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KHWPUI (dancada noxkropu (PhD) nuccepraumsicu aHHOTAUUSICH)

Juccepranus MaB3yCMHHMHI 10J13ap0JMryu Ba 3apyparu. JKaxonaa etakun
aCTPOHOMMK MapKasjlapy TOMOHHMJAH CYHITH NaWTiIapAa Ky3aTWITaH SHIH
MabJIyMOTJIAp OJIaM KyTMJIMaraH MaH3apara ira 3KaHJIUTMHU KypCaTMOKJAA. YHra
Kypa, KOCMHUK MHUKPOTYJIKUHIM ()OH HYypJIaHWIIM Ba CynepsHruiaap Oyiinua
TaJAKUKOTJIApAaH OJIMHIaH CYHITH MabJIyMOTJIAp TYIUIAMU KOMHOTHUHI YMYMUU
SHEpPrus 3UWINTMHU KyWHJarudya TaKCUMIIAHTAHJIWTUHU Kypcatau: 4% onnuii
O6apuon moana, 23% koponru mozaaa Ba 73% koponru 3Heprus. "Koponru moana”
aTamacu OJAuil MoJdajiap TOPTUIIMIIMHUHT aKCMHYa XyCYyCHsTIIapura sra 0ymnuo,
nabopaTopusia Xajlud aHUKJIaHMaraHaup. YHUHT TpaBUTAlMOH 3¢ dexTinapu
raJlakTUKaJard IOJAy3JIapHUHT Mapka3 arpoduia allaHUIIMHM, KiacTtepiap
XapakaTUHU Ba OyTyH KOMHOTHUHI KaTTa MacIITaOlM TY3WIMIIMHU TYIIYHTUPHIL
yuyH 3apypaup. "Koponru osHeprusa" artamacu Hadakar TYFpUIaH-TYFPU
aHUKJaHMaraH, OajJku OAJMKA MOJJAaNap CHHrapu rypyxJIaHMaiiuiraH HOMabllyM
sHeprua cudaruaa KaOyn KuiauHraH. KOpOHFM SHEPrUsSHUHT XO3MPrd BaKT/a
ONIMH MaTepus YCTUJIAH XYyKMPOHJIUTM Ty(alau KOMHOT TE3JIaHMII OujiaH
KeHraMokaa. Yoy xoaucanap ojaTAa I'PaBUTALMSHUHT MYKOOWJI Hazapusiapu
OwiaH, Wy >XymJagaH OWHIITEHHHUHT YMyMUW HHCOMIMJIMK Ha3apUSICHUHHUHT
MoauuKkauusuiapu opkanu uzoxjaHaau. Iy Tydalinum KOMHOTHM TE3NMaHMI
OWwiaH KEHralMIIMHU TYIIYHUHTUPUILAA YOy WIMHMI HIIJA TAaJKUK STHITAH
IPaBUTALIMOH JIMH3aJaHUII Ba Ia3Ma 3(QexTaapy OJAMHUHI KEHTaWWIIWHU
TYLIYHTUpHILIA (GOHJATAHUII MyXUM aXaMUSITra 3ra XUcOoOJaHUIH.

XKaxonna reomeTpuk onTuka 3(QexTnapu, EpyFivK HYpPIAPUHUHT OFHUIIH
XamJa 3JIEKTPOMAarHUT KyTOJaHWII BEKTOPUMHUHI aWIaHUIIM, KOpa ypa COSCH,
ANEKTPOMAarHUT MAaNJOH Ba TpaBUTAUMOH MAaWJOHJIAa KOMIIAKT OOBEKTIap
atpodurard pensITUBUCTUK acTpOPU3MK Kapa€HIapy Ba Typjd TpaBUTALHUOH
MOJEJUIapUIary mnapaMmeTpiaapura JIMMUTIAP OJIMHUILTA WYHAJITUPUITaH WIMUMN-
TaJIKUKOT uiuiapu onud oopunmoknaa. by Gopana, 2019 iiunna OupuHund maprta
MS87 ranakTMkacu MapKaspgard Kopa Yypa COSICHHMHI XAaKWKUHA TacBHUpHU
Xoaucanap ropuszontu Tteneckonu (EHT) Ttomonupan kysatunau. YmOy EHT
nonnxacuaa 20 mamnakaraad 200 ra sKuH acTpoHOM HUIITUPOK ATauiap. Kopa ypa
COSICMHH OJIMII YYyH OJINMJIAP aCTPOHOMHUK MOCJIAMAJIAPU Ky3aTUIIWHUHI Maxcyc
yCyJIH S'/hHU KyJla Y3yH 0a3zaBuil paguo unrepdepomerpusigan (Very long baseline
interferometry, VLBI) ¢oitnananumira anoxuna 3tudop 6epuiiMoKia.

PecnyOnukamusia pesiITUBUCTUK acTpoPHU3MKa coxXacuaa dKCIEpUMEHTAl Ba
Hazapuil unuiap oaud OOpHI 103acCHJaH KEHT KaMpPOBJIH 4Opa-TaaOupliiap aMmaira
omupuinnd, MyalssH HaTWXKajgapra spuiluiMokaa. PecryOnukamus [lpesunentu
TOMOHMAAH wirapu cypuirad 2017-2021 iunnapaa V36ekncron PecnyOnukacunu
sAHa/la PUBOXJIAHTHPUIL OYilMya Xapakarjap cTpaTeruscuaal MamiiakaTUMU3Ja
WIM-(paHHUHT IOKCAIUIIY, (PYyHIaMEHTAJ TaAKUKOTIAPHUHT MyXUM HyHaIuIuiapu

' V36exucron Pecry6mnukacu Ilpesunenrununr 2017 iiun 7 despannarn Ne T1P-4947 connn dapmonu
«2017—2021 immnapaa Y36exucrton PecryOGnnkacuHE pUBOXKIAHTHPUIIHUHT OelITa yCTyBOp HyHamumm Oyiinda
Xapakataap cTpaTerusacm».



Ba yJIApHUHT HaTWKaJapUHU Xa€Tra TaTOMK KWJIUII WYiuiapu Kypcatud Oepuiras.
Ymby BasudanapuHu amaira OLIKMPUIIAA, XKyMIIaJaH, OXHUPIH Huiapaa
PENSTUBUCTUK acTpodu3uKaza KOMIAKT oOOBEKTIap arpoduaa TeOMETPUK
ONTUKAHUHT 3(QexTnapu sbHU, EPYFIMKHUHT OFUIIM, EpPYFIUK KyTyOJIaHUII
BEKTOPUHUHI aillaHUIIM XamJa TallkKd MarHuT MaWJoOHMJa 3apsUlaHraH
3appaJlApHUHT XapaKaTH Ba yJIAPHUHT TAOMATHHU YyKYp YpraHUII MyXUM axaMUsT
KacO 3TMOKJA.

V36exucron Pecry6mukacu Ipesunentununr 2017 imn 7 despangaru K-
4947-conmn  “Y36eKkucTOH Pecrny6IMKacMHM sfHAJA PUBOMJIAHTHPMIN Oyifrda
Xapakatnap crparerusicu Tyrpucuna’tu Papmonuga, 2018 itun 29 wHosOpaa
V36ekncton PecnyGmukacn XyKyMaTH TOMOHHIAH d9om STHiraH “2019-2021
AHIIapaa V36exucronna TY3WIMAaJIU UCIOXOTIAPHUHT aCOCUN WYHAIUIUIAPUHUHT
Uy xapurtacu’aa xamjaa, acTpo(u3MKa COXAaCMHU PUBOXIIAHTHPUII YUyH yHIOY
Wynamumpaarn  OomKa  MEBEPUU-XYKYKHM  XyKKaTiaapaa OesruiiaHran
Basu(asapHu amaira OIIMpUILAAa AWCCepTalus TAJAKUKOTH MyalsH [gapaxana
XU3MaT KUJIau.

TagKHKOTHUHT pecnyo0auKa (pan Ba TE€XHOJIOTrUslJIapH
PMBOXXJIAHMIIMHUHI  YCTYBOp MHyHaJuumuiapura MyBOQUKIMru. Maskyp
TaIKUKOT pecnyOnukaga (gaH Ba TEXHOJOTHUSJIAPHU PUBOXKIAHTUPUIIHUHT II.
YCTYBOp HYyHamumu «ODHEPreTHKa, OJHEPrus Ba Pecypc TEKAMKOPIUTH
noupacuaa Oakapuiras.

MyaMMOHMHI YPraHWwJIraHJuK Aapakacu.

XKaxoHHMHT OMp KaTop Ky3ra KYpHHraH OJUMJIapy, MacajaH: |'epMaHusIuK
onmumiap (V. Enolskii, B. Hartmann, V. Kagramanova, J. Kunz, C. Laemmerzahl),
xung onumiapu (P. Sirimachan, N. Dadhich, A. Buchdahl), uranusnuk onummnap
(S. Capozziello, L. Rezzolla, L. Modesto, D. Malafarina), pyc onuminapu (R. A.
Konoplya, A. Zhidenko, A. Zakharov, D. Galtsov) uexusnuk onumiuap (Z.
Stuchlik, M. Kolos, J. Schee, J. Kovar), toptumu3z onumnapu (B. Ahmedov, A.
Abdujabbarov, V. Morozova, A. Mamadjanov) Ba Oomkanap kyrmiad Ha3apuii
M3JIaHULIIAp Ba Ky3aTyBjap/ia Kopa ypajap COSACH Ba YHUHI SKUHUIATH SHEPTeTHK
YKapa€HJIApHU YpraHuIraH.

DNeKTpOMarHuT MalloHnap TY3WJIUIIM, 3appajap XapakaTh Ba JHEPreTHK
xapa€Hiap kabu aillanyBuM Kopa Ypanap arpodunaru ¢azo-BakT XyCyCUSITIIapU
¥30ex omummapu b.IK.AxmenoB, A.A.A0nyxa66apoB, B.C.Mopo3oBa Ba
OolKanap TOMOHUJAH ypraHwirad. PecnyOnukaMusHuHTr YiyrOek AcCTpOHOMUS
Ba fnpo ®dusmkxacu wuHcTUTyTHapu, ['epmanumsaHuHr Makc-Ilnank, OWHIITENH
WHCTUTYTJIApU, AMaluii KOCMHMK TEXHOJOrusuiap mapkasu  Ba @DpasHkdypr,
Muxkporpasutanuss Ba OngeHOypr YHuBepcurernapu, YexusHunr OmnaBagaru
Cunesunss  YHHUBEpPCUTETH  XamJa  XUHIWCTOHHUHT Y HHBEPCHUTETIAPApO
ActpoHomust Ba AcTpodu3uka MapkKasd OJuUMJIapUd TOMOHHUAAH KOMIIAKT
oObekTnap arpodumary acTpo@u3uK KapaCHJIapHU Kopa Yypajlap COsUIApUHU
TEKIIUpraH XoJiJla YpraHUIIHUHT AHrM (opMalu3MU Ba HSrpujaHrad (Qaszo-
BaKT/Aaru MakcBesul TeHI1aManapy aHaJUuTUK YCyJiJla €YUl METOIMKaIapy UILTa0
YUKUJITaH.



Xo3upaa MabIyMKH, KaTTa MHUKIOpJa DJHEpPrusi axXpaTryBUd aKpeLHOH
TU3UMIIApJAa MATHUTIAHTaH KOMIIAKT 00BbEKTIIap MaBXKyl. byHnaii oObeKTIapHUHT
MarHuT MaiJOHJapH aKKPEUMOH JWCK OKUMHU OWJIaH KywIM TabCHUpJAIlagd Ba
aKKpeuus cucreMacu (uU3MKacura ce3wiapiad TabCcup Kypcataau. bup KaTop
anabuérnapna  peNATHBUCTUK  MarHUTJIAHTaH IOJIYy3TApHUHT  MarHuT
MalZoHIapura yMyMpEIATUBUCTUK Ty3aTMajlapd KEHI YpraHuwirad. bHpOK,
MYKOOUJT Hazapusijiapu Joupacujia 3ca O6ardceun ypranwimarad. MacalanuHT 11y
KUXATUHU HSbTUOOpPra oOJIraH XxoJyija, OW3 KOMMOAakKT oOBeKTIap arpodumaru
ANIEKTPOMArHUT MAaWJOHJAp Ba PEIATUBUCTHK >Kapa€HJapHU TIpaBUTALUSHUHT
MYKOOWJI Ha3apusJlapu A0Mpacuaa YpraHuilra Xapakar KWIJIUK.

JAuccepranms TAAKMKOTHHUHI JHccepTranusi Oaskapuiran HJIMUIi-
TAAKMKOT Myaccacacd WIMHI-TaAKMKOT HWIUIAPpH Ppexajgapu OWjiaH
OoFJMKIUrn. {uccepranus umu ACTPOHOMMSI MHCTUTYTHIArd UMUK JIoHuXaiap
noupacuga onud Oopungu: FE2-FA-F134 "MykoOun rpaBUTals Hazapusiapu
Joupacuja Kopa ypajiap SKMHHMJIArd 3JIEKTPOMAarHUT MailioHiap Ba 3appajiap
xapakatu "(2012-2013); EF-2A-FA-0-12477 "koMnakt rpaBUTalus 00ObEKTIapU
AKUHUJA DJIEKTPOMAarHUT MaiJOHJIADHUHT TapKaJMIIKA Ba ailllaHyBuYd 3appajiap
xapakatu" (2014-2015).

TaagKMKOTHUHI MaKcaau MYKOOWJ TpaBHUTALMs Hazapusjiapu JoHpacuja
KOMITAaKT OOBEKTJIap SKUHUAA PEISATUBUCTHK Ba acTpoU3HUK KapaCHIApHU
Hazapuid TaxJIMJ KWJIMOI Ba ACPOHOMHUK Ky3aTyB HaTWKajlapu OuiiaH
TaKKocHamgaH noopar.

TaaKuKOTHUHT Basudaaapu:

MyKOOWJI ~ TpaBUTallMsl  HA3apusICH  JIOMpacuja T€OMETPUK  ONTHUKA
xKapaCHIIapHU, >KyMjadaH, EpyFpUK HYPUHUHI OfFuIl Oypuaru, EpyFlIMK HypuU
KyTOJIaHMILI BEKTOPUHM alJlaHMIIM Ba OupiamMud MaHOa EpPKUHIUTHHUHT
OPTUILIVHHU YpPraHHILI,

Beiin Hazapusacu goupacuzga Kopa ypa COSCMHM IUla3Ma MaBKyJIMTUIA
YpraHuii,

Kopa ypanap SKHUHHAArd 3J€KTPOMArHUT MailioHJap Ba 3aplsiu 3appajiap
XapakaTiapuHyu XoprkaBa IpaBUTaLMs Ha3apUsACU JOUPACHIa YpraHHILl,

WNureppepenuus >¢dextnapunn Beilnl rpaBUTallMOH MOJENM JIOMpacHa
YpraHuIil.

TaagKMKOTHUHT 00beKTH cudaruga ANEKTPOMATrHUT TYJIKUH,
3aps/UIaHJIaHral 3appajiap, pPEeIsSTUBUCTUK KOMIIAKT T'PAaBUTALMOH OOBEKTIAp —
IOJIIY3CHMOH Ba yTa MacCHUB KOpa ypajap TaHJIaHTaH.

TaagkMKOTHUHI mnpeaMeTH cudaTuia I[UIA3Maaa KoilalraH KOMMAKT
OOBEKTIApHUHI TpaBUTALMs MalJIOHJIApUIArd TEOMETPUK ONTHKA *Kapa€Hiapw,
(OTOHIApHUHI KOpa Yypa TOMOHHJAH KaMpad OJIMHMILIMHUHT KECUM 103acH
IPaBUTALIMSIHUHT  MYKOOWJ  Hasapusulapu Joupacuja MAarHuT —MaiJoHMJa
XKoinamran kKopa Ypanap arpoduua 3apsaid 3appaiap Xxapakath, Kopa ypa
aTpoduaa xapakariiaHa€Trad 3apsajiaHraH 3appajlapHUHT UYKU OapKapop ctadui
opOuTanapu.



TaagKMKOTHUHT ycyaaapu cudaruia yMyMuid HUCOMMIMK Ha3apUSICHUHHUHT
MaTeMaTuK amajiapu, auddepeHuuan reoMeTpus yciyOiapu, Kopa ypanap
aTpoduaaru 3appaiap xapaTakTH Ba MalJoHnap xucoOnamaa nuddepeHuuan
TEHIJIAMAJIADHUHT AaHAJIMTUK Ba paKaMJIM €UrIll yCcyJulapuaad (oilianaHuira.

TaagKMKOTHUHT WIMMIA SIHTHJIMTH KyHugaruaapaad uoopar:

uik Oopa Beiln rpaBuTanmon mojenuaa EpyFiIMK OFUIIMHUHT aHAJIUTHUK
udoaacu TONUITaH;

uik Oopa Beiln rpaBuTanvoH Mozenuaa Kopa ypa arpoduia sKoWamraH
ma3Ma EpyFIMKHUHT OFULIUTA TAbCUPHU KYPCATHIITaH;

IPaBUTALIMOH  JIMH3AJaHUIJA  IOJAY3 TACBUPUMHUHI  KaTTaJalUTHUPHIL
KO3 PUIMEHTH MiIa3Ma MaBXyJIauruaa Beisn rpaBUTaliiOH MojeNuJa TabCHpPU
Kapuiio [1IBapumung Mmoaenuaa kabu OYIuIM KYypcaTUiraH;

uik Oopa OWp KUHCIM IUIa3Maja >Koijamran Kopa ypa cosicu Beiin
rpaBUTallMOH Mojenuaa HIBapummng moaenuaarura KaparaHaa KA4uK OYiIuIu
KypcaTuiras;

unk Oopa Beiin rpaBuTannon Mojenuga (GOTOH Kopa TYMHYK 3KBaTOpHall
TEKUCIIMTUAAH YHUHI alVlaHUII YKUATa Iapajjiel TapKajJa€TraHja 4YeKCU3JIUKIa
EpYFIMKHUHT TOJISIpU3alisl BEKTOPUHMHI ailJlaHWIIM MOJEN TapaMmeTpura
OOFIUKJINTY aHWUKJIQHTaH;

WIK Oopa HEUTPOH HHTEpPepoMeTpuAa 3appadvajapHUHr (a3a CUIDKHILA
Beiin napameTrpura OOFIMKIUTH aHUKJTAHTaH.

TagKUKOTHUHT aMaJIuii HATHXKAJIAPH KyHuaruiapaad uoopar:

WIK 0opa AaHAJIUTUK TONWITaH E€PYFIUK OFMIIMHHUHT M(POAACH IIa3MaHUHT
JUCHIEPCUOHIIUTH TyQailin 3JIEKTPOMArHuT TYJKHH YacToTacura, maccara Ba Beiin
napameTpura OOFIMKINTH aHUKJTaHTaH;

unk 6opa 3C 273 Onazap Ky3aTyB HaTWKallapyu OuiaH Hazapuil HaTXanap
TaKKOCHaHUIIMAAH Benn mapamerpu y4yyH KyWujard FOKOPH —4erapacu
anuknadran: y ~107'em™ ;

unk Oopa  XopxkaBa-Jlupmun  rpaButanuscuaa  Kexarumac-Cdercoc
napameTpura OOFJIHMK XoJda cepuK CUMMETPUK Kopa ypanap arpopuaaru CUHOB
3appajiapy y4yH ailJlaHMa OpOMTAJapHUHI JHI KUYUK pagUyCH YUYyH aHUK
AHAIMTHUK KYPUHUIILIAP OJMHIaH;

unk Oopa EpHUHr rpaBUTalMOH MaioHuna wuHTEphepoMeTep OpKalu
IPaBUTALIMOH KU3WUJI CUJDKUIL YITYAaHTaH 3KCIEPUMEHT HaTHKajlapu OusiaH OM3HHUHT
Ha3apui HaTWXKAJIAPUMU3 TAKKOCIAHUIIWAAH Beln mapamerpu ydyH KyHHIaru

=21 -1
IOKOPH Yerapacy aHukianrad: y ~107" cm™ .

TaagKMKOT HATHXKAJIAPUHUHI HWINOHWIMJIMIM  (QyHIaMeHTan (u3uka
KOHYHJIADUHUHT ~ MOXHUATHHHM  PUBOXJIAHTHUPUII  YYyH  (oiljanaHuIaIu.
HucOuiAMKHUHT  yMyMHI  Ha3apuscH  TPaBUTALMSIHUHT  aCOCUN-MabIyM
KOHYHJIapyu OWIaH HIUIaTWIAIIKM Oy MYyKOOWJI TIpaBUTalUsl Hazapusjapura
JUMUTIapuIaH Oupu cudartuga KUPUTUIAAW; Hazapuid WY1 OWJIaH OJIMHIaH
HaTWXKanap Ky3aTyB MabJIyMOTJIApU Ba OOIIKAa MyaJUIM(IAPHUHT LIy HILITa JOUP
OJIMHTaH HaTWXajlapu OWJIaH TEKIIUPWIAH; XyJiocalap TpPaBUTAIMOH KOMIAKT
o0eKTiap Ha3apHsACHHHUHI aCOCUM KOMJajgapura Moc Kelaau.



TaaKuKOT HATHKAJIAPUHUHT WIMHIT Ba aMaJInil axaMUsITH.

Nnmuii TaIKUKOTHUHT WIMUAM aXaMUATH — WIMUNA WU3JIAHUII HATHKAJIAPHUHT
MyKOOWJI Ba Y3rapTUpWIraH IpaBUTalMs Hazapusjapura derapa Ba JUMUTIAp
(constraints and limitations) osMII y4yH KOMHOAKT OOBEKTIAp SKUHUAATU
acTpo(U3MK Ba PEJSTUBUCTUK >Kapa€HJIapHU TacBUpJIal OWIMIIMAA KYpHUHAU.
Ma3skyp auccepTanus MW, aKpEeUUOH AMCKIApU WYKH paguyCHIapUHU, HOM3O0]l
Kopa ypanapjaH KelnaéTraH peHTIeH HYpJIapUHUHT Ky3aTyB MabJIyMOTJIapu Oulian
OJIMHTaH Ha3apuil HaTWXKaJlapHW OWJIaH TaKKoCHall OpKaJId, TpaBUTALUSHUHT
MYKOOWJI Ha3apUsUIapUHUHT Xap XWI MapaMeTpiapd YYyH JHMMHUTIAp OJIMIL
MMKOHUSTUHU Oepajiu.

NnMuii TagKMKOTHUHT aMalliii axaMUATH 3Ca TPaBUTALMSHUHT MYKOOWII
Hazapusjiapy AoOUpacua peaITUBUCTHUK FOJITy3JapHUHT MATHUT MailJIOHJIapU YUyH
ofmHran udoganap, actpou3MKagark KOMIIAKT OBEKTIap aTpoduma coaup
OynaéTraH IOKOpPM OJHEPreTUK >KapaCHJIapuHU Ba UIYHUHTACK, Xap XMi
Hazapusajapuaard rpaBUTalus MaWJOHJIApU TaOMATIApUHU KEHIPOK H30XJIal
OJIMIINIA KYPUHAIN.

TaagKMKOT HATHIKAJIAPHMHHUHT KOPUH KUJINHUIIH.

Huccepranus vy 0yiirya OJIMHraH HaTHXKalap acoCUAA:

MYKOOWJI TpaBUTAlMsl Hazapusjapd JOMpacHia OJMHIAH MarHuT MaijoH
TY3WJIUIINTa Ba UYKU TYPFYH ailjlaHa opOUTaapura ouJi OJIMHraH HaTUxKajgap Oup
KaTop Xankapo xypHamwiapaa (Physical Review D 2017, Astrophysical Space
Sciences 2017, International Journal of Modern Physics D 2017, General
Relativity and Gravitation 2015) Hamp >Tuiaau Ba yMyMuid HUCOUNIUK Ha3apusicu
Ba MYKOOMMJ TpaBUTallMs  Ha3apusulapd  HaTWKaJapuHU  TaKKOcJaljia
poitnananmnan. Ymly auccepranus HaTHXanapu €paamMuia Typid rpaBUTALUOH
MoJieJIJIapyura napameTpiapura JuMuTIap OJIMII UMKOHUSATHHU Oepaiu;

OOlIKAa TpaBUTALMOH Ha3apHsUlapd Xamaa Ky3aTyB HaTKajlapu OujiaH
TAaKKOCJIAlll YYyH TpaBUTAIlMOH JIMH3ajap Ba JHEPreTHUK Mpouecciaap MyKOOHI
rpaBUTALIMOH MoOJeIUIapa HaTmxanapu xankapo xkypHamnapaa (Physical Review
D 2017, Astrophysical Space Sciences 2017, European Physical Journal C 2017,
Modern Physics Letters A 2017, Physics Scripta 2017) unuiatuiay.

TaagKMKOT HATHIKAJIAPUHUHT AanPodanuscu

Hucceprauuss HaTwkanapu 25 Ta Xalkapo Ba MaxaulMd  WIMHUHA
aH)KyMaHJiapAa TEeKIIUPUIAN Ba MyXOKaMa KUJIHH/IH.

TaagKMKOT HATHIKAJIAPUHUHT 3bJIOH KUJIMHU A

Juccepranus MaB3ycu goupacuiaa 33 Ta uWiIMHAN Makonanap, myjapaad 9 rta
unMuii Makoma PhD jmuccepraumscu yuyH Y3GekuctoH PecryGmukacu Oumuit
Atrecrauua Komuccuscu TOMOHMZAH TaBCHUS OJTWITaH XaJKapo WIMHUN
’KypHaJu1apa 4on 3THJITaH.

JluccepTanMsHUHT TY3WJIMIIM Ba Xa:KMHM. Juccepranusi TapkuOu KUpUIL,
TypTTa 000, Xynoca, (Qoiimamanuiran anabuérinap pyhxaTu Ba uIoOBajapiaH
TalKui Tonrad. J{uccepranus xaxmu 87 OETHH TAILKUII STaaH.



JUCCEPTAIIUSIHUHT ACOCUM MA3ZMYHHU

JluccepTanMHUHT KUPUII KUCMMIA WIMHI TaJKUKOTHUHT JOJ3apOiury,
aXaMUATH KEJNITUPWITaH, Makcaau Ba Bazudanapu aHMKJIAHTaH, WIMHA SHCUJIMTA
XamJa —amMajauil  HaTWXKalapu — KypcaTWiraH, OJIMHIAaH  HaTWKaJapHUHT
WIIOHWIWJIMTYM UCOOTIaHIaH, YJapHUHI Ha3apuil Ba aMalluid axamHsITH Oopacuja
CY3 IOpUTHIITaH, TAAKUKOT HATHXKAJIApU Ba JUCCEPTALMS TY3WIHILN OCpUIIraH.

[ 600 “KeHradTMpuWJIraH rpaBuTanus Hazapusiiapu” 1e0 HOMIIAHAIU Ba
Oy epaa aucceprauMsia YpraHwiraH MYyKOOWI TrpaBUTalus Ha3apusiiapura
KHCKaua mapx Oepuilra OaruillIaHTaH.

MyxkoOus rpaBuTauusa Hazapusuiapu Oy yMyMHUH HUCOMMIMK Ha3apusCcura
(YHH) mykoOun cudatuaa maBxkya OyiraH €ku yHU (MUKIOpP >KUXATAAH EKU
TyOAaH) y3rapTupajudral TrpaBuTanus Hazapusuiapura atunagu. YHH kyém
TU3UMUHHUHI MUKECHMIA AXIIM YypraHwirad. HaszapusHu karra €KM KUYUKPOK
MacuTabiapaa CMHAIl aH4ya KUUUH Wi, YMyMuil HUCOMWIMK HazapuscH, OOmIKa
Xap KaHAail Ha3apus CHHIapu, peajl XOAUCAJIApHU TacBUpJiall Y4yH MOJEI
cuparuga xusmar kunaau. LyHUHT ydyH XakuMKud TabuaTtia cailépa TU3MMIIApU
MUKECUAAr YMYMUNA HUCOMIUIMK Hazapusicu OamiopaTura MOC KEIUIIM MYMKHH,
aMMo Oo1ka Maciitadiaapaa yHaan gapk Kuia oonutaiiau.

XopkaBa TPAaBUTHULIMS MOJEIM BEKTOP-TEH30p TpaBUTAIUSl Hazapusapu
BapUaHTIapuIaH OupH Ba HXTUMOJ XO3UPrd NaWTAAa HHI MallXypJiapHaH
oupunup. by momen 2009 imnpa kenu® uyukumu aciu YexusgaH OyiraH
amepukaauk Ttop Hazapuéruucu I[lérep XopxkaBa TOMOHMIAH TakJIW(] KUJIMHIaAH.
By Hazapus penaTUBUCTHK Kyd XUCOOJaHMalauraH KanTa THKJIaHaJAUraH Hazapus
Oynu0, TMHAMUK KpPUTHK Kypcatkud z = 3 OunaH yatpa-Ounadma (Y®) typr
Yyn4oBaa, BakT Ba MakoHja JIuduui MacmTab-MHBApUAHTIMTUHU KaOyJl Kuilaau
Ba KarTta Maclrtadiapiaa DWHIITEHHHUHT YMyMUN HUCOMIIIMK Ha3apuscu OWiaH
MOC Tymaad. TopTHIIMII Kyydra 23ra HIApCUMOH CHUMMETPUK OOBEKT
tamkapucugarn  (a3oBuil  YI4oB  yuyH —UMHGpaKu3WI-MoAuUKalUsIaHTaH
XopxaBa acumntotuk eunmu Kexaruac Ba Cdercoc (KC) ToMmonuan Kyitugaruda
TONMWJITaH

ds* =-N’c*dt* + N2 dr* + r*d6* +1* sin 92d(p2,

1
(r)=1+a)r2—a)r2 1+4—M3, )
wr

Oy epma o KC napamerp Ba KOHCTaHTa A, =0 KMIMO TaHJIaHTaH.

N’=f,

KS

[NanakThkanap ydyH KyTWJIMaraH aijaHMa 3TpUd YHM3UKJIAD Ba KOCMHK
MUKpPOTYIKUHIN (oH (KM®) cnekrpuparun teOpaHunuiap OomIKa acTpopu3HK
Ky3aTyBjlap opacuja Kam@ OSTWIMIM la yTa SHIW [oAay3jaap CHEKTpUaaru
"erumMaéTran Marepus" HUHT ucOotuaup. Onamaa Ou3 OuiIraHUMU3AAH XaM
KYIIPOK Macca OYauImu MyMKUHMHM €KW TpaBUTAlMS HA3apUSACUHUHT Y31
KOHUKapiu 3MacMu? DHAM KYN OJMMIIAp KEIHUIIYBU OWJIaH €TUIIMAETraH Macca
IIyHJIaH uOopaTku, Oy MOJJAHUHT SIHTY aKau OYnuO, yHU (akat 1y MOAJaHUHT
XyCyCul rpaBuUTalvs Ky4yd OWjiaH aHMKIall MyMKUH. AMMO Oy KenuiryBra (akar
yMyMHUIl HUCOMWJIMK Ha3zapuscura MyKOOWJ HazapHUsUIapHU CUHA0 KYpWiraHJaH
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KeMMHruHa spumiiad. ['paBuTanus HazapusACHHUHI OOIIKAa KYIjiad MyKOOWI
HazapusIapy opacuaa MOC KelaauraH Benna rpaBUTallMOH Ha3apusCH XO3UPru
KOCMOJIOTMK ~ JKyYMOOKHUHI €4UMMIHp. OWHIITEHH-I'Mnbepr rpaBuTanuscu
TabCUPUAAH (QapKiIu paBullja, Beiln myHnail mapT KYSIUKd, aaMallTHpULLIap
y4yH DWHIITEHHHUHT YMyMUN HUCOMIIMK HAa3apHUsICU MHBApUAHT OYJIMIIU KEpak.
by mapr kynunarunda

g,,(0 =@ (0g,, (), )

oyama €2(x)- ¢aso koopauHaramapura OOFIMK ckamsap (yHkums. Beiin
rpaBUTAlLUACHAA CTATUK c(epUK CHUMMETpUsra sra MaHOa yMyMaH MaiijoH
TEHITIAMACHHMHT BaKyyMJard eudMMHIaH Kyiujaruda (azo-BaKT METPUKACHHU

€311 MyMKUH
2

ds® = —B(r)di> + g(rr) +7 (d492 +sin6’dg’ ) 3)
Oy epna
B(r)=l—w—3/3’y+yr—kr2. 4)
r

B, v, k nmap - uHTEerpan KoHCTaHTajdapu OyIub ynap Kyinaarnia u30XJaHa/u:
B=GM/c*(cm) - reomerpuk Macca, M -ca mamGammnr wmaccacu Ba G
rpaBUTalMs JOMMHIcH; y(cm™') Xamga k(cm™) 6ynu6 ymap KoHgopan
rpaBuTaius napamerpnapu. (y=0=k) na (22) lpapmmiaa KYpuHUITHY, (y=0)

na nca  lIBapumuna-ne Cutrep €YUMHUHM KeluO 4YUKHO, Yy KOCMOJIOTHK
Macoanapaaruia Myxumaup. byHu k auur kuiiMatTMHM Ky#a KMYHK
JKAHJWTUJAaH KypuIll MYMKMH Ba /' HMHI KaTTa KuWMaTriapuja, MacallaH

rajJlakTHka yiyaMu TapTuoua —kr? Ce3MJIapiid KUiiMaT KalyJ1 KHJIaau.

Cyurru naiftnapaa yTkazuiarad KOCMOJIOTMK Ky3aTyBJIap YMyMUN HUCOUMITHK
Ha3apusACU acoCHJaru TIpaBUTALMA HA3apUACHUHU Y3rapTUPUIL KEPAKIUTUHU
KypcatMOKAa. ['paBUTallMOH MaWIOH HA3apUACUHU KEHTAWTUPUIIMIIUA Kepak
Oynran Hazapusuiapaa HIOTOHHUHT TeckapH KBaJpaT KOHYHHMra KyliuMya paBHILIa
AHTM Yy30K Macodanu Kyunap mnaigo Oymumu MymkuH. LlyHu yHyTMaciouk
KEpaKKH, TAJIAKTUK Ba KOCMOJIOTMK KaTTa macmrtabmapna YHH xamu sxkunnuii
TeKIIUpyBaapJaaH yTMarad. bupok, 6ab3u 6up ¢axtiap O0Opku, KOPOHFY MOJ1a Ba
KOPOHFY DJHEPIUSHUHI MAaBXKyJUIMTMHU TACAMKJIAWIUTaH Ky3aTyBlap yMyMUU
HUCOMMINK Ha3apUACHHM KaTTa Macodanapja, KWYUK Te3JIaHUIIapaa €KUM KUIUK
ArpuiuKIa MyBadPakusaTCU3IMKKa OJIUO KEeNaIu.

II 600 “Kondopman Beiin rpaBuTanmMsicuga reoMeTpuK ONTHKA” 11€0
HOMJIAHTaHUO, Mla3Ma MYyXUTHAA KoilamraH KoHpopMan Beiin rpaBunuscuia
IPaBUTALIMOH  JHH3aMaHUII A(PDEKTH, EPYFIUMK KyTOJAHUII BEKTOPHUHUHT
I'PaBUTALIMOH KOMITAKT OOBEKT AKUHUA OyPHINIIMHU YpraHuIira OaruiIaHraH.

By epna O6u3 rpaBuTanus MaiiJJOHH Ky4ucu3 Ba ()a30-BaKT aCUMTOTUKACH SICCU
TEKUCIIMKAAH noopaT 1ed Kaldys KuiaMu3 Ba MaTeMaTHK kuxarna OyH Kyhaaruda
u(aganam MyMKUH
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gaﬁ =77aﬁ +ha/ja na/} = (_13 L 13 1)9 (5)
hy=1 x'—o mah,—0.
by epna g, ds* = gaﬂdxadxﬁ KypuHUIIIAru (a30-BaKTHUHT METPUK TEH30PH, haﬁ -
3ca YHUHT siccH $azo - Nep = (—1, L1, 1) ra HucOaTaH KUYUK drpuianuimd. [{uHrauHr

rpaBUTAalMSATa OWUJl KUTOOMJA EPYFIMKHUHT JUCHEPUUSUIOBYM MYXUTAAru
TPOEKTOPUSCH YUyH KyHUJaru TEHIJIama KeJITHPUIITaH

W(x“,pa)=%[ “/”papﬂ—(nz—l)(paV“)z]=O. (6)

By epaa p“- ¢poron umnynscu, V' MyXUTHMHT 4-Te3IMId Ba # MyXUTHHHT HYD
CUHAMpHUII KypcaTknuu. TypryH Ba Oup JKMHCIM OyiaMaraH IuiasmMa ydyH HYp

CHHIMPHII KypcaTkuuu 7, X' Ba @(x') mapra Kyhugaruda OOFIaHrad

2 2
w1 g HEN ey (7)
w (x') m

Oy epma epaa N =N(x') - miasMagaru 5>JI€KTPOHJIAD KOHLEHTPALUACH, € —
ANEKTPOH 3apsau, m — JJIEKTPOH Maccacu, ,- Iula3Majard 3JIEKTPOH IulazMa
4acTOTAaCH. OH1u COJLTAITNK YUyH KyHuJarujiapHu KUpPTaMU3
(®) =0, ©,(®)=a,, n(®)=l-w/o*=n,y Xon1a oFui 6ypyard yuyH Kyiuaara
nudoaaHu oaMu3

av —%(H

Yo

w; | &’
1-—>——1Inb|.
-] | ! ] ®)

Oxupru inutapaa rpaBTanuoH 3G (eKTIapHu Ky4wIn MaiIoHIapBa Ky3aTUII
non3ap6 Oynu6 xkensntu. LyHuHr yuyH Kydugarn 0o0ma Ou3  Qortonmap
XapaKaTWHU Ky4JU TPaBUTAIIMOH MaiI0H/1a YpraHIuK.

5.0/ ]
ber

45| ]
4.0

3.5 i ]
3.0%\ ,

0.00 0.02 0.04 0.06 0.08 0.10 4 -2 0 2 4
4 x/M

1-pacm
bynna (wan TomoHnaru pacm) (oToH cdepa paanycu Ba KypUIl HapaMeTPUHHUHT
KpUTUKaJI KUAMaTiIapyu OuiaH y NapaMeTpUHHUHI OOFJIaHUIIM KypcaTWiraH. YHT
TOMOH/Ia FTaMMa MapaMEeTPUHUHT Xap XUJl KuiimMatuaa (OTOHJIAPHUHT KOpa TYWHYK
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TOMOHHUJIaH TPaBUTAIMOH KaMpad OJMHUIIM TacBUpiaHTaH. By epna y3mykcus
YU3UK y =0, TUpean Yn3uK y = 0.05, HyKTajau 4u3uK eca y =0.1.

5.0t

4.5}

4.0

3.5

3.0t

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

2-pacm
2-pacMaa ¢oroH cdepa paamych Ba KYpHUII MNapaMETPUHUHI KpPUTHKAI
KUMaTiaapuaad Oup KUHCIW IJ1a3Ma YaCTOTACMHHUHT OOFJIAHMIIU TaCBUpPJIAHTAH.
VHT TOMOHJATH TaHen Kopa TyHHYKHMHT IUIa3MaJard CHIYITHHH TACBHUPIAMIM.
By epaa y3iyKcu3s Yn3uK o, /w =0, THpeny umsuk o, /o = 0.5, HyKTauu 9u3HK eca

@, /w=0.9 6Yau6 Beiin napamerpu yM ~107'" 1el onuHraH.

bus reomerpuk onTukaHuHr 3¢Q@exTiaapunaH sHa Oupu OYiAran Epyriuk
NOJIIpU3alisl BEKTOPUHUHT aNWJIaHUIIMHU KOMIIAKT OOBEKTHMHI T'paBUTALUs
Maionuaa Beitn Mmoaenuaa Tabcupunu ypranu® yukauk. bupuaun xonga manOa
DKBATOpHAJ TEKUCIMKAA Ky3aTyBUM 3Ca TEKUCIMKIAH HOKopuaa OyiacuH (6-pacm,
IOKOpHY naHenra Kapasr). MkkuHum xosataa (3-pacM, IACTKU IaHENIra KapaHr),
MaHOa Ba Ky3aTyBuUM CcUMMETpus Yykuaa Oynranupa. by pacmpa manOa Ba
Ky3aTyBuUl CHMMETpUs VKHIaH b macodana sxoinamrad. Ilactna, manOa Xam,
Ky3aTyBYHM XaM CUMMETPUS YKHJIA.
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[IT 600 “Xop:xkaBa rpaBUTALMACHIA KOPAa TYiHYK aTpo¢uaa 3appavyaiap
Ba Maiijonjap” 1e0 HOMJIaHTaH oynu6, Oy ©6o00ma ["amunbTOH-AKOOU
TeHrIamacuaan  (Qorganannd, Xopasa-Jluduui rpaBuUTanUsACHIAa  MarHMUT
MaifloHH]1a >KOMJamran Kopa ypa arpoduparu 3apsyid 3appanap XapakaTUHU
ypranumra OaruIuiaHaIu.

Maccacu M Oynaran kopa ypaHuHr XopkaBa-JIuduui rpaBuTanuscuia
(dazo-BakT ctaTuk Ba chepuxk metupukacu (3) udomana Oepwiran. Kumuar

BekTopnapu & MakcBesul TeHrIIaMantapvHy KyHuaarnda KaHoaTIaHTUPaIu
o _ o f a) _
F7y==2C, (£ ") =0, ©)
bynma »n° ={O,0,O,6M2/a)r3}, Rayfy MyHOcabaTaaru o’ y4yH Oupiamuu
AKUHJIAIIUIIUAIAD. DJNEKTPOMArHeTUK MOTEHIIMATHA MKKWTA TAIIKWI 3TyBUWJIApU

WUFMHIUCU KYpUHUIIKMAA oMUl MyMKHH A =A“+a“, A Kunmuar BekTopura

MPOTOPIIMOHANT OYATaH MOTeHIMan, WKKMHYM kKucmu a“ KS mapamerp @
Xucobuaan mnaiao OYyJaraH BEKTOp NOTEHIMAl Ba KyWHJard €4UM TOMMIIIU
a” =B/ 2{0, 0,0,3M7/ 10a)r4}. [ynnaii kuiIuod, 2JIEKTPOMArHuT MailJOHHUHT 4-BEKTOP

NOTCHIUAIN Aa KyHU1aru KypyuHHUIITa KEIaau

2
Ay =4 =4,=0, A3=%B%r2sin92(1+ M ) (10)

10cr*
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DIEKTPOMArHUT MAHJOHHUHT OPTOHOPMAJ TAIUIKHMJ 3TYBUMIAPHU, Ky3aTyBUH
TEe3JIUTU (u”’)obS Eexp(—CD){l,O,O,O}; (u,),. E—exp(CD){l,O,O,O} OyAraH  CaHOK

cucremacuza, (3) MeTpuk TeH30pJaru jamnc QyHKIusAra OOFJMK XOoijaa KyWuaaru
udoa OunaH aHUKIaHATU
3M’° ; 6M*
B" =B|1+—— |cos0, B’ =B l-——
Owr 10wr

sin . (11)

lamunbroH-AK0OM  TeHrnmamacuaan  Qoigananund, Xopxkasa-JInduui

rpaBUTALMICUAa MATHUT MalJIOHUA XKOWIalIran Kopa ypa arpouiaru 3apsaiv
3appajap XapakaTUHU ypraHamu3

oS oS
W ted ||—+ed |=-m", 12
& ax* “ N ox” 4 (12)
Oy epia e Ba m Jap MOC XONJa, 3apPPaHMHT 3apsad Ba Maccach. ! Ba ¢ Iap

Kunnunar y3rapyBumnapu Oynu0, ynapra HucOaTaH TabCUpPHU Kyiuparuya €3u0
OJIMII MYMKHUH

S=-Et+Lp+S,,(r,9),

by epna caknanyBun karranukiap £ Ba L moc  Xxonza,
YEKCU3JIUKAAru SHEPTUs Ba UMITYJIbC MOMEHTH.

(13)

CHUHOB 3appaJlapuHUHT

1]
140
st | | |
| | 120( |
4 |I <=1:2-*| ‘| 100 |
| | || sl |
« ~ 80
I 3 ||II |‘I II‘ A |I
L 60} | )
2 ‘\\ I'\. ‘\\ II'\ II‘-, o
NN I SN
1 D — 20
0 0 . . . . . .
r/M r/M

Pacm 4. (0 HUHT Xap XU KAMMATIapu ydyH Kopa ypa arpoQuuard aiiiana
OpOUTATAPUHUHT HEPTUs Ba Oypyak MOMEHTHUHT pajauan oornanumu. Ku€cnam makcanuna,

@ >> 1 na llIBap3mmiiz Kopa Ypack X0JId YUyH XaM yIoy GOFJIaHMIILIAp KeJITHPHILIH

4-pacMaa HKBaTOpuad TEKUCIUKIArd aiiaHa opOuTaja Xapakar Kuia€TraH
3appaJlapHUHT JHEPrus Ba AaWIaHUII MOMEHTJIAPUHUHI pajauan OOFIaHMILIN
KEJITUPWIraH. 4-pacMaH IIyHU KYpHUIL MyMKHHKH, ailllaHa opOuTanap/a MabiyM
) ~ 2 )
DHEpPrus Ba AalJlaHUII MOMEHTUTa Jra 3appamap ®=wM®  yir4oBcus

napaMeTpUHUHI KUKWMaTh KaMmaluimy OujlaH Mapka3uid opOuTara TOMOH
CUIDKUUIN.
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T
1

horizon i i \\

A
[ %]
T
1

1.0—|,,",\,‘,,|,,,,|,,,,|— (J_Innnlw||I|||I|||\|||I_
0 1 2 3 4 0.00 0.02 0.04 0.06 0.08 0.10

) @
Pacm 5. Xonucanap ropu3oHTH (dara) Ba MUKW TYPFYH ailylaHa opOUTa paJuyCUHHHT
(YHraa) @ nmapameTpura GOFJIAHMIIM

S5-pacmpaa xoaMcanap TrOpU30OHTH (Yamja) Ba WYKUA TYypFyH aijlaHa opOuTa
pamuyCUHUHT  (YHTIA) YJIYOBCH3 () TapaMeTpura OOFJIaHMIIN KEJITHPHIITAH.

wzz\/§/9 KuiiMaTaa @ VIIYOBCU3 MapaMeTpy KaMaluInd OWIaH WYKH TYpPFYH
alinana opOuTa paguycu Mapka3uid opOUTa TOMOH CHIDKUUIU.  w< 2\/5/9
xonatuaa 7%,, YYyH KyHH derapa HyK, AbHH KOpa ypa SKUHHAA aljIaHMa
opbutanap Mapxya Oynuimnd MyMKHH. Pacmpan KYypuHUO TypuOAMKH, HYKHU
alilanMa opOuTa paguycu MapaMeTp MaBxXyJ OyiaraHja Mapkasuii Kopa ypara
Vragu. OMMHraH COHJIM HaTWXalapHU Kopa TYHWHYKIApHU aillaHajguraH Oab3u

HOM30/UIap YUYH WYKHU ailllaHMa opOuTa paaunycu Oyilmua Ky3aTyB MabiyMOTJIapu
OWJIaH OCOHJMKYa TaKKOCHIAll MYMKHH. o TapaMmeTp Y4YyH KyWu KuiiMaTHU

KyHHaruya oJui MyMKAUH @ =3.6-10 cm™ .

IV 606 “Beiin rpaButanusicuia uHtepdepeHums 3¢pdextTaapu” 1ed
HOMJIAHTaH.

Helitpon wunTeppepomerpuaaru (¢asanap CHDKUIIUIA €p TPaBUTALMOH
MalJJOHUHUHT Ta@bCUPUHU CHUHAO KYpHILra UMKOH OepaguraH Taxpuda OupHHYU
Mapta Osepxayszep Ba Konemna ToMoHHMIaH Takiaud KWIMHUO KEUHMHYAIUK Oy
Taxxpuoba MyBadhakuaTIu amaJira OILIUPUIIIN. [lynagan CVYHT,
MHTEepPEpPEHIUIaHYBYM 3appallapHUHT (a3za CWIDKHUIIKM OwiaH OOFIMK OolIKa
TabCUPJIAP AHUKJIAHIW. YJap opacuja €pHHUHI alJaHUIINAAH KEIUO 4MKaJauraH
TabcupH s’bHU CaHbAK 3Q(EKTUHUHT aHanoru Ba Jlunza-tuppusr s3¢pdextuaup.

By 6061a Beiin mapamerpu MaBxXyIUTru cabadbiu (aza CHIDKUIIUHY OJIMII
yuyyH Bein rpaBuTauMsacd JOUpacUIard CEKMH alJIaHaquraH CTraluoHap
IPaBUTAIIMOH MaWJOHM Yy4yH ywmoOy ¢dopMaliu3MHu KeHrailtupamus. byHna
Kyingaru KneitH-I'opion Tenrnamacuian goinananaMus
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V'V, @ —(me/h) ® =0, cp=qiexp(-i%z). (14)

Kuunk xammapau O((F/c¢)’) Tamiab iybopud, (asza CHIDKUILIAp KyHHaard

KYPUHUIIA TOIUIAINA
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Bums = Buao~Brco = [ =T 1€ 17
wrar = Basp = Baco == 200 | 2g) 47
B - D

(interference region’

(source)

6-pacm.

Monnanap

TYJIKUHJIAPUHUHT UHTepdepeHuuscu Ty(dailau TrpaBUTALUOH

KU3WI CWDKUIIHYA yidam X. MIoJUIEpHUHT KCIIEpPUMEHTAJl HaTWXXajlapu acocuaa
(Mullet et al, Nature 463, 926 (2010)) Beiin mapamerpu yuys ¥ <2x10cm” kyiin

yerapaBuil KUMMaTUHU OJIJUK.
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XYJOCA

"MyKkoOWJI rpaBUTalusl Hazapusilapyaa akcuajl — CHUMMETPUK OOBEKTIap

atpodura pensITUBUCTUK acTpo(U3UK >kapaéHiap" MaB3ycuaaru Jauccepranus
uiy Oyinya Kyiiuaaru xyJjocajiap OJUHIM:

1

. uak O0op Beiin rpaBUTalMOH MOJAENWJA T€OMETPUK ONTUKAHUHI 3P (deKTIIapu

ypranwia, SKymiaJaH TpaBUTAlMOH JIMH3aJaHYBUYM OOBEKT SAKUHUAA
EpYHIMKHUHT OFUIIM Ba MOJspU3alus Oypyarv OFulily;

.OFuIl Oypuyard y4YyH OJIMHIaH aHaJUTUK HQoJa YHHUHI Kylujaaru

ANEKTPOMArHUT TYJIKUH YacTOTacu, Kopa TYWHYK Maccacu Kabu CTaHaapT
KaTTAIMKIApAAH Ba XaMmJa MOJEN MapaMeTpUaH OOFIUKIUTMHU KYPCATUIIIH.
Mopen mnapamerpu MaHOa TaCBUPHUHMHI KaTTalalITUPUII Ko3(QuueHTura
JESPJIA TAbCUP KYpCaTMACIUTH aHUKJIaH/H;

. Ia3MaHuHr Oopnuru  (Qorochepa paauycuHu omumimura, Oy 3ca HUIIOH

NapaMeTPUHUHT Ba KOpa TYHHYK CHJIyETUHUHT KUUpalHIInKa OJIU0 Keaau;

. uak Oop, Beiin rpaBuTanumscuaa KyTogaHum Oypuyard y4yH OJIMHTAH Ha3zapui

HaTWXanap OWJIaH OJMHTaH Ky3aTyB MablIyMOTJIapUHM TakKocjaaul €paamuaa
%) ) =21 -1
Beiin mapameTpu ydyH KyWHard FOKOpHY derapacu aHukIanau: Y ~ 107 cm™ |

. wik 6op, XopxkaBa rpaButanusicuna KC mnapamerpura 00fiuK Xohaa chepux

CUMMETPUK Kopa ¥ypaiap aTpoduaard CHHOB 3appajapd Y4YyH ailllaHma
OpOUTANAPHUHT 3HT KUYUK PaIMyCH YUYH aHUK aHATUTHK KYPUHUILIAP OJUHIM.
OnuHran HaTwXkanap OMJIaH WYKH TypFyH aijlaHa opOMTallapu YYyH Ky3aTyB
MabiaymMoTiaapuHu Takkociaaml KC edMMUHMHT OOFNaHMII MapaMmeTpu YYyH

Kylujarnya SHI KHYUK JJUMUT OJIUHIN: @ > 3.6x 107 cm’z;

. uJIK Oop, MaTepus TYJIKUHIAPUHUHT MHTep(epeHunsich Tyaillin rpaBUTallioOH

KU3WI CWDKUIIMHYA aHUK YI4aHraH JKCIIEPUMEHT MAbJIyMOTJIADUHU OJIMHIaH
Ha3apui  HaTWXajapuMHU3HM  TakKKociamjgaH Benn  nmapamerpu  y4yyH

y ~107 cm™ Kyitu yerapa omuHIH.
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BBEJIEHHUWE (anHoTranus paucceprauuu AokrTopa ¢uiaocopun (PhD))
Henabro mucciaenoBaHusi SBISETCS TEOPETHUUECKUH aHAIW3 PEISTUBUCTCKUX U
acTpo(U3NYECKUX MPOLIECCOB BOIM3M KOMMAKTHBIX OOBEKTOB B aJbTEPHATHUBHBIX
TEOpHUSIX TpaBUTALMU M CPABHEHUE C HAOIIOJATENbHBIMH ACTPOHOMUYECKUMHU
JaHHBIMH.

O0beKTOM HCCIIeI0BAHMS SIBIISIIOTCS PENISITUBUCTCKUE 3BE3/Ibl, YEPHBIE
JBIPBI U TOJIbIE CUHTYJISIPHOCTH.

HayuyHnasi HOBH3HA HCC/IeI0BAHMSA 3aAKJII0YaeTCs B CIeAYy0LIeM:

MOJIy4YeHO, YTO BBIPAKEHHUE [JIs yIjla OTKIOHEHUS CBETa B BaKyyMe
momudumupyerca u3-3a dpdexTa !/ OTBETCTBEHHOrO 3a MONPaBKy Beinsa k
IpaBUTALINH;

MOKa3aHo, YTO IUIa3Ma OKPY>KaroIlasi YePHYIO IbIPY, B TPAaBUTALIMOHHOM T0JIE
Beiing Bnusier Ha yriia OTKIOHEHHUs CBETOBBIX JIYUYEH;

MOKa3aHO, 4YTO YBEJIMYEHHE HUCTOYHHMKA HM300paKeHuss 3a  CHeT
IPaBUTAILIMOHHOTO JIMH3UPOBAaHUS BOKPYI YEpHOHM AbIpHl B TpaBUTAlMK Beins B
MPUCYTCTBUM IUJIA3MEHHOM CpeJpl MOYTH TAKOE K€, KaK eciii Obl 3TO ObUIO B
canyyvae [IBapummnpiaa;

[I0KAa3aHO, YTO pa3Mep TE€HU YEPHOU IbIPBI B 'paBUTALUU Beins npu Hanu4uu
OJIHOPOJHOM M1a3Mbl OoJible, yeM B ciydae [lIBapummnbaa;

MOKa3aHo, 4yTo il (POTOHA, IBMXKYLIErOCs NapajuieIbHO OCSAM CUMMETPHH OT
HKBATOPUAIBHOM  IUIOCKOCTHU K  OECKOHEYHOCTH, BpalleHUE  IUIOCKOCTH
NOJISIpU3allMi  3aBUCUT OT MapaMerpa Beinss B oTiauuMe OT KEppPOBCKOIO
MPOCTPAHCTBA-BPEMEHHU, TIA€ I 3TOr0 ciydas HET BpallleHHs IUIOCKOCTH
MOJISIpU3aLU Y.

BHeapenne pe3yabTaToB HCCOAeNOBaHMs. Pe3ynpTaThl auccepTanuu o
CTPYKTYpPE MarHMTHOIO MOJS U O OJMMKalIIMX yCTOWYMBBIX KPYTOBBIX OpOUTax B
aNbTEPHATUBHBIX TEOPUAX TI'PAaBUTALMM OBUIM HMCIOJB30BaHbl B MEXIyHAPOIHBIX
xypHainax (Physical Review D 2017, Astrophysical Space Sciences 2017,
International Journal of Modern Physics D 2017, General Relativity and
Gravitation 2015) nys cpaBHeHUsI pe3yJIbTaTOB 00IIEH TEOpUH OTHOCUTEIHHOCTH C
MOAM(PUUIMPOBAHHBIMU TEOPUSAMH TpaBUTALMK. VCroib30BaHUE MOIYYEHHBIX B
ATOM AMCCEPTALUU PE3YyJIbTaTOB MO3BOJIUIIO ONPEAEIUTh Jy4yllee OrpaHUUYEHUE U
Mpeaesbl 175 Pa3IndHbIX MOJIEJEH rpaBUTALIUH.

[lonyyeHHple  pe3yJabTaThl  NO  HUCCIENOBAHUIO  T'PABUTAIMOHHOIO
JUH3UPOBAHUSA M HHEPreTUYECKUX IMPOLIECCOB B paMKax MOIU(UIIMPOBAHHBIX
MojeNied TpaBUTAllMM OBUIM MCHOJB30BAHBl B MEXKIYHAPOAHBIX >KypHalIax
(Physical Review D 2017, Astrophysical Space Sciences 2017, European Physical
Journal C 2017, Modern Physics Letters A 2017, Physics Scripta 2017) nns
CpPaBHEHUSI C pE3yJbTaTaMH JPYTrUX TIPaBUTALMOHHBIX TEOPHUM, a TaKXKe C
HaOJII0AaTeIbHBIMU JaHHBIMH.

O0beM U CTPYKTYpa AUCCEPTALMH

Jucceprauust COCTOMT W3 BBEIEHHMS, UEThIPEX IJIaB, 3aKJIIOYEHMS,
MPWIOKEHUS U CIUCKA TuTeparypbl. O0bEM AHMcCepTalUy COCTaBISAET 87 CTpPAHMIL.
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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 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 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 y 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 y 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 1) the frequency of the electromagnetic wave, due to the dispersion
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properties of the plasma; 11) the gravitational mass; and ii1) y 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 y<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 y <10 cm™ 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

27



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* + N2dr* + r*d6* + 1’ sin sz(pz,

(r)=1+a)r2—a)r2 1+4—M, ()

N*=f,

KS

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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g,,(V)—=>Q(0)g, (%), 2)
where Q(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

dr?

ds* = -B(r)dt* + +7r (d492 +sin 6°dg’ ), (3)

r
where

B(r)=1-

M—3fo’y+w—k72, (4)

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

k(cm™), are required by conformal gravity. The theory comes to the standard
Schwarzschild solution (}/ =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 £ has a very small value, the
term 7 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
gaﬁ =77a/1’+ha,89 770; =(_17 17 19 1)7
hg=1, h,—>0 under x'—o,

)

where £,4 is the metric tensor of the ds® = gaﬂdx“dxﬁ space-time metric, haﬁ

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“ﬂpapﬂ—(nz—l)(paV“)2]=0. (6)

here p“ is the photon momentum , V'“ is the 4 — velocity of the medium and » is
the refractive index of the medium. Here a static inhomogeneous plasma with a
refractive index n depends on x'and w(x') as

) , 4me’N

—, w, = =K N, 7
a)Z(xl) m ( )

n=1-

where N = N(x") is the electron concentration in an inhomogeneous plasma, e is
the charge of the electron, mis the electron mass, w, is the electron plasma

e

frequency in this plasma. We denote the following notations for the values at

infinity as @(®) =, ©,(°)=w,, n(®)=\1-w;/w’* =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:

0;1;1/=% 1+ +yb 1— /o (8)
/ w -} |
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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Der
45
4.0/
3.5/ ;
3.0%\
0.00 0.02 0.04 0.06 0.08 0.10 4 -2 0 2 4
Y x/M

Figure 1
(Left panel) Dependence of the photongsphere radius and the critical value of the
impact parameter of the photon from the y 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 y =0, the dashed line for
y =0.05 and dotted line for y=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 (the index of refraction n) of the
homogeneous plasma.The solid line is responsible for @_/w =0, 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 yM =~107".

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 6 < /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.
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o, ke >
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'«’lo < Fig. 3 At top, the source and the
e observer are at distance b fromthe
s symmetry axis. At bottom, both source
o - ®:n and observer are in the symmetry axis.
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a, 1k,
@axis.‘z ~40
. AZ
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—D L

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 Hor ava-Lifshitz gravity takes form (6). A Killing vector &“, being an
infinitesimal generator of an isometry, satisfies to the Maxwell equations as

Faﬁ;ﬂ =D Co (ga;ﬁ;ﬂ _na) _ O, (9)
Where 17“ ={0, 0,0,6M7/ 607’3} is just the first order approximation in @™ of the
relation R“ &". One can express the electromagnetic potential as a sum of two

contributions A4“ = 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 @w and has

the following solution: a“ =5/2{0,0,0,31*/10r*}. Finally, the 4-vector

potential A, of the electromagnetic field will take a form

1.1 ,. 3M*?
A=4A=A4=0, A =—B—r'sinf |1+ . 10
0 1 2 3 2 2 ( 10(01’4) ( )
The orthonormal components of the electromagnetic fields measured by a
fixed observer with the fourvelocity components
(u"‘)obS =exp(-®){1,0,0,0}; (u,) =-exp(P){L0,0,0} are given by expressions
. M2 ; ) M*\ .
B -B[1+= —|cos6, B’ =¢""B|1- 0 — |siné, (11)
10cwr 10cwr

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-Lifshitz gravity using the Hamilton-Jacobi equation

g”v(£+eAﬂ)(aa—Sv+eAv)=—mz, (12)
x

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

S=-Et+Lp+S,,(r,9), (13)

where the conserved quantities £ 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 w=2+/3/9, the decreasing of
the KS parameter @ forces the minimum radii of the circular orbits »__ to shift to
the central object. In the case of w<2+/3/9, there is no lower limit for 7, 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=3.6-10"*cm™,
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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 w.

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 @ - (mc/h)’ ® =0, <I)=‘Pexp(—i%t). (14)
Neglecting the terms of O((:#/c)*) one can find phase shifts as
2me2-S
/))Sagnae = h b (15)
2Gm R \R my R ,\R
~——JIS-3|—-S|—|-——J|S-|—=-S|—|,
Pros =5 22 [ (R )R] MHR [ (R )R] (16)
1 m>gSA c’
Buwgrar = Basp = Baco E_ngdt= 2l 1+£ : (17)
___________ B > D
(interference region’
\1
Lol VI—

(source)

Figure 6.
Despite here we studied the neutron interferometry, neglecting the structure
properties we can get rough constraint on y 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 y <2x10™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

y<2x10'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 y as

y<2x10™"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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