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MATEMATEMATHUKO-MEXAHNUYECKAS MOJEJIb TPABUTOHA 1
ACCOIMMPOBAHHbBIX ®YHIAMEHTAJIbHBIX ®U3NYECKNX KOHCTAHT B
PAMKAX COOTBETCTBHS “BOJIYKMU - DJIEMEHTAPHBIE YACTHULIbI”

I.J1. A6papos!

1 abrarov@yandex.ru; Poccus, MockBa, PT'Y nedtn 1 raza um. .M. ['y6ruHa

CooTBeTCTBME "BOTYKY - 3JIeMeHTapHbIe YaCTUIIbl 03HAYaeT KAHOHMUYECKYH0 SKBMBA-
JIEHTHOCTb TPEXMEpPHOTO U HYJIbMEPHOTO IpeLCcTaB/JIeHUil KOPPEeKTHO OIlpeeleHHOIo
KaHOHMYECKOTO II06aIbHOr0 paccimoenyst Xonda 3d-chepst S°. InHammka BpameHus
KJIacCMUeCKMX TBepabix 3d-Ten (AMHamMuKa ypaBHeHMii Jitnepa-IlyaccoHa - YIII) oka-
3bIBASICh Pa3MEPHOIA, MOTHOCTBIO ITOPOXKAAETCS MOZe/IbHOV AMHAMNYEeCKOl reomeTpuen
TIPOCTPAHCTBA OJHOCBA3HBIX aHATUTUUECKIX U30MeTpuit cdepsl S (cm. [1]-[2]).

['paBUTOH B 3TOM COOTBETCTBMUM - BbIAeseHHOe paBHOBecue id[GalQ(s), GalQ(s)] pns
KaHOHMYECKO MHepLUMaabHON BpaujaTeabHoi suHaMuku explGalQ(s), GalQ(s)] mac-
CHMBHOTO OJHOPOJHOTO 3d-11apa - KAHOHMYeCKOii aHaTUTUUecKoi S°-napaMeTpusaiymn.

CKOpOCTb CBeTa ¢, rpaBUTALMOHHA MOCTOsIHHA G 1 riocTossHHas [lnanka h uncnen-
HO MoJenupyloTcs Bbiuetamu QyHkimu {(s,A12(q)) ((3To dyHIameHTalbHOE pellieHyne
VIII) B s =0,1,1/2 u mpeacTaBIsSIOT MOHBIV HAG0P CTPYKTYPHBIX KOHCTAHT KaHOHMYE-
CKO#1 T106a/IbHOI! TIIIOCKOIE CBSI3HOCTY Ha S°, MMes Takke MapafioKcanbHble MHTepIIpe-
TalMM: KAHOHMUYECKOTo ITOJIHOTO Habopa I7106aibHbIX MHTepasioB Ajis1 YIII; mapameTpoB
"BepPTUKAJIbHOIO MassTHMKA ' (MaTMasITHMKA B BEPTUKAJIbHOM paBHOBecun ([2])): ¢ - oan-
Ha ero ctepskHs; G - KO3 GUIIMEeHT yIIpyrocTy ero crepskHs; h - ero yacrora aBTokoseba-
HMIA; Ipy 9TOM: (DOTOH - ero HIKHee paBHOBeCHe; TPaBUTOH - €T0 BepxXHee paBHOBecHe.

JIureparypa
1. A6papos [I.JI1. TouHas pa3pemmMoCTb YpaBHeHui Jitepa-IlyaccoHa: rimobaabHas IMHaAMMUKa U J3€eTa-

dyukiyn. M.: Hayunsbiit mup, 2021, 614 c.

2. Abrarov D.L. General solution of the Euler-Poisson equations as a generator of universal perturbation
theory in the context of the Langlands program and applications to problems of the theory of elementary
particles and optimal control in real physical time// Intellectual Archive, natural science, mathematics, 91
p.- www.IntellectualArchive.com

OB OBPATHO¥ PEAKIIUY ITOJIEM1 MATEPU HA METPUKY
ITPOCTPAHCTBA-BPEMEHU

[1.A. AHemMIOIMUCTOB'

1 anempodistov.pa@phystech.edu; HALI "KypuaTOBCKMi1 MHCTUTYT MOCKOBCKMIT (DU3UKO-TEXHUIECKUIA UH-
CTUTYT

B pamMKax KBa3MK/IaCCUMUECKOI TpaBUTALIM pacCMaTpPUBAeTCs TTIOBeleHe CBOOOTHOTO
CKaJISIPHOTO TI0JISI, MMHMMAJIbHO CB3SIaHHOTO C TpaBuUTalueii, Ha oHe UepHO IbIPHI B
npocTpaHcTBe e Cutrepa. JlaHHAsI reOMeTpHs MHTEpeCHa HAJMUMEM JIBYX TOPM30OHTOB
(TOpPU30HT COOBITHI YEPHOI IBIPBI ¥ KOCMOJIOTMYECKMIT TOPU3OHT).
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BymeT moka3aHo, UTO J1l060€e TepMaJIbHOe COCTOSTHME MJISl TTOJISI IIPUBOIUT K Pacxo-
IVMOCTY Peryaspru30BaHHOrO TeH30pa SHEePTUM-UMITY/IbCa XOTSI ObI Ha OJTHOM U3 rOpu-
30HTOB, T.€. HeJIb3sI IOI00paTh TeMIEPaTyPy IJIsl COCTOSIHMSI ITOJIST TAaKMM 00pa3oMm, 4TO-
ObI TEH30P HEPIUM-UMITY/IbCca ObII peryyisipeH Ha 060Mx ropu3oHTax. Torma, aTa pacxo-
IVMOCTb T€H30pa SHEePTUM-UMITY/IbCa, KaK CefyeT U3 KBa3UKIaCcCUUeCKUX ypaBHeHU
DMHIITeHA

Gl + ASY =8r G T, (1)

OyzeT OKa3bIBaTh CYIIeCTBEHHOE BIMSIHME HA METPUKY ITPOCTPAHCTBA-BpEeMEHM, U YUeT
006paTHOI peakiuy OKa3bIBAeTCS B 3TOM CUTyalM HEOOXOIVMMbIM.

ByneT ripou3BeeH yueT 06paTHOI peaKiiyu mosieit Ha GOHOBYIO METPUKY Uepes ypaB-
HeHMe (1) ¢ TOMOIIBIO YMCIEHHBIX METOMIOB ¥ [OKa3aHO, UTO yYeT 0OpaTHOM peaKiumu
IIPUBOOUT K MCUE3HOBEHUIO TOPU30HTA YUEePHOI ObIPbI.

ABOJIIOIIMS OTKPHITOM BCEJIEHHO! B IIITUMEPUU KAK 3AJIAUYA O
ABVYDKEHNHN YACTUILIBI B CUJIOBOM IIOJIE

A.M. Bapanos!, E.B. CaBenbes?

1 alex m_bar@mail.ru; KpacHospcknii rOCyLapCTBEHHbIN rnenaroruyecKuin YHUBEPCUTET
M. B.IL.ActadpeBa, KpacHosipck, Poccusi; CMOMPCKUIT roCyoapCTBEHHbIN YHUBEPCUTET HAYKU U TeX-

Hosioruit um. akag. M.@.PemetHeBa, KpacHosipck, Poccus
2 profill07 @mail.ru; 000 «I[TPO®UJIb-2C», MockBa, Poccust

[IpogeMOHCTPUPOBAHO CBeleHMe MPOo6IeMbl MOAEIMPOBAHMS 3BOIOLNM OTKPBITOM
BceneHHO 111 KOH(POPMHO-IIJIOCKOM METPUKM TISITUMEPHOTO MTPOCTPAHCTBA-BpeMeHM
B popme doka K 3KBUBAJIEHTHOI eii 3a/ilaue 0 MeXaHNYeCKOM ABVOKeHUM YaCTULIbI eJ/-
HUYHOI Macchl B HEKOTOPOM «CUJIOBOM Tiojie». [Ipy BBeIeHUM «MeXaHUUeCKUX» CU-
JIOBBIX TTOTEHI[MAJIOB B ISITUMEPHOM IPOCTPAHCTBE-BPEMEHM ITOTYyYeHbl TOUHbIE KOC-
MOJIOTUYECKME MOMENIM-aHAJOIY OTKPBITBIX Mopeneii BceleHHO! B 4YeThIpeXMepHOM
MPOCTPaHCTBe-BpeMeH!, HaunHasl ¢ pelieHus @puamMaHa, a Takke Mojesieit, 3aronHeH-
HBIX MaTepueii 1 u3ydeHreM B IPUOIVKeHUN UTeaTbHOM XUIKOCTN.

AHU30TPOITHBIE 1 HEOJJHOPOIHBIE KOCMOJIOTUYECKUE MOJIEJIV B
TEOPUU 'PABUTALIIM C HEMUHVMAJIBHOM CBSI3bI0 CKAJISIPHOTI'O ITOJISI C
KPUBU3HOM

X.A.Tarun!, C.B. Cymkos?

1 gatinhasan@mail.ru; Kazaackuii(TIpuBomKCKuit)henepanbHblil yHuBepcuTeT, Kazanb, Poccus
2 sergey_sushkov@mail.ru; Kasauckuii(IIlpusosmkckuit)enepanbHblit yHuBepcuTet, Kazaub, Poccus

Wcxopst u3 HabmogaeMbix (akTOB, XOPOIIO M3BECTHO UTO Ha JaHHBI MOMEHT BcesneH-
Hasl SIBJISIeTCSI OMHOPOIHOV 1 M30TPOIHOM. OHAKO He CYIIeCTBYeT JaHHbIX, U3 KOTOPbIX
ObI CJIe0BaJIO, YTO TaK ObLJIO M3HAYATBHO. B CBSI31 C 3TUM MOXXHO 331aThCS CJIEAYIOUIMM
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BOITPOCOM: MOTJIa Ji BcesleHHast GbITh M3HAYAIBHO HEOJJHOPOIHO ¥ aHU30TPOMHOI? B
CBOMX MUCCIeOBAHMSIX Mbl XOTUM ITOJIyUUTb MeXaHM3M Iepexoa BceneHHOI 13 HEOIHO-
ponHO¥ (a3bl B OMHOPOIHYIO B paMKaX TeOpUM C HEMUHMMAIbHO CBSI3bI0 CKAISIPHOTO
T10J151 C KPUBU3HOIA.

B pamMKax JaHHOTO UcCaeoBaHMs OyeM paccMaTpuBaTh TeOPUIO, MeiiCTBMEe KOTOPOIi
MMeeT BUI:

1
S:fd4xv _g{(l"‘f(Pz)R_Egpv(P’#(Pyv},

rme g,y—MeTpMKa IpOCTpaHCTBa-BpeMeHyu, g = det(gyy), R-—ckamsap Puuun,
Guv—TeH30p OJiiHlITeliHa, ¢—6e3MaccoBoe CKaasApHOe Ioje, {—IlapaMeTp HeMMHU-
MaJIbHOM CBSI3M.

[IpocTpaHCTBO-BpeMsI B 3TO paboTe OMMChIBaeTCSI MeTpUKO¥i ['ayay Ha TOMOOTUM TO-
pa T3 x R [1,2]:

ds?=eM? V2 (—dr® + dx®) + tlef (dy+Qdz)* + e tdz?,

roe A, P, Q dyHKUMM 3aBUCSIIME OT BpeMeHM ¢ > 0 ¥ MPOCTPaHCTBEHHO ITepeMeHHOI X.
ITpocTpaHCTBeHHbIE KOOPAVHATEI X, ¥ M Z IPUHMMAIOT 3HaYeHus U3 MHoxecTBa [0, 27].
Ha dbyukuuu A, P, Q HamoxeHbl yoioBusi: A(t,0) = A(t,2x), P(t,0) = P(t,2m), Q(t,0) =
Q(t,2m).

B nmaHHOIt paboTe ObLIM MTOMyUYeHbl YpaBHEHMS TI0S [IJISI TEOPUM C HEMUHMUMATbHOM
CBSI3bI10 M TIPOBEEeH aHaIM3 MOJIeBbIX YPaBHEHUIA.
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PaCCMOTpeHbI IIponecCbl KOHBEPCUN IJIEKTPOMAIHUTHBIX U I'PaBUTALIMMOHHBIX BOJIH
B HeJIMHEHBIX AUIJIEKTPMUYECKUX Cpenax IIpu O6J'IY‘I€HI/II/I MHTEHCUMBHBIM MCTOYHMKOM
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CBeTa. HpeILJ’IO}KeHbI N paCCUYNTAaHbl HECKOJIbKO HOBbLIX ME€XdHM3MOB KOHBEpPCUM 3JIE€K-
TPOMArdMTHBIX U T'PaBUTALIMOHHBIX BOJIH. HpOBe,ELeHI)I SKCIIEpMMEHTAJIbHbIE MCCIIEO0-
BaHMS HEJIMHEMHO-ONTUYECKUX HBJIGHI/IIZ, HEO6X0,Z[I/IMI)IX OJIs1 peain3anym KOHBEPCUU
SJIEKTPOMATrHUTHBIX M I'PaBUTAIIMOHHbIX BOJIH. HpOBe,E[eHHbIe nucciaenoBaHysd I1OKa3ajin
IIPUMHIOUIINAJIbHYIO BO3MOXHOCTD pealn3aliii reHepaluum 1 rnepegauym rpaBUTaldMOHHO-
BO/JIHOBBIX CMI'HAJIOB Ha COBPEMEHHOM TE€XHOJ/IOTMYeCKOM YPOBHE.

O BOCITPUMMMYMBOCTU 3JIEKTPUYECKOTI'O I10JI51 B ITIPU3BEMHOM CJIOE
ATMOC®EPBI 3EMJIN K TPABUTAITMOHHO-BO/IHOBOMY U3J/IYYEHUIO
PEJISTUBUCTCKUX JIBOVHBIX 3BE3/ITHBIX CUCTEM

JI.B. I'pyHckas!, B.B. Ucakesuu?, JI.B. UcakeBuu®

1 grunsk@vlsu.ru; Bnagumupckuii rocymapcTBeHHbI yHUBepcuTeT UM. A.I. Ctonerosa u H.I. CToneroBa
2 eigenoscope@yandex.ru; T. Bnagyumup, OO0 «Co6CTBEHHBI BEKTOP»
3 eigenoscope@yandex.ru; T. Bnagumup, OO0 «Co6CTBEHHBII BEKTOP»

1. C ucronb30BaHMEM CIIEKTPOANTeHOCKOIMY MHOTOJIETHUX HAOTIOIeHNI BePTUKAJIb-
HOJ CcOoCTaBJIsIoNIeN anekTpudeckoro nonass MHY-nuama3zoHa B IpuU3eMHOM CJI0€ aT-
Mocdepsl (E;) OTKPBITO CBOMCTBO BOCHPUUMMUMBOCTU E, K BO3MIENCTBUIO PEISITU-
BUCTCKMX IBOVMHBIX 3B€3AHBIX cucTeM (PII3C) Ha yactoTax nx 'B-usnydyeHus.

2. CIIeKTpoaireHOCKONMSI — aHaIN3 aMIUIUTYIHBIX CIIEKTPOB COOCTBEHHBIX BEKTOPOB
KOBapMalMOHHOI MaTpullbl E, Ha KOHeYHOM MHTepBase aHanm3a (1000 yacoB) 1mo3-
BOJISIET aHAJIM3UPOBATh OTHe/NbHbIEe (B TOM YMC/Ie SHepreTuuyecku HeLJOMUHUPYIO-
1/e) KOMIIOHEHTBI E; M OCYLIeCTB/ISITh CPAaBHUTEIbHbIN aHAIN3 CBOVCTB JIOKAJN-
3alMM UX aMIUVIUTYAHOTO CIIeKTpa.

3. OTKpbITOE CBOVICTBO BOCIIpUMMUMBOCTU E, K Bo3meicTtBuio PI3C mposiBiaseTcs B
yBeJIMUEeHUM CTeIleH! JIOKaIU3alUM aMIUTUTYIHOTO CIIEKTpa COOCTBEHHBIX BEKTO-
poB Ha yacrtorax ['B-usnydenus PI3C B cpaBHEeHUM C APYTrMMU YACTOTAMMU CIIEK-
TPaIbHO JIOKAIM3AI[MY COGCTBEHHBIX BEKTOPOB.

4. CpaBHeHMeE CTeleHy CIIeKTPaTIbHOM JIoKanu3auu Ha yactotax I'B-usnyuenns PII3C
M OPYTMX YacTOTax CIEeKTPabHOM JIOKaaM3aluyu coO6CTBEHHBIX BEKTOPOB, MpPOBe-
IEHHOEe C UCII0Jb30BaHMeM cxeMbl bepHy/uinm u kpurtepust cornacusi CMUpPHOBa-
KonmoropoBa, moka3biBaeT HaJiMuye CBOMCTBA BOCIIPUMMUYMUBOCTY C BEPOSITHOCTBIO
JIO)KHOTO O6HapyKeHMsl, He TTpeBbIlaomeii 1077,

5. OTKpbITOE CBOVCTBO HAOIIOIAIOCh HAa BCEX AOCTYITHBIX aBTOPaM BPEMEHHBIX PSIax
E, (Tpu cranuuu HabmogeHus Pocrugpometa 1 monurod Kadenpsr obieit 1 mpu-
KinagHoi ¢usuku Bal'Y) — kak mist PII3C ¢ MajbIM 9KCLIEHTPUCUTETOM, TaK M JJIsT
P13C ¢ 60/bIINM 3KCIIEHTPUCUTETOM (CIIUCOK [I>KOHCTOHA).

6. CrieKTpaJbHO JIOKQ/JIM30BaHHbIe HA yacToTax ['B-u3ydyeHMs] KOMIIOHEHTbI VIMEIOT
coOGCTBEHHbIE 3HAUYEHMSI, COOTBETCTBYIOIIME AEVCTBYIOIIUM 3HaUeHUsIM E, mopsi-
Ka HecKoJIbKUX goiei B/m.
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7. OTKpBITOE CBOVICTBO HAOIIOMAETCSI He TOJIbKO A1l E,, HO U [Aj11 KOMIIOHEHT reoMar-
HUTHOTO TIOJIS.

PA3BUTUE UCCJIEJOBAHUI 3JIEKTPOMATHUTHOTO ITOJIS 3EMJIU B
JIVATIA30HE I'PABUTAILIIOHHO-BOJIHOBOTI'O U3/JTYYEHUS IBOMHBIX
3BE3JHbIX CUCTEM

JI.B. I'pyHckas!, B.B. Ucakesuu?, I.B. UcakeBuu®

1 grunsk@vlisu.ru; BnagumMupckuii rocymapctBeHHbIi yHuBepcuTeT UM. A.I. CtoneroBa u H.I. CTonetoBa
2 eigenoscope@yandex.ru; r. Bnagumup, OO0 «CoO6CTBEHHbBIN BEKTOP»
3 eigenoscope@yandex.ru; T. Bnagyumup, OO0 «Co6CTBEHHBI BEKTOP»

B 1969 rogy B MI'Y mniociie moceneHmit rpaBUTalMOHHbIX ceMuHapoB /1. /1. IBaHeHKOo 1
B BXxojle oocyxkmenuii ¢ [I./1. iBaneHko u B.B. BparuHckum 6b11a IocTaBjieHa 3agada 1o-
MCKa B JIEKTPOMarHeTu3Me OTK/IMKA acTpoduuecKux IrpaBUTAIMOHHO-BOJIHOBBIX ITPO-
11eccoB. PellleHMIO TaKo¥ 3aauy MOCIOCOOCTBOBAIO HaliMuue y Biagymmupckoro rocy-
oapcTBeHHOTo yHuBepcuteTa (Bal'Y) dusmudeckoro skcriepMMeHTaIbHOTO TTOJIUTOHA, Ha
KOTOPOM OCYIIECTBJISIeTCSI MOHUTOPUHT aTMOC(HEpPHOro 3JeKTPUYeCKOTo ¥ reOMarHuT-
HOTro ToJis1 B MHGpaHu3kouacToTHOM auana3oHe (MHY) c uenbio nsyueHus armocdep-
HBIX, CeMICMUYECKUX U aCTPOPU3NIECKUX ITPOLIECCOB.

BaskHemMM coObITHEM B JAHHBIX MCCAEIOBAHMUSIX OKAa3a/JI0Ch OOCYKAeHe KaTajora
IBOMHBIX PEISITUBUCTCKIUX 3BE€3AHBIX CCTeM B 1993 rony Ha 8-01i I'paBUTALIMOHHOM KOH-
depennn B IlymntHo ¢ A.b. BamakuHbIiM. KitoueBbIM MOMEHTOM 3TO OMCKYCCUM OKa-
3aJ1Cs1 TOT (PaKT, UTO YACTOTHBIN IMana3oH, B KOTOPOM M3ay4daioT ['B-masiku, okasancs
B JMaria30He HallMX MCCaemoBaHuii Ha pusmueckoM nonuroHe Bial'V. A.B. BamakuHbIM
ObUIM TTOTYYeHbI TOUHBIE pellleHMs] YpaBHEeHMIT aKCMOHHO 37IeKTPOAMHAMMUKY, KOTOpbIe
MIPOI€MOHCTPUPOBAIN BO3MOXKXHOCTb aHOMAJ/IbHOTO YCUJIEHUS 3JIEKTPUUYECKOTO CUTrHaJIa
3a CYeT aKCMOH-(POTOHHOrO B3aMMO/IEICTBMSI BO BHEIIHEM TpaBUTALIMOHHO-BOJIHOBOM
royie. ComtacHO MOAEIM aKCMOHHO-(OTOHHOTO B3aMMOIEICTBMS, pa3paboTaHHO A.B.
BasakuMHbIM, ObljIa TTOJIYYeHa OLIeHKA BEJIMUMHBI aMIUIMTYIbl TEOMArHUTHOTO IIOJIST Ha
yactoTe I'B nanydyeHus pessiTUBUCTCKUX OBOVHBIX 3Be30HbIX cucTeM (PI3C). s anek-
TPUYECKOI KOMIIOHEHTBHI IPEeJCTOS/IO TaKyl0 OLIEHKY IMOJYYUTh 10 pe3y/ibTaTaM 3KCIie-
PUMEHTAJIbHBIX UCCIenoBaHMii. CIio/b30BaHMe KIaCcCUYECKOTO CIIeKTpOaHa/IM3aTopa ¢
11eJIbI0 BBISIBJIEHUSI CUTHAIOB Ha YyacToTax ['B MCTOUHMKOB ¢ MHMpaHM3KOUaCTOTHBIM ['B
U3y4eHeM He 1aJ10 OKUIaeMbIX Pe3yabTaTOB Jaxe MPU IJIUTEeIbHOCTU BpeMEeHHbIX Psi-
IIOB B HECKOJIBKO JIECSITKOB JIeT.

Cnemyroluii 3Tal B JaHHBIX MCCIEAOBAHMUSIX ObLI CBSI3aH C CO3JaHMEM COBMECTHO C
HcakeBnuem B.B. u McakeBuuem [I.B. meToma oOHapyKeHMS IMEPUOANIECKUX DHEPTrO-
HeJOMVHUPYIOIINX COCTAB/ISIIOUINX B 9KCIIEPUMEHTA/IbHbIX BPEMEHHBIX psifax, Ha3BaH-
HOT'O «AJreHOCKOmus» (aHaJn3 COOCTBEHHBIX BEKTOPOB). Pa3paboTaHHbIN 1 3aIlaTeH-
TOBAHHBIN MeTOH «AMTreHOCKOIIMN» IT03BOJISIET MPENCTABISITh BPEMEHHOI psl B BUIE
HEKOPPEeIMPOBAaHHBIX KOMIIOHEHT —- COOCTBEHHBIX BEKTOPOB KOBapMAaIllMOHHOM MaTpu-
1IbI, ITOCTPOEHHOJ 10 pe3yJabTaTaM 0a3 JaHHBIX MHOTOJIETHETO MOHUTOPUHTIA 3JIEKTPO-
MAarHMTHOTO MoJjis1 3eMyin. Bce co6CTBEHHBIE BEKTOPBI, ITOTYUYEHHBIE JIJISI MCCIeAyeMOT0
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BpEMEHHOTO0 Psifia, CIIeKTPaIbHO JIOKAIM30BaHbl. BbICOKast 4yBCTBUTEIbHOCTD U U36Mpa-
TEeJILHOCTH 3TOI'0 MEeTOa OCHOBAHbI HA TOM, YTO CIIEKTPaJIbHOMY aHa/IM3y [1I04BepraeTcs
He CaM BpPeMEeHHOM psifi, a ero OTAe/IbHble HeKOPpe/JIMPOBaHHbIe KOMIIOHEHTHI.

Ha cerogHsi BO BpeMeHHbBIX psifiaX JIEeKTPUYECKOTO U FeOMarHUTHOTO I0jiei TOCTO-
BEepHO 0OHApY>KeHbI CUTHAJIbI Ha YaCTOTAX IPAaBUTALIMOHHO-BOJTHOBOTO MU3/Ty4eHMsI 6oree
COPOKa PeJISITUBUCTCKUX IBOVHBIX 3B€3JHBIX CUCTEM C MCUe3arole Majloi BEepOSTHOCTbIO
JIOKHOTO OOHapy>KeHMsI, He TIpeBbIIaloleli ypOBeHb 10717,

BolzenneHbl MPU3HAKY TPABUTAIIMOHHO-BOJIHOBOT'O XapaKTepa 00Hapy>KeHHBIX MCTOY-
HUKOB I'B n3nyuenus:

BbISIBJIEHA CYyTOYHAas U roguuHast momyssiuus I'B curnanos ot PI3C, cBUIeTeNbCTBY-
I0111asi O BHE3eMHOM ITPOMCXOXKIE€HMUM YCTOUHUKOB;

Ha cTaHUMsIX HabmomeHus (ymetn, BoeiikoBo, BepxHee /IyopoBo, Bal'Y) BbisBIeHbI
CIIeKTPaJIbHO JIOKA/IM30BaHHbIE HAa YABOEHHBIX YacToTax obparienust PII3C ¢ MaibiM
3KCL@EHTPUCUTETOM KOMIIOHEHTBI B BePTUKAIbHOV COCTABJISIOILEI HallPSIXKEHHOCTU
3JIEKTPUYECKOTO I0JIS1 3eMJIM, KOTOPbIe MMEIOT eVCTBYIOIIee 3HaUeHe aMIUIUTY/I,
[peBbllIaliiee MegaHHOe 3HaUeHNe;

oOHapy>keHHbIe KOMIIOHEHTHI, CIIEKTPaIbHO JIOKAJIM30BaHHbIE Ha YIBOEHHBIX Ya-
croTax obparenus PII3C ¢ MaJIbIM 3KCIIEHTPUCUTETOM, MMEIOT MH/IEKC KOT€PeHTHO-
CTU ¥ aMIUIUTYAY, KOTOPbIE CTATUCTUYECKM 3HAUMMO OTJIMYAKOTCS OT MHEKCa KoTe-
PEHTHOCTU M aMIIUTYbl KOMIIOHEHT, CIIEKTPaJIbHO JIOKAJM30BaHHbBIX HAa YaCTOTAaX,
He COBITaJaUMX C YaCTOTaMM IpaBUTALMOHHOTO u3nyuyenus PI3C;

JIOKa3aHO HaJIMuye MPOCTPAHCTBEHHbBIX KOPPESLii HEKOPPEJIMPOBAHHBIX KOMITO-
HEHT, CIeKTPaJbHO JIOKAJIM30BAHHBIX BOJM3M T'PABUTAIMIOHHO-BOJHOBBIX YaCTOT
P/13C Ha MpOCTPaHCTBEHHO pa3HEeCeHHbBIX CTAHIIMSIX HAOTI0IeHS;

noaTBepxkaeHo rnpenackasaHue S.b. 3enpmoBuuem m W.Jl. HOBMKOBBIM Ha/iMume
rpPaBUTALMOHHO-BOTHOBOTO M3nydyeHuss PI3C ¢ BBICOKMM 3KCIEHTPUCUTETOM Ha
BBICOKMX rapMOHMKAX, B O/inyuu OT PI3C ¢ HU3KUM SKCLEHTPUCUTETOM, Y KOTO-
pPbIX MaKCUMaJibHast 3Heprus u3aydyeHue I'B HabGmogaeTcst Ha BTOPOi rapMOHMKeE.

MHTETPUPYEMOCTbD B TEOPUU CTPYH U M-TEOPUU
K.A. T'yb6apes!

1 kirill.gubarev@phystech.edu; m.H.c, MOCKOBCKUIT (DPU3NKO-TeXHUUECKU UHCTUTYT, VIHCTUTYTCKUH
nep., 9, r. DonronpyaHsiii, 141701, Poccus; HauimoHanbHbIN UCCIEI0BATENbCKUI LIEeHTP «KypuaToBCKUIA
MHCTUTYT», MockBa, 123182, Poccust

CBOJICTBO MHTETpUPYeMOCTU B (MU3MUECKUX CUCTEMAax SIBJISIETCS BaKHBIM, TaK Kak
Ha KJIaCCMUYeCKOM YpOBHE MO3BOJISIET TOUHO PEeIIUTb YpaBHEeHMUS JIBUKEHUSI CUCTeMBbI, a
Ha KBAaHTOBOM YPOBHE HAMTU €€ IOJHBIN CeKTp. 11 MexaHM4YeCKUX CUCTEM U3BECTHO
HECKOJIbKO MOJX00B K UCCAeOBAaHMUIO UX KIaCCUUECKOI MHTerpupyeMoctu. OGHUM U3
HUX sBisieTcst opmanmsm Jlakca—3axapoBa-Illabara, MMeronnit ecTecCTBEHHOE 060011e-
HJe Ha AByMepHbIe TeOpUH IOJIsl, B YaCTHOCTU JBYMepPHbIe CUIMa MOJe/iN. DTOT MOAXO0],
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TECHO CB$SI3aH C BO3MOXXHOCTBIO COOPMY/IMPOBATh AMHAMUKY 3TUX CUCTEM P MOMOIIN
cKko6KkM [TyaccoHa, KOTOPYIO MOKHO OIpeiesisiTh TPy OMOIIM OMBEKTOPHOTO ITlapaMeTpa
peraolnero kinaccuyeckoe ypaBHenme SIura—-bakcrepa (CYBE). OmHako mpsimoe 0606-
LIeHMe 3TUX MeTOLOB Ha CJIyuyall TpeXMepPHBIX CUCTEM, eCTEeCTBEHHO ONMChIBAE€MbIX B Tep-
MMHax ckooku Hamby, Hem3BecTHO. TeM He MeHee eCTb HECKOJIbKO YKa3aHuit Ha TO, UTO
HEKOTOPbII BUJL MUHTErPUPYEMOCTH B TPeXMePHBIX CUCTeMaXx JO/IKeH ObITh, a UMEHHO:

1. IIpu mombiTke 06001IeHMs hopmanu3ma Jlakca—3axapoBa-IllabaTa Ha CUCTEMBI
Ham6y Bo3HMKaeT 06061meHHoe ypaBHeHne SIura—bakcrepa (gCYBE), aHamormuyHo
TOMy Kak Bo3HuKaeT CYBE mjis nBymepHbIX [1yacCOHOBBIX CUCTEM.

2. [l BByMepHBIX CMT'Ma Mojiesieit cymiecTBYIOT nedbopmanum Iara—bakcrepa coxpa-
HSIOIIMEe UX MHTerpupyemMmocThb. Takue gedbopmaiiyy onpenensiiorcsi 2-BeKTOPHBIM
napameTrpoM, pematonium CYBE. MbI TpejiaraeM ecrecTBeHHOe 0000IeHNe fe-
dopmannit Sara-bakcrepa Ha ciaydait M—Teopun. B Takux medopmainusix mapamer-
POM SIBJISIIOTCSL 3- U 6-BeKTOpbl, pemawniye gCYBE.

KOHBEPCHS PEJIMKTOBBIX 'PABUTAIIMOHHBIX BOJIH B ®OTOHBI 110/,
TEACTBUEM KOCMOJIOTUYECKOI'O MATHUTHOTO ITOJIS

A.Jl. Donros!, JI.A. [Tanacenko?, B.A. Bouko®

1 ; ®usnueckuii pakynbrer, HoBocubupckuii locymapcTBeHHblin YHuBepeuTeT, HoBocnbupck, Inporosa,
2, 630090

2 Lvetoshkina@g.nsu.ru; ®usuyeckuii ¢pakyabreT, HoBocubupckmii FocymapctBeHHbIin YauBepcutet, Ho-
BOCUOUPCK, [Tnporosa, 2, 630090

3 ; dusnueckuii haxynpret, HoBocu6mpckuii focymapcTBeHHblit YHUBepcuTeT, HoBoCcOMUpCK, IT1porosa,
2, 630090

B paboTe MbI IpOBepsIEM I'MIIOTE3Y O BO3MOXKHOM IT0/IaB/IeHUM PEIMKTOBBIX I'paBUTAa-
LIIMOHHBIX BOJIH 3a CYET MX KOHBepCcuM B (POTOHBI BO BHEIIHEM KOCMOJIOTMUYECKOM Mar-
HUTHOM II0JIe C TTOC/IeaYIOIIM BbIObIBaHMEM (DOTOHOB M3 ITyUKa BCJIEICTBIME X B3aMMO-
NeiiCTBUS C TIepBUYHOMNM IJIa3MOJA.

MbI BBIBOAMM CUCTEMY YpaBHEHMIA [IjIs1 B3aMMHOIO pacIIpoOCTpaHeHMs] BO3MYIIEHUIA
METPUKU U SIeKTPOMArHUTHOTO IO B MPUCYTCTBUM BHEIIHETO0 MAarHUTHOTO IOJISI
1711 TIPOM3BOJIbHOM (DOHOBOI MeTpuKM. [lasee, Mbl MbI pelllaeM MOJyYeHHYI0 CUCTEMY
nuddepeHIMaIbHBIX YPaBHEHMI YMC/IEHHO 1T Ctydast MeTpuku ®punmana-JIemetpa-
Pob6eprcoHa-Yokepa 111 BEpPXHEro OTpaHMYeHNs] Ha BeJIMUMHY HAaIIPSDKEeHHOCTY MeSKra-
JIAKTMYEeCKOr0o MarHMTHOTO 110J1s B 1 HI'C (3HaYeHMe B Hallle BpeMsl, IIpY ABUKEHUM BCIISITh
110 BpeMEeHM HaIpssKEHHOCTh pacTeT KaK KBagpaT MaciuTabHoro dakropa). B 3akioue-
HUM Mbl JejlaeM BbIBOZ, O TOM, UTO pacCMOTPeHHOe SIBJieH/e KOHBepCUM I'PaBUTOHOB B
($OoTOHBI B MPUCYTCTBMM KOCMOJOTMYECKOTO MarHUTHOTO ITI0JISI MOIJIO 3HAUYUTEIbHO U3-
MEHUTb CIIEKTP PEIMKTOBBIX TEH30PHBIX IPaBUTALIVIOHHBIX BOJIH, B 0OCOOEHHOCTY B IJIMH-
HOBOJIHOBOM [ Mana3soHe.
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IBOJIIOLI A ITbIVIEBBIX TVCKOB 1 JIP)KETBI B MOJEIAX TUHAMMWYECKOI'O
PABHOBECHSA

B.M. JKypasines!

1 zhvictorm@gmail.com; YIbSIHOBCKUIT TOCYIapCTBEHHbI Megarornueckuii yHuBepcuret, JlabopaTopust
rpaBUTaIMM, KOCMOJIOTUM U acTpodu3uku, YibsSHOBCK, Poccust

B pabore Ha ocHOBe 00lIel MaeM OMHAMMUECKOIO PaBHOBECUS acTPOPU3UUECKUX
06BeKTOB [1, 2] paccMaTpMBAIOTCS 3314y CTPYKTYPbI U 9BOJIOLNY TTHIJIEBBIX TMCKOBBIX
CTpyKTYp. [1oJie TATOTeHMS 1 MTapaMeTphl Cpefbl B paMKaxX TaKOTO MOAX0/1a OMMChIBAETCS
C IOMOIIbI0 METOa TMAPOAMHAMUYECKMX MAPKEPOB (JTarpaHkKeBbIX ITepeMeHHbIX). OT-
AuMYMeM TipefjiaraeMoro B JaHHOW paboTe MOAXoda OT KJIacCUuyecKoro [3-6] siBisieTcst
IOTOMHUTe/IbHAS MoAUMUKALINMS KBAa3MKIACCMUeCKOTO OMMUCAHMS TOJS TATOTeHus [1, 2]
" INIOTHOCTYU CPeJIbI C TIOMOIIbIO BBeIeHMST (PYHKIMM MAaCCMBHOCTY YaCTUIL, SIBJISTIOIIET -
cs1 hyHKIMel MapKepoB. @YHKIINMSI MACCMBHOCTY UTPAET POJIb 3JIeMEHTa Teopuu, 00bsIC-
HSIOLIEr0 BOSHMKHOBEHME SIBJIeHMs CKPBITO Macchl MM “TeMHoi MaTepun”. IIpu stom
(YHKILIMSI MAaCCMBHOCTM OTIpeiesisieT CTPYKTYPHbIE 0COOEHHOCTY IThIJIEBBIX IVICKOB, BKITIO-
yasl MOSIBJIEHME B YCJIOBUSIX UX OMHAMMUYECKOTO paBHOBECHUSI IKeTOB U Oamkeii. B mo-
KJIaJle MpeJiCTaB/IeH BbIBOJ, YPAaBHEHMS JMHAMMYECKOTO PABHOBECHS TIbLJIEBBIX CTPYKTYP.
[TonyueHbl 0611Me YpaBHEHMS IJ1s1 paciipeeneHus INIOTHOCTY U 30Ha/IbHOTO ITOTOKA (J10-
KaJIbHOTO BpallleH!sI IVMICKOB) IPY HEKOTOPBIX YIIPOLIAIOIIMX YCIOBUSIX, a TAKKe BbIBee-
HbI YpaBHEHMS 3BOIOLNM OMUCKOB. B paboTe mpoaHanM3upoBaHbl HEKOTOPbIE BapyuaH-
ThI AMHAMMUYECKO 3BOMIOIUY OUCKOB B (popMe KaueCTBEHHOT'O aHa/IM3a COOTBETCTBYIO-
el JMHaMMUYeCKOl CHUCTeMbl 3BOJIIOLMY MacCIITaOHbBIX ITapaMeTpoB. PaccmaTpuBaeTcs
BOIIPOC O BO3MOSKHOCTM IepeHoca IpejiaraeMoro rmojaxoaa Ha onucaHue MHaAMUKY 3J1-
JIMOITUYECKNUX U CITMPAJIbHBIX TAJIAKTHUK.

JIuteparypa
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TPABUTALIVIOHHOE ITOJIE C KOJIEBATEJIbHOI ®A30¥ B TEOPYU MTUT
@.111. 3apurmnos!

1 farhat.zaripov@kpfu.ru; Kazanckuii (IIpuBomkckuii) dbegepaibHblil yHUBEPCUTET, MTHCTUTYT MaTeMaTu-
Ky 1 Mmexauuku umM. H.U. Jlo6aueBcKkoro

B paboTre paccMaTpMBarOTCS pellleHMsI ypaBHeHMI, TaK Ha3bIBaeMoit, Moau@uimpo-
BaHHOM Teopuy MHAyUMpoBaHHOM rpasutauuu (MTUI) ([1], [2]), onucbIBamOMMX 110-
Jle TpaBUTALMM B KonebaTelbHOM pekuMe Ha JaJbHUX PACCTOSHUSIX OT IieHTpa Macc.
Ha doHe aTuX peliileHMiT MCCIeOyIOTCS TTOBeieHNe Teofe3nvyecKuxX KPUBbBIX IJIS Caydast
IeHTPaJIbHO-CUMMETPUYHOTO MpocTpaHcTBa. KosebaTenbHblii XxapakTep pelieHuii mpu-
BOJMUT K IOSIBJIEHUIO I'PaBUTALIMOHHOIO ITOTEHLIMAJIA, COAePIKalllero ClieKTp MMHUMYMOB,
a He TOJIbKO OAIMH, Kak B Teopun HpoTOHA — JiiHIITEHA (pemeHue lIBapummibga —
ne CurTepa); a TaKKe MOXKeT IPUBECTU BO BTOPOII MMOJIOBMHE MMepUOAa K aHTUTPaBUTA-
1[1M, KOTOpast BbIpaskaeTcsl B MIPOTUBOIIOIOKHOM YCKOPEHUM MPOOHOTO Tesa. [Tomo6HbIe
pelleHMsI IPUBOJST K pacIipefeeHNIo IToTeHLala FPaBUTALMOHHOTO 107151, CO3a011e-
MY IOTIOTHUTEIbHBIN MaccOBBI 3(PdEKT Ha OOIBIINX PACCTOSIHUSIX, Y XOPOIIIO ITOAXOIST
1711 MOZIe/IMPOBAaHMS BO3EMCTBUSI TEMHOM MaTepuy B rajakTuKax. AHaJIOrMYHOe Koje-
6aTesibHOE TOBe/IeHME TaKKe BOSHMKAET B KOCMOJIOTMYECKMX PEIIeHUSIX, UTO ITPUBOAUT
K TIOSIBJIEHUIO IIMKJIOB COCTOSIMX U3 OBICTPOro (pa3ayBaHMs) U MeAJIeHHOTO (BO3MOXK-
HO KBa3UCTaTU4ECKOro) pacmmpenns. [lokazaHo, YTO B OKPECTHOCTSIX TaJlaKTUKMU MOX-
HO BBIIEJINTh KaK MUHUMYM TPU TuUIa 30H. IIpn rg > r < r¢p 970 30Ha lBapimmibaa,
IJie MoBeleHue reofe3nueckyx ¢ TOUHOCTbIo nopsigka 1079 + 10719 ge cooTBeTcTBYeT OT-
JMYaroTcs oT peuteHuii lIBapummiabaa, XOTS MOKHO ITIOCTPOUTD SKCIIEPUMEHTBI IJ1s UX
ob6HapyskeHMs1. [lajiee 30HbI aHTUTPABUTALIMY U TPABUTALIY TIEPUOINYUECKIM TTOBTOPSIIOT-
Cs1 ¢ poCcTOM 1. MBI TTOJTyYMJI MHOKECTBO pellleHu i AJis1 OpOuUT, HeBO3MOXXHBIX B TEOPUM
HobloToHa 1 DiiHmITeliHa. CpaBHEHMe TaKMUX PelleHMi ¢ HeOObSICHUMMbBIMM aCTPOHOMMYE-
CKMMM HaO/MIOJeHUSIMY — 3ajlaua MoCJIeyIoIMX UCCIeJOBaHMIA.
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BKJIAJT KBAHTOBBIX ITOITPABOK B MOJIEJIMPOBAHUU TEHEWM YEPHBIX /IbIP B
KBAJIPATUYHOM TPABUTALINU

O.U. 3enunn!, C.0O. Anekcees?, A.,A. Baiinepun®, A.B. HemtnHosa*

1 dkiiiabu4@gmail.com; @O MI'Y

2 salexeyev@gmail.com; TAUII MI'Y

3 baiderin21la@gmail.com; ®® MI'Y

4 aleksandra.nemtinoval4@mail.ru; YpdY

Wpes paciypeHus CyIeCTBYIOMIVX TeOPUii rpaBuTaluy (M UX pellleHnii Buaa “depHas
IbIpa”) ¢ MOMOIIbIO J0OABIEHNSI HE TOJIBKO 6a30BbIX COCTOSIHMIA I0JI€i, HO U X BO30YK-
IeHHBIX COCTOSIHUIA B HACTOs1ee BpeMs akTMBHO pa3BuBaeTcs. OGHUM U3 pe3yabTaTOB
TaKOTO pacliMpeHus CTAaHOBUTCS TO, YTO T€OPUM, OTPAaHUUYEHHbIEe paHee pe3y/ibTaTaMu
rPaBUTAIIMOHHO-BOMHOBOI acTpoHomuu (cobbitie GW170817, [1]), cTaHOBSTCSI COBMe-
CTUMBIMU C STUMM 3KCIIepUMEHTaIbHbIMMU JAaHHBIMY 32 CUET JOIIOTHUTEIbHBIX CTeleHen
cBo6oppl. Cemyst 06Cy:KIaeMOMY MOAXOAY TaKMM ke 06pa3oM Oblia paciiypeHa MOe/lb
rPaBUTALIMM C IaTPaHXMaHoM L = R+ R? (Mogens CTapo6MHCKOr0) [2] BMecTe ¢ BBIBOJLOM
B paMKax 3TOJ HOBOJ1 MOZe/IM HOBOTO pelleHus Bua “uepHas abipa”.

Hanee ucmnonb3yst MeTon HbiomeHa-SIHuca [3] O6bUIO TTOy4eHO Bpaliaoleecs: pele-
HMe€e U3 U3HAYAJIbHO CTaTUYEeCKOM MeTPUKN. [laHHbIN aJITOPUTM MOXET NPUMEHUTHCS U
IJIST IPYTUX TeOpuii TpaBuTauum B 6yayiieM. Takske ToaydeHbl ypaBHeHMsI [aMUIbTOHA-
SIkO6M 1 BhIpasKeHMS 111 KOOPAMHAT TeHU B INIOCKOCTHU, MIepIIeHAUKY/ISIPHOM Habmoma-
TeJIIO.

KoHeuHbIM 3Tariom 6b110 IpOBeieHNe MOIe/IMPOBaHMsI TeHel BpallalouMXcsl YepHbIX
IBIp A4 R + R? MeTpyKM [IIs IOTIOMHUTEIbHBIX TI0/ef Pa3aMuHOTO TUIIA. BeUIM B34THI
orpaHMUeHMs Ha pasMmep TeHu, mosyueHHbie EHT mo pesynbraTam HabmomeHnit M87* u
Sgr A* [4]. Takske ObUT OTZIEJIBHO PaCCMOTPEH Ciaydaii Sgr A* OCKOIbKY AJ1s1 3TOI UepHOit
IbIPBI OBLIV MTOTyYeHbl Hanbosiee BeposiTHbIe 3HaUeHMSI YI71a HaK/IOHA TIJIOCKOCTY Bpaiiie-
HUs Oy 1 mapaMeTpa BpalleHus a [4].

W3 orpaHmueHmit Ha pa3amep TeHU B [4] ObUT MCK/ITIOUEHO oJjie TpaBUTOHA (1 = 5.813M
MpY MaKCUMaJabHO AOMYyCTUMOM 5.3 M) ripu paccMOTpeHun ciydail Sgr A* ¢ 8y = /6 ¢
dukcupoBaHHbiMU napameTrpamu a (0.5 1 0.94). IIpu 3HaUueHUM MapaMeTpa BpallleHUs
a = 0.94 nedbopmartius MpuoIU3UTEILHO paBHA 5-8% (6e3 yueTa 110151 FPaBUTOHA), a IIPU
a = 0.5 oHa yMeHbIIlaeTcsl Bcero npumMmepHo a0 1.5%. Takum o6pa3om, Ipu yayuiieHHOM
paspelnampiieit CrtocOOHOCT B HAOMIOMEHUSIX MOXKHO OymeT 6ojiee TOUHO OIpPee/NnTh,
umeeT au Sgr A* 3HauMTeabHOe BpaleHue. KpoMe Toro, rpu 3aJjaHHOM YT/ie HAaKJIOHA
IVIOCKOCTU BpallleHMsl pa3Mep TeHU 3aBUCUT OT ITapaMeTpa BpalleHus a, YTO TaKKe I103-
BOJIsIeT Oosiee TOYHO OIpenenuTh ero 3HaueHue. HakoHell, mmpexjioskeH 60jiee TOUHbBIN
BapMaHT BbIOOpA pacIIMPEHHBIX TEOPUIi rPaBUTALMM, OCHOBAHHBIN Ha yueTe BpallleHUsI
YepHOI IbIPbI.

BnarogapuocTu. Pa6ora Onera 3eHMHa YaCTUYHO MoaaepskaHa rpanTom doHpa pas-
BUTUS TeopeTudeckoi usuku u mareMmaTnku «bBA3MC» Homep 22-2-2-11-1.
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OBPA30BAHUE CBEPXMACCUBHBIX 3APO/IBIIIEN YEPHBIX IbIP B PAHHE
BCEJIEHHOV MEXAHN3MOM CKAJISPHO-TPABUTAILIIOHHOMN
HEYCTOMYMBOCTU

10.T. rHaTbeB!

1 yurii.ignatev. 1947 @yandex.ru; uHctutyT dusmku KasaHckoro denepanpHoro yuusepcurera, HUJI Koc-
mosorus, 420008 Poccus, Kasans, yn. KpemieBckas 18

Ha ocHOBe chopMy/IMpOBaHHBIX M TOKA3aHHBIX CBOJVCTB IMOA00VS KOCMOIOTMYECKIUX
MoOJieJieli, OCHOBAaHHbIX Ha CTATUCTUYECKOI CUCTEeME BbIPOXKIEHHBIX CKAISIPHO 3apsisKeH-
HbIX (pepMIMOHOB, a TaKKe BbISIBJIEHHOTO paHee MexaHM3Ma CKaJsIpHO-IPaBUTALIMOHHOM
HEYCTOMNYMBOCTU KOCMOJIOTMYECKUX MOZeJieli IPOBeAeHO YMCIeHHO-aHAIUTUYeCKOe UC-
clenoBaHMe Mpoilecca GOpMUPOBAHUSI CBEPXMACCUBHBIX 3apojbiiieii UEPHBIX AbIP B
paHHelt BcenmenHoit. [TocTpoeHa MaTeMaTuuyeckasi MOJIe/b BOMIOLIVM cepuIecKmux BO3-
MYILIEHMI1, HA OCHOBE KOTOPOJ BbISIBJIEHbI OCHOBHbIE 3aKOHOMEPHOCTH ITPO1iecca 3BOJII0-
LMY KOJTATICUPYIOIIMX MacC ¥ 3aBUCUMOCTY ITapaMeTpoB (POPMUPYIOIIMUXCS UEPHBIX IbIP
OT QyHIaMeHTaJbHbIX TapaMeTPOB KOCMOJIOTMYECKOI MOV U IJIVHBI BOJTHBI I'PaBUTa-
LIMOHHBIX BO3MYILeHNI. [Ipy 5TOM yuTeHbl MOTepU MaCChl YEPHOI AbIPbl HA KBAHTOBOE
ucrnapenne. [lokazaHa ycToitumBasi TeHIeHLVSI paHHEero 00pa3oBaHMsT CBEPXMaCCHUBHBIX
3apOJIblIllieli YEPHBIX AbIP B MCCIEAyeMOM Klacce KOCMOJIOTMUYEeCKMX MOesei 1 rmokasa-
Ha TeCHasl CBsI3b Mpoliecca pocTa Macc chepuieckux BO3MYIIeHNI C XapakKTepoM 0COObIX
TOUEeK 3TUX MoZese.

KnroueBsie C/10Ba: CKAISIPHO 3apsbKeHHas I1a3Ma, KOCMOJIOrMyeckast MOz eslb, CKaJIsip-
Hoe Tojie XUITca, rpaBUTAlMOHHAS YCTOMYMBOCTD, chepuyeckye BO3MYIIeHMs, 06pa3o-
BaHMe YEPHBIX ObIP.
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V30BPASKEHUE BPAIIIAIONIEVICSI KPOTOBOI HOPBI 3JIVIICA-BPOHHIKOBA

B.A. Mmkaesa', C.B. Cymkos?

1 ishkaeva.valeria@mail.ru; Kazauckuii (IIpMBO/DKCKUIT) demepanbHblili yHUBepcuTeT; I. Kasaub, 420008,
Poccus
2 sergey sushkov@mail.ru; Kasauckuit (IIpuBoymkckuit) dbemepanbHblii yHUBepcuTeT; T. Kazaub, 420008,
Poccusa

Cy1miecTBOBaHMEe KPOTOBBIX HOP MOKA He MOATBEPXKAEHO 3KCIepuMeHTanbHOo. OqHUM
13 CIOCOO0B UX OOHAPYKUTD SIBJSETCS aHaIMU3 U300paxkeHnit acTpodu3UIeCcKUX 00beK-
TOB, HaIpuMep, U306paskeHNni CBepXMaCcCUBHBIX KOMITAKTHBIX OObEKTOB B I[eHTpax ra-
JIAKTUK. 3HAsI MacCy ¥ CKOPOCTh BpallleHMsI KOMIIaKTHOT'O 00BeKTa, 10 ero M300pakeHUIO
MOSKHO CYAUTh O TOM, SIBJISIETCS JIM OH KPOTOBO¥ HOpOJi. B maHHOI paboTe mpeacTaBiie-
HO M300paskeHye MeIJIeHHO Bpallaiolieiicst KpOTOBOM HOPBI JJnca-bpoHHMKOBA, OKPY-
SKEHHOJ aKKpeIMOHHbBIM AMCKOM. MbI CpaBHMBAeM €To ¢ M300pakeHeM UepHO ObIPbI
Keppa 1 mokaspiBaeM 4TO M300paskeHMSI ITUX ABYX 0OBEKTOB CYII€CTBEHHO pa3InyaioT-
csl.

ITOJIHOE PA3JEJIEHUE ITEPEMEHHbBIX B YPABHEHNY T'AMUJIbTOHA-IKOBU
OJII TEOJE3NYECKHNX

M.O. KaraHaes!

1 katanaev@mi-ras.ru; Matematuueckuit MHCTUTYT uM. B. A. CreknoBa, 119991, Mocksa, yi. I'yOKuHa

PaccmaTpuBaeTcs (TICeB0)pMMaHOBO MHOT000Opa3ue MpoM3BOJIbHON pa3MepHOCTM.
VpaBHeHMe lamuibToHa—SIKOOM IIJ1sI reofe3nyecKuX TOIyCKaeT IOJIHOe pasfesieHne Ie-
peMeHHBIX 151 (cerapabebHbIX) METPUK B HEKOTOPBIX (cerapabebHbIX) cUCTeMAaX KO-
opauHat. Takue MeTPUKH IIPeICTAB/ISIOT OOJIBIION MHTEPEC KaK C MaTeMaTUJYeCKO, TaK
1 ¢ Gpu3nyeckoit Touek 3peHus. BONbIIMHCTBO M3BECTHBIX B HACTOSIee BpeMsl TOUHBIX
pelleHni1 ypaBHeHMI DMHILITENHA JOMyCKAIOT II0JIHOE pa3aeieHye nepeMeHHbIx. B 1893
roxy IlITekkesb ITOCTAaBMUI BOIIPOC: “KaKue MeTpMKM JOITYCKAIOT ITOJIHOE paszeieHue e-
peMeHHbBIX B ypaBHeHMM ['aMuibToHA— K001 ?” DTa MpobieMa pUBIIeK/Ia 60JbIlIoe BHA-
MaHMe GU3MKOB M MaTeMaTMKOB U CTajia Kaaccuueckoit. OHa Gbuia peleHa [Jisl MeT-
PUK MTPOU3BOILHOV CUTHATYpPBI B C/Ty4dae, KOrJia Bce AMaroHalbHbie 3ieMeHTbl 06paTHO
MeTPUKM OTIMYHBI OT HyIsl. OmHaKO O/ MHAePUHUTHBIX METPUK, Halpumep, JOpeH-
1IeBOJ CUTHATYPhI, Ha AMaroHa/ BO3MOKHO ITOSIBJIeHMe HyJei, u mpobiaema IllTekkens
B 9TOM C/Tyyae OCTajachb OTKPBITON. B moK/ame mpeasioxkeHO MOTHOe pellieHne Mmpobiie-
™Mbl llITekkens: [Jist MeTpUK MPOU3BOJIbHONM CUTHATYPhl, BKJIKOYas IMOSIBJIEHWE HyJei Ha
IMaroHa/iv, Ha MHOrooOpasusix MpoM3BOIbLHON pa3MepHOCTU. Bce MmeTpuKky pasmeneHbl
Ha KJIaCChl SKBMBAJIEHTHOCTH, BHYTPM KOTOPBIX OHM CBSI3aHbI KAHOHMYECKMMM ITPe0o-
pa3oBaHMUSIMUM U HEBBIPOXKAEHHBIMM ITpeoOpa3oBaHMSIMM He3aBUCUMMBIX IMapaMeTpOB B
TIOJTHOM MHTerpajie ypaBHeHUsI [ammibToHa-SIK00M. B KaykImom Kitacce SKBMBAJIEHTHO-
CTY SIBHO TIOCTPOEeHA KaHOHMYecKas (Haubosee rpocTasi) cerapabesbHasi MeTpuKa, IIpo-
Be[leHO pasJesieHye rnepeMeHHbIX U [IOCTPOEeHbl COOTBETCTBYIOLIMEe 3aKOHbI COXPaHEeHUS
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B raMWIbTOHOBOM dopMasu3mMe. [JokazaHo, YTO CYIIeCTBYET TaKoil BbIOOP He3aBUCUMbBIX
rapaMeTpoB, UYTO BCe 3aKOHbI COXpaHeHMs He b6ojiee, YeM KBaJpaTUUHBbI 110 MMITY/IbCaM.
B KauecTBe npuMepa repeuyncyieHbl Bce cernapadenbHble METPUKYM B ITPOCTPAHCTBAX ABYX
(Tpm Ky1acca), Tpex (LecTh KJIacCOB) U YeThIpeX (HecsATh KJIaCcCOB) U3MePEeHUIA.

CemnapabenbHbIe METPUKM IIPEACTABISIIOT OOJBIION MHTEpeC IJs Mopesieil rpaBuTa-
. OOBIYHO AJIS1 HaXOKIOEeHMSI TOUHBIX pelleHMit YpaBHeHMI JMHINTelHA IelaeTcs
TIPeINOJIOKEeHM e O HATMUMM AOCTATOYHO OOJIBIIONM IPyIIbl cuMMeTpun. Torma Kommuye-
CTBO HE3aBMCYMbIX KOMIIOHEHT MEeTPUKU YMEHbIIAeTCs, U [TOSBJISIETCS BO3MOXXHOCTD SIB-
HO peliuTb ypaBHeHUs JiiHIUTelHa. Kak rpaBuiio, riepeMeHHble B COOTBETCTBYIOILLEM
ypaBHeHUM ['aMuIbTOHA—SIKOOM TTOTHOCTBIO OEISITCS JISI TAKUX pellleHnit. ITOT MOAXO]
MOXXHO M3MEeHUTbh. JleJio B TOM, UTO MepeMeHHbIe MOTYT OeJUTbCS U MPU OTCYTCTBUM
KaKoii-11nb0 cumMmMeTpun. Eciu npeamnonoXkuTb cHavala, 4YTo nepeMeHHble B ypaBHEHUU
FamuabTOHAa-SIKOOM TMOTHOCTBIO JIEJISITCSI, TO KOJMUYECTBO HeTPUBMUATbHBIX KOMIIOHEHT
METPUKU TOXE CYI[eCTBEHHO YMeHbIIaeTcsi. KpoMme TOro, Kaxkaast KOMIIOHEHTa METPUKU
SIBJISIETCSI pallOHAIbHOM (QYHKIMEN OT HeCKOMbKMUX (GYHKIIMI OJHO KOOPAMHATBI, YTO
CBOIUT YpaBHEHMS DMHIITEHA K cUCTeMe 00bIKHOB8eHHbIX b depeHIaTbHbIX YpaBHe-
Huii. Kpome TOro, mpu moysiHOM pa3fe/ieHUM MepeMeHHbIX YpaBHEeHUs reofe3muecKux
IOMYCKAIOT YeTbIpe He3aBUCUMbIX MHTEerpasia ABVKeHNSI, HAXOOSIIIMXCS B 9BOTIOLNNA, U,
leoBaTebHO, YPaBHEHMS reofe3nuecKuX MHTerpupyemMsl 1o JINyBMIUIIO. DTO BaKHO
1711 GU3MUEeCKOi MHTepIIpeTaly pellieHni1 ypaBHeHMI DIHIIITeliHa ¥ aHa/I13a I7100aIb-
HOJ CTPYKTYPbI IPOCTPAHCTBA-BPEMEHN.

EcTh ellle TOMOJHUTEIbHBI OOHYC OT cemapabelbHbIX METPUK. A MMEHHO, IIOJ-
HOe pasjesieHNe IepeMeHHbIX B YpaBHeHuM [aMuibToHa—SIKOOM SIBJISIETCS HEOOXOmm-
MBIM YCJIOBMEM ITOJTHOTO MYJIbTUIIIMKATUBHOTO pa3AeeHns IepeMeHHbIX B ypaBHEHUM
Jlartaca—BenbTpamu, lllpenyHrepa, Iyvpaka 1 BOJTHOBOT'O YpaBHEHMSI HA COOTBETCTBYIO-
X MHOTOOOpa3susX.

TEOPUS TPABUTAIINNA - TEOPUS CUCTEM OTCUETA
C.M. Kosbipes!, P.A. Jaumes?, B.I1. [TaBnoB>

1 sergey@tnpko.ru; HayuHblit 11eHTp rpaBUTaLlMOHHO-BOMHOBBIX MCCIeloBaHuit ”[IyIKbIH”

2 rinat.daishev@ksu.ru; Kasanckuit (IIpuBoskckuit) demepanbHblii yHuBepcutet, 420008, r. Kaszaub, yi.
Kpemnesckas, n.18.

3 pavlov.gpb@gmail.com; KazaHCcKuit HallMOHA/IbHBIN UCC/IeIOBATENbCKUI TEXHUUECKU YHUBEPCUTET M.
A. H. Tynonesa - KAU, 420111, r. Kasanb, yi. K. Mapkca, 10

VpaBHeHMSI DITHIITETHA TPEICTaBIISIIOT CO00V HeJIMHEIHYIO CUCTEMY M3 IIeCTU He3a-
BYCUMBIX YPaBHEHMUI JIJisl eCSITU KOMIIOHEHT MeTpuku. Ha dyHKuum g,p TemM He Me-
Hee He HajlaraeTcss HUKAKUX OTpaHUYeHu i, KpoMe TpoeKpaTHOi nuddepeHIMpyeMOCTI
C3, a TakKe HEBBIPOKAEHHOCTY MAaTPHILIBI || 8ap |l, YTOODI CYIIIECTBOBA/IN BEJIMIMHDI 4 6.
CnemyeT OTMETUTb, UTO B Teopuu IiiHIITeiHA PU3NIECKMIT CMBIC]T MMEIOT TOJIbKO Ta-
Kye pellieHus ypaBHeHMIi [Mib6epTa-diiHIITeliHA, KOTOPbIE YIOBIETBOPSIIOT MIPUHIIAITY
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npuauHHOCTY ['MIb6epTa

g g 811 812 413
g11 <0, 21 9o >0, 821 822 823 | <0,800>0.
831 832 833

K coxkayieH10, pereHus HeCOBMECTMMBbIE C TIPUHIIUIIOM ITPUUMHHOCTY TITYOOKO ITPOo-
HUK/IU Jaske B y4eOHUKMN.

MHorma KoopAMHaTHbBIE CTeeHY CBOOOABI 0 aHAJIOTUM C 3JIEKTPOMAarHuTHOM Teopu-
eii Ha3bIBAIOT KaJMOPOBKOI, HO IMMOCKOJIbKY B YEThIPEX TOMOTHUTETbHBIX HEKOBAPMAHT-
HbIX YpaBHEHMAX IIPUCYTCTBYET 3HAUMUTEIbHbIN IIPOU3BOJI, CKa3aTh 3apaHee, YTO MbI I10-
JIyYUM CUCTEMY C Te€M XK€ MHOKeCTBOM pellleHWI1, HeJIb34l.

BaskHO TTOAUEPKHYTb, UYTO (GU3NUECKMII CMBICI MMEIOT TOJbKO TaKue pelieHus ypaB-
HeHUi1 ['mabbepTa-JiiHINTEiHA, KOTOPbIe ONMMPAIOTCS Ha TMOHSTME KIacca JTOMYCTUMBIX
(yHKILMI. A TIOCKOJIBKY B Teopum DiiHIITeiHa GYHKIMOHAIbHASI CTPYKTYypa MeTpuue-
CKOT'0 TeH30pa IJ1s1 3aJaHHOi apudMeTu3aIny OKa3biBaeTCs pa3Hoil Py pa3HOM BbIOO-
pe KOOpAMHATHBIX YCJIOBUIA, TO U ee TIpelcKasaHus OyayT 3aBMCeTh OT 3TOTO BbIOOpA, T.
e. OyayT HeJOCTAaTOYHO KOPPEKTHBI, TAK KaK He OMMPAIOTCS Ha ITOHSTHE KIacca AOIYCTH-
MbIX (QYHKIIVIA.

Tak, HanipuMep, puBefeHne METPUKM LeHTPAIbHO-CMMMETPUYHBIX T0JIeN K BULY
BCErJia MOKHO TPOBECTY TOJIbKO B TIPEITIONIOKEHNH, UTO gqp TPUHAMTIEKUT QYHKIMAM
xiaacca C! Torga Kak ToxaecTBaMy BoaHKY Ha QYHKLMK g, p HAJIaraeTcst orpaHnyeHe C3.
Iloka3zaTeynbCTBO TeopeMbl BupKroda 0CHOBaHO Ha MCIIOIb30BAHMUM TeX pellleHuit, KOTO-
pble MIIYTCS B KIacce Mo KpaitHeit Mepe C? 1, clefoBaTelbHO, 3apaHee 0TOPachIBAIOTCS
BOJIHOBbIE pellieHNs.

OueBMTHO, MOKHO COIIACUThCS ¢ B.A.®OKOM UTO MPOMU3BOJIbHbBIE ITPeOOPa30BaAHMS
KOOpAMHAT BBOAST GUKTUBHbBIE I'PaBUTALIMOHHbIE T10J1Ss1. YTOOBI yCTPAHUTD 3TY ABYCMBbIC-
JIEHHOCTb, HEOOXOIMMO HAJIOXKUTD NOTIOHUTEIbHbIe OoTpaHnueHms. Hampumep, B o0611eii
TEeOPUU OTHOCUTEILHOCTU IJIS1 U30JIMPOBAHHOM CUCTEMbI MACC CYILeCTBYIOT IIPUBUJIETU-
pOBaHHbIE TAPMOHMYECKME CUCTEMbI KOOPAVHAT YA 0BIETBOPSIOIIME YCIOBUIO

rh,g" =0, 1)

He ciyuaitHo MeskayHapOAHbI aCTpPOHOMMYECKMI COI03 B CBOMX PE3OJIOLMSIX O CU-
cTeMax OTCYeTa IMPOCTPAHCTBAa-BpeMEHN PeKOMEHAYeT MCIT0Ib30BaTh MME@HHO rapMOHM-
yeckyue KOOpAMHATHbIe YCJIOoBUs. PellleHMs omychIBalolie CBOCTBA TPaBUTAIMOHHBIX
BOJTH TaK>Ke MOTYUYEeHbI C MCII0/Ib30BaHMEM TapMOHUYECKNUX YCTOBUIA.

VciioBust rapMOHUYHOCTHM, YpaBHEHMe COCTOSTHMS BelllecTBa U ypaBHeHust ['mibbepra -
OitHIITeliHA 06pa3yIOT MOJMHYI0 cucTemMy nuddepeHIIMaabHbIX YpaBHeHU. [apMoHMUe-
CKUt TIPUHIIUIT MOXKET OBITh ITPMMEHEH K JII00bIM KOOPAMHATHBIM YCIOBUSM. IT0CKOIBKY
rapMOHMYECKIIA ITPUHIIUIT MOXKET OBITh OIIpe/ie/ieH IJ1s1 TI0ObIX KOOPAMHATHBIX YCIOBUIA,
ypaBHeHMs (1) MOSKHO pacCMaTpUBaTh He KaK KOOPAMHATHbIE YCIOBUSI, @ TOTIOTHUTEb-
Hble YPaBHEHMSI MOJISI.

OMHIITEHOBCKAs TeOpus TPaBUTALIUM U Ceituac, CITyCTs CTO JIET IOCJ/Ie CBOEro Co3a-
HMSI, TIPOJIOJKAET OCTaBaThCsS Haubojee yIOBIETBOPUTEIbLHBIM BapMaHTOM Kiaccuye-
ckoit Teopun tarotenus. [Ipeackaszanust OTO cornacyroTcs C TPpOBeAeHHBIMU JI0 CUX ITOP
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rpaBUTALMOHHBIMMU KCIIEPMMEHTaMU, BKII0Uast PaAMOI0KalMIo IVIaHeT U JIa3epHYI0 JIo-
Kauuio JIyHbl, oOOHapy>KeHMe rpaBUTALIMOHHBIX BOJIH.

B ciyuae pensiTUBUCTCKUX T€OPHIA paBUTALIVM OJHUX TOJIBKO YpaBHEHMI TTOJISI Hefo-
CTATOYHO JIJISI OTIpeie/IeHNsI TPaBUTAIMOHHOI cucTeMbl. [To-BuaMmMoMy, Heo6xoaum 60-
Jlee CTPOTUI KPUTEPHI JOTTYCTUMOCTH ITOTyYaeMbIX peleHUiA.

HEPABHOBECHBIE ®VHKIIVHY 'PUHA [1JIS1 TIPOU3BOJIbHBIX TAYCCOBBIX
TEOPU I10JISI 1 COCTOSIHUI

H.M. Konranos!

1 nikita.kolganov@phystech.edu; MockoBcKuit huU3UKO-TeXHUUECKU MHCTUTYT, 141700, UHCTUTYTCKMI
nepeysok, 9, HonronpyaHbiit, Poccusi; MTHCTUTYT TeopeTuueckoit M MaTeMaTuueckoit dbusuku, MocKkoB-
CKUI TOCymapCTBeHHBIV yHUBepcuteT, 119991, JlennHckue ropsi, 1, MockBa, Poccusi; OToeneHne Teope-
Tuueckom busuku, dGusndeckuit mHCTUTYT M. I1.H.JIe6emeBa PAH,

JlenmHCKMI1 mpocriekT 53, Mocksa 119991, Poccus

Llenbio jaHHOI paboThl [1] aBasieTcs: mocTpoeHue popmannsma lIBuHrepa-Kengpiina
[2, 3] Ay1sT KBaHTOBOMEXaHMUYECKUX CPEeHUX U KOPPEeISIMOHHBIX QYHKIMIT B TOBOJbHO
00111ei1 HepaBHOBECHO CHCTEMeE C Ha4aJIbHBIM COCTOSIHMEM B BUE CIIeLaIbHO MaTpy-
116l TUIOTHOCTHU. [IpenrionaraeTcsi, YTO caMa 3Ta MaTpuila IJIOTHOCTU OMpeaessieTCs Iu-
HaMMYeCKUM COJep>KaHMeM CucTeMbl. MOoTUBaLMs OJ1s1 3TOM KOHCTPYKUMU UCXOOUT U3
Uae KBAaHTOBOM KOCMOJIOT UM, IIPEeATIoIararolnx, YTo HauaJibHOe COCTOsIHMe BeeleHHOM
IO/DKHO 3a/1aBaThCs He M3 KaKMUX-TO CIelMaabHbIX ¥ CBOOOITHO M3MeHSIeMbIX HaUa/IbHbIX
YCJIOBUIA, @ BHYTpeHHe (DUMKCHUPOBATHCSI TEOPETUKO-II0TIEBOI MOIe/IbIo BcereHHOIA.

MbI paccMaTpyBaeM OOIIYIO CUCTEMY C IEMCTBUEM

Sig) = %fdt((j)TA(b+ngng+ngBT([)+ngC(p) (1)

rae ¢! — nons, unHgexc I BKIOYaeT B ce6sl KaK AMCKPeTHbIe MHAEKChI MOJIeft, TaK 1 Ipo-
CTpaHCTBeHHbIe KoopauHaThl, a A = AT = A, B=EByuC= cl = Cjy — omeparopsl,
SIBHO 3aBUCSIIIME OT BpeMeHMU . YpaBHeHUS ABVOKeHMS B TAKOV TeOpUM SIBISIOTCS AuUd-
dbepeHIMaTbHBIMY YPaBHEHMSIMYM BTOPOTO TIOPSIIKA 110 BpeMeHM U 3a7atoTcs nuddepeH-
LIMaJIbHBIM OIIepaTOpOM

F:—iAi—iB+BTi+C, 2)

dt dt dt dt

TIOMTyJaloMMMCs U3 reccuaHa jaeiictsus F&(t— t') = 62S[¢pl/6¢p (1) S¢p(t).

OCHOBHBIM OOBEKTOM Halller0 MHTepeca SBJSIeTCS TMPOU3BOIANMIT (DYHKIIMOHAT
[IIBuHTrepa-Kenmspiia in-in KoppersiMOHHbIX QYHKIINI reji3eHOeproBCKMUX OIepaToOpPoOB
B (GM3MYeCKOM COCTOSIHUM, OMMChIBaeMOM HayajbHOM MaTpuileil MIOTHOCTU p. ITO
(byHKIMOHA IBYX MCTOYHUKOB

ZIh Jol = tr | Uy, (1,0 p U, (T,0|. (3)

3mech cief, BBIYMCISETCS MO TMIbOEPTOBOMY MPOCTPAHCTBY COCTOSIHUI KaHOHUMYECKU
KBaHTOBaHHOIO 11014 ¢, a Uj(T,0) — omepaTop YHUTapHO 3BOMOLMK OT t =01mo t=T ¢
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3aBUCSIIVMM OT BpeMeH) raMWIbTOHMaHOM, COOTBETCTBYIOIIUM AelicTBuio (1), monudn-
LIMPOBAaHHBIM CJIaraeMbIM C MICTOYHUKOM — ] T(t)c/)(t).

MbI paccmaTpyBaeM KjIacc MaTpULL IJIOTHOCTH, SIAPO KOTOPBIX B KOOPAMHATHOM IIpeJ-
craByieHUM (Y|P lp—) = p(¢+,p-) MeeT rayccos BUJ, T.e.

L 7 T
p () = const x exp A4 Qe+j @,
| oes Ny | R S
(p_ (p_ , ]_ j_ y ﬂ— S* R* ’ (4)

e MbI COOpany (. B ABYXKOMIIOHEHTHbBIE CTOJOIbI, 8 6JI0KM MATPULIbI L2 NOIKHBI yI0-
BJIeTBOPATD cBojicTBaM R = RT, S = ST st o6ecrievennst 3pMuTOBOCTI MaTPHUIIBI TIIOT-
HocTu. To JKe KacaeTcs M «MCTOYHMKOB» ji B OINpeneneHMM j, a UMEHHO ji = j* = j.
Taxoi1 BbIGOP MaTpuLibl INIOTHOCTY MOTUBUPOBAH TE€M, UTO [/ 6I0UHO-IMATOHATBHOTO
2 oHa CBOAUTCS K YMCTO KBA3UMBAKYYMHOMY COCTOSIHUIO, @ €€ «MCTOUHUK» j MO3BOJISET
MHAYLMPOBAaTh HeHY/JIeBOe KBAaHTOBOMeXaHUYeCKoe CpeJlHee 3HaUeHMe orepaTopa Imo-
ns1. Taxke guddepeHIipoBaHMEM IO j MOKHO CTeHEPMPOBaTh Topasao 6osee MMUPOKUIA
KJIaCC MaTpPUIL INIOTHOCTU C WieHaMU «B3aMMOIeiCTBUSI» B SKCIIOHEHTe.

Pe3ynbTaT BhIUMCIEHMS NTPOMU3BOAsLIEro GyHKIMoHanAa (3) MeToAOM (PYHKIVMOHAJIb-
HOT'O MHTerpajia, KOTOPbIi OKa3bIBA€TCSI TOUHBIM BBUAY rayCCOBOCTY MOAMHTETPATIbHOTO
BbIpasKeHMsI, UMeeT B/

1 T
Z[J :Constxexp{—%f drdt JT (Gt () -
0
T T . i.T .
—fo dtJ (D6(5,0)j+2j GO0 ]y, (5)

roe J =1/, ]g]T. dyukuus I'puna G(t, t') aBnseTcs pes3yabTaToM pellleHs KpaeBoii 3a-
nauu, ciaenyrollei U3 yeUIoBMS CTallMOHAPHOCTY rayccoBa QyHKIIMOHAIbHOTO MHTerpaia.
Ona umeeT 6JIOYHO-MaTPUUYHYIO Popmy

Gr(t,t') G (t,1)

A
CLO=1 6o t) Galt, 1)

; (6)

TUNIMYHYIO i popmanm3ma IlIBuHrepa-Kengpiima 1 cocTosinyo 13 ¢GpeifHMaHOBCKUX
Gr(t,t'), antudeitnmanoBckux Gy (t, t') u BaiTMaHOBCKMX G (1, t') KOMIIOHEHT.

Boipaskenne mjis pyHkuymy I'puna G(t,t') MOKeT ObITh BBITMCAHO SBHO B T€PMMHAX
6a3McHbIX QyHKUMIL v(f), v™ (1), pelapIInX TPaHUYHYIO 3a70auy

Fv(t)=0, (W-w)v(1)|,.,=0, W+ )v"1)|,.,=0, (7)

roe W = A% + B, a MaTpuiia @ OOJIKHA ObITb CUMMETPUYHOM U MMETb IOJIOXKUTETbHO-
OIpefe/IEHHYIO BellleCTBeHHYIO YaCTh, B OCTAJIbHOM JKe SBJISIETCS IIPOU3BOJIbHOM.

JI71s1 IpOM3BOJIBHOTO BHIOOPA  SIBHOE BhIpakeHue mjst G(t, t') iBjsieTcst rpoMO3IKMM
¥ CJIO’KHO MHTEPIIPEeTUPYEeMbIM, OJJHAKO YITPOIIIAeTCS €CIM BbIOPATh (v CIIelMaTbHbIM 00-
pasoM. Beezns cpenHee uMCI0 4aCTUL, V M aHOMaJIbHOE CpeflHee K KakK

.'.

v=tr[pa'al, «x=tr[paal, (8)
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noTpebyem 3aHy/IeHe aHOMaJIbHOTO CpeIHero k. DTO JaéT ypaBHeHMe Ha w, KOTOPOe MO-
>KeT ObITh pellleHo SIBHO B (Jlyvae BellleCTBeHHOCTH 6sioka S B ornipefeneHmu (4) MaTpPUILIbI

IIJIOTHOCTYU KaK
W= }?1/21 /I_O_ZRI/Z’ o= R—I/ZSR—I/Z (9)

B saTom Cliydae cpegHee 4ymcjio 4aCTull v IIpMHMaeT B[,

1 I-0o ~
v=—x|1/—-1]«T, = [wllzR—lwllz]1/2w—1/2R1/2 - () L (10)
2 I+o0

a 6;oku yukiyu I'puHa G(f, t') BeIpaskaroTcs yepes 6asucHble GyHKuym v(t), v* (1), uv
MIPOCTHIM 00pa3oM

iGr(t, ) =v@) v ()0 -t)+ v v ()0 -+ vi)ve () + v vel (), (11)
iGs(t, ) =v(O) (v+ 1) v () + v () voT (). (12)

OtoT By GyHKLMII 'pMHA XOPOILIO 3HAKOM M3 TePMOIIOIIEBO AMHAMUKM IIPOCTHIX PaB-
HOBECHBIX CUCTeM [4], KOrIa BCe BXOISLINe B OTBET MaTPUILbl CTAHOBATCS OMaroHaJlb-
HbIMM B MMITYJIbCHOM TIPE/ICTaBJI€HMUM U MPECTABIISIOT COO0Vi uMcia 3aroTHeHUST JJ1sT
craTuctuku bose-ditHmrTeiiHa. [IpyMeuaTenbHO, UYTO KapTHHA YMCeNT 3aII0JTHeHUS 0600-
1aeTcsl Ha HepaBHOBECHbBIE CHMCTeMbl OUeHb 00IIero TuIa, a MMeHHO COOCTBeHHbIe 3Ha-
YeHMsI MaTPUIIBI V CYXKAT YMCIaMK 3aTI0THEHUS B 0011leM HepaBHOBECHOM COCTOSIHUY C
HAvya/IbHOM MaTpuliei INIOTHOCTH (4).

Kak 06¢cy>kaanoch Bbiliie, B KOHTEKCTe KBAHTOBOJ KOCMOJIOTUM cama MaTpuiia II0THO-
CTY MOXeT ObITb 33/IaHa B TepMIMHAX eBKIMI0Ba GYHKIMOHAIbHOIO MHTETpasia 1o U, Ta-
KM 006pa3oM, IMHAMUYECKN OTNPeeNsiThCs OTAeIbHbIMM CBOICTBAMM CUCTEMBbI, BKITIO-
yas ee QyHKIUMOHAN AelicTBUS. MTak, Mbl pacCMaTpUBaeM BblipaskeHue 1151 eBKINA0BO
MaTpHIIbl IVIOTHOCTHU, OTIpeieisieMoit uepe3 eBKINA0B QyHKIMOHATbHbBIN MHTETpasl KaKk

1 T+
PE@+, 90— JEl = Z f D¢ eXp{—SE[cb] —f dT]E(T)cb(T)}, (13)
P(T)=0+ -
rJe eBKJINI0BO JeVCTBME 3aaETCSI BUKOBCKMM ITOBOPOTOM
iSpWO1|,__;, = —SelPe@)]. (14)

OPMUTOBOCTD MOTYUYEHHOI MaTPUIIbI IFIOTHOCTY HAK/IaAbIBAEeT KeCTKIME YCIOBUS Ha OIle-
paTtopHbie KoadbuiineHTb! GyHKIIMOHAIA felicTBus (1), a UMeHHO, orlepaToOpHble KO3 (-
dbumeHTH €BKINA0BOTO QYHKIMOHANA IeiCTBUS, OTipeieisseMble Kak

Ag(t) = A(-iT), Bgp(t) = —iB(-iT), Cg(t) =-C(-i1), (15)
IOJDKHBI YIOBJIETBOPSTH CJIEAYIONIEMY YCIOBUIO IEPUOAUIHOCTU
Ap(B-1)= A4(1), Bp(f-1)=-Bi), Cp(f-1)=Ch). (16)

IJ1s1 HEKOTOpO¥t B = T4 — T_. Ba)KHBIM CJIeACTBMEM ITUX aHATUTUYECKUX CBOVICTB SIBJISI-
€TCSI TO, JIOPeHIIeBbI 6a3MCHbIE (QYHKIIMYM CTAHOBSITCSI KBa3UIIEPUOANYECKUMMM B MHYMOM
BpeMeHM

t-ipy=v L v - ip=vr(—— (17)
v l =0 v , U 1 =V V+I.
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Bnaromapss B3aMMHO OOpaTHBIM MaTPUYHBIM KOo3(duiimeHTaM 6asuCHBIX (QYHKIINIL,
dyukiuy Baiitmana Gs (¢, t') u G (¢, t') = GL (¢, t) (3amaBaemble BoipaskeHnem (12)) yzo-
BJIETBOPSIIOT COOTHOIIIEHUIO

Gs(t—iB,t") = G(1,1"), (18)

YTO eCThb He UTO MHOe, Kak yuioBue Kybo-MapTtuna-1lBuHrepa [5,6]. BaxkHO, UTO 3TO yCI10-
Blie BBITIOTHSIETCS B 001IIei1 HEpaBHOBECHOI CHCTEME CO CIelaabHOM eBKINA0BOI MaT-
putieit moTHocTH (13), maxke HECMOTPS Ha TO, YTO B TaKo¥ U3MUYeCcKo TOCTaHOBKE OT-
CYTCTBYeT IOHATHE COXPAHSIOLIeCsl SHePTUN.

Takum 06pa3oM, MbI IIOCTPOMIIM TPOU3BOAAIINI PyHKIIMOHAT PyHKIINMI ['prHa 1 KOp-
pPeSIIVMOHHBIX QYHKIMIA 1)1 00Ieil MaTpuIlbl INIOTHOCTM rayCCOBOTO TUIIA M ITOKa3a-
JIM, 4TO TpeGOBaHMeE OTCYTCTBYUSI aHOMAJIbHOTO CPeIHEro YMCc/Ia YaCTUIL BbIOMpaeT Bbifie-
JIeHHBI HaOOp MOMOXKUTETbHBIX/OTPUIIATEIbHBIX YACTOTHBIX 0a3MCHBIX QYHKIIMI BOJI-
HOBOTO OllepaTopa Teopuu, KOTopas orpenenseTcs napaMmeTpaMy MaTpULbI INIOTHOCTH.
3aTeM MbI PaCCMOTpPeJIV YACTHBIN Cydail MaTpULbl IJIOTHOCTU, OIpeneasieMO eBKIIN-
IOBBIM MHTErpajoM MO TPaeKTOPUSIM TeOpUM U TOKaIM, YTO eciu (PyHKUMOHA Jeit-
CTBUSI UMeeT clielMajbHble aHAIUTHUUECKMEe, TO QYHKIIMYM BaiTMaHOBCKIMe QyHKLM ['pu-
Ha YIOBJETBOPSIIOT YUIOBUSIM TepuoanyHocTy Kybo-MaptuHa-IlIBuHrepa, KOTOpbie BbI-
TTOJTHSIIOTCSI, HECMOTPSI Ha HEpaBHOBECHYIO ITPUPOIY hU3MUECKOI CUCTEMBI.
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[Tpy M3yyeHUM aMIUIMTYObl TYHHEIMPOBAHMSI, HAIpUMep, B ABYSIMHOM MOTeHIMae,
BO3HMKAET IMOHSTHE QIYKTYyallMOHHOI'O OIlepaTopa, KOTOPbIN OIpeieisieT KBaApaTUdHoe
nevictBue. Ha ¢hoHe TOImomorn4eckoro MHCTAaHTOHA, T.€. MHCTAHTOHA ¢ 6€CKOHEYHBIM IIe-
puomoM, OH uMmeeT Bup onepartopa [énuib-Tennepa K = —0% +m?—1(1+1)sech?t, nyst Ko-
TOPOTIO IIPU LIeJIbIX 3HAUEHMSIX ITapaMeTpoB [, 771 TOUHO M3BECTEH CIIeKTP, COOCTBEHHbIE
dyHkIMK, a Takke GyHKkuys 'pruHa. HeKOTOpbIM BbIIeI€HHBIM 3HAYEHVSIM ITapaMeTpPOB
TaKke COOTBETCTBYIOT ITOTeHIMaIbl CMHYC-TopmoHa, Kyouueckuit, 1 riepeBepHyThIN IBY-
SIMHBIV. Haiileii 11e/1b1o SIBIsIeTCS pellleHre o0paTHO 3aaun, a MMeHHO, 3Hasl TapaMeT-
pbI oriepaTopa I1énuib-Temiepa BOCCTaHOBUTD MOTeHIIMAN, QIYKTYallMOHHbBIN OIepaTop
KOTOPOTO paBeH MCXOAHOMY. B pe3ysbraTe Mbl MOJYYMIM O€CKOHEUHOE CEMECTBO I0-
TEHI[MAJIOB, B OOIIEeM CyJae SBJSIOIMMXCS HeaHaATUTUIeCKUMMU.

W est BOCCTAaHOBJIEHMSI IOTEHLMA/IOB OCHOBAHA HA TOM, YTO IPOU3BOAHAS MHCTAHTOH-
HOT'O pelleHMs IO MOAY/ISIPHOMY ITapaMeTpy, OObIYHO MMEeIOeMy CMbIC TTOJIOKEeHMSI MH-
CTAaHTOHA, SIBJISIETCS HYJIEBOI MO0 (ITyKTyallMOHHOTO ortepaTopa. Takum 06pa3om, MH-
TEerpupys U3BECTHYIO HYJIeBYIO MOy (DTYKTYal[MOHHOTO OIlepaTopa, MbI ITOJIydyaeM sIBHOE
BbIpakeHMe IJISl MHCTAHTOHHOTO peleHns . UTHCTaHTOHHOE pellleHre 3aBUCUT OT BpeMe-
HU, TI03TOMY IOJCTABJISIS €r0 B 3aKOH COXPAaHEHUSI SHepPrum OJis HYJIeBOI 3HepPruym Mbl
TTOJIYYMM BbIpaskeHue JJj1s1 moTeHImasna. He Bcerga MOsKHO 00paTUTh MHCTAHTOHHOE pe-
[IeHe, O4HAKO MbI BCErga MOXeM IIOCTPOUTD IMOTEHIMA ITapaMeTPUUYeCKu.

s morenuyana Iémnp-Temtepa cobcTBeHHbIE QYHKIMM €CTh ITPUCOeIHEHHbIE TT10-
JnHOMBI JIexxaHapa Plk (th), k = 1,...1, a Hy/JIeBOJi MOMOVi SIBJISIETCSI le (th). B pesynbra-
Te, MbI [I0JTy4aeM, YTO NmOoTeHuMan V(x), MOCTPOEHHBIN C ITOMOIIbIO ONMCAHHONM BBIIIE
IPOLIeYPbI AJIS1 TAPAMETPOB [, m, 3aaeTcsl mapaMeTpuIecku Kak x = [ () dtle(th 1),

V= %(le (thr(x)))2 . [IpumepsI rpaMKOB ITOTEHIIMAIOB IJISI HEKOTOPBIX 3HaUeHMit 1, m
NpuBeeHbl Huke. HeOObIYHBIM pe3y/IbTaTOM SIBJISIETCSI TO, UTO B OOJIBIIMHCTBE CTy4YaeB
TOTEHIMAJIbI He SIBJISTIOTCS aHATUTUYECKUMMM QYHKIMSIMU M MMEIOT TOYKM BETBJIEHMS B
IJIOCKOCTY KOMIUIEKCU(PUIIMPOBAHHOM KOOPAMHATHI.

Boliiie cucTeMa Obl1a IIpy HYJ1€BOM sHeprum. IIpy KOHEUHBIX S9HEPTUSIX B CJTyYae MaJIbIxX
napaMeTpoB GIYKTYyallMOHHbIN oriepaTop uMeeT Bu oniepatopa Jlame [1] L = —6% +1(1+
1)k?sn?(t, k) — h, tie h BbIpaxkaeTcs yepes k U m. B ciyuae ke 60/MbIIMX TapaMeTPOB
orepaTop MpUHMUMAaET 6oJiee CJIOKHBIN BUJ BbIPasKalOIINUICS yepes TuIepreoMeTpuye-
ckue pyukun. IIpemen k — 1 coorBetcTByeT ciydaio [1eénip-Temnepa.

IMTorenumasl [Ténub-Temmepa OTHOCSTCS K KIaccy 6e30TpaskaTeIbHbIX ITOTEHIIMAIOB.
OTOT KJIAaCC CBSI3aH C CEMEMCTBOM TOUYHBIX pelieHnii ypaBHeHMs1 Ko® - Tak Ha3bIBaeMbIX
N-conmuToHHBIX pelteHuit. [Togdbupas napameTpsl N-COIUTOHHOTO ITOTEHIIMAJIa, Mbl MO-
’KeM IIpUBECTH ero K Buay noreHuyanos [1énuib-Temtepa c [ = N. YpaBHeHue KnB ompe-
nesisieT M30CIeKTPaabHYI0 SBOJIOMIO BOJTHOBBIX (GYHKIINIA, 3aJaHHYIO JaHHBIMM pacce-
SIHVSI, TIO9TOMY MbI MOKEM BOCCTAaHOBUTD moTeHIMan I1énuts-Temnepa nedopmupoBaH-
Hbli Kn® 1 mocMOTpeTh Ha ero 3BOJIIOLMIO CO BpeMeHeM.

Hamieit 3agadein BisieTcs oIMcaHMe HalileHHbIX ITOTeHIMaIOB: BbIUMCIeHMe KBaH-
TOBBIX IIEPMOIOB, HEOOXOAMMBIX [IJISI KBa3MK/IACCMUECKOI0 KBAHTOBAHMS; HAXOXKIEHMS
ypaBHeHus [Inkapa-®ykca [Jis IepUOAOB U YCTAaHOBJIEHME C X IMOMOIIbI PeCypreHT-
Hble COOTHOLIeHud [2],[3].

Pabora mommepskaHa MMHMCTEpPCTBOM HAyKM U BbIcIero obpasoBaHusi Poccuiickoit
@enepainyuu (cornamenne N2 075-15-2022-287 ot 06.04.2022).
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— {=3,m=3 Vom () Vom () — (=4, m=3

(=4 m=2 (=5 m=2

— {=5m=1 — {=T,m=1
T T

Puc. 1. IlapameTpuuecky MOCTPOEHHbBIE TTOTEHIMAIBI IJisI HEKOTOPbIX IapaMeTpoB [ U m oIe-
patopa Ilémnb-Tennepa
JIutreparypa

1. Ward R. S. The Nahm equations, finite-gap potentials and Lam? functions //Journal of Physics A:
Mathematical and General. - 1987. — T. 20. — N2. 10. - C. 2679.

2. Basar G., Dunne G. V., ?nsal M. Quantum geometry of resurgent perturbative/nonperturbative relations
//Journal of High Energy Physics. — 2017. — T. 2017. - N2. 5. — C. 1-56.

3. Fischbach F., Klemm A., Nega C. WKB method and quantum periods beyond genus one //Journal of
Physics A: Mathematical and Theoretical. — 2019. — T. 52. — N2. 7. — C. 075402.

OBIIVE OTPAHUYEHUA OJI51 KPOTOBBIX HOP B TEOPUSAX XOPHAECKU
P.B. Kopones!, C.B. Cymkos?

1 korolyovrv@gmail.com; Kasanckuit (ITpuBoskcKuit) dpemepanbHblii yHuBepcurerT, I. Kasanb, Poccus
2 sergey sushkov@mail.ru; Kazanckuit (ITpuBomskckuit) pemepanbHblii yHUBepCcUTeT, I. Kazanb, Poccus

CrasisspHbIe TI0JISI TIOMY/ISIPHBI [IJIST [TOCTPOeHMUS PU3NIYEeCKUX TeOPUit U YacTO UCIONb-
3y10TCS B PM3MKe BbICOKMX SHEPIHii 3a paMKaMy CTaHIapTHO Momenu. Koraa cyiiecTBy-
eT MHOXXeCTBO MOJeJieli, TO BO3HMKAaeT BOIPOC, KaK MbI JOJ/KHBI M3y4aTh U CPAaBHUBATh
MX B paMKax equHooOpasHoro nopxoga. Ocob6eHHO IMoje3HbIM MHCTPYMEHTOM CTaHO-
BUTCSI IOHMMaHNe TOTO, YTO BCE 3TU KJIACChI MOJEJIei SIBJSIOTCS YaCTHBIMM CJIyYasiMu
Haubosiee 0OIIETO JarpaHXXuaHa, IPUBOASIIETro K ypaBHEHUSIM T10JIsI BTOPOTO TOopsiaKa, a
MMEHHO JIarpamkuaHa XopHaecku [1], KOTOpbIii 66T 3aHOBO OTKPBIT B paboTe [2]. eii-
cTBMe XOPHIeCKM MOKeT ObITh 3aIl/ICAaHO B BUJIE:

7= f d4x,/_Z££ + Sl xml, (1)

rie g - AeTepMMHAHT MeTPUYeCKOro TeH30pa gy, S - AeliCTBUe, OTBevallee 3a Me-
TepuIo, B KOTOPOM Y s 0603HauaeT Bce MaTepuasbHble 1oss. JlarpawkuaHsl £; ornpepe-



TE3UCbl JOKNALOB / ABSTRACTS 27

JIEHDbI HVKe:

L = G, X),
L = —Gs(¢,X)00¢,
Ly = Gal, X)R+ Gy x(p, X) [(@P)* — (VuVyh)?]

L5 = G5, X)Guy VIV p— %Ga XX
(O)° - 30¢(V,Vy )2 +2 (V”VV(p)s] ,

rae R — 910 cranspHast KpuBusHa u Gy, — TeH30p JiHiuTelHa; G; (i = 2,3,4,5) — mpo-
13BOJIbHBIE (DYHKIMM CKAJISIPHOTO TOJIS (b ¥ KAHOHMUECKOTO KMHETUYeCKOTO wieHa, X =
—%v#cpvucp. Ms! BBepeM ompepenenust G; x = 0G;/0X, (vuvvcp)Z =V VypVYVHEPD, n
(v”vvcpf =V VypVYVPHV,pVH .

OTMeTHM, YTO COOTBETCTBYIONIMI BbIOOP QYHKIMIT G; TI0O3BOJISIET BOCIIPOM3BECTH JTIO-
OyI0 CKaJIIpHO-TEH30PHYIO TeOPMIO BTOPOTO Mopsiaka. Harmpumep, uieH G, MUCIIONMb3yeTcst
B TeOpUM IpaBUTALUM C k-3cceHumeii [3], a PyHkums Gs uccienoBagach B MOAEIN C KU-
HETUYECKUM TPaBUTALMOHHBIM CIuieTeHMeM [4]. CKansIpHO-TeH30pHbIE TEOPUM IIUPO-
KO IIpMMeHSIOTCS B u3MKe KpOTOBbIX HOP. BriOpaB aH3all cTaTUUecKoro chepuieckn-
CMMMETPUYHOTO MPOCTPAHCTBA-BpPEMEHM, MbI IIPOBOAUM aHa/IN3 IM0JIEBbIX YPAaBHEHUII B
rOpJIOBMHE, pacCMaTpuBasi MHOXeCTBO ITOJIK/IaCCOB JlarpaHkuaHa XOpHAECKM.

X

JIuteparypa
1. Horndeski G.W. Second-Order Scalar-Tensor Field Equations in a Four-Dimensional Space // Int. ]. Theor.
Phys. 1974. Vol. 10. N2 6. P. 363-384.

2. Deffayet C., Gao X., Steer D.A., Zahariade G. From k-essence to generalised Galileons // Phys. Rev. D
2011. Vol. 84. N2 6. P. 064039.

3. Armendariz-Picon C., Mukhanov V.F., Steinhardt P.J. A Dynamical solution to the problem of a small
cosmological constant and late time cosmic acceleration // Phys. Rev. Lett. 2000. Vol. 85. N2 21. P. 4438.

4. Deffayet C., Pujolas O., Sawicki I., Vikman A. Imperfect Dark Energy from Kinetic Gravity Braiding // J.
Cosm. Astropart. Phys. 2010. V. 2010. N2 10. P. 026.

MO/IEJI HEMTPOHHBIX 3BE3/l B TEOPUU I'PABUTAIIVY C HEMUHUMAJIBHOI
KUHETUYECKOH CBSA3bI0 C PEAJIMCTUYHBIMU YPABHEHUSIMU COCTOSTHUS

A.A. Jle6epes!, I1.E. Kamaprunu?, C.B. Cymxkos®

1 lebedev.aleks2012konnor@yandex.ru; Kasanckuii (ITpuMBOIKCKMiT) pegepaabHblii yHUBEPCUTET, T. KasaHb,
Poccus

2 pkashargin@mail.ru; Kazanckuit ([IpuBosskckuit) demepanbHblit yHuBepcuTeT, . Kazanb, Poccus

3 sergey sushkov@mail.ru; Kasauckuit (ITpuBomskckuit) pemepanbHblii yHUBepCUTET, T. Kasanb, Poccus

HeiiTpoHHBIE 3BE3IbI MCCAEIOBAINCH B PA3JIMUYHBIX MOAV(PUIMPOBAHHBIX TEOPUSX
rpasutauuu - f(R), f(R,T), EDGB, B TOM uncie B pa3iM4HbIX MOAK/IACCaX TEOPUM Ipa-
BuTauuy XopHpecku [1-3]. OnHMM U3 TOAK/IACCOB TeOpUM rpaBUTALUM XOPHAECKA SIB-
JISIeTCSI Teopusl TpaBUTALIMM C HEMUHMMAJIbHOM ITPOU3BOAHOM CBSI3bI0 CKAISIPHOTO IT0JISI
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1 TeH30pa JifHIITeitHa. I1esb JaHHO paboThI — MCC/IeIOBaHNE BHYTPEHHUX KOHGUTYpa-
LIMI1 HEATPOHHBIX 3BE31] B paMKax TEOPUM I'PaBUTALNM C HEMUHUMAJIbHO [TPOU3BOIHOM
CBSI3bI0 CKAJISIPHOTO T10J1 ¥ TeH30pa JIHIITelHA B CJlyyae HeHY/1eBOi KOCMOJIOTUY€eCKO
TOCTOSIHHOM M CTAaHAAPTHOTO KMHETUUYECKOTO CJIaraeMoro JJIs1 CKaJsSIpHOTOo noisi. B kaue-
CTBe pabounx ypaBHEHMI COCTOSIHUSI ObIIIO MCITOJIb30BAHO HE TOJMIbKO MOAEIbHOE ITOJIUT-
pOITHOe, HO U Oojiee pealnCTUYHbIe, OTHOCSIIMeECS K nmoakiaaccy BSk, a mmenno BSk19,
BSk20 1 BSk21 [4]. Bblay morydeHbl AyMarpaMMbl Macca — paguyc AJ1sl pa3JIMIHbIX 3Haue-
HMIi TapaMeTpa HEMMHMMAaJIbHOM CBSI3M ¢, a TakKe 3HAaUeHMSI LIeHTPaJIbHbIX IJIOTHOCTEI
BellleCTBa, COOTBETCBYIOIIYMX I'PAHULLAM YCTOMUNBOCTHA.

JIuteparypa

1. P. E. Kashargin, S. S. Sushkov, Anti-de Sitter neutron stars in the theory of gravity with nonminimal
derivative coupling, Journal of Cosmology and Astroparticle Physics, 01, 2203 (2023).

2. G. W. Horndeski, Second-order scalar-tensor field equations in a four — dimensional space, Int. J. Theor.
Phys. 10, 363-384 (1974).

3. A. Cisterna, T. Delsate, M. Rinaldi, Neutron stars in general second order scalar-tensor theory: the case
of non-minimal derivative coupling, Phys. Rev. D 92, iss.4, 044050 (2015).

stars with Brussels-Montreal functionals. I. Role of symmetry energy, Monthly Notices of the Royal
Astronomical Society 481(3), pp. 2994-3026 (2019).

4. A.Y. Potekhin et.al., Analytical representations of unified equations of state for neutron-star matter,
Astronomy and Astrophysics 560, A48 (2013).

KOCMOJIOI'MYECKHWE MOJEJ/IN B TEOPM XOPHAEHCKHN C MATHUTHBIM
ITOJIEM

P.K. Myxapnsimos!, I11.0.A. Bamup?

1 rmukhar@mail.ru; KasaHckuit pemepaabHbIil yHUBEpCUTET, Kadeapa TeOpunr OTHOCUTEIbHOCTU U I'pa-
BuTauuy MHCTUTYTa PUIMKIU

2 shehapbashir@gmail.com; Kasanckuit penepanbHblii yHUBEPCUTET, Kadeapa TEOPUM OTHOCUTETbHOCTU
¥ TpaBuTaly UHCTUTYTa PU3UKM, aCTIMPAHT

Pa3BuBaeTcsi MeTOZ PEKOHCTPYKLIUM B TeOpuM XOPHOECKM, paHee paCCMOTPEHHBII B
paborax [1], [2] u [3]. OTIMUKUTENbHOI YepTOii JaHHOTO UCCAeA0BaHUS OT TIPeAbIIyIINX
[1-3] aBasieTCs HAIMUME B MOAESIX MarHUTHOTO I107151, KOTOPpOe HEMMHMUMAaJIbHO B3aMIMO-
IeVICTBYET CO CKISIPHBIM I10JIeM. BBeieH1ie HeMUHMMAJIbHOV CBSI3U T10JI€N YBEIUMYUBAET
KOJINUECTBO CTereHe CBOOOIbI CMCTeMbI MOJIeBbIX YPaBHEHUIA, UTO MTO3BOJISIET MTOTYYUTh
CepuI0 KOCMOJIOTMYECKUX TOUHBIX pelieHni. ViccienyroTcs CBOCTBa aHM30TPOIIHBIX KOC-
MOJIOTMYECKMX MOZesieil, [oJlydYeHHble B paMKaxX Teopuy XOPHAECKM C MarHUTHBIM I10-
JIeM.

JIuteparypa

1. Muharlyamov, R. K. Reconstruction method in the kinetic gravity braiding theory with shift-symmetric
/ R. K. Muharlyamov, T.N. Pankratyeva // European Physical Journal Plus. — 2021. — Vol. 136, No. 5. — DOI
10.1140/epjp/s13360-021-01607-5



TE3UCbl JOKNALOB / ABSTRACTS 29

2. Muharlyamov, R. K. Reconstruction in the Horndeski theory within the scope of the Bianchi I cosmology
/ R. K. Muharlyamov, T. N. Pankratyeva // Modern Physics Letters A. — 2022. — Vol. 37, No. 17. - P. 2250108.
- DOI10.1142/50217732322501085

3. Muharlyamov, R. K. The nonlinear anisotropic model of the Universe with the linear potential / R. K.
Mubharlyamov, T. N. Pankratyeva // Indian Journal of Physics. — 2023. — Vol. 97, No. 7. - P. 2239 - 2245. -
DOI 10.1007/s12648-022-02556-0

HIMEIOT JI1 TEOPEMBbBI IIEHPOY3A-XOKUHIA OTHOIIEHUE K PEAJIBHOM
BCEJIEHHOI?

1.C. Hypranues!

1 ildus58@mal.ru; 4neH peaKoIerum skypHasa «IIpocTpaHCcTBO, BpeMs U GyHIaMeHTaJbHbIe B3ayMOeli-
CTBUSI»

O6cyskaaTcst pe3y/bTaThl, BIlepBbIe omy6/IMKOBaHHbIE B KypHa-
e «[IpocTpaHCTBO, Bpems " dbyHIaMeHTaMbHbIE B3aMMOJENCTBUSI.
(https://stfi.ru/journal/STFI_2017_04/STFI_2017 04 _1 Nurgaliev.pdf).

OO6oCHOBBIBaeTCS MaTeMaTHMyeCKu HaMISAHO, YTO TeopeMbl [leHpoy3a-XOKMHTa K
peanbHOI BcenieHHOI oTHOIIeHMS He MMeloT! Tem caMbIM Bepa B HEM30€5KHOCTb KOCMO-
JIOTUYECKOWM CUHTYJISIPHOCTU MPU PETPOCHEKTUBHOM IPOC/IEXXMBAHNM 3BOTIOLIMM HA3a]l,
10 BpeMeHU 3BOJOLMM BceneHHON M MPOUYHasi YKOPEHEeHHOCTh TaKoil yOexkaeHHOCTU
naske B IMpodeccoHaNbHBIX Kpyrax SIB/ISIETCSl He 0ojiee yeM MJUTIOCTpaLusl IMOTOBOP-
K1 «Bepyio, 160 abcypaHo». [ToMuMoO YIIOMSIHYTOM CTaTbM B JXypHasie «[IpocTpaHCTBO,
BpeMsi U (pyHIaMeHTa/IbHble B3aMMOAEICTBYSI» JaHHbIe BbIBOAbI JOK/IAAbIBAICh B MHO-
rOYMCIeHHBIX MPOodeccuoHaNbHbIX OTeUeCTBEHHBIX Y MeKAYHAPOIHbIX KOH(MepeHIISIX.
B uvactHOCTHM, daKkTMUecKu, B maHHOM ayguTopum Ha B 2019 romy Ha III Cummosny-
Me Accoumanyuu crpaH BPUKC 1o rpaBuTtaiinm, actpodmsuke M KOCMOJOTUM U ObUIU
BCTpeYeHbI 0I00PUTENIBHO MpecefaTebCTBYIONIMMY Ha 3acelaHuUM, TIPUHSIBIIUMU yua-
CcTUe B 00CYXIeHuM aBTOpuTeTHbIMU Koyuteramu A.A.Ctapo6unckum u C.B.UepBoHOM.
(https://kpfu.ru/portal/docs/F183437007/BRICS_2019.pdf). Coobiienme o BeuHocTy Bee-
NeHHOI1 B pamkax mepornpusituit BPUKC B 6ynyuiem roay B KazaHu Mor/io 661 6bITh yMeCT-
HbIM M CBO€BPEMEHHbIM BKJIaJOM I'PaBUTALMOHUCTOB Ka3aHCKOI 1IKOJIbI, OCHOBAHHOIA
AnekceeMm 3uHOBbeBMYEM IleTpoBbIM, a B 60jiee JajabHEN PETPOCHEKTUBE — PEKTOPOM
KasaHnckoro MimnepaTopCKOro yHUBepCUTEeTa POCCUNCKUM MaTeMaTUUYeCKUM reHueM —
Hukonaem HukomaeBuyem JlobaueBckMM. BOT 1 BHeceM Ka3aHCKME TPABUTAIMOHMUCTHI
(https://rt-online.ru/kazanskij-vklad-v-kosmologiyu-i-teoriyu-gravitatsii/https://rt-
online.ru/kazanskij-vklad-v-kosmologiyu-i-teoriyu-gravitatsii/) eme ©osee BHSITHBIA
BKJIaJ, B OCBOOOXKIeHMe HayUHOM MbIC/IH, 10 MpuMepy M.B.JlomoHOCOBa, 13 Jjlan 3araj-
HOT'0O HeBexXeCTBa. VX HeBexxeCcTBAa HaM He Hafo. CBoero xBaraet. [loIrokKMBy4eCTb yKa-
3aHHOTO MM®a 0 KOCMOJOTMYECKO CUHTY/ISIPHOCTU — pPeJIUTMO3Hast BOCTPeOOBAaHHOCTb,
a TakKe yBaskeHMe HalllMM 3aCTy>KeHHbIM OpUTaHCKUM Kositeram. [loaTomMy MMeeT MeCTO
yIyleHne U3 BHUMaHMUS, YTO OHM TpeHeOpern 3aBUXPEHHOCTHI0 KOCMOJIOTMYECKOTO
MOTOKa.
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VHTETPUPYEMOCTD I10 BUPKI'O®Y PEIYVIIMPOBAHHOM MUKCMACTEPHOI
MO/JIEJ/IA XOPABBI - JINBHINLIA

A.E. ITaBjioB!

1 alexpavlov60@mail.ru; Poccuiickmii rocygapcTBeHHbIN arpapHbiil yHuBepcuteT — MCXA M. K.A. Tumn-
ps3eBa, MHCTUTYT MeXaHUKY U 9HepreTuku, Mocksa, Poccust

MI/IKCMaCTepHaH MOIeJIb oITpenesIsaeTcd MeTpI/IKOI'/'I IIPpOCTPpaHCTBa-BpeMEHU
ds? = —N2(0)d % +y1 (00> +y2 ()05 +y3(D0?,

rme N — ¢yHkiuust xoma. [IuddepenumanbHbie 1-bopMbl 3amal0T TPYIITY M30METPUU
SU(2), IpoCcTpaHCTBEHHBIE CJIOEHNS X3 MIMEIOT TOMoIoruio S°. MeTpudeckue Ko3hdu-
LIMeHTHI OIlpeensioTcs napamepamu [1]

_ eZQ+,B++\/§ﬁ_’ _ eZQ+ﬁ+—\/§ﬁ_’ _ o202+

71 71 Y3

O6beM MpocTpaHCcTBa NapaMeTpusyertcs Q, a B4, B 3a[a10T Mepy HEM30TPOITHOCTYU MeT-
pUKU. B OKpeCTHOCTM KOCMOJIOTMYECKONM CUHTYISIPHOCTY OAMHAMMUKA MO 3a0aeTCs
JTOMMHMPYIOIIMM KBaApaTUYHBIM [IOTEHLIMAIOM [2]

35 (5]

rae a > 0,k% — KOHCTAaHTBI, CyIeprioTeHIMan W ornpenenseTcs: hopMyoit

a

V(,B+, ,3—) )

KZ

W = 3P+ (ch(3\/§,6_) - ch(\/§ﬁ_)) —ch(2v3p_) —e 3F+ch(vV3B_) + %e—ﬁﬁt

[dviHaM¥Ka Mofenu UCCciief0Banach YMCAeHHbIMY MeTogamu [3]. B oTimune OT 3/HIITe -
HOBCKO¥ I'paBUTAIINN, IJIe SBOIOLMS BOIM3Y CUHTYISIPHOCTM JeMOHCTPUPYET XaoTHUIe-
CKoOe TI0Be/ieHNe CO CMeHO Ka3HepOBCKMX 310X, TpaBuTalyst Xopasbl — JIudimniia onmu-
CbIBAeTCS KaK JIBMKEeHME YaCTULIbI C SHeprueit E Mexxy GUKCMpOBaHHBIMMU ITOTEHIIVA/Tb-
HBIMM CTeHKaMU. [IJis1 60/IbIINX SHEPTUil MOAEeIb XOPOIIIO OMMChIBAETCS CMEHOI Ka3He-
POBCKMX 3M0X. JIJIsI MajIbIX 3HAYEHUII SGHEPIUI POSIBISIIOTCSI TaDMOHMYECKME OCLIVILISI-
MU, AHAJINU3 CTOXaCTUUYHOCTU JIJISI IPOMEXKYTOUYHBIX 3HAUE€HMI SHepruit TpedyeT IpoBe-
IeHus JalbHeNINX UCCIeJOBaHUNA.

[IpuMeHSIOTCS anredbpamuecke M aHAIUTUUYECKME TTIOAX0Ibl K MCCIeq0BaHUIO XaO0TH-
YeCKOro IoBeJeHMs BCeJIEHHOM B OKPEeCTHOCTY CUHTYJISIPHOCTY. XaOTUYECKMI XapaKTep
MPUOIMKEHNST K KOCMOJIOTMY€ECKOM CMHTY/ISIPHOCTH MCUYe3aeT B ITPOCTPAHCTBEe-BpeMeH!
c d = 10. lImeeTcst HeOUEBUTHOE COOTBETCTBME 3TOTO ¢akTa ¢ anrebpamu Kama — My-
ou [4]. He cymiecTByeT rumep6onndeckux anaredbp ¢ padrom Bbiiie 10. MukcMmacTepHasi
Mozenb Jlyn BuTTeHa acconMmupoBaHa c JiopeHIeBoit anre6poit Kama — Mynu [5]. C tu-
1epOOIMIHOCTBIO a/Iredpbl CBSI3aH XaOTUUECKUIT XapaKTep MOIENN, a C JIOPEHIIEBO —
PeryisipHOCTb ee MOBeeHMS.

B kKocmonornyeckoi momenu Xopassl — JIndmmiia umeeTcst 27 KOPHEBBIX BEKTOPOB.
B otninune ot mopeineit MusHepa u Jlyu ButTeHa, OHM SBJISIIOTCS IIPOCTPAHCTBEHHOIIO-
no6HbIMM. IToaTOMY, MUKCMAacTepHast Mojie/ib XopaBbl — JIMPIINIIA OTHOCUTCS K €BKIIM-
noBbIM HernoukaM Toapl. Ecyin cucTeMa MHTerpupyema 1o bupkrody, To 00ble aBa -
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HeHO He3aBMCYMbIX MaKCUMaJIbHbIX BEKTOPA, TPUHAJIEKALINX CIIEKTPY a;,a; € A yI0-
BJIETBODSIIOT YCJIOBUIO

2(a;,a;)

<ai»ai>

OTOT KPUTEPUIT UHTEIPUPYEMOCTH BBITIOIHSIETCS AJ1SI KOCMOJIOTMYECKOM Mojenu Xopa-
BbI — JIndmmuia. Matpuiia Kaprana, mocTpoeHHasi Ha MaKCMMaJbHbIX KOPHEBBIX BEKTO-
pax, oTBeuaeT adduHHOI anre6pe Kana — Myau A5 . O6061eHHast €BKIM0BA LeMOYKa
Tonpl siB/IsIeTCsT ayire6panyecKkoii BIIOJIHEe MHTEerpyupyeMoit cuctemMoii. CormacHo Teopeme
JInyBuiiss — ApHonbaa, ¢ha3oBbie TpaeKTOpMMU 00pa3yioT 0OMOTKY JBYMEPHOIO TOpa B
(azoBOM IIpoOCTpaHCTBE.

+ .
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JTE®OPMAIINY PEIIEHUI CYIIEPTPABUTAIIVIY KOMITAKTHBIMU
N3O0OMETPUSIMU

T.A. Ilerpos!, 3.T. Mycaes?
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HaxoxxneHre HOBBIX T€OPUI TIOJIS U pPellleHUIi YpaBHEeHUI ABUKEHUS YKe CyIeCTBY-
IOIMX SIBJISIETCSI HEOTheMJIeMOJi UacThl0 COBpeMeHHO TeopeTuueckoi hpusuku. YacTbio
9TOM AesITebHOCTU SIBASETCS MOMCK YPaBHEHUI CyleprpaBUTaluM Ha MpegMeT HOBBIX
pertieHuiA. [IJis1 3TOT0 UCIOIb3yeTCSI MHOKECTBO pa3HOOOpa3HbIX METOHOB, B UMCJIO KOTO-
PBIX BXOAUT MeTof, Aedhopmaliiy yke CyIIeCTBYIOIIMX peliieHuit. Ero cyTh B mosryueHun
HOBBIX PeIlleHMii U3 YKe CYIIEeCTBYIONIMX C MOMOIbI0 0COOBIM 06pa30M IMOCTPOEHHOTO
HeJIMHeTHOTO Mpeobpa3oBaHus Tosneli cyneprpaBuTtaium [1]. laHHOe rpeo6pa3oBaHue
CTPOUTCSI HA OCHOBE BHYTPEHHUX CKPBITBIX CUMMETPUI CylleprpaBUTaLMu, a apaMer-
pU3yeTcsl TEH30paMU Pa3/IMYHbBIX PAHTOB [2], B OCHOBHOM, [JIS1 [IPOCTOThI BIUMCIIEHUIA,
O01- U TpU- BEKTOPaAMMU.

PacuéThl MOKA3bIBAIOT, UTO JaHHbIE TTapaMeTpPhl He MPOM3BOJIbHBI M3-32 OCOOEHHO-
CTeil reOMeTpUM MPOCTPAHCTB, HA KOTOPBIX OINPENENSIOTCS TeOPUU, UCTIONb3yeMbIe IS
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ITIOCTPOEHMST MICKOMOTO ITpeoOpa3oBaHusl. ATO BIECUYET HAJIOKEHME YCIOBUIA, ONMChIBAE-
MbIX ypaBHeHMsIMU SIHTa-bakcTepa - cucreMaMy MOJIMHOMUAIbHBIX YypaBHEHMIA, OTIpeie-
JIeHHBIX Ha anrebpe JIu, nys mapameTpa gebopmaiiui. OHM OTIPeIesISIIOTCS CTPYKTYPHBbI-
MM KOHCTAHTaMM ajaredpbl n3oMeTpuii gepopmupyeMoro pemieHus. I 6MBEKTOPHO
nedbopmaluy 3Ta CUCTEMa ypaBHEeHMI Ha3bIBaeTCsl KIacCUMYECKMM ypaBHeHMeM SIHra-
BakcTepa [3]. [IJig Hero cyliecTByeT TeopemMa yTBepsKIaliiasi, uTo B cyuae, eciiu ajirebpa
M30MeTpuit e opMIUpPyeMOro perieHns KOMIIaKTHA, TO BCe pellleHNsI HaTSIHYThbI Ha abe-
neByto nopanreobpy [4]. [Tomo6HOe CUIbHO OTPaHUYMBAET YMCI0 BO3MOXKHbBIX ITapaMeTpy-
3yeMbIX OMBeKTOpaMu aedhopMaliunii perieHnit ¢ KOMIaKTHBIM (POHOM, UTO TaKKe orpa-
HUYMBaeT BO3MOXKHbIe TIpUMeHeHMs MeToa Aedopmalinii, K IpuMepy B roaorpaduue-
CKo¥i myanbHOCTH. [TokazaHo, 4To Aedopmaiys KaImopoBOUHO TeOpUM, COOTBETCTBYIO-
el HauaJIbHOMY pellleHMI0 CyTlieprpaBuTalnm, B ciydae, eciiu nedopmaiiys CTpouaach
Ha HEKOMIIaKTHBIX M30MeTpHsIX, OyfeT omnpeaeneHa Ha MHOT00Opas3uy ¢ HEKOMMYTaTUB-
HBIMM KOOPAMHATAMMU, UTO JIUILb YCJIOKHSIET YK€ LOCTAaTOYHO CJIOKHBbIe Teopuu. OnHa-
KO, eciu ehopMMUpoBaTh HauaJIbHOE pellieHNe BO0/Ib KOMIIAKTHBIX M30MEeTPUii, TO Jie-
dbopmalys KaImbpoBOUYHO TeOPUM CBOTUTCS K IMTPUOABIEHMIO K M3HAYAIbHO Kaanbpo-
BOYHOJi TeOpUM MaprMHa/lIbHbIX oriepaTopoB. [logo6Has mpocToTta AenaeT gedopMaliiumn
Ha KOMITaKTHBIX (OHAX MPeAIIOUTUTe/IbHEe HEKOMITAKTHBIX, TEM CaMbIM YBeIMUMBast UX
BaSKHOCT5 [5].

PaHHee CUMTaI0Ch, YTO JaHHAS IIpobseMa OMBEKTOPHBIX medopmalinii 06001anrach
" Ha TPUBEKTOPHbIE, TapaMeTpPbl KOTOPOI OTpaHMUYMBAIUCH 0O0OIEHHBIM YPaBHEHEM
SIura-Bakcrepa. OmHaKo, B IIPOIECCce aHa/IM3a YIa/IoCh T0Ka3aTh 00paTHOe— ObUT HalIeH
IpuMep AOIyCTUMMOM 00001IEHHBIM ypaBHeHMeM SHra-bBakcrepa medopmaiiy BIOJb
KOMIIAKTHBIX M30MeTpuil. B KauecTBe mpumepa eii 6bputM mpogedOpMUPOBAHbI HEKO-
TOpbIe MPOCTbie pelieHUsT 11-MepHON cyneprpaBUTaLVM, JISI OBYX €€ KOMITAKTHBIX U
HEKOMITaKTHBIX perieHuii. VX Haanume gaét Hajeskay Ha 6osiee MIMPOKYI0 06/1acTh Mpu-
MEeHMMOCTHM MeToza aedopmainii.

PaboTa BbITIOJTHEHA TIpY MOAAepsKKe hOHIA pa3BUTUS TeOpeTnYecKoi U3k u mMa-
temaTuku «BA3NC», rpanT N2 21-1-2-3-1.
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YEPHBIE JIbIPBI ITPOMEKYTOUYHOM MACCHI: ACTPO®U3UKA U KOCMOJIOTUS

K.A. IToctHoB!, H.A. Mutnukun?, .1. Yex>

1 kpostnov@gmail.com; TAUI MI'Y
2 ; TAWII MI'Y
3 ; TAWII MI'Y

Actpodusmuecke KaHAUAATHI B YepHbIe ObIPbI CTAJIM MACCOBO OTKPBIBATHCSI B TeC-
HBIX PEHTTeHOBCKMX JBOIHBIX cHcTeMax 0osee 60 jieT Ha3az, C HauaJoOM 3pbl peHTTe€HOB-
CKOJi acTpoHOMMM. B HacTosiee BpeMsi B 'a/laKTVKe M3BECTHO MTOYTU COTHS KaHAUIATOB
B YepHbIe AbIpbl, OCHOBHBIMM ITPU3HAKAMM KOTOPBIX SIBJISIETCS AMHAMMWYECKM OLleHeHHast
Macca HeBUAMMOIO KOMIIOHEHTA TeCHOJ IBOIHO CCTeMbI 6€3 ITPM3HAKOB TBEPA0¥ 10-
BEPXHOCTU (OTCYTCTBME MAarHUTHOTO I10JISI ¥ BCIIBIIIEYHOM aKTUBHOCTY HAKAIJIMBA€MOT0
Ha MTOBEPXHOCTY BelleCcTBa). Mi3BeCTHBI TaKKe CBEPXMACCMBHHBIE UepPHbIE AbIPHI B SIApaxX
rasakTuk (CMY]I). Hanbonee nsyyenubimu CMY]I siBnisroTcst Sgr A* B ieHTpe MieyHo-
ro ITytu u M87*npu Habmogennsix PCIAB koncopumymom Einstein Horizon Telescope. C
2015 roma Taxke HaAOMIOOAIOTCS TPABUTALIMOHHO-BOJHOBbIE CUTHAJIBI OT CJIMBAIOIINXCS
nBoiHbIX Y]I ¢ maccamu 1o 100 macc ComHiua. Y/ npipbl mpomesxxyTouyHoM Mmaccel (UAITM)
OCTaIOTCSI TUIIOTETUUECKMMM 00beKTaMM, KOTOPbie MOTYT HaXOOUThCS B LIEHTPax I1apo-
BBIX CKOIIJIEHUI U SIIpaX KapJIMKOBBIX Ta/IaKTUK. VIHTepec K mpo6ieme YJITIM Bo3pacTaer
B CBSI3U C 000CTpuBIIEeics mpobieMoii pocta maccel CMY/I mo mmimapaoB macc CoH-
112 Ha OOJIBIINMX KPACHBIX CMEIIEHMSIX, TPeOYIMmNUX Wi GU3MUeCcKy MaJIOBEPOSITHOTO PO-
cTa «3aTpaBouHoi» U]l ¢ maccoit okono 100 macc ConHIIa ¢ KpacHbIX cMeleHuit 20-25,
VIV CYIeCTBOBaHMS «3aTpaBouHoit» YOIIM ¢ maccoit 10%-10° macc Conuia. Bompoc o
MpoUCXOKaeHUM Takux Y/l OTKPBIT —OHM MOT/IM ObI 06pa30BaThCS B IVIOTHBIX 3BE3IHBIX
CKOIUIEHUSX WIU UMeTb NepBuuHyo rpupony (ITYATIM). Mbl paccmaTpuBaeM BO3MOX-
HYyI0 Mojenb oopasoBanus [TYIIIM 13 BO3MYyIIeHMII KPUBU3HBI HA CTaaUM MHQISLIIN
C IOTIOTHUTEIbHBIM CKaJSIPHBIM KOMIIJIEKCHBIM I10JIEM C OapMOHHBIM 3apsiioM (MOIM-
dunmpoBanHbIit 6apuorenesuc Adneka-IlaiiHa, mpeayoskeHHbI A.Jl. lonroBsimM u K.
Cunkom B 1993 romy). B aTom ciieHapuu rocjie oKoHYaHus uHGasiimy Ha cragum KX]T
dazoBoro nepexopga mpu tremmepaTtype okoso 100 MaB obactyt ¢ 601b1IIMM 6apUMOHHBIM
3apsiIOM CTAHOBSITCSI 00JIaCTSIMM C OOJIBIITMM BO3MYILleHMeM TUIOTHOCTY 1 MOTYT ITpeBpa-
waTthbcs B [TY]] ¢ 1or-HopmanibHbIM CIIEKTPOM Macc. MakcumasnbHas Mmacca tTakoi [T/ mo-
xeT gocturaTh 10* macc ConHIla py pasyMHBIX 3HAUEHMSIX TeMIepaTyphbl IepBUYHOTO
pasorpesa. Mbl paccMaTpuBaemM BO3MOXKXHOCTb perMCTpaLy IPaBUTALMMOHHO-BOJTHOBOT'O
curHana ot aonHbix [TYIIM B MI'1 nuana3oHe IiaHUPyeMbIMU KOCMUYECKUM [eTeK-
TopaMu rpaBuTaiMoHHbIX BOH (LISA, TaiJi, TianQin), a Takke X BO3MOXXHYIO CBSI3b C
nonyssinyent 1BoiHbIX [TU]I, perncTpupyeMbix Ha3eMHBIMU JeTeKTOpPaMy IpaBUTaLIOH-
HBIX BOJIH C Ha0/lI0jaeMbIM TEMIIOM U ITapaMeTpaMu.
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AHAJIMTUYECKWH IMPEJEJ BEKEHIITAVTHA-XOKWHTA 11 BCEJIEHHOH U
ETr'O OTHOIIEHUE K ®M3NYECKNM B3AUMOJIEVICTBUSIM 1 YACTULIAM

41.B. PasaH1ieB!

1 yr@281.institute; HayuHo-uccnenoBaTenbCKuit MHCTUTYT N2 281

s 1uieneit maHHOV pabOThl MOCTATOYHO KIACCMUYECKOTO TIOHSITUSI HEPTUMU CBO-
60mHOI MaTepuanbHOii TOukM - H0' = HWOU 4 gUans — %(wa§+lyw§+12w§) +

1 2., .2, .2) _ _
zm(vx+ vy + vz) = H(y), e ¢ = {wy,wy,w;, Vx, Uy, Uz} - BEKTOP AMHAMMUYECKOTO CO-

CTOSTHUSI TOUKM. ITof TOUKOI MOXKHO IMOHMMAaTh MHOUHUTU3UMAJIbHBIN 37IeMeHT pu3n-
YeCKOTO0 IMPOCTPaHCTBA.

Crry4aii cTaumMoHapHOro HabmogaeMoro coctosHaus H°! = const. coorBeTcTBYeT 13-
MEHEHMSIM COCTOSIHMSI, KOTOpbIe MPeCTaB/ISIOT CO007 3aMKHYTbIE TIeT/IM Ha ITOBEPXHO-
cty cepsl S°. Pasnuummble MeTIV SKBMBATeHTHBI CTeNleHsIM CBO6O/IbI Beex Touek pusmu-
YyeCKOro MpoCTpaHCTBa. [Ij1s1 mojcueTa neTejib Mbl CTPOMM OPTOTOHAILHYIO 5-MepHYIO pe-
IeTKY (M30TPONMS MOBEPXHOCTH AejlaeT HepasJInuyMMbIMM IeT/IU Ipu MoBopoTtax). Of-
HOMEpHbIE U IBYMEPHBIE METIV TPUBUAJIbHBI.

B wiyyae Tpex uaMepeHUit TOJNbKO 4 U3 15-Tu 37meMeHTapHBIX TeTe/lb Ha pelleTke
SIBJISTIOTCST HEIIPUBOAVIMBIMM K O0Jiee TIPOCThIM IeTissM. OOIee 4nc/io HeMPUBOIMMBIX
reTesb (MeTIEBOro 6a3uca) IJis MSITUMepPHUsl ToaydaeTcsl paBHbIM 281. Mbl 0OHaApPYKM-
JIM, 4TO CYIIECTBYeT OIpeae/eHHas IeT/JeBasi CMUMMETPUS - MeTIu OJUHOM 1, B KOTO-
pBIX IlepecTaB/ieHbl MeCcTaMi Oa3MCHbIE TIeT/IM, He OTIMYAIOTCS OJ1s1 HabmomaTens. Ta-
KM 00pa3oM, 00lllee YKc/I0 pa3JIMIMMbIX IeTelb JIJII BCeX 1 € {1...00} He IpeBbIIIaeT
N <Y 8L = 0281 _1 = 1.0883019687436065... x 10?2, Ecu yuecTb HampaB/ieHye
00xo1a MeT/In - TO MbI JOJIKHBI 3aK/IIOUUTD, UTO 00Ilee KOJMYECTBO TeTe/lb He JOJIK-
HO TpeBbICUTD 2 - 281, Mbl BbIIBUTaeM TUIIOTe3Y, YTO TO UMCIO M eCTh aHaMUTUIeCKM
pacuMTaHHbII SHTPONMITHBIN TpeAen bekeHmTaiHa-XoKuHra a1 cdepbl Xab6/1a Haleii
BceneHHOI1.

OeMeHTapHble YaCTUILIbI - 3TO HEKMe CUCTEeMbI, Y KOTOPBbIX €CTb OTPOMHOE UMCIIO
cTereHei cBo6oabl. Bo3bMeM, [Jig mpuMepa, MeKTPoH. VICIonb3ys COOTHOIIeHne hi =
MeCT e/ &, MBI TIOJTy4aeM MacCy ITIOKOSI TTaphbl:

7

2.
2me = 2na-M / 3281
S——— ~ ~~
Macca anekTp. matepuy  OOIiee 4MCIO Hap

Ynucno Q. = 2ma MOKXHO MHTEPIIPeTMPOBaTh, KaK HaO/MIOaeMyI0 JOJI0 Macchl BCeit
BcesieHHOI1, TPUXOAAIIYIOCS Ha “3JIEKTPOHHYI0” MaTepuIo (3JIeKTPOH-TIO3UTPOHHBIE I1a-
pbI). iHTepecHo, uTo BenuumHa Q, = 4.58506% oueHb O/M3Ka K HAOIIOIAEeMOi B 9KC-
IepyMeHTe KOHIUEHTpaLuy 6apMOHHOI” MaTepuyu Bo BceneHHoii. TeopeTuyecky Io-

JyUYeHHbIVi HamMu paanyc Xab61a BceneHHoit 6ymeT paBeH: R = 1, - e’s = 1.345390211 x
10%% M = 14.230526025 cB.71€T

MBI BbIIBUIa€M TMIIOTE3Y, UTO BCE 3JIeMEeHTapHbIe YaCTUIIbI JOJKHbI YIOBJIETBOPSITh
00111eMy TeoMeTpUUYecKOMY TMpaBWIy AJIsl 10007 pasmepHOCcTH d (KaK MUHUMYM, d €
{1..5}): (R/ rd)d = e?81 Ecmm ato TaK, TO IO/DKHA CYILI[eCTBOBATh yacTuiia aJisl d = 2 ¢ Mac-
coit TIoKosI my = maoM - 2812, Ilng cnyuast ToranpHOI moMuHaym Q) = was = 1 3Ta
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Macca CTaHOBUTCS Mo = 8.68224 x 1079 kr. Hamia rumoresa COCTOUT B clegyroueMm - 2-
MepHbIe YaCTUIIBI C “KJIACCUMUYECKUM Pafuycom” (CpeIHUM PacCTOSTHMEM MEXKIY HYJISMU
BOJTHOBO (pyHKLIMM) 12 = R - e 281/2 = 1.28966 x 1073° M SB/ISIOTCS YaCTUIIAMY TEMHOI
MaTepun. B panHeit BcesleHHOI TaKMe YaCTUIIbI ObLIM MCTOYHMKOM MOIITHBIX PaBUTAIIM-
OHHBIX BOJIH. Ha maciurabe 7,/2 moTeHLMalbHasl FPaBUTALIMOHHAS SHEPIys TeMHO Ya-
CTUIIbI JOCTATOYHA [IJIsSI POXKIEHUS 3JIeKTPOH-TIO3UTPOHHOI Iapbl: Gm%/ % = % (2 mecz).
/13 3TOro BhIpaskeHMS MPSIMO CJIEAYET, UTO & = v/« . TakuM 00pa3om, BUAMMAs KOHLIeH-
TpaLys TEMHO MaTepun Bo BeeneHHoit: Qp = mv/a = 26.836911714%, 4TO IIPaKTUIYECKA
COBIIAZAET C JaHHBIMM HaOIIOAeHMII TeMHOM MaTepuy. Macca ITOKOSI YaCTUI] TEMHOM Ma-
Tepuy MOXeT GBITh HaiineHa 1o Gopmyie: mp = my/a-M-e 28172 = 233004728 x 107 kr.

B cnyuae d = 4, “yaccuueckuii pagmuyc” YacTHLBI GymeT paBeH ry = R-e 2814 =
4.1654402579 x 107> M. DTO 3HAUNT, YTO MACCa [TOKOSI 4-MepHOJ YaCcTUIIbI MeHbIIe Mac-
CbI 3JIEKTpOHA B =~ 10 Mmupa. pa3! Takue 4yacTUIbI JOIKHBI ObITh KpajiHe MOABMKHbBI. MbI
rpenjaraem IrurnoTesy - YacTUllbl € d > 3 3TO HEMTPUHO pa3IUUYHbIX apOMAaTOB - BCE OHU
oueHb Jierku. To, YTO MX MACChI Pa3JIMIHbI MOKET OOBSICHSITh IIPUPOIY OCHMJUISILIVI Hei-
TPUHO.

B pabore paccMaTpuBaeTcsi MEXaHM3M IPaBUTALIVIU U Je1aeTCs BhIBOJI, UTO 3JIEKTPO-
MarHMTHOE B3aMO[Ie/iCTBMe MMeeT TpaBUTALIMOHHYIO Tipupopy. Haila Teopus 1mo3so-
JISIeT MOJyYUTh O0jiee TOUHbIE 3HAYEHMSI HEKOTOPbIX GMU3MUeCKMX KOHCTAHT, HallpuMeDp,
TPaBUTALIMOHHO MOCTOSIHHOM: G = 6.6750256278 x 10~ M3kr~1c~2. Taxxke, MbI MO-
JIYYUIV COOTHOLIEHME, CBSI3bIBAIOIIEe KOCMOJIOTMYECKII, “3IeKTPOHHbIN”, “TEMHBII” 1

i c3=R.12=2.R.02
IUTAHKOBCKMIA MacuTabel: r, = R-rpy=£-R- 04,

ACUMIITOTUYECKU-ITIO/IMOAHOPOJHBIE ITPOCTPAHCTBA

B.A. TaituoB!

1 tainov@theor.jinr.ru; O6beqMHEHHBI MHCTUTYT SIIEePHBIX MCCIemoBaHmit, [0CymIapCTBEHHbI YHUBEPCH-
TeT «Jly6Ha»

Oxkono 60-tu netr Hasap bouau, Caxkc, HeiomeH u [leHpoy3 co3panyt MHCTPYMEH-
Tapuit IJisI U3y4eHUsI TPaBUTALMOHHOTO M3JTyYeHMs] Ha CBETOBOV 0eCKOHEUHOCTU Oy-
nyuero _# *. OpHaxo, MX MOAXo[, 6asMpYIOLMIICS Ha U3YYeHUM pelleHuii YypaBHeHMii
OJMHILTENHA, COAep>Kal HEKOTOPbIe OrPaHNYEHMS Ha CBOVCTBA IIPOCTPAHCTBA-BPEMEHMN.
[IpocTpaHCTBO-BpPEMSI CUUTAIOCH ACMMITTOTUYECKM TIJIOCKUM, ¥ TPeOOBaIoCh BhITIOIHE-
HMe CBOJCTBA O paclieruieHun TeH3opa Beiing (peeling property). Bonee ctporo, pac-
nieryieHue TeH3opa Beiyisi NpuBOAUT K TOMY, UTO MHBApMaHThl B noaxoqe HbromeHa-
TleHpOy3a MMEIOT aCUMIITOTHYeCKOe noBeneHne ¥; ~ r'™® i =0,...,4 Ha Zr.

CBOICTBO pacileruieHMs UICTOPMUYEeCKM CBSI3aHO C YCJIOBMEM BbIXOASIIEro rpaBUTaiu-
OHHOTrO M3ayueHust (outgoing radiation condition), KoTopoe MOXXeT ObITh HAJIOXKEHO Ha
MeTpuueckue pyHkuum. bouau, Cakc u [TeHpoy3 UCIOIB30BaIN 3TO YCJIOBME, UYTOOBI 13-
6eskaTb MOSIBJIEHMS JTOTapudMUUECKUX BKJIAI0B B AaCMMIITOTUUECKUX Pa3/IOKEHUSIX MET-
puueckux QyHKIMIA, T.K. CUUTATIOCH, YTO MX IIPUCYTCTBYE CBSI3aHO C BXOASAILMM rpaBUTa-
LVOHHBIM U3TyYeHUEM.

[Tocnenyrouuit aHanM3 IMokasaji, uTo TpeboBaHue BoHau-Cakca-IleHpoysa sBisieT-
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Cs1 M30BITOYHO CUMJIBHBIM M B OOIEM CTyyae pellleHMe ypaBHEHMI JMHINTeiHA BOJIN-
311 CBETOBOJ 6€CKOHEUHOCTH JOITyCKaeT MPUCYTCTBME JIorapudMUUIeCcKiX BKIaI0B BUIA
In" r/r". Takue pOCTpaHCTBA IT034HEe Ha3Ba/IM ITOIMOLHOPOIHBIMM MM JIorapubMm-
YeCKM aCMMIOTOTUUYECKU IJIOCKUMIU.

byaeT moka3zaHO Ha KOHKPETHOM IIpMMepe, YTO MOJIMOAHOPOAHOE MPOCTPAHCTBO-
BpeMsI 0CJIabJIsieT CBOJMCTBO pacliernyieHus TeH30pa Beiiis u, Kak ciaencTBue, MoBeAeHMe
ckansipoB HbioMeHa-IleHpoy3a Ha CBeTOBOI 6eckoHeuHOCTH Oymyiero. OHO Takke Mpu-
BOAMUT K Moaudukauuu dopmanusma bouanu-Cakca — popmyna BoHAM moTepyu Macchl
OKas3bIBAEeTCS CBSI3aHa C JIoTapu(MUUECKMMM BKIASAMU B PA3/IOKEHUM METPUKN.

T'OJIOTPA®UYECKOE OINMIMCAHUE OB bEIWUHEHHOM IUCCUTIATUBHO
MO/IEJI TEMHO! XUJIKOCTU C AKCUOHHBIM ITOJIEM

A.B. TumomkuH!

1 alex.timosh@rambler.ru; TOMCKMI rOCyIapCTBEHHBII ITeIarormueckuii yaupepcuret, ToMmck, Poccus

Pacmpena mopenb akcoHHoi F(R)rpaButaiium. C ronorpadudeckoit TOUKM 3peHUsT
paccMaTpuUBAETCS eOuHasl MOJielb paHHEN U Mo3aHel BceleHHOV B OHOPOAHOM U U30-
TPOITHO¥ IPOCTPAaHCTBEHHO-TVIOCKOM MeTpruke ®puamana-PobeptcoHa-Yokepa. I[pen-
rojiaraeTcsi, YTo BceseHHas 3amosiHeHa BSI3KOW TEMHOM KMAKOCTBIO B TIPUCYTCTBUU aK-
CMOHHOJ MaTepuu. MbI UCITOIb3yeM OIMCaHMe, OCHOBAaHHOE Ha 00006IIeHHOI roorpa-
(dbuyeckoit TeMHOI 3HeprUM ¢ MHOPaKpaCHBIM OTCeueHMeM, peajioxkeHHoe Homkupu u
OnuHIIOBBIM. PaccMOTpeHbI pasianuHbie PopMbl 00beMHOI BSI3KOCTH, ITOTyYeHbI aHaJN-
TUYeCKMe BbIpaxkeHUs IJj1s1 MHOPaKpaCHOTO OTCeUueHMsI B TepMMUHaX TOPM30HTA YaCTMUII,.
VpaBHeHMe COXpaHeHUsI SHePTUM MpeAcTaB/ieHO Ha roaorpaduueckom si3bike. [Tokasa-
Ha 9KBUBAJIEHTHOCTh KOCMOJIOTMM BSI3KOM SKMAKOCTU M KOCMOJIOTUM Tonorpaduueckoit
SKUIKOCTY B 000011eHHOI rosorpadndeckoit moaenu Homskupu-OnuHiioBa.

BEPU®UIIIPOBAHHBIE MOJIEJI KOCMOJIOTUYECKOI UH®JISALIUU HA
OCHOBE CKAJIIPHO-TEH30PHOI1 TEOPUU I'PABUTALII

U.B. ®omun', E.C. [leHuenn?

1 ingvor@inbox.ru; MI'TY um. H.D. Baymana, yi. 2-s1 Baymanckas, 1. 5, ctp. 1, 1. Mocksa, 105005, Poccus.
2 edentsel@yandex.ru; MI'TY um. H.D. BaymaHna, yi. 2-s1 baymaHnckasi, n. 5, ctp. 1, r. Mocksa, 105005, Poc-
cusl.

PaccmoTpeHbl MHQUISILIMOHHbBIE MOJIe/I Ha OCHOBE CKaISIpHO-TeH30pHO TpaBUTaIUMU
CO CTeNeHHOI MapamMmeTpu3salyein BAUSIHUS HEMUHMUMAJIbHOI CBSI3U MeXAY CKaISIPHBIM
1oJieM U KPUBU3HOM Ha KOCMOJIOTUMYECKYIO JMHAMMKY M ITapamMeTpbl KOCMOJOTMYEeCKUX
BO3MYIIEHUIA.

B oTninume OT paHee pacCMOTPEHHBIX Mojeieit MHMISIINM C KBaApaTUUHO! 3aBUCHK-
MOCTbIO QYHKIIMM HEMMHMMAJIbHOM CBSI3U OT mapameTtpa Xab6sa [1, 2], B JaHHOM CJTy-
yae paccMaTpuBaeTcs: 06001eHHbI aHa/IN3 [IJIT TPOU3BOJIbHON CTeNIeHHO 3aBUCUMO-
CTU JaHHbBIX ITapaMeTPOB KOCMOJIOTUYECKUX MOZEei.
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B kauecTBe mpuMepa npeaaosKeHHOro MOoAX0Aa PacCMaTpPUBAKOTCS KOCMOJIOTUYECKIe
MOJIe/IY, OCHOBaHHbIe Ha (PM3MUYeCKMX MOTEeHIIMANaX CKa/JISIPHOTO TTOJIS IJIST Pa3IUUHbIX
TUIIOB HEMUHMMAJIbHOJ CBSI3Y CKAJISIPHOTO IOJISI M KPYBU3HBI.

Takke, Ha OCHOBe HaOJIIOIATE/IbHBIX OTPAHMUEHUIT Ha TTapaMeTPbl KOCMOJIOTMYECKUX
BO3MYIIIEHMI1, JaHa OlleHKa OTKJIOHEHMI MPeIJIOKEHHbIX MOZeJIei OT C/yJyasli FpaBUTa-
IMM DMHIITEeHA.

JIuteparypa
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I'PABUTALIMOHHBIE BOJIHBI OT HYJIEBBIX CTPYH
I.B. ®ypcaes!, E.A. JlaBbifoB>

1 fursaev@theor.jinr.ru; O6beIVHEHHBI UHCTUTYT SIAEPHBIX MCC/IeTOBaAHMIA
2 davydov@theor.jinr.ru; O6beIMHEHHBI MHCTUTYT SIIEPHBIX MCCTeqoBaHuii, [ocymapCcTBeHHbBI YHUBED-
curet ,Jly6Ha”

HyneBble KocMMUecKye CTPYHbI BO3MYILLAIOT IPaBUTALMOHHbIE T10J11 MAaCCUBHBIX TeJl,
BCJIEICTBME Yero BO3HMKAeT IPaBUTALMOHHOe M3iydeHue [1]. Ha mpumepe npsimoii cTpy-
HbI MbI UCC/IeAyeM BO3MYIIeHMe MeTPUKM TOYEYHOTO MAaCCMBHOTO MCTOYHMKA, TOPOXK-
IeHHOe HeTPUBUAIbHBIMIM KPAaeBbIMU YCIOBUSIMYM Ha TOPU3OHTE COOBITHIT HYIEBO CTPY-
Hbl. Kak n3BeCTHO, 1Py MpojieTe KOCMMUYECKO CTPYHbI (KaK MaCCUBHOM, TaK U HYJI€BON)
MEeXIy OBYMsS HaOMomaTe s IMu, X CKOPOCTU ITpeobpas3yioTcsl TaKUM 00pa3oM, UTO OHU
HAYHYT IBUTATbCS M0 HAITPaBJIeHUIO APYT K APYTy. AHAIOTMYHbII 3G eKT cripaBeaiuB U
IJTST TIOJIefi: X KOMITOHEHTBI ITpe0obpasyroTcsl COOTBETCTBYIOIIMM 06pa30M Ha TOPU30H-
Te COOBITHUII CTPYHBI. B uacTHOCTH, 1151 TPSIMOJA HYJIeBO¥ CTPYHBI IpeoObpa3oBaHie OymeT
TpeJicTaB/IeHO MTOATPYIITION HY/IEBBIX BpallleHuii rpyIinsl JIopeHIia. B muHeitHOM mpuosin-
JKEHUY MeTPUKA g;;y MACCUBHOTO TOUEUHOTO MCTOUHMKA B TPOCTPAHCTBE-BPEMEHM C ITPsi-
MOt Hy/IeBO CTPYHOI MOSKET ObITh ITpeACTaBIeHa Kak CyMMa HeBO3MYILeHHO MeTPUKU
VICTOYHMKA &,y B IIPOCTPAHCTBE-BPeMeHM 6e3 CTPYHBI ¥ HEKOTOPOI'o MajIoro BO3MyIle-
HU hyy, HOPOKIEHHOIO IeiCTBMEM COOTBETCTBYIOIEro peodpasoBaHms Ha g,y Ha Io-
PU30HTE CTPYHBI.

Hanunme 3aBUCAIIMX OT BpeMeHY BO3MYLIEHMIA METPUKU hyyy IIPUBOAUT K U3TYYEHUIO
rpaBUTAIIMOHHBIX BOJH, ITOJIHASI 9HEPTUSI KOTOPbIX ompeesnseTcs: QopMysioi

1 +00
E= —f dedQ NagNAB (1)
871G J-o

3mech X/ — KOOpAMHATHI HA enMHUYHOIL cdepe, U = t—r — 3amasablBaoliee BpeMsi, ) —

TeJIeCHbII YyroJ, CMMMETpVI‘-IHbIIZ 6eCCIIe,Z[OBbII71 TeH30p N p — aHaJIOT TeH30pa HOBOCTeM
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Bouau. OH onMChIBAET IMHAMMKY YIIOBBIX KOMIIOHEHT METPUKY Ha CBETONON06HOI 6ec-
KOHEYHOCTU:

. 1
Nap(U,Q) = rll_)rgo z—raUgAB : (2)

®opmyia (1) aBaseTcs: aHaJIOrOM M3BeCTHOI (popMysibl BOHIM [1J1S1 TOTepy MacChl BCIE -
CTBME IPaBUTALMOHHOIO U3JIyUYeHMSI.

W3 110/1yyeHHbIX aHAJIUTUYECKUX BBIPAyKeHUI [IJIsI KOMIIOHEHT TeH30pa HOBOCTe CJie-
IyeT, YTO rPaBUTALMOHHOE U3JIyueHMe MMeeT BbIPaKeHHBIN MUK, IMUPUHA KOTOPOTO
orpezesisieTCs MPULLeJIbHBIM PAacCTOSIHMEM MeXAYy CTPYHOM M uCcTOUYHMKOM. [Ipenriona-
rasi, YTo TeKkyuue acTpodusuyeckre orpaHMUYeHMs] Ha JIMHEHYIO TJIOTHOCTh SHEPTUM
OAMHAKOBO NPUMEHUMBI [IJI1 MAaCCUBHBIX U HYJIEBBIX CTPYH, MOKHO OLIEHUTbh BEPXHIOKO
rpaHuIly CpefHel MOIHOCTY I'PaBUTALMOHHOI'0 U3/TyUYeHUs [Py IIPoJIeTe HyJIeBOM CTPY-
HbI BOJIM 3 KOMIIAKTHOT'O MaCcCMBHOT0O MCTOUHMKA. OHAa 0Ka3asach COTIOCTaBMMOI C MOIII-
HOCTBIO M3/Ty4eHMS CUCTEM IBOIHBIX ITYJIbCAPOB M MOXKET AOCTUrath 1027 Br.

JIutreparypa
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HEKOTOPBIE KOCMOJIOTUYECKUE PEIEHVS CKAJIIPHO-TOPCUOHHOI
TPABUTAIIVU C ITOJIEM CAMOJEVCTBUSA TAJIWJIEOHHOT'O TUIIA

C.B. Yepson!, U.B. ®omun?, T.I. Yaamaepa®

1 chervon.sergey@gmail.com; YnI'TIY um. U.H. VibsiHOBa, YIbSIHOBCK, Poccust
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PaccmaTpuBaeTcs CKaJISIpHO-TOPCHMOHHAs rpaBuTanmst Buaa [1]
2

M
S:fd4xe TPIF(¢)T+P(¢,X)—G(¢,X)D¢ , (1)

rne F=(4)", P=-wX+V, G=yX, X:= 1¢?% T - ckanap xpyuenns, M2 = (87G)7!,
Y,An = const. B pamkax mozenu dyHkuus F 3amaeTtcs BbIpakeHueM F = (I/il )n B mert-
puke ®puamaHa-PobepTcoHa-Yokepa ypaBHEHMSI MOJIEIM MOXKHO CBECTM K IBYM ypaB-
HEHUSIM:

V=2 Hgy+ 3H2M? (H)n+1 Gy + FM (H) + HM? "H(H)n B
=AY pi(a) TP ML A

H n H n-1
9 % i . ) ) _
wp? —3H y + ¢ </))/+2HMPI(I) +2HMPZT(X) =0. (3)

ITorenmuan V He 3aBUCUT OT . PelieHMsI MOZe/N CTPOSITCS ITyTEM BbIOOpA ITOCTOSTHHOI
n u napametpa Xa66ma H. B noknage npuBoasTcs npumepsl o n = 0,1,2 v mapaMeTpa
Xab66ma H = const, crenneHHoOro Buga H = %
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AdS/CFT myasbHOCTb yCTaHaBAMBAET SKBMBAJEHTHOCTb TEOPUM B Oajike C IrpaBUTa-
1Mei U CyrepcuMMeTPUYHOM KaanbpoBoUHoi Teopun SIHra-Musiica Ha rpaHuiie. Mosxk-
HO JIM YCTaHOBUTb HeKuit rojgorpaduueckuit aHanaor s dS BceneHHoii? HampaBieHue
MBIC/IH, 3aJJaHHOE, B UaCTHOCTH, B [1] OCHOBaHO Ha MeTACTabMIbHOCTM BCEX BAKYyMOB C
TTOJIOKUTENIbHO TIJIOTHOCTBIO B JaHAIadTe, UTO BKyTe ¢ MHQsIMelt IpUBOAUT K 3ace-
NeHnIo MHGIIOUPYIOIIETro BakyyMa 6oee HM3KOIHEPreTUYHbIMY, KaK CIe/ICTBMEe KBaH-
TOBOTO TYHHeJIMpPOBaHMs, 1 3a cueT 3ddeKkTa MHCTaHTOHOB KoynmeHa-JIrounn. IHCTaH-
TOHBI 00/71a/1AI0T CMMMeTpUei IByMepHOi KoHDopMHOI rpymiibl (M3oMopdHoit SO(3,1)),
YTO IT03BOJIMJIO aBTOpaM [ 1] mpeAIionokuTh, 4TO Bech iaHAmadT 3akogupoBaH B Cy (IBY-
MepHast KoHGOpPMHas rpyrmna — 6eckoHeyHoMepHa). Tak Bo3HuKaeT uaes dS/CFT.

MbI pasBMBaeM 3Ty U€I0, UCII0/Ib3Ysl HETPUBMAJbHBIN (PaKT: IByMepHas KOHGOPM-
Has rpyIra TeCHO CBSI3aHa C MHTerpupyeMbIMU MepapXusMu, OOMYCKAIIMMU MIpe[-
CTaB/ieHMe HyJIeBOJ KpuBU3HbI. Hampumep, UCIIONb3Ysl KaIMOPOBOUHbIE TOTEHIIMAJIbI
u3 SL(2,R), MOXHO nocTpouTh HenuHelHoe ypaBHeHue [lIpénuurepa (NLS), ypaBHeHUs
Kopresera-ne ®pusa (Kond) u cunyc-I'opzioH, a Takke ypaBHeHMs [3Bu-CrroapTcoHa (DS)
n Kapomuesa-IlerBuamsuiu (KP) (cm. Hanipumep [2], [3]), B To Bpemsi Kak n3 SL(3,R) BbI-
BOOUTCS ypaBHeHMe ByccHecka. Biarogaps mpouuTUpOBaHHBIM paboTaM CTajIo M3BeCT-
HO, UTO IpeACTaBIeHMs HYJIeBOV KPUBU3HBI MOXKHO IMOTYUYUTh U3 CAMOAYAJIbHOI'O yPaB-
HeHus dura-Mwusica (SIM). B yactHocTH, KIT (1 DS) MOXKHO TOyYnTh M3 CaMOIyaJib-
Horo SIM c rpyrmoii SL(2,R) B mpocTtpaHcTBe 3+3. 3HAUNUT, €M KOMIAKTU(GUIMPOBATh
IBa «JIMIIHUX BpeMeHM», TO TMoaydaeTrcs dhakruuecku 1+3 SIM (meton komnakTuduka-
IIMH, TIPU KOTOPOM KOMITAKTHOE MHAeDUHUTHOEe MHOrooOpasue He IPUBOIUT K KUHe-
TUUECKMM OTPUIIATeIbHbIM UJleHaM Ha MaccoBOit 00010uKe, 6611 pa3BuUT M.A. ®unaHOB-
cKuM B pabote [4]). Takum o6pa3om, mjest COCTOUT B MCIIOIb30BaHMM He TIPOCTO AByMeD-
HOI1 KOH(POPMHOJI Teopuu MoJisl, a TEOPUU UHTETPUPYEMBbIX MepapxXuil AJIs1 peanusalyn
cootBeTcTBUs dS/CFT, npuuem dS okaspiBaeTcsl JyaJibHO CaMOJyaJlbHOMY YPaBHEHUIO
SIura-Mmica (6e3 rpaBUTaIMM), HO TOJIBKO O0/Iee BICOKOJ pa3sMepHOCTH, B OTIAMUME OT
AdS/CFT.

OueBugHas rpobaeMa B peanu3alui 3TOM UAey 3aK/II0YaeTcss B TOM, UTO YMCJIO UH-
TerpupyeMbIX Mepapxuit BoobIie ToBOpsi 6eCKOHEYHO, KOIMYECTBO ke dS BaKyyMOB —
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Ha000pOT, KOHEUHO. DTO O3HAYAET, YTO OIMMCAHHASI KOAMPOBKA JaHamadTa MHTErpupy-
e€MbIMU MepapXusiMu TeOpeTUUEeCKM OCYLIeCTBMMA, eC/IN CYLECTBYIOT HETPUBUAJ/IbHbIE
CBSI3U, TIO3BOJISIIONIME YHUPUIIMPOBATH OOMBIINYIO YaCTh MHTETPUPYEMBIX Mojeseit. Mbl
MOKa3bIBaeM, UTO 3TO BO3MOXXHO, B YaCTHOCTH, BIIEPBbIe JeMOHCTPUPYS HaJIM4Me HOBBIX
M HEOKMUIAaHHBIX CUMMETPUIA MeKAY, Ka3aJ0Ch Obl, IPEKPACHO U MCUYepPIIbIBAIOIIEe U3Y-
yeHHbIMU nepapxusimu AbnoButia-Kaymna-Hpioenna-Ceriopa (AKNS) u KP.
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GALACTIC MICROLENSING BY CHARGED KIM AND LEE WORMHOLES
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We shall present here a novel application of Kim and Lee charged wormholes [1] as
lenses treated as dark matter halo objects in Galactic microlensing. We find a remarkable
feature that both the wormholes have zero ADM masses. We shall consider for illustra-
tion the simplest case § = —1 which, for the scalar charge a < bg and electric charge Q =0
respectively, formally resemble the well known massless Ellis-Bronnikov wormhole met-
ric. The arbitrary parameter Q # 0 can be treated as providing an extra degree of freedom
that keeps the wormhole massless yet distinct from the Ellis-Bronnikov wormhole. In the
present work, we investigate the influence of Q on the microlensing observables com-
paring them with the Ellis-Bronnikov wormhole lensing. Compared to the Schwarzschild
black hole light curves, those by the wormhole lenses show gutters immediately outside
the times the source takes in crossing the Einstein ring. The optical depths and event
rates are calculated assuming the wormhole lens to be bound and unbound to the Galac-
tive Bulge and to the Large Magellanic Cloud that contain the lensed stars. Future ex-
periments on galactic microlensing are expected to impose observational constraints on

Q.
This work was supported by the Russian Science Foundation under grant no. 23-22-00391,
https://rscf.ru/en/project/23-22-00391/.
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DYNAMIC AETHER AS A TRIGGER FOR SPONTANEOUS SPINORIZATION IN
EARLY UNIVERSE
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1. We presented an exactly integrable phenomenological model according to which the
dynamic aether coupled to the spinor field opens a window for the spontaneous growth
of the fermion number in the early Universe. Our purpose was to show explicitly that the
function S(t) = ¥ * ¥, which is usually associated with the number density of the spinor
particle, can grow, can reach some maximal value and then monotonically decrease under
the influence of the Universe expansion.

2. We put forward a hypothesis that in analogy with the thermodynamic approach, the
specific spinor particles can appear as the individual ones, when their masses (predicted
by the quantum theory) coincide with the effective mass < M >. Based on the solutions
obtained for two exactly integrable models we can notice that the effective spinor mass
< M > as the function of cosmological time starts from the value m at ¢ = ¢*, reaches the
maximal value (hg, if £ =0 and % x hg, if = %), and then tends to zero.

3. The idea of spontaneous spinorization assumes that during the interval of the cos-
mological time t* < t < t**a significant growth of the spinor number density S takes
place. This idea is confirmed by the exact solutions for different ¢.

4. We think that the energy required to increase the number of fermions is drawn from
the energy reserve of the gravitational field. The presence of the term mS+ f in the right-
hand side of the equation hints us that the energy can be effectively redistributed between
the gravitational and spinor fields, when the aether opens a window for this process.



42 METPOBCKME YTEHMA-2023

EINSTEIN-YANG-MILLS-AETHER THEORY WITH NONLINEAR AXION FIELD:
DECAY OF COLOR AETHER AND THE DARK MATTER PRODUCTION
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Based on the introduction of a unit time-like vector field, the aethereal theory is closely
related to the speed of some cosmic substrate - the dynamic ether. Later, after the cre-
ation of the theory of interaction of the dynamic ether with the electromagnetic field,
the SU (N) - symmetric ether theory of Einstein-Yang-Mills was proposed as a general-
ization of U (1) - the symmetric ether model of Einstein-Maxwell. It was assumed that in
the history of the Universe there is a critical moment of time when the SU(N) symmetric
colored dynamic ether is transformed into U (1) symmetric dynamic ether, and the result
of this process is the formation of a pseudoscalar (axion) field ?. In fact, the concept of a
colored dynamic ether was formulated, based on the analysis of a multiplet of vector and
pseudoscalar fields.

The process of transition from a symmetric color ether to a dynamic one looks like a
spontaneous color polarization, which is accompanied by the alignment of the multiplet
of vector fields along a selected direction in the color space and the appearance of a pseu-
doscalar (axion) field. This process has the character of a second-order phase transition.

In this investigation we study a nonlinear version of the SU(N)-symmetric theory,
which self-consistently describes the interaction between gravitational, gauge, vector,
and pseudoscalar (axion) fields. In the context of this theory, the SU(N)-symmetric multi-
plet of vector fields is associated with the colored ether, whose decay in the early Universe
gave rise to the canonical dynamic ether and axion dark matter. The SU(N)-symmetric
Yang-Mills field associated with the colored ether forms a source that transfers the en-
ergy of the decaying colored ether to the axion field. The next question is connected with
the intensity of the coupling between axion and gauge fields. The non-linear modifica-
tion of the model explicitly imposes the requirement of discrete symmetry, given by the
axion field. It is based on an analogy with a nonlinear physical pendulum. We show that
within this non-linear regular model, the axion field can grow to an arbitrarily large value,
which explains the abundance of axion dark matter in the Universe.
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SOLUTIONS IN SCALAR-TORSION GRAVITY FOR POWER-LAW EVOLUTION OF
THE SCALAR FIELD

K.A. Bolshakova', S.V. Chervon?, LV. Fomin?
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We consider generalized scalar-torsion gravity [1]
M?,
s:f TpF(¢)T+P(<p,X)—G(¢,X)D¢> (1)

with parameters P = —wX +V, G=0, F # 0, where w, P, F are arbitrary functions of ¢
and/or X, and X = —§au¢a#¢>.

The search for solutions is carried out in the Friedan-Robertson-Walker metric ds® =
—dt* + a®6; jdxidxj with superimposed standard homogeneous and isotropic back-
ground geometry ef} =diag{l,a,a,a}. For this model, background equations are written
and solutions are found based on the choice of a function of the following form F = (%)n,

where A, n are arbitrary constants. Thus, in this case, the system of equations takes the
following form:

Hn 2 .
V= T (3H"+ H(1+n)) (2)
) H\" .
“’("))"’2:_2(?) H(n+1) (3)

In this paper, we set the function w(¢) = 1 and explore other inflation scenarios in which
the scalar field is defined as ¢ = Ct*, where C, k = const. Cosmological parameters have
been found for our model that align it with observational data.

References

1. Manuel Gonzalez-Espinoza,a Giovanni Otalora,a Nelson Videlaa and Joel Saavedra Slow-roll ination in
generalized scalar-torsion gravity



44 METPOBCKME YTEHMA-2023

POSSIBLE WORMHOLES IN A FRIEDMANN UNIVERSE
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We study the properties of evolving wormholes able to exist in a closed Friedmann
dust-filled universe and described by a particular branch of the well-known Lemaitre-
Tolman-Bondi solution to the Einstein equations and its generalization with a nonzero
cosmological constant and an electromagnetic field. Most of the results are obtained with
pure dust solutions. The junction between a wormhole region and a Friedmann universe
is described using the Darmois-Israel conditions. Explicit examples of wormhole solu-
tions and the corresponding numerical estimates are presented. The traversability of the
wormbholes under study is shown by a numerical analysis of radial null geodesics. It has
been shown, in particular, that the lifetime of a wormhole throat is much shorter than
that of the whole wormhole region in the universe (which coincides with the lifetime of
the universe as a whole), and that the density of matter near the boundary of a worm-
hole region is a few times smaller than the mean density of matter in the universe, which
resembles the observable large-scale cosmic voids [1].
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FALSIFICATION OF GRAVITY THEORIES FROM THE FORM OF DARK SPOTS ON
BLACK HOLE IMAGES
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Visual images of supermassive black holes M87* and SgrA* have been successfully reg-
istered recently by the international collaboration Event Horizon Telescope. This regis-
tration opens the unique possibility for verification (or falsification) of modified gravity
theories in the strong filed limit when gravitational field is dominated over astrophysical
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factors. This verification is crucially important for physical interpretation of astrophys-
ical and cosmological observations of the Universe and for understanding the physical
origin of enigmatic dark matter and dark energy.

The observed dark spots are always projected inside the awaited position of the clas-
sical black hole shadow at the celestial sky, which is the capture cross-section of photons
in the black hole gravitational field.

The accuracy of Event Horizon Telescope is sufficient for demonstration of the quali-
tative agreement of the obtained dark spot images of both black holes with the General
Relativity prediction. In particular, the forms of dark spots on the Event Horizon Tele-
scope images correspond to the fast black hole rotation of the supermassive black holes
M87* and SgrA*.

Meantime, the Event Horizon Telescope accuracy is insufficient for the verification of
modified gravity theories. In the observable future this verification would be possible
in realization of the international project of the Space Observatory Millimetron, which
angular resolution in few orders of magnitude exceeds the corresponding one of the Event
Horizon Telescope.

ON THE QUASI-DE SITTER SOLUTION IN f (T, (VT)?) TELEPARALLEL GRAVITY

V.V. Fedotov!, S.V. Chervon?

1 prokopeck@mail.ru; USPU, Ulyanovsk, Russia
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The work [1] is devoted to new version of teleparallel gravity with higher derivatives:
the first and second order on torsion scalar. The general equations in a flat Friedmann
- Robertson - Walker spacetime are represented. Cosmological dynamics for two spe-
cial cases are considered by qualitative analysis of differential equations of the model
f(T,(VT)%,0T).

We consider truncated version f(T,(VT)?) and study quasi-de Sitter solution of the
form H(t) = h—2et, where h = H(0) = const., € < h. The choice of the function f is:
f(T,(V T)%) = AT"+w(T) X where X =V uTVHT. The energy-momentum tensor of perfect
fluid is considered as the source of gravity. We investigate background and first order on e
approximated equations. The form and values of model’s parameters (A, w) are adjusted
with perfect fluid and its perturbation.
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COSMOLOGICAL MODELS BASED ON SCALAR-TORSION GRAVITY

I.V. Fomin!

1 ingvor@inbox.ru; Bauman Moscow State Technical University, Russia

This report discusses cosmological models based on scalar-torsional gravity with a
non-minimal coupling between torsion and the scalar field, which determines modifi-
cations of the teleparallel equivalent of General Relativity. To assess the influence of the
non-minimal coupling, a power-law parameterization of modifications of the teleparallel
equivalent of General Relativity is used in the form of a certain connection between the
non-minimal coupling function and the Hubble parameter. This connection is consid-
ered as the source of deviations in the dynamics of the early universe from exponentially
accelerated expansion. Based on this approach, models of cosmological inflation are ana-
lyzed and the influence of the non-minimal coupling between the scalar field and torsion
on the values of the parameters of cosmological perturbations is considered.

ANALYSIS OF THE HIGH-FREQUENCY RELIC GRAVITATIONAL WAVES
DETECTION POSSIBILITY BY PHOTON-GRAVITON CONVERSION

LV. Fomin!, G.D. Manucharyan?

1 fomin_iv@bmstu.ru; Bauman Moscow State Technical University, ul. Baumanskaya 2-ya, 105005 Moscow,
Russia

2 gevorgbek.manucharyan@gmail.com; Sternberg Astronomical Institute, Lomonosov Moscow State Uni-
versity, Universitetsky pr. 13, 119234 Moscow, Russia

Various modified gravitational theories are evaluated in this research, including the
impact of different models on the spectrum of relic gravitational waves. Specifically, this
study examines the influence of the Gauss-Bonnet scalar in the Einstein-Hilbert action
on cosmological dynamics and the spectrum of relic gravitational waves, as well as the
spectrum of relic gravitational waves in scalar-tensor gravitaty theories with a particu-
lar parametrization, among others . These theories are analyzed regarding the potential
for experimental direct observation of relic gravitational wave radiation using various
ground-based and space detectors in the high-frequency range.
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ON CHARACTERISTIC CAUCHY PROBLEM AND EM WAVES GENERATED BY NULL
COSMIC STRINGS
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We have studied electrodynamics in a the space-time with a straight null cosmic string.
Perturbations generated by the strings are solutions to a characteristic Cauchy problem
where the initial data are set on the string horizon # and take into account the planar
supertranslations.

We considered two cases of point-like sources crossing the string horizon: sources with
an electric charge and sources with a magnetic moment. We have shown that null cosmic
strings disturb electric fields of charged sources and produce electromagnetic (EM) pulses.

We develop an analytic approximation for asymptotic of the EM waves at the future
null infinity and calculate radiation fluxes for sources of the both types. For magnetic-
dipole-like sources the radiation flux depends on orientation of the magnetic moment
with respect to the string. Estimates show that the peak power of the radiation can be
quite large for null strings moving near pulsars and considerably large in case of magne-
tars. The string generated variations of the luminosities of stars can be used as a potential
experimental signature of null cosmic strings.

An analogous effect exists in gravity: perturbations of gravitational fields of massive
sources caused by null cosmic strings are radiated away in a form of gravitational wave
pulses. Near the future null infinity the resulting geometry, sourced by the string and a
point-like mass, belongs to a class of so called polyhomogeneous spacetimes.

Based on the papers:

D.V. Fursaev, I.G. Pirozhenko, Electromagnetic Waves from Pulsars Generated by Null Cosmic
Strings e-Print:arXiv:2309.01272, 2023

D.V. Fursaev, 1.G. Pirozhenko, Electrodynamics under the action of null cosmic strings Phys.
Rev. D 107 (2023) 2, 025018, e-Print: 2212.05564 [gr-qc].

ANISOTROPIC COSMOLOGICAL MODELS OF BIANCHI TYPE 1, V, IX IN THEORY
OF GRAVITY WITH NON-MINIMAL DERIVATIVE COUPLING

R.G. Galeev!, S.V. Sushkov?
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In this work we analyze behaviour of anisotropy in cosmological models of Bianchi type
I, V, IX in gravity theory with non-minimal kinetic coupling. Deriving background equa-
tions from non-minimally coupled action, we obtain generalized system of equations.
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Further, we numerically analyze the solutions of this system, considering the anisotropy
on early and late stages of universe evolution.

As a result we show behaviour of Hubble parameter H?/ Hg with numeric methods on
early and late stages. We provide also the behaviour of mean scale factor a from time ¢ for
all models. Moreover we present the comparison of Universe evolution in isotropic and
anisotropic cases for Hubble parameter H?/ Hg and mean scale factor a.

WORMHOLES SUPPORTED BT MISNER STRINGS

D.V. Gal’tsov'

1 galtsov@phys.msu.ru; Department of Theoretical Physics, Faculty of Physics, Moscow State University,
119899, Moscow, Russia; Kazan Federal University, 420008 Kazan, Russia

In the parameter space of asymptotically locally flat solutions of the Einstein-Maxwell
equations with magnetic mass (the NUT parameter), there are regions corresponding to
wormholes. The Einstein-Maxwell Lagrangian satisfies a weak energy condition, so it
would seem that wormholes are possible without violating this condition. However, it
can be shown that the condition is violated by Misner strings arising in solutions with the
NUT parameter. Using dimensional reduction, one can find that the Ricci tensor in these
solutions has a delta-like singularity, for which the energy-momentum tensor violates
the weak energy condition [1]. At the same time, it turns out that solutions with the NUT
parameter are not solutions of the pure Einstein-Maxwell theory, but are also supported
by additional exotic matter localized on the symmetry axis.

References

1. G.Clément and D. Gal’tsov, “Rotating traversable wormholes in Einstein-Maxwell theory,” Phys. Lett. B
838 (2023), 137677.

PROPERTIES OF DOUBLE-EXPONENTIAL NONLINEAR ELECTRODYNAMICS
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We considered a model of nonlinear electrodynamics with two exponents: £ =
—71FehT — 1y, (e’lz(g2 — 1), where & = %FikF"k @G = iFikF*"k. The theory has 4 pa-
rameters: y1, y2, A1 12. We find weak deflection angle Q of light, using Gauss-Bone the-

. : bl si
orem and optical metric: Q = 3 [¢f JYSRO R sgdrdeg = co+ e +eaida+ c12A] +coaAs +
cr1214112.
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TIMING EFFECTS IN KERR-SEN SPACETIME
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In this work we consider realistic finite lensing system and raised a question of princi-
ple associated with the estimation of pulse arrival times after they pass by a companion
spinning BH. To do that, we integrated null geodesics and analytically calculated the time
delay of light propagation in the equatorial plane of Kerr-Sen black hole up to third or-
der. The calculated propagation time (also called as Shapiro delay) required for a pulse
to travel from an arbitrary source point r to the observer point on the opposite sides of a
spinning Kerr-Sen lens can be presented by

At(r; b’ 6) =2 [(1 + 6) tﬂat(r; b) + tmass(r, b’ 6) + tfd(r) b) 6)] ) (1)

where ¢ is the Kerr-Sen metric parameter, #q,; is the time delay in flat space, fyass is the
time delay caused by the mass of the black hole and f¢ is the leading order of the time
delay caused by the frame-draging effect of inertial frames, containing the rotational pa-
rameter. The beam’s closest approach distance is determined by the black hole’s mass
and angular momentum. The signal arrival time delay obtained in equation (1) is the
coordinate time delay. However, the coordinate time delay is immeasurable in a gravita-
tional field, so the actual measurement using a clock must give a delay only in terms of
the proper time for two-way motion, which is given by [3]

AT(r) b)f) = \/ gtt(ryé)At(r) b)f)r (2)

where g;; is the time component of the Kerr-Sen metric. As a practical application, we
assume an idealized situation in which the signal originates in the central gravitational
field of the Earth, and after being reflected from the Moon, returns along the same path
to its origin on Earth. Thus, we assess the influence of the Kerr-Sen parameter on the
gravitational time advancement and time delay.

This work was supported by the Russian Science Foundation under grant no. 23-22-00391,
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ON THE KALB-RAMOND MODIFIED LORENTZ VIOLATING HAIRY BLACK HOLES
AND THORNE’S HOOP CONJECTURE
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Recently, a class of static spherically symmetric power law corrected Lorentz violating
(LV) Schwarzschild black holes in the Kalb-Ramond model have been derived and studied
[1] in the specific range of LV parameters (0 < A < 2,Y = 0) that correspond to energy con-
dition preserving (p > 0) source. On the other hand, there exist well known black holes
that do not preserve the energy conditions. In this paper, we shall therefore relax energy
conditions and numerically explore the horizon patterns of the enlarged class of LSMA
black holes. Four generic types of LV corrected black holes emerge, which interestingly in-
clude the analogue of the braneworld black hole (p < 0) lending to Y a new interpretation
of "tidal charge" known as an imprint from the 5d bulk in the Randall-Sundrum scenario.
We shall then show that Thorne’s hoop conjecture, /4 < 1, where ./ is the Hod function
[2], consistently holds for three types and their generalizations. However, intriguingly, it
turns out that, for the remaining type (viz., Schwarzschild-de Sitter and its generaliza-
tions), the hoop conjecture does not hold. It is also shown that braneworld tidal charge
black holes increases the LV correction to planetary perihelion advance in contrast to the
decrease due to ordinary black holes thereby providing a qualitative distinction between
them.

This work was supported by the Russian Science Foundation under grant no. 23-22-00391,
https://rscf.ru/en/project/23-22-00391/.
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GEODESIC LINES IN THE THEORY OF INDUCED GRAVITATION
Nestor Njiya'
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Here we study the influence of dark matter and dark energy on the trajectory followed
by a particle in the universe. Our model is based on the theory of induced gravity in
which we introduced in the initial Einstein Hilbert action a quadratic field Y = (X, X) =
XA X8Bn ap, which induces gravitational and cosmological constants. A4 = X (") u takes
the integers Numbers 0, 1,2 ... n—1., n is the dimension of the riemannian manifold. The
effective cosmological and gravitational Constance are linked to Y by the following for-
mula: Agrr = %‘}‘1’5; Gerf = ﬁ(Uef f— B). his the plank Constance, B links the dark

energy witch some Constance of theory. B = w, where ¢, is the energy of vacuum

fluctuation By, ¢, w are Constance. We will see below that the fluctuation of B is the cause
of the oscillation of the cosmological parameter.

PRIMORDIAL BLACK HOLES IN MODIFIED GRAVITY
E.O. Pozdeeva!

1 pozdeeva@www-hep.sinp.msu.ru; Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State Uni-
versity

At present, there is a big interest to creation of primordial black holes (PBH) (see for
example [1-4]). Large peaks in amplitude of perturbations during inflation can leads to
PBH formation. In [5], the potential leading to the large peaks in the amplitude of per-
turbation during inflation was suggested within the framework of general relativity!. We
suggest the modified gravity model with a scalar field leading to analogical potential and
different kinetic term in the Einstein frame. The differences in evolution equations don’t
destroy the large peaks in amplitude of perturbations at the late stages of inflation. We
suppose that the obtained modified gravity model allows to describe possible PBH cre-
ation?.
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INFLATION WITH MONOMIAL POTENTIALS IN EINSTEIN-GAUSS-BONNET
GRAVITY
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We investigate the inflationary models in Einstein-Gauss-Bonnet gravity with the
monomial scalar field potential and the nonminimal coupling to the Gauss-Bonnet term.
The several numerical scenarios are found, which agree good with the observations. We
show that the standard slow-roll approximation used earlier are not suitable for the calcu-
lation of the inflation parameters in these models and we obtain the new approximation
formulas giving us the results, which closely enough to the numerical and the observa-
tional ones.

EINSTEIN’S LIMIT OF SOME MODIFIED THEORIES OF GRAVITY
A.A. Popov!
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The report discusses static spherically symmetric solutions of some modified theories
of gravity in a 4-dimensional subspace of 4 + n dimensional Riemannian space. It is as-
sumed that the additional n-dimensional subspace is compact (with a characteristic scale
less than 1078 cm). In the region of small curvatures of the 4-dimensional subspace,
such solutions are compared with the Schwarzschild (the Schwarzschild-de Sitter) solu-
tion, which makes it possible to determine the existence of the Einstein (and, accordingly,
Newtonian) limit of the modified theory of gravity. The speed of propagation of gravita-
tional waves in the framework of such theories of gravity is also discussed.
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We consider cosmological manifestations of compact extra dimensions. In particular,
it is possible that the formation of primordial black holes at the ultra-early stages of the
Universe evolution is possible. In addition, it is shown that changes of the metric of the
extra space inevitably lead to variations of cosmological constants in causally unbound
universes.

We assume the existence of extra spatial dimensions and discuss fluctuations of fields
during inflation. The fate of field fluctuations in this inner space is fundamentally differ-
ent from that described above. Earlier, in [1], it was established that stationary distribu-
tions of fields form continuum set. After the end of inflation, the asymptotic distribution
of the field in the inner space turns out to be different in causally unrelated regions due
to random fluctuations during inflation.

A distinction between these two types of fluctuations is as follows. The first, standard
kind of fluctuations under horizon is characterized by a decrease of their energy density p
at the FRW stage and their decay into matter particles. The energy density of the second
kind, pa, associated with scalar field distribution in the internal space, does not decay
into particles. It depends on the Hubble parameter and changes more slowly. It is shown
that the model parameters satisfy the inequality p > pjp, so the influence of the field
distribution in the inner space on the rate of inflation could be neglected.

After the end of inflation, the energy density p decreases, tending to the present-day
value p(fy). At the same time, the space fluctuation pj (H). The latter can form a black
hole when its scale cross the horizon.
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LINEAR PERTURBATIONS OF OSCILLATING SCALAR FIELDS

V.A. Popov!

1 vladipopov@mail.ru; Institute of Physics, Kazan Federal University, Kremlevskaya str. 18, Kazan 420008,
Russia

Coherently oscillating scalar fields in the spatially flat Friedmann Universe act as the
cold dark matter because the effective pressure vanishes. This is true in regard to both real
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and complex scalar fields. The main difference between the real and complex scalar fields
is that the real scalar field oscillates around its zero value while the complex field has a
non-zero average. Dynamics of spatial inhomogeneities in the scalar fields is considered
in the linear approximation. At the matter dominated stage of the Universe evolution the
long-wave scalar perturbations of the real field follow the result for the cold dark matter
whereas the perturbations of the complex field grow more slowly.

MODIFIED GRAVITY APPROACH TO PRODUCTION OF PRIMORDIAL BLACK
HOLES AFTER STAROBINSKY INFLATION

S. Saburov!, S.V. Ketov?

1 saburovsultanO@gmail.com; Tomsk State University (Russia)
2 ; Tokyo Metropolitan University (Japan)

A new (improved) model of inflation and primordial black hole (PBH) formation is
proposed by combining the Starobinsky model of inflation, Appleby-Battye-Starobinsky
(ABS) model of dark energy, and a quantum correction in the modified F(R) gravity. The
energy scale parameter in the ABS model is taken to be close to the inflationary scale,
in order to describe double inflation instead of dark energy. The quantum correction is
given by the term quartic in the space-time scalar curvature R with a negative coeffi-
cient (00) in the F(R) function. It is demonstrated that very good agreement (within 1¢)
with current measurements of the cosmic microwave background (CMB) radiation can be
achieved by choosing the proper value of 9, thus solving the problem of low values of the
tilt of CMB scalar perturbations in the earlier proposed ABS model. A large (by a factor of
107 against CMB) enhancement in the power spectrum of scalar perturbations is achieved
by fine tuning the parameters of the model. It is found by numerical analysis that it can
lead to formation of asteroid-size PBHs with masses up to 10°°g, which may form dark
matter in the current universe.

INTERACTING SPINOR AND ELECTROMAGNETIC FIELDS IN COSMOLOGY
B. Saha'

1 bijan@jinr.ru; Laboratory of Information Technologies, Joint Institute for Nuclear Research, 141980
Dubna, Moscow region, Russia; Peoples’ Friendship University of Russia (RUDN University), 6 Miklukho-
Maklaya Street, Moscow, Russian Federation

Within the scope of a Bianchi type-I (BI) cosmological model we study the interacting
system of spinor and electromagnetic fields. In some earlier studies it was found that
the nonlinear spinor field in BI space-time automatically becomes massless and linear or
leads to the isotropization of space-time in question. Whereas, in case pure electromag-
netic field with induced nonlinearity there occurs severe restrictions on the components
of vector potential. The motivation for considering the interacting system was to see
whether such generalization can remove the restrictions mentioned above. The corre-
sponding system of Maxwell, Dirac and Einstein equations are obtained and solved. It
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was found that under such generalization nonlinear and massive spinor field can exist
in a general BI space-time and give rise to different type of solutions depending on the
choice of nonlinear and interacting terms.

THE EXTENDED EINSTEIN-MAXWELL-AETHER-AXION THEORY: EFFECTIVE
METRIC AS AN INSTRUMENT OF THE AETHERIC CONTROL OVER THE AXION
DYNAMICS

A.F. Shakirzyanov!

1 shamirf@mail.ru; Department of General Relativity and Gravitation, Institute of Physics, Kazan Federal
University

In the framework of the Einstein-Maxwell-aether-axion theory we consider the self-
consistent model based on the concept of a two-level control, which is carried out by the
dynamic aether over the behavior of the axionically active electrodynamic system. The
Lagrangian of this model contains two guiding functions, which depend on four differen-
tial invariants of the aether velocity [1]: the scalar of expansion of the aether flow, the
square of the acceleration four-vector, the squares of the shear and vorticity tensors. The
guiding function of the first type is an element of the effective aetheric metric; this ef-
fective metric is involved in the formulation of kinetic terms for the vector, pseudoscalar
and electromagnetic fields and predetermines features of their evolution. The guiding
function of the second type is associated with the distribution of axions and describes its
vacuum average value [2]; basically, this function appears in the potential of the axion
field and predetermines the position and depth of its minima. The self-consistent set of
coupled master equations of the model is derived [3]. The example of the static spherically
symmetric system is considered as an application.
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CONFORMAL SYMMETRY, RENORMALIZATION, AND ANOMALY

I.L. Shapiro!
1 ilyashapiro2003@ufjf.br; Universidade Federal de Juiz de Fora (UFJF), Minas Gerais, Brazil

Conformal symmetry and, correspondingly, the trace anomaly belong to the most rel-
evant manifestations of quantum field theory in curved spacetime. We report on new
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results concerning representations of anomaly-induced effective action of gravity, low-
energy limit, and the new renormalizable model in 4D, where the guiding symmetry is lo-
cal conformal symmetry.

NEW DEVELOPMENTS AND TRENDS IN THE INFLATIONARY SCENARIO
A.A. Starobinsky'

1 alstar@landau.ac.ru; Landau Institute for Theoretical Physics RAS, Chernogolovka, Moscow region, Rus-
sia

The present upper limit on the amount of tensor perturbations (primordial gravita-
tional waves) generated during inflation, the tensor-to-scalar ratio r < 0.028 [1], excludes
many inflationary models popular in the past, like those with a power-law inflaton poten-
tial Cchaotic inflation’). Still a number of inflationary models remain viable including the
three simplest and most predictive one-parametric models: the pioneer R+ R? (Starobin-
sky) one, the Higgs and the mixed R?-Higgs models which predictions for the power spec-
tra parameters ng and r are the same in terms of the number of e-folds N from the end
of inflation with r = 3(1 — n5)? = 0.004. New developments and trends in the inflationary
scenario considered from the phenomenological point of view, apart from exclusion of
more and more previously proposed inflationary models basing on better observational
data on ng and r and thoughts about pre-inflationary history of our Universe (purely theo-
retical at this moment), are mostly related, first, to the development of more complicated
inflationary models with transient breaking of the inflaton slow-roll behaviour during in-
flation in order to produce localized peaks in the primordial scalar power spectrum — to be
prepared for possible discovery of PBHs — and/or peaks in the primordial GW power spec-
trum (that requires at least two new fundamental cosmological parameters), and second,
to the investigation of different possible processes after inflation including various chan-
nels of the inflaton decay with creation and subsequent thermalization of usual matter. I
consider one possibility of relating the purely geometrical R+ R?> model to realistic baryo-
genesis after inflation by adding three families of right-handed Majorana neutrinos with
a large mass to the matter sector of the Standard Model [2]. In the course of the inflaton
decay after the end of inflation, it is important not to produce too much gravitons that
presents a serious problem, e.g., for inflationary models with sufficiently stiff equation of
state during it. I show how this requirement leads to the lower limit on an energy scale of
non-locality in possible non-local modifications of gravity at sub-Planckian curvatures
which have the inflationary stage similar to that in the R + R?> model and produce the
correct observational result for n; [3].
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COSMOLOGICAL MODELS WITH ARBITRARY SPATIAL CURVATURE IN THE
THEORY OF GRAVITY WITH NON-MINIMAL DERIVATIVE COUPLING

S.V. Sushkov!

1 sergey sushkov@mail.ru; Institute of Physics, Kazan Federal University, Kremliovskaya St. 16a, Kazan
420008, Russia

We investigate isotropic and homogeneous cosmological scenarios in the scalar-tensor
theory of gravity with non-minimal derivative coupling of a scalar field to the curvature
given by the term ({/ Hg) GHYV ¢V, ¢ in the Lagrangian. In general, a cosmological model
is determined by six dimensionless parameters: the coupling parameter {, and density
parameters Q( (cosmological constant), Q. (spatial curvature term), Q3 (non-relativistic
matter), Q4 (radiation), Qg (scalar field term), and the universe evolution is described
by the modified Friedmann equation. In the case { = 0 (no non-minimal derivative cou-
pling) and Qg = 0 (no scalar field) one has the standard ACDM-model, while if Qg # 0
- the ACDM-model with an ordinary scalar field. As is well-known, this model has an
initial singularity, the same for all k (k = 0, +1), while its global behavior depends on k.
The universe expands eternally if k = 0 (zero spatial curvature) or k = —1 (negative spa-
tial curvature), while in case k = +1 (positive spatial curvature) the universe expansion
is changed to contraction, which is ended by a final singularity. The situation is cru-
cially changed when the scalar field possesses non-minimal derivative coupling to the
curvature, i.e. when ¢ # 0. Now, depending on model parameters, (i) There are three
qualitatively different initial state of the universe: an eternal kinetic inflation, an initial
singularity, and a bounce. The bounce is possible for all types of spatial geometry of the
homogeneous universe; (ii) For all types of spatial geometry, the universe goes inevitably
through the primary quasi-de Sitter (inflationary) epoch when a(t) elasHol) with the
de Sitter parameter hfi ¢=1/9¢-8¢ Qg/ 27Q¢. The mechanism of primary or kinetic infla-
tion is provided by non-minimal derivative coupling and needs no fine-tuned potential;
(iii) There are cyclic scenarios of the universe evolution with the non-singular bounce at
a minimal value of the scale factor, and a turning point at the maximal one; (iv) There is
a natural mechanism providing a change of cosmological epochs.

F(R) GRAVITY MODELS WITH A SCALAR FIELD

S.Yu. Vernov'

1 svernov@theory.sinp.msu.ru; Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State Univer-
sity, Leninskie Gory 1, Moscow 119991, Russia

The F(R) gravity models [1-3], in which F is an arbitrary function of the Ricci scalar
R, are popular generalizations of the general relativity. The conformal transformation of
the metric allows to obtain from F(R) gravity models the General Relativity models with
a minimally coupled standard scalar field, called models in the Einstein frame. In the
case of the F(R) gravity models with scalar fields, one gets chiral cosmological models

in the Einstein frame. This transformation is possible if and only if F g = % > 0. So,
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solutions, on which F g changes its sign, have no analogues in the Einstein frame. At the
same time, such smooth solutions exist in the isotropic and homogenous universe.

It has been shown in [4] that F(R) gravity models without scalar fields have anisotropic
instabilities associated with the crossing of the hypersurface Fr = 0. Therefore, the so-
lutions in the spatially flat Friedmann-Lemaitre—Robertson-Walker (FLRW) metric can
be smooth, whereas solutions in the Bianchi I metric should have singularities. A simi-
lar problem has been discussed for the FLRW and Bianchi I models with a non-minimally
coupled scalar field [5] (see also [6, 7]).

We consider a pure R? model with a massless scalar field, described by the following
action:

£
SR:fd‘lx\/_—g[FORZ—?wg“VVNwVVw : (1)

where Fj is a positive constant, v is a scalar field or a phantom scalar field in dependence
of the sign of £y, = +1. The general solution in the case of the FLRW metric has been
found in [8]. Also, smooth particular solutions, on which F g = FyR changes its sign, have
been found.

In Ref. [9], we study this problem for R? gravity model with a scalar field, described by
action (1). We have shown that the evolution equations have a singular point at R = 0
if the anisotropy is not equal to zero. So, we do not lose smooth solutions if put an ad-
ditional condition R > 0. Using this condition, we get the corresponding Einstein frame
model by a conformal metric transformation, find a general solution for this model and
get the corresponding solutions for the initial R model by an inverse conformal transfor-
mation. By this way, we have found Bianchi I solutions for R? with a scalar field [9]. We
also analyzed which types of solutions can exist in the case of the phantom scalar field
x only. The general solution in the Einstein frame has been found in terms of elemen-
tary functions. This general solution gives explicitly the general solution for the initial
R? model in a parametric time. Solutions in the cosmic time for this model have been
constructed in quadratures.

The talk is based on Ref. [9] and the resent research’.
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BLACK HOLE IMAGE IN NONLINEAR ELECTRODYNAMICS
AV. Vorohov', D.E. Groshev?

1 alexei.vorohov@yandex.ru; Department of General Relativity and Gravitation, Institute of Physics, Kazan
Federal University
2 groshevdmitri@mail.ru; Department of General Relativity and Gravitation, Institute of Physics, Kazan
Federal University

The fusion of theoretical modeling of compact obhects with the development of ob-
servational techniques over the years of research led us to the fact that black holes, from
just an abstract teoretical idea, turned into databases [1] of specific astronomical objects,
that believed to be a BHs. In the long term, the number of such observations and the
volume of evidence for them will continue to grow, providing a rich source of information
for testing cutting-edge physical theories like nonlinear electrodynamics.

This study examines modifications of the Reisner-Nordstr?m black hole by two clas-
sical models of nonlinear electrodynamics - Euler-Heisenberg and Born-Infeld. We have
implemented a mixed approach to analyze solutions, employing the Hamilton-Jacobi for-
malism, similar to the reference [2], and direct integration of the geodesic equation for
photons. By numerical simulations we obtained radiation intensity profiles and an image
of a black hole in a thin disk accretion model. The calculations were performed in Python
using the parallelization capabilities provided by the torch automatic differentiation li-
brary.

The comparison of images and intensity profiles for different model parameters re-
vealed that perturbations of the Reisner-Nordstr?m black hole by nonlinear electrody-
namics are only clearly distinguishable for unrealistically large values of the interaction
constants.
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ACCRETION PROCESSES IN THE SPACE-TIME OF A CHARGED NONSINGULAR
BLACK HOLE

R.M. Yusupova!

1 yu.rose@mail.ru; Institute of Molecule and Crystal Physics, Ufa Federal Research Centre, Russian
Academy of Sciences, Ufa, Russia; Zel’dovich International Center for Astrophysics, M. Akmullah Bashkir
State Pedagogical University, 3A, October Revolution Street, Ufa 450008, RB, Russia

A class of solutions for a spherically symmetric and charged nonsingular black hole
was obtained by L. Balart and E.S. Vagenas (BV). This class represents solutions of the
Einstein field equation with nonlinear electrodynamics as the source with the Lagrangian
L(F) where F = 1/4FFVE,, [1].

The work examines the properties of thin accretion disks near a nonsingular charged
BV black hole based on the Novikov-Thorne model [2] and the Michel-Bondi accretion
process [3] showing the influence of a nonlinear electromagnetic charge on these pro-
cesses. The kinematic (angular velocity and angular momentum of particles) and elec-
tromagnetic (temperature and luminosity) properties of the disks were analyzed.

The profiles of angular velocity, density and accretion rate through flows of phantom
and non-phantom matter with the barotropic equation of state p = wp are analyzed. It
has been shown that in the case of phantom energy accretion, the mass of the black hole
decreases.

This work was supported by the Russian Science Foundation under grant no. 23-22-00391,
https://rscf.ru/en/project/23-22-00391/.
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APPLICATION OF THE ABEL EQUATION TO COSMOLOGICAL MODELS WITH AND
WITHOUT PHANTOMS

V. Yurov!

1 vayt37@gmail.com; 1. Kant Baltic federal university, 14 A. Nevskogo ul., Kaliningrad, 236041, Russia

One of the most intriguing concepts in contemporary cosmology is a hypothesis that
the dark energy, which governs the observed accelerated expansion of the universe [1], [2],
might be phantom in nature. Originally proposed by R. Caldwell in [3], it soon proved to be
a fertile ground for mathematical explorations, yielding rather startling results, such as
the predictions of Big Rip singularities and the Big Trip phenomena [4], [5], [6], [7], [8], [9]
(see also [10]). An interest in the field has been further boosted by the discovery of a
“phantom zone crossing”, which implied that there might exist natural transition from
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an ordinary cosmological evolution to the characteristically phantom one. However, one
of the serious problems that impedes the research in this area lies in the nonlinearity of
the Friedman-Robertson-Walker-Lemaitre cosmological equations; while it is not diffi-
cult to solve them for the phantom models with a simple equation of state p/c®> = wp
(where p and p are the density and pressure of a dominant filed of matter, and the con-
stant parameter of state w < —1) [3], it is altogether a different matter to study the general
models of a phantom universe filled with a scalar field ¢ = ¢(¢) with some known poten-
tial V(¢p). One of interesting (albeit somewhat circumspect) approaches to this problem
was the development of a superpotential method, where one postulates the form of a su-
perpotential W = W (¢), which is identified with the density function p, and then reduces
the problem to solving a few simple equations [12]. This overall rather powerful method
contains but a little snag: for many physically important models we do not possess the
knowledge of the form W (¢), and it is instead the shape of the potential V' (¢p) that is given
(e.g., the classical massive field potential V = m¢?/2). In these situation an additional
method is required that would allow to extract the shape of superpotential W(¢) from
the known function V (¢). Such a method for the flat universe models has been developed
in[13], [14], in which it has been demonstrated that the problem can be reduced to solving
a single first-order O.D.E. called the Abel equation of 1st kind:

dy 1.5 /

2. =50 D=1y, eY)
where x = 1, ¥ = V'/V and the independent variable x = 4v/37/Mp ¢ [15]. Once the
solution of this equation y(x) has been uncovered, the superpotential W is retrieved au-
tomatically using the simple relationship:

y2

yr -1
This reduction allows to easily study a number of interesting problems such as the prob-
lem of the end of inflation for various physically important models [16]. However, it is
possible to show that if the universe is going through the phantom regime, it actually
changes the structure of the Abel equation:

ﬂ_l

Wix)=V(x)
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as well as the relationship between the superpotential W and the scalar field potential V:
~ ~ y2
W=V——, (4)
y-+1

where ¢ = ix and the potential V(&) must satisfy the condition V(&) = V(i) : R — R for
at least some ¢ in order for a universe to successfully enter the phantom zone. We will
explain how to obtain this interesting result as well as demonstrating it working for a
number of phantom models.
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VK 530.12+521

VI MexxgyHapoaHasi 3MMHSISI IIKOJa-CeMMHAp MO TpaBUTALMM, KOCMOJIOTUM U acTpO-
dusnuke «IlerpoBckue uTeHusi-2023». Te3uchl MOKIATOB MEXKIYHAPOMHOV HAYIHOI
KobI-ceMrHapa. — Kasanb: U3n-Bo KOV, 2023. - 66 c.

COOPHMK COAEPIKUT TE3UChI JOKIAT0B YUaCTHUKOB VI MeXXIyHapOogHO 3MMHE IIKOJIbI-
ceMMHapa I10 rpaBUTAIMM, KOCMOJOTUM U acTpodusuke «IleTpoBckue uTeHms-2023». B
MaTepuanax IpeacTaBieHbl pab0OThl BeAYyIIMX CIIEIMaIMCTOB ¥ HaUMHAIONUMX UCCIen0-
BaTesel M3 HayuHbIX LIEHTPOB Poccuu, G/VKHEro U TaJbHEro 3apy0eskbsi, TOCBSIIEHHBIE
uccnegoBauusM B OTO 1 moambuiMpoBaHHBIX TEOPUSX IPaBUTALIVM, TEOPETUUYECKON U
HabI0aTeTbHOM KOCMOJIOTUM, PeISITUBUCTCKOM acTpodusuke. MexagyHapogHas 3UM-
HSIST IITKOJIa-ceMuHap npoxoausa B Kazanckom yHuBepcuTeTe ¢ 27 HOsSI0ps o 1 mekaopst
2023 roga.

CO60pHMK aipecOBaH HAyYHBIM PabOTHMKAM, aCIIMPAHTAM ¥ MOJIOABIM YUEHbBIM, CITeI-
aM3UPYIONIMXCS B 006J1aCTY T€OPUM IpaBUTAIMM, KOCMOJIOTUM U acTPpODU3UKH, a TaKKe
IJIsI CTYI€HTOB CTapIIMX KypCOB eCTeCTBEeHHOHAYUHbIX HAIIPaBJIeHMIA.

HIkona-cemunap «ITemposeckue umenusi-2023» nposodumcs 3a cuem cpedcme cyocuduu, 8vi-
desnieHHOli 8 pamkax 2ocydapcmeeHHotli noddepxcku Kazarckozo (IIpusonrckozo) gpedepans-
H020 yHU8epcumema 8 yessix nosvluleHuUs: e20 KOHKypeHmochocobHocmu cpedu 8edyujux mu-
PO8bIX HAYUHO-06pA308aMenbHbIX YEHMPOS.
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