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KHUPHUII (pancada noxkropu (PhD) nuccepraumsicu aHHOTAIUSICH)

Juccepranmus MaB3yCHHUHI [10J13ap0Juru Ba 3apyparu. byryHru kyHna
XKAXOH/IA PEJSITUBUCTUK KOMIIAKT OOBEKTNIap aTpoduaa ONTHUK Ba HHEPreTHK
xapa€Hiap Hazapud TaAKUKOTH 3aMOHaBUM  acTpoU3MKaHUHT  A0J3apO
dbyHIaMeHTall MacajlapyuHu Xal KWIUIITa KaTTa axaMuaT OepuiMokaa. MabiyMmku,
Kopa ypa KypuHMac 00bEKT, aMMO YHH €pyF (oHIA Ky3aTcak, y cosira aiijaHaau Ba
Kopa VpaHu Ky3aTull UMKOHUATH maiigo Oynaau. Event Horizon Telescop (EHT)
Ba Black hole Cam (BHC) noituxacununr xam makcaau M87 Ba CoMoH itynu
rajakTUkKajgapy MapkKasuja >KoiamiraH, Kopa Vypaitap Oynuimu MyMKUH €0
TaxXMHUH KWJIMHTaH oObeKTIap (HOM30J Kopa ypajap)HUHT COSICMHUHI TaCBUPUHU
onul. ['anaktukamn3 Ba M87 mapka3uaaru CynepMacCuB HOM30J KOpa ypallapHH
JABOMUM Ky3aTHUIIIapJaH Makcaj XaMm ailHaH YHUHT cosicuHu aHukianaup. Kopa
¥pa cCoOsICMHM Ha3apuil VpraHuliHUHT  JO0JA3apOJUTH  Ky4wId TpaBUTAIUS
peXKUMUJIATH Ha3apusiap XYyCYCHUSTIApPUHU COSHHUHT IIAKIUTa OOFJIUKJIUTUHU
aAHUKJIAILINP.

MycTakWuiuK Huuiapuia MamilakaTUMHU3 WIM-(DAaHUHUHT PUBOXKUTA KaTTa
axamuAaT OepuiIMoKaa. AMHUKCA, PEISITUBUCTHK acTpoPu3nKaHUHT (yHIaMEHTAI
MyaMMOJIapUHU XaJ KWIWIIJA Ha3apuil Xamja aMaluid TaJKuKoTiap oJinb
Oopunau Ba CaJIMOKJIM HaTWXKadapra OHSpUIIWIIA. ['paBUTaAnUgABUN JIHH3a
CUCTEeMAaJIapUHU, allHUKCa, Kopa Ypanap cosuiapu Ba a3o — BaKT XyCyCUSTIAPUHU,
KOMIMAaKT OOBEKTIAp PENATHUBUCTUK acTpoduiukacu mgoupacuga ¢GyHIaMeHTA
TAJIKUKOTIIAp OPKAIN Ha3apHil XaMa Ky3aTyBJap OpKaJlM YpraHuil Y36eKHCTOHHH
sHa/Ja PUBOXJIAHTUpHUIN OYinda XapakaTiap cTpaTeruscuja MyXUM axaMHsITra
ara.

Xo3upru KyHJa KOpa YpallapHUHT ONTHK XYCyCHUATIapu Ba (a30-BakT
TY3WIMIIUHU YpraHuill XamJa YMYMHI HUCOUWMIMK Ba OOIlIKa TpaBUTALUS
Ha3apusUIapUHUHT  SIHTM  KUppajJapuHU  OYMIN  3aMOHABUM  PEJSITUBHCTHUK
acTpO(U3UKAHUHT HT MyXuUM Bazudanapuaad Oupunup. ['paBuTalUsiHUHT TypJiu
HazapusUiapuaa Kopa ypanap cosjiapu Ba TpaBUTalMs JIMH3AJAPUHU YpraHUIIl
YHUHT (QyHIAMEHTaJl XyCyCHSTIapuHU aHriamra ¢&paam Oepanu. bynnait
MMKOHUSITHM OW3ra amaija, rajakTUKaMu3 MapKasuja Xoilaliran MapkKasui
OOBEKT SIKMHUJA OynaéTraH »xapa€HJapHU Ky3aTUII Ba YHAAH MabJIyMOTIApHU
omumiga, Black Hole Cam (BHC) Ba Event Horizon Telesop (EHT) Xankapo
JoMuXacu TakauMm sTa onaau. FOKopuaa KenTupuiraHiap Ma3Kyp WyHaIUIIAard
WIMUN U3TaHUIUIAPHUHT r7100al1 Japaxagaru 10a3apOIuruiu KypcaTaiu.

Ymby TaaKuKOTiIap pecnyOJIMKaMU3HMHT HU30MAA KYy3[4a TYTHITaH
Xy#OKaTIapuTa Ba Iy 6mian Gupra ¥Y36exkucton PecryGmukacy IIpesyaeHTHHUHT
2013 iun 1 maptaaru [1K-4512 connu “MykoOun sHeprus MaHOalapyuHu siHaIa
PUBOXKIAHTHPUIN OYiimua wumuiap Tyrpucuaa’ru, I1K-2789-connu “Enunru
sHepreTuka Tyrpucuaa’ v, 2017 #wun 17 deBpanmaru “dannap akaaemusicu
(baonuATUHM sHANA TAKOMWUIAIITUPHUIN, WIMHN HWILJIAPHUA TAIIKWAJ OTHIIL,
OolIKapuIl Ba MOJUSIAIITUpHUIN OViinua 4opa TanOupnap Tyrpucuaa’ru, 2017
fimn 7 QeBpangarn “Y36eKUCTOH PecnnyOnukacunu sHaja PUBOKIAHTUPHIILL



oyitnua Xapakarnap crparterusicu tyrpucuna’ru [1K-4947 connu kKapopiapura
MOC KeJaaH.

TagkuKOTHUHT pecny0jnka GaH Ba TeXHOJOTHSJIADU PUBOKIAHUIIN-
HUHI YCTYBOP HyHAJIUNLJIAPUTa MOCJUru. Ma3skyp TaIKuUKOT pecnyoOiuka ¢ax
Ba TEXHOJIOTUsIIapu puBOXUIAHUIIMHUHT [I. «OHepreTuka, sHeprusi Ba pecypc
TEXAMKOPJIMTW» YCTYBOP UYHAIHUIIN JOUpacHia Oaxapuira.

MyaMMOHMHI YPraHWJITaHJIUK Japaxkacu. JKaxOHHUHT OuUp KaTtop Ky3ra
KYpUHraH ojumiapu, xymuanad: repmanusuink (C. Laemmerzahl, J. Kuntz, E.
Hackmann, A. Grezenbach, V. Perlick), xunauctonnuk (N. Dadhich, S. Ghosh, P.
Joshi, M. Patil), utanusnuk (C. Bambi, L. Rezzolla, L. Modesto, D. Malafarina, O.
Zanotti), poccusuiuk (O. Tsupko, G. Bisnovati-Kogan, A. Zaxarov, D. Galtsov),
yexusuk (Z. Stuchlik, M. Kolos, J. Schee, J. Kovar, V. Karas), y30ekuctonink
(b. AxmenoB, A. Ab6myxa0b6opoB, B. Mopo3oBa) Ba Oomika kymiad oJumiiap
TOMOHUJIAaH TYpJM XWJI Hazapuil U3naHUIUIap, Ky3aTyBiapaa Kopa ypanap coscH
XaMmJia YHUHT SIKUHUJArd SHEPTreTUK KapacHiap YpraHuira.

V36exncrormmmk omumnap (B. Axmenos, A. A6xyxa66opos, B. Mopo3osa Ba
0.) orpwianran  (Qa3zo-BakTAa MakcBena — TEeHIJaMaJapuHUHT  aHAJUTHK
€UMMJIAPUHU OJIMIII METOJIM Ba KOopa ypa COsJapuHU TaBCU(DIANIHUHT SIHTU
dbopmanu3MuHU UILIad YUKUII OYiinya Ha3apuil TaJKUKOTIap 0Jau0 OOpuIlTaH.

OnauHry UIMHUM UOUIapaa rpaBUTAlUSIBUN JIMH3AJTAPHUHT (paKaTTUHA KyuCH3
rpaBUTaLIMsITa 3ra OYiran, cpepruk CUMMETPHUSIIA KOMIAKT O0beKTIap arpoduaaru
s dextnapu Ypranwirad. BUpok Kyuiau rpaBuTanus MaiIoH peKUMUIA 3Ca KyWIn
rpaBUTALMS JUH3a €KU PETPOJEH3UHT A(dPeKTiapuHun MHOOATTa OJIMII Kepak
oynamu. by sddektnap opkamu rpaBuTalMs HA3APUICUHUHT KYy4Jdd MailJIoH
peKUMITAPUIATH XYCYCUATIAPUHU TEKITUPUII MYMKHH.

Kopa ypanap cosicu tyrpucugaru rost XX acpHunr 70-ininapugan 0omnuiad
MabiayMm Oyncana, 2000-iwmmapra kenu® yHu COMOH WynM rajlakTHKacu
MapKa3uJiard Kopa YpaHUHI TacBUpHUIa TaTOMK Kuiauil fosicu wik Oop Falcke
TOMOHU/JIAH YOI 3TWJITaH WIMHUN MakoJiaia uiarapu cypuirad. COsSHUHT IIaKiIu Ba
Ya4amu Kopa YpaHUHT Maccacu Ba aitnanuinura oornukaup. Kopa ypa cosicununr
IAKJIA YHUHT DJJIEKTp 3apsiiu, OpaH-MapaMeTpu Ba aillaHUIl YKUHUHT OFMUIII
Oypuarura OOFJIMKJIUTU KYNITMHA a1la0uéTiapia KeITUPUIITaH.

AMMO YHUHT MYKOOWJI TpaBUTAlUsl Hazapusiapuiard >(QekTiapu KeHr
Vpranwimarad. SAvHu nepopmanus, Born-Infeld, HYT nmapamerpnapra sra 0ynran
Ba 5D Myers-Perry Kopa ypanapHUHI COsUIapy X03Upraya TaJKUK KHJIMHMAara.

JuccepTanus MaB3yCHHUHT JUCCEPTALMS 0aKaAPUJITaH HIMHN-TAAKUKOT
Myaccacacu WIMHH-TAAKMKOT MILIAPH OWJIaH OOFIMKIUTU. [{uccepTanus iy
Snpo dbusukacu Ba ACTpOHOMHSI HHCTUTYTJIApUIard KyHulard WIMHUHN JIoHuxaiap
noupacuaa onubd Oopunau: DO2-OA-O113 "PenaruBuctuxk actpodu3uka Ba
KOCMOJIOTHSI]a ~ TPaBTUTAllMOH  Ba  JJIEKTPOMAarHUT  Jkapa€Hiap,  macT
TemmnepaTypanapaaru 0oszonnap cucremanapu" (2012-2016); ED2-OA-0-12477
"KoMmmakT rpaBuTaIids OOBEKTIApU SKUHHIA JJIEKTPOMArHUT MaugOHIaApHUHT
TapKaJIMIIK Ba ailllanyBuM 3appanap xapakatu" (2014-2015); BA-OA-D2-008



"CranuoHap Ba AMHAMUK PEISTUBUCTUK T'PAaBUTALMOH OOBEKTIApAa acTpodu3uK
xapaéunap" (2017-2020).

TagKUKOTHHHT MAaKCaaM aiiJlaHyBUU KOpPa Ypa COSICHHUHT PaJUyCH Ba IIaKJI
Vy3rapuiiy, Xxamja aljJaHyBuYd Kopa YpaHUHT HCCHUKJIUK HYpJAHUIIUHU
TaBCUDIANIHUHT Ha3apuil METOAUHU PUBOXKIAHTUPHUIIAAH HOOpaT.

TaaKUKOTHUHT Basudaiapu:

rpaBUTAlMSIBUN JTMH3a d3GPeKTaapu opKaiu EpyFiIuK HypJIapuHUHT Kopa ypa
SKWHUJIATA OFUII OypUaKIapuHU, TACBUPUHU Ba YHUHT €PKUHIIUTUHU YPraHUI;

KOpa YpaJlapHUHT UCCUKIIMK HYPJIAHUIIN OPKaJIu SHEPTUsIapUHU Oaxomal;

Kopa ypalsiap sKUHUJA 3appajJapHUHT TYKHAIYBIAPUHU TAJKUK KUJIHIIL,

TypJid TpaBUTALlUS MOJEUIapuia Kopa ypanap COSCUHMHT IIakid Ba
Vadamiapura yJIapHUHT TYpJId HapamMeTpiiapu TabCUPUHHU aHUKJIAIIL;

TypJid TpaBUTalMs MoOJeIJIapuia Kopa Yypajmap Xoaucaiaap TOPU30HTHU
TY3WIHILIATA YIAPHUHT TYPJIM HapamMeTpiiapyu TabCUPUHU TaXJIWJ KUIIUIIL

aliJlaHyBYM KOpa YpalapHUHT SHEPTUsi HypJaHUIIl MEXaHU3MIIAPUHU YPraHUII
Ba HypJIaHUII YHEPTUICU YUYH SHT KaTTa KUWUMaTHU OaxoJali;

KOpa YpaJlapHUHI COsUIapyuHU 4 VYIYOBIM Ba KYyH YIYOBIM TpaBUTALUA
HazapusIapuaaru napaMmeTpiapuHu TaKKOCTaIl.

TagKUKOTHUHT O0BEKTH PEISITUBUCTHUK KOMIIAKT OOBEKTIap, Kopa
Vpanapnan udopar.

TagKUKOTHUHT NpeaIMeTH KOopa YpallapHUHT ONTHUK XYyCYCHUSTIapH, Kopa
Vpanap/iaH SHEeprus aXKpaauiliv Ba HypJIaHUIIN XUCOOIaHA N,

TagKUKOTHUHT ycy/u1apH. Y MyMU HUCOMUIUK HA3apUSICUHUHT MaTEMAaTHUK
amamiapu, auddepeHunan TreoMeTpusi METpUKacu, Kopa Yypanap arpoduuaru
3appajiap ~ XapakaTd ~ Ba  MaWJIoHJapHM  xXucoOmamga — auddepeHnmran
TEHrJIaMaJlapHUHT aHAJUTUK Ba paKaMIIM €UHIll YCyJUIapH.

TagKNKOTHUHT MJIMHUI IHTUJIMTH KyHuaaruiapaad noopar:

Braneworld rpaBuTanus mogenuaa Kopa ypalapHUHT Ky4CU3 TpaBUTALUSIBUNA
JWH3a peXUMHIA EPYFIUK HYPJIAPUHUHT OFUIN Oypuakiapu yudyH wudogaiap
TONMITaH Ba OpaH MapaMETPUHMHT yT4aMcu3 KhiiMath Oaxomauu6, W2/R® =
0.96-107" KuitMaTH ONMHTaH;

Kopa ypanap Opan 3apsijiapuHUHT OPTHUIIN SHEPTUS YUKAPUIIL KapaEHUHUHT
KydaluIlnura oJuod KeIuIu Ba S5-YIYOBIM KOpa YpaJapHUHT 3HEPTUsl HYpJIaHUIIN
alJIaHUII TapaMETPUHUHT OPTUIIM OWJIaH Ky4aluIy KypcaTUiraH;

Kerr-Taub-NUT wmoapenuna kopa VpalapHUHT XoAucaidap TOPU30HTU
IPAaBUTOMArHETUK 3apsHUHT OPTHUINM OWJIaH KaTTalalllUIIN KypcaTWIraH xamJa
YadamMcu3 TpaBUTOMArHuT 3apsa [/M<0.85 Ba npedopmainus mnapameTpu YUyH
|e| <80 uerapaBuii KuitmMaTiIap OJUHTaH;

Einstein-Born-Infeld Mopenupa ailnaHuin mapamMeTpUHUHT €KU  BJIEKTP
3apSIAMHUHT  OpTUIIM OWJIaH 3appajlapHUHT  MapKa3ud O0O0BEKTra SKUHPOK
XapakaTJaHUIIN KYypCcaTUIraH.

TagKNKOTHUHT aMaJIuii HATHKAJIAPH KyHuaruiapaad noopar:



HNedbopmanusuianrad  aidmaHyBud Kopa Vpa arpodumaru  acTtpoPusuk
*Kapa€HJIapHU TaJKUK ATHINJIa OJIMHTaH HaTHXanap y3apo TabCUpP Ha3apusIapuHU
KY4JIU TPaBUTAIMOH MAaWIOH MIAPOUTHAA CUHAII YUYH KYJIJIaHUJITaH.

Pentren wmanOanap MabayMOTJIApUHM KaliTa wunuiamjga jaedopmanus
MapaMeTPUHUHT yIIOy MINJIa OJIMHTaH YerapaBuil KUUMaTUHU XHCOOra OJUII Kopa
VpallapHUHT TypJid TapaMeTpiapyuHu aHUKJIAIITUPUINTa OJU0 Kelaau, YyHKH
napaMeTpjJapHUHT 4YerapaBui KuiiMatiapu actpoduszukana (¢a3o-BaKTHUHT
CTPYKTypacu Ba KOMMAKT OOBEKTIap arpoduard HSHEPreTUK KapaéHIIapHU
TaBcualga KyalaHuiIraH.

Typnu rpaBuTanusi MOJEIApU YUYyH OJIMHTAH Kopa Yypanap COsSJIapUHUHT
IaKJIJIapu Ba MapameTpiiapu y €ku Oy rpaBUTaIMs HA3apUSICUHU TEKIIUPUIL YUYH
Ky3aTyB MabJIyMOTJapd Ba Ha3apuil HaTWXKallap COJHUIITHPMA TaxJIMIIMIA
KYJUIAHWJITaH.

TagKuKOT HATHXKAJTAPUMHMHI HMINOHWIWiIurd Hazapuit ¢usukaHuHr Ba
YMyMuii HUCOMWIMK HA3apUACHHUHT 3aMOHABUN MeETOJIapy Xamja HOKOpHU
AHUKJIMKIArTd pakamJii METOJAJiap Ba alropuTMiiapjaH (oiianaHuIraHaiury;
Hazapuil Wyn OwiaH OJIMHTaH HaTWXajdap Ky3aTyB MablyMOTJiapu Ba OOIIKa
MyauiidIapHUHT [y  HINra JOWpP  OJIMHTaH  HaTWwkalapu  Oyiinua
TeKIIUPWITAHJIWTKH OWJIaH acocjaHaju; XyJiocajgap TpaBUTAIMOH KOMIAKT
00BbEKTIap HA3apUACUHUHT aCOCUI KOulaJapura Moc Keaau.

TagKuKOT HATHKAJAPUHUHT WIMHMHA Ba aMaJuil axaMuATH. TaJKUKOT
HaTIWKAJIADUHUHT  WIMHM  aXxaMHusiTU  SIKMH = KeJaXKakJard  rajakThKa
MapKazlapujard cynepMacCcuB Kopa ypanap cosuiapu OWIaH YpraHuiraH Kopa
Vpamap cosmapuHU TaKKOCJaraH XoJjja TypJid TpaBUTAIUsl Hazapusiapura
YEKJIOBNIAp KYUHUII YUYH KYJJIall MyMKUHIUTH OWJIaH aHUKJIAHAIH.

TagKUKOT HAaTHXKAJIADUHUHT aMaluil aXxaMUusiTh AUCCEpTalus UIINAa Ha3apui
OJIMHTaH HaTIKAJlapHU TPaBUTALMOH JIMH3aJlapra JOUp Ky3aTyB HaTWXKallapu
OwiaH TakKKociaraH XoJja, MyKOOWJI T'paBUTallMs Ha3apusiCU JloMpacujia, Kopa
Vpanmap mnapameTpiapuHu Oaxoiyaml €EKM TaXMUHUW KUWUMaTIapUHU OJUIIAA
KYJUIAaHWIAIU.

[lynunraek, HaTwkanap TaOuaraard TrpaBUTalUs Y3apo TabCUPHUHT
(dbyHIaMeHTall TAMOWMILIAPUHU TYIIUHTUpHUIIAA GhoianaHuIagu.

TagKuKOT HATHXKAJAPUHUHT KOPUH KWJIMHUIIU. [paBUTOMAarHeTuk
3apsiara sra OYnraH alaHyBUM Kopa VpalapHUHT coOsUlapura OHWJl OJIMHTaH
HaTWXKallap Ba yJIAPHUHT TPAaBUTOMArHeTUK 3apsAHUHT Ky3aTyB MablyMOTJIapura
OOFJIUKJIUTY, TPAaBUTALUSHUHT OOIIKa MOJE/UIapy XamJia pakamiId CUMYJISIUs
épaamMuza OJIMHTaH Kopa Ypa cosjapu OwiaH Ku€cialijia XOPKUM WIMUN
xypaaiapaa (Physical Review D, 2017; Astrophysical Space Sciences, 2017;
European Physical Journal C, 2017; Monthly Notices of Royal Astronomical
Society, 2015) ¢oiipananwirad. MnamMuil HaTM>KaHUHT KYJUIAHWIMILKA LIYHJIaKH,
Kopa Vpasiap cosiapu Oyilmda OJIMHTaH HaTHXajlap TPaBUTAIIMOH MOJEIUIAp YUyH
yerapaBuil KUMMaTIapHU aHUKJIAIITra XU3MaT KUJITaH.

IOxopu ym4yoBnu Ba y3rapTUpuITrad rpaBUTalMs MOJEe/UIapyaa OJIMHTaH Kopa
VpaJlapHUHT SHEPreTUK Ba ONTHUK XYCYCUSITIIApU TYPT Ba HOKOpU YimuoBiu (azo-

8



BAaKTJapy TPaBUTALMOH Yy3ap0 TabCUPJIAPUHUHT (PyHIAMEHTad TaMOWHILIAPUHU
pUBOXIAaHTUPUO Oepuia Oup Katop xaiakapo xkypHamuiapnaa (Physical Review D,
2017; Astrophysical Space Sciences, 2017; European Physical Journal C, 2017;
Monthly Notices of Royal Astronomical Society, 2015) kopa ypanapHuHr cosuiapu
XamJia TpaBUTALUSIHUHT OOIlKa MOJEIUIapu OuilaH TaKKOCJIAIIHU aHUKJIAIlra
XU3MaT KUJITaH.

TagkuKoT  HATWKAJAPUHMHI  anpodamusich.  Maskyp  TaaKUKOT
HaTWXkamapu 8§ Ta XalKapo Ba MaxaulMil WIMUN aHXXyMaHlapja MyXokKama
KWIMHTaH.

TagKuKOT HATHKAJAPUMHUHT IBJOH KUIMHMIIMU. [luccepranus mMaB3ycu
noupacuaa xamu 20 Ta WIMHUN Makosanap, urynapjaad 9 racu PhD nuccepranusicu
yuyH Y36exucron PecryGmukacu Ommii ATtectanus KoMuCCHACH TOMOHHAAH
TaBCUS STUJITaH XaJIKapo WIMHI >KypHaapaa 4ol dTUITaH.

JluccepTauMSHUHT TY3WIHIIM Ba Xa:xXkMHU. Jluccepranus TapkuOW KUpUIL,
TypTTa 000, Xynoca, Qoigananwiran anabu€tinap pyiixatugadn ubopart.
JuccepTanussHUHT XaXMH 119 GeTHHM TalKkuiI 3Taau.



JTUCCEPTALIMSIHUHT ACOCHUI MAZMYHHU

Kupum kucMuga yTkazuiaraH TaAKUKOTIAPHUHT A0J3apOJUTU Ba 3apypaTh
acocjiaHTaH, TaJKUKOTHUHI Makcaiud Ba Baszudanapu, OOBEKT Ba MpeAMETU
TaBcu(aHrad, peciny0iauka ¢paH Ba TEXHOJIOTUSIIAPU PUBOXKIIAHUIIIMHUHT YCTYBOP
WyHamuuuiapura MOCIHWIUA KYpcaTWiITaH, TAaAKUKOTHUHT WJIMUM SHTUJIUTH Ba
aManui HaTUXajdapu 0a€H KUJIMHTaH, OJJMHTaH HaTHXKAJapHUHT UMUK Ba aManuid
axamMuaTu ound OepuiraH, TAAKUKOT HATWXKAJIAPUHU aMajuérra »OpHUM KHJIHIIIL,
Halllp HJTWITaH HIUIAp Ba JAHUCCEpTAIUs TY3WIHIIA OYVinW4Ya MabiIyMOTiap
KEeJITUPUJITAH.

HuccepranussHuar  “I'paBUTallMOH  JIMH3a Ba PeTPOJEH3MHI”  7e0
HOMJIaHTaH OupuHYM 000K mazmMa Maxyuruga Braneworld Mmopenuna
rpaBUTALMUSIBUN JTMH3Aa XOIMCACHHU YpraHuUIlTra OaruIllJIaHTaH.

Braneworld rpaBuTanmmon Mojenuma CTaTUK Ba COEpUK CHMMETPUK Kopa
Vpanap pa3zo-BakT METpUKacu KyHuiaru KYpuHHIl1a Oepuiras:

ds* = —f(r)dt* + i_d?‘z + r2(d#? + sin® Adep?),
f(r) 0

f(r) GyHKUMSHUHT KYpUHULIY KyHugaruya:

flr) = 1—-——-—,
oo )
byuna W — Opan 3apsau (1) kypunumigaru ¢(a3o-BakT METPUKACU
MaremaTuk Kypunuiu Reissner-Nordstrom eunmura yxmai, dapku W 3apsaHuHT
MaH(puiIUruaa.
Yuiby 06o06ma Braneworld wmonmenu BakT ¢azocu reomMerpuscHaa IIiazma
Mapxyanuruga (1) meTpuk TeH30p KOMMOHEHTanapuaaH (oWgamaHraH XoJija
EPYFIUKHUHT OFUII Oypuaru udoaacu Kyuuaaru KypuHHUIIIA TOMUIA U,

| f *a[( R wH 2
ap = — . i ;
" o | \VoR£22 )B4

1 R, w2\ |
+- 2 fr2 ) 7 2 d>

_|_

3)

bu3 tabcup mapameTpuHHN KyWugaruda KAPUTAWK: b? = x¥ + xZ, Oy epaa x;
Ba X Jap z YKU TEKUCIUK KoopAuHaTaiapu. [limazma nmapamerpnapu

e dre?N(r) 2 _ w2,
om0 T () 4)

by epma w, Ba w Moc Xoiaa Iuia3Ma Ba (OTOH YaCTOTAIAPH, W
YaCTOTACMHUHI YEKCHU3NMKIaru Kuiimatu. IlmazmMa 3uuinuru  ydyH Japaika
KypuHuimuaaru QyHKOUs TaHaamus N(r)=roNyr, N, miazMa 3U4IUTHHUHT 7
narv kuiimatu.  l-rpadukna ofumn  OypyarMHMHT  HUMIAkKT — [apaMmeTpra
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OOFUKIUTKY OpaH 3apsSAUHUHT TYpPIU XU KAWUMaTIapuaa KEeJITHPUIITaH.
['paBuTanIMOH TUH3a TEHIJIaMacu Kylnjaaruya Oepuiiras:

1-pacm. OFum OypYaruHUHI MMIIAKT NapaMeTpura 0orauKIuru W opaH 3apsiANHUHT
TYpJIH X1 KuiiMatiapu yayn: W’ = 0 kanun umsuk, W’ = 0.5 y3yk-y3yk umsuk and W=
0.99 y3yk-HyKTa 4YH3UK. Yan TOMOHIArn BaKyyM Ba YHI TOMOH/AArH 3¢a MJIa3MaJii X0J1aT

by epma B ky3aTyBuu Ba JMH3a yKU OwinaH maHOa opacuaaru Oypuyax,
EPYFIUKHUHT « Oypyakka OFMINM HATUXKACHUla XOCWUJ OYyiraH TacBUPHUHT
Oypuaru, D; and D; nap Moc Xxojija Ky3aTyBUujaH MaHOaradya Ba JIMH3aJaH
épyriauk ManOauraua Oynran macoda. Mmnakt mapametrp b=D,0, 0y epna D,
Ky3aTyBUuJaH JuH3arada Macoda. buz kylumaru MyHocaOaTHM aHUKJIAIHK:

DL F(0)1

D. Dg f (6)
F(6)=|ay(6)|D,6 Oy STHTM KUPUTHIITAH KATTaTUK.
TacBup EpKUHIUTH YUYH KYyNaluIll MapaMeTpuHu Kyuaaru udoga €paamuaa
XxucoOam MyMKHH:

f=60-—

o2t

120

o

w2=0
-
27 20 59 /

=

1072 0.1 1 10 100 1000

1
2-pacm. p? /p, Ba pP!/p_ TacBupsapHE KATTATAITHPUILIAPH BAKYYM/a Ba IUIA3Majia
Opan 3apsaMHUHr W2 TypJm XuJl KHAMAT/IApH Y9YH KeJTHPHIITaH

11



Lot G df;. o J
A =T _zkj‘(a) (d_.;’)‘ k=120,

2-rpadukaa Kymaum mapamMeTpUHUHT X, Ta OOFJIIaHMIIM TYypJiH Xujia OpaH
3apsiiyiapy yU4yH KEJNTUpUIraH Ba OyHIa OpaH 3apsau Kymaluil napaMeTpUHUHT
OPTHUILIUATA OJINO KETUIIUHU KYPUII MYMKHH.

JuccepTauusitHUHT “AWJIaHYBYH KOpPa YPAJAPHUHI TOPU30HT TY3WJIHMIIHU
Ba yJIap/JaH JHePrusl a)kKpaTtuium’ J1e0 HOMJIAHTaH MKKUHYM O000uja aliaHyBUYd
Kopa VYpanapiaH OSHEprusi axpaldild Ba YIAPHUHT XOJucalap TOPU30HTHU
Ty3wmiu ypranwiaau. bynnan tamkapu, Ou3 KymuMmya Tap3jga Kopa ypanapaa
a0CoOJIIOT KOpa *KUCMHUHT HypaaHull 3¢ePeKTUHN YpraHaukK.

Axunna aiinanyBun Einstein-Born-Infeld kopa ypanap ydyH ¢a3o-Bakr
MeTpukacu Tonuwirad Ba y Boyer-Lindquist koopanHaTanapu opkaiu Kyiuaaruia
é3mnanu:

(7)

ds?  — A — c"::-.;b-in2 Hdiz B ’l—zdrz
+2a sin?# (1 _a- ‘:j;"jng H) dt do — p* db*
— sin20 [p? + a?sin20 (2 A= {::sing H)] i
OyHza (8)
A=7r*—2GMr + Q?(r) +a? and p* = r* 4+ a®cos? 0. ©)

a, M, Q Ba B mapaMmeTpiap MOC XOJIIa KOpa YpaHUHI AMIAHUIL, MACCa, 3JIEKTP
3apsinu Ba Born-Infeld napamerpuaup.

busz 3-pacmpga xap xun snektp 3apsau Q, B mapaMeTp Ba ailIaHUII
rmapaMeTpiapyd Y4YyH Xoaucanap TOpU3OHTMHHM yu3guk. Kerr-Newman Kkopa
Vpanapura yxma0, aitnanyBuu (8) ¢azo-BakTU XaM UKKUTA TOPU3OHTIA ATa: TAIIKH
Ba XOJucaaap TOPU30HTH. 3-pacM/la UKKUTA, MUKU Ba TAlIKU TOPU3OHTIIAP Xap XU
napaMetrp Kuitmatiapuaa TtacBupianrad. Eynshteyn-Born-Infeld kopa Vypanapu
Y4yH OSHEpPrusi HYpJaHUII TE3JNUrd Kyiugarn udoma OWiIaH KeATUPHUITaH:

d2E(w) 2m200m 3

L]

dwdt  expw/T —1" (10)

byuna T=k/2n Hawking XxapopaTu Ba cUPT rpaBUTalMsICU. 4-pacMia SHEprus
HYpPJIAaHUIII TE3JTUTUHUHT YacToTara OOFJIaHUIIM TypJiu 3JekTp 3apsaau Q Ba B
napaMmeTrp KuiMmatiapuna kKentupwirad. KypuO Typranumusaex, dSIeKTp
3apsiAMHUHT Q €ku B TapaMeTPUHUHT OPTHUIIW, TOPU3OHTHHUHT KUYpaNHUIIU
XUCOOUTa SHEpPrus UYUKAPUII TE3NUTMHUHT SHI KAaTTa KUMMATUHU KaMalWIIHUra
0JIM0 Kenmaau.

12



3-pacm. Aii1aHMII NapaMeTPHHMHT Xap XuJ 3JeKTp 3apsaau Q Ba [ mapameTpJiap YU4yH
paauaJ KOOpAUHATAra 0OrJIaHuIIN

L e e e L s e e e L S L 030 T T T T T T
015 1
F ” =--- Q=03 035 RN === 3=0.05
I;"\ " i \.\
FAR\Y - Q=04 ; 3 === B=0.1
[ & % 020f i Y
0.10} SN e Q=05 ] d AN =e== =05
5 F B LAY Q| 3 H S
“~l = L " W N | 2 o015k 1 o=~ \
sl s [ 3 Y sls & N N,
r *, ‘;\ § 4. N .,
005} N, 4 010 A e N, S,
- s N i N, X
r . \\\~ i NN N
t AR 3 RO S .
/ =, ot f
O S S S oy ~ ..
000 . - T . 000 T - e
00 0.1 02 03 04 05 0.6 00 0.1 02 03 04 0.5 0.6
w w

4-pacm. Einstein-Born-Infeld kopa ypana sneprust nypiaanumu. Yan tomon Q=0.5 Ba
VHIr ToMOH f# = 0. 05 xoaaTjaap yuyH

JucceprauussHUHT "AKCHAJ CHMMETPUK KOMIIAKT 00beKT/JIap arpopuaa
3appajap xapakaru" 7e0 HOMJIAHraH y4yuH4YM O00M  aiilaHyBuUM Ba
alilaHMaiiiuran TypJid TapameTpiapra sra Oynran kKopa Ypamap arpoduna
EpYFJIUMK HypJIapu XapakaTUHM YypraHuiura OaruiiiaHand. bu3 wmaccara sra
OyJIMaraH 3appaHUHI XapaKaTHHU Macca Ba TPaBUTOMArHETHK 3apsira ara Oyirax
Kopa Vpa atpodpuna ypranamus. byHmalt kopa YpaHUHT (a30-BakT METPUKACU
KyWUuJaru KypyuHUILTa 3ra.
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. 1 : . :
ds* = — (A — a” sin’ H} dt* + [(T‘ +ay)?sin* 4 — x*A] d¢?

0| —

/_l

(1)

OyHJa Ou3 Kyiugaru OearuwiaHunuiapiaad GoianaHranMus:

Ar=r*+a> -1 —2Mr, Y =1+ (l+acosf)’ x=asin’f—2lcosh,

I'ammibTOH SIKO00M TeHTIIAaMacH
as 1 .5 oS as

ar 27 Hre 9P (12)
naH (Qoifnananu®, 3appa ydyH XapakaT TEHIVIaMaJdapHU TOMHUII MYMKUH:
dt r’+a 412

Do = T [+ 1 - al] + (L= XE),
dr A [{r +a” +1) @ ]‘I'Sinzg( XE),
d(."ljl' [} 1

Y- = —« )€ —al (L — &),

o = A7+ FBE —al] + (L - xE),

s _ R

dr

de .

Y— = e

dr ’

Oynnaru R(r) A ©(0)R(r) Ba O () OenrunaHunuiap Kyiujgaru KypuHUIITa ra:
R = [P+ +1)E—-al]’ = A[K+ (£ —a€)T],

172 2
O = K+ {(a? e ) 2 — ‘[:29] cos” @ + 41E ({15 — i(ﬂ) cosf,

sin® ¢ sin sin

tenrnamanapaa K Oy Kaprep nommwmiicu. Maccara sra OyimaraH 3appa y4yH
3 PeKTUB MOTECHIIMATHU (dr/dr)2=Veﬁr Kypunuiga udoaanad, Epyriuk Hypiaapu
YUyH TpPaBUTOMATrHETUK 3aps MaBXy[UIMTHIA paaual XapaKaTHU YPraHHII
MyMKHH. 5-pacMaa paauan €EpyrIMK HypJapud XapakaTh YuyH 3(dexTus
NOTEHIMAJIHA pajuai KoopJAuHaTara OOFIaHUIIM KedaThupuiarad. S-Pacmuan
KYpUHA/IUKW, TPaBUTOMATHETUK 3apsJHUHT  OpTUIIM  OunaH  3(dexTun
NOTEHIUSUTHUHT MUHUMYM KHMMaTH XaM OpTagd Ba Yy Ky3aTyBUM TOMOH
CWDKHAWIW. ByHH YHUHT TOPU30HTHMHU KEHralWIM OWJIaH TYUIYHTUPUII MYMKUH.
byHpaH Tamkapy, MUHUMYM KUAMATHUHT OPTHUILN HaTHKAacuaa EPyFIMK HypJapu
c(epaHUHT HOTYPFYH OYJIMILINTa XaM OJUO KEJIUIIWHU KYPUII MyMKHH.

Xyamu wyHaa iyn Owian Einshteyn-Born-Infeld xopa ypamapu yuyn
EpyHIMK Hypiapu cdepa TEeHIVIaMaJlapuHd XaM OJIMII MYMKHH. 6-pacMpaa
Einshteyn-Born-Infeld kopa Vypamapu atpodumaru €pyrnuk Hypiapu XapaxkaTu
YUYH JJIEKTp 3apAJWHUHT Xap XWJ KukhMariaapuaa 3((EeKTUB MOTEHIUSITHUHT
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panuan OornaHuiy kentupwirad. lIyHu Kypuill MyMKUHKH, 3JEKTP 3apsIAHUHT
€KM alJaHUIll TapaMETPUHUHT OPTHUIIN TPOCKTOPUSHUHT MapKa3uil 00BEKTra
SKAHJIAIIUIINTA OJIUO KeJIaIu.

0.4}

r/M

5-pacm. I'paBUTOMArHeTHK 3apAJHHHI Xap XU KHHMATJIApH YYYH €PYFINK
HYPHHHUHT Paguaj XapaKaTH YUyH 3G eKTHB NOTEeHIHAJ JHEPTUSTHUHT paJuaJl
KOOpAUHATAra 0oraanumm: I/M=0 kaaun 4u3uk, /M=0.5 y3yk-y3yk 4u3uK, Ba I/M=0.9
Y3YK-HYKTa YM3HKJIApH OMJIaH KeJTHPHITAH

JuccepTauusitHUHT “AKCHAJl CHMMETPHUAra 3ra KOMIAKT O0beKTJIap
COSICM Ba ONTHK XyCycusiTJapu” 1e0 HOMJIAHraH TYpTHHYM Oo0uma Kopa
VpanapHUHT coscH EpyFIuK Hypaapu chepacu épaamuna ypranwiau. Kopa ypanap
cosicu KonHoTAa ynapHUHT MaBXyJJIUTHHU KypcaTaJuraH KeJaKakJard MyXuM
TyHIMHYaIapaaH Oupuup.

[lynnait kunub, 6usz Kopa ypanu Epyr (oH onaura Kyicak, y Mapkaszaa Kopa
cos cudatuga KYpUHaIM Ba YHUHI IIAKJIM Kopa Vypa derapainapu OujaH
xapaktepianaau. Kucka TYIKUHIAp MUANO30HUAATH Kyda y3yH 0a3aiu YM3UKIU
unrtepdepomerp (very long baseline interferometry(VLBI)) épnamuna onub
OopunaérraH Ky3aTyBjiap SKHUH KeJaxakaa Kopa Vpamap arpodunaru
AKKPEIUSHUHT KyJla KaTTa aHUKJIUKIArd TACBUPUHU OJUII UMKOHUSITUHU Oepajiu.
OcMOH KOOpaMHATANAPU:

= lim (_.},-ﬁ sin 90{ U) 3 '} = lim rﬁi_ﬁ 3

rg—00 dr rg—+00 T

OCMOH KOOpJIMHATaJapujiaH (oiinanaHradn XxoJijla, OCOHTMHA KOpa ypa COSICUHU
KEJITUPHUII MYMKUH. AMJIaHyBUM KOpa ypayiap y4yH COSICH IIaKiau OuiaH OOFIHMK
OynraH WMKKWTa Ky3aTWIaJAuraH MapaMeTpHU KYpuIl MyMKUH. bupunumman, 7-
pacMmaa KYpUHTaHUAEK, COSHUHT TAXMHUHUHN IIAKJIM AJIaHAHUHT 3 Ta HyKTaCHJIaH:
IOKOpUJaH, MacTAaH Ba YHr TOMOHJaH yTaau. COsHUHTI paauycu yuOy aiinaHa
panuycu OunaH xapaktepiaHaad. CosHUHr Oy3uinuil napameTpu  §,=D./R;
dbopmysna opkKadu aHUKIAHAIUW. ACTPOHOMHUK Ky3aTyBlapAa yHiOy HKKUTa
KaTTaJIMK MyXUM caHalaau: §; Ba R;. 8-pacmia Kopa YpaHUHT cosiCH aepopmalius
MapaMeTPUHUHT Xap XUJI KUiMatiapuaa Keatupuirad, a=0.35 (dangad OupuH4n),
a=0.4 (vangaH UKKUHYM), a=0.55 (4angad yauH4H) Ba a=0.6 (4angad TYpPTUHYH).

15



Jlebopmanusi TapaMETPUHUHT OPTHINK EPYFIUK HypJIapu OpOUTaTapUHUHT
KHYpaiummra oaud Kelaau, SbHU TPABUTANUS KYWIAPUHUHT EPYFINK HypJIapu
opOuTanapura TabCUpU Kamasiau.

08
o — Q=0
0.6 o eIt
06 Rl 3 === Q=05
oL
mmmm Q=07
04 Q
04 nmmun Q=09
& &=
> 02 02
0.0
00
-02
-02
25 30 35 40 45 50
rim
08
OTTININ — =05 06
06 e m =i, —= =06 ]
i e <%, =0.
S ———e 2=07 04
04 J: 0s ]
[—
. . 02
S 02 >
00 ——
0.0
-02 === =06
_02 —m—= 2=07
-04 aman =08
-04 ;
15 20 25 30 35 40 45 50 20 25 30 35 40 45 50
rim rimM

6-pacm. DieKTp 3apsauBa ailyIaHMII NapaMeTPUHHMHT Xap XuJ Kuiimataapuaa
EpPYFJIMK HYPMHUHT PaJHaJl XapaKkaTH Y4yH 3 (eKTHB NOTeHUHAT IJHEPTUSHUHT pPauaJl
KOOpAMHATara OOFJIAHMIIH KeJITHPWITaH

7-pacm. Ky3aTtyBaa ailslaHyBYM KOpa YPaJapHUHT IIAK/IX ONJIaH OOFJIMK OyJIran

KaTTajJukiaap: oyaap paauyc R, Ba 6y3uaum napamerp §,=D./R,. By epna D cost 6uaan
allJIJAaHAHUHT JHI YeKKa HYKTacH opacuaaru macoga
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a

8-pacm. 0=n/2, nedopmanus € Ba allJIAaHUII @ MApaAMeTPJIAPH MaBKY/A X0JIapaaru

non-Kerr kopa ypa coscCHHUHT TaCBHPH

Pl o

9-pacm. Q;H/Z Ba rpa

b.

d

BHTOMATrHETHK 3apPS/AHUHT TYPJIM KHHMAaT/JIapu y4yH Kopa ypa
COSICHHMHI TACBUPH KeJaTupuiras. by epaa I/M=0.1 xanun 4u3uk, /M=0.5 y3yk-y3yk

poot

A

YKTa YH3HKJIapH OMJIaH KeJTHPHITAH
-/a-na \ | / aw09 ]
. Be001 \,\ 2 “.‘ ]

=TT
a=09
pasn

A

10-pacm. Daektp 3apsaau Q, Born-Infeld napamerpu f Ba napamerpura
NMapaMeTPUHUHT Xap XW1 KHMaT/IapuAa alJIaHyBYH KOPa YpaJapHUHT COAIapH

KeJTHPHITAH
50} 50 ;": -------------------------------------
LY ttecciiccssccccccscccccscccnsssssssnnaaassacanana
1
1
~. \
I — p=10and N e
" - H=10 and - [ -
X = X ‘\‘ — Q=0
——- =1 \ === Q=0.3
40} mme f=0.1 I SR wes Q=05
\ :
=== p=0.05 . Q=07
a5l ﬁ=001 35F \\“~-___________:::QEQ._Q_________:
OIO I ‘ 0‘2 I 014 ‘ OI6 I OIE’, O‘U 0‘5 1‘0 15 270 2I5
Q B
11-pacm. Ky3aryBaa Kopa ypaJJapHUHT IIaK/Id OMJIaH OOFJIMK OyJIran

KaTTaJuKIapAaH Oupu paguyc R, HuHr 37eKkTp 3apsaau Q Ba Born-Infeld napamerpu £ ra

Oor1aHnu Kearupwiran. Yan romonaa xap xui Born-Infeld napamerpu £ Ba yHr
TOMOH/IA 3¢A JIeKTP 3apsaau Q HUHI KHAMAaT/Iapu KeJTHPHJITaH

By myc6ar nedopmarusi XxucoOuJaH KMUYMKPOK HMMIIAKT IMapaMmeTpra j3ra
EpYyFIuK HypJlapy XaMm IOTWIMAacAaH YTUO KeTUIUHU Oungupanu. Manduit
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nedbopmanus kukimatiapuna 3ca Kepp kopa Vpanapujna roTwiMaciaH yTa
OJIaIUTaH HWMIIAKT TapaMeTpiard EpyriuK HypJlapd XaM MapKa3uid OOBEKT
TOMOHU/IA FOTHIINO KOJIA/IH.

9-pacmna ainanyBuun Taub-NUT kopa VpamapHUHT pakamid ycyija
OJINHTaH COSUIAPUHUHT IIAKJIW aiJIaHWIll Ba TPABUTOMArHETUK 3apsiAHUHT TypJd
KuiiMatinapuga kKentupuirad. Pacmmapnan kypuil MyMKHUHKH, TPABUTOMAarHETHK
3apsii cos YIYaMUHUHT KaTTaldalluIInra oJaud Kenau.

[IIyHuHTAEK, alIaHUII TAPAMETPUHUHT TYPJIU KHUMATIapUIaru cosuiap xam
kentupwuiran (dangan yarra): a/M=0.5, a/M=0.7, a/M=0.8, and a/M=0.99. NUT
Ba alJlaHUII MapaMeTpJIApUHUHT KOpa ypa COSICHM Y3TrapuIllura TabCUpPJIAPUHUHT
Oup-Ouprapura Kapama-KapIiiy SKaHUHUA KYPUIIl MyMKUH: TPABUTOMAarHeTHK 3apsi]l
cosl YIYaMHUHM OIIMPCA, AWIAHWUII YHU KaMauTupaad. AWIaHUII [apamMeTpu
COSTHUHT aiiaHajiaH Oy3WJIUIIUTa OJIU0 KeJca, 3JIEKTP 3apsSAuHU OPTUILIH YHU SHA
alilaHa XoJiura Katapa OOILIaiam.

10-pacmaa Einstein-Born-Infeld kopa ypanapununr snektp 3apsanu Ba Born-
Infeld mapameTpuHUHT Typau KuiiMaTIapuaaru Cosiiapyu KEITUPUIITaH.

l1-pacmaa cost paaumycu R, HUHT 3iekTp 3apsiaun  Ba Born-Infeld
napaMetrpura OOFJIaHUIIN KEATUpWITrad. 12- pacmaa 3ca Oy3uiuin mapameTpu &
HUHT yII0y UKKUTA KaTTaJuKJIapra OOFIUKIUTYA KEITUPUIITaH.

014 -

£=0.01 r
ol N ] 010~

0.06 -

0.00 1 1 I 1 1 I 0.04Ef 1 L 1 11
0.0 01 0.2 0.3 0.4 0.5 0.00 0.02 0.04 0.06 0.08 0.10

0 B

12-pacm. Ky3aryBaa Kopa ypaJJapHUHT IIaK/Id OMJIaH OOFJIMK OyJIran
KaTTAJTUKJIApPAaH OMpHU OY3WJIMII apaMeTpH 0; HUHT 3J1eKTp 3apsaau Q, Born-Infeld
napamerpu f Ba aillanuI napaMerpu a=0.9 1apra GOFJAHUIIN KeJITHPHITaH. YHr
TOoMOH/Aa Xap xuJ Born-Infeld napamerpu  Ba yan ToMoHAa 3ca 3J1eKTp 3apsaau Q HUHT
KHAMAaT/Iapu KeJTHPHJITaH

18



XYJOCA

“AWnaHyBUMd PENSATUBUCTUK KOMIAKT OOBEKTNIap arpoduja ONTUK Ba
SHEPreTUK kapa€Hnap”’ MaB3yCUJard OHUCCEPTAIUsl HUIIMHUHT HATHXKalapuliaH
KeJn0 YMKKaH X0J1/1a KyHuaaru xXyjaocanap KeITUPHIAIN:

1. Braneworld monenuna xopa ypanap atpoduia Kydcus TIpaBUTALUs JTUH3AIAP
y4yH EpYyFJIMK OFUII OYpYarMHUHI aHUK aHaIUTHK Hdonacu onuHau. Kopa
YpaHUHT OpaH 3apsaau KAWUMaTH OPTUIIM OWlIaH TacBUp YIYyaMH KYMaWuIil
napaMeTPpUHUHT OPTTUPHUIIM KypcaTwiraH xamja waHpuii OpaH 3apsau
MaBXyJJIUruga MaHOa TACBUPUHUHT KYNAWUIIINA Ba OFUIL OypYAarHHUHT OPTHUIIN
xaMm kypcatunau. Ky€m Oyitmya Ky3aTyB HaTwkajiap OWJiaH OJMHTaH Ha3zapui
HaTW KaJapHU TaKKOCIAIll OpKajiyu OpaH mapameTpu YUyH IOKOpH derapa OJUHIU
W’/ R’< 0.96:107.

2. Einstein-Born-Infeld kopa Vypamapu xonaucanap TOPU3OHTH CTPYKTYpPaCHHHU
TaxJIWJI STUII acoCUja, AEeKTp 3apsanu Ba Born-Infeld mapamerpu opruinu
TalKW (MYKW) TOPU3OHT PAJUYCUHUHT KaMaWWIIUHU (OPTUIIMHU) XaMmJa Kopa
Yypasiap OpaH 3apsau OPTUILU SHEPIUs aXKPAIUII KAPAEHUHUHT KydaWTUPHUILIU
Kypcatwinau. bem yimdoBim Kopa ypanapAa ailaHWII MapaMETPUHHUHT OPTUIIN
HaTWKacuaa HJHEpruss HypJaHumu  SPPEKTUBIUTUHUHT  KaMaWTUPUILIU
KypCaTUIIH.

3. EpyFinuk HypnapMHUHT pafuai XapakaTd yuyH 5p@(eKTHB NOTEHIUATHH TaX /U
stumn acocuna, Kerr-Taub-NUT kopa ypanapuia rpaBUTOMarHeTUK 3apsIHUHT
OpPTHUILIA, XOJAUCAIAp TOPU3OHTH PAJUYCH KaTTalalllUIIA Xucooura shQPpexkTun
NOTEHIMAl MHUHUMYMHUHHM Ky3aTyBYM TOMOH CHJDKUIIWTA OJUO KEJIUIIU
kypcatungu. Einstein-Born-Infeld mopenuma doiinananum mnapamerpu €xu
ANEKTP 3apAIUHUHT OPTUINM OWJIaH 3appajap Mapka3uil oO0BbeKTra SKUHPOK
XapakaTJIaHUIINA KYpCaTUIIN.

4. Non-Kerr kopa ypanapna manduit nepopmanusi napaMeTpUHUHT OPTUILNA OUIaH
EpYyFIuK HypJlapu cPepacCHHUHT OPTHUIIM Ba TYpFyH opOuTanap paguyCUHUHT
Kamaiub Mapka3uil 00bEKTra SKUHIAIIUIIN KYPCATUIIIH.

5. Non-Kerr xopa ypanapaa nepopmaius napameTpUHUHT OPTUILIN OUJIaH OOBEKT
cosi ynmuamu VY3rapuimu kypcatuinau. Jledbopmaius mapamMeTpUHUHT OPTHUIIN
EpYFIuK HypJiapu OpOUTAIapUHUHT MapKa3uil 0O0bEKTra SKUHPOK KEJUIIWra
cabab Oynumm anukiaHau. Jlepopmarusira sra Oyiaran xKopa ypanap cosuiapu
xaMm jaedopmanusiianranaury Tomwiad. OJuUHraH HaTHXKaJapHU Kopa Vpanap
cosmapuau  EHT  nolimxacuHuHr Ky3aTyB HaTwkanapu (R;=6M) Ounan
COJIMIITUPUIL  OpKald yiadamcus aedopmanusa mapametpu |¢|<80 Ba
IPaBUTOMArHETHUK 3apsia yuyH //M<(.85 yerapaBuii KuilmMaTiap OJIMH/IU.

6. Einstein-Born-Infeld kopa ypanapununr cosuiapu Reissner-Nordstrom kopa
V¥pacu cosicura KaparaHja Oupo3 KHYMK Ba KaM Je(opMalusjiaHTaHIUTU
AHUKJIAHIH. Born-Infeld MapaMeTPUHUHT MaBXyUIMTHAA  KyIIAM4a
CUMMeTpHsra sra OyiraH COSHUHI maiigo Oynumm kypcatunau. Born-Infeld
MapaMEeTPUHUHT OPTHUIIM KOpa Ypa COSACH WIAKIMHUHT Oy3WIUIIUOPTUIIUTA
o0 KEeIUIIU aHUKJIaHIU. AWnaHuIl NapaMETPUHUHT COSl  YITYaMHUHU
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KaMaWTUpUIIWTa KapaMaclaH, TIPaBUTOMATHETUK 3apAd  COd  YI4YaMHUHU
OPTTUPHULIN KYpPCATUIIIN.

7.5D Myers-Perry kopa ypamapuaa aillaHUIIM NOapaMeTpu coOs yidyamMuHu 4
ymuoBnu Kepp kopa ypanapura ailianuin napaMmeTrpura HUCOATaH Ky4CHU3POK
KamalTupumm kypcatunau. Braneworldra kaparanga, SD Myers Perry kopa
ypanapu COSICUHUHT YI4aMU CE3WIAPIIN JapakaJa KaMaluIy aHUKJIaHIH.
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INTRODUCTION (Annotation of PhD dissertation)

Topicality and demand of the theme of dissertation. Nowadays, great
attention is paid to solving the important problems of astrophysics through study of
optical and energetic processes around relativistic compact objects. Although a
black hole is not visible, one can observe it nonetheless - it casts a shadow 1f it is in
front of a bright background from far source. The International Event Horizon
Telescope (EHT) and Black Hole Cam (BHC) projects, which are planning to
detect for the first time image of the black hole candidate at the center of M87 and
our Milky Way galaxies. The main goal is to obtain a shadow of M87 and
Sagitarius A* the supermassive black holes in the centers of the galaxies through
series of presently ongoing observations. The topicality of theoretical investigation
of the shadow of the black hole is related to use the shape of the silhouette to test
the corresponding theory of gravity in the strong field regime.

During these years of independence of our country, the science has been
developed by providing theoretical and experimental investigations on relativistic
astrophysics to solve fundamental problems, and as a results valuable progress
have been achieved. Theoretical and observational studies of the gravitational
lensing systems, particularly black hole shadow and spacetime structure through
the application of fundamental investigations in the area of relativistic astrophysics
of compact objects has significant value in the Strategy of Actions on Further
Development of Uzbekistan.

The investigation of the optical properties and the spacetime structure of the
black hole and construction of new tests of general relativity and other gravity
theories are now one of the most important tasks in modern relativistic
astrophysics. Theoretical study of the shadow of the black hole in the various
gravity theories and study the gravitational lensing contribute an important tool to
build the tests of the gravity models using the information events on the central
object in our galaxy and M87 within the Black Hole Cam (BHC) and Event
Horizon Telescope (EHT) International projects and understand the fundamental
properties of the gravity. These objectives justify the topicality of the global level
of scientific research.

This research corresponds to the tasks stipulated in governmental regulatory
documents and Decree of the President of the Republic of Uzbekistan No.PD-4512
“On works of further development of alternative energy sources” of 1 March 2013,
Resolution No.PR-2789 “On measures of further improvement of the activities of
the Academy of Sciences, organization, management and financing of scientific
research works” of 17 February 2017, and Decree No.PD-4947 “On the Strategy of
Actions on Further Development of the Republic of Uzbekistan” of 7 February
2017 and others.

Relevance of the research to the priority areas of science and technology
development of the Republic of Uzbekistan. The dissertation research was
carried out in accordance with the priority areas of science and technology
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development of the Republic of Uzbekistan: II. “Power, energy and resource
saving”.

Degree of study the problem. Number of scientists of the world, for example
German scientisits (C. Laemmerzahl, J. Kuntz, E. Hackmann, A. Grezenbach, V.
Perlick), Indian scientists (N. Dadhich, S. Ghosh, P. Joshi, M. Patil), Italian
scientists (C. Bambi, L. Rezzolla, L. Modesto, D. Malafarina, O. Zanotti), Russian
scientists (O. Tsupko, G. Bisnovatyi-Kogan, A. Zakharov, D. Galtsov), Czech
scientists (Z. Stuchlik, M. Kolos, J. Schee, J. Kovar, V. Karas), Uzbek scientists
(B. Ahmdeov, A. Abdujabbarov and V. Morozova) and others have done huge
number of theoretical and observational investigations to study the optical and
energetic processes around rotating black hole.

Uzbek scientists (B. Ahmedov, A. Abdujabbarov, V. Morozova and others)
worked on developing a new formalism of black hole shadows description and
method to derive analytical solutions of the Maxwell equations in curved
spacetime.

Earlier research works on gravitational lensing where consentrated only on
weak lensing effects around spherical symmetric compact objects. However, in the
strong gravitational field limit one may consider strong gravitational lensing or
retrolensing. These effects may be used as an useful tool to test the gravity in the
strong field regime.

The concept of the black hole shadow was known since 70s of the 20"
century but the idea to image it in the black hole in the center of our Milky Way
was first presented in a paper by Falcke in early 2000. The shape and the size of
the shadow of black hole strongly depend on the main two parameters of the black
hole: its mass and spin. The dependence of the black hole’s shadow shape on
electric charge, brane parameter and angle of inclination of the axis of rotation of
the black hole have been widely studied in the literature.

However, the effects due to the parameters of alternative theories of gravity
have been remained unstudied. The shadows of the deformed, Born-Infeld, NUT
black holes and 5D Myers-Perry black hole have not been investigated.

Connection of the topic of dissertation with the scientific researches of
the higher educational institutions, where the dissertation was conducted. The
PhD dissertation was carried out in the framework of the scientific projects of the
Institute of Nuclear Physics and Astronomical Institute: F2-FA-F113
"Gravitational and Electromagnetic Processes in Relativistic Astrophysics and
Cosmology" (2012-2016); EF2-FA-0-12477 "Motion of particles with spin and
propagation of electromagnetic waves in the vicinity of compact gravitational
objects" (2014-2015); VA-FA-F2-008 "Astrophysical Processes in Stationary and
Dynamic Relativistic Gravitation Objects" (2017-2020).

The aim of the research is the development and astrophysics application of a
theoretical method of description of radius and distortion of the black hole shadow
and thermal radiation from the rotating black holes.
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The tasks of the research:

to study deflection angle of the light rays around black hole and its images,
brightness of the compact objects using gravitational lensing effect;

to estimate the emission energy from the black hole through the thermal
radiation;

to consider the collision of particles near the black hole;

to determine the influence of different parameters of the rotating black hole in
the different gravity models;

to analyze the effects of the black hole parameters on event horizon structure
of the rotating black hole in different gravity models;

to study the energy extraction mechanism and estimate the maximal value of
the extractable energy from the rotating black hole;

to obtain and analyze a shadow of a black hole and to find the dependence of
the radius and distortion parameter of the shadow from the different parameters of
the gravity models;

to compare silhouette of the black hole shadow in four dimensional and
higher dimensional gravity theories.

The objects of the research are relativistic compact objects, the black holes.

The subjects of the research are optical properties of the black hole, energy
emission and energy extraction from the rotating black holes.

The methods of the research. The research methods are mathematical
apparatus of general relativity and metric affine differential geometry, analytical
and numerical methods for solving differential equations of motion for particles
and field.

The scientific novelty of the research is the follows:

The exact analytical expressions for the deflection angle of the light rays due
to the effect of weak gravitational lensing around black hole in braneworld have
been obtained and dimensionless brane parameter as W>/R°=0.96-10" has been
estimated.

It was shown that the increase of the black hole brane tidal charge causes the
increase of the energy release process and it was shown that with the increase of
the rotation parameter the efficiency of the energy emission decreases in spacetime
of five dimensional black hole.

It was shown, that the increase of the gravitomagnetic charge causes the
increase of the event horizon of the Kerr-Taub-NUT black hole and the upper limit
for the dimensionless gravitomagnetic charge as //M<(0.85 and deformation
parameter as |¢|<80 have been estimated.

It was obtained that with increasing either rotation parameter or electric
charge of black hole particle is moving closer to the central object in Einstein-
Born-Infeld model.

Practical results of the research are as follows:

Results of the research of astrophysical processes in the vicinity of deformed
rotating black holes can be used to develop new tests of alternative theory of
gravity in the strong field regime.
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Processing the X-ray source data leads to more accurate evaluation of
different parameters of black holes, including deformation parameter. The limiting
values of the parameters can be used in astrophysical description of the structure of
spacetime and energetic processes in the vicinity of compact objects.

Obtained shapes and parameters of black hole shadows in various theories of
gravity can be used in comparative analysis of observational data and theoretical
results in order to test alternative theories of gravity.

The reliability of the research results is provided by the followings: modern
methods of general relativity and the theoretical physics and highly effective
numerical methods and algorithms are used; careful check of a consistence of the
received theoretical results with observational data and results of other authors is
performed; conclusions are well consistent with the main provisions of the field
theory of gravitational compact objects.

Scientific and practical significance of the research results. The scientific
significance of the research results is determined by the ability of the developed
description of black hole shadow to test the different theories of the gravity using
the comaparative analysis of the future observations of shadow of supermassive
black holes at the galactic centers and obtain constraints on the parameters of the
black hole in different gravity models.

The practical significance of the results of research lies in the fact that the
comparison of the results of this dissertation and the observational data on
gravitational lensing can be used to estimate or get the constraints on the
parameters of the black hole in alternative theories of gravity. The results can be
also used to understand the fundamental aspects of the gravitational interaction in
Nature.

Implementaton of the research results. The obtained results on shadows of
the rotating black hole with the gravitomagnetic charge and dependence of
observable parameters from the gravitomagnetic charge was used by international
journals (Physical Review D 2017, Astrophysical Space Sciences 2017, European
Physical Journal C 2017, Monthly Notices of Royal Astronomical Society 2015) to
compare the results with shadows of black hole in other gravity models and
numerical simulations. Application of the scientific results is that obtained results
on black hole shadow have been used to get the constraints on different gravity
models.

Energetic and optical properties of four and higher dimensional spacetimes in
modified theories of gravity have been used in international scientific journals
(Physical Review D, 2017; Astrophysical Space Sciences, 2017; European
Physical Journal C, 2017; Monthly Notices of Royal Astronomical Society, 2015)
to develop fundamental theories of gravitational interactions using the comparison
of the black hole shadow in different gravity models.

Testing the research results. The research results were reported and tested at
8 international and local scientific conferences.

Publication of the research results. On the theme of dissertation 20
scientific works were published, including 9 scientific papers scientific papers in
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international scientific journals recommended by the Supreme Attestation
Commission of the Republic of Uzbekistan for publishing basic scientific results of
PhD dissertations.

Volume and structure of the dissertation. The dissertation is presented on
119 pages consisting of an introduction, four chapters, a conclusion and a
bibliography.
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THE MAIN CONTENTS OF THE DISSERTATION

In the introduction, the topicality and relevance of the dissertation theme are
justified, the aims and objectives are formulated, the scientific novelty and the
practical results of the study are set out, the reliability of the obtained results is
proved and their theoretical and practical significance are disclosed, a summary of
the implementation of the research results and the structure of the dissertation are
given.

The first chapter of the dissertation entitled “Gravitational lensing and
retrolensing” is devoted to study the gravitational lensing in the presence of the
plasma and non-vanishing brane tidal charge.

Consider the spacetime metric around the static and spherically symmetric
black hole in braneworld, which has the following form

) . L 5 o 5 o
ds® = —f(r)dt* + dr® + r*(df° + sin” Ado*),
f(r) (1)
where the function f{7) has the following form
. 2M WE
i) = 1-=—-=,
7 r 2)

and W is brane tidal charge. The spacetime metric (1) mathematically has the form
similar to Reissner-Nordstrom solution’s and the difference is that values of W are
negative.

In this chapter the light deflection angle using the components of the metric
(1) in the bagckground geometry of braneworld space-time in the presence of the
plasma has been found in the form

: 0
Op = T
o b

I 1 R, W2
1—wi/w2 \\ o2 F 22 12

( R, n) %
VB2 L2 1 ) b2

3)

where we have introduced the impact parameter b? = x? + x2, and x; and x; are the
coordinates on the plane orthogonal to the z axis and for the parameters of the
plasma we use

,  4me?N(r)

— 3 —

0 m f(r) )
where w, and w are the plasma and light rays frequency, respectively, and w,, 1s the
asymptotic value of light rays frequency. Considering the power-law plasma
density function as N(r)=r,Ny/r with the density number N, at the radial position of
the inner edge of plasma environment 7.

In the Fig. 1. the dependence of the deflection angle on inmapct parameter b has
been shown for the different values of brane tidal charge W.
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Figure. 1. Deflection angle «j, as a function of the impact parameter b for different
brane parameters W: W2 = 0 is black-solid line, W? = 0.5 is red-dashed line and W?= 0.99
is blue-dotted line. Left panel is vacuum case and right panel is plasma case

Consider the gravitational lens equation in the following form
0D, = 3D + oDy, , (5)

where B is the angle of the real source from the observer-lens axis, g is the
angle of apparent image of the source due to lensing with the deflection angle «,
D, and Dy, are the distances from the observer to the lens and from the lens to the
source, respectively. Since impact parameter is b=D,0, where D, is the distance
from the observer to the lens, we obtain the relation in the form

3 =g Dis F(ﬁ)l

' ' D, D; ¢ (6)
with the new introduced quantity F(68)=|a,(6)|D6.

The magnification of image brightness can be calculated using the formula

— Tior . O dby. R
[y = I* _Z 3 djj }1.—].,2,,.,,5 3
=1\, (7)
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Figure. 2. p.ﬂl /1, Ba pP!/p_ of the magnifications of the images in the plasma to the
same value in vacuum for different value of brane parameter W’
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In Fig. 2 the dependence of the magnification parameter on x, has been shown
for the different values of brane charge. The presence of the brane charge causes
the increase of the magnification parameter of the image source.

The second chapter of the thesis entitled “Horizon structure of rotating
black hole and energy extraction from it” is devoted to study the horizon
structure of the black hole and energy extraction from the rotating black hole. In
additional, we have also investigated the energy emission from the black hole as
black body.

Recently the rotating counterpart of the Einstein-Born-Infeld black hole has
been obtained. The gravitational field of rotating Einstein-Born-Infeld black hole
spacetime is described by the metric which in the Boyer-Lindquist coordinates is
given by

A — a?sin’f p?

ds* = dt? — —— dr”
5 p_z .A T

- A —a?sin’4
+2asin“f 1 - 5
p?

N A — a*sin® .
— sin’# [,02 + a*sin” @ (2 — il )] do? |

) dt dp — p* d#?

9
: (8)
with

A =72 —2GMr + @Q*(r) +a* and p? = r? 4 a? cos? 6. )

The parameters a, M, Q and B correspond to rotation, mass, the electric charge and
the Born-Infeld parameter, respectively.

We have plotted the event horizons in Fig. 3 for different values of mass, charge,
parameter B and spinning parameter a. Like, the Kerr-Newman black hole, the
rotating spacetime (8) has two horizons, the Cauchy horizon and the event horizon.
The Fig. 3 reveal that there exists set of values of parameters for which we have
two horizons, 1.e., a black hole with both inner and outer horizons. One can also
find values of parameters for which one gets an extremal black hole where the two
horizons coincide.

It was also investigated the rate of the energy emission from the Einstein-Born-
Infeld black hole using the relation

d“}E(w‘) B 2M2 0 im 3
dodt — expw/T—1" (10)

where 7=k/2n the Hawking temperature, and is the surface gravity. The
dependence of energy emission rate from frequency for the different values of
electric charge Q, parameter g is shown in Fig. 4. One can see that with the
increasing electric charge Q or parameter f the maximum value of energy emission
rate decreases, caused by horizon area decrease.

The third chapter of the dissertation entitled “Particle motion around
axial-symmetric compact object” is devoted to study the light rays motion
around rotating and non-rotating black hole in different space-time metric. We will
study light rays motion around a rotating black hole with the total mass M in the
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presence of non vanishing gravitomagnetic charge /. This black hole is described
by the space-time metric

T T T T
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Figure. 3. The rotation parameter a dependence of the radial coordinate r for the
different value of electric charge Q and Born-Infeld parameter 5. The lines separate the
region of black holes with naked singularity ones
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Figure. 4. Energy emission of black hole in Einstein-Born-Infeld gravity. Left panel is
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where we have used the following notations

A=r*4+a®> -1 —-2Mr, Y =71+ (l4+acosh)? x=asin’f —2lcosb,

Using the Hamilton-Jacobi equation
as 1 5305 0S

oT 27 Bxa 0P’ (12)
one can easily find the equation of motion in the following form:
dt r’+a 412

Ly = —a r+d+BE—aL]+

3: [(r +a* 4+ 1*)E —al] +

dr‘
d,-
drﬁ'
d,-—

(£ —XE),

'-11112 v
(£ —xE),

] =

sin? 6

A

here R(r) and 6(0) are introduced notations and they have the following form:
R = [(PP+a®+1D)E—aL]’ = A[K+ (£ —a€)Y,
41? L2

. L
O =K 2 £ — 64 4lE [ af — — 08,
+ {(a blnzﬂ) 5311126'] A (a sin’ ﬁ) cos

where K is Carter constant. Defining the effective potential for light rays as
(dr/dx)’ =V, one may study the radial motion of light rays in the presence of
gravitomagnetic charge. In the Fig. 5 the radial dependence of the effective
potential of radial light rays motion is shown. From the figure it is seen that with
the incease of the gravitomagnetic charge the shape of the effective potential is
going to shift to the observer at infinity. This corresponds to increasing the event
horizon of the Kerr-Taub-NUT black hole. Moreover, one may conclude from the
Fig. 5 that with the increase of the gravitomagnetic charge the circular light rays
orbits become unstable.

Using the similar calculations in the spacetime of rotating Einstein-Born-Infeld
black hole spacetime described by the metric (8) one can find the equation of
motion of the §. The radial dependence of the effective potential of the radial
motion have been presented in Fig. 6. In Fig. 6 the light rays motion around
Einstein-Born-Infeld black hole for the different values of electric charge Q and
parameter have been considered. It is shown that with increasing electric charge Q
or rotating parameter a particle is going to come closer to the central object.
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Figure. 5. The radial dependence of the effective potential of radial motion of light

rays for the different values of the gravitomagnetic charge: solid line for /M=0.1, dashed
line for I/M=0.5, and dot-dashed line for I/M=0.9

2

The fourth chapter of the thesis entitled “Optical properties and shadow of
axial-symmetric compact objects” is devoted to study the shadow of the black
hole using light rays sphere. Black hole shadow is one of the important feature

showing the exist of the black hole in universe.
Now, it is general belief that a black hole, if it is in front of a bright

background produced by far radiating object, will cast a shadow. The apparent
shape of a black hole silhouette is defined by the boundary of the black. The ability

of very long baseline interferometry (VLBI) observation has been improved
significantly at short wavelength which led to strong expectation that within few
years it may be possible to observe the direct image of the accretion flow around a
black hole with a high resolution corresponding to black hole event horizon

Using the celestial coordinates
5 df

. 9 , {f-f;'} .
a= lim ( —rjsinfh— | ., f = lim rj— ,
rp—+00 dr ' ro—oc - dr

one can easily describe the shadow cast by blak hole. In the case of rotating black
hole one may introduce two observables which approximately characterize the
apparent shape.
First one should approximate the apparent shape by a circle passing through three
points which are located at the top position, bottom and the most right end of the
shadow as shown in Fig. 7. The radius R, of the shadow is defined by the radius of
this circle. One can also define the distortion parameter &, of the black hole shadow
as 6,=D./R,. Two variables (R, and &) can be interpreted as observables in

astronomical observation.
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Figure. 6. The radial dependence of effective potential V, s for the light rays for the
different values of electric charge Q and rotation parameter a

Figure. 7. The observables for the apparent shape of a rotating black hole are the
radius R, and the distortion parameter 6,=D./R,. Here D, is the difference between the
left endpoints of the circle and of the shadow

In Fig. 8., we show the contour of the shadows of black holes with rotation
parameters a=0.35 (first plot from the left), a=0.4 (second plot from the left),
a=0.55 (third plot from the left), and a=0.6 (fourth plot from the left), for several
values of the deformation parameter e.
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Figure. 8. Silhouette of the shadow cast by a non-Kerr black hole situated at the
origin of coordinates with inclination angle & = m/2, having a rotation parameter a and a
deformation parameter €

N a ’ b. N a ’ a ’ d. B B ’
Figure. 9. The shapes of the rotating black hole shadow with non vanishing NUT
charge originated at centre of coordinates when @ = 7r/2. In all figures solid lines
correspond to I/M=0. 1, dashed lines correspond to I/M=0.5, and dashed-dotted lines
correspond to I/M=0.9. The region bounded by each curve corresponds to the balk hole
shadow

Y [NV NG

af

Figlire. 10. Shadow of rotéting black hole for the different values of Born-Infeld
parameter S, rotating parameters a and electric charge Q

From the Fig. 8., one can see that with increasing deformation parametere, the
shadow of the black hole decreases. This phenomena also related to the fact that
the increase of deformation parameter forces light rays orbits to come closer which
corresponds to the decrease of gravitational force acting on light rays. Light rays
with smaller impact parameter could escape from absorbtion by black hole in the
presence of positive parameter. In the case of negative the deflected light rays with
particular value of impact parameter could be absorbed by central object while
they could escape in pure Kerr black hole case with the same impact parameter.
This of course corresponds to increasing the gravitational potential of deformed
rotating black hole in the case of negative value of the deformation parameter.
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Figure. 11. The dependence of observable radius of black hole shadow R, from the
electric charge Q and Born-Infeld parameter 5. Left panel is showing graphs for the
different values of Born-Infeld parameter . The right panel is showing graphs for the
different values of electric charge Q

Obtained numerical results are shown in Fig. 9. where the shape of the
silhouettes of rotating Taub-NUT black hole for the different values of the rotation
parameter and gtavitomagnetic charge are presented. From the plots one can see
that the presence of the gravitomagnetic charge will increase the effective size of
the shadow. In the figure the shapes of the silhouette of rotating black hole with the
gravitomagnetic charge are given for the different values of black hole angular
momentum a (from the left to the right): a/M=0.5, a/M=0.7, a/M=0.8, and
a/M=0.99. One can easily compare the effect of the NUT parameter and the black
hole rotation parameter on modification of the shape of the shadow of black hole.
It appears they have opposite effects on black hole shadow size. The

gravitomagnetic charge increases the size of the shadow shape while black hole’s
angular momentum decreases its size.
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Figure. 12. The dependence of observable distortion parameter of black hole shadow
8, from the electric charge Q, Born-Infeld parameter B and rotation parameter a=0.9.
The right panel is showing graphs for the different values of Born-Infeld parameter f and
the Left panel is showing graphs for the different values of electric charge Q

As 1s shown from the Fig. 10, the shadow of rotating Einstein-Born-Infeld
black hole has been considered for various values of electric charge Q and Born-
Infeld parameter 8. The influence of rotating parameter a on the shadow of black

hole is distorted, while with increasing electric charge of black hole the shadow
starts becoming circle.

36



The two observable parameters as radius of shadow R, and distortion

parameter &; can be used to make comparison with observation data. In Fig. 11 the
dependence of the parameter R; from the charge and Born-Infeld parameter has
been shown. Other observable parameter is distortion parameter, the dependence of
which has presented in Fig. 12.

CONCLUSION

According to the results of the research carried out on the theme of the PhD

dissertation “Optical and energetic processes in vicinity of rotating relativistic
compact objects”, the following conclusions are presented:

I.

The exact expressions for the deflection angle of the light rays have been
obtained due to the effect of weak gravitational lensing around black hole in
braneworld. It was shown, that the increase of the module of brane tidal
charge of the black hole causes the increase the magnification of the size
image. It was also shown that the presence of the negative brane charge
sufficiently increases the image source magnification and deflection angle. A
comparison of the obtained theoretical results on the deflection angle with the
observational data for the Sun provides the upper limit for the dimensionless
brane parameter as W’/ R’< 0.96107.

Based on the analysis of the Einstein-Born-Infeld black hole’s event horizon
structure demonstrated that outer (inner) horizon radius decreases (increases)
with the increase in the electric charge and Born-Infeld parameter. It was
shown that the increase the black hole brane tidal charge causes the increase
the energy release process. It was shown that with the increase of the rotation
parameter the efficiency of the energy emission decreases in five dimensional
black hole.

. Based on the analysis of the effective potential of radial motion of the light

rays show, that with the increase of the gravitomagnetic charge the shape of
the effective potential is going to shift to the observer at infinity which
corresponds to increasing the event horizon of the Kerr-Taub-NUT black
hole. It was obtained that with increasing either rotation parameter or electric
charge of black hole particle is moving closer to the central object in
Einstein-Born-Infeld model.

It was obtained that the decrease of the negative values of the deformation
parameter of non-Kerr black holes causes the increase of light rays sphere.
The stability of circular orbits is decreasing with the increase the module of
negative deformation parameter. It was shown that the increase of
deformation parameter stable circular light rays orbits come closer to the
central object.

. It was shown that with increasing deformation parameter of non-Kerr black

hole the shadow of the shape changes. This phenomena also related to the
fact that the increase of deformation parameter forces light rays orbits to
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come closer which corresponds to the decrease of gravitational force acting
on light rays. It was obtained that the deformed rotating black hole’s shadow
is also going to be deformed independently on sign of deformation
parameter. A comparison of the obtained theoretical results on the shadow of
black hole size with the observational data (for R;=6M) in the EHT project
provides the upper limit for the dimensionless deformation parameter as
le|<80 and gravitomagnetic charge I/M<0.85.

. It was shown that the shadow of Einstein-Born-Infeld is slightly smaller and

less deformed than that for its Reissner-Nordstrom counterpart. It was shown
that the presence of Born-Infeld parameter causes appearance additional
asymmetries in the shape of the black hole’s shadow. It was obtained that the
increase of Born-Infeld parameter causes the shape of the black hole shadow
to be more distorted. It was shown that the gravitomagnetic charge increases
the size of the shadow shape while black hole’s angular momentum decreases
1ts size.

. It was shown that the size of the shadow decreases with rotation parameter in

5D Myers-Perry black hole resulting in a smaller shadow than in the four
dimensional Kerr black hole. It was found that, on the contrary to the
Braneworld where the size of shadow does not changes much for fixed tidal
charged as a function of rotation parameter, the size of 5D Myers Perry black
hole shadow decreases significantly.
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BBEJIEHUE (annoTamusi nuccepranuu 1okropa ¢pusocodpuu (PhD))

AKTYaJbHOCTh M BOCTPEOOBAHHOCTH TeMbl quccepTaunu. B Hacrosiiee
BpeMsl YAEISIETCS OTPOMHOE BHUMAHHME PEIICHUIO BAXKHBIX 3a7ad acTpodU3UKH,
MOCBSIIIIEHHBIX MCCIIEIOBAHUIO ONTUYECKUX U AHEPreTUUECKUX MPOIECCOB BOKPYT
KOMIMAaKTHBIX TPABUTAITMOHHBIX O0BEKTOB. XOTs YEPHBIEC JABIPHI HENIb3s HAOII0aTh
HEIMOCPEJICTBEHHO, MOKHO HAOJII0AaTh HMX CWIY3Thl Ha (OHE SpKOro
AIEKTPOMArHUTHOTO U3JIYyUYEHUS OT AAJIEKOTO UCTOYHUKA. [[enpio MexIyHapOo HbIX
npoektoB Event Horizon Telescope (EHT) u Black Hole Cam (BHC) takxke
ABJISIETCA OOHApYKEHHUE W300paXKEHUSI CUITYITOB CBEPXMACCHUBHBIX YEPHBIX JIBIP
MS87 wu Sagittarius A* B 1eHTpax TallaKTUK. AKTYaJbHOCTh TEOPETUUYECKHUX
UCCIIEIOBAHUM CHJIYITOB UEpPHBIX JbIp OOYCIOBJIE€HA TE€M, UYTO OHU MOTYT
BBITIOHATh POJIb MHCTPYMEHTa WM J1Ta0OpaTopuu MO MPOBEpPKE OOIIeH Teopuu
otHocuTenbHOCTH (OTO) B pexxuMe CUIIBHOTO TPABUTAIIMOHHOTO OIS,

B roasl He3aBUCHMMOCTH B Y30€KHCTaHE YyJIeisieTcssi OOJbLIOe BHUMAaHUE
Pa3BUTHUIO  DKCIEPUMEHTAJIBHBIX M  TEOPETHYECKUX pabor B  obOsacTu
PEISTUBUCTCKOM acTpOPU3MKHU, a TaKXKe MPOBEACHUI0 (yHIaMEHTaIbHBIX
MCCJIEI0BAHMI B ATOM HaIlpaBJIE€HUU HAa MUPOBOM ypOBHE. B 3TOM miane yaanock
JOCTUYb OMpPEACICHHBIX pPE3yJbTaTOB, B YaCTHOCTH, B MOHUMAHUH CTPYKTYpPbI
MPOCTPAHCTBA-BPEMEHU BOKPYT YEPHBIX JbIp. TeopeTnyeckue u HaOI01aTeNIbHbIC
UCCIIEIOBAHUS TPABUTAILIMOHHO-TMH3UPYIOIIUX CUCTEM, B YaCTHOCTH, CUIYITOB U
CTPYKTYpbl MPOCTPAHCTBA-BPEMEHH BOKPYT UYEpPHOM MABIPHI, MyTEM MPOBEACHUS
(yHIaMEHTAIBHBIX MCCIEAOBAaHUNA B OOJACTU PEJSITUBUCTCKOM acTpoPU3NKU
KOMIMAaKTHBIX OOBEKTOB UMEIOT OOJIbIIOE 3HAaueHHe U oTpaxkeHbl B Crtpareruu
AeiCcTBUI 1o nanpHelmemMy pa3Butuio Pecyonuku ¥Y30ekucran va 2017-2021rr.

Uccnenoanne onTUYECKUX CBOMCTB U CTPYKTYpPhI MPOCTPAHCTBA-BPEMEHU
BOKPYI UEpHBIX [IbIp, a Takke pa3pab0TKa HOBBIX TECTOB OOIIEH Teopuu
OTHOCHUTEJIbHOCTH W allbTEPHATUBHBIX TEOPUM TpaBUTALUU SIBISETCS OJHOM U3
BOXXHEUINNX 3a7a4 COBPEMEHHOM PEeIATHBUCTCKON acTpoduszmku. TeopeTrudeckoe
UCCIIEIOBAHUE CHUJIydTa YEPHOM IbIpbl B PA3JIMUHBIX TEOPHUSX TpaBUTALMHU U
UCCJIEI0BAHNE T'PABUTALMOHHOTO JIMH3UPOBAHUS CIIOCOOCTBYIOT IOCTPOEHUIO
HOBBIX TE€CTOB T'PAaBUTAIMOHHBIX MOJEIEH C HCIOJIb30BAHMEM HAOJIOAATEIbHBIX
JAHHBIX 00 OO0BEKTaxX B IIEHTpaX Halled rajakTuku U M87 B paMkax MPOEKTOB
Black Hole Cam (BHC) u Event Horizon Telescope (EHT) u mnonumanuto
(yHIaMEHTAIBHBIX CBONCTB TPaBUTALMOHHOTO B3auMojehcTBusi. MMeHHO 3Tu
3alayu 00OCHOBBIBAIOT AKTYaJbHOCTh HAa MHUPOBOM YpPOBHE JAHHOTO HAy4HOI'O
UCCJIEI0BAHMUS.

JlanHast Hay4dHO-HMCCIIEIOBaTeNbCKasg padoTa COOTBETCTBYET 3ajayaMm,
npeaycMoTpeHHbIM B Ykazax lIpesunenta Pecniyonuku Y30ekuctan No YII-4512
«O Mepax 1o JaJibHEHIIIEMY Pa3BUTHUIO AIbTEPHATUBHBIX UCTOYHUKOB YHEPTUM OT
1 mapra 2013 roma, Ne VII-4947 «O Crparerum IOeHUCTBUI IO JalbHEHUIIEMY
pa3Butuio Pecniyonuku Y36ekuctan Ha 2017-2021 rr.» ot 2 despans 2017 roaa,
[Toctanonenuu IIpesnnenta Pecnyonuku Y3oekucran Ne I1I1-2789 «O mepax no
JadbHEUIIEMY  COBEPIICHCTBOBAHHUIO  JIESITEIBHOCTH  AKaJeMHHM  Hayk,
OpraHu3alliy, yOpaBieHUs U (PUHAHCHUPOBAHUS HAYYHO-HCCIIEIOBATEIHCKON
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nestenbHocT» OT 18 deBpans 2017 roma, a Takke B JAPYrMX HOPMATUBHO-
MPaBOBBIX JOKYMEHTaxX, IPUHATHIX B JaHHOU cdepe.

CooTBeTCcTBHE UCC/IEA0BAHUS NMPUOPUTETHBIM HANPABJIEHUSM Pa3BUTHA
HAYKM M TeXHOJIOruil pecnyOauku. JluccepTallmoHHOE  HCCIEAOBaHUE
BBITIOJTHEHO B COOTBETCTBUU C MPUOPUTETHBHIM HAIPABICHHEM Pa3BUTUSI HAYKH U
texHonorui B PecnyOnmuke V36ekuctan — II. «Dnepreruka, »sHepro- u
pecypcocOepekeHHEY.

CreneHb H3Yy4YeHHOCTH mpodJemMbl. Jl0 cerogHsiiHero IHsS BEAYIIUMU
y4eHbIMU MHpa, Hanpumep Hemernkumu (C.Laemmerzahl, J.Kuntz, E.Hackmann,
A.Grezenbach, V.Perlick), unaniickumu (N.Dadhich, S.Ghosh, P.Joshi, M.Patil),
utanpsHckumu (C.Bambi, L.Rezzolla, L.Modesto, D.Malafarina, O.Zanotti),
poccuiickumu  (O.lynko, [I'.bucHoBatsiii-Koran, A.3axapos, [.['anbios),
yenickumu (Z.Stuchlik, M.Kolos, J.Schee, J.Kovar, V.Karas), y36exkckumu (b.
AxmenoB, A. AOmayxa066apoB, B. Mopo3oBa) u ApyrumMu MNpPOBEAEH OrPOMHBIM
00beM paboThI IO TEOPETUUECKOMY M HAOIIOAATEIbHOMY U3YUYEHUIO ONTUYECKUX U
AHEPreTUYECKUX MPOIECCOB B OKPECTHOCTH BPAIIAIOIICHCS YEPHOU JIBIPHI.

V36ekckue yuensie (b. AxmenoB, A. AO6myxka06apo, B. Mopo3oBa u
JIpyTue) MPOBENU TeOopeTHdecKue padoThl MO pa3paboTke HOBOro Qopmann3Ma
OMHUCAHUS CUIIY3Ta YEPHOU ABIPHI U METOJOB MOJYYEHUS TOYHBIX aHATUTHYECKUX
pelieHre ypaBHeHuil MakcBesuia B MCKPUBJIEHHOM ITPOCTPAHCTBE-BPEMEHHU.

Bonee panHue wuccrnenoBaHMs 1O TPaBUTALMOHHOMY JIMH3UPOBAHUIO
BKJIIOYanu B ce0si TOJNBKO 3(P(DEKThl JIMH3UPOBAHUS B MPUOIMKEHUH CJ1ab0ro
IPABUTALIMOHHOTO TOJs BOKPYr C(EepUYecKd CUMMETPUYHBIX KOMITAKTHBIX
00bekTOB. OHaKO B MNPUOIMIKEHUH CUJIBHOTO TPABUTAIMOHHOTO MOJS MOKHO
paccMaTpuBaTh  CWUJIBHOE TpaBUTAIMOHHOE JIMH3UpOBaHWe wuiu  dhPexT
perponun3upoBanus. OTU 3(PPEKTbl MOTYT OBITh HUCIOJB30BaHBI B KayeCTBE
MOJIE3HOT0 MHCTPYMEHTA ISl TPOBEPKU IPABUTAIIMOHHBIX CUJI B PEKUME CUIBLHOTO
OIS,

Konuenmus cuimysta yepHol AbIpbl u3BecTHA emie ¢ 70-x rogoB XX Beka, HO
ujes IPUMEHUTh €€ K YEPHOU JbIpe B IEHTPE HAllell rajJakTUKU BIEpBbIE OblLiIa
npejacTtasiieHa B padbore @anvke B 2000 rogy. @opma 1 pa3Mepbl CHIIydTa YepHOU
JBIPBI CUJIBHO 3aBHUCAT OT JBYX €€ OCHOBHBIX MapaMeTPOB — MAacChl U MapaMeTpa
BpallleHUsl. 3aBUCUMOCTb (OpPMBI CHUITydTa OT SJIEKTPUUECKOro 3apsifa, OpaH
rnapaMeTpa, yrjia HakJioOHa OCH BpallleHUsI YEpHOM JIbIpbl IIUPOKO H3ydeHa B
JTuTEepaType.

Onnako »¢@dexTbl anbTEepHATHUBHBIX TEOPHUM TpaBUTALMN  OCTAIOTCS
Hen3ydeHHbIMU. CHIy3Thl YEpHBIX JBIPp C HEHYJIEBBIMU TapaMeTpaMu
nedopmanun, bopua-Undensaa, HYT u 5-mepHoit uepnoit npipst Myers-Perry no
CUX TIOp HE UCCIIE/IOBAHBI.

CBa3b TeMbl JUCCEPTALNMOHHOIO MCCJAE0OBAHUS € MJAHAMM HAYYHO-
HCCJIeA0BATENbCKUX PadoT HAYYHO-HCCIIEA0BATENbCKOI0 Y4Ype:KIeHHus, Ie
BbINOJIHEHA auccepTaums. JluccepTallMOHHOE HCCIENOBAHUE BBIMOJHEHO B
paMKax Hay4HbIX NpPOeKToB MHcTUTyTa simepHOU PU3NKUA U ACTPOHOMHYECKOTO
nHctuyTa 1no temMam: DO2-OA-O113 «I'paBUTALIMOHHBIE W 3JIEKTPOMArHUTHBIC
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MPOIIECCHI B PEJISITUBUCTCKON acTpo(u3uKe U KOCMOJIOTHH, CUCTEMbI O030HOB MpHU
CBEpXHU3KHMX Temmeparypax» (2012-2016); E®2-DA-0-12477 «JIpuxeHue
YacTHUIl CO CIIMHOM U PaCIpOCTpaHEHUE JIEKTPOMATHUTHBIX BOJH B OKPECTHOCTHU
KOMIMAaKTHBIX TPaBUTALUOHHBIX 00BEekTOB» (2014-2015); BA-®A-F2-008
«AcTpodusnueckue  TPOIECChl B CTAllMOHAPHBIX W JUHAMHUYECKUX
PENSATUBUCTCKUX IPAaBUTALIMOHHBIX 00beKTax» (2017-2020).

Heabo wucciaeqoBaHusl SBISIETCS Pa3BUTHE TEOPETHUYECKOTO METOJa
OMHUCAHUS paguyca U UCKaKEHUs: (GOPMbI CUITYITa U TEPMUUECKOTO U3IYUYEHUS OT
BpAILAIOIIECICSA YEPHOW IBIPHI.

3amauu ucclie[0BAHNS:

BBIYUCIUTh YIroJl OTKJIIOHEHHUSI CBETOBBIX JIyded BOKPYr YEpHOWU [bIPbI U
UCCIEeIOBAaTh N300paeHWe U CBETUMOCTh UCTOUHHKA C UCIOJIb30BaHuEM 3 dekTa
IPaBUTALIMOHHOTO JIMH3UPOBAHMUS;

OLICHUTb DHEPTUI0, BBIJCTAEMYI0 W3 YEPHOM JbIpbl uepe3 TEII0BOE
U3JIy4YEHUE;

pPacCMOTPETh U UCCIIEIOBATH CTOJKHOBEHUE YACTUI] BOJIM3U YEPHOU BIPHI;

ONpeNeNUuTh U MPOAHATU3UPOBATh BIMSHUE pA3IMYHBIX [apaMeTPOB Ha
CTPYKTYpPY HMPOCTPAHCTBA-BPEMEHU U FOPU30HTA COOBITUM Bpallaroiencs: YepHon
JBIPHI B PA3JIMUHBIX TPABUTAIMOHHBIX MOJIEIIAX;

M3YUYUTh MEXaHU3M U3BJICUCHUS SHEPTUU U OLIEHUTh MAKCUMaJIbHOE 3HAUCHUE
M3BJIEKAEMOU YHEPIUU U3 BPALIAIOIICICSA YEPHOU JIBIPHI;

MOJYYUTh W TPOAHATU3UPOBATH CHUIIYITHI YEPHOM IBIPBI, a TaKXKe HAWTU
3aBUCHUMOCTh pajuyca M TMapaMeTpa HCKaXEHUs CUIydTa OT pPa3IUyHBIX
MapaMeTpoOB IPaBUTALIMOHHBIX MOJIENEH;

MPOBECTU CPABHUTEIBHBIN aHATU3 CUITYITOB YEPHBIX JBIP B YETHIPEXMEPHOM
1 BBICOKOMEPHBIX TEOPUSIX TPABUTAIUU.

O0beKkTOM HCCIEI0BAHMS  SIBIISIIOTCS  PEISTUBUCTCKUE  KOMITAKTHBIE
00BEKTHI, UEPHBIE JBIPHI.

IIpeameTom ucciieq0BaHMs SIBISIOTCS ONTUYECKUE CBOMCTBA YEPHBIX IBIP,
WCIIApEeHHE U U3BJICUCHHE YPHEPTUU OT BPAIAIOIIECs YEPHOU JIBIPHI.

Metoabl wucciaenoBaHus. MaremaTuyeckuil amnmapaT oOmiel Teopuu
OTHOCHUTEJNILHOCTH U MeTpuyeckoi adPuuHOM nuddepeHnnanbHOl reoMeTpuu,
aHAJTUTUYECKUE W YMCIICHHbIE METOMbI pelieHus auddepeHIinanbHbIX YpaBHEHUN
JBUKEHUS U TIOJISL.

Hay4ynasi HOBU3HA MCCJ/IeIOBAHUSA 3aKIIIOYAETCS B CIICIYIONIEM.

[TonydeHnsl TOYHBIE BBIpAXKEHHUS JUIsl yIiia OTKJIOHEHHUS CBETOBBIX JIyuel 3a
cyeT 3¢ dexra rPaBUTAIMOHHOTO JUH3UPOBAHUS B MPUOIMKEHUU CIAa00TO MOJIS
BOKPYI YE€pHOW JbIpbl Ha OpaHax M OIIEHKA BEJIMYHMHBI Oe3pa3MepHOro OpaH
napamerpa W’/ R’=0.96:10".

[Tokazano, 4to yBenuueHue OpaH MHapameTpa YEpHOM IbIphl MPUBOIUT K
YBEJIIMUECHUIO Tpollecca W3BJICUEHUSI DHEPruU, C VYBEIWYEHHUEM IapaMmeTpa
BpallleHUsI MATUMEPHOW dYepHOU HbIphl A(PGHEKTUBHOCTh H3BICUEHUS] SHEPTUU
YMEHBIIIAeTCs.
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VY CTaHOBIIEHO, UTO C YBEJIMUYEHUEM IPaBUTOMATHUTHOTO 3apsiia IPOUCXOIUT
yBeJIMUeHUE Topu3oHTa coObiTuit uepHou abipel Kepp-TayO6-HYT, nomydeHs
olleHKH Oe3pa3MmepHoro mnapamerpa aedopmanuu |¢|<80 M TpaBUTOMArHUTHOTO
3apsga [/M<0.85.

[Toka3zaHo, 4TO ¢ yBEIWYEHHEM MapamMeTpa BpalleHUsS YEPHBIX bIp WU
ANEKTPUUYECKOTO 3apsia MNpOOHBIE YaCTHUIBl MPUONMKAIOTCS K LEHTPAIbHOMY
00beKTy B Mojenu DiHITeHa-bopHa-Uudenbaa.

IIpakTuyeckue pe3yiabTaThl HCCAEA0BAHMS 3aKIIOYAIOTCS B CJICIYIOIIEM:

[Tonyuennsie pe3ynbTaThl HCCIEIOBAHUN acTPODU3UUECKUX MPOIECCOB
BOKpPYT J1e(pOpMHPOBAHHON BpalllatoNIeics YEepHOW MAbIPHI HMCMHOJb30BaHbI s
pa3pabOTKN HOBBIX TECTOB TEOPUM B3aUMOJICUCTBUS B PEXKUME CHUIBHOIO
IPaBUTALIMOHHOTO MOJIA.

VYyeT mosydeHHOTO NPEAENbHOTO 3HAuYCHUs MapaMmeTpa JedopManuul Mpu
00paboOTKe JaHHBIX PEHTICHOBCKUX HWCTOYHUKOB TMPUBOJUT K JajbHEUIIEMY
YTOUHEHUIO PA3IMYHBIX MapaMeTPOB YEPHBIX [bIP, TOCKOJIbKY MpEAeIbHBIC
3HAQ4YEHUsl MapaMETPOB HUCIOIb30BaHbI JJIsI OMUCAHUS CTPYKTYpPbl MPOCTPAHCTBA-
BPEMEHHU U DHEPreTUUECKUX MPOIECCOB B OKPECTHOCTH KOMMAKTHBIX OOBEKTOB B
acTpodu3mKe.

[Tonyuennsie ¢GopMbl U HapamMeTphl CHIYITOB UEPHBIX JbIP B Pa3TUUYHBIX
IPAaBUTALIMOHHBIX MOJIENSIX HUCIOJb30BaHbl MPU CPABHUTEIHHOM  aHAJIHN3E
HaOII0/IaTeNbHBIX JTAHHBIX C TEOPETHUUECKUMH PE3YyJbTaTaMH C IEJIbI0 TPOBEPKU
TOW WJIM UHOM T€OPUHU TPABUTALINH.

JlocToBepHOCTH pe3yJibTaToOB HCCIIeI0OBAHUSA 000CHOBBIBAETCS
WCIIOJB30BaHUEM COBPEMEHHBIX METOJOB OOIIel TEOpUU OTHOCUTEIBHOCTH,
TeOpeTUYecKo  (U3UKHU, BBICOKOI(PPEKTUBHBIX YHUCIEHHBIX METOJOB W
aJITOPUTMOB; MPOBOJUTCS TIATENIbHAsI MPOBEPKA COrIACOBAHHOCTU MOTYyYEHHBIX
TEOPETUYECKUX PE3YIbTATOB C JAHHBIMU HAONIOJEHUM U pe3ysibTaTaMu JPYTHX
aBTOPOB; BBIBOJBI XOPOIIO COMIACYIOTCS C OCHOBHBIMHU IOJIOKEHUSIMU TEOPUU
MOJIsl TPABUTAIMOHHBIX KOMITAKTHBIX O0BEKTOB.

Hayynass U mpakTHyeckas 3HAYUMOCTb Pe3yJIbTATOB HCCJEeI0BAHUS.
HayuHnas 3Ha4MMOCTBH pe3yJIbTaTOB UCCIIEIOBAHUIN OINpPEEsieTcsl BO3MOXHOCTHIO
MPUMEHEHUsI pa3pabOTaHHOTO METOJla OINKMCAaHUs CHUIYdTa K Oynyumum
pe3yibTataM HaOJIOACHUN MO CHIIYATY CBEPXMACCHUBHBIX UEPHBIX JBIP B LIEHTPE
raJakKTUK U TMOJYYEHHs] OTPAHUUYECHHUM Ha mapaMeTpbl YEPHOU JIBIPBI B PA3IUYHBIX
IPABUTALIMOHHBIX MOJEIISIX.

[IpakTHyeckass 3HaUUMOCTh PE3YJIbTATOB HUCCIEIOBAHUS 3aKIIOUAETCS B TOM,
YTO CpaBHEHHE PE3YyJbTAaTOB JUCCEPTAllMU U HAOMIOMATENbHBIX JAHHBIX O
IPaBUTALIMOHHOM JIMH3UPOBAaHUM MOXHO HCIOJIb30BaTh JJI OLEHKUA WU
MOJTyYEHHs] OTPAaHUYECHHUI Ha MapaMeTphl YEPHBIX JbIP B aJlbTE€PHATUBHBIX TEOPUSIX
rpaBuUTalUK. Pe3ynbTaTbl Takke MOTYT OBITh HUCIIOJB30BAaHBI [JIsi MOHUMAaHUS
(yHIaMEHTAIBHBIX ACTIEKTOB IPABUTAIIMOHHOTO B3aUMOJEHCTBUS B IPUPOJIE.

Buenpenune pe3yabtaTroB uccienoBanusi. [lomydeHHble pe3ynbTaThl IO
CUJIy3TaM Bpallalolleiicss YepHOMl MAbIpbl C TPAaBUTOMArHUTHBIM 3apsiioM U
3aBUCUMOCTh HAOJIOJa€MbIX MapaMeTpOB OT T'PAaBUTOMArHUTHOIO 3apsija ObUIU
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UCIIOJIB30BaHbl B 3apyOexHbIX xypHanax (Physical Review D 2017, Astrophysical
Space Sciences 2017, European Physical Journal C 2017, Monthly Notices of
Royal Astronomical Society 2015) nnsi cpaBHeHUs pe3yJibTaTOB IO CHIIydTaMm
YEPHBIX JIBIP B APYTUX I'PABUTALUOHHBIX MOJESAX U YACICHHOTO MOJEIUPOBAHUS.
[lonydeHHble pe3yJabTaThl IO CHUJIY3TaM YEPHBIX JbIP UCIOIb30BaHbl s
onpenesieHHs TPUACIbHBIX 3HAYEHUU VISl Pa3JIUYHBIX TEOPUN IPaBUTALIUH.
DHepreTuyecKkue U ONTUYECKHE CBOMCTBA YETHIPEXMEPHOTO U MHOTOMEPHBIX
MPOCTPAHCTB-BPEMEHU B paMKax MOJIUDUIIMPOBAHHBIX TEOPUM TpaBUTAIUU
UCIIOJB30BaHbl B MEXAyHapoAHbiX kypHanax (Physical Review D, 2017;
Astrophysical Space Sciences, 2017; European Physical Journal C, 2017; Monthly
Notices of Royal Astronomical Society, 2015) nns pa3utus pyHaaMeHTaIbHBIX
OCHOB TPaBUTAIMOHHOTO B3aMMOJICUCTBUSI MyTEM CPABHEHHS CHIIYITOB YEPHBIX
JIBIP B PA3JIMYHBIX MOJEIISIX TPABUTALINH.
Anpobanus pe3yJbTaTOB UCCaeA0BaHus. Pe3ynbTaThl uccneqoBanuii ObLUH
00CYKJIeHbI Ha 8 MEXTYHAPOIHBIX U PECITYOIMKAHCKUX KOH(PEPEHIIUSIX.
[yonukannu pe3yabTaToB wucciaeaoBanusa. Ilo Tteme auccepranuu
onyOnukoBaHo 20 Hay4yHbIX pabOT, B TOM uHcie 9 HayyHbIX CcTaTed B
MEXKIYHAPOJHBIX  HAYYHBIX  JKypHauax, PEKOMEHJIOBaHHbIX  Briciieit
aTTeCTallMOHHONW Komuccued PecnyOnmuku  Y30ekuctan Ui MyOnMKauuu
OCHOBHBIX HAYUYHBIX pe3yJIbTaTOB AuccepTanuu qokrtopa ¢punocodpuu (PhD).
O0beM u cTpyKTypa auccepranmu. J[uccepranus COCTOUT U3 BBEICHUS,
YEThIpEX TJIaB, 3aKJIIOYEHUs U chucka Jjautepatypbl. OO0BbeM guccepranuu
cocrasisier 119 ctpaHuibl.
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IIo pe3yiibTataM HCCIICAOBAHUs, IIPOBCACHHOIO II0 TCEMC JHUCCEPTANH

nokropa ¢unocopun (PhD) «OnTuyeckue u sHEPreTUYECKUE MPOILIECCHl BOKPYT
BpAIIAIOIIMNXCS  PEISATUBUCTCKMX KOMIAKTHBIX  OOBEKTOB», MPEIACTABIICHBI
CJIEYIOIINE BBIBOIBI.
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[TonydeHsl TOYHBIE BBIPAKEHUS ISl Yria OTKJIOHEHHUS CBETOBBIX JIydel 3a
cyeT 3(PpdekTa cnaboro rpaBUTAMOHHOIO JMH3UPOBAHUS BOKPYT YEPHOU
JBIpBl B MOZAENIN MUpa Ha OpaHax. [lokazaHo, 4TO yBelIH4eHUE MOAYJsl OpaH
napaMeTpa 4epHOW ABIPHI MPUBOJUT K YBEIUUYECHUIO pazMepa M300pakeHus
UCTOYHUKA; HaJIMYME OTPHUIIATEILHOTO OpaH mapamMerpa CyIIECTBEHHO
yBEIIMYUBAET pa3Mep HU300pakeHUs U yroa oTkiIoHeHus. [lomydeHn BepxHuUit
mpemen s OespasmMepHOro Gpan mapamerpa  W/R’<0.96-107 w3
CPaBHUTEIILHOTO aHAJIN3a TEOPETUUECKUX PE3yJIbTAaTOB ¢ HAOIIOIaTeIbHBIMU
JAHHBIMU 10 OTKJIOHEHUIO CBETA B TpaBUTAllMOHHOM Moje CoHia.

Ha ocHoBe aHanmu3a CTPYKTYypbl TOPU30HTOB COOBITHI YEPHOU JBIPHI
Oitamreitna-bopu-UHdenna nmokazaHo, 4To BHEIMIHUN (BHYTPEHHUI) paanyc
rOpU30HTA YMEHbIIAETCS (YBEIUYMBAETCS) C YBEIMYEHUEM DIIEKTPUUYECKOTO
3apsina u napametrpa bopua-Undensna. [lokazaHno, uro yBenumueHue OpaH
napaMeTpa 4YepHOM JbIpbl BBI3BIBACT YyBEIWYEHUE Mpoliecca H3BJICYEHUS
sHepruu. OOHapyXeHO, YTO C YBEJIUYECHHEM [apaMeTpa BpalleHUs
3O PEeKTUBHOCTD UCHIAPEHUS PHEPTUM YMEHBINACTCS ISl MATUMEPHON YepHOM
JIBIPHI.

Ha ocHoBe ananuza 3¢ (dEeKTHBHOrO MOTEHIIMAIA PaTdaIbHOTO JABHMKCHUS
CBETOBBIX JIyuel MOKa3aHO, YTO C YBEJIIMUEHHEM T'PAaBUTOMArHUTHOTO 3apsjia
dbopma dd@dexkTUBHOrO TMOTEHIMAla CMelaeTcs K HaOmogaTeno Ha
OECKOHEUHOCTHU, UYTO COOTBETCTBYET YBEJIUYECHHIO TOPU30HTAa COOBITUI
YEpPHOUW JABIPHI C HEHYJIEBBIM IPaBUTOMArHUTHBIM 3apsgoM. OOHapykeHO,
YTO C YBEJIMYEHUEM IMapaMeTpa BpallleHUs WU 3JIEKTPUUECKOTO 3apsiia
YEPHBIX JIBIP YaCTHUIIbI MPUOIMKAIOTCS K IEHTPATbHOMY OOBEKTY B MOJACIH
Oitnmreitna-bopua-Undennaa.

OGHapyXeHO, 4YTO YMEHBIICHUE OTPUIATEIbHBIX 3HAYCHUN MapaMeTpa
nedopMalvy 4YEpHBIX JAbIp MPUBOJUT K YBEIWYEHUIO CBETOBBIX Jyudeu
chepbl. YCTOMUMBOCTH KPYTOBBIX OPOUT YMEHBIIAETCS C YBEIMYCHUEM
MOAYJiA OTpullatesbHoro mnapamerpa jgedopmauuu. I[lokazano, 4to ¢
yBeIIMYEHUEM TapaMmeTrpa jAedopMallid CBETOBBIE Jy4d CTAOUIBHBIX
KPYTOBBIX OpOUT MPUOTUKAIOTCS K LICHTPAITBHOMY OOBEKTY.

[TokazaHo, 4TO MpU YBEIMYEHUU MapaMmeTpa AehopMallUd YEPHOU bIPHI
pasmep cuiyisTa usMeHsercs. OmnpeleneHo, 4YTO yBEIWYEHUE Mapamerpa
nedopManny 3aCTaBISIET KPYTOBble OPOUTHI CBETOBBIX JTy4eil YMEHBIIATHCS,
YTO  COOTBETCTBYET  YMEHBIIECHHUIO TPAaBUTAIIMOHHOTO  IOTEHIIMAA,
NEUCTBYIOIIEr0o Ha  CcBeToBble  Jyud. (OOHApYKEeHO, 4YTO  CHIYdT
neOopMUPOBAHHON BpallarolIecss YepHOUM JbIpbl Takke OyAEeT MCKakKaThCs
HE3aBUCHMMO OT 3Haka mnapamerpa jgedopmamuu. C  MOMONIBIO



CPaBHUTEIBHOTO aHAJIW3a IMOJYYEHHBIX PE3yJbTATOB MO CUIY3TaM YEPHBIX
IbIp ¢ HaOmoAaTeNbHbIMU JaHHbIMU (R;=6M) Ha teneckone EHT nonyuen
BEpXHUU Tmpenen aig Oe3pa3MepHoro mapamerpa aedopmanuu |g|<80 u
rPaBUTOMArHUTHOTO 3apsiaa [/M<(0.85.

OOGHapyXeHO, YTO CHUIYydT YEpHOM HbIpel B MOJENM OMHIITelHa-bopH-
Nuadenpna Oonee KOMIIAKTEH M MeHee Ie(OpMHUPOBAH MO CPABHEHHUIO C
cuilyaTOM 4yepHou nbIpbl PeiiccHepa-Hopacrpema. Ilokazano, 4To Hanuuue
napamerpa bopHa-UHdenbaa BbI3bIBa€T TMOSBICHHE JTOMOJIHUTEIBHBIX
acuMmMmeTpuii B dopme cuiydTa YepHou Abipbl. OOHapyXeHO, YTO
yBenuueHue mnapamerpa bopHa-UHpenbaa mNpUBOAUT K  YBEIUYEHUIO
UCKaXeHUuss (OpMbI  CUIIydTa  YEPHOM  JIBIPHI. [Toxazano, 4toO
TPaBUTOMArHUTHBIN 3apsi]l YBEIUYMBAET pa3Mep CUIIyITa, a YIIIOBOM MOMEHT
YEPHOU JBIPHl YMEHBIIAET €0 pasMep.

. Ilokazano, 4TO pasMep CUIydTa YMEHBIIAETCA C YBEIWYCHHEM IapaMmeTpa
BpauieHus nsatuMmepHoir Maitepc-Ileppu uepHoit apipel. OOHApYKEHO, UTO B
OTJIMYKE OT MOJIeJId MUpa Ha OpaHax, i€ pa3Mep CUIydTa U3MEHSETCA He
CYHIECTBEHHO B 3aBHCHMOCTH OT IapameTpa BpallCHUs, pa3Mep CHIIydTa
naruMepHoit Matiepc-Ileppu 4epHO# AbIpbI CYIIECTBEHHO YMEHBIIIAETCS.
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