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B aaHHOM paboTe uMCCAeAOBaHbl  (DAHTOMHbIE  AOMEHHbIE,  FOPAOBMHHbIE,
chepuyeckn CUMMETPUUHbIE M LMAMHAPUYECKM CUMMETPUYHbIE pellueHus B o6Luen
TEOPUM OTHOCUTEABHOCTM, CO3AaBaeMble ABYMSI (DAHTOMHbBIMM CKaASIPHbIMW TOASMU C
NMOTEHUMAAbHbIMW CAaraeMbiMn 4-ro, 6-ro, 8-ro nopsiaAkoB. PaccmoTpeHbl peryasipHbie
peLleHns, UMetoLLIMEe KOHEYHYIO MAOTHOCTb SHEPT MK, CYLLIECTBYIOLLIME TOABKO NP HEKOTOPbIX
OMpPeAEAEHHbIX 3Ha4eHUsX napameTpoB m,, m,. MaHTOMHbIE pelleHns COOTBETCTBYIOLIMX
MOAEBbIX YPaBHEHMI MOAyYEHbl B UMCAEHHOM BUAE KaK pelleHVe HeAMHEMHOWM 3aAaum
Ha COOCTBEHHble 3HaueHWs, rAe COOCTBEHHLIMW 3HAUEHMSIMM SIBASIOTCS MapameTpbli m,,
m, , a cOBCTBEHHbIMM (DYHKUMSMM CKaASPHbie MOAS. [oAyueHbl pelleHusi, 3aBucsLye
OT 3HAYeHMI OAHOTrO M3 CKAASPHbIX MOAEN B LIEHTPax AOMEHHOM CTEeHKWM, FOPAOBMHbI,
6O30HHOM 3BE3AbI M CTPYHbl AASl PasHbIX MOTEHUMAAOB. [lpeAcTaBAeHa 3aBUCHMMOCTb
napameTpoB m,, M, OT Ha4aAbHbIX 3HAYEHWUI ¥, AAS Pa3HbIX NMOTEHUMAAOB. [TokasaHo, uto
AAst (DAHTOMHOM KOCMUYECKOM CTPYHbI € napametpamu z, = 0.7 npu ¢, = 1,1, = 0.15, 4, =
1.1 1 € NOTEHUMAABHBIM CAQraeMbIM 4-ro NMOpsIAKa PeLLeHne He CyLLLeCTBYeT. AAS AOMEHHOM
CTEHKM B CAy4yae OObIYHOrO (g =+1) CKAASIPHOTO MOASI C MOTEHLMAAbHbIM CAAraeMbIM 8-r0
nopsiaka ¢ napametpammn y, = 0.7 npu ¢, = 1, A = 0.15, &, = 1.1 pelieHns TaKxe He
CYLLECTBYIOT. DTO MO3BOASIET CAEAATb BbIBOA, UTO CYLLIECTBOBAHME MPOTIKEHHDBIX peLLeHmin
CYLLECTBEHHO 3aBMCUT OT BMAQ MOTEHUMAABHOTO CAQraeMoro CKaAspHbIX MOAen. AAS
Ka>KAOW Mapbl COBCTBEHHbIX 3HAUEHUI M,, M, pacCUMTaHa MAOTHOCTb SHEPTUM AOMEHHOM
CTeHKM, FOPAOBMHbI, GO30HHO 3BE3AbI M KOCMUYECKMX CTPYH T91 MO MOAYUYEHHbIM AQHHbIM
NMOCTPOEHa 3aBUCMMOCTb 3TOM MAOTHOCTM OT COOTBETCTBYIOLLLEN KOOPAMHATBI.

KAtoueBble cAOBa: AOMeHHAs CTEHKA, TFOPAOBMHHbIE pelueHunsi, cdepryeckm
CUMMETPUYUHbIE peLleHus, UMAMHAPUYECKM CUMMETPUUHbIE peLleHus, (DaHTOMHble
CKaASIPHbIE MOAS

Domain, wormhole, spherically symmetric and cylindrically symmetric solutions in
general relativity created with two phantom scalar fields with potentials of the 4th, 6th and
8th orders are investigated. It has been shown that the solutions with finite energy exist
for some specific values of the parameters m,, m, only. Corresponding field equations are
solved numerically as nonlinear eigenvalue problem where the parameters m,, m, are ei-
genvalues and scalar fields are eigenfunctions. The phantom solutions depending on values
of scalar fields at the center of phantom domain, wormhole, spherically symmetrical and
cylindrically symmetric solutions are obtained. The dependence of parameters m , m, on
initial values y, is investigated. The solutions depending on the value of scalar field at the
centers of the domain wall, throat, boson star, and string for different potentials are ob-
tained. The dependence of m,, m, parameters on the initial values y, for different potentials
is presented. It is shown that for a phantom cosmic string with parameters y, = 0.7, ¢, =
1,4, =0.15, &, = 1.1 there is no solution with a fourth-order potential term. For a domain
wall created by usual scalar field (¢ =+1) and having potential term of the 8th order with the
parameters x, = 0.7 for ¢, =1,4, =0.15, &, = 1.1 solutions do not exist also. This allows us
to conclude that the existence of extended solutions essentially depends on the form of the
potential term of scalar fields. For each pair of eigenvalues m,, m,, the energy density of the
domain wall, wormhole, boson star and cosmic strings TY is calculated and the dependence
of this density on the corresponding coordinate is constructed from the obtained data.

Key words: domain solutions, wormhole solutions, spherically symmetric solutions,
cylindrically symmetric solutions, phantom scalar fields.

ByA >KyMbICTAQ >KaAMbl CAAbICTBIDMAABIABIK, TEOPUSAAFbl  4-li, 6-lbl, 8-
peTTi MOTeHUMAAABIK, KOCBIAFbILUTAPbI 6ap €Ki (aHTOMAbIK CKaASIPAbIK, epicTep
TYAbIPATbIH, (DAHTOMABIK, AOMEHAIK, OHELWTIiK, Chepablk, CUMMETPUSIAbIK, LMAMHAPAIK
CUMMETPUSIABIK, LIELWIMAEP 3epTTeAreH. AKbIPFbl SHEPTUS ThIFbISAbIFbI 6AP PETrYASPAbIK,
wewiMAepAiH Tek m,, m, napameTpAepiHiH Kein6ip GeAriai meHAepi KesiHae FaHa
6OoAATBIHABIFbI KapacTblipbiAFaH. Coiikec epicTik TEHAEYAEPAIH LWewiMAepi MeHLWIKT
M&HAEpPre TY3iAreH CbI3bIKCbI3 TEHAEYAIH, LewiMi peTiHAe CaHAbIK, TYPAE aAblHFaH,
MYHAQFbl M, M, napameTpAep MeHLIKTI MaHAep GOAbIN TabblAaAbl, aA MeHLLIKTi
PYHKLMSIAGP — CKAASIPABIK, epicTep. AOMEHAIK Kabblpra, eHell, 6O30HABIK, XXYAABI3AAD
JKOHE ileKTep LEHTPAEPIHAE CKaASPAbIK ©pICTEpAiH OipiHiH MaHAEpiHe TayeAAi
6oAaTbiH WelliMaepi aabiHFaH. XKyiieHiH m,, m, napameTpAepiHiH y, 6acTankbl MoHAEpre
TOYEAAIAIr KOpCeTiAreH. OPTYPAI MOTEHUMAAAAP YLLUIH AOMEHAIK KabblpFaAap, eHedl,
6O30HABIK, XKYAADI3 KOHE iLLEKTEP LEHTPAEPIHAE CKAASPABIK OpICTEPAiH GipiHiH MaHiHe
TOYEAAI LIELIMAEP aAblHFaH. OPTYPAI NOTEHUMAAAAD YLIiH M, M, NapaMeTPAEpiHiH ¥,
6acTankbl MOHAEPIHE TayeAAiAiri kepceTiareH. DaHTOMADBIK, KOCMOCTbIK, iLLIEKTIH, #,= 1A,
=0.15, A, =11 6oAFaHAQ X = 0.7 napameTpAEpiHAE >KoHe MOTEHUMAAABIK, KOCbIAFbILLbI
4-wii peTTi GOAFAHAQ LWeLiM GOAMANTbIHABIFbI KOPCETIAreH. AOMEHAIK KabblpFaHbiH A
#y=1,1 =0.15 %, = 1.1 6oAFaHAQ X, = 0.7 napameTpAepiHAE XXeHe MOTEeHLMAAADBIK,
KOCBIAFbILLbI 8- PETTi GOAFAHAQ LELiM GOAMANTBIHABIFbI KOPCETIATEH. ByA CKaASIPABIK,
OpICTePAIH  MOTEHUMAAABIK, KOCBIAFbILbIHBIH, TYPIHE PEryASIpAbIK, LewiMHiH  6ap
6OAyblHa aNTapAbIKTail ToYeAAl, AereH LIeWim LblFapyFa MyMKiHAIK Gepeai. m,, m,
MEHLLIKTI MOHAEPAIH 8p6ip >KybbiHa AOMEHAIK Kabbipra, eHell, 6O30HADIK, >KYAAbI3AAD
»aHe ilekTepAiH TS 3Heprus ThiFbI3AbIFbI €CENTEeAIHIeH JKaHe aAblHFaH MaHAEPAEH GyA
ThIFbI3ABIKTbIH COMKEC KOOPAMHATAAAPFA TOYEAAIAIT TYPFbI3bIAFAH.

Ty#in ce3aep: AOMEHAIK KabblpFa, OHELUTIK WeLiMAep, CPepabiK, CUMMETPUSIAbIK,
LWeLiMAEP, UMAMHAPAIK CUMMETPUSIABIK, LWeLLiMAEP, (DAaHTOMABIK, CKAaASIPABIK, epicTep
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BBeagenne

B mocnennue roapl MHTEpeC K TOJIYYEHHUIO PETYJSIPHBIX pe-
IICHUH CYIIECTBEHHO BO3POC, B MEPBYIO OYEPEAb H3-32 OTKPBITHS
YCKOPEHHOI'O PACIIUPEHHs COBpeMeHHOU Bceenennon. B HacTodmee
BpeMsi IIMPOKO paclpOCTPaHEHO MHEHHE, YTO TaKoe YCKOpEHHE
CBSI3aHO C MPHUCYTCTBHEM BO BceneHHOW Kakoh-TO 0coOor (hopMbI
MaTepuu — TeMHOH 3Hepruu. OIHOW W3 KITIOYEBBIX OCOOEHHOCTEH
MOCIIEZIHEH SBJIAETCS €€ CIIOCOOHOCTh HapyllaTh pa3IUYHbIe
SHEPreTUYEeCKUEe YCIOBUS JOMHHAHTHOCTH. OpHON u3 Mojenen
TEMHOU YHEPTUH SABJIAIOTCS (PaHTOMHBIE TIOJIS.

Temuast sHEprUst MOAECTUPYETCS C MOMOIIBIO HAPYLICHUS HyJle-
BOTO SHEPreTUYECKOro YCIOBHS, Kornaa 3¢ dekTUBHOE naBlieHUE P
MaTepHH, 3anojHAomeld BceneHHylo OTpHIAaTeNsHO 10 MOIYNIO H
Ooypllle, YeM ero IUIOTHOCTh JdHepruu &, T.e. p < —e. Takoe
BEIICCTBO HA3BIBAIOT SK30THUECKOM MaTepurei.

B pabote uccnemyioTcst peryispHble pemeHus B 00mmei Teopun
OTHOCHUTEIBHOCTH, TJle TPaBUTHPYIOIIEH MaTepHel SBIAIOTCS IBa
(haHTOMHBIX CKaJIAPHBIX TOJsA. B [1] ObLIM MOMy4YeHBI JOMEHHBIC
cTeHKH (IJIOCKHUE), cPepuyecKd CHMMETPUYHBIE, TOPJIIOBUHHBIC H
WIHHPAYECKH CHMMETPHYHBIE PEHICHUs C ITOTEHIHAJIbHBIM Clla-
raeMpiM 4-ro mopsiAka [Uisi Takoro poja (PaHTOMHBIX CKaJIIPHBIX
moJieil. 31eck MBI HCCIeIyeM BO3MOXKHOCTh CYIIECTBOBAHUS TaKOTO
pola pemIeHHH ¢ TOTeHIMAJIbHBIMU CllaraeMbIMH 6-T0 W 8-T0
MOpsIZIKa, a TaKXKe CPaBHUBAEM IOJYYEHHbBIE Pe3yJbTaThl C Pe3ylib-
TaTaMu, MOMYYCHHBIMH paHee i1 (PaHTOMHOTO CKaJSIPHOTO OIS C
MOTEHLHAJIOM 4-0r0 MopsiKa.

B nmanHO#t pabore MBI paccmarpuBaem: (a) 3Be3n000pasHEIE,
TOPJIOBHHHBIC PEIICHUS KaK CHEpUIeCKH CHMMETPHUYHBIE KOH(H-
Typamnud, TIOAACPKUBACMEIC CKASIPHBIMA MoysMy; (0) IMITHH-
JPUYECKH CHUMMETpPUYHBIC pelIeHHUs] (KOCMHUYECKHE CTPYHBI); (B)
IUIOCKO CUMMETPUYHBIE JOMEHHBIE CTCHKH.

Kocmuueckue CTpyHBI SIBISIIOTCS MPOTSKCHHBIMH KOH(UTYpa-
IIUSIMA, KOTOPBIE MOTJI 00pa3oBaThes B paHHeil BeenenHoit mpu ¢a-
30BBIX NEPEXOAaX, CBA3AHHBIX CO CIIOHTAHHBIM HapyIICHUEM CUM-
MeTpun [2]-[5]. 3mece MBI HccnemyeM (aHTOMHEBIE KOCMHUYECKHE
CTPYHBI, TOCTPOEHHBIE C TIOMOIIBIO JIByX B3aWMOJEHCTBYIOIINX
CKaJIAPHBIX TOJIEH [6].
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Jpyroii kateropueil MpOTSHKEHHBIX OOBEKTOB
SIBIIAIOTCA  IUIOCKME CHMMETPUYHBIE JIOMEHHBIE
CTEHKHU, KOTOpbIE SBIISIOTCA TOMOJIOIMYECKUMU Jie-
(exTamMy, BOZHHKAIOIUMH Kak B (HU3UKE DIIEMEH-
TapHBIX YaCTHUIl TaK U B KocMosioruu [3, 7]. B vact-
HOCTH, PELIeHHs THNa JOMEHHBIX CTEHOK CyIec-
TBYIOT B TEOPHAX, IJi€ TOTCHINAJ CKaJIIPHOTO IO
HUMeeT U30JUPOBAaHHBIE MUHHUMYMEI. Torga JTOMEH-
HOM CTEHKOW SIBJISIETCS MOBEPXHOCTh, Pa3AestoLIas
pa3nu4YHble MHHUMYMBI CKaJSIpHOTO ITOTEHIHAaja
[8]. B aToM ciyuae ckansipHOE IOJIE MEHSIETCS B
MIPOCTPAHCTBE U CTPEMHUTCS K OJJHOMY MHHUMYMY B
OJHOM HamNpaBlIeHUH U K JIPyroMy MHHHMYMY B
MIPOTUBOIONOKEHHOM  HampasieHuu.  O6nacTe
OBICTPOTO M3MEHEHHs CKaJSPHOTO TIOJII COOTBET-
CTBYET JOMEHHOU CTeHKe. B mpuOImKkeHnn TOHKOM
CTeHKH M3MEHEHHE CKaIIPHON TUIOTHOCTH DHEPTUHU
MOJIST JIOKAJTM3yeTCs] Ha ITOBEPXHOCTH JIOMEHHOU
CTEHKH W 3aMeHseTcs nenbra-pyHkimei [9]. B coy-
yae, KOT/Ia BCE MOJIS OCTOSIHHBI C KaXKIOH CTOPOHBI
CTEHKH, TO €CTh OHM HAXOIATCS B MUHMMYyMax IO-
TEHIUAaNa, JOMEHHbIE CTCHKU HA3bIBAIOTCSl BAKyyM-
HBIMH TOMEHHBIMH CTCHKaMH.

B nanHOI cTaThe MBI paCCMOTPHM BCE YEThIPE
TUMNa KOH(UTypaluil (JOMEHHbIE CTEeHKH, O030HHbIE
3B€3/Ibl, TOPIOBUHBI, KOCMHUYECKHE CTPYHBI), TTOCT-
pPOEHHBIE M3 JIByX B3aUMOJEHCTBYIOIIUX (aHTOM-
HBIX CKQJISIPHBIX MOJIEH C pa3iWYHBIMH ITOTEHIHA-
namu. CHCTEMBI C OBYMSI OOBIYHBIMH CKAJIIPHBIMH
MOJISIMM XOPOIIIO W3BECTHBI M3 KBAHTOBOH TEOpHH
MOJIs, T/€ OHM HWCHOJB3YIOTCS JUIS TOIYYEeHUS
OJWHOYHBIX BONHOBBIX pemieHuit [10]. Ilpu Ha-
JUYUM TPABUTALMOHHOTO TMOJSI, TAaKHE CHUCTEMBI
TaK)K€ HEOJHOKPAaTHO PacCMaTPUBAIUCh B KOCMO-
JIOTUIECKOM M acTpOo(u3NIecKoM KoHTekcrax [11].
B mammx npenpirynmx paboTax MBI HOTYUIHIIH PSIT
pelIeHUu ¢ ABYMsI CKANSAPHBIMU MOJAMU (KaK st
HOPMAaJIbHBIX CKAIAPHBIX TOJEH, Tak W Aus (aH-
TOMHBIX ), KOTOPbIE MOTYT OBITh HCIIOJIb30BaHbI IS
onrcaHusg acTpopU3NUECKUX OOBEKTOB, a TaKKe
MPA PACCMOTPEHUH KOCMOJOTHYECKHX PEIIeHHH.
Msl paccMOTpenH peryispHele chepudecku u
WINHAPUYECKH CUMMETpHYHbIe pemieHus [12-14];
KocMoJiorndeckue pemienust [15, 16]; ToncTeie
OpaHHBIE pelIeHUs, NOAJEPKUBAEMbIe HOPMAaJb-
HBIMHU ¥ ()aHTOMHBIMH CKaJISIpHBIMH oMy [17]. B
JTAHHOW paboTe MBI MPOJIOJDKAEM HCCIEeTOBAHUS B
3TOM HallpaBJIEHUH, PACCMATPHUBAsl CKAJIIPHBIE OIS
C Pa3IUYHBIMU OTCHIHATIAMHU.

O0wmme ypapHeHHsA

VpaBHeHus DOWHINITEHHA MOXXHO 3alucaTth B
BHJIE

RY —~6FR = 8nGTF, (1)

rae Rf‘ — Ten3op Puuum; R — ckasipHas Kpu-
BusHa; i,k = 0,1,2,3.

VYpaBHeHHS TSI PAHTOMHBIX CKAISIPHBIX IOJIEH
IIPEJICTABICHBI B BUJIE

1O = k@] _ __9V
V=g oxi [V=g9™ 5] = o P
Mebl paccMOTpUM [Ba B3aUMOJEHUCTBYIOIIMX

(haHTOMHBIX CKAJISIPHBIX TOJIsI, UMEIOIINX CIIeIAaNb-
HBIN BUJI MOTEHI[MATLHOW SHEPTUU:

A
V(g.0) =7 (@ —mi)?+
+2P-mD+ 9P -V, ()

A A
V(g = 397 (62 —md)? + Zrto - md) +
+- 022 -V, )

A
V(g x) =7 ¢ (> —mD* +
+ 200 -m) 30t -V ()

3MeCh ¢ M )Y IBa CKaJSPHBIX IMOJS C HEKOTOPHIMU
napaMeTpamMm m; U My, A, U A, SBIAIOTCSI KOH-
CTaHTaMU caMoJelcTBUs W V[ HekoTopas KOH-
CTaHTa, KOTOpas JOJDKHa OBITh BBIOpaHa TIpU
MOCTaHOBKE 3a/1a4H.

COOTBETCTBYIONIMIA TEH30P JHEPTUU-UMITYIIHCA
OyIeT BRITIISACTD CICIyIONHIM 00pa3oMm:

TF = e{0,00%¢ + 9,1 0y — 6L [30,0 070 +
1 .
20/ x - V($.0)} (6)
Iiiockue pemennst
Hcnonways (2) — (6) (mpu &€ = —1), MBI MOXeEM

MOJTyYNTh ypaBHeHHs OWHImTeHHAa (1) M moneBbie
ypaBHEHUS JUIs CKaISIPHBIX TOJIEH:
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Vpaszanuna A.A. u ap.

3 (%) = ‘%WZ +X+V, (7 X'+ 3%’)(’ = x[2¢% + 2,(x* —m3)]. (10)

a o 1 Pe3ynbraThl 4HCIEHHBIX PacdeTOB I (haHTOM-
_ 2 2 o

- (_) = E((P +x'%), (®)  mpix (¢ = —1) ckamApHBIX MoNeH NPUBEACHBI HA

puc. 1, 2; nns merpuueckux (pyHkiuuid a(x) — Ha

"+ 3%’¢/ = ¢[2x2 + A, (¢p2 —mD)], (9) puc. 3 u s mioTHOCTH 2Heprun T — Ha puc. 4.

X
3
L ! . . . ! . . . ! . . . ! . Lox ) | \
2 4 6 8 4 6 8
Pucynoxk 1 — IIpodunu paHTOMHOTO CKaISIPHOTO MO ¢ PucyHok 2 — [Ipodunn paHTOMHOTO CKaJISIPHOTO MO Y
JUTSE ToMeHHOW cTeHkH. KpuBas 1 cOOTBeTCTBYeT MOTEHIHATTY n7st foMeHHOM cTteHku. KpuBas 1 coOoTBETCTBYeT MOTEHIMATY
4-ro nopsaKa, KpuBas 2 — MOTEHIUATY 6-TO MOPSJIKa, 4-ro mopsika, KpuBas 2 — MOTEHIHATY 6-ro TopsiKa,
KpuBast 3 — MoTeHIMATy 8-T0 Mopsiika KpHBast 3 — NOTEHLMAy 8-T0 MopsiIKa
d{d T{OJ
: [ L L L L L L L L L L L L L L L L L L
0200 . 2 4 6 8
; %
L 01|
0.151 \
0.10]- 021 3 2
005 [ —03[ 1
L . . . | . . . | . . . | . . . | . . [
[ 2 4 6 8 *o04r
PucyHnok 3 — Metpuueckast pyHkmus a(x) Pucynok 4 — ITpoduu miotnocTr snepruu TQ (x)
UL TIOMEHHOM CTEHKH B CiTydae (JaHTOMHOTO CKAIIPHOTO MOJIS. UL TOMEHHOM CTEHKH B ClIydae (JaHTOMHOTO CKaJIIPHOTO MOJIS.
Kpusas 1 cooTBeTCTBYeT NOTEHIMATY 4-I0 MOpsAKa, KpuBas 1 cooTBeTCTBYeT HOTEHIUATY 4-TO MOpAaKa,
KpHBas 2 — IOTeHLUaly 6-ro HopsAaKa, KpuBas 3 — IOTEHLHALY KpHBas 2 — IOTEHIHATY 6-T0 MOPAAKA, KpUBast 3 — MOTCHIHAITY
8-ro nopsinka 8-ro nopsika
Pe3ynbTaThl YHUCICHHBIX PacdeToB s OOBIY-  puC. 5, 6; mia Merpuueckux Qynkmmid a(x) — Ha

HbIX (& = +1) CKamIpHBIX mOJeil NMPUBEACHBI HAa  puc. 7 M [is IIOTHOCTH dHeprun TQ — Ha puc. 8.
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S S R S B L ) ) )

! 2 3 4 3 : 1 2 3 4 s "
Pucynoxk 5 — [Tpodpun o6braHoro (¢ = +1) CKaISIPHOTO MOJIS Pucynok 6 — [Tpodunu 06br4HOr0 (€ = 41) CKansApHOTo OIS
¢ nnsa noMeHHOM cTeHkU. KpuBas 1 cOOTBETCTBYET IOTEHIUATY X 11 noMeHHOH cTeHkH. KpuBast 1 coOTBeTCTBYeT MOTEHIUALY
4-ro nopsika, KpuBas 2 — HOTEHIMANy 6-ro mopsiaka. 4-ro nopsiaka, KpuBas 2 — HOTeHUHAILY 6-ro HopsakKa.

Ta6auna 1 — HavanbHble 3HaueHust Yo = 0.7 ¥ COOTBETCTBYIOLIME 3HAYECHUS MApaMETPOB My, M, C MOTEHUUaIaMu 4-ro, 6-ro u
8-ro mopsimkoB npu € = +1,¢ = 1,4, = 0,15, 1, = 1.1 1 TOMEHHO# CTEHKH

Ne [Torenuumanst £ my m,
1 4-ro nopsiaka -1 1.77426601 1.80400455
2 6-ro nopsizika -1 1.30901092 1.73766048
3 8-ro nopsika -1 1.4251234264 1.7965336329
4 4-ro nopsaaxa +1 2.05880064139 1.720175382122
5 6-To mopsiKa +1 1.42405708294 1.61615084819
6 8-ro nopsiaka +1 Pemrenus et Pemrenus ner
aja 78
! ! ! ! X
1 2 3 4 5
i 01l
-0.05 H
[ 2 [
-0.10 - [ 1 !
—0.15- 0.1 - 2
I 1
-0.20 |
[ -02} 1
PucyHnok 7 — Metpuueckas Gpynkuus a(x) Pucynok 8 — IIpodumu miotHocTn 3neprun T (x)
UL TIOMEHHO# CTEHKH B cilydae o0sraHoro (& = +1) ISl IOMEHHOM CTEHKH B ciiydae o0biuHoro (& = +1)
ckaJsipHOro noist. Kpueast 1 cooTBETCTBYET IOTEHINATY cKaysipHOTO 1oy, KpuBast 1 cOOTBETCTBYET MOTEHIIUALY
4-ro nopsska, KpuBas 2 — HOTEHIMaNy 6-ro MopsAKa. 4-ro nopsaKa, KpuBas 2 — IOTEHIUALY 6-T0 MOPAAKa.

Cdepnyeckn cuMMeTpHYHbIE PeIlICHUsI
YpaBHeHne DHHINTEHHA U CKaJISIPHBIE ypaBHEHHS OIS A7 (PaHTOMHOTO Iapa:

14
T A?

+ %(1 - i) = —ﬁ(qb’z + X2 =V(p.x) (11)

122 Bectauk KasHY. Cepus puszngeckas. Nel (60). 2017



Vpaszanuna A.A. u ap.

1B _ 1(1 _ l) = _i@p'z +xX) + V(1)

A

1o 1 ’

7 N\ 2
T () mube v ve)
"+ (4o ﬁ) ¢' = Ap[2x* + 24 (p? —m})],

12} 2 !
2+ I - D)y = axl29? + 2,7 - md)].

Pe3yJIbTaThl YHCICHHBIX PacueToB sl (PAaHTOMHBIX
(¢ = —1) ckamsIpHBIX TIONEH MPUBEIEHBI HA pHC. 9,
10; st merpraeckux Gynkimii A(r), B(r) — Ha puc.

2 4 6 8 10

Pucynox 9 — ITpodunu panromMHOro cxanspHoro noiust ¢
Jutst 0030HHOM 3Be3/bl. KpuBasti 1 COOTBETCTBYET NOTEHIIMATY
4-ro nopsiika, KpuBast 2 — oTeHUUay 6-ro nopska,
KpHBas 3 — HOTeHIHAIy 8-ro mopska.

Pucynok 11 — Metpuueckue pynkuuun A(r)

Ju1st 6030HHOM 3BE3/1bI B Cilydae ()aHTOMHOTO CKaJISIPHOTO IOJISL.
Kpusas 1 cooTBeTCTBYET NOTEHIIMATY 4-T0 MOPSAKa,
KpuBas 2 — oTeHIMaty 6-ro nopsuka,

KpHBasi 3 — HOTeHIUaIy 8-ro mopska.

ISSN 1563-034X

(12)

(13)

(14)

(15)

11, 12 u s wiotHoCTH SHepruu TY — Ha puc. 13. B
pucyHkax 10-13 pemeHust g noreHUUMANoB 6-ro u
8-ro NopsAKOB MPAaKTHUECKH COBMAJAIOT.

L n L L L7

2 4 6 8 10
Pucynox 10 — IIpodunu paHTOMHOTO CKJIIPHOTO OIS Y
Ut 0030HHOM 3Be3/bl. KpuBast 1 COOTBETCTBYET NOTEHIIMATY
4-ro nopsiyika, KpuBast 2 — oTeHUUay 6-ro nopsjka,
KpHBast 3 — MoTeHUUay 8-ro NnopsiaKa.

1.00 §
095 f
090

0.85

0.80

075 f

2 0
Pucynok 12 — Metpudeckue pyHkuuu B (r)
Ju1st 6030HHOM 3BE3/1bI B Cilydae ()aHTOMHOTO CKaJISIPHOTO ITOJISL.
Kpusas 1 coorBercTByeT noreHuany 4-ro nopsjaka,
KpHBas 2 — oTeHuuany 6-ro nopsiaka,
KpHBast 3 — MoTeHNIUaNTy 8-r0 MopsiaKa.
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18

78

0.1

I I I I I r

2 4 6 8 10
Pucynox 13 — ITpodunu mnorHocTy sueprun T (1)
U1t 0030HHOM 3BE3/1BI B CiTydae (paHTOMHOTO CKaJISIPHOTO TTOJISL.
Kpusas 1 coorBercTByeT noreHuuany 4-ro nopsixa,

KpHBas 2 — HOTeHIMATy 6-ro nopska,

KpHBas 3 — IOTeHIHaly §-T0 HOpsIKa.

Pucynok 14 — ITpodunu morrocty sueprun T (r)

IUIS TIPOXOMMON YepBOTOUMHEI B CiTydae (paHTOMHOTO CKAIAPHOTO
nonst. KpuBast 1 cooTBeTcTBYeT OTEHIMATY 4-TO MOpsIKa,
KpuBast 2 — NOTEHLMAy 6-To mopsijika,

KpHBasi 3 — HOTeHLUATy 8-ro MopsaKa.

Tadmuna 2 — HavanbHble 3HaueHus Yo = 0.7 ¥ COOTBETCTBYIOIUE 3HAYECHHS IIapaMeTpOB M, M, C MOTeHLHanaMu 4-ro, 6-ro u
8-ro mopsimkoB mpu ¢y = 1,44, = 0,15, 1, = 1.1 ans hantomHoOroO mIapa.

Ne INoTeHuuanst my m,
4-ro nopsaaxa 1.54248223 1.89958804
6-ro nopsiika 1.04506272 4.1962616
8-ro mopsiaka 1.050035 4.2023521

FOPJIOBI/IHHLIC peuienus

MO0>KHO TOIY4YUTH CIELYIOIIYIO IIOJIHYIO CUC- HeHWH mong Juid (aHTOMHOM NPOXOAMMOH TOp-

TeMy ypaBHEHHH DWHIITEIHA 1 CKAISIPHBIX YpaB- JIOBUHBI:
o) R 19
T ) 16 T 2fer a4y an
W) HEE e a9
0"+ (4 120) ¢ = pl2x? + (@2 - m)], (19)
2+ (B4 25 o = 4292 + 2,0~ m)]. (20)

Pe3ynbTaThl YMCICHHBIX PACYCTOB TS (PAHTOMHBIX
(¢ = —1) cramspHBIX TIOJIEH MPHUBENEHBI HA pUC. 15,

16; st merprdeckux dyukuuii A(r), B(r) — Ha puc.
17, 18 u ans mnotHoCTH 2Heprun TQ — Ha puc. 14.
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Tadauna 3 — HagansHbple 3HaueHUs Yo = 0.7 W COOTBETCTBYIONIME 3HAUYEHUS MapaMETpOB M4, M, C MOTEHOUanaMmu 4-ro, 6-ro u
8-ro mopsiakoB pu ¢p = 1,4, = 0,15, 1, = 1.1 s paHTOMHOI MPOXOAUMOH YEPBOTOUHHBI

Ne IoreHnuansel my m,
1 4-ro nopsika 1.82729811 1.7869422825
2 6-TO TopsiAKa 1.32067169 1.7205753
3 8-ro mopsaka 1.45731329 1.7806672
¢ X
18]
[ 1
hor L 3
14l
1.2j \ 2
| . . . | . . . | . . . L r ) |
2 4 6 8 4 6 s "
Pucynoxk 15 — I[Ipodunu GpaHTOMHOrO CKaISIpHOro MO ¢ Pucynok 16 — [Ipodunu GpaHTOMHOTO CKAJISIPHOTO MOJS Y
JULA IpoXoAuMOil yepBoTounHbl. KpuBas 1 cooTBeTCTBYeT UL IpOXoAuUMOil yepBoTounHbl. KpuBas 1 cooTBeTCTBYET
MoTeHNnrary 4-ro nopsiaka, KpuBas 2 — MOTEHIAATY TOTeHIHay 4-ro opsaKa, KpruBas 2 — MOTEHIAATY
6-ro nopsiaka, KpuBasi 3 — HOTEHIHATY 8-T0 MOps/IKa. 6-ro nopsiaKa, KpuBasi 3 — HOTEHUIUAIY 8-T0 MOps/IKa.
A B

100:
80:
60:
40:

20

L r r . n . I . . . I . . . I

O 2 4 s s "
Pucynok 17 — Merpuueckue pynkuun A(r) U IpOXOIUMO¥ Pucynok 18 — Merpuueckue pyHkuuu B(r) mms npoxoxumon
YepBOTOYHMHBI B CIIydae (paHTOMHOTO CKaJISIPHOTO IOJIS. YEepBOTOYHMHBI B CIIydae (paHTOMHOTO CKaJISIPHOTO IOJIS.
Kpusas 1 cooTBeTCTBYET NOTCHIMANY 4-T0 HOPAIKA, KpuBas 1 cOOTBETCTBYET NOTCHIMANY 4-T0 MOPAAKA,
KpuBas 2 — moTeHuuany 6-ro nopska, KpHBas 2 — oTeHuuany 6-ro nopska,
KpHBas 3 — HOTEHIMALY 8-Io IOpsKa. KpHBas 3 — HOTECHIMAY 8-Io MOpsIKa.

HuauHapuYecKH CHMMeTPUYHbIE pellleHUs
MOKHO MTOJTYYUTh YpaBHEHUS DUHINITEHHA U CKAJISPHOTO OIS JIJI1 KOCMHUYECKOW CTPYHBI:

Loy =k (%qb’z +ox%+ ez(y‘w)V(¢.x)), 2
v’-;t,b' _ = —k (é‘ib'z n %sz _ eZ(V—w)V((p,X)), (22)
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Y=y =Yy +vy -V + vy v ﬂ; Y =k (——qb’z - %}(’2 - ez(”_lp)V(dh)()).
_110” —v'" 4+ IIJ']/' + V’y’ _ 21!]/2 _ 21/)’1/’—1/’2 =k (__d)’z _ %sz _ ez(y—'Lp)V((p’X))’
" (1 ’ ’ ’ —
9" +¢' (= +¥'+v) = 20 VP[2x2 + (92 ~m)],

n ! 1 ! ! 1 —_
X" +x (;—V +'+) = 20 y[2¢2 + 2,(x% - mB)].

Pe3ynbTarthl  YHCICHHBIX  PacyeToB  JUIs
¢dantomubix (¢ = —1) ckamsIpHBIX TONEH @), X,
npuBeieHbl Ha puc. 19, 20; ansg MeTpuYecKux

byaxumin y(p), Y(p) — ma puc. 21, 22 u musa

Pucynox 19 — IIpoduu paHTOMHOTO CKaIAPHOTo HONs ¢
IUISL KOCMIYECKUX cTpyH. KpuBas 2 coOTBETCTBYET MOTCHIHAITY
6-ro mopsiaKa, KpuBas 3 — MOTEHIIHAIY 8-TO MOPSIKA.

0.02 -

-0.02 7
-0.04 7
-0.06 7
-0.08 ,

-010F 3

Pucynok 21 — Merpuueckue dyakuun y(p)
JU1st (paHTOMHBIX KOCMHYECKHX CTpyH. KpHBast 2 cooTBeTCTBYET
HOTEHNHUAITy 6-T0 MOpsaKa, KpUBasi 3 — HOTEHIUAILY
8-ro mopsaka.
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1
> (23)
1
: (24)
(25)
(26)

nnotHocTH dHeprun TQ — Ha puc. 23. B pucynkax
20, 23  cootrBercTBytomue  mpodunaum A
MOTEHUHUAJIOB 6-r0 U §8-r0 MOPAIKOB MPAKTHUYECKU
COBIAAAIOT.

075
06/
05/
04/
03]

02f

01f

£ o 4 6 8 10
Pucynoxk 20 — IIpodunu paHTOMHOTO CKAJIIPHOTO MO Y
IUI KOCMUYecKuX cTpyH. KprBast 2 COOTBETCTBYET IIOTCHIIHATY
6-ro mopsiaka, KpuBas 3 — MOTEHIHATY 8-T0 MOPSIKa.

v
[ L L L L L
2 4 6 8 10
001
002
003}
004
[ / 2
0051 3

Pucynok 22 — Merpuueckue GpyHkimu P (p)
Jutst (haHTOMHBIX KOCMHYECKUX CTpyH. KpuBasi 2 cooTBETCTByeT
HOTEHNHUAy 6-ro MopsaKa, KpHBas 3 — HOTEHIUATY
8-ro mopsaxa.
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Pucynok 23 — TTpodwu motsocTr sueprun T¢ (p)
U1 (paHTOMHBIX KOCMUYECKHX CTPYH.
Kpugas 2 cooTBercTBYeT NnoTeHuuMany 6-ro nopsixa,
KpHBast 3 — MoTeHUUATy 8-r0 HOpsIKa.

Tabauna 4 — Havanpable 3HaueHust xo = 0.7 ¥ COOTBETCTBYIOIIME 3HAYECHUS MapaMETPOB M4, M, C MOTEHIHaNaMu 4-ro, 6-ro u
8-ro mopsiakoB mpu ¢y = 1,4; = 0,15, 1, = 1.1 s paHTOMHBIX KOCMUYECKHX CTPYH

Ne TToTeHmansl my m,

1 4-ro nopsiika Pemennst ver Pemenuns mer
2 6-ro nopsaKa 1.154579476 2.30250731

3 8-ro mopsaka 1.1926167892 2.32316842475

3akiouenue

Takum 006pa3oM, B cTaThe MOJYYEHBI TLIOCKHUE,
cpeprUecKn CHMMETPUYHBIE, TOPJIOBHHHBIE W
ITHHAPHYECKA CAMMETPUYHBIC PEHICHUsI B 00IIeit
TEOPHH OTHOCHTEIIBHOCTH, CO3/aBaeMble JBYMs
(haHTOMHBIMH CKaJSIPHBIMHU TIOJIIMH C TIOTEHITAATh-
HBIMU claraemMbiMu 4-ro, 6-ro, 8-ro mopsjaka.
IMonyueHHBIE YUCTIEHHBIE PEIIEHUS TIPE/ICTABIECHEI B
Buge rpapukos mas Qynkuuii ¢(x), y(x), a(x),
A(r), B(r). IlokaszaHo, 4T0 uis (aHTOMHOM KOCMH-
YECKOH CTpyHBI ¢ mapameTpamu Yo = 0.7 mpum
¢$o=1,4 = 0,15, 1, = 1.1 u ¢ NOTEeHINAIHEHBIM
cllaraeMeIM 4-TO TIOPS/IKA PellleHre He CYIIECTBYET.
JInsg  JOMEHHOM CTEHKM B ciiydae OOBIYHOTO
(e = +1) ckanspHOrO MOJIA ¢ MOTEHIMATBHBIM

claraeMbIM 8-ro TMopsiiKa ¢ nmapaMmerpamu yo = 0.7
nmpu ¢o=1,4; = 0,15, 1, = 1.1 pemennus Tak-
e He CYIIECTBYIOT. DTO MO3BOJISIET CAETATh BBIBOJ,
YTO CYyNIECTBOBAHWE IPOTSDKEHHBIX PEIIeHHH Cy-
IIECTBEHHO 3aBHCUT OT BHJa MOTEHIMAIBHOIO Cia-
raéMoro CKaJisIpHbIX moJiel. Jms Kaxaol mnapsl
COOCTBEHHBIX 3HAYEHUIl M4, M, paccunuTaHa IUIOT-
HOCTh SHEPTHH JOMEHHOW CTeHKH, TOPJOBUHBI, 00-
30HHOM 3Be3/bI M KOCMHYECKMX CTpyH TQ M TO
MOTYYEHHBIM JaHHBIM IIOCTPOE€HA 3aBHCHMOCTh
3TOI IJIOTHOCTH OT COOTBETCTBYIOUIEH KOOp-
JTHATHI.

Jlannas paboma 6wvinoaHeHA npu HOOOEpI’CKe
Munucmepcmesa obpasosanus u Hayku Pecnyoauku
Kaszaxcman 6 pamxax I'panma 0263/111]D-14.

Jlutepartypa

1 Dzhunushaliev V., Folomeev V., Makhmudov A., Urazalina A., Singleton D., and Scott J. Compact and extended objects
from self-interacting phantom fields // Phys. Rev. D. — 2016. — Vol.94. P.024004.

2 Vilenkin A. and Shellard E.P.S. Cosmic Strings and Other Topological Defects. — Cambridge University Press, 2000.

3 Magueijo J. and Brandenberger R.H. Cosmic Defects and Cosmology // astro-ph/0002030.

4 Bazeia D., Boschi-Filho H. and Brito F.A. Domain defects in systems of two real scalar fields / JHEP. — 1999. — Vol.

9904. — P.028.

ISSN 1563-034X

Recent Contributions to Physics. Nel (60). 2017

127




DaHTOMHEIE peuI€Hus CO CKaJIPHBIMU IIOJIIMU B OTO ¢ Ppas3In4YHbIMU NOTCHIMAJIaMU

5 Santos C. Cosmic strings in axionic-dilatonic gravity // Class.Quant.Grav. —2001. — Vol.18. — P. 1835-1846.

6  Bezerra de Mello E.R., Brihaye Y. and Hartmann B., Strings in de Sitter space / Phys. Rev. D. — 2003. — Vol. 67. —
P.124008.

7  Cvetic M. and, Soleng H. H. Supergravity domain walls // Phys.Rep. — 1997. — Vol. 282. — P.159.

8  Berezin V.A., Kuzmin V.A., Tkachev LI. / Phys.Lett.B. — 1983. — Vol.120. — P.91; Berezin V.A., Kuzmin V.A., Tkachev
LI // Phys.Rev. D.-1987.—-Vol.36.—P. 2919; Garfinkle D., Vuille C. // Class. Quant.Grav. — 1989. — Vol.6. — P.1819; Ipser J.R.,
Sikivie P. // Phys.Rev. D. — 1984. — Vol.30. — P.712; Laguna-Castillo P., Matzner R.A. // Phys.Rev. D. — 1986. — Vol.34. — P.2913.

9  Arodz H. // Phys.Rev. D. — 1995. — Vol.52. — P.1082; Arodz H., Larsen A.L. // Phys.Rev. D. — 1994. — Vol.49. — P.4154;
Goetz G. // J. Math.Phys. — 1990. — Vol.31. — P.2683; Widrow L.M. // Phys.Rev. D. — 1989. — Vol.40. — P.1002.

10 Rajaraman R. An Introduction to Solitons and Instantons in Quantum Field Theory. — Amsterdam, New York, Oxford:
North-Holland Publishing Company, 1982.

11 Bazeia D., dos Santos M.J. and Ribeiro R.F. // Phys. Lett. A. — 1995. — Vol. 208. — P.84; Bazeia D., Nascimento J.R.S.,
Ribeiro R.F., and Toledo D. // J. Phys. A. — 1997. — Vol.30. —P.8157; Bazeia D. and Gomes A.R. / JHEP. — 2004. — V0l.0405.
—P.012; Vernov S.Y. // Teor. Mat. Fiz. — 2008. — Vol.155. — P.47 [Theor. Math. Phys. — 2008. — Vol.155. — P.544]; Aref’eva L.Y.,
Bulatov N.V., and Vernov S.Y. // Theor. Math. Phys. —2010. — Vol. 163. — P. 788.

12 Dzhunushaliev V., Myrzakulov K., and Myrzakulov R. // Mod. Phys. Lett. A. — 2007. — Vol. 22. — P.273; Dzhunushaliev
V., Folomeev V., Myrzakulov K., and Myrzakulov R. // Mod. Phys. Lett. A. —2007. — Vol.22. — P.407.

13 Dzhunushaliev V. and Folomeev V. 4D Static solutions with interacting phantom fields// Int. J. Mod. Phys. D. — 2008. —
Vol.17, Noll. - P.2125-2142.

14 Dzhunushaliev V., Folomeev V., and Urazalina A. Star-plus-wormhole systems with two interacting scalar fields // Int. J.
Mod. Phys. D. —2015. — Vol. 24, No14. — P.14.

15 Dzhunushaliev V., Folomeev V., Myrzakulov K., and Myrzakulov R. Phantom fields: bounce solutions in the early
universe and S-branes // Int. J. Mod. Phys. D. —2008. — Vol.17, No12. — P.2351-2358.

16 Folomeev V. The Bianchi Type I Model With Two Interacting Scalar Fields // Int. J. Mod. Phys. D. — 2007. — Vol.16. —
P.1845-1852.

17 Dzhunushaliev V. // Grav. Cosmol. — 2007. — Vol.13. — P.302; Dzhunushaliev V., Folomeev V., Singleton D., and
Aguilar-Rudametkin S. // Phys. Rev. D. — 2008. — Vol.77. — P.044006; Dzhunushaliev V., Folomeev V., Myrzakulov K., and
Myrzakulov R. // Gen. Rel. Grav. —2009. — Vol.41. — P.131; Dzhunushaliev V., Folomeev V., and Minamitsuji M. // Phys. Rev. D. —
2009. — Vol. 79. — P.024001.

References

1 V. Dzhunushaliev, V. Folomeev, A. Makhmudov, A. Urazalina, D. Singleton, and J. Scott, Phys. Rev. D 94, 024004, (2016).

2 A. Vilenkin and E.P.S. Shellard, Cosmic Strings and Other Topological Defects, Cambridge University Press (Cambridge,
2000).

3 J. Magueijo and R. H. Brandenberger, Cosmic Defects and Cosmology, astro-ph/0002030.

D. Bazeia, H. Boschi-Filho and F. A. Brito, , JHEP 9904, 028 (1999).
C. Santos, Class.Quant.Grav. 18, 1835-1846 (2001).
E.R. Bezerra de Mello, Y. Brihaye and B. Hartmann, Phys. Rev. D67, 124008 (2003).
M. Cvetic and, H. H. Soleng, Phys.Rept. 282, 159 (1997).
8 V.A. Berezin, V.A. Kuzmin, I.I. Tkachev, Phys.Lett. 120B, 91 (1983); V.A. Berezin, V.A. Kuzmin, I.I. Tkachev, Phys.Rev.
D36, 2919 (1987); D. Garfinkle, C. Vuille, Class.Quant.Grav. 6, 1819 (1989); J.R. Ipser, P. Sikivie, Phys.Rev. D30, 712 (1984);
P. Laguna-Castillo, R.A. Matzner, Phys.Rev. D34, 2913 (1986).

9 H. Arodz, Phys.Rev. D52, 1082 (1995); H. Arodz, A.L. Larsen, Phys.Rev. D49, 4154 (1994); G. Goetz, J.Math.Phys. 31,
2683 (1990); L.M. Widrow, Phys.Rev. D40, 1002 (1989).

10 R. Rajaraman, An Introduction to Solitons and Instantons in Quantum Field Theory (North-Holland Publishing Company,
Amsterdam, New York, Oxford, 1982).

11 D. Bazeia, M.J. dos Santos and R.F. Ribeiro, Phys. Lett. A 208, 84 (1995) [arXiv:hep-th/0311265]; D. Bazeia, J. R. S.
Nascimento, R. F. Ribeiro, and D. Toledo, J. Phys. A 30, 8157 (1997); D. Bazeia and A. R. Gomes, JHEP 0405, 012 (2004); S. Y.
Vernov, Teor. Mat. Fiz. 155, 47 (2008) [Theor. Math. Phys. 155, 544 (2008)]; I. Y. Aref’eva, N. V. Bulatov, and S. Y. Vernov,
Theor. Math. Phys. 163, 788 (2010).

12 V. Dzhunushaliev, K. Myrzakulov, and R. Myrzakulov, Mod. Phys. Lett. A 22, 273 (2007); V. Dzhunushaliev, V. Folomeev,
K. Myrzakulov, and R. Myrzakulov, Mod. Phys. Lett. A 22, 407 (2007).

13 V. Dzhunushaliev and V. Folomeev, Int. J. Mod. Phys. D 17, 2125 (2008).

14 V. Dzhunushaliev, V. Folomeev, and A. Urazalina, Int. J. Mod. Phys. D 24, 14 (2015).

15 V. Dzhunushaliev, V. Folomeev, K. Myrzakulov, and R. Myrzakulov, Int. J. Mod. Phys. D 17, 2351 (2008).

16 V. Folomeev, Int. J. Mod. Phys. D 16, 1845 (2007).

17 V. Dzhunushaliev, Grav. Cosmol. 13, 302 (2007); V. Dzhunushaliev, V. Folomeev, D. Singleton, and S.
Aguilar-Rudametkin, Phys. Rev. D 77, 044006 (2008); V. Dzhunushaliev, V. Folomeev, K. Myrzakulov, and R. Myrzakulov, Gen.
Rel. Grav. 41, 131 (2009); V. Dzhunushaliev, V. Folomeev, and M. Minamitsuji, Phys. Rev. D 79, 024001 (2009).

~N N L b

128 Bectauk KasHY. Cepus puszngeckas. Nel (60). 2017



