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KHWPHULI (paacada noxropu (PhD) nuccepranusicu aHHOTAIUSICH)

Juccepranus MaB3yCMHHMHI J0/3ap0Juru Ba 3apyparu. JKaxoHga eTakuu
ACTPOHOMHUK MapKas3jlapy TOMOHHUJAH CYHITH NadTiIapaa Ky3aTWiIraH SIHTU
MabJIyMOTJIAp OJIaM KyTHJIMaraH MaH3apara 3ra 3KaHJIUTMHH KypcaTMOKJa. YHra
Kypa, KOCMHUK MHUKPOTYIKUHIM (POH HypJaHUIIA Ba CyNepsHTrwiap Oyiiuda
TaIKUKOTJIApAaH OJIMHIaH CYHITHM MabllyMOTJIAp TYIUIAMH KOWHOTHUHI yMYyMUU
SHEPrusl 3UWINTMHM KyWuJaruya TaKCUMIIAHTAHJIWTUHU Kypcatau: 4% onauid
O0apuoH momia, 23% KopoHru Mojaa Ba 73% koponru sHeprus. "Koponru moma”
aTamacu OJIMi MoJaliap TOPTUIIMIIUHUHT aKCUHYa XyCyCcHsITIIapura sra 0ynuo,
JabopaTopusaa Xalud aHUKJIAaHMaraHAaup. YHUHT TpaBUTAMOH 3ddexTiapu
raJlakTUKaJard IOJAy3JIapHUHT Mapka3 arpoduia aillaHMIIMHU, KIacTepiap
XapakaTUHU Ba OYTyH KOMHOTHHHI KaTTa MAcIITa0IN TY3WIUIIWHU TYIIYHTUPHIII
yuyH 3apypaup. "Koponru osHeprus" artamacu HadakaT TYFpUAAaH-TYFpU
aHUKJaHMaraH, Oajkd OJJUK MOJAJANap CUHrapu TypyxJIaHMaiJMraH HOMablyM
sHeprua cudartuaa KaOyn KuiauHrad. KOpOHFM SHEPrUSHUHT XO3MPIH BaKTIa
ONIMH MaTepusi YCTUJAH XYKMPOHJIMIH Ty(alau KOMHOT TE3JIaHMII OujiaH
KeHraiiMokaa. Ymly xoaucanap ojaTaa IpaBUTALUSIHUHT MyKOOWJT Hazapusiapu
OwiaH, Wy >XymjagaH OWHIITEWHHUHT YMYMHH HUCOMWIMK Ha3apHsICUHUHT
MoaupuKanusuiapu opkKaiu wu3oxjiaHaau. Uy Tydainm KOMHOTHHM TE3JIaHMIL
OWJIaH KEHralMIIMHU TYUIYHHMHTHpUIIAAQ YOy WIMHA HIIJA TAaAKUK STHITAH
IPaBUTAIIMOH JIMH3AJaHUII Ba I1a3Ma 3(QeKTiaapu OJIAMHUHT KEHTaWWIITUHU
TYHIYHTUPHIIIA HOHTATAHUIIT MyXUM aXaMHUATTa 3Ta XUCOOJaHUIH.

XKaxonnga reomerpuk ontuka 3¢dexTnapu, EpyrIUK HYpJIApUHUHT OFULIH
Xamza >3JEKTPOMAarHuT KyTOJaHWII BEKTOPUHHUHI aWjaHMILIM, KOpa ypa COsICH,
AIIEKTPOMArHUT MaWJOH Ba TPaBUTALMOH MaiIoHAa KOMIAKT OOBEKTIap
aTpodumary peSITUBUCTUK acTpo(Pu3uK xKapa€HIIapu Ba TypJd TPABUTALUOH
MOJIeJIIapUIary napaMmeTpiapura JUMUTIAD OJIMHUIITA MYHANTUPUITAH WUIMHM-
TaJIKUKOT uinuiapu onubd Oopuiamoxnaa. by 6opana, 2019 hunna OupuHuu Mapra
M87 ramakThkacm MapKasuJard KOpa ypa COSCHHUHT XaKHUKUH TacBUpPHU
Xomucanap ropuzontu Tteneckonu (EHT) tomonmpan kysarwngu. Ymoy EHT
nonnxacuaa 20 mammakaraan 200 ra SKUH aCTpOHOM MIITHPOK Atauiap. Kopa ypa
COSICUHM OJIUII YYYH OJIUMJIAp aCTPOHOMMK MOCJIaMallapy Ky3aTUIIMHUHT MaxCycC
yCyJiu ’bHHU KyJa y3yH 0a3aBuil panuo unreppepomerpusgan (Very long baseline
interferometry, VLBI) doitnananumira anoxuaa ypTud0p OepuiMokria.

PecnyOnunkamuzaa peiasiTUBUCTHK acTpo(H3UKa COXacuaa SKCIEPUMEHTal Ba
Hazapui unuiap oiaud OOpPHIN F03acHIaH KEHT KaMPOBJIM YOpa-Taa0upap amaira
omupmwinb, MyaisiH HaTWXKaiapra spunmmiMokaa. PecnmyOnukamus Ilpesunentu
TOMOHM/IH WiIrapy cypuiran 2017—-2021 imnapaa Y36exucron PecryGmmukacuuy
sHaJla PUBOXJIAHTHPUIN OYyinda Xapakariap cTpaTeruscuaal mMamiiakaTUMU3/a
WIM-(aHHUHT IOKCAIMIIY, (PYHIaMEHTaN TaAKUKOTIAPHUHT MyXUM HYHaIUILIapu

! ¥36exucron Pecrybmmkacu Tlpesunentnnunr 2017 iimn 7 ¢espanmarn Ne IIdP-4947 cormn dapmonn
«2017—2021 #mtapaa Y30ekucToH PecnyOMKacHHE PHUBOKIAHTHPHUITHUHAT OCIITa YCTYBOP MyHamuimy Oyitrnda
XapakaTiap cTpaTerusicu».



Ba YJApHUHT HaTHKaJlapUHU XaéTra TaTOMK KUJIMII Hyiapu KypcaTud Oepuiras.
Ymby BasudanapuHu amainra OIIUPHUIIAA, KyMIIaJlaH, OXHUPrH Huiapaa
PESTUBUCTUK acTpou3mkaza KOMOAKT oOOBEKTIap arpoduaa Te€OMETPHUK
ONTUKAHUHT d3(}PexTiaapu SbHU, EPYFIUKHUHT OFUIIM, EPYFIUK KyTyOJIaHUII
BEKTOPUHUHI alJaHUIIM XamJa Tallkh MarHuT MaWJoHuJa 3apsiJIaHraH
3appalapHUHT XapaKaTH Ba yJIAPHUHT TaOUATUHU YYKYp YpPraHUII MyXUM axaMUsT
KacO PTMOKA.

V36exucron Pecrry6mukacu Ipesunentunuar 2017 imn 7 despanmaru K-
4947-conmn  “Y30eKkucToH PecryONMKacMHM $HAJa PHBOXKIAHTHPUII Oyiimda
Xapakarnap crparerusacu Tyrpucuna’tu Papmonupa, 2018 imn 29 HosOpna
V36ekncron Pecry6imkacn XyKyMaTH TOMOHHIAH donl STmwiraH “2019-2021
HHIIapa V36ekncronza TY3WIMAIIA UCTOXOTJIAPHUHT aCOCUN MyHATUIIIAPUHUHT
Uyn xaputacu”aa xamjzia, acTpopu3MKa COXACHUHHM PUBOXJIAHTUPHUII YUyH YIIOY
nyHamumaarn  Oomka  MEBEPUU-XYKYKHM  XyXoKaTiaapaa OeJruiIanrag
BaszudagapHu amaira OIIMpHUIIAA JAUCCepTallds TAJIKUKOTH MyailsiH aapakana
XU3MaT KWJIaIu.

TagKUKOTHUHT pecny0nka pan Ba TEeXHOJIOTUAJIAPH
PUBOKIAHUIIMHUHT  YCTYBOP WYHAJUMILIApUIra MYBOQUKIMIH. Maskyp
TAIKUKOT pecrnyOnukana (aH Ba TEXHOJOTUSIAPHU PHUBOXIAHTUPHUIIHUHT .
YCTYBOp HYHaIMIIN «OHEPreTHKa, OJHEPrus Ba PECypC TEKAMKOPIUTH
noupacuga OaxxapuiraH.

MyaMMOHMHI YPraHMJITAHIMK JAPAKACH.

JKaxoHHUHT OMp KaTop Ky3ra KYpWUHraH ojiuMJiapu, mMacanaH: ['epMaHUsITUK
omumutap (V. Enolskii, B. Hartmann, V. Kagramanova, J. Kunz, C. Laemmerzahl),
xung onumiapu (P. Sirimachan, N. Dadhich, A. Buchdahl), ntanusnuk onumnap
(S. Capozziello, L. Rezzolla, L. Modesto, D. Malafarina), pyc onumnapu (R. A.
Konoplya, A. Zhidenko, A. Zakharov, D. Galtsov) uexusnuk omummap (Z.
Stuchlik, M. Kolos, J. Schee, J. Kovar), roprumu3 onmumiapu (B. Ahmedov, A.
Abdujabbarov, V. Morozova, A. Mamadjanov) Ba Oomkanap kymiad Hazapui
M3JIAHUIIIAp Ba Ky3aTyBJap/ia Kopa ypajap COsICM Ba YHUHT SIKUHUJAru SHEPTEeTHK
YKapa€HJIapHU YPraHUILITaH.

DNEeKTPOMArHUT MaWJOHNAp TY3WIHILIH, 3appajiap XapakaTh Ba SHEPreTUK
x)apaHiap kabu aijaHyBuM Kopa ypanap arpodumaru ¢a3zo-BaKT XyCycHUsTIapU
¥30ex omumiapu  b.OK.Axmenos, A.A.AOmyxa66apoB, B.C.Mopo3oBa Ba
OolIkamap TOMOHUJAH ypraHwirad. PecryOnukaMu3HUHT YIyrOek ACTpOHOMMS
Ba fnpo ®duzukacu wuHcTUTyTHapH, ['epmanusHuHr Makc-Ilmank, OWHIITENHH
WHCTUTYTIApH, AManuii KOCMHMK TEXHOJIOTHsuIap Mapkazu  Ba DpaHk]ypr,
MukporpaBurauust Ba OnaenOypr YHuBepcutetnapu, YexusHuHr OnaBajnaru
Cunesunss  YHUBEpPCUTETH  XamAa  XUHJIUCTOHHUHI Y HHUBEPCUTETIApapo
ActpoHomusi Ba AcTpodusMka MapkKasd OJMMIIApM TOMOHHJIAH KOMIAKT
oOwvekTnap arpodumaru actpoPusuk skapaéHIApHH KOpa Ypanap COsJIapUHH
TEKIIUPraH XOoJiJla YPraHWIIHWHT SHTH (GOpMaTM3MH Ba OSrpwiiaHrad  ¢aso-
BaKTIaru MakcBel1 TeHIIaMalapd aHaJTUTHK yCyJia €4HIll MEeTOIMKaIapy UIuIad
YUKWITaH.



Xo3upaa MablIyMKH, KaTTa MHKAOpJAa DSHEPIrus aXpaTyBud aKpeLUOH
TU3UMIIApJIa MarHUTJIAHTaH KOMIIAKT 00bEKTIap MaBxyl. byHnalt oObeKTIapHUHT
MarHuT MaiJoHJapu aKKPEIUMOH JHUCK OKMMHU OWJIaH KyWwIM TabCUpJAIlaTud Ba
aKKpelusi cucreMacu (Qu3MKacura ce3wiapiv Tabcup Kypcaraaud. bup karop
anabuérnapia  peNATUBUCTUK  MarHUTJIAHTaH IOJIAY3JIADHUHT  MarHuT
MalJIOHJIapUura YMYMPEIATUBUCTHK Ty3aTMalapd KEHI YpraHwirad. bHpOK,
MYKOOWIJI Hazapusuiapu Jioupacuia 3ca 6ardceun ypranuiMarad. MacajgaHUHT 11y
KUXATUHU DBTHOOpra OJITaH XOJAa, OW3 KOMMIAKT OOBEKTIap arpoduaaru
AIIEKTPOMArHUT MAaWJIOHJIAp Ba PENATUBUCTUK KapaCHJIapHU TpaBUTAIUSHUHT
MYKOOWJI Ha3apusijapy AoMpacu/ia YpraHuiira xapakatr KIWIIHK.

JNuccepranus TAAKUKOTHHMHI JUCCepPTAlMsS OaskapuiraH WIMMI-
TAAKHUKOT Myaccacacm WIMHI-TAAKUKOT WIUIApU pexajapu  OujaH
OOFrIMKJINIM. [[rccepranys Uiy ACTPOHOMUS MHCTUTYTUAATH WIMHAN JTOUMXAJIap
noupacuna onub Oopunau: FE2-FA-F134 "MykoOun rpaBuTaiusi Hazapusiiapu
noupacusia Kopa Vpalap SKUHHMIArd SJIEKTPOMArHUT MaiJIOHJIap Ba 3appaiap
xapakatu "(2012-2013); EF-2A-FA-0-12477 "xoMmakT rpaBUTaIiUs 00BEKTIIApH
SKUHUJA DJIEKTPOMAarHUT MaWJOHJIAPHUHT TAapKAJIMIIK Ba ailIaHyBUd 3appajap
xapakatu" (2014-2015).

TaaKMKOTHUHT MaKcaau MYKOOWUJI TpaBUTAlMs Hazapusiapu JOoMpacujia
KOMITaKT OOBEKTIap SKUHHUAA PEISATUBUCTUK Ba acTpodu3UK xKapaCHIapHU
Ha3apuil TaxJWil KWIWAII Ba AaCPOHOMHK Ky3aTyB HaTWXalapu OwiaH
TaKKocalaaH noopar.

TankukoTHUHT Basudaaapu:

MYyKOOWJ  TpaBUTalUsl Ha3apusICH  JOWpacuaa TEOMETPUK  OINTHKA
XKapaSHJIapHU, KyMiajgaH, EpyFpHUK HYPUHHHT OFWIN Oypdyaru, EpyFiuK HYpHU
KyTOJIaHMILI BEKTOPUHU aWJlaHUIIM Ba OupjJaMyud MaHOa EpKUHIMTUHHUHT
OPTULLIMHHU YPraHWILI,

Bein nHaszapusicu noupacuaa Kopa ypa COSACHUHU IUla3Ma MaBXyMJIUTHAA
Ypranuu;

Kopa Yypanap SKMHHIArd 3JCKTPOMArHAT MalJoHIap Ba 3ap/siiiv 3appajiap
XapakaTJIapyuHU XOpsKaBa rpaBUTAIlMS Ha3apUsICH IOMPacKia YpraHull;

WUnrtepdepenmus rddexmnapunn Beitn rpaBUTAllMOH MOAENU JOWpaCHa
YPTraHuILL.

TanKuKOTHUHT 00bEeKTH cudaTnna DIIEKTPOMArHUT TYJIKWH,
3apsAJIaHJIaHTaH 3appajap, PEISTUBHCTUK KOMITAKT TPAaBUTAIMOH OOBEKTIAp —
I0JIIy3CMMOH Ba yTa MacCHUB KOpa ypajiap TaHJIAHTaH.

TankukKOTHUHT mnpeaMeTn cudartuga MIazMazga HKOWIAIITAaH KOMITAKT
OOBEKTIAPHUHT TpPaBHUTALMs MaWIOHJIApUAard T€OMETPHK OINTHKA >KapaCHapHu,
GbOoTOHIapHUHT KOpa ypa TOMOHHAAH Kampald ONMHUIIUHUHT KECHUM F03acH
IPaBUTAIMSHUHT MYKOOWJI Hazapusulapd JIoMpacuja MarHuT MaijoHuIa
KOMITamran Kopa Vypamap arpoduma 3apsajiv 3appaiap Xapakatd, Kopa Yypa
aTpoduma xapakariaHa€TraH 3apsjJlaHraH 3appajapHUHT WYKH OapKapop cTaOwi
opburanapu.



TankKukOTHUHT ycy/uiapu cudaTuaa yMyMHH HUCOMIIMK Ha3apUsCHHUHT
MaTeMaTuK amajiapu, auddepeHuan reoMeTpus yciyoliapu, Kopa Ypanap
aTpodumary 3appaiap xapaTakTd Ba Maiionnap xucoOnamnaa auddepenuman
TEHIJIAMAJIAPHUHT AaHAJIMTUK Ba pakaMJIM €UuIll yeyiuiapuaan GoiigalaHuiras.

TaagKMKOTHUHT WIMMI SHIWINTH Kyiuaaruiaapaad uoopar:

Wik Oopa Beiln rpaBuTanmon mojenuaa EpyriauK OFUIIMHUHT aHATUTHK
udoaacu TONUITaH;

wik Oopa Beiin rpaBuTanmoH mojenuga Kopa ypa arpoduaa Kouamra
11a3Ma EpYFIMKHUHT OFMIINTA TAbCUPH KYPCATUIITAH;

IPAaBUTALMOH  JIMH3AJaHUIIA  IOJAY3 TACBHUPUHHUHI  KaTTaJIAIITHPHUII
KOA(pGUIIMEHTH TJ1a3Ma MaBXyAJauruna Beln rpaBUTalioH MOAENUAa TabCUPHU
Kapuii6 [1IBapummng moaenuaa kabu OYIuim KYypcaTuiraH;

wiKk Oopa Oup XKHUHCIM IUIa3Maja >KoWJamraH Kopa ypa cosicu Beiin
rpaBuTaiion mojenuaa lIBapiimia mMoaenuaarura Kaparaijaa KAYuK OViuig
KypCaTUITaH;

wik Oopa Belin rpaBurannoH mozaenuaa (OTOH Kopa TYWHYK 3KBaTOpUal
TEKUCIUTUAAH YHUHI alJIaHWII YKWTa Mapajjied TapKaIa€TraHaa YeKCHU3IUKIA
EPYFIMKHUHT TOJSpPU3AlMs BEKTOPUHHUHI aWJIAHUINM MOJEN TapaMeTpura
OOFJIMKJINTY aHUKJIAHTaH;

WIK Oopa HEWTpOH uHTepdepoMeTpuaa 3appadaJapHUHT (a3za CUIDKULIM
Beiin napameTrpura OOFIMKIUTH aHUKJTAHTaH.

TagKNKOTHUHT aMaJIMil HATHXKAJIAPH KyHuaaruiapaad noopar:

WIK 00pa aHAJIUTUK TONMWITaH E€PYFIMK OFUIIMHUHT M(POJAacH IIa3MAHUHT
JTUCIIEPCUOHIIUTH Ty(Qailii 3JIEKTPOMArHiT TYJKUH YacToTacura, maccara Ba Beiin
napameTpura OOFIUKINTH aHUKJIAHTaH;

ik 6opa 3C 273 Gnazap Ky3aTyB HaTHKajlapu OWJIaH Ha3zapuil HaTHKajap
TaKKOCJHaHUIIWAAH Benn mapamerpu ydyyH KyWuZard FOKOPH 4erapacu
anukTanras; g0 1077 em™*:

unk Oopa  XopxkaBa-Jlupmmi — rpaButanuscuga  Kexaruac-Cdercoc
napameTpura OOFJIMK X0Jaa cepuk CUMMETPHUK Kopa ypanap atpoduaarda CUHOB
3appajiapy y4yH aijlaHMa OpOMTaJapHUHI DSHI KUYMK PAJAUYCH YYYH aHHK
AHAIMTHUK KYPUHUIILIAP OJMHIaH;

wik Oopa EpHuHT rpaBUTanMoH MaWgoHWAA HHTEpdEpoMeTep OpKaIu
IPaBUTAIMOH KU3WUJI CUJDKHUII YITYaHTaH YKCIIEPUMEHT HaTHXKaJlapu OwJiaH OM3HUHT
Ha3apuil HaTWXKAIAPUMU3 TAKKOCJIAHUIIWIAH Belnm mapamerpu ydyH KyWHIaru
FOKOpH "erapacu anukmanras; gl 107 ecm™.

TaagkuKOT HATWKAJAPUHUHT HWIIOHYJIMJIMIM (QyHIaMeHTan (¢u3nka
KOHYHJIADUHUHT ~ MOXUATHHA  PUBOXKJIAHTUPHUIN  y4yH  (oiganaHuIagm.
HucOMMMMKHUHT ~ yMyMHM — Ha3apuscl  TPaBUTALUSHUHT  aCOCHI-MabiIyM
KOHYHJIapW OWJIaH WNUIATWIMIIM Oy MYyKOOWJI TpaBHUTAIMs Ha3zapusiiapura
JUMUTIapual Oupu cudatujga KUPUTWUIAAW, Ha3apuid Wyn OuilaH OJIMHTaH
HaTIKajJap Ky3aTyB MabJIyMOTIapu Ba OOIIKa MyayuIM(IapHUHT LIy HINra JOUp
OJMHTaH HaTIKajapu OWIaH TEKIIMPWIAW; XyJiocalap TpaBUTALMOH KOMIIAKT
0O€eKTJIap Ha3apUsICHHUHT aCOCUM KOoMJlajJapura Moc Keaaau.
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TaaKuKOT HATHKAJAPUHUHT UJIMHH Ba aMaJIUil AXaMUATH.

Nnmuyii TaTIKUKOTHUHT WIMWNW aXaMUATH — WIMHKW WU3JIAHUII HATUKAJIAPHUHT
MYKOOWJI Ba Y3rapTUpWIraH TpaBUTallMs Hazapusjapura dyerapa Ba JUMUTIAp
(constraints and limitations) oJuII y4yH KOMIIAKT OOBEKTIAp SKUHHUIATH
acTpo(U3UK Ba PEIATUBUCTUK >KapaCHJIApHU TacBUpJal OWIMIIMIA KYpUHAIU.
Maskyp auccepranus WK, aKpeUUOH AUCKIAPU WYKH PAAUNyCUTIAPUHHU, HOM3O/]
Kopa ypasiapaaH Kena€TraH peHTreH HypJIApUHUHT Ky3aTyB MabIyMOTIapu OujiaH
OJIMHTaH Ha3apwWii HaTWKAIApHU OWJIaH TaKKOCHIAIl OpKajdd, TPaBUTAIUSHUHT
MYKOOWJI Ha3apHsUIApUHUHT Xap XWI [apaMeTpiiapd Y4yH JHUMHTIAD OJIWII
UMKOHUSTUHU OepaJiu.

NnMuid TaAKUKOTHUHT aMalliid aXxamusThU 3Ca TPaBUTALUSHUHT MYKOOWJ
HazapusIapu JOUPACHU]IA PEIIITUBUCTUK IOJITy3JIaPHUHT MATHUT MalJIOHIapyu YU4yH
ofimHran udojanap, actpopu3UKagark KOMIIAKT OBEKTIap aTpoduma coaup
Oynma€Tran IOKOpU DHEPreTUK >KapaCHJIApWHU Ba NIYHUHTACK, Xap XHJ
HazapusjiapuJard TrpaBUTAllMs MailJoHJIapu TaOWATIApUHU KEHTPOK H30XJail
OJIMIIINAA KYPUHAIH.

TaagKNKOT HATHKAJIAPUHUHT KOPUN KMJIUHHUIIH.

HuccepTtanus uim Oyiinya oJIMHTaH HATHXKalap aCoCUIA:

MYKOOWJI TpaBUTAIUsl Hazapusjapy JIOMpacHjia OJIMHTaH MarHuT MaijoH
TY3WIUIINIa Ba MUKW TYpFyH aijlaHa opOuTamapura ouJi OJUHTaH HaTHXanap Oup
Karop xankapo xypHamwiapaa (Physical Review D 2017, Astrophysical Space
Sciences 2017, International Journal of Modern Physics D 2017, General
Relativity and Gravitation 2015) wamp >TiIau Ba yMyMUil HUCOMMIINK Ha3apHsICH
Ba MYKOOMWJ TpaBUTalMsl  Hazapusylapyd  HaTWKAJapUHU  TaKKOCJAIlIa
doitnananunan. Ymoly auccepTanus HaTWxanapu €paaMuia Typiad FpaBUTALMOH
MOJIeJIapyra rnapaMeTpiaapura JUMUTIAp OJUII UMKOHUSITUHU Oepaiu;

OOIlIKa TpaBUTAIIMOH HazapusUlapd Xamja Ky3aTyB HaTKalapu OwuiiaH
TaKKOCJIAlll YYyH TPaBUTAIIMOH JIMH3ajap Ba JHEPreTHUK Mpollecciaap MYyKOOWI
IpaBUTAIIMOH MOJIeJUIapJia HaTWwKajzapu xainkapo kypHamuiapaa (Physical Review
D 2017, Astrophysical Space Sciences 2017, European Physical Journal C 2017,
Modern Physics Letters A 2017, Physics Scripta 2017) unutatuiim.

TagKuKOT HATHKATAPUHUHT ANIPOOANMACH

Huccepranmst HaTwkajgapu 25 Ta XaJdkapo Ba MaxaUIMHd  WIMHHA
aHXXyMaHJapaa TeKIUPUIIAN Ba MyXOKaMa KUJITUH/IH.

TagKuKoT HATHKAJTAPUHUHT YBJIOH KUJIUHUIIH

Huccepranus MaB3ycu goupacuaa 33 Ta WIMUN Makojianap, myjiapjaan 9 ta
unMuii Makorma PhD jmcceprammsicu yuyH VY36ekuctoH Pecmy6nmkacu Onwmii
Attectanus  Komwuccusick TOMOHMAAH TaBCUS OJTWITAH XaJIKapo HWIMHUHN
YKypHaJ1ap/a 4OIl STUJITaH.

JuccepTauMSIHUHT TY3WJIMIIHM Ba Xa:kMH. [[ucceprarust TapKuOW KUPHIIL,
TypTTa 0600, Xynoca, (QoimanmaHwiran anaduériap pyWxaTd Ba WIOBajapjaH
Tarrkui Tonrad. J{uccepramnus xaxxmu 87 OSTHH TAIIKHII dTaIH.



JINCCEPTAIIUSIHUHT ACOCUM MASMYHH

JuccepTaMSIHUHT KUPUII KUCMHUIA WIMHA TaJKMKOTHUHT JOJ3apOJIUTH,
aXaMHATH KEeJITUPWITaH, MaKkcaau Ba Basudaiapy aHUKJIAHTAH, WUIMUN SHTUIUTH
XamjJia ~ aMajduil  HaTWXalapd  KypcaTWiraH, OJIMHTAaH  HaTWXKaJapHUHT
UIIOHWIMJINTH MCOOTJIAHTaH, YJIapHUHT Ha3apuil Ba aMaliuii axaMusTH Oopacuia
CY3 IOpUTWITaH, TAAKUKOT HaTHXKaJlapu Ba AUCCEpTalUs TY3UIUIIN OepuiraH.

[ 606 “KeHraiiTupmiran rpaBuTanusi Hazapusuiapu” 1e0 HOMJIaHAIU Ba
Oy epma pauccepramusga YpraHwiraH MYyKOOWJ TpaBUTAlMs Ha3apusiapura
KHCKayJa 1mapx Oepuinra OaruiiaHTaH.

MykoOun rpaBuTanms Hazapusuiapu Oy yMyMUN HUCOWIIMK Hazapuscura
(YHH) myxoOun cudartuna maxyn Oynran €ku yHU (MUKIOp XUXaTAaH EKH
TyOJlaH) y3rapTupaJural TpaBUTalMs Hazapusuiapura aitwnangu. YHH kyém
TU3UMUHUHT MUKECHIA SAXIIM Ypranunrad. HazapusHu katta €KM KUYHKPOK
Macitadjaapaa CUHAIl aH4ya KUWUH WIl. YMyMHUH HUCOMMIIMK HazapuscH, OOIIKa
Xap KaHJall Hazapusi CHHrapH, peajl XOJAWCaJapHU TacBHUpiall Y4YyH MOJEI
cudpatuna xuzMar Kuwiagu. HIyHUHr yuyyH Xakukui Tabuarna caiiépa TU3UMIIapu
MUKECHIArd YMyMHM HUCOMWMIMK HazapusicH OallopaTura MOC KEIHMIIU MYMKHH,
aMMo OoIlIKa Macitadaapaa yHaaH Gapk Keuta Oornuiaiam.

XopkaBa TPAaBUTUIMS MOJEIM BEKTOP-TEH30p TpaBUTALMs Ha3apusiapu
BapHaHTIapuJaH OWpPU Ba OBXTUMOJ XO3UPrM NalTAa HHI MalXypJiapuiaH
oupunup. by momen 2009 iwmnpa kenu® uyukumm aciu YexusgaH OyiraH
amepukanuk Top Hazapuétuucu [Iérep XopkaBa TOMOHWIAH TakIW( KUIMHTaH.
By Hazapus pensSTUBUCTHK Kyd XHCOOJaHMAalUraH KaiTa TUKIaHAIWTaH Ha3apus
Oynn0O, TMHAMUK KPUTUK Kypcatkwd Z = 3  OwiaH yiarpa-OuHadma (YD) typr
yi4goBnaa, BakT Ba MakoHaa Jlndmmi mMacmTab-uHBApUAHTIUTUHN KaOyn Kuaau
Ba KarTa Macuradnapia DWHIITEHHHUHT YMyMHUH HUCOMIIMK Ha3apusicu OWJiaH
MOC Tymaad. TOPTHUIIMIN Kydyura odra I[IapCUMOH CHMMETPUK OOBEKT
tTamkapucugaru  ¢GazoBuil  YI4oB  yuyH —HUHGpaKU3WI-MOIUUKAIUSIIaHTaH
XopkaBa acumntoTuk edunmu Kexaruac Ba Cdercoc (KC) TomoHuman Kyruaarnia
TOMUJITaH

ds’ =- Nc?dt® + N %dr? +rdg” +r*sing’d; ?,
1
N?= 1 (r)=1+mr?- m? 1+4—NL, )
mwr
Oy epna o KC mapamerp Ba KOHCTaHTa A, =0 KWIMO TaHJIaHTaH.

[amakTukamap ydyH KyTWJIMaraH aijliaHMa dSTpH YH3WKIAp Ba KOCMHK
MUKpOTYIKUHIA (oH (KM®) cnekrpugaru teOpanumiap Oolika acTpopu3uK
Ky3aTyBllap opacuja Kamd STWIMIIM la yTa SHMU OJNay3jap CHEKTpHUIaru
"erummMaérrad matepus" HUHT ucOoTuaup. Onamaa Ou3 OWUITaHUMM3IAH XaMm
KYOpOK Macca OYiIMIIM MYMKHUHMH €KM TpaBUTAlMS HA3apUSCUHUHT Y3U
KOHUKapJM 3MacMu? DHAM KYI OJIMMIIAp KEJIUIIyBU OujlaH eTuIMaérraH macca
IIyHJaH HOOPaTKH, Oy MOJTAHWHT SIHTHU Makiau 0yiu0, yHU (akaT 11y MOJITaHUHT
XYCyCH TpaBUTAIUsl Kyuyu OWJIaH aHUKJIAIl MyMKHH. AMMO Oy KenuinyBra ¢akat
YyMYMUH HUCOMMIMK Ha3apusicura MyKOOWJ HazapUsUIapHU CHMHA0 KYpuUIraHIaH
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KeWMHTUHA S3puIniaau. ['paButanus Ha3apUsACMHMHT OOlIKa Kyrmiad MyKoOWI
Hazapusilapy opacuaa Moc KejnaauraH Bein rpaBUTalMOH Ha3apusiCh XO3UPrU
KOCMOJIOTUK ~ >KyYMOOKHUHT €UUMMIUp. OWHIITEHH-I unbepr rpaBuUTanuUsiCU
TabCUPUAAH (QapKiau paBuinja, Bein myHnaid mapT KYsSAUKW, adMallTUPULLIAP
Y9yH DUHIITEHHHUHT YMYMUW HUCOUMIIMK HA3apusICH MHBAPUAHT OYJIMIIMA KEpak.
by mapr Kynnnarnya

9,,(X) > W(x)g,,(x), (@)

oyama Q(X) - ¢daszo koopauHaramapura OOFIMK cKaussp (QyHKIUA. Bein
rpaBUTAlMSCUAA CTaTUK CPEpUK CUMMETpusra sra MaHOa yMyMmMaH MaijoH
TEHTJIAMACUHUHT BaKyyMJaru €4UMUIaH Kyhumaruda (a3o-BaKT METPUKACUHU
€311 MyMKUH

_ , , dr? 2 : 2
ds? =- B(r)dt +%+r (dq2 +sing’df ) (3)
Oy epna
B(r)=1——'B(2_3'By)—3ﬁ7/+yr—kr2. (4)
r

b, g K nap - naTerpan KoHcTaHTagapu OYIn0 yiap Kyidumgarnia H30XJIaHaIu:
B =GM/c*(cm) - reomerpuk Macca, M -sca manbGamunr maccacu Ba G
rpaBUTAIMSA JIOUMHKCH;, y(cm™) xammga K (cm™) oymub ymap koHdopan
rpaBuTanus mapamerpiaapu. (¥ =0=k) ma (22) HIBapummin KypUHHUILIHH, (g= 0)

na oaca  UIBaprumng-ne Cutrep €YUMUHU KenmuO YHMKUO, Y KOCMOJIOTHK
Macodanaprarusa Myxumaup. byHu KHuar kuiiMaTHHE Kyma  KH9HK
DKAHJWIMJAaH KypUIl MYMKUMH Ba | HMHI KaTra KuWMariapula, MacallaH

rajakTHKa ygamu Taptuonaa —Kr’ cesmmapnu KuitMat KaGys KHam.

CyHrru nmaiitnapaa yTkazuiaraH KOCMOJIOTUK Ky3aTyBlap YMYMHN HUCOUMIHMK
HA3apuACH acoCHJAard TpaBUTALMS HAa3apUSCMHU Y3rapTUPUII KEPaAKIUTHMHU
KypcaTtMOKAa. ['paBUTallMOH MalIOH Ha3apUsICUHA KEHTAUTUPWIMIIN Kepak
Oynran Hazapusuiapaa HIOTOHHUHT Teckapu KBaJapaT KOHYHUTa KYIIMMYa paBUILa
SHTM Y30K Macodanu Kyuwilap mnaigo Oymumum mymkuH. LllyHun yHyTMacnuk
KEpaKKM, TAJaKTUK Ba KOCMOJIOTHK KaTTa MacmTabmapna YHH xamu sxupmuii
TeKIUpyBIapaaH yTmarad. bupok, 6ab3u 6up ¢dakTiap 60pku, KOPOHFY MOJIa Ba
KOPOHFY DJHEPrUSHUHI MAaBXKYMJIUTUHU TacOUKJIAWIUIaH Ky3aTyBiap YMyMUUN
HUCOMNMIIMK Ha3apHACHMHM KaTTa Macodanapaa, KWUUK Te3JaHuIIapaa €Ki KHIUK
srpunnkaa MyBadPaKuaTCU3IUKKA OJHO KeJaIu.

Il 606 “Kondopmana Beiis rpaButanmsicuia reoMeTpuk ontuka’ aed
HOMJIAHTAaHUO, TIa3Ma MyXHUTHAA JKoiutamraH koHgopman Bein rpaBunuscumia
IPaBUTAIMOH JHUH3aMaHUII 3(GGEeKTH, EPYFIUMK KyTOJAHUII BEKTOPUHHUHT
IPaBUTAIIMOH KOMITAKT OOBEKT AKUHUAA OYPUIMIIMHY YpraHuira OaruIiIaHraH.

By epna Ou3 rpaBuTanus MaliloOHU Ky4dcu3 Ba (pa30-BaKT aCUMTOTHKACH SICCU
TEKUCIUKIAH noopar 1ed Kadya KUjaMu3 Ba MaTeMaTHK KuxaTaa OyH Kyijparuya
ubananam MyMKUH
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Oup =Map +hosr 1, =(-1111),

haﬁ[ 1, x' > ma haﬁ—>0.

()

by epma g,,, ds® = g,,dx“dx” KypuHuIAara (pazo-BaKTHUHI METPHUK TEH30PH, h,s -
5ca yHUHT sicck (aso - 77,, =(-1,1, 1, 1) ra HUCOATaH KMYUK SIPHIIAHUIINA. [[UHrHUHT

rpaBUTAIMsATa OWJ KUTOOWIA EPYFIMKHUHT JUCHEPIMSUIOBYA  MYXHUTAArd
TPOEKTOPUSICH YUYH KyWMUJard TeHIJIaMa KeJITUPUITaH

w(x”‘,pa)zé[g“ﬂpapﬁ—(nz—l)(paV“)z}O- (6)

By epna P” - gporon nmmysbcu, V* MyXuTHHHT 4-Te3nurd Ba N MyXUTHHHT HYP
CUHAMpHUIL KypcaTknuu. TypFyH Ba Oup >KMHCIM OyiaMmarad IuiasmMa Y4yH Hyp

cuHMpHII Kypeatkuan N, X' Ba @(X') napra Kyinmarida GoFaHraH
2 2
4re"N
RIS @
o (X) m

0y epma epma N =N(x') - mua3sMajzaru HJEKTPOHJIAP KOHLEHTPAIMSICH, e —
SIIEKTPOH 3apsiid, m — DJEKTPOH MaccacH, @, - IUIa3Majard SJIEKTPOH InIa3Ma
JaCTOTACH. DHaH COJUIAITNK yUyH KyiHIaruaapHu KAPTaMU3
o(0) =0, ,(0) =, N(©)=\1-0/o® =n,,y xonma orui Gypyaru yuayH KyHuaaru
ndoanu ogaMu3

a zﬁ[Hﬁ}yb{l—Mlnb} (8)

1—a)02/a)2

Oxupru inutapaa rpaBTaiioH 3QdeKTIapHu KyWwId MailoHIapBa Ky3aTUII
nomap0d O0ynmu6 kensntu. LyHuHr yuyH Kyiuaarn 6o0na 0Ou3  (oronmap

5.0
4.5}

4.0¢

3.5¢ 1
3.0%\
0.00 0.02 0.04 0.06 0.08 0.10
y

1-pacm
bynaa (wan Tomongaru pacm) (oToH cdepa paanycu Ba KYpHUIl HapaMeTPUHHUHT
KpUTHKaAJI KuiMaTiapy OuWiaH g napaMeTpUHUHI OOFJIaHMIIM KypcaTWiraH. YHT
TOMOH/Ia TaMMa MMapaMETPUHUHT Xap XUl KuiiMatuaa GOTOHIAPHUHT KOopa TyWHYK
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TOMOHHJIaH TPaBUTAIMOH KaMmpald OJMHWINKA TacBUpJaHTaH. by epaa y3mykcus
yn3uK g=0, tupenn un3uK g=0.05, HyKraiau 4u3ukK eca g=0.1.

5.0t

4.5

4.0

3.5

3.0

00 02 04 06 08 1.0 -4 -2 0 2 4
Welw x/M

2-pacm
2-pacMaa (GOTOH cdepa paauycu Ba KYpUIl TNapaMETPUHUHT KPUTHKAI
KHﬁMaTﬂapHIIaH 6Hp JKUHCJIM IIJIa3Ma YaCTOTACHHHUHI OOFJIAaHUIIIHN TaCBHUPJIAHTaH.
Vur TOMOHJIATW MaHEJ KOpa TYWHYKHUHT IJIa3MaJlard CHIYSTHHU TaCBUPJIAW]IN.

by epna y3mykcu3 4nu3uK W, / w=0, TUpEITN YU3HK W/, / w=0.5, HyKTaJI1 4Yn3uK eca

w,/w=0.9 6y1u6 Beiin mapametpn gM » 10" 1e6 onuHran.

bu3 reomerpuk onTUKaHUHT 3(PQexTnapuaan ssHa Oupu OyiaraH EpyFiIHK
MOJISIpU3AIsl  BEKTOPUHUHT aWJIAaHUIIIMHN KOMITAKT OOBEKTHHHT T'paBUTAIUS
Maiiionusa Beitn Mmonenuaa TabcupuHu ypranuO® 4yukauk. bupunun xosijna MmanOa
9KBATOpHAJl TEKUCIIMKIA Ky3aTyBUd 3Ca TEKHCIHKAAaH roKopuaa OyicuH (6-pacwm,
IOKOpY MaHenra Kapanr). Mkkunum xonataa (3-pacM, MacTKU TaHeNIra Kapasr),
MaHOa Ba Ky3aTyBuUM cHUMMeTpusi Ykuaa Oynranupma. by pacmaga manba Ba
Ky3aTyBUd CHMMETpHUs VKuIaH b macodana sxoinamran. [lactma, man6a Xam,
Ky3aTyBUd XaM CUMMETPHS YKUa.
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11 606 “Xop:xaBa rpaBuTanUsicuia Kopa TyiiHyk aTpoduaa 3appavajap
Ba Mailigonjap” ne6 HomuaHraH — Oynu6, Oy ©600ma ['amunbToH-SKOOH
TeHrnamacuaadn  ¢oiganann6, Xopapa-JIupmuin rpaBUTANMACHIA  MarHUT
MaWJOHUIA >KOMIamran Kopa ypa aTpodujard 3apsjid 3appanap XapakaTUHU
ypranuumra OaruIuIaHaIu.

Maccacu M Oynaran kopa ypaHuHr XopikaBa-JIuduwuil rpaBuTanuscuia
¢dazo-BakT ctatuk Ba chepuk Metupukacu (3) udomana Oepwirad. Kuumuar

BekTOpIapu ¢ MakcBesul TeHrIaMalapiHy Kyiuaarnda KaHoaTIaHTHPa I

Faﬂ;ﬂ =—2C0 (ga;ﬂ;ﬂ _77&):0' (9)
Bynna 7={0,0,06M*/wr’}, R" " wmyHocabarnarn o' ydyH Oupramunm
AKUHJTAIIUIIAAMDP. DJIEKTPOMATHETHK MOTEHIMAIHM MKKMTA TAIIKUI JTyBYMJIAPU

AUFUHANCH KYpuHHIIUAA onuil MyMKuH A =A% +a“, A“ KummHr Bekropura

MPOTNOPLMOHANT OYJraH TMOTEHIHAJN, WKKUHUYM KucMu a“ KS mapamerp o
XucoOuaH manjgo OYynraH BEKTOp MOTCHIMAJ Ba KyWHJard €4uM TOIHJIIU
a“ =B/2{0,0,0,3M*/100r*} . Ilynyaif KMIMO, 2NEKTPOMATHUT MalJOHHUHT 4-BEKTOD

noTeHnuanu A, Kyluaard KypuHHIITa KeJia

11 3M?
—A=A =0, ==B=r’sin6*| 1+ : 10
hEA=A A=2%% ( 1Oa)r4j {10)
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DJIEKTPOMArHUT MAaNUJOHHUHT OPTOHOPMAJ TAIIKWI 3TYBYUIAPH, KY3aTyBUH
Tesmurn - (u”) =exp(~®){1,0,0,0}; (u,),, =-exp(®){L0,0,0} OynraH CcaHOK

cuctemacuza, (3) MEeTpUK TeH30paru Jiarnc QyHKusara OOFIMK X0Ia KyHuJaard
ndosa OunaH aHUKJIAaHATU
: 3M ? ; 6M° | .
B'=B|1+—— |cosd, B’=e"""B|1-——|siné. (11)
10wr 10wr
[amunpToH-AKOOM  TeHrmamacugan  (doimananud, Xopxasa-JIugumi
IpaBUTAITUSCUIA MAaTHUT MaiIOHUIA JKOMIAIraH Kopa ypa atpouaard 3apsiin
3appajap XapakaTuHU YpraHaMu3

(s 05 2
g'u (W+6Aﬂj(a7+eAvj=—m , (12)

6y €pla € Ba m Jap MOC XO0J14a, 3appaHHUHI 3apsiau Ba Maccacu. t Ba ¢ J1ap

Kuwimuar y3rapyBuwiapu OynuO, ynapra HucOaTaH TabCUPHU KyhWuaaruda €3u0
OJIMII MYMKUH

S=-Et+Lp+S,,(r,¢), (13)

By epna cakiranyBuun kartaaukiaap E Ba L mMoc Xomma, CHHOB 3appajapHHHHT
YEKCU3JIMKIaru SHEPrus Ba UMITYJIbC MOMEHTH.

5 || | ‘ 140
L ‘I 120
4 |‘| ‘”:2'1| B 100
w3 I"u, \ . -, 80

1 hs\j‘: 20p e
0 0

3 4 5 6 7 g 3 4 5 6 7 8
r/M r/M

Pacm 4. (0 HUHT Xap XU KMHMATIApU Y4yH KOpa ¥pa aTpo(uiary aiinana
OopOUTaATTapUHUHT SHEPIUs Ba Oypuak MOMEHTHUHT pajuan 6ornanumu. Kuécnam makcaauna,

@ >> 1 na I1IBap3mmI Kopa Ypacu X0MH Y4yH XaM YOy GOFIaHUILIAp KeNTHPUILII

4-pacMaa »dKBaTOpHAl TEKUCIUKIArH aillaHa opOWTana XxapakarT KriaétraH
3appaJlapHUHT DHEPrus Ba AaiIaHWII MOMEHTJAPUHHUHT paguai OOFJIaHUIITN
KEeNTUPWITaH. 4-pacMaaH IIyHU KYpUIIl MyMKUHKH, ailjlaHa opOuTanapjaa MabliyM

9 ~ 2 o
DHEprus Ba aWJaHWII MOMEHTHTa »Jdra 3appamap =M~  JadoBcu3

napaMeTpUHUHI KUWMaTh KaMaluiid OujlaH Mapka3uid opOutara TOMOH
CUIJDKUMIN.
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Pacm 5. Xoucanap ropu3onTH (4ana) Ba MUKM TypFYH aiinana opOuTa pajuyCHHHHT
(yHrIa) @ mapameTpura GOFIAHMIIN

S5-pacmaa xoaucanap rOpu30OHTH (4amja) Ba WYKU TYypFyH aiijlaHa opOuTa
pamuycuHuHr  (YHraa) YI4oBCH3 () apaMeTpura OOFJIaHUINM KCEITHPUJITaH.

a)22\/§/9 KAMMaTaa ¢ VIYOBCH3 IapaMeTpH KaMaWuInk OWaH WYKH TYPFYH
aiilaHa opOMTa pajMyCH MapKasWii OpOMTa TOMOH CHIDKHHIN. @< 2+/3/9
xonatuga V. ydyyH Kylud derapa MWyK, SbHA KOpa ypa SKHHUJA ailjlaHMa
opOuTanap Mapxya OymuiiM MyMKUH. Pacmpan KYpuHUO TypuOAMKH, WYKHU
alilanMa opOuTa paguycu MapaMeTp MaBXya OyiaraHja Mapkasuil Kopa Yypara
VTagu. ONWHraH COHJIM HATWXXaJapHU KOopa TYWHYKJIApHU aiylaHaJaurad 0ab3u

HOM3O0/JIap YUYH WYKHU ailllaHMa opOuTa paguycH Oyiinda Ky3aTyB MabyMOTJIapU
OujlaH OCOHJIMKYAa TaKKOociall MYMKHH. WIapamMeTp Y4YyH Kylu KuiMaTHuU

Kyiingaruua onum MyMKuH W @8.6 X0 *cm™2 .

IV 600 “Beiis1 rpaBuramusicuia unHtrepdepenuuss 3¢dextiaapu”’ 1ed
HOMJIAHTaH.

Helitpon wunTeppepomerpuaaru ¢azanap CUDKUIINIA €p TPaBUTALMOH
MalJJOHUHUHT TabCUPUHHU CHHAO KYpHUILTra UMKOH OepajuraH Taxxkpuba OUpUHYM
Mapta Osepxayszep Ba Konemna ToMoHuJaH Takiaud KWIMHUO KEHMMHYAIUK Oy
Taxpuoda myBadpakuaTaIn amaira [0)110510)5 8191078 [lynnan CYHT,
uHTephEPEHINSUIAHYBYN 3appalapHUHT (pa3a cwpkuiy OwinaH OOFIHMK OOIIKa
TabCUpJIap aHUKJIAHAU. YJap opacuja €pHUHI alJaHUIIMIAH Keaud 4YuKaIuraH
Tabcupu sibHU CaHbsik 3G GEeKTHHUHT aHanoru Ba JIunza-tuppusr s dextuamp.

by 6061a Beitn mapamerpu maBxyuuru cabadnu aza CHIDKUIIAHUA OJIHIIL
yuyH Bein rpaBuTaumscu Joupacuard CEKMH aWJIaHaJAWraH CTaluoHap
IPAaBUTALMOH MaioHM ydyH ymly ¢GopMaau3MHU KeHrantupamus. byHna
kyhunaru Kneitn-I'opon Tenrnamacugan ¢oiinananaMus
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Monnanap TYJIKUHIApUHUHT HWHTepdepeHuuscu Tydaiiin rpaBUTaAIIOH
KU3WI CWDKUIIHYA yiyam X. MIOJUIEpHUHT SKCIIEPUMEHTAJl HaTHXKajlapu acoCHUaa

(Mullet et al, Nature 463, 926 (2010)) Beiin mapamerpu yuyn g£2° 10 °cm™ kyiin

yerapaBuil KUMMaTUHU OJIJUK.
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XVJO0CA

"MykoOun rpaBuTalMsl Hazapusiiapua akKcual — CHMMETPUK OOBEKTIIap

aTpoduaa PETSITUBUCTUK acTpoPHU3UK >KapaHiap" MaB3yCHUIAru IUCCEPTaIUs
uiM Oyinya Kyiuaaru xyjaocajaap OJUHIN:

1.

wik 6op Beiln rpaBuUTanMoH MOAENUAA T€OMETPUK ONTUKAHUHT 3(ddexTiapu
Vpranuwiaau, SKymiaJaH TpaBUTAlMOH JIMH3aJaHYBUYM OOBEKT SAKUHUAA
EpYFIIMKHUHT OFUILHM Ba MOJSpU3alus Oypyaru OFullIH;

.OFUIl Oypyard y4yH OJHMHTaH aHAIMTUK u(oJa yHUHT  KyHHJaru

AJNIEKTPOMArHUT TYJIKAH YacTOTacu, Kopa TYHHYK maccacu Kabu craHjapt
KaTTaJMKIIapAaH Ba XamJla MOJeNl NapamMeTpu/iaH OOFJIUKIUTHHU KYpCaTUIIIH.
Monen mnapamerpu MaHOa TAaCBUPHMHUHT KaTTAJTAIMITUPUIT KoOd(QuIeHTUura
JIeSIpJIA TaAbCUP KYpCaTMACIUTH aHUKIAHIH;

. TU1a3MaHuHr Oopyuru  doTtochepa paauMycuHU oOmUIIUTa, Oy 3Ca HUIIOH

napaMeTPUHHUHT Ba KOpa TYWHYK CUJTYETHHUHI KMYpaHUIINKa 0IH0 Kellaau;

. WK 0op, Bein rpaBuTanmsacuaa KyrOnaHUII Oypyard y4yH OJIMHTaH Ha3apHid

HaTWKajgap OWJaH OJIMHIAaH Ky3aTyB MabJIyMOTJIApHHU TaKKOCIall €pAaaMuia

Belin mapameTpu yuyH KyWHard FOKOPHU derapacy aHuKIanau: gl 10 em™.

. WK 6op, XopkaBa rpaButanuscuna KC mapamerpura 0ofnuk xonna chepuk

CUMMETPUK Kopa Ypamap arpopuaard CHHOB 3appajiapy Y4yH aiilaHma
OpOMTANIAPHUHT 3HI KHYUK PAaJUyCH YUYH aHUK aHAIMTUK KYpUHHUILIAP OJMH]IN.
OnuHran HaTwXanap OuWjlaH WYKUA TYpPFYH aijaHa opOuTanapu y4yyH Ky3aTyB
MabiayMoTiaapuau Takkocnaml KC ednMUHUHT OOFNaHMII MHapamMeTpu YYyH

KyIHIaruua >HT KMYUK JUMHT OJIMHIH: @ > 3.6x107 cm™ ;

. WIK OOp, Marepus TYIKUHJIAPUHUHT UHTEep(depeHuusacH Ty(dailau rpaBUTalMoOH

KU3WI CHWDKUIIMHUA AHWK YJIYaHTaH 3KCHEPUMEHT MabIyMOTJIAPUHHU OJMHIaH
Ha3apuid  HaTWXaJapuMHM3HM  TakKocinamgaH Bewn  mapamerpu — y4yH

g0 10 % cm *kyitn gerapa omHHIM.
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HayunoM coBeTe 1o NpUCYkKIECHUIO YUEHBIX CTENEHEM,
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BBEJAEHUE (anHoTaumusi auccepTanum AokTopa ¢uaocopuu (PhD))
Heabio ucceqoBaHusi SBISETCS TEOPETHUECKUN aHAIU3 PEISTUBUCTCKUX U
acTpo(U3NYECKUX MPOILIECCOB BOJIM3U KOMITAKTHBIX OOBEKTOB B aJbTEPHATHUBHBIX
TEOpUSIX TpaBUTALMM M CpPaBHEHUE C HAOIIOJAaTEeIbHBIMU ACTPOHOMUYECKUMU
JAHHBIMHU.

OO0beKTOM HCCIIeI0BAHMS SIBIISIIOTCS PENIITUBUCTCKUE 3BE3/Ibl, YEPHbIE
JIBIPBI U TOJIbIE CUHTYJISIPHOCTH.

Hay4ynasi HOBU3HA MCCJIEIOBAHUSA 3aKJIH0YAETCHA B CJIeYIOIIEM

MOJYYEHO, YTO BBIPAXKEHUE i1 yria OTKJIOHEHHS CBETa B BaKyyMe
MomuduImpyercs n3-3a sddexra 9 oTBeTcTBeHHOTO 3a TONMpaBKy Bedmsa
rpaBUTAIINH,

MOKA3aHo, YTO IJIa3Ma OKPY>Karolllasi Y4epHYIO AbIpY, B TPAaBUTALIMOHHOM T10JIE
Beiins BnusieT Ha yriia OTKJIIOHEHHS! CBETOBBIX JIyUEH;

MOKAa3aHO, YTO YBEJIMYEHHE KCTOUYHHMKA H300pa)K€HUsI 3a  CYET
TPaBUTALIMOHHOTO JIMH3UPOBAHUSI BOKPYT YEPHOU ABIpHI B rpaBuUTanuu Beins B
INPUCYTCTBUM IUIA3MEHHOW Cpebl MOYTH TaKOE XKe, KaK eciau Obl 3TO ObUIO B
cinydae [IBapummibaa;

ITOKA3aHO, YTO pa3Mep TEHU YEPHOU JBIPBI B TPaBUTAIMU Bens npu HaIu4uu
OJIHOPOJIHOM IJIa3Mbl OoJIbIle, YeM B ciydae [lIBapimmibia;

MOKa3aHo, YTOo JyIsl (POTOHA, NBUKYILETOCS MapaJUIeIbHO OCSAM CUMMETPHUHU OT
HKBATOPUAIBHOM  IUIOCKOCTH K  OECKOHEYHOCTH, BpAlllCHHE  IUIOCKOCTH
NOJISIPU3allM  3aBUCUT OT mMapameTpa Belns B oTiWuuMe OT KEPPOBCKOTO
MPOCTPAHCTBA-BPEMEHU, TA€ JUIsl A3TOrO cliydass HET Bpall€HUs I[LJIOCKOCTU
MOJISIPU3ALINH.

BHenpenue pe3yabTaTroB HCCeI0BaHWsl. Pe3ynbTaThl AuccepTauud O
CTPYKTYpPE€ MarHUTHOTO TOJS ¥ O OJMKAMIINX YCTOWYMBBIX KPYTOBBIX OpOUTaX B
abTEPHATUBHBIX TEOPUSX TPaBUTAIMU ObUIM HCIIOJB30BaHBI B MEXKIYHAPOHBIX
xypHamax (Physical Review D 2017, Astrophysical Space Sciences 2017,
International Journal of Modern Physics D 2017, General Relativity and
Gravitation 2015) qy1s cpaBHEHUSI pe3yJbTaTOB 0011l TEOPUU OTHOCUTEIIBHOCTH C
MOJU(DUIIMPOBAHHBIMU TEOPUSIMU TpaBUTAIMU. Vcmonb3oBaHHE MOTYyUYCHHBIX B
ATOM JIUCCEepTalMK PE3YyIbTATOB MO3BOJUIIO OMPEACTUTh JIydIllee OTPAaHUYCHUE U
npeebl s pa3IudHbIX MO/JIeIel TpaBUTAIIUH.

[lonyueHHble  pe3ynbTaThl O  HUCCJIEAOBAaHUIO  [PABUTALIMIOHHOTO
JUH3UPOBAHUSA W JHEPTreTUYECKUX TMPOIECCOB B paMKax MOAUGUIIMPOBAHHBIX
MoOJeNield TpaBUTAIlMM OBLIM KCIOJB30BaHBl B MEXKIYHAPOIHBIX >KypHaIax
(Physical Review D 2017, Astrophysical Space Sciences 2017, European Physical
Journal C 2017, Modern Physics Letters A 2017, Physics Scripta 2017) mms
CpaBHEHHSI C PE3yibTaTaMH JPYTHMX TPABUTAIMOHHBIX TEOPUH, a TaKXKe C
Ha0JII0/1aTeIbHBIMU TAHHBIMH.

O0beM u CTPYKTYpa AUCCEPTALUU

Jluccepranusi COCTOMT W3 BBEJEHHUS, YEThIpEX TIJ1aB, 3aKIIOYCHUS,
MPUIOKEHUS U CIIUCKa TuTeparypbl. O0beM AuccepTaluu cocTaBisieT 87 CTpaHMIl.
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INTRODUCTION (Annotation of PhD dissertation)

Topicality and demand of the theme of dissertation. More recently, new
evidence coming from observed astronomy has showed a quite unexpected picture
of the universe. Our latest data sets coming from different sources, such as the
cosmic microwave background radiation and supernovae surveys, seem to indicate
that the total energy density of the universe is the following: 4% ordinary baryonic
matter, 23% dark matter, and 73% dark energy. The term “dark matter” refers to an
unknown form of matter, which has the clustering properties of ordinary matter but
has not yet been detected in the laboratory. Its gravitational effects are necessary to
explain the rotation of galaxies, the motions of clusters, and the largest scale-
structure in the entire Universe. The term ‘‘dark energy’’ is reserved for an
unknown form of energy, which not only has not been detected directly but also
does not cluster as ordinary matter does. Due to its dominance over ordinary matter
at present times, the universe is expanding with acceleration. These fundamental
questions the nature of dark matter and dark energy is unknown, despite the huge
number of different models in the literature. These phenomena are usually
explained by alternative theories of gravitation, including with the modification of
Einstein's gravity. These objectives justify the topicality of the global level of
scientific research.

The current dissertation work is the original investigation of the geometric
optics, as deflection of the light rays, and rotation of the polarization vector in the
gravitational field of black hole, shadow of black hole, electromagnetic field and
relativistic astrophysical processes around compact objects and obtain constraints
on different gravity models is now one of the most important tasks in modern
relativistic astrophysics. For example in 2019 for the first time real image of the
shadow of a black hole in the center of the galaxy Messier 87 was made by The
Event Horizon Telescope. Itself, The Event Horizon Telescope is an international
collaboration involving about 200 astronomers from 20 countries. To obtain a
shadow of the black hole, scientists used a special method of observing
astronomical objects - very long baseline radio interferometry (VLBI). The
principle of the method is that eight radio telescopes in six different points of the
globe observe the same object at the same frequency.

During the years of independence of our country, the science has been
developed by providing theoretical and experimental investigations on
gravitational theory and astrophysics to solve fundamental problems in the world,
and defined results have been reached. Theoretical and observational studies of the
electromagnetic fields of compact objects, particularly properties of the gravity in
different models through the application of fundamental investigations in the area
of relativistic astrophysics of compact objects has significant meaning in the
Strategy of Actions on Further Development of Uzbekistan for 2017-2021, put
forward by the President.

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,
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Resolution N0.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 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 (V.
Enolskii, B. Hartmann, V. Kagramanova, J. Kunz, C. Laemmerzahl), Indian
scientists (P. Sirimachan, N. Dadhich, A. Buchdahl), Italian scientists (S.
Capozziello, L. Rezzolla, L. Modesto, D. Malafarina), Russian scientists (R. A.
Konoplya, A. Zhidenko, A. Zakharov, D. Galtsov), Czech scientists (Z. Stuchlik,
M. Kolos, J. Schee, J. Kovar), Uzbek scientists (B. Ahmedov, A. Abdujabbarov,
V. Morozova, A. Mamadjanov) and others have done huge number of theoretical
and observational investigations to study the relativistic processes around compact
objects in alternative theories of gravity.

The particle motion and energetic processes around rotating black hole in
Horava gravity model have been studied by such Uzbek scientists B.J. Ahmedov,
A.l. Mamadjanov, A.A. Abdujabbarov and others. The methodology of study the
electromagnetic field structure and charged particle motion around compact objects
and formalism describing the energetic processes arounf rotating black holes in
modified gravity models have been created by the scientists of Ulugh Beg
Astronomical Institute (Uzbekistan), Institute of Nuclear Physics (Uzbekistan),
Fudan University (China), Frankfurt University, Centre for Applied Space
Technology, Microgravity and the Oldenburg University (Germany), Silesian
University in Opava (Czech Republic), Delhi Central University (India).

Taking into account the current status of the problem, we tried to study the
relativistic processes and electromagnetic field around compact objects in
alternative theories of gravity. Comparison of these results with observation data
may give useful tool to test the modified theories of gravity and obtain some
constraints.

Connection of the topic of dissertation with the scientific researches of
the higher educational institutions, where the dissertation was conducted. The
PhD dissertation work was carried out in the framework of the scientific projects of
the Astronomical Institute and Institute of Nuclear Physics: FE2-FA-F134 "The
particles motion and electromagnetic fields in the vicinity of relativis- tic stars and
black holes in the alternative theories of gravity" (2012-2013); EF2-FA-0-12477
"Motion of particles with spin and propagation of electromagnetic waves in the
vicinity of compact gravitational objects” (2014-2015);
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The aim of the research is the development of description of relativistic and
astrophysical processes in the vicinity of compact objects in alternative theories of
gravity.

The tasks of the research:

to study geometric optics as well as deflection angle of light, change of the
polarization vector of light rays propagating near the black hole and the
magnification of brightness of the source star within plasma in conformal Weyl
gravity;

to study the shadow of black hole in the presence of plasma in Weyl gravity;

to study the electromagnetic field and the charged particles motion in the
vicinity of black hole in Horava gravity;

to study interference effects in conformal Weyl gravity.

The objects of the research are the black holes, naked singularities and
relativistic stars.

The subjects of the research are are geometric optics as deflection angle and
rotation of polarization vector of light rays in the gravitational field of black hole,
magnification of the image of the star and the shadow of black hole in the
medium; charged particle motions around black hole immersed in the uniform
magnetic field; interference in the gravitational field of the compact object.

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

The scientific novelty of the research is the follows:

it was obtained that the expression for the deflection angle of the light in a
vacuum is modified due to the effect of g responsible for the Weyl correction to
the gravity;

it was shown that the plasma surrounding the black hole in Weyl gravity
effects to the deflection angle;

it was shown that the magnification of image source due to gravitational
lensing around black hole in Weyl gravity in the presence of plasma environment
almost the same that if it was in the Schwarzschild case;

it was shown that the size of shadow of the black hole in Weyl gravity in the
presence of homogeneous plasma than it is in Schwarzschild case;

it was shown that the phase shift of the interfering particle in neutron
interferometer includes the potential terms with the Weyl parameter of the
conformal fourth-order theory;

it was shown that for the photon traveling parallel to the symmetry axes from
the equatorial plane to infinity, the rotation of the polarization plane depends on
the Weyl parameter g on the contrary to the Kerr spacetime where there is no
rotation of polarization plane for this case.

Practical results of the research consist of the following:

The obtained analytical expressions for the deflection angle showed that it
depends on i) the frequency of the electromagnetic wave, due to the dispersion
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properties of the plasma; ii) the gravitational mass; and iii) g Weyl parameter of
the theory.

Comparison of the observational data of blazar 3C 273 with our theoretical
ones will help to obtain the rough estimation of the upper limit for the Weyl

parameter as g<10*cm'. It was presented the alternate approach of Sagnac effect

based on the anisotropy of the coordinate speed of light in the fourth-order theory
of conformal Weyl spacetime.

It was obtained the exact analytical expression for the minimal radius of the
circular orbits depending on Kehagias-Sfetsos parameter for the test particle
around spherical symmetric black hole in Horava gravity. It was also obtained the
numerical values of the critical values of the particle's angular momentum for
captured particles by a black hole in Horava gravity. Comparison of the obtained
numerical results with observational data for innermost stable circular orbits
allowed obtain the lower limit for the coupling parameter of Kehagias-Sfetsos
solution as ©>3.6-10 *cm 2.

It was obtained upper limit for the Weyl parameter as g<10*cmi* from the
comparison of the measurement of the gravitational redshift by the interferometer
in the gravitational field of the earth with our theoretical prediction.

Reliability of the research results is provided by using a developing
assumption of the fundamental laws of physics. The general theory of relativity
applied by the generally recognized laws of gravity is included in the alternative
theories of gravity as one of the limits; careful comparison of a consistency of the
obtained results with astronomical data and results of other authors is performed;
conclusions are well consistent with the main provisions of the relativistic
astrophysics of 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 relativistic and astrophysical processes in the vicinity of compact
objects to obtain the constraints and limitations on different modified gravity
theories and alternative models. The comparison of the inner edge of the accretion
disc using X-ray data from some candidates for the black hole with the theoretical
results obtained using the description presented in the dissertation could give
possibility to get the limitations on different parameters of alternative theories of
gravity.

Implementaton of the research results. The results of the dissertation on
magnetic field structure and innermost stable circular orbits in alternative theories
of gravity was used by international journals (Physical Review D 2017,
Astrophysical Space Sciences 2017, International Journal of Modern Physics D
2017, General Relativity and Gravitation 2015) to compare the results in general
relativity and modified theories of gravity. The usage of the obtained results of this
dissertation allowed to obtain the better constraint and limitations on different
gravity models.

The gravitational lensing and energetic processes in modified gravity models
was used by international journals (Physical Review D 2017, Astrophysical Space
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Sciences 2017, European Physical Journal C 2017, Modern Physics Letters A
2017, Physics Scripta 2017) to compare with the results in other theories of gravity
and observational data.

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

Publication of the research results. On the theme of dissertation 33
scientific works were published, including 7 scientific papers scientific papers in
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 PhD dissertation consists of
an introduction, four chapters, conclusion, Appendix and a bibliography. The size
of the dissertation is 87 pages.
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THE MAIN CONTENTS OF THE DISSERTATION

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

The first chapter of the thesis entitled “Extended Theories of Gravity” is
devoted to give short review for the theories of gravity studied in the dissertation.
Alternative theories of gravity are called gravity theories that exist as alternatives
to the general theory of relativity (GR) or substantially (quantitatively or
fundamentally) modify it. GR is well confirmed on the scale of the solar system.
Testing the theory on a larger or smaller scale is much more difficult. General
relativity, like any other theory, is just a model for describing real phenomena.
Therefore, the real nature may coincide with the predictions of general relativity on
the scale of planetary systems, but differ on other scales.

The Horava gravity is one of the variants of vector-tensor theories of gravity
and, perhaps, one of the most popular at the moment. The theory was proposed in
2009 by an American string theorist of Czech origin Peter Horava. This theory is a
non-relativistic power-counting renormalizable theory with dynamical critical
exponent equal to z = 3 in the UV (Ultra-Violet) in four dimensions, which admits
the Lifshitz scale-invariance in time and space that reduces to Einstein's general
relativity at large scales.

The IR-modified Horava asymptotically flat solution for the spacetime metric
outside the gravitating spherical symmetric object was obtained by Kehagias and
Sfetsos (KS) as

ds’ =- N*c’dt* + N“*dr? +r’dg’ +r’sing’d; 2,
1
NZ:fKS(r):1+Wr2- wr? 1+4—M3, M)
wr
where @ is the KS parameter and the constant A,, =0 is chosen.

The discovery of unexpected rotation curves for galaxies and angular
fluctuations in the cosmic microwave background (CMB) spectrum among other
astrophysical observations as spectrum of type la supernovae provide evidence for
"missing matter". Could there be more mass in the universe than we are aware of,
or is the theory of gravity itself unsatisfactory? The consensus now is that the
missing mass is new form of matter, which could be detected only by its gravity.
However that agreement has been only reached after trying alternatives to general
relativity. Among many other alternative theories of gravity, the theory of
conformal Weyl gravity is a possible solution to current cosmological puzzle. As
an alternative to the Einstein-Hilbert gravitational action, Weyl demanded that the
Einstein theory of general relativity should be invariant with respect to the similar
conformal transformation as
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9,,(X) > W(X)g,, (), (2)
where W(x) is a scalar function of spacetime coordinates. The vacuum solution of

static spherically symmetric source for conformal Weyl gravity is given by the
spacetime metric

2

ds? = —B(r)dt? + "
B(r)

+r?(d6* +sin 0°dg? ), (3)
where

B(r)=1- —38y +yr —kr?, (4)

And g,y kare integration constants and defined as follows: S =GM /c*(cm) is
geometrized mass, where M is the mass of the (spherically symmetric) source and
G is the universal Newtonian gravitational constant; and others » (cm™) and

k (cm™), are required by conformal gravity. The theory comes to the standard

B(2-3Br)
r

Schwarzschild solution (7 =0=k), and to the Schwarzschild-de Sitter (» =0), as

well as the term —kr?, means a background De Sitter space-time, which is
important only over cosmological distances, while k has a very small value, the
term r becomes significant over galactic distance scales.

Recent cosmological observations show that the tensor structure of gravity
underlying General Theory of Relativity should be changed. In theories that is
supposed to extend gravitational field theory, in addition to the Newtonian inverse-
square law, a new long-range forces may appear. Note that on the large scales,
such as galactic and cosmological, the GR has not yet been subjected to serious
checks. However, there are some facts that the observations confirming the
presence of dark matter and dark energy, constitutes the failure of GR at large
distances, at low accelerations or small curvature

The second chapter of the thesis entitled “Geometric optics in Conformal
Weyl Gravity” is devoted to study gravitational lensing in the vicinity of a
massive object described by conformal Weyl gravity surrounded by a plasma. In
this chapter there have been studied rotation of polarization vector of the light near
the compact object, shadow of black hole and synchronization of clocks as
interpretation of Sagnac effect as well in conformal Weyl gravity.

Here we assume that the gravitational field is weak and the space-time is
asymptotically flat, mathematically it means

Oup = Moy +Npr Mo =(-L L1 1), (5)
h,sC 1 h,—0 under X' = o0,

where 9, is the metric tensor of the ds® = g,,,dx“dx” space-time metric, h,,

is the flat space metric (-1, 1,1, 1) and is a small perturbation. In the book of

Synge one can find that the trajectories of photons in the gravitational field with
the plasma can in the following form
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W(x",pa)%[g“ﬂpapﬁ—(nz—l)(paV“)Z}O- (6)

here p“ is the photon momentum , V“ is the 4 — velocity of the medium and n is
the refractive index of the medium. Here a static inhomogeneous plasma with a
refractive index n depends on x'and o(x') as
) o’ , 4rze’N
n*=1-——=—, ! = =K,N, (7)
o (x") m

where N = N(x') is the electron concentration in an inhomogeneous plasma, e is
the charge of the electron, mis the electron mass, o, is the electron plasma
frequency in this plasma. We denote the following notations for the values at

infinity as @(x) = ®, o,(©) = w,, n(»)= ,,/1_@02/@2 =n,.

Here we consider that the plasma is located in the particular vicinity of black
hole and it does not exist at infinity, we have found the expression for the
deflection angle in Weyl gravity in the following form:

<o _ 2B N r_ z/a’ n
e R =l ®

— ), /a)
However, it is also interesting to study photon motion in the strong
gravitational regime. That’s why in this chapter we studied motion of photon in the
strong gravitational field.
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Figure 1
(Left panel) Dependence of the photonsphere radius and the critical value of the
impact parameter of the photon from the g parameter. (Right panel) Capture cross
section of the photon by the black hole is represented for different values of the
gamma parameter: The solid line is responsible for g=0, the dashed line for

=0.05 and dotted line for g=0.1.
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Here considered the dependence of the impact parameter of photon and the radius
of photon sphere from the frequency w, / w (the index of refraction n) of the
homogeneous plasma.The solid line is responsible for We/W:O, the dashed line
for w, /w=0.5 and dotted line for w,/w=0.9, respectively. Note that here the

Weyl parameter to be taken as gM » 10°*°.

We have investigated effect of geometric optics as the rotation of polarization
vector of light in space-time of gravitational compact object in conformal Weyl
gravity. In the first case let the source be on the equatorial plane, and the observer
is on the plane with g<p/2 (see Fig.3, top panel). In the second case (see Fig.3,
bottom panel), when the source and the observer are in the symmetry axis.

A
—
a
'«lg ¥> Fig. 3 At top, the source and the
— observer are at distance b fromthe
ks symmetry axis. At bottom, both source
= Os @b and observer are in the symmetry axis.
|
a, 1k,
®axis.‘£" o)
‘%v
a |k
<—€ S

The third chapter of the thesis entitled “Particles and fields around black
holes in Horava gravity” is devoted to study motions of a charged test particle
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around a black hole immersed in an external magnetic field in Horava — Lifshitz
gravity.

The static and spherical symmetric spacetime metric of the black hole with
mass M in Horava-Lifshitz gravity takes form (6). A Killing vector £“, being an
infinitesimal generator of an isometry, satisfies to the Maxwell equations as

F,=-2C, (éa;ﬁ;ﬂ - 77“) =0, (9)
Where 7 ={0,0,0,6M 2/6or3} is just the first order approximation in o™ of the
relation R“ &”. One can express the electromagnetic potential as a sum of two

contributions 4 = A“ +a”,where A”is the potential being proportional to the

Killing vectors. The second part a” of the total vector potential of the
electromagnetic field is produced by the presence of the KS parameter » and has

the following solution: a“”=B/2{0,0,0,3M*/10wr‘} . Finally, the 4-vector
potential A, of the electromagnetic field will take a form

A=A=A=0 A=lBlrsngGr 2 (10
’ 2 & 10mr'g
The orthonormal components of the electromagnetic fields measured by a
fixed observer with the fourvelocity components
(u”) =exp(-2){1,0,0,0}; (u,),, =—exp(P){1,0,0,0} are given by expressions
2 R 2
B =B 14 M —|cosg, B’ =e""B|1- oM —|siné, (11)
10wr 10wr

which depends on the lapse function of the metric (6).
We shall study the motion of the charged test particles around a black hole in
Horava-L.ifshitz gravity using the Hamilton-Jacobi equation

0S 0S
“ +eA =—m?,
g [axﬂ #j[axv Vj (12)

where e and m are the charge and the mass of a test particle, respectively. Since t
and ¢ are the Killing variables, one can write the action in the form

S=-Et+Lp+S,(r,¢), (13)

where the conserved quantities E and L are the energy and the angular
momentum of a test particle at infinity.
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Fig. 4. Radial dependence of energy (left graph) and angular momentum (right graph) of
the circular orbits around a black hole in Horava-Lifshitz gravity for the different values of the
dimensionless parameter @ . For comparison, we have also plotted this dependence in the case of
the Schwarzschild black hole, corresponding to @ >>1.

Fig. 4 shows the radial dependence of the both the energy and the angular
momenta of the particle moving on the circular orbits in the equatorial plane. One
can easily see that circular orbits corresponding to constant value of the energy and
momentum of the test particle shift to the central object with the decreasing of the
parameter @ .

In Fig. 5, the dependence of both radii of the horizon and r,. from the
dimensionless parameter @ are shown. In the case of » >243/9, the decreasing of

the KS parameter @ forces the minimum radii of the circular orbits r,,. to shift to

the central object. In the case of w<2+/3/9, there is no lower limit for r,, which
means that circular orbits can be present near the black hole. From figure one can
see that in presence of the parameter ISCO shifts to the central black hole. One can
easily compare the obtained numerical results with observational data for ISCO
radius for some candidates of rotating black holes. One can obtain the lower value
for the parameter as w@3.6 40 *cm™2.
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Fig. 5. Dependence of the radius of the horizon (left graph) and the ISCO radius (right
graph) from the dimensionless parameter .

The fourth chapter of the thesis entitled as “Interference Effects in Weyl
Gravity”.

The pioneer work of observing the quantum-mechanical phase shift of
neutron beams caused by the interaction with Earth's gravitational field has been
done by Overhauser and Colella. After that, there were found other effects,
associated with the phase shift of interfering particles. Among them the effects due
to the rotation of the Earth, which is the quantum mechanical analog of the Sagnac
effect, and the Lense-Thirring effect which is a general relativistic one due to the
dragging of the reference frames.

In this chapter we study quantum interference effects in particular the phase
shift effect and Sagnac effect in a neutron interferometer in conformal Weyl
gravity model. We assume that the external gravitational field of gravitating object
in conformal gravity is described by the rotating metric, and here we use the Klein-
Gordon equation

2
VAV - (me/h)P D=0, @ = ‘Pexp(—im; tj, (14)
Neglecting the terms of 0((9/c)*) one can find phase shifts as
2mQ - S
ﬂSagnac ~ B ) (15)
2Gm R _\R my R _\R
~ =7 JIS-3=-S|—=|-——J|S-| =S |—
Puias hc2R3J[ (R )R} MhRJ[ (R )R]’ (16)
1 *gSA g
Brgraw = Basp = Baco = _%J‘Hdt = n;]fhz (1+§_g)‘ (17)
B D

A J

(interference region’

(source)

Figure 6.
Despite here we studied the neutron interferometry, neglecting the structure
properties we can get rough constraint on g parameter. For this purpose we will
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use the error of the measurement of the phase shift in the experiment H. Muller
(Mullet et al, Nature 463, 926 (2010)) being equal to $\approx 1%. Supposing that
the correction due to Weyl gravity lies in the error bar one can easily find the
rough estimation of the upper limit of the Weyl parameter. Comparison the
experimental results of Muller with our theoretical ones will help to obtain rough

estimation of the upper limit for the Weyl parameter as g£2” 10 “cm™,
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CONCLUSION

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

doctoral dissertation “Relativistic astrophysical processes around axial-symmetric
compact objects in alternative theory of gravity”, the following conclusions are
presented:

1.

for the first time, the effects of geometric optics, such as the deflection and
rotation of the polarization vector of light near a gravitational lensing object,
were investigated in Weyl gravity;

. it is shown that the angle of deflection of light depends on standard parameters

such as wave frequency, black hole mass, as well as on the parameters of the
selected gravitational models. It is shown that the parameter of the gravitational
model practically does not contribute to the image amplification factor;

. it is shown that the presence of plasma increases the radius of the photosphere,

which causes a decrease in the impact parameter, and the silhouette of a black
hole;

. for the first time, it was obtained the upper limit for the Weyl parameter as

g£2” 10*cm™ from the comparison the theoretical results for the polarization
angle with observational data;

. for the first time it was obtained the exact analytic expression for the minimal

radius of the circular orbits depending on Kehagias-Sfetsos parameter for the
test particle around spherical symmetric black hole in Horava gravity. It was
also obtained the numerical values of the critical values of the particle's angular
momentum for captured particles by a black hole in Horava gravity. Comparison
of the obtained numerical results with observational data for innermost stable

circular orbits first time it was obtained the lower limit for the coupling

parameter of Kehagias-Sfetsos solution as @ =3.6x10*¢cm™;

. for the first time it was shown that using experimental results which was set on

the Earth as central body on the precise measurement of the gravitational
redshift by the interference of matter estimated lower limit for parameter g as

g£2” 10 cm™. It was presented the alternate approach for the explanation of

Sagnac effect based on the anisotropy of the coordinate speed of light in the
fourth-order theory of conformal Weyl spacetime.
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