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OBIIAA XAPAKTEPUCTUKA PABOTHI

I'nmoresa KOCMUYECKUX CTPYH ObLIa MPEJIOYKeHa JUist 00bsiCHEeHUsT HabJIi0-
JIACMOfi Hepapxuyi KOCMUYCCKUX CTPYKTYDP (FaJaKTHK, CKOIUICHUH TIaJakTHK,
KPYITHOMACIITAOHON sTaencToit CprKTypr) KaK aJibrepHarhBa CTaHIapTHONI
MOJIeJIV, OCHOBAHHOW Ha POCTE BO3MYIIEHWH TJIOTHOCTH. DTa, TWIIOTE3a CIIO-
coOHa OO'bsICHUTH HAOJIIOJIEHUS C PAMKaX TEOPUM, COJIePYKAlleil eJIMHCTBEHHbI
nmapamMerp — IUIOTHOCTh Macchl (HaTsKeHHE) CTPYHbI. B ocHOBe 9THX Tpe/-
CTaBJIEHWI JIeXKaJIO TpeJiCKa3aHne BO3MOXKHOCTU oOpa3oBanust jiedeKToB npu
¢az0BbLIX IEpexojiax B paHHEN BCEJEHHOIl B paMKaX IIOJIEBBIX MOJEJeil BeJin-
KOro obbeiuHeHnst. B 9Tux Mojiesisix XapakrepHast IJIOTHOCTh MacChl uMeer (B
SHEPreTHIECKUX eJANHUIAX ) MacIITab 10" — 10'% M. OnHako, HOBBIE JIAHHBIE
0 AHU30TPONUH MUKPOBOJHOBOTO U3JIYYEHHSI HECOBMECTHBI CO CTOJIL OOTBITNM
3HAUYEHUEM XapaKTEPHON MAaCChl, TO3TOMY THIOTe3a KOCMUYECKUX CTPYH IO-
JIEBOTO TPOMCXOK/JIEHNsT BEPOSTHO JOJKHA ObITH OTBepruyra. Tem He Menee,
B TIOCJIEJIHEEe BpeMsI aKTUBHO M3YyHYaeTCsl BOZMOXKHOCTH KOCMWYECKUX CTPYH B
paMKax CyNepcTpyHHON Mojesn oObeuHeHus (PyHIaMeHTAIbHBIX B3anMo/ieii-
ctBuit. IIpejckazbiBaeMble CBORCTBA KOCMUYECKHUX CYNEPCTPYH, B OTJIUYHE OT
CTPYH, paHee U3yYaBIIUXCS B TOJEBBIX MOJETIAX 00beUHEHNs, He TTPOTHBOPE-
YaT JAHHBIM [0 MEUKPOBOJHOBOMY (DOHY.

Huccepraiuonnas paboTa MOCBAIIECHA UCCASTOBAHNIO JUHAMUKH KOCMUIE-
CKUX CYNIEPCTPYH € yIETOM U3JIyUeHUs 6€3MacCOBBIX MoJIel. XapaKTepHbIM JIIs
CYIEPCTPYHHOU MOJIeTM KOCMUYECKNX CTPYH SBJSETCS WX B3aWMOJIEHCTBUE C
JINJTATOHOM | TIOJIeM JBa-(hOpMBI, a TaKyKe WHOW XapaKTep MPOIEccoB epe3a-
MbIKanusg. KocMmosioruieckas 9BOJIONNAA CETU CTPYH CYIIECTBEHHO 3aBUCHT OT
POIIECCOB M3JIyUeHns MU 0e3MaccoBBIX mnoJjieil. Panee B sinTeparype o0OCyXK-
JIaJ0Ch W3JIydeHrne OT OCHULIMPYIONNUX CTPYHHBIX TeTedb. B jgannoit pabore
HCCTIESTyeTCs IPYTON MeXaHW3M M3JIyIeHUs: YePEHKOBCKOe U3JIyUeHne, KOTOPoe
JIOJIPKHO BO3HUKATH KOTJIA TTPSIMOJIMHEHHBIE HEBO30OY K ICHHBIC CTPYHBI JIBUKY T-
s TIOJT YTJIOM JIPYT K JAPYTY TaK, 9TO TOUYKA ITepecevdeHus UMeeT CBEPXCBETOBYIO
CKOpOCTh. Panee MopoOHBIN MeXaHU3M OOCYXKJIaJCT JJIsi TI00aJbHBIX CTPYH,
B3aMMO/ICHCTBYIONUX C TIOJIEM aKCHOHa, W OBIJIO TTOKa3aHO, IYTO OH UT'PAET BaXK-
HYIO POJTh B UX JUHAMUKE B XOjIe KOCMOJOTHYIecKol apoJionu. B nannoit pabo-

3



T€ YCPEHKOBCKUI MEXaHU3M M3YydaeTcsi IPUMEHUTEbHO K KOCMUYIECKUM CyIIep-
CTPyHAM, B3AMMOJICHCTBYIONIUM C JIUJIATOHOM, 110JIeM JIBa-(POPMbI U I'paBUTAIM-
OHHBIM T0JieM. Pa3zBura neprypOaTuBHasi TEXHUKA BbIYUCJICHUH, TTO3BOJISAIONIAS
PACCUNTBLIBATH U3JIYICHHUE JIJIs1 YJIBTPAPEIATUBUCTCKUX CTPYH, 8 TaK¥XKe JPYTuX
IIPOTSKEHHBIX 0OBEKTOB (MEMOpaH) PACCMATPUBACMBIX B TCOPUU CYIEPCTPYH.

AkTyanbHOCTHh TPODJIEMBI OOYC/IOBIEHA CYIIECTBEHHBIM PA3BUTHEM CO-
BPEMEHHON KOCMOJIOTWH B MOCJEIHUE TOJIbI, B YACTHOCTH, TIOSIBJICHUIO THITIOTE-
3bI KOCMUIECKHUX CyTepcTpyH. VX 3BOJIIONUS B X0/1€ KOCMOJIOTHIECKOTO PACIITH-
PEHUST JIOJIPKHA COMTPOBOXKAATHCS M3JIYyUCHUEM, KOTOPOE MTPAET BaXKHYIO POJIb
JIUTST TIOCJIEIYIOIIETO CPaBHEHUS ¢ dKcmepuMeHToM. OCHOBHBIM MEXaHU3MOM W3-
JIyIEHUsT, KOTOPBIF PaCCMATPUBAJICS paHee, siBJISIETCS N3JIydeHre 0e3MacCOBbIX
noJielt (YacTh U3 KOTOPBIX B XOJIE MOCJEJYOMIECH SBOTONUN CTAHOBITCS MaCCB-
HBIMHU ) OCHUJUIUPYIOIIUM HEeTIsIMUA 3aMKHYThIX cTpyH. OHAKO, JJist KOCMEYe-
CKUX CYNEepPCTPYH JOJKHA OBITH BEJUKA JIOJs MPAMOJHHEHHBIX HEBO30Y K IeH-
HBIX CTPYH, JIBUKYIIUXCS JIPYT OTHOCUTEIBHO JPYTa € IOCTOSIHHONW CKOPOCTHIO.
VcenenoBanve BO3BMOXKHOCTH Y€PEHKOBCKOTO M3JIYIeHHS B TAKOM crucTeMe HeoO-

XOJMUMO IJIA ITOCTPOEHU A OoJsIee MOJIHOM KapTHUHDbI 3BOJIIOIMHN CETH KOCMNYIECKNX

CTPYH.

IHeanbro AuccepTaMOHHOTO UCCJI€I0OBAHUAOLLIO NCCIEIOBAHNE N3ITy de-
HU COMTPOBOXKJIAIOIIECTO JBUXKECHNAC MPAMOJINHEAHBIX KOCMUYCCKUX CYIIePCTPYH,
B3aUMOJIEHCTBYIOIIIX [OCPEJCTBOM CKAJISIPHOrO TOJIst (JIMIATOHA), MOJIsI aHTH-
CUMMeTpUIHON (bOPMBI BTOPOro paHra U rpaBuTalnnu. PaHee ObLIO 1MOKa3aHO,
4TO B CJIy4Yae YUCTO I'PaBUTAIMOHHOTO B3aMMOJEACTBUA MU3JyYeHUe He BO3HU-
KaeT, OJHAKO B CJIydae B3aUMOJIEHCTBUsS CTPYH IMOCPEJICTBOM MOJA (POPMBI B
IIJIOCKOM TPOCTPAHCTBE-BPEMEHN U3JIydYeHue mMeeT Mecto. B janmoir padbore
paccMaTpUBAJICS OOITHH CIydail B3aUMOJICHCTBUS ¢ TPpeMsT YKa3aHHBIMU MOJIS-
MU, KOTOPbLIN SBJIFETCA TUMUYHBIM JIJIs1 TCOPUN CYIIEepCTPYH, C I[eJbI0 BHICHUTD
cytecTBoBanue 3P eKTa IePeHKOBCKOTO N3IyIEHUs MIPU JIBUKEHUU CTPYH MO/
YIJIOM CO CBEPXCBETOBOM CKOPOCTHIO TOUKH TepecedeHusi. KpoMme TOro mpoBo-
JINJIOCH WCCJIEIOBAHUE U3JIYICHUS JBYX JIBVXKYIIUXCA 10 YIJIOM p-OpaH B pas-
MepHocTu D + 3 ¢ 1eJibio U3yueHnusi BO3MOYKHOCTU OOOIICHUS YePEHKOBCKOTO
MeXaHu3Ma, Ha JIPyTHe TPOTSKEHHBIE 00BEKTHI, TPUCYTCTBYIOINTUE B TEOPUH CY-



1IEPCTPYH.

Hayunas HoBu3Ha. B pabore BrepBbie UCCIEI0BAHO YEPEHKOBCKOE U3JTY-
yeHue 6€3MacCOBBIX TM0JIEH JAUIATOHA U JIBa-(DOPMbI TPSIMOJIUHERHBIMU CTPYHa~
MU JIBVXKYIIAMUCS C MMOCTOSTHHON CKOPOCTHIO TIOJ YTJIOM JPYT K APYTY. DTOT
MEXaHWU3M JOJI2KEH BHOCUTH CYIIECTBCHHBII BKJAJ B JIMHAMUKY KOCMHYECCKHUX
criepcTpyH B panHeil Bceesiennoii. HoBbiM sBjisieTcs Tak»ke ykazaHue Ha BO3-
MOXKHOCTDH Y€PEHKOBCKOI'O W3JIyUeHUs JIBUKYIIUXCA P-OpaH B MPOCTPAHCTBAX
Pa3JIMYHON| Pa3MEPHOCTH , CYIIECCTBOBAHUE KOTOPBIX IPEJACKa3bIBACTCA CyIep-

CTPYHHBIMU MOJIEJIsIME OObeInHeHUsT (PyHIaMEeHTaIbHbIX B3aUMOIeACTBUIA.

Hay4ynasa u mpakTudeckas IEHHOCTH padoThl. [losydyennbie B pabore
pe3yJibTaThl UMEIOT BaXXKHOE 3HAaUEHUE /sl JaJIbHeAIIero pa3BuThs TeOPUU KOC-
MUYECKHX CyIIePCTPYH B COBPEMEHHOI KOCMOJIOI'UH, & TaKKe JIij1s1 DoJjiee MOJIHOI'O
HOHUMaHUs JUHAMUKK CYIIEpCTPYH B OObEIMHEHHBIX MOJAESIX (PYHIaAMEHTa b
HBIX B3aUMOJIEHCTBUNA.

PesyabTaThl jguccepranmu MOTYT OBITH wcrnoib3oBanbl B HUUAD MI'Y,
AN, JITO ONAN, ©®UAH, UT2®, MUAH, TT'YV u apyrux HaydHBIX IEH-

Tpax.

Amnpobarusa pabdoTbl. OcHOBHBIE PE3yJAbTATHI  JIUCCEPTAIUN  JIO-
KJaabBagncs  Ha  Koudepenmun  Jlomonocos-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 Kadeapbl TeopeTndeckoit ¢puzuku MI'Y.

Ilyonaukarun. [To Teme muccepranuu onyOJUKOBAHO 5 pabOT.

Crpykrypa auccepranun. Jluccepralins COCTOUT U3 BBEJACHUsI, [IsITH TJIaB



OCHOBHOI'O TEKCTa, 3aKJIIOYCHUS U CIIMCKA IUTUPYEMON JUTepaTyphl.

COLEP2KAHUE PABOTHI

B riaBe 1 “Bpesenne” obCy K 1al0TCst HOBBIE TIPEJICTABICHUS, CJIOXKUBITHECS
B TEOPUM KOCMUYIECKNUX CTPYH U KOCMUIECKUX CYNIEPCTPYH, & TaK»Ke JIaeTcst 00-
OCHOBaHME BLIOPAHHOW TEMbI NCCICIOBAHNN U KOPOTKO (DOPMYJIUPYETCS COJIEP-
yKaHWe auccepraimn. Beepenne coctonT mn3 Tpex pasjeson. B nepBom 0bcy k-
JTAI0TCsT OOIIME TTOJIOKEHIST TEOPUH KOCMUIECKNX CTPYH, 00pa3soBaHUe KOTOPBIX
nporcxouT Tpu hazoBbix nepexogax (Mexanuzm Kubbsa) ¢ mocsepyomnmMu
nporeccamMu TiepesaMbikatusi 1 obpasoBanus neresib [1]. B mocaennue rombr
BBISICHIJIOCH, 9TO MAacIiTabd MacChl B TOJEBBIX MOJIEJSIX KOCMHUYECKUX CTPYH
CIMIIIKOM BBICOK, U TaKHE CTPYHBI OY/IyT MOPOXKIATh HEOJHOPOHOCTH, BEJIIH-
Ha KOTOPBIX HE COIVIACYETCs C JAHHBIME 10 MUKPOBOJHOBOMY H3JIy ICHHIO.

Bo BTopoMm pazgmesie 00CyKIaeTcsI THIIOTe3a, KOCMUIECKHX CYIEPCTPYH, KO-
Topasi Obla MpeJIoKeHa Kak ajJbrepHaTuBa MojesbiM Mojeasam [2]. Tlepso-
HavYabHO cHOPMYIUpOBaHHAsT BUTTEHOM JBa/IIATh JIET Ha3a/l, 9Ta I'UIOTE3a,
JIOJINOE BpeMs CUMTAJIaCh HEIIPUeMJIEMON M3-3a CJIMIIKOM OOJIbIIONM (6JIH3K0171 K
HﬂaHKOBCKoﬁ) IIJIOTHOCTHU MACChl TAKOU CTPYHBI B TPAAUIMOHHON TEOPUU CYTIIeP-
crpyH. Iocnennsis, onHako, mperepiiesia CyIecTBeHHbIE N3MEHEHUsT B XOJe I10-
CJIeTHETO JIeCSITIIETHsI, i BhISICHIIACH BO3MOXKHOCTD J16(EKTOB B CTPYHHOI T€O-
PUU C IJIOTHOCTHIO MACChI CYIECTBEHHO HoJiee HU3KOI (3a cuer KoMmakTudu-
Karuii ¢ "oosbmMu " HOOTHUTE/ILHBIMI H3MEPEHUSIME, a TaKKe B THiepOpaH-
HbIX MOJIeJIsiX ). COOTBETCTBYOIIAs MJIOTHOCTH MACCHI MOYKET ObITh Ha, OJ[MH-/BA,
IOPsIJIKA MEHBIIIE MaCChI, aCCOIMUPYEMOii ¢ (pa30BBIM IIEPEXOIOM B IOJIEBBIX MO-
JIeJIsIX BEJINKOTO oObenuHeHusl. Takne KOCMUYECKHe CTPYHBI He IPOTHBOPEYAT
JIAHHBIM 110 MHUKPOBOJHOBOMY H3JIyYEHHIO W B IIOCJEIHEe BpeMsl aKTHBHO 00-
CYKIAI0TCs B JINTEPATYpe KaK KU3HECTIOCOOHAS aIbTePHATHBA TPAIAIIMOHHOM
TEOPUU KOCMUUIeCKUX cTpyH. OCHOBHBIMU KaHIAIATAMEU Ha POJb KOCMUIECKIX
CYIIEPCTPYH SIBJISIIOTCS TaK HasbiBaeMmble F' u D ¢TpyHBI, KOTOPBIE 00pa3yoTcs
B X0Jle WHMDJIANNNA B paMKaX THIEPOPaHHON KOCMOJOTHIECKOW MOJIEN. DBOJIIO-
1T KOCMAYECKUX CYIIEPCTPYH B IIeJI0M aHAJOIMYIHA 9BOJIONNY KAJTHOPOBOUHBIX

CTPYH, OJIHAKO BEPOATHOCTH Mepe3aMbIKaHUH JIJI HUX MEHBIIIE.



B rtperbem paszjesie BBejeHus JaH 0030p paboT 110 M3/1yYeHUI0 OT KOCMUYe-
ckux crpyH. Uziydenne crpyHaMu 6e3MaccoBbIX 1osiedi (HEKOTOPbIE U3 KOTOPbIX
B XOJI€ JIaJibHEHIIEeH KOCMOJIOMMYECKON 9BOJIOINUKM MOIYT CTaTh MACCUBHBIMY )
UI'PaeT BaXKHEHIIYIO0 POJIb B TEOPUHU U HO3BOJISIET OJIYUUTH OIPAHMYCHUsT Ha, ee
napaMeTpbl. B OCHOBHOM M3JIyueHHe aCCOLMUPOBAJIOCH ¢ peJlakcalneil Bo30y K-
JICHUI CTPYHHBIX 1eresib [3].

Haugee chopmysnimpoBaHa OCHOBHAST 3a/1a49a JUCCEPTAINNA: U3YIUTh TPOIECCHI
W3JIyIeHUS TP JBUXKEHNN HEBO30Y K ICHHBIX CTPYH MOJ, yIJIoM ApyT apyry. Pa-
Hee ObLIO 3aMedeHO [4], 9TO Mpu TaKOM JBHYKEHUU CKOPOCTH MPOCKIUH TOYKH
MepeceveHnst CTPYH MOYKET OBbITh MPOU3BOJILHON, W B 9aCTHOCTH, BHITIE CKOPO-
CTH CBETA, TTOITOMY MOYKHO OXKMJIaTh BOSHUKHOBEHWST YEPEHKOBCKOTO M3JIyde-
ausi. OIHAKO pacuer MOKa3aJI, UTO U3JIyYCHUsI TPABUTAIIMOHHBIX BOJIH BCE YKE HE
npoucxoaut. C ApPyroil CTOpoHBI, B paMKaX TEOPUU B ILJIOCKOM IIPOCTPAHCTBE-
BpeMeHH ObLIO Hali[eHO, 9TO MMEET MECTO YePEHKOBCKOE M3JjydeHne (DOTOHOB
CBEPXIPOBO/IAIINMA CTPYHAME |5| U U3/Iy9YeHHEe AKCMOHOB [JIODATBHBIMEI CTPY-
wamu [6]. B cBsa3u ¢ atmm Obuia nocrapieHa 3ajada MCCAEOBaHUST OOIIEro
cydasi B3aUMOJEHCTBYSI CTPYH CO CKAJISIPHBIM TOJIeM (JIMJIATOH), MOJIeM aH-
TUCHMMETPHYHOIO TEH30pa BTOPOro para (jBa-opma) U rpaBUTAIedl, 9TO
1peJicTapisieT coboit TUIIMYHBINA HabOP CTPYHHBIX B3UMOJICHCTBHUI B KOHTEKCTE
TEOPHUHU CYIIEePCTPYH.

Bo BTOpoii rnaBe "Kinaccuueckasr Teopust BOBMYIIEHHI 1T B3aMOJjeli-
CTBYIOIIMX CTPYH c(OpPMyIMpOBaHa TEOPHUsl BO3MYIIEHUI JIJIs ONKUCAHUS B3a-
umozeiicreusi crpyn HamOy-I'oTo mocpencTBom cKaJisipHOIo 6€3MaccoBOIO I10-
a1 ¢ (AnmaTon ), Mo AHTHCHMMEPHTHOTO TEH30pa BTOPOro pamra B, (1o-
ne Kan6-Pamona B Teopuu kocMmuueckux crpyH wiau nosje Hepé-Illsapua B
byHIAMEHTATLHONR TEOPUH CYTIEPCTPYH ), U TPABUTAIIMOHHOIO MO/ B 4-MepHOM
IpoCTpaHCTBe-BpeMenn. eiicTBue Jjist CHCTEMBI CTPYH, 3aMETAIONINX MIPOBBIE

micthl ot = XH(7,0), uMeer BUJI:
S=-3% / {EXEXT gun V=7 + 2 fXUX € B, | do+

R 4
orG [V 94 (1)

e v = det Ve, Yap — METPHKA Ha MUPOBOM JIKCTE, paccMaTpuBaeMasi Kak

1
/ 20,00,09,, + EHW[,H/“’”e_md) —



Strings — Dilaton
MWVWW! Graviton,  ====-=--~ Azion

Puc. 1: Beputunsi, accoruupyemseie ¢ aeiictsueM (1): auarpamMMer a, b, ¢ IpecTaBiIsior Bep-
MITUHBI HU3IITEro MOPSIKa CTPYHA-IMJIATOH, CTPYHa-IBa (popMa U CTPYHA-TPABUTOH; THATPaM-
Ma, d n300pazKaeT B3auMOIeHCTBIE CTPYHBI C AUJIATOHOM U TPABUTOHOM BCEX BBICITUX TOPSI/I-
KoB k > 1,k' > 1; amarpammbl €, f, g — MOJIE€BBIE BEPIMUHLI HU3IIErO MOPSIIKA, W INATPAMMbI
e, f, g — COIYTCTBYIOIIHE UM MYJILTUTDABUTOHHBIE BEPITUHDI.

He3aBUCHMas TepeMeHHasd, [t — HaTsKeHUe CTPYHBI, & — KOHCTAHTa CBSI3U
Juiarona, f — KoHCTaHTa CBA3M JIBa-(DOPMBI, g, — MeTpHKa IIPOCTPaHCTBa-
Bpemenu, R — ckanap Puuun, G — wnploTonoBcKas nocrognnad, H,,,
O(uBypy, cuMBOT {...} O3HAYAET IUKINIECKYIO TEPECTAHOBKY MHIEKCOB.

g 9ToTO MEeficTBUS CTPOUTCS KJaaccwiecKas TeOpus BO3MYIIEHUH, B KOTO-
poit 3a HyJsieBoe mpubsKenne npuanMaetcs neiicrsue (1) mppa = f = G =0,
IpuyeM BHelIHUe 1ojd orcyrersyior ¢ = 0, B, = 0, un Merpuka jockas
9y = M- Crpourcsa GopmMasibHOE PA3JIOKEHUE 110 CTEIICHAM KOHCTAHT CBd-
31, KOTOPOE HM300parkaercs: JuarpaMMHoil Texuukoit. CrpyHa uzo0Oparkaercs
TOJICTOW CIJIOIIHOW JIMHUEH, JMJIaTOH- TOHKON CIJIOIIHOW JIMHUEH, 11oJie JBa-
GOPMBI IIyHKTUPHON JIMHUEH 1 BO3MYIeHHe METPUKH BOJHUCTOH Jnnueit. [leii-
CTBHWIO OTBEYAIOT BEPIMHBI M300pakeHubie Ha puc. 1. Kiaccuaeckast Teopust
BO3MYIIEHUI CTPOUTCS 110 AHAJOIMU C KBAHTOBO-TIOJIEBOM M COCTOUT B PazJio-
x)eunu Gyakiuil norpyxenust X* (7, 0), nojeil aunarona ¢(x), nBa-Hopmbl
B, () n METPUKE IIPOCTPAHCTBA-BPEMEHH (,, (L) MO CTENEHsIM KOHCTAHT B3a-
umoielicTBus o, f, G, mpuyeM B HYJIEBOM MPUOIMKEHUH TTPUCYTCTBYIOT TOJIHKO
HEBO30Y XK JICHHBIE CTPYHBI B TPOCTPpaHCTBE MIUHKOBCKOTO, METPHUKA Ha, MUPOBBIX
JINCTaX KOTOPBIX TaKXKe SBJISIETCS TJIOCKOM.

B cucreme BO3HUKAIOT KJIaCCHYECKHE YbTPaduo/ieToBble U nH(MpaKpacHbIe

PACXOJIMMOCTH, B HUBIIEM IPUOIMKEHUN TEOPUU BOBMYIIEHUI OHM OIIMCHIBAIOT-
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Puc. 2: JlmarpaMbl caMOJeHCTBEA B HU3LIEM HOPAJKe TEOPUH BO3MYyINeHuit. Bkaaasr, coor-
BETCTBYIOIIHE THArPAMMAM @, b pacXoasTcs U UMEIOT pasHble 3HaKH. BKJ1a ] rpaBuTammonHOIR
JuarpaMmbl (€) 06pamaercst B Hylb.

Csl JluarpaMMaMu n300pakeHHbIME Ha puc. 2. Kak nmoka3aHo B pa3jesie 3 IJaBbl
2, ycTpaHEHHE COOTBETCTBYIONIUX OCCKOHEUYHOCTEH OCYINECTBIISACTCS ePEHOP-
MHUPOBKO# IMapaMerpa HaTsi>KeHus cTpyHbI. [Ipu 9TOM rpaBuTalinoHHast pacxo-
JINMOCTb OTCYTCTBYET BOBCE, a PACXOJMMOCTH 38 CUET JINJIATOHA U JBa-(POPMBI
UMEIOT ITPOTHBOIIOJIOXKHBIC 3HAKN U COKPAIAITCS B Ipejieae BoromobHOro-
IIpacaga-Commepdumaga. Yerpanenne yabrpadUOJIETOBBIX U HHPPAKPACHBIX
PaCXoIMMOCTEH TPOUCXOUT OJTHOBPEMEHHO.

Tperbsi ry1aBa MOCBAIEHA PACUETy U3JIYyUIEHUsI, COMPOBOXKIAIOIIEr0 JIBUKE-
HUe TIPsIMOJTMHEHHBIX CTPYH IO/ YIJIOM CO CBEPXCBETOBOM CKOPOCTBHIO ITPOEKITHH
TOYKH Tepecederust. Vzmydenne BOSHUKAET BO BTOPOM MOPsIJIKE TEOPUH BO3MY-
meHnit. B nepBom mopsjike CTpyHbI T€HEPUPYIOT TOJIsT JUIATOHA, 1Ba- (POPMbI
1 IPABUTAIMOHHOE OJIe, KOTOPBIE NCYe3aI0T Ha MaccoBoil mopepxnoctuk? = 0
u3stydennsi. OHM BBI3BIBAIOT J1epOPMAIMI0 MUPOBBIX JINCTOB CTPYH, IIPU 9TOM B
ypaBHEHHUsI BTOPOTO TOPSIIKA JIJIsT TIOJIEBBIX IIePeMEeHHBIX BXOISAT 3(hdeKTUBHbIE
TOKH, 9aCTh M3 KOTOPBIX JIOKAJM30BaHA HAa MHUPOBBIX JIKCTaX CTPYH, a JacTb
BO BCEM IPOCTPAHCTBE. DTH TOKH 3aBUCST OT IEPEeMEeHHBbIX 00X CTPYH H 110
CYIIECTBY SABJSIOTCA KOJJIEKTUBHBIMU BO30YKieHusaAMu. Onu popMUPYIOT -
(bekTUBHBIE HCTOYHUKE TTOJIEH BTOPOrO MOPsJIKa, KOTOPbIE yKe He 00paIiaroTcs
B HYJIb HA MaCCOBOH ITOBEPXHOCTU U3JIyUEHHUS.

B 1iesiom usiiydyenune B HU3MIEM HEHCUE3AIOIIEM IOPsJIKE TEOPUH BO3MYIIE-
HUIl OMUCHIBACTCA TPUHAIATHIO JUarpaMMaMi, TTOKa3aHbLIMU Ha pUC. 3 JIJIsd
caydasl U3jIydeHus jaujiaroHa. IlepBole 1mecTb guarpaMmai, by, ci, as, ba, ¢y OT-
BEYAIOT OOMEHY JIUITATOHOM, TT0JIeM (DOPMBI ¥ TPABUTOHOM (371€Ch TepMuH "rpa-
BuTOH " yroTpebJisieTcss i 0003HAUEHMsT JIMHEAPU30BAHHOIO I'PaBUTAIIMOHHO-
ro T0JIs1). BHeNHss MuHns TuiaToHa Ha 9TUX JUarpaMMax MOXKET HCXOIUTh
M3 Ka)KJO0i CTPYHBI, TIPU STOM TOApasyMeBaeTcsi, UTO 'BUpPTyabHas YacTH-
ma''ncnyckaercst apyroit crpyHoii. Cienyioiie yeTbipe auarpaMMbl Tak>Ke OT-

Be4YalOT 4YaCTHu SCbeeKTI/IBHOFO UCTOYHHUKA JIOKAJMU30BAHHON Ha MHUPOBLIX II0-



Puc. 3: JImarpaMmbl, ONUCHIBAIONINE U3JIyUeHNE JUIATOHOB B HUA3IIEM TOPIIKE TEOPUU BO3-
MYIIEeHU’: a1, by, ¢ COOTBETCTBYIOT BKJAy B H3/Jy4YeHHE OT BO30OYKJICHUs MEPBOH CTPYHDI
BTOPOil CTPYHOI; a9, by, o BKIAIYy BTOPOH OT BO3OYKIeHHs ee IepBoii; d, e, f oTBedaroT
BEpITIHAM B3aNMOJIEHCTBISA CTPYH ¢ MOJAME G0Jiee BHICOKOTO MOpsijiKa (TaKue TruarpaMMbl
OTCYTCTBYIOT JJIsT M3JIy9eHUsT MO 1Ba-(DPOPMBbI), OCTAJbHBIE AMAIPAMMBI OTBEYAIOT HEJIO-
KaJbHOMY BKJIAJLY MOJIEl TIepBOro nopsaka B 3(pheKTUBHBIIT HCTOTHHK.

BepxXHOCTAX cTpyH. OHU BO3HMKAIOT OJyiarojiapst BepiiuHaMm Tunad Ha puc. 1.
Haxkownerr, ocrapiimecst Tpu JinarpaMMbl ONKACHIBAIOT HEKJIOKAJIbHbBIN BKJIA/[ 110-
Jieit IepBoro nopsijika B 3pMEeKTUBHBIH NCTOUHUK U3jydeHust. Mcnosp3ysi KBaH-
TOBYIO QHAJIOTHIO, X MOXKHO MOHMMATh KaK CJIUSIHUE BUPTYAJbHBIX KBAHTOB B
peabHbIA.

B caydae ABUXKEHUsI CTPYH C YJIBTPAPEISTUBUCTCKON OTHOCHTEIIHLHON CKO-
POCTHIO UBJIyUCHUE NMEET XapPaKTEPHBIH MUK B HATPABJICHUN JABUXKEHUST OHOM
CTPYHBI B CHCTEME TIOKOs JIpyToii. JIJIst CrieKTpaibHO-yTIIOBOTO PACIIPEICICHMST

AWMJIQATOHOB B 9TOM CJIy4ac IOJIy4YCHa cbopMy.Ha,:

dP@)  64mtK? (Q + Qur?3?)? o wd(l + K°53%) (2)
= X -
dwdﬁ W i(l + ’%262)4 p YK )

rje {2 o mapaMeTphl, BhIpaXKaloNecs: Yepe3 KOHCTAHTHI CBsI3U, 3 — yToJI OTCUH-
TBHIBAEMbIIl OT HAIIPaBJIEHUS MaKCUMYMa, K = 7 COS (¢, TJIe Y— PEJATUBUCTCKUIA
baxTop, a— yroJ HaKJIOHA CTPYH, B paccMaTprBaeMoM rpejiesnes > 1. Crekrp
NMeeT XapaKTepHyio nHPPaKPaCHyI0 PACXOIIMOCTE CO CTOPOHBI MAJILIX 9aCTOT,
v OH oOpe3aeTcs cBepxy (B HADABIEHUW BIEpE]]) HA TACTOTE W ~ Wiax, TVIE
Wmax = 13, d— mpunenbnoe paccroanue. Obo3Hauas uepes A~ mapamerp

O6pe3aHI/IH I10 9aCTOTEC, 1 UHTCI'PUPY: IIOJydaceM YIVIOBOE pacCIpeleJICHUEe U3JIy-
0 0 2 22\2 d(1 2
:647'(_41%2(11_'_ QK‘ ﬁ ) El 1’ ( +5 f}/’%) ’ (3)
dp 1(1+K232)1 YRA

rae UCIloJIb3yeTcd NHTCI'paJibHasd IIOKa3aTeJIbHad (byHKIH/IH HOCKOJH)KY IIO0CJIC 11 -

qcHUA
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Hsisl 9KCIIOHEHI[UAJIbHO CIAAAeT IIPU OOJILIINX 3HAYEHUSIX aPI'yMEeHTa, 101y IaeM
4TO yIVIOBOE PACIPEJe/ICHIEe COCPEJOTOUCHO B obnacty yrios3 S /7K BOKpYT
narnpapsieansi 3 = 0.

Nziryaenne mosst JBa-pOPMBI OIUCLIBAETCS JIEBSITHIO JUATPAMMAMU aHAJIO-
I'MYHBIMHU IOKa3aHHLIM Ha PHUC. 3, KpoMme amarpaMm Tumna d,e. Ero cpoiicTna
KaUeCTBEHHO AHAJIOIMYHBI ONKUCAHHBIM Bbimie. M3jydenne rpaBUTOHOB OTCYT-
CTBYET BOBCE, 9TO MOXKHO CBsI3aTh C (PAKTOM OTCYTCTBUS JBAXK I MOTIEPETHBIX
I'PaBUTAIIMOHHBIX BO30YKieHuit B pasmeprnoctu 2--1. JleficrBuresibHo, Kak ObI-
JI0 TOKa3aHo B [4], BEIGOPOM cHCTEMBI OTCYETa M OIMPEIEICHHON apaMeTpu-
3aIlM MUPOBBIX JINCTOB MOXKHO JIOKA3aTh 3KBUBAJIEHTHOCTH PACCMATPUBAEMOI
3aJIa9¥ 3a/a49€ O JIBUYKCHUU TOYCTHBIX YACTUI], B3AWMOJCHCTBYIOMNX CO CKa-
JIAPHBIM ¥ BEKTOPHBIM II0JIEM B TPEXMEPHOM IIPOCTPAHCTBE-BPEMEHMU.

B rperbeil TyiaBe Tak:ke cjiesiaHa OlleHKa I[IOJIHOM I'eHepaluu YePEeHKOBCKOI'O
U3JIy4eHUs B IIPOIECCE IBOJIIOIUN CETH KOCMUYIECKUX CYIIEPCTPYH, KOTOPasd I10-
Ka3blBaeT, 9TO 3P MEKT UMeeT TOT Ke IOPsAJIOK BEeJIUIUHbI, YTO U U3JIyIeHUE OT
OCIUJIINPYIOIIUX II€TE/Ib.

B rnase IV “Uziydenne npu crojiKHOBEHUH MEMOpaH’ W3ydaeTCsi BOIIPOC
O CyILIECTBOBAHUM YE€PEHKOBCKOI'0 MeXaHu3Ma JiJisi runepbpan 6ojiee BbICOKOM
Pa3MEPHOCTHU, JBUXKYIIUXCS B IPOCTPAHCTBAX C JOIOJHUTEIbHBIMU U3MEPEHM-
sIMM, KOTOpbI€ IIPUCYTCTBYIOT B Teopuu cynepcrpyd. Ha mpumepe memOpaHbI
(2-6paHbl) B MSITHMEPHOM IMPOCTPAHCTBE-BPEMEHH DACCUUTAHO UYEPEHKOBCKOE
uzJjydenre nojs 3-gopmbl. PaccMmarpuBaercs ciydail IByX ILIOCKMX MeMOpaH,
JIBIPKYILINXCS B HellepeceKalonuxcd obbemax. Hakiaon meMOpaH OTHOCHTE/Ib-
HO JIPYT Jpyra ompejeisercs nByMms yriamu « u 3. B srom cioydae mHOrO-
obpaszrem (IPOEKIMK) TepecedeHus JIOCKOCTeH SIBJISETC NpsiMasi, KOTopas,
AQHAJIOIMYHO TOUYKE IepecedeHusl CTPYH, MOXKeT IepeMelaThCsi CO CBePXCBETO-
BOI cKOpocTbio. Kak ¥ B cjiydae cTpPyH, pacCMOTPEHHOM B IIPeJbIAyIIeil riase,
BO BTOPOM HpHOJIMXKEHWH 110 II0JII0 BO3HUKAET YepeHKOBCKOe uajiydeHnue. Ero
cBoiicTBa (PAKTHIECKHU IOBTOPSIIOT CBOMCTBA M3JIydeHUsl 11051 ABa~(POPMBbI JIJIs
CTPYH B YeThIPpEXMEPUH. JTOT PE3yJbTaT y»Ke He UMeeT MeCTa IIPU IIPOU3BOJIb-
HOJ OpUEHTALNK JIBUXKYIIUXCS MUIEPILJIOCKOCTEH B IPOCTPAHCTBAX, B KOTOPBIX
1ocJIeJHIe UMEIOT KOpa3MepHOCTh DoJiee JIBYX.

B rmaBe V “Usznyuenne B2+1 Teopun” paccMaTpuBaeTcs 3aa4a 00 U3JIyde-
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HUM TOYETHOIO 3apsi/ia B TPEXMEPHOM [IPOCTPAHCTBE-BPEMEHH, U 00CY K 1aeTcs
CBSA3b ¢ Y€PEHKOBCKUM M3JIyYeHUeM CTPYH B deTbipexmepuin. [lokazano, 4ro sra,
3a/1ada IKBUBAJICHTHA CJIyUalo HapaJUIeJbHBIX CTPYH, TE€M CaMbIM yCTaHABJIU-
BAETCS CBA3b Y€PEHKOBCKOIO MEXaHU3MA U3JIYYE€HUS IPOTSIKEHHBIX 00bEKTOB ¢
TOPMOBHBIM U3JIy Y€HHEM JACTHI. DTA 33,1298 BO3IMOXKHO MOXKET UMETH 1 JIPyTrHe
NpuUIoKeHus (ToHKHE TIeHKr). B Gostee obiem coydae usiiydeHne TO9€IHOTO
3apsijla B TPEXMEPHOM TTPOCTPAHCTBE-BPEMEHH MOJIEIUPYET U3JIyUIeHne IPOTsi-
JKEHHBIX 00BEKTOB JII000H MTPOCTPAHCTBEHHOI PA3MEPHOCTH TIPU WX JIBIXKEHUH

B IIPOCTPAHCTBE, B KOTOPOM OHM MMEIOT KOPa3MEPHOCTH JIBA.

B 3aksrouyeHuu chopmyimpoBaHbl OCHOBHBIC PE3YJIbTATHI, TOJYyIECHHbIE B

JIIccepTalnm.

OCHOBHBIE ITOJIOZKEHN A, BLIHOCVMBIE HA 3AIIIUTY

1. Pazsura kjraccndeckast mepTypOaTuBHAS TEXHUKA, BHIYUCICHWH, TTO3BOJIsI-
mast PACCINTHIBATH B3aMMOJIEHCTBIHE CTPYH B TEPMUHAX PA3JIOKEHUH 110
CTETNEeHsIM KOHCTAHT CBsI3M ¢ Oe3MaccoBbiMu TToJsiMu. [locTpoeHa cooTneT-
CTBYIOIIIAST JAMArpaMMHasT TEXHUKA.

2. Ilokazano, 4To ysibTpaduoeToBble 1 HH(PaKpPaCHbIE PACXOIUMOCTH, BO3-
HUKAIOIINE [IPU yUeTe CaMOJEHCTBHUSI B ypAaBHEHUSIX JIBUKEHUSI B HU3IIEM
HpUOJIM>KEHUHM TEOPUU BO3MYIIEHUI, yCTPaHSIIOTCS IIePeHOPMUPOBKON Ha-
TsizKeHusI cTpyHbl. [Ipr 9TOM rpaBuTalinonHast pacxoJuMOCTh OTCYTCTBYET,
a PaCXOJAUMOCTHU JIJIsI JUJIATOHA M IOJI JBa-(POPMbl KOMEHCUDPYIOT JIPYT
npyra B npejene bBoromosasnoro-Ilpacama-Commepduia.

3. IlokazaHo, 4TO I MPAMOJUHEHHBIX CTPYH, JBUXKYITUXCS O YTJIOM CO
CBEPXCBETOBOI CKOPOCTHIO TTPOEKIMKM TOUYKHU TIepecevueHrs, BOSHUKACT Ue-
PEHKOBCKOE HM3JIyUEHUE, OIUCHIBAEMOE YJEHAMU BTOPOIO (M BbIIIE) 110
psiIKOB Teopun Boamytennit. [losyderbr opMysibl Jijist ClIeKTPaJIbHO-
YIJIOBOTO PACHPEJICJCHUS U3JIYUEHUsT JIMATOHOB 1 10Jist JiBa~(popmbl. [lo-
Ka3aHO, YTO B YJbTPAPEIATUBUCTCKOM MPEJIEIe U3JIYICHIE NMEET Pe3Kuii
MAKCUMYM B HAIIPABJICHUN JIBUKEHUS JIBVXKYIIEHCS CTPYHBI B CHCTEME T10-

KOd CTPYHBI-MUIIICHU.
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. [lokazaHo, 4T0O 4EPEHKOBCKOE U3J1y4YEHUE 110JIeH JUIaTOHA U aHUCUMMET-
PUUHBIX (POPM TAKKE BOBHUKAET JIJIsi IIPOTI>KEHHBIX 00HEKTOB D0JIee BHICO-
KOl pazmepHoCcTU (p—6paH) B MHOI'OMEPHbBIX I[IPOCTPAHCTBAX, HPUYEM JlJlgl
KOPa3MEepPHOCTH J[Ba €0 CBONCTBA aHAJOI'MYHbI CBOMCTBAM U3Y4YE€HUS CTPYH
B 4eTbIPEXMEPHOM IIPOCTPAHCTBE-BPEMEHMU.

. Paccmorpeno uziydyenne TOY€UHbBIX YACTUIL B TPEXMEPHOM IIPOCTPAHCTBE-
BpeMeH! U MPOJEMOHCTPUPOBaHa €ro CBA3b C MU3Jy4YeHHeM CTPYH U MeM-
OpaH B mpocTpaHcTBax 00Jiee BLICOKON pa3sMepHOCTH, B KOTOPBIX COOTBET-

CTByIOmue 0OBEKTHI UMEIOT KOpPaSMEpPHOCTDH /JIBa.
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