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OBIITA A XAPAKTEPUCTUKA PABOTHI

['mmoresa KOCMUYECKUX CTPYH Oblila TPeJIJIOXKEHa, JIJisi 00bsiCHEHUsT HADJIIO-
JIAeMOM MepapxXui KOCMUYECKUX CTPYKTYD (FaJakTHK, CKOIJICHU rajakTuk,
KPYIHOMACHITaOHON si9encToit CprKTypr) KaK aJbTepHATUBA CTAHIAPTHON
MO/JIEJIN, OCHOBAHHOW Ha POCTE BO3MYINEHWH TJIOTHOCTH. DTa THUIIOTE3a CIO-
cobHa 00bICHUTHL HAOJIIOJIEHNS C paMKaX TEOPUHU, COJiepKalleil eJIMHCTBeHHbI
napaMerp — IUIOTHOCTH Macchl (HATsKeHWe) CTPYHBbl. B OCHOBe 9THX mpeji-
CTaBJICHUI JIEXKAJIO TPEJICKa3aHne BO3MOXKHOCTH 00pa3oBaHus JIeDEKTOB MPU
(a30BBLIX Iepexojilax B paHHEHl BCEJICHHON B paMKax IIOJIEBLIX MOJIEJIeil BeJin-
KOro obbepnaeHns. B 9Tux Mojessax xapakTepHas IIOTHOCTb MaCChl nMeeT (B
SHEPIeTUICCKUX €JIMHUIAX ) MACIITa0 10" — 10'% I's. Orako, HOBBIE JlAHHBIE
0 AaHU30TPOIUU MUKPOBOJTHOBOTO U3JTy9eHUT HECOBMECTHDI CO CTOJIb OOJIBITIM
3HAUYEeHWeM XapaKTepHOH MAacCChl, MO3TOMY THIIOTe3a KOCMUYIECKUX CTPYH TO-
JIEBOTO TIPOUCXOXKJIEHUsT BEPOATHO JIOJKHA ObITH OoTBeprayTa. Tem He MeHee,
B TocJejiHee BpeMs aKTUBHO U3y9aeTcs BO3MOXKHOCTb KOCMUYECKUX CTPYH B
paMKax CyIepCTPYHHON Mojiesn o0beuHeHns (pyHIaMeHTaTbHbIX B3auMO Ieii-
ctBuii. [IpesickaspiBaeMblie CcBOMCTBA KOCMUYIECKUX CYNEPCTPYH, B OTJIUYNE OT
CTPYH, paHee M3yUYaBIIUXCS B TTOJIEBBIX MOJIETIX OObeIMHEHNs, He TTPOTHBOPE-
JaT JIAHHBIM [0 MEKPOBOJHOBOMY (DOHY.

Huccepranuonnas padboTa MOCBANIEHA HUCCICTOBAHUIO JTUHAMUKU KOCMUYE-
CKMX CYIEePCTPYH C yIETOM U3JIyUeHnsi 6e3MacCOBBIX ToJieit. XapaKTepHbIM JIJIs
CYTIEPCTPYHHON MOJIENIM KOCMUYECKUX CTPYH SBJIAETCA WX B3aUMOJIEHCTBUE €
JINJIATOHOM U TT0JIeM JBa-(hOPMBI, a TaK»Ke WHOW XapaKTep MPOIeccoB Tepe3a-
MbIKanus. KocMosornaeckast 9BOJIONNUS CETH CTPYH CYIIECTBEHHO 3aBUCUT OT
MPOIECCOB MBJIYUYEHUs UMHU Oe3MacCOBBIX ToJieil. Panee B muTeparype o0OCyXK-
JIAJI0Ch UBJIYYeHHWe OT OCIUJIIMPYIONIMX CTPYHHBIX IMeTesib. B JaHHoil pabore
HCCTeyeTcsa JPYyTroil MeXannu3M MU3JIyUeHnsd: YePEHKOBCKOe N3JIyIeHne, KOTOPOoe
JIOJTI’KHO BO3BHUKATH KOTJIA TTPSIMOJTUHEHHBIE HEBO3DY K IEHHbIE CTPYHBI JIBUXKY T-
¢ TIOJ, YTJIOM JIPYT K JAPYTY TaK, 9TO TOUKA IMepecevennss MMEeT CBEPXCBETOBYIO
ckopocTh. Panee 110j100HbIH MexaHu3M 00CYyXKJaJICH Jijisd 1VI00aJIbHBIX CTPYH,
B3aUMOJIEHCTBYIOIIUX C 110JIEM aKCUOHA, U ObLJIO 110KAa3aHO, YTO OH UI'PAET BaK-

HYIO POJib B UX JIMHAMUKE B XOJI€ KOCMOJIOI'MYECKO# 3BoJionuu. B jlanHoit pado-
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T€ YCPEHKOBCKUI MEXaHW3M U3Yy4aeTCd NPUMEHUTEJIBHO K KOCMUYECKUM CyTlep-
CTpyHaM, B3aUMOJICHCTBYIOIIMM C JUJIATOHOM, 11OJIEM JIBa-(POPMbI U I'DABUTAIIN-
OHHBIM 10JieM. PasBura neprypbarTuBHasi TeXHUKa BbIUNUCJIEHU, TTO3BOJISIONTAs
PacCYUTHIBATH U3JyUYEHUE JIJId YIBTPAPEIATUBUCTCKUX CTPYH, & TaK¥Ke JPYTUux
POTSIKEHHBIX 00HEKTOB (MeMOpaH) paccMaTpUBAEMbIX B TEOPUH CYTIEPCTPYH.

AKTyaJIbHOCTH HPOOJIEMBI O0YCJIOBJIEHA CYIIECTBEHHBIM Pa3BUTHEM CO-
BPEMEHHOI KOCMOJIOTMU B TOCJIEJIHUE TOJIbl, B YACTHOCTH, MOABJICHUIO TUITOTE-
3bl KOCMUYECKUX CynepcTpyH. VX 3BOJIIOIMS B XOJI€ KOCMOJIOI'MYECKOT'O PACIIN-
pEeHUdA JIOJKHA COMMPOBOXKIATHCA M3JIYyYEeHUEM, KOTOPOE UT'PAeT BaXKHYIO POJIb
JUUTsT TIOCJIEIYIOINero cpaBHEeHUs ¢ SKcrepuMeHToM. OCHOBHBIM MEXaHWU3MOM H3-
JIyUEHUsi, KOTOPbII paccMaTpUBAJICS paHee, SIBJIsieTCs U3JydeHne 6€3MaccoBbIX
moJieit (9acTh U3 KOTOPBIX B XOJIE TOCJIEIYTOIIeH SBOJIONIN CTAHOBIATCS MACCB-
HBIMHI) OCIIJITUPYIONIAM TETJISIMUA 3aMKHYThIX cTpyH. OJIHAKO, JIJI KOCMEIe-
CKMX CYNEPCTPYH JOJKHA OBITH BEJIUKA JOJIs MPAMOJUHERHBIX HEBO30Y XK IeH-
HBIX CTPYH, JABUXKYIIUXCA JIDYT OTHOCUTEJIBHO JIPyTa C MOCTOAHHON CKOPOCTBIO.
UccnenoBanue BO3MOXKHOCTH Y€PEHKOBCKOTO W3JIyUeHUs B TAKO# crcreMe Heob-

XOJANMO JIJIg ITOCTPOECHU A OoJtee MOJTHOM KapTHUHBI 9BOJIIOIHUN CETHN KOCMNYECKHNX

CTPYH.

IHesbro quccepTAIMOHHOTO UCCJIEI0OBAHUSA OBLIO UCCICOBAHNIE U3JTy Ue-
HUS COMTPOBOZKIAIOINIEr0 JIBUKEHNE TPAMOJIMHENHBIX KOCMUYCCKUX CYIIEPCTPYH,
B3aNMOJICHCTBYOIIUX TIOCPEJCTBOM CKAJISPHOTO MOJIsT (IUJIATOHA), TOJIsT AHTH-
CUMMETPUUIHOI (POPMBI BTOPOro paHra 1 r'paBuTaiuu. Panee ObLIO mOKa3aHO,
4TO B CJIydae YUCTO I'PABUTAIMOHHOTO B3aMMOJICUCTBUA MU3JIyYeHUE He BO3HU-
KAaeT, OJHAKO B CJIyuae B3aMMOJICCTBUSA CTPYH IOCDPEICTBOM IOJsI (POPMBI B
IIJIOCKOM IIPOCTPAHCTBE-BPEMEHH H3JyUueHune uMmeeT Mecto. B jganHO#l paboTe
paccMaTpUBaJICA OOIMiA cIydail B3aUMOJEHCTBUS ¢ TpeMs YKa3aHHBIME T10JIs-
MU, KOTOPBI ABJIACTCA TUIIUIYHBIM JIJId TEOPUUA CYIIEPCTPYH, C MEJbI0 BBICHUTD
cyiecTBoBaHue 3(pHeKTa YIePeHKOBCKOIO U3JIYUeHNS IPU JIBUKEHUU CTPYH IO/
YIJIOM CO CBEPXCBETOBOM CKOPOCTBIO TOUKHU IepecedeHus. KpoMe Toro mpoBo-
JINJIOCH HCCAEIOBAHNE M3IYUYEHU TBYX ABIXKYIIUXCA IO YIJIOM p-OpaH B pas-
MepHoctu D + 3 ¢ 1e/iblo U3ydeHusi BO3MOXKHOCTH ODOIIEHMSI YePEHKOBCKOI'O

MEeXaHU3Ma, Ha, JIPYI'Ue IPOTSKEHHbIE 00bEKThI, IPUCYTCTBYIOIIKE B TCOPUU CY-



IEPCTPYH.

Hayunasa soBm3Ha. B pabore BriepBbie HCC/IEI0BAHO YEPEHKOBCKOE U3JIy-
yeHne 0e3MacCoOBBIX TMOJIei JINJIaTOHA, U JIBa~-(POPMBI MPSIMOJIMHEHHBIMU CTPYHA-
MU JIBUKYIIAMUCS C TTOCTOSTHHOW CKOPOCTHIO TIOJ YIJIOM JPYT K APYTY. DTOT
MEXaHU3M JIOJI)KEH BHOCUTH CYNIECTBEHHBIN BKJIAJI B JIMHAMUKY KOCMUYIECKUX
criepcTpyH B panneit Bceesiennoit. HoBbiM siBiisieTcst Tak»ke ykasaHue Ha BO3-
MOKHOCTDb UE€PEHKOBCKOI'O M3JIyUeHUs JIBUKYIIUXCA P-OpaH B MPOCTPAHCTBAX
Pa3JIMIHON PAa3MEePHOCTH , CYIIEeCTBOBAHUE KOTOPBIX MPEJICKA3bIBAETCS CyIep-

CTPYHHBIMH MOJIEJIsIME OO0be/IMHEeHNs (PYHIaMEHTaJbHbIX B3aUMOJICHCTBUIA.

Hay4ynas m mpaKTtudecKas MeHHOCTh padoThl. [lomydennbie B pabore
PE3YIbTATHI UMEIOT BaXKHOE 3HAYEHUE [/ TaJbHENIIIero pa3BuTs TeOPUU KOC-
MUYECKUX CYTIePCTPYH B COBPEMEHHOI KOCMOJIOTHH, a TaK:Ke JiJisd 60j1ee TIOJIHOTO
MOHUMAaHUs JIMHAMUKHU CYNEPCTPYH B OOBETMHEHHBIX MOJEIAX (DyHIaMEeHTa T b-
HbIX B3aUMOJICHCTBUIA.

PesynbTarsl gauccepTanm MOTYT OBITH Hcrojib3oBanbl B HUMAD MI'Y,
AN, JITO® ONAN, ®UAH, UT2®, MUAH, TI'Y u apyrux HaydHbIX IeH-

Tpax.

Amnpobarmus paborbl. (OcHOBHBIE pe3yJbTATHI  JUCCEPTANNH  JIO-
KJaajbBasuch Ha  KoHdeperun  Jlomonocor-2006  (Mocksa,  2006r.),
International Europhysics Conferencee on High Energy Physics HEP-EPS2005
(Lisbon, 2005r.), 2nd International Conference on Quantum Theories and
Renormalization Group in Gravity and Cosmology IRGAC2006 (Barcelona,
July 11-15 2006), 11-th Marcel Grossmann meeting (Berlin, July 2006), a

TaK»Ke Ha ceMuHapax KadeJipbl Teoperndeckoit pusuku MI'Y.

IIy6aukamuu. [lo teme guccepranym onyoanKoBaHO 5 PaboOT.

CrpyKrypa aunccepramuu. [luccepraiiusi COCTOUT U3 BBEJICHUSI, TISITH IJ1aB



OCHOBHOI'O TEKCTa, 3aKJIOYCHUs U CIIMCKA [UTUPYEMON JINTEPaTyPhI.

COAEP2KAHUE PABOTHBI

B rnase I “Bejienne” 006Cyk1al0TCsi HOBBIE MPEJICTABJICHUST, CJIOXKUBITUECS
B TEOPUN KOCMUIECKUX CTPYH W KOCMUYIECKUX CYNIEPCTPYH, & TaKXKe J1aeTcs 00-
OCHOBaHWE BHIOPAHHOW TEMBI MCCJIEOBAHNI U KOPOTKO (POPMYINPYETCsi COIep-
YKaHme Jaucceprannn. Beemenne cocTouT m3 Tpex pasjzesioB. B mepBom obCy K-
JIAFOTCsT ODIIME MOJIOKEHWST TEOPUN KOCMUIECKNX CTPYH, 00pa30BaHue KOTOPhIX
nporcxofuT npu (Ha3oBbix nepexojax (Mexannam Kubbia) ¢ mocsemyonMu
nporeccaMu nepesaMbikanust u obpasosanusi nerein [1]. B nociepaue rojm
BBISICHIJIOCH, UTO MACHITad MacChl B MOJEBBIX MOJEISIX KOCMUUIECKUX CTPYH
CJIMIIIKOM BBICOK, M TAKHE CTPYHbI OYJIyT IOPOXKJIATh HEOJHOPOHOCTHU, BEJIUIN-
Ha KOTOPBIX HE COIVIaCyeTCs C JAHHBIMU 110 MUKPOBOJIHOBOMY HU3J1yUYEHUIO.

Bo Bropom pasjesie obcyK1aeTcss MuioTe3a KOCMUIECKUX CYIepPCTPYH, KO-
Topas Oblia TPEJJIOKeHa KaK ajbTepHaTHBa moJjeBbiM MojensM |2]|. Ilepso-
HauaJbHO copMmypoBaHHas BuTTeHOM JBaJillaTh JIET Ha3ajl, 9Ta I'MIIOTe3a
JIOJITOE BpeMsI CUMTAJIacCh HEIPUEeMJIEMOM U3-3a CJUIIKOM OOJIBIIONM (6J1H3K0171 K
JIAHKOBCKOI ) IJIOTHOCTH MACChI TAKON CTPYHBI B TPAIUIIMOHHON TEOPUH CyTIep-
ctpyH. [locnensisi, ojiHaKo, IpeTepiiesia CyIecTBeHHbIe U3MEHEHUs B XOJIe I10-
CJIeJTHETO JIECATUIETHS, U BbISICHUIACH BO3MOXKHOCTD JIePEKTOB B CTPYHHOIT T€o-
PUH ¢ JIOTHOCTBIO MACChl CYMIECTBEHHO OoJiee HU3KOM (3a cuer KOMIakTudu-
Karuit ¢ "0oapmuMn" TOMOHATEILHBIMEA H3MEPEHUSAMHE, a TaKxKe B THIepOpaH-
HBIX MOJIeJIsiX ). COOTBETCTBYIOMAS IIIOTHOCTh MACCHI MOYKET OBITH Ha OJIUH-JIBA
HOPs1JIKa MEHbBIIIE MACChI, aCCOIUUPYEMOii ¢ (pa30BLIM IIEPEXOJIOM B IOJIEBBIX MO-
JIeJIsIX BEJIMKOro oObenHeHus:. Takyue KOCMUYeCKre CTPYHBI He TMPOTHBOpeYaT
JIAHHBIM 110 MHKPOBOJIHOBOMY H3JIyUEHUIO U B IOCJEHee BpeMsi aKTUBHO 00-
CYXKJIAI0TCsSI B JIMTEPAType KaK KU3HECIOCOOHAs aJIbTePHATHUBA TPaIUIIMOHHOM
TEOPUU KOCMHYECKUX CTPYH. OCHOBHBIMK KAaHIUIATAMKU Ha POJIb KOCMUYECKUIX
CYNIepCTPYH SIBJSIOTCS TaK Ha3biBaeMble F' u DD ¢cTpyHBI, KOTOpBLIE 00pa3y0TCs
B X0Jie UHQJISIUT B paMKaX TUIepOpaHHON KOCMOJIOTHYIECKONH MOJIENIA. DBOJIIO-
II1sT KOCMIUIECKHUX CYHIEePCTPYH B EJ0M aHAJOTUUHA, SBOJIIONNNA KAJTHOPOBOUHBIX

CTPYH, OJJHAKO BEPOATHOCTD HGpGBaMbIKaHI/Iﬁ JJId HUX MEHBIIE.



B Tperbem pasjesie BBejeHUs JJaH 0030p PabOT 10 M3JIyIEHUIO OT KOCMUYe-
ckuxX cTpyH. V3iydenue crpyraMmu 6€3MaccoBbIX MoJieil (HEKOTOPbhIE U3 KOTOPbIX
B XOjie JlaJibHefIeli KOCMOJIOMMIeCKO! 9BOJIIOIUKA MOTYT CTaTh MAaCCHBHBIMU)
UI'PAET BaXKHEHINYIO POJIb B TEOPUU W MTO3BOJISIET MMOJIYINTH ONPAHUIECHUSI Ha, €€
napamMeTpbl. B 0OCHOBHOM M3JIydeHre acCOIMNPOBAJIOCH C PeTaKcalneil Bo30y K-
JIeHUil CTPYHHBIX mieresib [3].

Hajee cchopmynnpoBana OCHOBHAs 3a/1a9a JUCCEPTALNN: U3YUUTH TPOIECCHI
M3JIy9eHUs] TPU JIBUKEHUN HEBO3DYKIEHHBIX CTPYH MOJT YIJIOM JIPYyT ApyTry. Pa-
Hee ObLIO 3aMedeHo [4], 9ro mpu TakoM JIBUXKEHUH CKOPOCTH IPOEKIUH TOUKH
nepecederusi CTPYH MOXKET ObITh MPOMU3BOJILHOM, ¥ B YaCTHOCTH, BBIIIE CKOPO-
CTH CBETa, MO3TOMY MOYKHO OXKWJIATh BO3SHUKHOBEHUST YEPEHKOBCKOTO WM3JIyUe-
Husi. OiHAKO pacdeT IoKa3aJi, YTO U3J1yUeHUs I'PABUTAIMOHHBIX BOJIH BCE 2Ke He
npoucxojut. C JIpyroif cTOpoHbI, B paMKax TEOPUU B ILJIOCKOM IIPOCTPAHCTBE-
BpeMeHH ObLIO HaiiJIeHO, UTO MMEET MECTO YEepPEHKOBCKOE M3JlyueHue (POTOHOB
CBEPXIIPOBOJIAIIUME CTPYHAMH |5| ¥ U3JIyUeHre aKCHOHOB TJI00AJbHBIME CTPY-
Hamu [6]. B cBsg3u ¢ 9TMM Oblia mocraBieHa 3ajada UCCICIOBAHUS OOIIEro
cydas B3aUMOJICHCTBUS CTPYH CO CKAJSIPHBIM MOJIeM (JMJIATOH), TOJIeM aH-
THCHMMETPUIHOTO TEH30pa BTOPOro paHra (aBa-popMa) W rpaBUTAIUEH, UTO
HpeJicTaBiisieT coO0i TUIIMYHBIA HAOOD CTPYHHBIX B3UMOJCHCTBUIl B KOHTEKCTE
TEOPUHU CYIEPCTPYH.

Bo BToOpoii rimaBe "Kiaccmueckast Teopust BOIMYIIEHHH JIJIsT B3aHMOJEl-
CTBYIOIIMX CTPYH c(OPMYyJHPOBaHa TEOPHUsl BO3MYIIEHUN JIJIsI ONKUCAHUS B3a-
umojieiicteust crpyn HamOy-I'oro mocpejicTBoM CKasspHOrO 0E3MacCOBOIO II0-
st ¢ (JUIATOH ), HOJIS AHTHCHMMEPHYHOIO TEH30pa BTOPOro paura B, (mo-
ne Kanb-Pamona B Teopum Kocmuueckux crpyH wmiau nose Hepé-lIllBapra B
byHIAMEHTAIBHO TeOPUH CYIEePCTPYH), U TPABUTAIMOHHOTO TIOJIST B 4-MEPHOM
pocTpancTBe-BpemMenu. JleiicTBue st CUCTEMBbI CTPYH, 3aMETaOIINX MAPOBLIE

el ¥ = XH(T,0), umeer BuI;
S=-3% / {EXEXT gun V=7 + 2 fXUX € B, | do+

R 4
orG [V 94 (1)

e v = detVap, Yap — METpHKa Ha MHPOBOM JIKCTE, paccMaTrpuBaeMasi Kak

1
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Strings — Dilaton
VW Graviton,  ======--~ Azion

Puc. 1: Bepuunsl, acconuupyemsbie ¢ faeiicrsuem (1): auarpammsl a, b, ¢ IpegcTaBIsiioT Bep-
HIMHBI HU3IIETO TMOPSI/IKA CTPYHA-IUJIATOH, CTPyHa-ABa (hOPMa U CTPYHA-IPABUTOH; JIHArDAM-
Ma d n300pazkaer B3auMO/IeHCTBIE CTPYHBI € JUJIATOHOM M TPABUTOHOM BCEX BBICIITUX ITOPSIJI-
KoB k > 1,k' > 1; qmarpamwmur e, f, g — 1oJIeBbIe BePIIMHBI HU3NIErO MOPSIKA, U HarpaMMbl
e, f,g — COIyTCTBYONNE UM MYJILTUIPABUTOHHBIE BEPIIUAHDI.

HE3aBUCUMasl [EPEMEHHAsl, (i — HaTsKeHUe CTPYHbl, ¢ — KOHCTAHTa CBSA3U
JUIaToHa, f — KOHCTaHTa CBA3M JBa-(DOPMBI, G, — METPUKa HPOCTPAHCTBA-
Bpemenn, R — cxanap Puuun, G — wnbploTOHOBCKag nocrognnad, H,,,
O(uBypy, cumBoit {...} 03HAYACT NUKJIMYECKYIO HEPECTAHOBKY HHJICKCOB.

st 3TOro0 JIeficTBUS CTPOUTCS KJIACCUUIECKasi Teopusi BO3MYIIEHU, B KOTO-
poit 3a HyseBoe npubJzkenne npunuMaercs jeicrsue (1) npu o = f = G =0,
npuyeM BHeIHUe 1ojd orcyrersyior ¢ = 0, B, = 0, n Merpuka niockas
Gy = M. Crpontcesa dbopmanbHOE PA3IOKEHNE 1O CTENEeHAM KOHCTAHT CBs-
31, KOTOpoe m300parkaercsi guarpaMMHoil TexHnkoil. CTpyHa m3o0parkaercs
TOJICTO CIJIOIIHON JIMHWEH, JUJIaTOH- TOHKOM CIJIOIIHOW JIMHUEH, MoJie JBa-
dOpMBI IYHKTUPHO JIMHKUEH 1 BO3MYIIEHNEe METPUKN BOJHUCTOH inaueit. Jleii-
CTBUIO OTBEYAlOT BEPIIMHBI U300pakeHubie Ha puc. 1. Kiaccuueckasi Teopus
BO3MYIIECHUI CTPOUTCS 10 aHAJOTMU C KBAHTOBO-TIOJIEBON M COCTOUT B Pa3Jio-
x)euun GyHknuii norpyxenust X*(7,0), noseit pgunarona ¢(x), jBa-Gopmbl
B, () n MeTpUKM MPOCTPAHCTBA-BPEMEHH (,, (L) MO CTENeHsIM KOHCTAHT B3a-
umojeiicteust o, f, G, mpuviemM B HYJ€BOM NMPUOJIMKEHNN TTPUCYTCTBYIOT TOJIHKO
HEBO30Y K IEHHBIE CTPYHBI B MpocTpaHcTBe MUHKOBCKOTO, METPUKA Ha MUPOBBIX
JINCTaX KOTOPBIX TaKKe SABJISIETCS TJIOCKO.

B cucreme BO3HUKAIOT KJIaCCHIECKHe YIbTPadroIeTOBbIe U HH(pPaKpacHble

pPacxXoIuMOCTH, B HU3IIIEM HpI/I6JII/I}KeHI/II/I TEOpUU BOSMyH_[eHI/Iﬁ OHHU OIINCBhIBAIOT-



-7 N
. N
’ \
I \
L L

a b c

Puc. 2: Jlmarpambl caMOJIEHCTBIS B HU3IIEM MOPSIKE TEOPUH BO3MYIIEeHHA. BKIaibl, cooT-
BETCTBYIOIIUE JIMArPAMMAM @, b PACXO/ATCs 1 MMEIOT Pa3Hble 3HaKu. BKira i rpaBuTalitoOHHO
JrarpaMMebl (¢) obpaIaeTcst B HyJb.

Csl IMarpaMMaMi H300parkeHHbIME Ha, puc. 2. Kak mokasano B pasjese 3 I1aBbl
2, ycTpaHeHHe COOTBETCTBYIOIUX OECKOHETHOCTEH OCYIECTBIISAETCS IepPeHOp-
MHUPOBKOIl IIapaMeTpa HaTs»KeHWns CTpyHbl. [Ipyn 9ToM rpaBuTalimonnas pacxo-
JIIMOCTb OTCYTCTBYET BOBCE, a PACXOJUMOCTH 3a CUeT JUIATOHA U JBa-(DOPMBI
IMEIOT IPOTUBOIIOJIOXKHBIE 3HAKA W COKPAIAOTCA B Ipejese boromosbHOro-
IIpacayna-Commepduiiia. Yerpanenue yjabTpaduoeTOBbIX U HH(PaKpPaACHBIX
PACXOIUMOCTEN ITPOUCXOIAT OJHOBPEMEHHO.

Tperbs raBa MOCBSINEHA PaCueTy U3JIYUIEHHSI, COIMPOBOXKIAIONIEr0 JTBUKE-
HHUE TPAMOJUHEAHBIX CTPYH IO, YIJIOM CO CBEPXCBETOBOI CKOPOCTBIO IIPOEKITHH
TOYKH Iepecedenns. V3aydenne BO3HUKAET BO BTOPOM IMOPSIJIKE TEOPUH BO3MY-
mennii. B mepBoM mopsijike CTpyHBI TEHEPUPYIOT MOJISI TAJIATOHA, ABa- (POPMBI
¥ IPABUTAIIOHHOE TI0JIe, KOTOPBIe HCUE3aI0T Ha MacCOBOM mosepxHocTH k? = ()
n3naydennsi. OHU BBIBLIBAIOT 1eOPMAIIIO MEPOBBIX JJUCTOB CTPYH, IPHA 3TOM B
ypaBHEHHST BTOPOTO IOPSIIKA JJIsI TOJIEBBIX MEPEMEHHDIX BXOIIT 3P (DEKTUBHBIE
TOKH, JaCTh U3 KOTOPBLIX JIOKAJIM30BaHA HA MUPOBLIX JINCTaX CTPYH, & YACTh
BO BCEM IMIPOCTPAHCTBE. JTH TOKH 3aBUCIT OT MEPEMEHHBIX 00X CTPYH U IO
CYIIECTBY SBJISIOTCS KOJJIEKTUBHBIMU BO30Y:KieHUsAMU. OHU (POPMUPYIOT -
(beKTUBHBIE CTOUHUKHI MTOJIEH BTOPOro MOPSIIKa, KOTOPBIE Y3Ke He 00paIlalnTCs
B HYJIb Ha MacCCOBOI MOBEPXHOCTU M3JIYUCHUSI.

B 1enoM msnydenne B HU3MIEM HEMCUE3AIONMEM MOPSIIKE TEOPUH BO3MYIIIE-
HUI ONKMCHIBACTCS TPUHAAIATHIO JiMarpaMMaMi, MMOKA3aHbIMU Ha PUC. 3 JIJIs
caydasi U3JydeHus JusiaroHa. Ilepsbie mects puarpamMm aq, by, c1, as, ba, co o1-
BEYAIOT OOMEHY JIMJIaTOHOM, 110JeM (OPMbI U I'PABUTOHOM (3J1eCh TepMuH "rpa-
BuToH " yriorpebiisiercst st 0003HAYEHUST JTMHEAPU30BAHHOTO I'PABUTAIIMOHHO-
ro 1nosist). BHemiHsist JIMHUS JMJIaTOHA HA 9TUX JMArDAMMAX MOXKET HCXOJUTh
U3 KaXKJIOW CTPYHbBI, IPU ITOM IOJPAa3yMeEBAETCs, 9TO "BUPTyasbHas JaCTH-
1a''ucnyckaercst apyroit crpynoit. Cieyoriye derbipe JruarpaMMbl TAK»Ke OT-

B€4alOT 4YaCTHu SCbeeKTI/IBHOFO UCTOYHUKA JIOKAJIM30BAHHOW Ha MHPOBbLIX I10-



Puc. 3: JluarpamMmbl, ONUCHIBAIOIINE H3JIYUYCHHE JIUJIATOHOB B HU3IIEM IOPSIKE TEOPHH BO3-
MYIIeHHii: aq, by, ¢; COOTBETCTBYIOT BKJIAIy B M3JydYeHHEe OT BO30OYXKJIEHHS IMEPBOM CTPYHBI
BTOPOIl CTPYHOI; a2, by, o BKJIAIy BTOPOil OT BO3OYKIEHHUS ee MmepBoii; d, e, f oTBedaioT
BeplIinHaM BBaI/IMO,ZLeI./JICTBI/IH CTPpYH C IOJIAMU 60ﬂee BBICOKOI'O ITOP#AIKaQ (TaKI/Ie AuarpaMMbl
OTCYTCTBYIOT JIJIsl M3JIy9eHHsl TOJisi ABa~-pOPMBbI), OCTATIbHBIE THATPAMMBI OTBEYAIOT HEJIO-
KaJIbHOMY BKJIQJIy IOJIEil IepBOro mopsaaka B 3(pHeKTUBHBINA HCTOTHHK.

BepxHOCTsIX cTpyH. OHU BO3HMKaIOT Ojarojapsi BeprmHaM tuna d Ha puc. 1.
Haxkowner, ocrapiiuecs: Tpu JiuarpaMMbl ONMKUCHIBAIOT HEKJIOKAJIbLHBIN BKJIaJl 110~
JIeit iepBoro nopsijika B 3(pPEeKTUBHBIN UCTOYHUK n3JydeHus. Vcioib3ys KBaH-
TOBYIO aHAJIOIUIO, UX MOXXHO MOHUMATh KaK CJUSHUE BUPTYaJbHBIX KBAHTOB B
peasbHbI.

B ciyuae JIBUXKEHUSI CTPYH C YJIbTPAPEIsiTUBUCTCKON OTHOCUTEJLHON CKO-
POCTHIO M3JIyUEHUE UMeeT XapaKTEePHbBIH MK B HAlpABJICHUM JIBUXKEHUsT OJIHO
CTPYHBI B CUCTEME TI0KOsi JIpyroii. JIjis crieKTpajbHO-YTJIOBOIO paciipeieieHust

JIMJIATOHOB B 9TOM CJIydae MmojydeHa (g opmyiia;

dP?) 64tk (Q) + Qur?F%)? o wd(l + K°53%) (2)
= X -
dwdﬁ W i(l + ’%262)4 p YK )

rjie (21 2 HapaMeTpbl, BbIPaXKAIOIMeCs 4epe3 KOHCTAHTDBI CBsI3U, 3— yIoJl OTCHH-
THIBAEMbIH OT HAlIpABJICHUSI MAKCUMYyMa, K = 7 COS (t, [JIe Y— PEeJIATUBUCTCKUI
dakTOp, — yros HaKJIOHA CTPYH, B paccMarpuBaeMom pejene k > 1. Cruekrp
MMeeT XapaKTepHYyI0 HHPPAKPACHYIO PACXOIUMOCTD CO CTOPOHbBI MaJIbIX YaCTOT,
1 OH obpesaercsi cBepxy (B HAlpaBJEHUU BIIEPEJ) Ha YACTOTE W ~ Wiax, V1€
Wmax = 1, d— npunenbHoe paccroguue. O6o3Hauas depes A~ napamerp
obpe3anust 110 4aCcToTe, U UHTEI'PUPYS OJIydaeM YIJIOBOE PpaCIpe/le/IeHue U3Jry-

HeHuA

(1 + B2r)

2 22\2
AP _ gty Lm0 g
YA

dg %1(1 + K2[32)4 ’ (3)

rJ1€ NCIIOJIb3YETCA NHTECI'PAJIbHAA ITIOKa3aTC/IbHasd d)YHKHHH HOCKOJIbe HocJre 1-

L,
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HsIsT 9KCIIOHEHIINAJIBLHO CIAJAET MPU DOJIBINNX 3HATEHUSAX apryMEHTa, MOJIyTaeM
4TO yIJIOBOE PACHPEIEICHIE COCPEIOTOYEHO B 0bsacTu yrios 5 < V/VK BOKDyT
nanpasenus 3 = 0.

Uznydenne mosst aBa-hOPMbI OMUCHIBACTCS JIEBSITHIO JHarpaMMaMiu aHaJI0-
IMIHBIME TTOKA3aHHBIM Ha pHC. 3, Kpome auarpamm Tuna d,e. Ero cBoiicTsa
Ka9eCTBEHHO aHAJOTWIHBI OMMCAHHBIM BbIle. V3ydenre rpaBUTOHOB OTCYT-
CTBYET BOBCE, 3TO MOYKHO CBSI3aTh ¢ (DAKTOM OTCYTCTBHUSI JIBAYKIbI TOTIEPETHBIX
I'PaBUTAIIMOHHBIX BO3OY»KIeHW# B pa3zmepHocTu 2-+1. [leiicTBure/bHO, Kak Obi-
JI0 1oKazaHo B [4], BHIOOPOM cHCTEMBI OTCUYeTa U ONPEJIeJIEHHON T1apaMeTpu-
3allM MUPOBBIX JINCTOB MOXKHO JIOKAa3aTh 9KBUBAJEHTHOCTH PACCMATPUBAEMOI
3a/1a97 3aJ1a9€ O JIBMYKEHWW TOUYETHBIX TACTHI], B3ANMOJIEHCTBYIOIMNX CO CKa-
JIIPHBIM U BEKTOPHBIM II10JIEM B TPEXMEPHOM IIPOCTPAHCTBE-BPEMEHHU.

B TpeTbeii riiaBe Tak:Ke cjiejiaHa OIeHKa IIOJIHOM I'eHepallid YePEeHKOBCKOIO
U3JIyYeHHUsl B IIPOIECCE IBOJIIOIUU CETH KOCMUYECKUX CYIIEPCTPYH, KOTOPas I10-
Ka3bIBaeT, YTO 3P (MEKT UMeeT TOT Ke IOPAJIOK BEeJTUINHbBI, YTO U U3JIyUCHHE OT
OCIMJIJINPYIONTUX TeTeh.

B rnase IV “Usznyuenne npu crojikHOBeHHH MeMOpaH’ W3ydaeTcss BOIPOC
O CYIIECTBOBaHUK YEPEHKOBCKOI'O MEXaHMU3Ma, Jjisi Iunepbpan 0oJiee BbICOKOI
Pa3sMepPHOCTH, ABMXKYIIUXCA B IIPOCTPAHCTBAX C JIOIOJHUTEIbHBIMU U3MEPEHNU-
sIMH, KOTOPbIE NPUCYTCTBYIOT B Teopuu cynepcrpyH. Ha npumepe memOpaHb
(2-Opambl) B MATHMEPHOM MPOCTPAHCTBE-BPEMEHU DPACCIMTAHO UE€PEHKOBCKOE
u3JydeHue 1moJs 3-gpopmMbl. PaccmaTpuBaercs ciaydail JByX ILJIOCKMX MeMOpaH,
JIBUKYIIUXCS B HellepeceKaroInmxcs obbemax. Hakyion mMemOpaH OTHOCHTE Ib-
HO JIpYT JPYyTra Ompejessercs AByMs yriamMud « u 3. B sTom ciydae MHOrO-
obpasmeM (MPOEKINK) Mepecevdenus TIOCKOCTeli sIBJISIeTCsT mpsiMasi, KOTopas,
AHAJIOTMIHO TOYKE IepecedeHust CTPYH, MOXKET IIepeMelaThCsa CO CBEePXCBETO-
BOii ckopocThio. Kak 1 B cydae CTpyH, PACCMOTPEHHOM B IIPEJIbIIyIIei riase,
BO BTOPOM IIPHUOJIMXKEHUH 110 II0JII0 BOBHUKAET UYepPEeHKOBCKoe majyuenue. Ero
CBO#CTBa (paKTHUUECKHU TOBTOPSIOT CBOMCTBA M3JIyUEHUS MOJST ABa-(POPMBI JIJIsI
CTPYH B YeTBIPEXMEpPUH. DTOT Pe3yJbTaT y»Ke He UMeeT MeCTa IPU IMPOU3BOJIb-
HOV OPUEHTAITNHU JIBUXKYIIUXCS THIIEPIIOCKOCTEH B MPOCTPAHCTBAX, B KOTOPBIX
OCJIeIHIE UMEIOT KOpa3MepHOCTL OoJiee JIBYX.

B rmaBe V “Usznyuenne B 2+1 teopun” paccMarpuBaeTcs 3a1a4ua 00 n3Jyue-
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HUM TOYEYHOrO 3apsijia B TPEXMEPHOM MTPOCTPAHCTBE-BPEMEHH, 1 00CY XK 1aeTCst
CBSI3b C Y€PEHKOBCKNM M3JIyIeHNeM CTPYH B derbipexmepun. [Tokazano, 110 91a,
3a/1a1a 9KBUBAJCHTHA CJIYUal0 MapaJUle/IbHBIX CTPYH, T€M CaMbIM YCTaHABJII-
BAETCs CBSI3b YCPEHKOBCKOTO MEXaHU3Ma, M3JIY IC€HHUs TTPOTSIKEHHBIX 00'bEKTOB ¢
TOPMO3HBIM H3JIyYeHUEM TACTUIL. DTa 33/1a1a BO3SMOKHO MOXKET HMETh U JIPYTHe
npusIoKeHust (ToHKMe TIeHKr). B Gosiee obiem cirydae U3/ydeHne TOIeTHOTO
3apsijia B TPEXMEPHOM TTPOCTPAHCTBE-BPEMEHH MOJICNPYET M3JIydeHrue MpOTs-
YKEHHBIX 00'bEKTOB JTI000M MPOCTPAHCTBEHHOI PA3MEPHOCTH MPH WX JIBHYKEHHUN

B IIPOCTPAHCTBE, B KOTOPOM OHU UMEIOT KOPa3MePHOCTH JIBa.

B 3akmrouenun chopmysinpoBaHbl OCHOBHBIE PE3YyJIbTAThI, MOJYyUYEHHbIC B

JIACCEPTAIN.

OCHOBHBIE ITOJIO?KEHUN A, BBIHOCUMBIE HA 3AIIIUTY

1. PazBura Kjaaccuueckas nmeprypdOaTuBHasT TEXHUKA BBHIUYMCJICHUN, TTO3BOJIS-
IIasi PACCUNTHIBATH B3AMMOJIEHCTBAE CTPYH B TEPMHUHAX Pa3JIOKEHUI 110
CTeneHsiM KOHCTAHT CBsA3M ¢ Oe3MmaccoBbiMu mosisimu. Ilocrpoena coorser-
CTBYIOITAsT JUArPAMMHAasT TEXHUKA.

2. Ilokazano, 4To yibTpaduoeToBble 1 HH(MpPaKPACHBIE PACXOIUMOCTH, BO3-
HUKAOIIKE [IPH yUeTe CaMOJCHCTBUS B yPaBHEHUAX JIBHXKEHUS B HUBIIEM
IPUOJUKEHUN TEOPUU BO3MYIIEHU, YCTPAHSIIOTCSA IEePEHOPMUPOBKOI Ha-
Tsi>KeHUs1 CTPYHBL. [Ipn 5TOM rpaBuTalnOHHAST PACXOUMOCTH OTCYTCTBYET,
a PaCXOJUMOCTH JJIsI JUIATOHA U IOJs JBa-(POPMbI KOMEHCHUPYIOT JIPYT
Jnpyra B npenesie boromonbroro-Ilpacamna-Commepduiia.

3. Ilokazano, 9TO JUIst NPSIMOJMHERHBIX CTPYH, JBUXKYIIUXCS TIOJ] YIJIOM CO
CBEPXCBETOBOH CKOPOCTHIO MPOEKIMK TOUKK MEPECeYeHNs], BOSHUKALT de-
PEHKOBCKOE M3JIyUYeHUe, ONMUChIBAEMOE dJIeHAMU BTOPOro (M BbIIIE) 110~
psAAKOB Teopun Bosmylnenuit. [losyuensr (hopmysibl Jjisi CIIEKTPAJIHLHO-
YIJIOBOT'O PACIPEJIe/IeHIsT U3JIy9eHnsl JUaTOHOB U 10Jst jBa-(popmbl. [lo-
Ka3aHO, UTO B YALTPAPEJATUBUCTCKOM IIPejese M3JIyIeHrne IMeeT Pe3KMii
MaKCHMYM B HAIIPABJICHUU JIBUKEHUSI JBVXKYIIEHCsT CTPYHBI B CUCTEME T10-

KOS CTPYHbBI-MHUIIICHMU.
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. Ilokazano, 4T0 YepeHKOBCKOE M3JIydeHHE I0JIel JUJIATOHA, U aHUCUMMET-
PUUHBIX (DOPM TAK>Ke BOBHUKAET JIJIsl IPOTSXKEHHBIX 00bEKTOB 00JIee BhICO-
KOl pa3sMepHOCTH (p—6paH) B MHOIOMEPHBIX MPOCTPAHCTBAX, MIPUYEM JIJIid
KOPa3MepHOCTH JIBa €r0 CBOMCTBa aHAJOTUYHBI CBOMCTBAM U3yY€HUs CTPYH
B 9eThIPEXMEPHOM MTPOCTPAHCTBE-BPEMEHMN.

. PaccMmorpeno nznydenne ToUeUHBIX YACTHI] B TPEXMEPHOM IIPOCTPAHCTBE-
BpeMEHU U IIPOJEMOHCTPUPOBaHA €r'0 CBA3bL C U3JIYyUYEHUEM CTPYH U MEM-
OpaH B mpocTpaHcTBax 00jiee BHICOKON pa3MepHOCTH, B KOTOPBIX COOTBET-

CTByromiue 00 BLEKTBI UMEIOT KOpaSMEpPHOCTDL JIBa.

LHuTupyemaa aureparypa

. M. B. Hindmarsh, T. W. B. Kibble, Cosmic strings , Rept. Prog. Phys. 58
1995 477 |arXve:hep-ph/9411342].

. J. Polchinski, Cosmic strings revisited, AIP. Conf. Proc. 743 (2004) 331;
Int. J. Mod. Phys.A20 (2004) 3413 [arXiv:hep-th /0410082].

. T. Vachaspati and A. Vilenkin, Gravitational radiation from cosmic
strings, Phys. Rev. D 31 (1985) 3052.

. D. V. Gal’'tsov, Yu. V. Grats, and P. S. Letelier , Post-linear formalism for
gravitating strings: crossed straight strings collision, Ann. of phys. 224
(1993) 90.

. A.B. Tanwsnos, FO.B.I'pair u A.B JlaBpenTnhes, YepeHKoOBCKOE n3JjiydeHme
cBepx1poBosiiux Kocmudecknx crpyH, llucema B 2KOT®, 59 No. 6
(1994) 359-363;

. D. V. Gal'tsov, E. Yu. Melkumova and R. Kerner , Axion bremsstrahlung
from collissions of global strings, Phys. Rev. D 70 (2004) 045009
larXiv:astro-ph /0310718 |.

13



OcHOBHBIE PE3YJIbTATHI JUCCEPTAIMN OIyOJIMKOBaHbI B pabOTax:

1. E. Yu. Melkumova D. V. Galtsov and K. Salehi. Form-field
bremsstrahlung under collision of p-branes.// Céopnux mesucos Meocdyna-
PoOHoti Kondepenuyuu no gusure svcokux snepeuti HEP-EPS, Jluccabon, 2005,
p.158, 2005. [arXiv:hep-th /0512328].

2. /I. B. TI'aavuos, E. KO. Meaxymosa, K. Canrexu. TopmosHoe usiyue-
HUE JIMJIATOHOB LIPU CTOJIKHOBEHUU KOCMUYECKUX crpyH. // Chopruk mesucos
Meotcoynapodnoti xongepernvyuu Jlomornocos-2005 , N3jp-Bo dusudeckoro da-
kyJsibrera MI'Y, Mocksa, 2005, 1.2, crp.148-149.

3. E. Yu Melkumova D. V. Galtsov and K. Salehi. Form-field
bremsstrahlung under collision of p-branes. // POS HEP2005, p.147-151, 2006.

4. E. Yu. Melkumova D. V. Galtsov and K. Salehi. Dilaton and axion
bremsstrahlung from collisions of cosmic (super)strings. // J. Phys. A: Math.
Gen. (NIpUHSATO K T1€YATH).

5. D. V. Gal’tsov E. Yu. Melkumouva and K. Salehi. Cerenkov radiation from
moving intersecting strings. // Ipenpunm gusuuecrozo darysvmema MI'Y,
10/2006

14



