boeiikoro; DueHKa KOTeperTHOGT Ha vacToTe 0,0000220 My

Cpeanee
cko
DeiicTeyouee anavenne (43)

OueHkn amnanTyaHore cnekTpa, Bin

3 4 4
5.0x10 10 5.0x10
WnTepean anannsa t, v
Puc.2. 3aBucumoctb cpeiHero sHadeHus, CTAHIAPTHOTO OTKJIOHEHHUS U JieH-
CTBYIOIEr0 3HAYEHUST aMILIUTYJIHOI'O CIIEKTpa OT JIJIATEJIHLHOCTH HHTEPBAJIA
aHaJIn3a Ha JacToTe JIYHHOro npuiuBa N2 (/151 BpeMeHHOTO psijia Hab IO e HHiT
Ha cranmmu BoeiikoBo, jmmrebHOCTD BpeMeHHOro psiga 122712 )
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Oywetn: OugHka KorepeHTHAGTN Ha vacToTe 0.0000116 Ny

_ Cpeanee
Tt ckO b
OeficTeyruyes snavenne (43)

7
| —————  Dalsatly
i )

i

i

T I T
' ' '
_________________ O S
' ' '
' ' '
' '
I '
'

OuyeHkn amnnnTyasoro cneetpa, Bim

3 3 4
1o 5.0x10 10
MHTepean avannzat u.

Puc.3. 3aBucumocTb cpemHero sHadeHms, CTAHIAPTHOTO OTKJIOHEHHS U JieH-
CTBYIOIICIO 3HAYCHUS AMILIMTYIHOIO CIICKTpa OT JJATEJILHOCTH HHTEPBAJIA,
aHaJIm3a Ha 9acTOTe COJHEeYHOro mpusnBa S1 (/11 BpeMeHHOTro psiia HabJIro-
Jennii Ha crannun JlyImeTH, JUInTebHOCTh BDeMeHHOro psija 122736 1)

P
.

- - K=

P

e 1 —p 2 . B

Puc.4. CrpykrypHasi cxema aHajm3aTopa COOCTBEH-
HbIX BEKTOPOB M KOMIIOHCHT CHI'HaJIa

ACB u KC otHOCHTCS K KJIacCy aHAJIM3aTOPOB ¢ aJIalTHBHBIM OasmcoM; 0asmc cob-
CTBEHHBIX BEKTOPOB 1, B KOTOPOM OCYIIECTBJIsAeTCs TipeicTapienne BP na koneunom mn-
TepBajie aHasan3a, 3apucnt or camoro BP. Herpymaao mokasars (¢ mcmosb3oBaHumeM w3-
BECTHBIX TEOpeM JIMHEHHO# ajreOphl, 4TO mpejcTaBienune B Oazuce CB mpu 3amamHoi
TOYHOCTH TIpejcTaBieHus BP ma nnrepsasie anajimsa TpedyeT HAMMEHBIIIETO YUCTA KOM-
IIOHEHT, TO eCTh 00J1a/1aeT HaubOoJIbIIeHl BhIpa3uTe/IbHOCTBIO. [Ipu 9TOM camu coOCcTBEHHbIE
BEKTOPBI HECyT B cebe mHpOopMaIuio o cTpyKType ucciaeayemoro BP. Tak, npu nanuaunn
Bo BP criekTpasbhao JoKan3oBanabX KomouneHT, CB OyayT cojep:kaTh B cebe 9T KOM-
[TOHEHTBI, KOTOPbIE MOT'YT ObITH OOHAPY?KEHBI ¢ HMCIIOJb30BAHUEM CTaHIAPTHBIX CPEJICTB
CIIeKTpasIbHOro anaau3a. Ilokaszamo 6], aro ciexrpanpusiii anammns CB obiamgaer 6osbieit
YYBCTBUTEILHOCTHIO YeM KJIACCUYIECKUIl CIIeKTpasIbHblil anain3 BP, B Tex ciaydasx, Kora
KOMIIOHEHTHI He sBjsiiorcs KorepenTHbiMu. ACB u KC Bo MHOruX ciiydasix mo3BoJIsieT
BBISIBJIATH THI aHasm3upyemoro BP [4].

UcnonbzoBanne ACB u KC nenecoobpasno B Tex ciiydasix, KOTIa HCIIOIb30BaHNIe KJIac-
CUYIECKON KBaJIPaTyPHOI CXeMbI CIEKTPAJILHOTO aHAJM3a BbI3bIBAET 3aTPY/IHEHNE B CHITY
HekorepenTnoctu BP.

Pucyaku 5 u 6 mwumocrpupyior pabory ACB n KC npu anmanuse IByX KOHKPETHBIX
JIVHHBIX mpumBoB — M2 u 2N2 — ma waTepnase anaym3a 1000 9acoB ij1d BpeMeHHOTO
psijia HaOJIIOIeHnit Ha cTaHiuu BoeiikoBo ([mmTesIbHOCTD BpeMeHHOTo psijia 122712 qacos).

Ha neBom rpaduke pucynka b rnmoxkasan 179-b1it cOOCTBEHHBII BEKTOD, JTOKAJIU30BAHHbII
BOJIM3M YacToThl M2, a Ha mpaBoM rpaduke — ero aMIIUTYIHBIH CIIEKTP, OIIPEJIeIEHHbII ¢
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UCIIOJIb30BaHneM OBICTPOro mpeobpazoBanusg Pypbe, UMEIONINH MAaKCUMYyM BOJIM3U YACTO-
ThI JIyHHOTO npunBa. SHaderue VK ompenensercs mo rpaduky aMIIITYIHOTO CIIEKTPA
u npuBejieno B Tabsmie. Pucynok 6 miamoctpupyer nosegenue CB Nel34; ammauTyanbrit
cekTp 3Toro CB Jyokann3zosan BO/M3KM 4acTOThl puanusa 2N2.

C ucnonpzoBannem ACB u KC 6bmr ocTpoeHsr 1 IpoaHaIn3upoBaHbl COOCTBEHHbBIE
BEKTOPBI TPEX BPEMEHHBIX PsiIoB HabJoIeHwi (Ha crannusax Boeiikoso, dymern n Bepx-
uast [ybposa) /it nHTEpBasa aHaan3a 1nTeabHocThi0 1000 9acoB; BBISIBICHBI COOCTBEH-
Hble BEKTOPDbI, MAKCUMYMbBI aMILIUTY/IHBIX CIEKTPOB KOTOPBIX OJIM3KH K TaOJIMYHBIM dYa-
CTOTAM U3BECTHBIX JIYHHBIX U COJTHEUHBIX IIPUJIMBOB; JIJIs BCEX OTOOPAHHBIX COOCTBEHHDBIX
BEKTOPOB OIPEJIEIeHbI:

1. Nunekc KorepeHTHOCTH,

2. OrHOCHUTENbHOE YKJIOHEHNE MAKCUMyMa aMILTUTY/IHOTO CIIEKTPa OT YaCTOTHI MPUJIU-
Ba,

3. 3nauenne kputrepus MKK,

4. HopmupoBannoe coOCTBEHHOET3HAYEHUE,

5. AMH.HI/ITy,ZLa IJIAaBHOM KOMIIOHEHTDI, BbBIYUCJ/ICHHasd C MCIIOJIb30BaHMEM COOTHOIIICHUI

6.

Ot60op CB, crnekTpaabHO JIOKAJIM30BAHHBIX BOJIM3U YaCTOT JIYHHBIX IPUIMBOB, OCY-
IIECTBIISAIICS IO 3HAYCHUIO KpUTepus MakcuMmyMa Koadduimenta koppessinun CB u rap-
MOHUYECKOTO BeKTOpa Ha 3ajanuoil yacrore (MKK).

B Tabmure 1 nmpuBegeHbl pe3yabTaThbl OTEHKN aMILIUTY/bI TJIABHBIX KOMIIOHEHT Ha Ja-
cTOTax JIYHHBIX IPUJIMBOB 110 craniusim Boeiikoso, Bepxuss /lyoposa, lymern (CB —
COOCTBEHHBIIT BEKTOD).

Tabsuma 1. AMIIMTYIbI TJIABHBIX KOMIIOHEHT Ha 9acTOTaX JIyHHBIX PUIMBOB, 3HAa-
yenug MKK u K
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[pumus | T (uac) Cranmus Homep CB | MKK | Ammmryna (B/m) | UK
2N2 14.3261 BoeiikoBo 134 0.54 0.74 77.89
2N2 14.3261 | Bepxuaa lyoposa 130 0.52 0.63 16.33
2N2 14.3261 Jymern 107 0.39 0.65 31.59

J1 23.0646 BoeitkoBo 89 0.60 0.97 107
J1 23.0646 | Bepxusis /Iyoposa 82 0.48 0.89 113
J1 23.0646 Jymern 119 0.38 0.63 o7
L2 12.1991 Boeitkoso 176 0.46 0.63 37
L2 12.1991 | Bepxuaa lyoposa 143 0.36 0.60 53
L2 12.1991 Jymern 127 0.37 0.62 49
M1 24.8724 BoeiikoBo 80 0.62 1.03 147
M1 24.8724 | Bepxusasa /lyoposa 7 0.54 0.92 134
M1 24.8724 Hymern 124 0.31 0.62 31
M2 12.4(6) BoeiikoBo 179 0.60 0.62 227
M2 12.4(6) | Bepxuss lyb6posa 145 0.45 0.60 27
M2 12.4(6) Hymern 131 0.40 0.61 32
N2 12.65 Boeitkoso 167 0.49 0.65088 67
N2 12.65 | Bepxussa /lyoposa 135 0.32 0.62 59
N2 12.65 Hymern 131 0.38 0.61 58
01 25.8176 BoeitkoBo 62 0.63 1.13 132
o1 25.8176 | Bepxusasa /lyoposa 85 0.27 0.88 109
o1 25.8176 Jlymern 40 0.46 0.79 9
001 18.9891 BoeitkoBo 112 0.62 0.83 15
001 18.9891 | Bepxusasa Jlyoposa 101 0.36 0.77 32
001 18.9891 Jymern 134 0.30 0.61 28
Q1 25.71(6) Boeitkoso 62 0.56 1.13 132
Q1 25.71(6) | Bepxusas /Ly6posa 85 0.41 0.88 109
Q1 25.71(6) Hymern 40 0.50 0.79 9

3akJjroueHue

[Tokazano, 4TO MOBEJCHUE OICHOK aMILIATY/IHOTO CIIEKTPa BPEMEHHBIX PsAJIOB BEPTUKAIb-
HO¥ COCTABJISIONIEH SJIEKTPUIECKOTO TI0JIsI IIOIPAHUTHOTO CJI0si aTMOChephl 3eMJIN Ha, Ua-
CTOTaxX JIYHHBIX IIPUJUBOB CYIIECTBEHHO OTJIMYAETCs OT OIIEHOK Ha YacTOTaX COJIHEYHBIX
IpUINBOB. B 9acTHOCTH, OIEHKA aMILIATY/l CIEKTPAIbHBIX COCTABJIAIONINX HA YaCTOTaX
JIYHHBIX IIPMJIMBOB YMCHBIACTCA C YBEJIMICHUEM MHTEPBasa CICKTPAJIbLHOIO aHAJIN3a — B
TO BpeMsd KaK OICHKN Ha JacTOTaX COJHCYHBLIX IIPUJINBOB CXOAATCA K HEKOTOPOMY HEHYJIC-
BOMY 3Ha4YeHUIO. TaKnmM 0Opa30M, OIEHKA aMILUIUTY/I CIIEKTPAIbHBIX COCTABJISIONINX Bpe-
MEHHBIX PAJIOB BEPTUKAJIBHON COCTABJIAIONICH 3JIEKTPUICCKOrO MO ITOIPAHUIHOTO CJI0A
armocdepbl 3eMJIn HA FacTOTaX JIYHHBIX HPUJIUBOB C HCIOJb30BAHUEM KBaIPATyPHOI
CXeMbl HEBO3MOXKHa&, B CHUJIy HEKOI'€PEHTHOCTHU 3TUX COCTABJSIONIUX — B OTJIMYHUE OT CO-
CTaBJIAIONINX Ha YaCTOTaX COJIHEYHBIX IPUJIMBOB.

JL1g OTIeHKN HEKOTE€PEHTHBIX COCTABJIAIONINX BPEMEHHDBIX PAJIOB, JIOKAJIM30BAHHBIX Ha,
YaCcTOTaX JIYHHBIX ITPUJIUBOB, IIPE/IJIAraeTcs UCIOIb30BATH aHAIN3aTOP COOCTBEHHBIX BEK-
TOPOB M KOMIIOHEHT CUTHAJIOB [4]. B HéM oreHmBaeTcst KOBapHannoHHAsT MATPHIA BPEMEH-
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HOTO DsA/JIa, BBITHUCIAIOTCA €€ COOCTBEHHBIE BEKTOPBI U OTOMpAIOTCA Te€ U3 HHUX, KOTOPBIE
HIMEIOT MaKCHMYM aMILTHTY/IHOIO CIeKTpa OJIM3KUI K YacToTaM JIyHHBIX HPHIHBOB. O1-
HOBPEMEHHO C COOCTBEHHBIMU BEKTODAMNI OIEHUBAIOTCA U COOCTBEHHBIC 3HAYCHU, 3HAHNIE
KOTOPBIX HO3BOJISET ONPEJEIUTh JeHCTBYIONINE 3HAYCHIA B3aUMHO HEKOPPEIMPOBAHHBIX
COCTaBJIAIONINX, JTOKAJIN30BAHHBIX Ha YaCTOTaX JIYHHBIX IpUInBoB. OIeHKa aMILIATY L Ta-
KX COCTABJIAIONINX [OKa3aa, 910 onu umMetor esmanny 0.60-1.13 B/wm.

[Ipenoxkennas METOIUKA MOYXKET OBITH UCIIOJIHL30BAHA JIJIA BBISIBJICHUA HEKOTE€PEHTHBIX
B3aUMHO HEKOPPEJMPOBAHHBIX CHEKTPAJIHHO JIOKAJIM30BAHHBIX COCTABJIAIONINX BPEMEHHBIX
PAI0B TeoU3NICCKUX HAOJTIOICHUIA.

Pabora ocymiectsiena npu noauep:kke: 'ocymaperserroe Samanue 5.2971.2011, rpant
POOU Ne11-05-97518, OIIIT 14.B37.21.0668.
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MEASUREMENTS OF THE CASIMIR FORCE BETWEEN
CORRUGATED SURFACES CONSTRAIN AXION TO NUCLEON
COUPLING CONSTANTS

L. Klimchitskaya®

eF-mail: — Department of Astrophysics, Central Astronomical Observatory at Pulkovo of
the Russian Academy of Sciences; Institute of Physics, Nanotechnology; Telecommunications of
St.Petersburg State Polytechnical University

We obtain stronger model-independent constraints on the pseudoscalar coupling cons-
tants of axion-like particles to nucleons from experiments on measuring the normal [1] and
lateral [2,3] Casimir forces between sinusoidally corrugated surfaces of a sphere and a plate
by means of an atomic force microscope. Axions help to solve the problems of large CP
violation in quantum chromodynamics and dark matter in astrophysics and cosmology.
Because of this, there are many attempts on searching axions in both the laboratory
experiments and astrophysics. Specifically, the magnetometer measurements, Eotvos- and
Cavendish-type experiments, axion solar telescopes, observations of supernova explosions,
globular cluster stars etc. have been used. Recently it was suggested to constrain the
coupling constants of axions to nucleons from experiments on measuring the Casimir
and Casimir-Polder forces in configurations including spheres and plane plates as the test
bodies [4-6]. Keeping in mind that the test bodies in Casimir experiments are unpolarized,
the process of two-axion exchange has been used for this purpose.

Here we calculate the normal and lateral additional forces due to two-axion exchange
in the configuration of experiments of Refs. [1-3|, i.e., between sinusoidally corrugated
surfaces of a sphere and a plate. We use the fact that in the limit of experimental errors
the theoretical Casimir forces were confirmed and no additional force was observed. From
this we find that the constraints, following from measurements of the normal and lateral
Casimir forces, are stronger than the model-independent constraints reported so far for
the axion masses larger than 11 eV and 8 eV, respectively. We also perform the comparison
between various model-independent constraints obtained from the magnetometer measu-
rements, Eotvos- and Cavendish-type experiments and from the Casimir effect over the
wide interaction range of axion masses from 0.1 neV to 20 eV.
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JTETEKTUPOBAHUE AKCHOHOB C IIOMOIIIbIO
NIBYXKOHTAKTHOTO
CKBUJIA

B.A. ITonos®

eE-mail: vladipopov@mail.ru; Kazauckuit denepasbubiii yausepcurer, Kazaub, Poccust

[Ipuposia TemHoOIt MaTepun ABJIACTCA HA CENOIHANIHUI JIEHb OJIHON M3 TJIABHBIX 3ara-
JIOK B KOCMOJIOTHH. 3a BpeMsi, IPOIIeIIee ¢ MOMEHTa OOHAPYZKEHUsT CBUJIETE/ILCTB IIPH-
cyTcTBUs BO BceeseHHOM CKPBITON Macchl ObLIT BBIIBUHYT IEJbIH Psi/l KAHIHIATOB HaA 3Ty
posib. Cpem HEUX UMEIOTCA Kak coBepiieHHo HoBble dactuilbl: WIMP, cBepxiierkue cka-
JIIpHBIE YaCTUIIBI U T. ., TAaK U 9aCTHIBI, 3ajeficTBoBanable B CTaHIapTHOW MOJIC/TH 1 €€
pacIIUPEeHusiX: CTepUuibHbIe HEUTPUHO, aKCUOHBI U T. JI.

AKCHOHBI SIBJISIIOTCSI OJIHUM U3 HanboJiee TPUBJIEKATE/IFHBIX KaHIUIATOB HA POJIb -
crut, TeMuoit marepun. VX skcnepuMenTaabHoe 0OHapyKEHUe TTO3BOJIMIO ObI TPOIBUHY Th-
¢d U B KOCMOJIOTHIECKUX HCCJIEIOBAHNUAX, U B obOJiacTu perierus cuibHoit CP-1ipobJieMbl.
ITo 9Toit MpUYMHe SKCIePUMEHTHI 110 MOUCKY aKCHoHOB ¢ Maccoit 1076 — 1073 aB asisaiorca
OJIHUM U3 IPUOPUTETHBIX HAIPABJICHUI COBPEMEHHON HAYKH.

B namnoit paborte ncciempyercs BausHue akcuoHoB Ha jaByxkoHTakTHBINT CKBUJI. 1:x0-
3edCOHOBCKME KOHTAKTHI UMEIOT HECOMHEHHBIE JIOCTOUHCTBA, JIJIA SKCIIEPUMEHTAILHOTO 110~
UCKa& aKCHOHOB:

1. gacToThs! 12K03e(PCOHOBCKOI TeHepalli COOTBETCTBYIOT OXKUJIA€MOI Macce aKCHOHA;

2. COBpeMeHHbIE JI2KO3e(COHOBCKUE TIEPEXO/Ibl MOI'YT PabOTaTh B IMIUPOKOM JTUAIIA30HE
MAarHUTHBIX ITOJICH;

3. MarHUTOMETPhI Ha Oaze J12K03eCOHOBCKUX KOHTAKTOB 00J1a/1al0T OecIrperie/IeHTHOI
quCTBI/ITeHBHOCTbIO.

OHako, aKCHOHBI HaubOJIee CUIHLHO HPOSBIAIOT ¢e€bsi B HEOJIHOPOJHOM MArHUTHOM II0JIE,
[IO3TOMY OHH HEe OKA3bIBAIOT BJIMSHUS HA COCPEIOTOYEHHBIN KOHTAKT. VX B3anmMoaeiicTBre
¢ MArHUTHBIM II0JIEM MOYKET OKa3aThCsI 3aMETHBIM B PACIIPEIEIEHHON CHCTEeMe, TAKOM Kak
JIBYXKOHTAKTHBI HHTepP(EpOMeTp, eCli K IMOCTOSTHHOMY ITOJII0 HOAMArHUIUBAHUSA J00a-
BUTDH IEPIEHINKY/ISIPHOE €My HEeOJTHOpO/HOe MarHuTHoe moje. [lociennee 3a cuer B3a-
UMOJIECTBHUSI ¢ AKCHOHAMU OyJIeT CO3/aBaTh JIOMOJHATEIbHBII MarHUTHBIA ITOTOK depe3
naTEpdhEPOMETP.

[Tokazamno, aTo B Takoit Kondurypainn Ha BoabT-aMiepHoii xapakrepuctuke CKBU da
JIOJIZKHBI HAOJIIOJAThCsI CTYIIEHBKI TOKA, aHAJOTMIHBIe cTyneHbKaMm [lanupo aist ogmHap-
HOI'o KOHTaKTa. HampsizkeHne Ha cTylleHbKe COOTBETCTBYET Macce akcuoHa. Takoit s dexrT
MOXKET TOC/IY>KATh OCHOBOI /IS JIETEKTOPa AKCHOHOB.

N3MEHEHUE YIJIOBO CKOPOCTU BPAIIIEHU S TEJI KAK
JAETEKTOP 'PABUTAIIMOHHBIX BOJIH

FO.A. TlopTHOB®

eE-mail: portnovyura@yandex.ru; MockoBcKuii rocyjapcTBeHHbI yHUBEPCUTET IledaTn nmenn sa-
na Penopora, Mocksa, Poccust
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B paborax [1], [2| u [3| 6buta OKazaHa n 060CHOBaHA HEOOXOIMMOCTD BBEJICHHS CEMII-
MEPHOI'O IPOCTPAHCTBA-BPEMEHH B TEOPUIO TDABUTAIUK JIJIsl OLUCAHUS TIOCTYIATEIHHOIO
U BPAIATEILHOTO JBUKEHUs TeJl.

B nacrosimeii pabore MOKa3aHO, YTO U3MEHEHHE TDABUTAIMOHHOIO MOTEHIUAJA Bbl-
3bIBAaeT y CBOOOJIHO BPAIAIONIETrOCs Tejla U3MEeHeHne yIVIOBOH cKopocTu Bparenus. s
cBOBO/IHO BPAIIAOIIEr0OCs TeJla, KOTOPOe He UCIBITHIBACT HPEIEeCCHH U HY TAIAH, TI0JIyYeHO
YpaBHEHUE JIBU2KCHHA B BUJIE:

_ 599

Ep = Eww.

N3 ypaBHEHUS BUJIHO, YTO €CJIM B TOYKE HAXOXKJEHU TesIa MPOUCXOUT U3MEHEHUe T'Pa-
BUTAIIMOHHOI'O IOTEHIINAA ¢, TO IPU HEHYJIeBOI yIJIOBOIl CKOPOCTU BpaIlleHus W, Oy/eT
IPOUCXOJUTH U3MEHCHUE BEJTMUNHBLI CKOPOCTU BPAIICHHUA €.

N3menenne rpaBUTAIIMOHHOTO TTOTEHITUAIA ¢ B HEKOTOPOW TOYKE MPOCTPAHCTBA MOXKET
IIPOUCXO/IUTH TIPU MTPOXOKJICHUN depe3 JTaHHYI0 TOUKY I'PABUTAIMOHHON BOJIHBI.

Actpodusntieckne HabIIIOIEHUS TTOKA3BIBAIOT, 9TO Y HEKOTOPBIX IY/JIbCAPOB HAOJIIO/1a~
IOTCA CKaYKOOOPpa3Hble M3MEHEHUs TIEPUO0JIa 38 BPeMs, He MPEBBIIIAIONee HECKOJILKUX CY-
TOK. AHAJIN3 JAHHOIO SIBJIEHUSI C YIE€TOM BBIIIEIIPUBEICHHOIO YPABHEHHS [TO3BOJIAET BbI-
JIBUHYTH TUIIOTE3Y, YTO NPUIHHON U3MEHEHUsI TIePUO/ia BPaIlleHns IY/JIbCapoB MOT'YT ObITH
rpaBUTAITMOHHBIE BOJIHBI.
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(yusvlad@rambler.ru), Barpos B.I". (bagrov@phys.tsu.ru).

Ceknusi B: KBanToBasi rpaBuTaliusi, TeOpusi CTPyH, CyIIEPCUMMETPUS
Pykosoguresu cexrun: Fanbios [1.B. (galtsov@physics.msu.ru), I'pu6 A.A.
(andrei grib@mail.ru), Mocrenanenko B.M . (vmostepa@rambler.ru)

Cekius C: MHoromepnasi rpaButanusa U yHIaMeHTaJIbHble (pu3dmiecKkue KOH-
CTaHTBI

Pykosoguresu cexkrun: Mesnbuukos B.H. (melnikov@phys.msu.ru), Usamyk B./I.
(ivashchuk@mail.ru)

Cekiusa D: Kocmosiorus
Pykosomurenn ceknun: Crapobunckuii A.A. (alstar@landau.ac.ru), Uruarses FO.I
(ignatev_yu@rambler.ru).

Ceknusi E: PenaruBucrckas acrpodusuka. YepHble ObIPbl 1 KPOTOBbIE HOPBI.
PykoBopurenn cexrun: Bucnosarsrii-Koran [.C. (gkogan@iki.rssi.ru), Bponnukos K.A.
kb20@yandex.ru), Cymkos C.B. (sergey sushkov@mail.ru).

Ceknus F: I'paBuranimoHHbIiI 3KCII€EPUMEHT
PykoBogurens cexknun: Pynenko B.H. (rvn@sai.msu.ru).

Mexx/1yHapO/IHbII OPraHU3aIMOHHbINI KOMUTET:
IIpesuguym

e B.H. Mesnbuukos (mnpescenaressb, npesugent PI'O, Ientp rpaBurarmun un dyHIamen-
tasbroit MeTpostorun BHUMMC u UucturyT rpasutanuu u kocmosoruu, PY/IH, Mocksa);
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e IO0.I. Urnarwver (Bume-tipescenaresns, KOV, MHeruTyr MaTeMaTHKn U MEXaHUKU WM.
H.1. Jlobauesckoro, Kazann);

e A A. Crapobunckuii (Bute-tipejicenarens, UTO um. Jlangay, PAH, Mocksa);
e /I.B. lasbros (Bure-mipescenarens, MI'Y, Mocksa);

e [0.C. Bragnmupos (Burne-tpescenaresns, MI'Y, Mocksa);

e C.B. Bosioxos (yuenstii cekperaps, PI'O, PY/IH, Mocksa).

YyieHbl MEXK/yHapOJHOrO0 OPrKOMUTETA:

M. A6umes (Kas. Ham. Yu-1, Anmarer, Kazaxcran), J.-M. Alimi (LUTH, Obs. Paris-Meudon,
France), B.I'. Barpos (TTY, Tomck), B.A. Bermnckuit (ICRA, Uranus), B.A. Bepesun (1u-
1 saepubix ucesa. PAH, Mocksa), I.C. Bucnosarsriit-Koran (u-1 kocm. ucen., Mocksa),
K.A. Bpounukos (III'dOM BHUUMC, PYIH, Mocksa), 1.JI. Byx6uuaep (TTIT'Y, Tomck),
S.Capozziello, (Universita’ di Napoli "Federico II, Ttaly),B.I1. ®posios (Kanana), A.A. T'pub
(Opunmanosckas naboparopusi, C.-ITerepbypr), M. Kenmoku (NWU, Nara, Japan), M.O.
Xuonos (TAP, France, Kocmuon, Mocksa), B.H. JTykam (Acrpokocmuueckuii nearp PUTAH,
Mocksa), Luo Jun (HUST, Wuhan, China), Roy Maartens (Inst.Grav.& Cosmol., Portsmouth
Univ., Britain), K.-I. Maeda (Waseda Univ, Tokyo, Japan), S.D. Maharaj (KwaZulu-Natal
Univ., Durban, SA), A. Munkesuu (BI'Y, Munck, Benapycs), B.M. Mocrenanenko (I'AO,
CII6), V. Mueller (AIP, Potsdam,

Germany), J.V. Narlikar (IUCAA, Pune, India), J. Nester (NSU, Taiwan), H. Nicolai (AEI,
Golm, Germany), K. Nordtvedt (USA), M. Novello (CBPF, Rio de Janeiro, Brazil), 11./1.
Hosukos (Acrpokocmuveckuii niearp @PUMAH, Mocksa), C. Romero (UFPB, Joao Pessoa,
Brazil), B.A. Py6akos (u-1 snepubix uccst. PAH, Mocksa), B.H. Pynenxo (TAUII, Mocksa),
R. Ruffini (ICRA, Ttaly), K. Sato (IPMU, Tokyo Univ., Japan), M.B. Caxun (TAWIII,
Mocksa), Sung-won Kim (EWU, Seoul, Korea), C.B. Cymkos (K®V, Kazaunsn), R. Triay
(CPT, CNRS, Marseille, France), A.M. 2Kyk (Ogecckuit Har. Yu-1, Ykpanna), A.Il. Ed-
pemos (PY/IH, Mocksa), C.B. Hepson (Yal'IlV, Vabsauosck), 9.B. Uybapsn (Epesanckuii
'V, Epesan, Apmennst).

MecTHbIii OpraHU3aIMOHHbINI KOMUTET:

e IIpencenaresns: npod. Urnarses FOpuit 'ernanpesna (ignatev  yu@rambler.ru)

e Compencenarens: npod. Cymkos Cepreit Biagnvuposnd (sergey sushkov@mail.ru)
e VuéHblil cekperapb: joir. [lonos Apkasuit Anekcanaposud (arkady popov@mail.ru)

o Texamuecknit cekperapb: Camurymna Asicy Punarosna (alsu sam@rambler.ru)
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INFO! MH®OPMAIINA O ME2KJIVHAPOJHBIX IITKOJIAX «GRACOS»

Mexkaynapoaaas mKosta 1mo rpaputanun 1 kocmosorun « GRACOS-2014» mpoBomuTes ma-
pasenbuo ¢ MexyHapoHoit KondepeHueil mo rpaBUTalii, KOCMOJIOTUN U acTPOMU3U-
ke — 15-it Poccniickoit rpasutarnmonnoit kondepenruu, ¢ 1 mo 10 uona 2014 1. Ilepecede-
Hue MKOJIbI ¢ MexK1yHapo1Hoi KoHndepeHueii o rpaBuTaIum, KOCMOJIOTUNA U aCTPOMU3NKE
(30.06. - 05.07) O3BOJIMT, BO-IIEPBBIX, JaTh BO3MOYKHOCTH MOJIOJBIM CJIYIIATENSIM IIKOJIbI
IIPUCYTCTBOBATh Ha JOKJ/IaJIaX BEIYIIUX YUYEHBIX U CIAeJaTh CBOM JIOKJAJbI, &, BO-BTOPBIX,
- UCIOJIb30BATh HAYYHBIN MOTEHIUA]T KOHMEPEHIINN I OPraHu3aluu JIeKINUi JIId yIacT-
HnkoB 1mKoJibl. [IIkosa mo rpasuramuu u kocMmojgorun GRACOS sasnsercss Tpa uiinoHHOM
JleTHelt Koo i Kazanm — ona perysspro u ycrenao mposojuted ¢ 2007 roja, cHavdasa
— Ha Oase TaTapckoro rocyaapCTBEHHOIO I'yMaHUTaPHO-IIEarornvIecKoro YHUBEPCUTETa, a
¢ 2012 roma — Ha Gaze Kazanckoro denepasbHOro yHuBepcuTeTa. Llesb MIKOJIbI —TI03HAKO-
MHUTHb MOJIOJBIX YYEHBIX C pe3yJbTaTaMi M MEeTOJaMU HaydIHbIX HCCJIeI0BAHUI B OJIHONW W3
nauboJsiee pyHIaMEHTATBHBIX U CJ0KHBIX 00JIaCTEll COBPEMEHHOI TeOpeTnIecKoil (hbu3uKm —
TEOPUN rpaBUTaIny, PyHIAMEHTAJIBHBIX 0JIel 1 KOCMOJIOTHH, B YaCTHOCTHU, C PEe3yJIbTaTaMu
IIPOPBIBHBIX MCCJIEIOBAHUN Ha CTBIKE KOCMOJIOTUHU, Teopun yHIaMEHTAJIbHBIX 10JIei u dhu-
3UKU JEMEHTAPHBIX YaCTHUIL, TOJYIEHHBIMU B HocjeaHue 3 roja. TeM caMbiM, IIPOBEJIEHUE
IIKOJIBI OYJIET CIIOCOOCTBOBATD IOBBIIICHHUIO TPO(ECCHOHATN3MA MOJIOIBIX HCCIeI0oBaTe e —
(PpU3MKOB TEOPETUKOB M MATEMATUKOB B 00/1acTH (PYyHIAMEHTAJILHON (DU3UKKN 1 OYJIeT MOTH-
BUPOBaTh UX HayJIHbIE UCCJIEIOBAHUSI.
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II POCCUMICKA S IITKOJIA TI0 TPABUTAIINU Y1 KOCMOJIOTUUN GRACOS-
2009
1 MEXKIYHAPOJIHBII CEMUHAP
«COBPEMEHHBIE TEOPETUYECKWUE ITPOBJIEMBI TPABUTAIIAN
1 KOCMOJIOTUM»' 23

IO.T. HFHaTbeB, Kasanckwii(IIpuBoskckmii) ¢pepepanbHblii yHUBEPCHTET,

Kazanp, Poccust

1E—mail : ignatev_yu@rambler.ru

1. Oprkomuretr u MmectopacnoJsioxkeaue Gracos. Poccutickuit dbomn dhyHamMmeHTa b
HBIX MCCJICIOBAHUI TTO/JIepKaJl MIPOEKT 10 opranu3aruu u nposejennio 1 Poceniickoit mrko-
JIBI 10 TpaBuTaruu u KocMosoruu — Gracos-2009. O1HOIT 13 OCHOBHBIX IIeJI€il IIPOEKTa, sIBJIsI-
ercsd IPUBJEYEHNE TAJAHTINBON POCCUICKON MOJIOJEXKHU, CIIeUaIn3upyoleiics B obsacTu
TEOPEeTUIECKON (PU3NKM, acTPOPU3NKH, MPUKIAJTHON MaTEeMATUKNA U MaTeMaTUIECKOIO MO-
JICIMPOBAHNSA, K HAYIHBIM HCCJIEOBAHUAM B 00/1aCcTH (hyHIaMeHTaIbHOW (DU3NKU, 3HAKOM-
CTBO €€ ¢ OCHOBHBIMU ITPOOIeMaMu, UJAECIMIA ¥ METOIAMHI UCC/IeI0BAHIS COBPEMEHHOM Teopun
rpaBUTAIMA U KOCMOJIOTUHU, & TaK:Ke Pas3sBUTHA MPOdEeCCHOHATN3MA HayIHON MOJIOICKHU B
obJrtactu Teoperndeckoit dpuszuku. I[lapastensno ¢ paboroit mKojbl npoBoauca Mex yHa-
poaHbIil Hay4HBIT cemuHap «CoOBpeMeHHBIE TPOOJIEMbI TEOPUN IPABUTAIIMA W KOCMOJIOTUN .
DTa BTOpas Moj00Hast HaydHas KoHdepenius, punancupyemas PODOU u npoBogumast Ha
6aze TTTIIY (Tarapckoro rocy1apcTBEHHOIO I'yMaHUTAPHO-TIEArOMMYECKOT0 YHUBEPCUTETA,
r. Kasanb) B ero yue6HO-03710pOBUTEIHLHOM HEHTPE «ZlJIbUNK», PACIIOIOKEHHOIO Ha Oepery
JKUBOIIMCHOTO Tae:KHOTro o3epa Anbank B Pecriybsiuke Mapnii-9..

Puc.1. Beper ozepa HAapunk B MecTe IPOBEICHUS
mikostsr Gracos-2009 (ghomo npedocmasaeno asmopom)

Bribop IIpesumnymom Poccuiickoro rpasurtarmonnoro obmecrsa TTTIIY B KadecTBe Oa-
3bI JIUCTOKAIE POCCHIICKOM TITKOJIBI TPABUTAINN 1 KOCMOJIOIHH MTPOJIMKTOBAH PsIJIOM 00CTO-

ICrarbs namucana mo 3aka3y Pemaxuun «Becrnuka PO®I», HO 110 HEM3BECTHLIM IPHYMHAM He GbLIa OIry6IMKOBaHA; TIepe-
neuarka u3 “I'pynos Poccuiickoii jleTHell MIKOIBI 110 rpaBUTanuu U Kocmosioruu u Mexxaynapoauoro cemunapa «CoBpeMeHHbIE
Teopernyeckue NpobieMbl IpaBuTanuu U Kocmosiorun»”, 3-7 cenrsiopst 2012 r., Kazaup—npank. / nox pex. FO.I. Urnarbesa.
— Kazanp: Kazanckuit yauusepcurer, 2012. - 116 c.

2@racos — cokpamienne ¢dhpassr Gravitation and Cosmology, SBJISIONIEHCS OZHOBPEMEHHO ¥ HA3BAHHUEM MEKIyHAPOIHOTO
Hay4YHOro »KypHaJja Poccniickoro rpaBuUTalMOHHOTO 00INECTBa, u3zamomerocs uagareascrsoM Springer (USA).

311 Poccumiickast MKoJIa O MPABUTAIME W KOCMOJIOTHH TPOBe/eHa, 1o rpanty PODU Ne 09-02-06041-r.
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ATEIHLCTB: BO-TIEPBBIX, Kazanb dBjsgeTcd oJnuM u3 HanboJjiee KPYITHBIX IEHTPOB UCC/IEI0Ba~
HUit B 00JIACTU TPABUTAIIMU U KOcMoJjioruu, BO-BTOpbIX, B TT'TIIY sokanmm3oBana ogna us
CUJILHENIITNX IPABUTAIIMOHHBLIX TPyt Poccun, B KOTOPOIT yCHenrHo paboTaloT U BBITOJTHSIIOT
JIICCEPTAINU MOJIOJIble yuenble, B- Tperbux, B TTTIIY uMmerorcsa neoOxoanMble CTPYKTYPbI
U BO3MOXKHOCTH JIJIsI PeaIU3aIiy TpoeKTa PoccuilcKoil MIKOIbI TPaBUTAIUN U KOCMOJIOTUH,
B YaCTHOCTH, 3TO Y4eOHO-O3/I0POBUTEILHBIN TeHTp «Anbunk». Hakoner, rpaBuTarmonnas
rpymna TT'TTIY mMmeer ycremnbiii OBIT MPOBEJICHUA KPYIIHBIX HAYYHBIX KOHIPECCOB — 3TO
12 Poccniickast rpaButarnmonnast Koudepeniws (Mexk ryHapo Has KOHGEPEHITs 110 IpaBHTa-
i, Koemostorun u actpodusuke, 2005 1., rpant PODU 05-02-26044-1.), Poccuiickas mkosa
o rpasutarmu u Koemostorun Gracos-2007 (rpaat PODU 07-02-06043-r), Mex 1yHapoHbIit
cemuHap «CoBpeMeHHbIE MPOOIEMBbI TeOPUH TpaBUTAINK 1 KocMoJoruny (rpant PODU 07-
02-06011r, 2007), Mezxkaynapojtas HaydHO-IIpakTUUecKas KoHbepernus «VHbopmarmon-
Hble TEXHOJIOruN B obpasoBanun u Hayke» (2007 ., rpant MunO6p u wayku PT).

Puc.2. Pesunennus Oprkomurera Gracos-2009 B Ma-
purickoi raire

2. KonTuHrenT y4vactHukoB. Bcero 0Obu10 3apernctpupoBano 107 y4acTHUKOB IKOJIBI-
ceMMHapa, U3 HUX: JIEKTOPOB IMIKOJIbI — 15 (Bee JIOKTOpa HAyK), JOKJIAIUIUKOB — 87, Cirylia-
teseit — 20. KadecrBennsiii cocras yaacTHUKOB 6611 craeytommii (Puc. 3).

Taxum obpazom, MPUMEPHO MOJOBUHY YIACTHUKOB ITKOJIbI-CEMIHAPA COCTABJISLIA OCTeIIe-
HEHHbIEe yYeHbIe, BTOPYIO MOJIOBUHY — MOJIOJbIC Y4YeHble, aCIUPAHTBI, MATUCTPAHTHI U CTY-
JIGHTBI cTapinx KypcoB. [louru derBepTh YYaCTHUKOB IIKOJIBI CEMUHAPA COCTABJIAIN JTOK-
Topa (PU3MKO-MaTEMATUIECKUX HAayK, CHEIUAJIUCTHl BBICOKOTO MEKIYHAPOIHOTO HAYTHOTIO
ypoBHsI — (DaKTUIECKN HA OJHOTO acIUpaHTa MPUXOIN/ICA OJuH JTOKTOp Hayk. C OHO# cTO-
POHBI, TaKas MPOIOPIHS, KOHEYHO, ObLIa BLINOJIHA MOJIOJIBIM YYacTHUKAM KOH(EpeHInn,
TaK KakK JlaBajla UM BO3MOXKHOCTH TECHBIX HAYYHBIX KOHTAKTOB C BEJIYIIUMH CIENUaInCTa-
MU B obJlacTu rpaBuTaruu u Kocmosiorun. C JIpyroif CTOPOHBI, 9Ta MPOMOPIUS YKa3bIBaeT
Ha IUIAYeBHOE TMOJIOYKEHNUE, CJIOKUBIINeecd B (DYHIAMEHTAJLHBIX HayKaX, — HU3KUN yPOBEHD
MIPUTOKA MOJIOJIEY)KU B cdepy HaydHON JledTebHOCTA. He KaXKJIbIil CTyeHT U He KaryK bl
ACIUPAHT CTAHOBUTCH KAaHJIMJIATOM HAYK, U JIAJIEKO HE KaXKJIbI KaHIUJIAT — JOKTOPOM Ha-
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VK. DTO HEy/I0BJIETBOPUTEILHOE COCTOsiHNE (DYHIAMEHTAIbHBIX HayK B Poccunu ObLIO TIpeji-
MeTOM cepbe3Horo obcy:kaennsa Oprromurerom Gracos-2009. [taBHBIME TpUYIHHAMEI 9TOTO
COCTOSIHUSI ABJIAIOTCA HUBKUI IPUOPUTET YIEHBIX B coBpeMeHHO# Poccnu n Hu3kuii ypoBeHb
dunancupoBanus GyHIaMeHTAJILHBIX HayK. Ha 1oc/ie/iHio0 IpudnHy, B 9aCTHOCTH, YKa3bl-
BaeT cieaymoliee oocrosaTebeTBo. Ha Gracos-2009 ObLtr mpejicTaB/IeHbl TPaBUTAIIMOHHbBIE
IPYIIIBI PA3/JIMIHBIX peruoHoB Poccun, OmzKHero n jgajabHero 3apyoexbsa: Mocksa, Kazanb,
Cankr-Ilerepoypr, dyona, Ilepmb, Tomck, Vabsaosek, dumurposn, Mxkesck, Kpacuospcex,
Owmck, Mxkesck, XapbkoB, Munck, Bosrapust, Hexust, Barrnajent. Kapruna pacmpeenenus
9TUX PErMOHOB 10 MacIITady ydacTusd Moka3aHa Ha juarpamme Puc. 4.

30

25

20

15

10

aA.¢d.- kKd¢g.- acn  mon. ctya.
MH. MH. Y4eH.

Puc.3. KauecrBennorii  coctaB  y4aCTHHKOB
ITKOJIbI-CEMHHAapa B KOJI-B€ 4YeJOBEK: JI.(h.-M.H.

— JIOKTOpa pu3.-mMar. HayK, K.(p.-M.H. — KaHJIU-
JTaThl (pu3.-MaT. HAYK, acl. — ACIIHPAHTBI, MOJI.
VYEeH. — MOJIOJIbIe Y4YeHble, CTY/. — CTYACHTbI H
MAaruCTPAaHTHI.

Taxum ob6pazom, MPUMEPHO MOJOBUHY YIACTHUKOB ITKOJIbI-CEMIHAPA COCTABJISI/IA OCTEIIe-
HEHHBIE yYeHbIe, BTOPYIO IIOJIOBUHY — MOJIOJbIE YUeHbIe, aCIUPAHThl, MATUCTPAHTHI U CTY-
JIGHTBI cTapminx KypcoB. [louru derBepTh yIaCTHUKOB IMKOJIBI CEMUHAPA COCTABJIAIA JIOK-
TOopa (PUBMKO-MATEMATUIECKUX HAyK, CIEIHAJIUCTHI BHICOKOT'O MEKIyHAPOIHOTO HAYIHOI'O
ypoBHS — (haKTUIECKN HA OJIHOTO aCIUPAHTa MPUXOIUJICI OJINH JOKTOp HayK. C oJIHOI CTO-
POHBI, TaKas IPOTOPIHS, KOHEYHO, ObLIa BBITOJIHA MOJIOJBIM YYaCTHHKAM KOH(MEPEHIUH,
TaK KaK JaBaJla UM BO3MOXKHOCTL TECHBIX HayYHbIX KOHTAKTOB C BEJAYIIHMMU CIICIUAJINCTa-
MH B obyracT rpaBuTanun u Kocmosorun. C Apyroil CTOPOHBI, 9Ta IIPOIOPINs yKa3bIBAET
Ha ITaYeBHOE IOJIOYKEHUE, CJIOXKUBIINeecsd B (PyHIAMEHTAJIbHBIX HayKaX, — HU3KUN yPOBEHDb
IIPUTOKA MOJIOJIE’)KU B cdepy HaydHON JesaTebHoCTA. He KaKIbIil CTyJAeHT U He KarKJIblii
aCIMPaHT CTAHOBUTCA KaH/IMIATOM HAYK, U JIAJIEKO He KayKJIblil KaHUJIAaT — JOKTOPOM Ha-
VK. DTO HEYJIOBJIECTBOPUTE/IHLHOE COCTOAHUE (DYHIAMEHTAJILHBIX HayK B Poccum ObLIO TIpe-
MeToM cepbe3Horo obcyxkaennss Oprkomurerom Gracos-2009. [taBHbIMU HpUYIHHAME TOTO
COCTOSHUS ABJIAIOTCA HUBKUN MIPUOPUTET YUEHBIX B cOBpeMeHHo# Poccuu n Hu3kunii ypoBeHb
dunancupoBanus yHIaMEHTAJILHBIX HayK. Ha 1moc/ie/ o0 mpuyinny, B 9aCTHOCTH, YKa3bl-
BaeT ciemymomiee obcrositesibcTBo. Ha Gracos-2009 ObLn mpeicTaB/ieHbl I'PABUTAIIMOHHBIE
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IPYIIBI PA3/IMYHBIX pernoHoB Poccun, OmmzkHero u jaabuero 3apyoexnbsa: Mocksa, Kazanb,
Cankr-Ilerepoypr, dyona, Ilepmb, Tomck, Vabsaosek, dumurpon, Uxkesck, KpacHospcek,
Owmck, NxkeBck, XapbkoB, Munck, Boiarapus, Yexus, banrmaem. Kapruna pacrpeenenus
9TUX PErMOHOB 10 MACIITady ydacTus MoKa3aHa Ha jguarpamme Puc. 4.

25

20

15

10

M K Yy O ¢cn n T

Puc.4. Ywucjo ygacTHUKOB U3 pa3/IMIHbIX PErd-
onoB. M — Mocksa, K — Kazanb, Y — YibsHOBCK —
Huvurpos, /I — /Iyona, CII — Cauxr-Ilerepoypr,
II — Ilepmb, T — Tomck.

ConocraBiienne JIAaHHBIX 3TOW JUAPAMMBI C PEAJHHBIMU pa3MepPaMU I'DABUTAIINMOHHBIX
IPYII PErHOHOB YOEINTETHHO TOBOPUT O TOM, YTO TJIABHON NMPUYMHONW HEYYaCTUs MOJIOIBIX
yUeHbIX U3 yJaJaeHHbIX or Kazanu pernono Poccun gBM/IOCH OTCYTCTBHE CPEJICTB Ha TTPOE3I.
O06 9TOM 2Ke TOBOPAT U PE3YITATHI OIIPOCOB.

3. Opranuzamnus padotsl mKoJibl Gracos. Pykosojgcrsom TITIIY u mectabIM Opr-
KOMHTETOM TIKOJIbI-CEMUHAPa OBLIO 0DecriedeHo OecriaTHoe MPOKUBAHIE BCEX YIACTHIHKOB
IIKOJIbI B JKUJIBIX 3J@HUsIX yueOH0-03/10poBHUTeIbHOrO TieHTpa (YOIL) B Tevenue 6 jHeii.

YuurbiBasi ~ JIOCTATOYHO  HU3KYIO  TeMIIepaTypy
IIOCJIEJIHUX aBI'YCTOBCKHMX HOYEH, BCE YKUJIbIE ITOMe-
IIEHUS IKOJIbI ObLIIN O0ecIieveHbl HaI'PeBaTEIbHBIMEI
HpubOpaMu W TEILIBIMUA TOCTEJIbHBIMU ITPUHAIICK-
noctamu. Ilpocropuas cromoBasgs YOI ciy:xuita
OJTHOBPEMEHHO JIBYM IIeJIAM — B OJIHOM W3 €€ 3aJI0B
OBLIIO  OPraHU30BAHO KAYEeCTBEHHOE TPEXPa30BOe
[ATaHUE YIACTHUKOB KOH(MEPEHIINN, BO BTOPOM 3aJie
YATAJIUCH JIEKITUW, ITPOXOJMIN TIJIeHapHble W CeK-
IIMOHHBIE 3acejannd. I[luTtanne OBLIO OpraHU30BaHO
O JIOCTATOYHO HU3KOM, IMPUEMJICMON JJIA MOJIOJIBIX
yUeHbIX U cryjeHToB 1ene - 200 py6/cyrku, — s
Puc.5. Cronopas-koH(epenss  crynentos 4-5 KypcoB, BXOASIMX B COCTAB IPYIIIBL
sa/1 mroupl Gracos-2009 TEXHUYCCKON IOJJICPIKKU, KaK U JIs CaMOR 3TOi
PYIIIbI, UTaHue ObLIO OECIIATHBIM.

[Ixona Gracos ObL1a 0ObeciiedeHa Beeit He0OXOIMMOM OPITEXHIKON: MeIN0IKPaHaAMU, IIPO-
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€KTOpaMU, OBepXe/laMU, HOYTOyKaMM, IMPUHTEPpaMU, CKaHepaM#. Y YaCTHUKU IIKOJIBI TTOJTY-
YUJIA TIATTKU ¢ HeOOXOIMMBIM HAOOPOM KAHIIEIAPCKUX TPUHAJICKHOCTEH M KA9eCTBEHHO W3-
JanabiMu TpyramMu MKoIb-ceMuaapa o0beMoM 12 11.J1., B KOTOPbIi BoILIn 84 CTaTbU y4dacT-
HUKOB IKOJIBL. 7151 obecriedennst padboOTh MKOJBI Tpu OPrkOMHUTETE MOCTOSHHO JI€YKY PUIIH
JiBa aBTOOYyCA.

4. Hayunbie HannpaBJjieHus 1KoJibl Gracos-2009

Pabora 1IKoJIbI U ceKInii ceMrHapa IMPOXO/IUIa B CJEIYIONINX MSITH OCHOBHBIX HallpaBJIe-
HUAX:

1. Knaccnyeckass m KBaHTOBasi TEOpUs I'PaBUTAIMU — pyKosoaureau: npodeccopa B.T.
Barpos (TTV, Tomck, A.B. Banakun (KI'V, Kazaub) u F0.C. Buagumupos (MI'Y,
Mocksa);

2. Kocemosorus — pykosoaurenn npodeccopa u F0.I. Urnarses (TTTITY, Kazans), B.H.
Jykam (PMTAH, Mocksa) u A.A. Crapobunckuit (UT®, Mocksa);

3. KBanrToBasi rpaBuTalins, KBAHTOBAHHBIE 10JId — pyKoBojuTesn mpodeccopa [I.B. [ab-
o (MI'V, Mocksa), A.A. I'pu6 (ITex. ynusepcurer um. Tepriena, Cankr-IlerepGypr),
H.P. Xycuyrmunos (TTTITY, Kazanb);

4. Muoromephast rpaBuTaius — pykopojaureu npodeccopa B. /1. Usamyk (PY/IH, Mocksa),
B.H. Mensnukos (BHUNMC, Mocksa);

5. YepHnble abIpbl, OpaHbl, KPOTOBBIE HOPBI — PyKoBouTe/m mpodeccopa K.A. Bponnnkos
(BHUMMC, Mocksa), C.B. Cymkos (TTTILY, Kazans).

I1-1 POCCHIACKAS LLIKOAA-CEMHHAP

DTu HaydHble HAIIPABJIEHUST OTPAKAIOT IPAKTUIECKN
BECH CIICKTP COBPEMEHHO TCOPUU IPABUTAIMHA 1 KOC-
MOJIOTHH, & KOJUYECTBO JIOKJIAJI0B HA CEKIMAX — aK-
TYaJIbHOCTH HalpaieHuii ncciaenoBanuii (Puc. 7).

Tyl MEKAYHAPOAHOTO CEMHHAPA

Kagams-Sasumk, 2009

Puc.6. O6ioxka CcOOPHHUKA
tpynos Gracos-2009
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- I — kiraccnyeckast m KBanToBas rpasuTaiudg, 11 — koc-
moJtorus, III — kBaHTOBasI rpaBUTAIIMS U KBAHTOBAH-
Hble 1moJid, [V — Mmuoromepnad rpaButarus, V — dep-
HbIE JIBIPBI, OpPaHbl, KPOTOBbIE HOPHI.

Puc.7. Pacnpenenenne  koJn-
YecTBa JIOKJI4JI0B IO CEKITHSIM

Puc.8. 3acenanme cexnmus N 1 «Kiaccuieckas Ppye.9. Pykosomquress  cexium
rpaputanysy». Jlexknus npogeccopa 10.C. Braan- | npopeccop FOpmii Cepreesmd
MHPOBa, JIJISI CJIyIIATE/ICH IIKOJIBI Buaajmmvupos (Mocksa, MI'Y) Be-

JIeT JIUCKYCCHIO C JIOKJIa T TUKOM

[Toxkautyit, nanbojiee MHTEPECHBIE OTKPBITUA B TIOCJIE/IHIE TOBI ITPOUCXOAAT B O0JIACTU
KOCMOJIOTMM B CB#3KM C CYIIECTBCHHBIM YBEJIMYCHHUEM TOYHOCTU I/I3M€p€HHﬁ KaK B O6HaCTI/I
HabJIrIo/1aTe/ IbHONl KOCMOJIOTHH, TaK U (DU3UKHU JIEMEHTAPHBIX YaCTHI] U JIPYTUX 00JIaCTIAX
SKCIIepUMeHTaIbHOl du3uku. B yacTHOCTH, B IMOCIEIHNAE TOAbI ObLIN OOHApYKEHBI (DyH-
JIaMeHTaJIbHbIe KOCMOJIOTHYEeCKHe (DEHOMEHBI: BTOPUYHOE yCKOpeHue pacinupenus: Bceesen-
HOI, KOCMHUYeCcKas MayTHHA MEXKJIy CBEPXCKOILICHUSIMU TaJaKTHUK, oTcyTcTBHe W-0030HOB
Ha IIPeJICKa3bIBAeMOM MacIiTabe SHEPruu, aHOMAJJILHOE IIPEBLIIIEHNE YaCTUIL CBEPXBBICOKUX
SHEPruil B KOCMUYECKHUX JIydax, HeOObICHIMOE COBIAJICHHE ILJIOTHOCTEH SHEPIUU PEJTHKTO-
BOI'O UBJIyYeHNsT M KOCMUYIECKUX JIyUIeil 1 MHOTHE JIpyTHe. DTU OTKPBITUS MOBJIEK/IH 38 COOOT
He TOJIbKO PEBU3UIO0 cTaHmapTHOro kocmosiormdeckoro crenapus (CKC) u Treopun dynia-
MEHTAJILHBIX B3AMMOJIEHCTBUN YaCTHI], HO U MIEPECMOTP (PyHIaMEHTAILHBIX IIPEJICTaBICHUI



TE3UCHI ME2K/IVHAPOJIHOV KOH®EPEHIIUN GR-XV 245

SHEPIUU, MAcChl U camoil rpasutaruu. He yauBurenbHo mosromy, uro ceknus 1 okazasrach
caMoif MHOTOYHUCJICHHOM 1 OyPHOIA.

Puc.10. 3aceganme ceknus N 2 «Kocmostoruss. Puc.11. IIpocpeccop FO.I'. Hrna-
Ha nepegnem miane cipasa npogpeccop .B. I'anp- ThEB (TTTILY, Kaszanb) kommen-

os (MI'Y, Mocksa) THPYET JIOKJIa]] CBOErO aCIIHPaHTA
Mucpraxosa P.D.

Hapsmay ¢ 6oabImuM KOJIMYIeCTBOM pabOT, MOCBANIEHHBIX KOCMOJIOTHIECKIM CIIEHAPUSIM,
OCHOBAHHBIM Ha& OTKa3€ OT KJIACCHYECKUX IPEJICTAB/ICHUI O SHEPTUU U MacCe M MCIOJIb3YIO-
UM Pa3/IUIHbIe TEOPETUIEeCKNEe MOJIC/IM TeMHOI MaTepuu, YepHOi SHEPTUU U IK3UCTEHITUH,
Ha KoHdepeHun ObLIN IpeacTaBaeHbl Mojesu, ocHoBanabie Ha CKC, B KoTOpoMm paccmat-
puBaioTcs OoJiee CJIOXKHBIE MOJeIn BeriecTBa. B dactnocru, npodeccopa .B. Tanbios u
IO.T'. UrnarbeB ¢ yaeHHKaMU MTPOAEMOHCTPUPOBAINA KOCMOJIOTHICCKIE MOJIEIN ¢ MHOTOKOM-
IIOHEHTHBIMH CUCTEMaMM, BKJIIOYaIOIIUMU B3aI/IMO,ZLeI71CTBYIOH_I‘I/Ie CKaJIdpHBbIC I10J1g1, KOTOPbIE
obecrieanBatoT BropuaHoe yckoperne B pamkax CKC. IIpodeccop B.H. Ilepsymun (OUAN,
y6Ha) ¢ yueHHKaMU MPEJIOKUIT TAMIJIBTOHOBY (DOPMYJINPOBKY KOCMOJIOTUH B PAMKaX MO-
JICJIA 3JIEKTPOCTIA0BIX B3aUMOJICHCTBUI, ITPEICKA3BIBAIONICH TPUEMIEMYIO JIJI SKCIIEPUMEHTA
maccy W-6ozon0B — 118 ['9B. D1OT JI0K/Ia/T BBI3BAT OXKUBJIEHHYIO JINCKYCCUIO YYACTHUKOB
ceMuHapa.

ViauBUTETHHBIM (PaKTOM B ITOCIETHUE TOJIBI ABJISIETCS OBICTPOE TIPEBpAIeHNEe KOCMOJIOTHI
n3 abCTPaKTHON TeOPHUH, JOMYCKAIONIEeH MHOXKECTBO CIIEKYIATUBHLIX 3JIEMEHTOB, B CTPOIYIO
HayKy, IMEOILYIO COJINIHYIO SKCIEPIMEHTAJIBHYIO 0a3y.
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Puc.12. IIpogeccop Buxrop Huro-

naesud Ileppymmu (OUSU, /y6bna) Puc.13. YuacTHuKH MKOJBI Ha SKCKypcnn B Ka-
IOJIEMH3HUDYeT CO CAyHIaTeJIsAMH IO- 3aHH OKOJIO Tearpa Olepbl U OaJjieTa.

cJIe CBOEero JIOKJIa/Ia.

5. Kynbrypnas nporpamma Gracos-2009. HecmoTps Ha oueHb MJIOTHBINA, HACHIIIIEH-
Hblil rpaduk padoTsl mkoJb — ¢ 9.00 10 19.00 ¢ mepepsiBom Ha 00e1 1 Kode-Opeiiku, y1a10ch
BCe JKe TIPOBECTH U HEKOTOPbIE KYJIHLTYPHO-03/I0POBUTEIbHBIE MEPONIPUATHA. B J1eHb OTKPBI-
THs ITKOJIBI-CEMUHAPA, MOC/Ie BEUEPHUX 3ace/lannii, ObL1 opranu3zoBan dypirer. OuH jieHb
paborsr 1koJibl, 26 aBrycra, ¢ 9.00 mo 15.00, ObLT MOCBAIIEH OPraHU30BAHHBIM MEPOITPUS-
THIM: 9aCTh YJIACTHUKOB KOH(MDEPEHIMH COBEPIIIIa TyPUCTUIECKYI0 9KCKypcuio B Kasanb
u Pandcknit monacteips (Puc. 13), (Kazans maxomures ma paccrosnunm 70 kM o fiibian-
Ka), OoJIbIIias JKe 9acTh BbIOpaJIa MeImil MOX0/[ Ha OJTHO U3 Kpacubeiux ozep Mapwuiickoii
taiirn — ozepo [iyxoe (Puc. 14). Tlocie obesa n BeuepHero 3acejianus ObLT OPraHU30BaH
TOBAPUIIECKNN YYKUH, KOTOPBII COIMPOBOXKIAJICT HCIOJTHEHNEM OApJIOBCKUX IeCEH TOJ TH-
TapHbIii akkoMmaneMmeHT 1podeccopa C.B. CymkoBa UMIPOBU3NPOBAHHBIM XOPOM yUEHBIX
pasHbIX paHroB U Bo3pacToB. JIBa Bedepa mmkosibl ipodeccop H0.C. Bragumupos yerpanBast
MOKa3 JIOKYMEHTAILHBIX (PUIBMOB O JpeBHUX IuBmin3aiugx Erunrta n Jlaturckoit AmMepukn
¢ COOCTBEHHBIMU KOMMEHTAPUSIMU.

[Tpodeccop M.A. Nsanos (ITMAM, Mocksa) pacckazaj 0 HOCIETHUX JTOCTUKEHUAX aBUA~
IIMOHHON TeXHUKH U MoKazaJs (puibM o nocjiegHeM apuacajgone Max-2009. Hajgo ormeruts,
YTO OH Ke C¢JleJlajl OYeHb WHTEPECHBLIN JoKJaj] Ha ceknun «KocMmosorusg» o HEKOTOPBIX
HEOOBITHBIX MPOABIECHUAX (DYyHIAMEHTATbLHBIX B3aUMOJIEHCTBUIl B PEAKTUBHBIX JIBUTATENIAX
IOCJIEJHUX ITOKOJICHUI.

Kpome ykazaHHBIX IJIAHOBBIX MEPONPUATHI YIACTHHKAM IIKOJIBI ObLIN ITPEIOCTABIEHDBI
JIOJIKK JIJIE BOJHBIX TIPOTYJIOK 110 3aloBeHbIM MectaM flibunka (Puc. 16). YaacTHUKY KOH-
depenrtun TakzKe MPOBOMIIN BPEMs 3a PHIOHOI JI0BJIel, cOOpOM rpuboB, KyIIaHueM U UTPOil B
TEHHHUC. DTO yJIABAJIOCH CJEeJIaTh 3a CUeT XOTd U OYeHDb IIJIOTHOTO, HO JIMHEHHOTO PACIHCAHIS
paboOThI CEKINIT — B KasK/IbIii MOMEHT BpeMeHHu paboTaJia TOJIbKO OJIHa U3 IIATH ceKiuii. MoJio-
Jible yUIeHbIe U CTY/CHTBI Bedepa MPOBOIUIN Y KOCTPOB. Takum 0Opa3oM, yIaCTHUKN TTKOJIBI
CMOTJTH M JIOCTATOYHO XOPOIIO OTJAOXHYTH — HAIIOMHUM, YUTO IIKOJIa padoTaIa B MOCIETHIOK
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Puc.14. VYwyacruukn mkoJibl Ha SKCKypcuu Ha o3epo liryxoe.

Puc.15. Oaun Bewep mxonsr Ong Puc.16. Ilpencenarens Oprrommrera  Gracos-
Cannaxkopa musz Ilepmu, nenasno 3a- 2009, npesmient Poccuiickoro rpaBHTAIIHOHHOTO
muTHBIIAaA KaHJAuJaTCKyIo JuccepTa- obmiectBa, npogeccop B.H. Menbankos B Kade-
uro, IUTaja CBOU JUPUIECKHe CTHXH  cTBe JIOIIMaHa Mo S1JIbIuKy Ha OOpTY HIJIIONKH.

6. Utoru Gracos-2009

B 11.00 26 aBrycra cocrosiach oduinaabHas MEePEMOHUS 3aKPBhITHS IITKOJIbI-CEMUHAapa,
Gracos-2009. Beuin mosiBeieHbl OCHOBHBIE UTOTH KOHMEPEHINN, OTMEYEHbI OOJIbIINe IPO-
O1eMbl DYHTAMEHTAJILHBIX UCCICIOBAHUI B coBpeMeHHo# Poccuu, mpodsieMbl puB/Iedennst
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MOJIOJIEXKM K (DYHIAMEHTAJILHBIM HMCCJIEIOBAHUM, a TaKKe MpPOoOJIeMbl COXpaHEHUs] U Pas3-
BUTHUA HAYYIHOTO IMOTEHIUAJA, IIYTH BbIXOJa W3 TylnuKa. Hakamyne, BeYepoM, COCTOSJIOCH
zacemanne [Ipesuanyma Poccuiickoro rpaBUTAIIMOHHOIO OOIECTBA 0T IPEICeaTeIbCTBOM
[Ipesunenrta PI'O, npodeccopa Buranus Hukonaesuyua MeabarkoBa, Ha KOTOPOM ObLIN 10T
BeJICHbI OCHOBHBIE UTOI'M MIKOJIBI U BBIJIEJIEHBI JIYUIINUE JOKJIaIbl MOJIOJALIX ydeHbiX. Ha 3a-
KpbiTun KoHdepenrun seicTymmau npodeccopa B.H. Menbaukos (Puc 17), FO.I'. Urnarees,
B.H. Ilepsymun, JI.B. Tansios, C.B. Cymikos. B TopxkecTBeHHOI 00CTaHOBKE OBLIN BPYI€HbI

Jluttombl oprafgm3annoHHoro Komurera Gracos-2009 gBaaiaTi 9eTbipeM MOJIOIBIM YIEeHbIM
(Puc. 18).

6. Pemmenue koudepenuu. Ha 3akpoitun kondepennun Oblia TPUHATA CJIELYIONIAS
Pezostrorusa mikoJibi-cemunapa.

C 24 mo 29 asrycra 2009 roga Ha 6ase TaTapckoro rocyJIapCTBEHHOIO TI'yMaHUTaPHO-
nejarorndeckoro yausepcurera . Kazanu B YOI «dAipauks o srumoit Poccuiickoro rpa-
BUTAIIMOHHOI'O O0IecTBa ObLIa MpoBejieHa MIKoIa-cemuHap «CoBpeMeHHble TeopeTHYecKue
1pobIeMbl rpaBuTanun 1 Kocmojoruny Gracos-2009. Bouin 3aciyimanst 87 H0KIaI0B, U3 KO-
TOPBIX 15 — mieHapuble — JieKimonnble. [IporpaMma mkoJibl ObL1a MOCBAIIeHa HCCIe0BAHNIO
dyHIaAMEHTAJIBHBIX ITPOOJIEM TEOPETUIecKoi (PU3NKN U KocMojiorun. B paboTe MIKoJIbI pH-
HsIn y4yacTre yuenble u3 12 pernonos Poccuiickoit @enepariym, 6JIM2KHEr0 U JaJIbHEr0 3apy-
Oexkbe. K nagasry paboThl MIKOJIbI-cCeMIHAPa, OBLT BBITYIIEH COOPHUK €TI0 TPY/IOB 00beMoM 12
.1. OJTHOM U3 OCHOBHBIX TIeJIell TITKOJIbI-CeMUHApa ObLIO MpuBIedeHne K (pyHIaMeHTaTbHBIM
UCCJIeIOBAHUSIM MOJIOJICIK .

Puc.17. Ilpencenarenr Oprkomurera Gracos-2009 npogpeccop Burammuii HukosiaeBud
Mesbaukos (MockBa) mojBosur urorn mkoJjbl-cemuHapa. B Ipesuguyme ciesa Haipa-
Bo — npocpeccopa C.B. Ueppon (Vabsinosck), /I.B. Taibios (Mocksa), B.H. Tlepsyiun
(/Iyona), FO.I'. Urnarpes (Kaszann), B.I. Barpos (Tomck), C.B. Cymkos (Kasaub)
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Puc.18. Ilpeacenarens Oprromurera Gracos-2009 npocpeccop Burasmnii HuxosraeBua
MespaukoB Bpydaer jquiiom Oprromurera MosiogoMy yaenomy u3 Yexuu /Dxupn KoBapy

ITocranoBuiu:

1. IIpusnars paboTy KOHMEPEHINH YCIENTHOM U TIJI0IOTBOPHOI.

2. Beipasuts 6iarogapuoctsb pekropy u aavunncrpanun TTTIIY, a takzke mectHOMY Op-
raansarmorHoMy KomuTeTy Gracos-2009 3a BRICOKMIT yPOBEHb OpraHU3allni KOH(MepeH-
IIUN.

3. XomaraiictBoBaTh 1epes pekropom TI'TTIV o cozmanun goroBpeMeHHbIX OTHOIIEHU ¢
Poccuiickum rpaBuTaninoHHbIM OOIIIECTBOM C IEJIHIO OPTaHU3AIIMHI TTOCTOSTHHO JEHCTBYIO-
mieit mKoJibl-ceMuHapa Ha 6aze TT'TIIY u, 11o-Bo3MOXKHOCTH, IIPOBECTH MOJICPHUBAIIAIO
YOII «Anbamk» ¢ 1e1bi0 MOBBIIEHN B Oy/IyIeM cTaTyca IKOJIbi-ceMuHapa 10 Mexk-
JIYHAPOJIHOTO KJIACCA.

4. OTMeTuTh AUIIOMAMHU OpraHm3armoHHoro komurera I Poccniickoil mkosb-ceMuHapa,
«CoBpeMeHHbIe TeOpeTHIecKne POobIeMbI TpaBUTAINN 1 KocMostoruny Gracos-2009 1o-
KJIJTbI MOJIOJIBIX YUEHBIX, TOCBAIIEHHBIE UCC/IEIOBAHISAM B 00JIACTH T€OPUU TPABUTAIIIN
1 KOCMOJIOTHH.

5. Iposectn III mkomy-cemunap B 2012 rogy.
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