“TIQXMMI” MILLIY TADQIQOT UNIVERSITETI HUZURIDAGI
FUNDAMENTAL VA AMALIY TADQIQOTLAR INSTITUTI
HUZURIDAGI ILMIY DARAJALAR BERUVCHI
DSc.03/31.03.2022. T/FM.10.04 RAQAMLI ILMIY KENGASH

FUNDAMENTAL VA AMALIY TADQIQOTLAR INSTITUTI

TO‘RAYEV YUNUSBEK SHAVKATOVICH

QORA O‘RALAR ATROFIDAN ENERGIYA AJRALISHI VA
ASTROFIZIK FENOMENLAR

01.04.02 - Nazariy fizika
01.03.01 - Astronomiya

FIZIKA-MATEMATIKA FANLARI BO‘YICHA FALSAFA DOKTORI (PhD)
DISSERTATSIYASI AVTOREFERATI

Toshkent — 2023



UO‘K 519.85:530.122

Fizika-matematika fanlari bo‘yicha falsafa doktori (PhD) dissertasiyasi
avtoreferati mundarijasi

Table of Contents of Doctor of Philosophy (PhD) Dissertation in Physics and
Mathematics Sciences

Cojepxanue guccepranyu JokTopa ¢unocodpuu (PhD) mo Texuuueckum

HayKaMm
To‘rayev Yunusbek Shavkatovich
Qora o‘ralar atrofidan energiya ajralishi va astrofizik fenomenlar...........c.cccceeevvecrrennenn. 5
Turaev Yunusbek Shavkatovich
Energy extraction and astrophysical phenomens around black holes ............ccccceuueenn...e. 17
TypaeB FOnyc6ek IIlaBkaToBru
N3BneuyeHne sHeprum v actpor3nueckye siBJieHHsI BOKPYT UEPHBIX JBIP .. .ccovvveereveernnnes 31

E’lon qilingan ishlar ro‘yxati
List of published works
CITUCOK OMYOTUKOBAHHBIX PADOT. .. .t uetintententerenseneeeanansaneeneenensemmmenssensesssesseenes | 30




“TIQXMMI” MILLIY TADQIQOT UNIVERSITETI HUZURIDAGI
FUNDAMENTAL VA AMALIY TADQIQOTLAR INSTITUTI
HUZURIDAGI ILMIY DARAJALAR BERUVCHI
DSc.03/31.03.2022. T/FM.10.04 RAQAMLI ILMIY KENGASH

FUNDAMENTAL VA AMALIY TADQIQOTLAR INSTITUTI

TO‘RAYEV YUNUSBEK SHAVKATOVICHNING

QORA O‘RALAR ATROFIDAN ENERGIYA AJRALISHI VA
ASTROFIZIK FENOMENLAR

01.04.02 - Nazariy fizika
01.03.01 - Astronomiya

FIZIKA-MATEMATIKA FANLARI BO‘YICHA FALSAFA DOKTORI (PhD)
DISSERTATSIYASI AVTOREFERATI




Fizika-matematika famnlari bo*yicha falsafa doktori (PhD) dissertatsivasi mavzusi O rbekiston
Respublikasi Oliy ta’lim, fan va innovatsiyalar vazirligi huzuridagi Oliy attestatsiya komissiyasida
DSe.03/31.03.2022.T/FM.10.04 ragam bilan ro*yxaiga olingan.

Dissertatsiya “TIQXMMI™ Milliy tadgiqotlar universiteti huzuridagi Fundamental va Amaliy
tadgigotlar institutida bajarilgan.

Dissertatsiya avtoreferati uch tilda (o'zbek, rus, ingliz, (xulosa)) limiy Kengashning inteReissner-
Nordstromet sahifasida (www.ifaruz) va “Ziyonet” axborot-ta'lim portalida (www_ziyonet.uz)

joylashtirilgan.

limiy rahbariar: Ahmedov Bobomurot Jo'rayevich
Fizika-matematika fanlari doktori, professor

Abdujabbarov Ahmadjon Adiljanovich
Fizika-matematika fanlari doktori, professor

Rasmiy opponentlar: Toshmatov Bobir Abdumannonovich
Fizika-matematika fanlari dokiori
Mamadjanov Axrorjon Ibragimovich - o 2508

Yetakehi tashkilot: Sharof Rashidov nomidagi Samargasd  daviel
universiteti

Dissertatsiya “TIQXMMI” Milliy tadqiqot universiteti huzuridagi fundamental va ¢
tadgiqotlar instituti huzuridagi DSc.03/31.03.2022.T/FM.10.04 raqamli Ilmiy kengashning o
“12- o1 soat  dagi majlisida bo‘lib o'tadi. (Manzil: 100000, Toshkent shahri, Qori Niyoaly
ko'chasi 39-uy, Fundamental va amaliy tadgiqotlar instituti, 108-katta majlislar It
tel.: +998 71 237-09-61.; e-mail: info@ifar.uz

Dissertatsiya bilan “TIQXMMI” Milliy tadqiqot universiteti huzuridagi fundamental va ams
tadgigotlar instituti Axborot-resurs markazida tanishish mumkin ( \O ragami bilan ro’yxatga '
(Manzil: 100000, Toshkent shahri, Qori Niyoziy ko'chasi, 39-uy, Fundamental va amaliy | Qi
instituti, 108-katta majlislar zali; tel.: +998 71 237-09-61 7 A

Dissertatsiya avtoreferati 2023-yil “j_"' ©%}  kuni targatildi.

(2023il“ & »  ©F dagi |0 ragamli reestr bayonnomasi)




KIRISH (falsafa doktori (PhD) dissertatsiyasi annotatsiyasi)

Dissertatsiya mavzusining dolzarbligi va zaruriyati. Hozirgi vaqgtda
dunyoda turli fizik va astrofizik hodisalaReissner-Nordstroming matematik
modellarini ishlab chigish va takomillashtirishga katta e’tibor berilmoqda.
Xususan, Event Horizon teleskopi tomonidan olingan so‘nggi kuzatuv
ma’lumotlari galaktikalar markazida qora o‘ralar soyasi mavjudligidan dalolat
beradi. Boshga tomondan, fundamental fizikada yagona maydon nazariyasini
izlash, mavjud umumiy nisbiylik nazariyasiga yangi alteReissner-Nordstromativ
nazariyalar ishlab chiqgish jihatidan ham dolzarb mavzulardan hisoblanadi. Ushbu
nazariyalaReissner-Nordstromi kuzatuv va eksperimental ma’lumotlar bilan
taqgoslash va yangi nazariyalaReissner-Nordstroming parametrlari uchun Kiritik
giymatlaReissner-Nordstromi olish, astrofizik qora o‘ralar yaqginidagi optik-
energetik jarayonlaReissner-Nordstromi matematik modellashtirish yordamida
amalga oshiriladi.

Astrofizik  kuzatuvlaReissner-Nordstroming eksperimental texnikalari
yordamida erishilayotgan zamonaviy yutuglar ko‘plab kundalik astronomik
kuzatishlar natijalariga umumiy relyativistik va postrelyativistik ta’sirlaReissner-
Nordstromi hisobga olish talab qildi. Boshga tomondan, kompakt obyektlar
yaqginidagi geometriyaning Rimann tabiatining astronomik kuzatishlar natijalariga
ta’sirini o‘rganish va modellashtirish ham dolzarb masalalardandir. So‘ngi
paytlarda relyativistik astrofizikada koinotda materiyaning yangi shakllari kashf
etilishi munosabati bilan tabiatdagi qorong‘u energiya yoki qorong‘u materiyani
hisobga oladigan yechimlarga qizigish ortdi. Qorong‘u materiya va qorong‘u
energiyani hisobga olgan holda gravitatsiyaviy o‘zaro ta’siReissner-Nordstroming
mavjud modellarini o‘zgartirish masalasi ham dolzarbdir.

Mamlakatimizda relyativistik astrofizika sohasida eksperimental va nazariy
ishlar olib borishga katta e’tibor garatilmoqda, shuningdek, jahon miqyosidagi
fundamental tadgiqotlaReissner-Nordstromi olib borishga ham. Respublikamiz
Prezidenti tomonidan ilgari surilgan 2017-2021-yillarda  O‘zbekiston
Respublikasini yanada rivojlantirish  bo‘yicha harakatlar strategiyasida’
mamlakatimizda ilm-fanning yuksalishi, fundamental tadgiqotlaReissner-
Nordstroming muhim yo‘nalishlari va ulaReissner-Nordstroming natijalarini
hayotga tatbiq qilish yo‘llari ko‘rsatib berilgan. Buni isboti o‘laroqg, shuni aytib
o‘tish mumkinki, oxirgi yillarda relyativistik astrofizikada kompakt obyektlar
atrofida magnitlangan va zaryadlangan zarralaReissner-Nordstroming harakati,

! O‘zbekiston Respublikasi Prezidentining 2017-yil 7-fevraldagi Ne PF-4947 sonli Farmoni “2017—2021-yillarda
Oc¢zbekiston Respublikasini rivojlantirishning beshta ustuvor yo‘nalishi bo'yicha harakatlar strategiyasi”.



ulaReissner-Nordstroming qora o‘ra tomonidan tutib qolinishi, zarralaReissner-
Nordstroming fizik hususiyatlari, kompakt ob’ektlar atrofidagi tashqi magnit
maydon va ulaReissner-Nordstroming tabiati chuqur o‘rganildi. Qora
oralaReissner-Nordstromi kuzatishda qanchalik ulkan ishlar bajarilganligiga
garamasdan, bu boradagi ayrim masalalarga hali javob topilgancha yo‘q.

Mazkur dissertatsiya ishi davlat me’yoriy hujjatlarida, O°¢zbekiston
Respublikasi Prezidentining “O‘zbekiston Respublikasini yanada rivojlantirish
bo‘yicha Harakatlar strategiyasi to‘g‘risida”gi PF-4947-son farmonlarida, 2017-yil
7-fevraldagi, shuningdek, O‘zbekiston Respublikasi Hukumatining 2018-yil 29-
noyabrdagi qarori bilan e’lon qgilingan “2019-2021-yillarda O‘zbekistonda tarkibiy
o‘zgarishlaReissner-Nordstroming asosiy yo‘nalishlarining “Yo‘l xaritasi’da
tasdiglangan vazifalaReissner-Nordstromi ma’lum darajada amalga oshirishga
xizmat gilmoqda.

Tadqigotning respublika fan va texnologiya rivejlanishining ustuvor
yo‘nalishlariga mosligi. Mazkur dissertatsiya ishi O‘zbekiston Respublikasi fan
va texnologiyalarini rivojlantirishning IV ustuvor yo‘nalishi — “Axborotlashtirish
va axborot-kommunikatsiya texnologiyalarini rivojlantirish”’ga muvofiq amalga
oshirildi.

Muammoning o‘rganilganlik darajasi. Qora o‘ralar soyasining matematik
modeli va tortishish to‘lginlarining xossalarini o‘rganish bo‘yicha ko‘plab olimlar,
jumladan yapon olimlari K. Xioki, K. Maeda, rus olimlari A.Zaxarov, V.Frolov,
[.Novikovla, Germaniyalik olimlar C. Laemmerzahl, J. Kunz, A. Grezenbach,
Argentinalik olimlardan L. Amarilla, E. Eiroa, Chexiyalik olimlar Z. Stuchlik,
J. Schee va boshqgalar , Hindistonlik olimlar N. Dadhich, S. Ghosh, P. Joshi,
M. Patil va boshqga xorijiy olimlar R. Vald, F. de Felice, F. Sorge va boshqalar
tomonidan o‘rganilgan. Umumiy nisbiylik nazariyasi doirasida elektromagnit
maydon va undagi magnitlangan zarracha harakatining matematik modeli
respublikamiz olimlaridan B. Ahmedov, A. Abdujabborov, B. Toshmatov va
boshqalar, tomonidan o‘rganilgan.

Elektromagnit maydonlar va magnitlangan zarrachalar harakatining
matematik modelini ishlab chigish va o‘rganish asosida ko‘plab ilmiy muammolar,
jumladan, qora o‘ra atrofidagi kvazidavriy tebranishlar va energiya ajralish
effektivligiga qora o‘ra turli parametrlarini ta’siri o‘rganish, qora o‘raning
massasini fotometrik kuzatuvlar asosida baholash, @ qora o‘ra soyasining
o‘lchamining turli parametrlarga bog‘ligligi va ko‘plab ilmiy muammolar mavjud.

Dissertatsiya mavzusining dissertatsiya bajarilgan ilmiy-tadqiqot
muassasasining ilmiy-tadqgiqot ishlari bilan bog‘ligligi. Dissertatsiya
“Fundamental va amaliy tadqiqotlar” institutining ilmiy-tadqiqot ishlari rejasiga
muvofiq, ilmiy-tadgigqot mavzusiga binoan olib borilgan.
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Tadqiqotining maqsadi - kompakt obyektlar atrofidagi kvazidavriy
tebranishlar va gravitatsion linzalanish xodisalari haqidagi bilimlaReissner-
Nordstromi takomillashtirish, aktiv yadroli gallaktikalaReissner-Nordstroming
markaziy qismidagi supermassiv qora o‘ra massasini fotometrik kuzatuvlar orqali
baholash usulini ishlab chigishdan iborat.

Tadqgiqot vazifalari: Yuqoridagi magsadlardan kelib chigib quyidagi
vazifalar belgilandi:

— qora o‘ralar atrofidagi zaryadli va neytral sinov zarralar harakatini tahlil
qilish,

— qora o‘ra atrofidagi kvazidavriy tebranishlaReissner-Nordstromi va
energiya chiqish effektivligini nazariy tadqiq etish,

— ora o‘ralar va “yumronqoziq uyasi (wormhole)” atrofidagi gravitatsion
linzalanishni o‘rganish,

— aktiv yadroli gallaktikalaReissner-Nordstroming tayyor kuzatuv
ma’lumotlari asosida ulaReissner-Nordstroming markaziy qismidagi
supermassiv qora o‘ra massasini baholash usulini ishlab chiqish.

Tadgiqot ishining obyekti qora o‘ralar atrofidagi zaryadli va neytral sinov
zarralar, qora o‘ralar atrofidagi kvazidavriy tebranishlar, qora o‘ra atrofidan
energiya ajralish effektivligi.

Tadqiqgot ishining predmeti qora o‘ralar atrofidagi jarayonlarini tavsiflovchi
matematik modellar, differensial tenglamalaReissner-Nordstromi yechishning sonli
va analitik usullari.

Tadqiqot usullari hisoblash matematikasi usullari, nazariy astrofizika
usullari, matematik-fizikaning zamonaviy usullari, maydon va zarralar harakati
uchun differentsial tenglamalaReissner-Nordstromi yechishning analitik va sonli
usullari.

Tadqiqotning ilmiy yangiligi quyidagilardan iborat:

— birinchi marta Bardeen qora o‘rasi atrofidagi kvazidavriy
tebranishlaReissner-Nordstroming magnit zaryadiga va Gauss-Bonnet
paramateriga bog‘ligi o‘rganildi,

— birinchi marta “yumronqoziq uyasi” atrofidagi gravitatsion linzalanish
o‘rganildi va exponensial metrikada kuzatuv uchun zarur bo‘lgan
kattalashtirish giymati uchun olindi,

— birinchi marta optik diapazondagi kuzatuvlar orqali aktiv yadroli
gallaktikalaReissner-Nordstroming markazidagi qora o‘ra massasini
“baholash” uchun optimallashgan usul ishlab chiqildi.

Tadqiqotning amaliy natijalari quyidagilardan iborat: Ushbu tadgiqot
ishining amaliy natijalari optik diapazondagi kuzatuvlar orqali aktiv yadroli



gallaktikalaReissner-Nordstroming markazidagi qora o‘ra massasini “baholash”
optimallashgan usuli ishlab chiqildi.

Tadqiqot natijalarining ishonchliligi matematik-fizika, hisoblash
matematikasi va relyativistik astrofizikaning zamonaviy isbotlangan usullarini
go‘llandi. Biz taklif gilgan qora o‘ra massasini baholash usuli orgali hisoblangan
natijalar spektral kuzatuvdan olingan natijalar bilan solishtirildi.

Tadgiqot natijalarining ilmiy va amaliy ahamiyati quyidagilar:
birinchidan, qora o‘ralar atrofidagi zarralar harakatida yuzaga keladigan quzi-
davriy tebranishlaReissner-Nordstroming qora o‘ra parametrlariga bog‘ligligi
ko‘rsatildi, ikkinchidan, aktiv yadroli gallaktikalaReissner-Nordstroming
fotometrik  kuzatuvidan  ulaReissner-Nordstroming  markaziy  qismidagi
supermassiv qora o‘ra massasini baholash usuli ishlab chiqildi.

Tadqiqot natijalarining joriy qilinishi. Ushbu dissertatsiya ishi doirasida
chop etilgan ilmiy ishlardan turli xalgaro ishlarda foydalanilgan, jumladan,

«Quasi-periodic oscillation around regular Bardeen black holes in 4D
Einstein—-Gauss—Bonnet gravity» ilmiy ishimizdan quyidagi xalgaro darajadagi
ilmiy ishlarda foydalanilgan:

1. Z. Stuchlik, J. Vrba “Geodesic Model of HF QPOs Tested for Black Holes
in Spacetimes Reflecting the Effect of Surrounding Dark Matter” The
Astrophysical JouReissner-Nordstromal, Volume 935, Number 2.

2. Javlon Rayimbaev, Dilshodbek Bardiev, Temurbek Mirzaev, Ahmadjon
Abdujabbarov, Akram Khalmirzaev, Shadow and massless particles around
regular Bardeen black holes in 4D Einstein Gauss—Bonnet gravity,
InteReissner-Nordstromational JouReissner-Nordstromal of ModeReissner-
Nordstrom Physics D Vol. 31, No. 07, 2250055 (2022).

3. Javlon Rayimbaev, Ahmadjon Abdujabbarov, Farukh Abdulkhamidov,
Vokhid Khamidov, Sherzod Djumanov, Javohir Toshov, Shukurillo
Inoyatov, Quasiperiodic oscillation around charged black holes in
Einstein—Maxwell-scalar theory, The European Physical JouReissner-
Nordstromal C volume 82, Article number: 1110 (2022) .

Bundan tashqari bizning natijalarimizdan «Czech Science Foundation grants
SGS/26/2022 and GACR, grant number 23-07043S» ilmiy loyihalarida ham
qo‘llanilgan (xat ilova qilinadi).

Tadqiqot natijalarining aprobatsiyasi. Tadqiqot natijalari 4 ta respublika va
3 ta xalgaro migyosdagi ilmiy anjumanlarida, O‘zR FA Astronomiya instituti
Nazariy astrofizika laboratoriyasi seminarlarida hamda Qozogistonlik hamkorlar
bilan tashkil etilgan doimiy "UZB-KAZ SEMINAR" seminarlarida muhokama
gilingan.


https://www.worldscientific.com/doi/abs/10.1142/S0218271822500559
https://www.worldscientific.com/doi/abs/10.1142/S0218271822500559
https://www.worldscientific.com/doi/abs/10.1142/S0218271822500559
https://www.worldscientific.com/doi/abs/10.1142/S0218271822500559
https://www.worldscientific.com/doi/abs/10.1142/S0218271822500559
https://www.worldscientific.com/doi/abs/10.1142/S0218271822500559
https://www.worldscientific.com/worldscinet/ijmpd
https://www.worldscientific.com/toc/ijmpd/31/07
https://www.worldscientific.com/worldscinet/ijmpd

Tadqiqot natijalarining e’lon qilinganligi. Dissertatsiya mavzusi bo‘yicha
jami 12 ta ilmiy ishlar chop etilgan, jumladan, 5 ta ilmiy maqola va 7 tezis-
ma’ruzalar. Shulardan, O‘zbekiston Respublikasi Oliy attestatsiya komissiyasi
tomonidan doktorlik dissertatsiyalarining asosiy ilmiy natijalarini chop etish uchun
tavsiya etilgan ilmiy juReissner-Nordstromallarda 3 ta maqola, shu jumladan, 3 ta
xorijiy ilmiy juReissner-Nordstromallarda maqolalar chop etilgan.

Dissertatsiyaning tuzilishi va hajmi. Dissertatsiya kirish, to‘rt bob, xulosa
va foydalanilgan adabiyotlar ro‘yxati hamda ilovalardan iborat. Dissertatsiya hajmi
ilovalar bilan birgalikda 105 bet.



DISSERTATSIYANING ASOSIY MAZMUNI

Dissertatsiyaning «Kirish» gismida mavzuning dolzarbligi, tadgiqot ishining
obyekti, predmeti, magsadi va vazifalari bayon qilingan. Bundan tashqgari qora o‘ra
atrofidan energiya ajralishi bo‘yicha mavjud modellar hagida gisqacha ma’lumot
berilgan.

Dissertatsiyaning «Zaryadlangan qora tuynuk atrofida sinov zarralar
dinamikasi» deb nomlangan 1-bobida sinov zarralaReissner-Nordstroming
singulyar va regulyar qora o‘ra atrofidagi harakatlari garab chiqilgan.

Reissner-Nordstrom va Ayon-Beato-Garcia qora o‘ralari atrofida sinov
zarralar harakati. Umumiy xolda Reissner-Nordstrom metrika quyidagicha
ifodalanadi:

ds? = —fdt> + f1dr? + r? (dO* + sin?0dd?), (1)
_q_2M @
bu yerda f=1 =+ 5 (2

.
Reissner-Nordstrom elektr maydon uchun to‘rt potensial quyidagicha:

A, = £(1,0,0, 0}. (3)

Zarra uchun Lagranjian va saglanuvchi kattaliklari Reissner-Nordstrom umumiy
xolda quyidagicha yoziladi:

& = %mgw ubu¥ +eut A, 4)

gut +qAy =Evagy, ¢ =L. (5)
Endi yuqoridagi (1) - (5) ifodalardan foydalanib zarra uchun effektiv potensialni
quyidagicha yozamiz:

V() = 19 + f(l +L—22) 6)

7

Xuddi shunga o‘xshash tarzda Ayon-Beato-Garcia qora o‘rasi atrofidagi zarraning
effektiv potensial energiyasi uchun ifodani yozishimiz mumkin. Umumiy xolda
Ayon-Beato-Garcia qora o‘rasi uchun metrika quyidagicha yoziladi:

ds? = —fdt> + f1dr? + r? (d0* + sin?0dd?), (7)

fe1- M2, OY )
(@) ()

va ushbu metrika bilan birlashgan elektr maydon quyidagicha beriladi:
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E.(r :Qr4 ﬂ + EL . 9
r() (r2+Q2)4 2 (r2+Q2)3'5 ()

Elektr maydon uchun to‘rt potensialni (9) ifoda orqali quyidagicha hisoblaymiz:

5
Ay = [E,dr =2 M2 +C (10)
2 v 2 N5 o 3
QA+ (P+ QY
bu yerda (10) ifodadagi C doimiyni ni quyidagicha aniglaymiz:
5
liszr M2 J+C =0 -C=-2 @y
Q-0 Qz(rz +Qz)' (rz +Qz) Q

Endi xuddi yuqoridagiga o‘xshash Ayon-Beato-Garcia qora o‘rasi atrofidagi

harakat gilayotgan zarra uchun effektiv potensialni yozishimiz mumkin:

Vs = a4y + [f0(1+5) | (12)

Quyidagi 1-rasmda sinov zarrasining turli xolatlar uchun effektiv potensiali va

: T
| i —— ABG,Qq=0
[l [N
e fef 4 n & -+ RN, Q= 0.63,q=0.1
i ! [
; TR L S RN, Q= 0.63,q=-0.1
! \ [
1.0f T A - T i W%\ ---- ABG,Q=063,q=01 ,
- 40 i \ i
= il | i £ ! | - - - ABG,Q=063,0=-0.13" .
e R ;’, — ABG, Qq=0 7 \ N -
RV Y G RN, Q=063 g= 0.1 35 Y WE —
[ S ] \ =

i g e RN, Q=063 q=-0.1 N e

' 3.0

o ---- ABG,Q =063, g= 0.1

i
! - - ABG,Q =063, q=-0.1
0.0 ; : ‘ 25
1 2 5 10 20 2

/M /M

impuls momentining radial o’zgarishlari keltirilgan.

1-rasm. Sinov zarrasining Reissner-Nordstrom va Ayon-Beato-Garcia qora o‘rasi
atrofidagi harakati uchun effektiv potensiali.

Endi effektiv potensial ifodasidan zarra harakati uchun muhim bo‘lgan ISCO
radiusini quyidagicha topiladi:

Veff - E Vleff - 0 V“eff - 0 . (13)
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(13) ifodalardan hisoblashimiz va uning qora o‘raning qaysi parametrlariga
bog‘ligligini ko‘rishimiz mumkin.

Dissertatsiyaning «Kvazidavriy tebranishlar. Aylanuvchi qora tuynuklar
atrofidan energiya ajralish mexanizmlari» deb nomlangan 2-bobida Bardeen qora
o‘rasi atrofidagi kvazidavriy tebranishlar va energiya ajralish effektivligi
o‘rganilgan.

Umumiy xolda Bardeen qora o‘rasi uchun metrika quyidagicha yoziladi:

ds> =—f(7) dt2+% dr? + dQ? , (14)

f(r)=1+£ 1+ /1 +(28M%1.5 (15)
7’+g

Energiya ajralish effektivligi ISCO (eng kichik stabil doiraviy orbita) dagi
energiya orqali aniglanadi:

n= 1- Eisco (16)
(16) ifodadan Bardeen qora o‘rasi uchun energiya ajralish effektivligi turli « va g
lar uchun bemalol hisoblashimiz mumkin.
Endi kvazidavriy tebranishlar chastotasini hisoblashga o‘tamiz. Umumiy
xolda qora o‘ra atrofida yuzaga keladigan fundamental tebranishlar chastotasi
(garmonik tebranishlarga yaqin deb tasavvur qilinsa) quyidagicha aniglanadi:

=% _ [0
Qg = dt 2r (17)
Yoki (17) ifodani biroz soddalashtirib quyidagicha yozib olsak bo‘ladi:
2 P41
QY = 5 +72f(r), (18)
(18) ifodadan oddiy Herz ga o‘tib yozsak :
_1
V= o Q (Hz) . (19)
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2-rasm. Kvazi-davriy tebranishlar chastotasi

Yuqoridagi 2-rasmdan ko‘rishimiz mumkinki a ning giymati ortishi bilan chastota
maksimumi kamayib boradi.

Dissertatsiyaning «Qora o‘ra va "yumrongoziq uyasi" (wormhole) atrofida
gravitatsion linzalanish» deb nomlangan 3-bobida aylanuvchi «yumronqoziq
uyasi» (wormhole) atrofidagi exponensial metrikada gravitatsion linzalanish garab
chiqgilgan va tipik hisoblashlar qgilingan.

«Yumronqoziq uyasi» dagi gravitatsion linzalanish. Umumiy xolda metrika
berilgan bo‘lsa, gravitatsion linzalanishdagi og‘ish burchagi quyidagicha
hisoblanadi:

ds? = dsy” + Mde? + dx? +dy? + dz?) (20)
_ 1 oo (Ot Oz — (oo 4y _2M _ _aM
a= 3 f—“(ax“ +3x“)dz _de{m}dz - (21)

Bu yerda hy = h,,=2M/r va r=+z* + b>. Enshteyn og‘ish burchagini ham
AMD
Dy D

hisobga olsak ( © = ), linzalanish natijasida hosil bo‘ladigan tasvir uchun

kattalashtirishni quyidagicha hisoblashimiz mumkin bo‘ladi:

+ @ + 2) (22)

1
H+ :Z( = y
fy2+4
Buyerda y = g va B =0 - %2 , O - obyektning kuzatuvchi-linza o‘gidan

tasvirining ko‘rinish burchagi. Quyidagi rasmda turli massali «yumronqoziq uyasi»
uchun tipik hisobashlar natijasi tasvirlangan.
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3-rasm. Chapdan o‘ngga qarab 1O6M0 ,5 - 1O6M0, va7 - 1O6M0 (M — quyosh massasi)
massali «yumronqoziq uyasi» uchun gravitatsion linzalanish xolatlari.

Dissertatsiyaning «Qora o‘ra massasini baholash» deb nomlangan 4-bobida
aktiv yadroli gallaktikalaReissner-Nordstroming yorqginligi hamda «bulge»dagi
yulduzlaReissner-Nordstroming tezlik dispersiyasi asosida ulaReissner-
Nordstroming markaziy gismidagi supermassiv qora o‘ra massasini baholash usuli
o‘rganilgan.

Aktiv  yadroli  gallaktikalaReissner-Nordstroming yorqinligiga ko ‘ra
ulaReissner-Nordstroming markaziy qgismidagi supermassiv qora o‘ra massasini
baholash. Buning uchun biz dastlab yaxshi o‘rganilgan har xil tipdagi 300 ga yaqin
aktiv yadroli gallaktikalaReissner-Nordstroming ma’lumotlarini to‘pladik.
UlaReissner-Nordstroming yorqinligi turli olimlar tomonidan o‘rganilgan va
yorqinlikni hisoblashda asosan spektral kuzatuvlar natijalariga asoslangan. Bizning
magsadimiz esa yorginlik va supermassiv qora o‘ra massasi orasidagi emperik
bog‘lanish bor yo‘qligini aniglash va bor bo‘lsa uni topishdan iborat. Korrelyatsion
bog‘lanish mavjud yoki yo‘qligi korrelyatsiya koeffitsienti orgali aniglaymiz:

. N (- <)y - <y>) | 23)

JZI,Y:l (x; - <x>)?. jzil (y;-— <y>)2

bu yerda x-aktiv yadroli gallaktika yorqinligi, y — supermassiv qora o‘ra massasi.
Korellatsiya koeffitsientidan foydalanib regressiya koeffitsientini hisoblaymiz:

k. \/ij:l(yi—<y>)2/N

J »N i <x>)%N
(24) ifodadagi regressiya koeffitsientidan foydalanib aktiv yadroli gallaktika va
uning markazidagi supermassiv qora o‘ra massasi orasidagi emperik bog‘lanishni
chizigli regressiya tenglamasini tuzishimiz mumkin:

y —<y>=R,(x-<x>) -y =ax +D, (25)

Ry, =k

C\lQ
<

=

(24)
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M : : :
buyerday = lg(ﬁbg‘) va X = lg(ﬁ) M — quyosh massasi, L — aktiv yadroli
gallaktika yorqinligi.

Bizning xolatimizda a = 0.9+ 0.173 va b =-32.8 + 2.332 gateng bo‘ldi.
Biz bundan tashgqari tezlik dispersiya orgali ham markaziy supermassiv qora o‘ra
massasini baholashni ko‘rib chiqdik va quyidagi emperik munosabatni anigladik
(yorqinlik va tezlik dispersiyasi bo‘yicha tanlab olingan ayrim aktiv yadroli
gallaktikalar hagida ma’lumot 1-jadvalda berilgan.) :

Ig( My,/Mg) = ¢ - o, (26)
buyerda ¢ = 2.359 +0.04 va d = 0.23 + 0.00034. Quyidagi 4-rasmda yorqinlik
va supermassiv qora o‘ra massasi orasida bog‘lanish hamda tezlik dispersiyasi
orasidagi bog‘lanish keltirilgan.

100 p
o B 90 %
p ° °
95 7 o ] Y . "¢~ -~
o oo \ > e >
S . e '} joo o 85
%0 oo P e LNRLLY r‘:,;,’ *
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4-rasm. Supermassiv qora o‘ra massasi va aktiv yadroli gallaktika yorqinligi orasidagi
emperik munosabat (chapda) va supermassiv qora o‘ra massasi va tezlik dispersiyasi
orasidagi emperik bog‘lanish (o‘ngda)
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1-Jadval

Type of the . Luminosit Mass of the black Velocity dispersion
Name of the AGN ypA GN Redshift (g(L /LS))y hole (Ig(M, / M.)) (i; m/sI))
NGC1566 SY1 0.005 44.45 6.92 100
NGC2841 SY1 0.002 43.67 8.21 209
NGC3982 SY1 0.004 43.54 6.09 62
NGC3998 SY1 0.003 43.54 8.95 319
Mrk10 SY1 0.029 44.61 7.47 137
NGC3223 SY1 0.016 44.27 7.02 106
NGC513 SY?2 0.002 42.52 7.65 152
NGC788 SY?2 0.014 44.33 7.51 140
NGC1052 SY?2 0.005 43.84 8.19 207
NGC1275 SY?2 0.018 45.04 8.51 248
NGC1320 SY?2 0.009 44.02 7.18 116
NGC1358 SY?2 0.013 44.37 7.88 173
NGC1386 SY?2 0.003 43.38 7.24 120
NGC1667 SY?2 0.015 44.69 7.88 173
NGC2110 SY?2 0.008 44.1 8.3 220
NGC2273 SY?2 0.006 44.05 7.3 124
NGC2992 SY?2 0.008 43.92 7.72 158
NGC3185 SY?2 0.004 43.08 6.06 61
NGC3362 SY?2 0.028 44.27 6.77 92
NGC3786 SY?2 0.009 43.47 7.53 142
NGC4117 SY?2 0.003 43.64 6.83 95
NGC4339 SY?2 0.004 43.38 7.4 132
NGC5194 SY?2 0.002 43.79 6.95 102
NGC5252 SY?2 0.023 45.39 8.04 190
NGC5273 SY?2 0.004 43.03 6.51 79
NGC5347 SY?2 0.008 43.81 6.79 93
NGC5427 SY?2 0.009 44.12 6.39 74
NGC5929 SY?2 0.008 43.04 7.25 121
NGC5953 SY?2 0.007 44.05 6.94 101
NGC6104 SY?2 0.028 43.6 7.6 148
NGC7213 SY?2 0.006 44.3 7.99 185
NGC7319 SY?2 0.023 44.19 7.38 130
NGC7603 SY?2 0.03 44.66 8.08 194
NGC7672 SY?2 0.013 43.86 6.88 98
NGC7682 SY?2 0.017 43.93 7.28 123
NGC7743 SY?2 0.006 43.6 6.59 83
Mrk1 SY?2 0.016 44.2 7.16 115
Mrk3 SY?2 0.014 44.54 8.65 269
Mrk78 SY?2 0.037 44.59 7.87 172
Mrk270 SY?2 0.01 43.37 7.6 148
Mrk348 SY?2 0.015 44.27 7.21 118
Mrk533 SY?2 0.029 45.15 7.56 144
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ASOSIY NATIJALAR VA XULOSALAR

Ushbu "Qora ofra atrofidan energiva ajralishi va astrofizik fenomenlar”
dissertatsiya ishi bo‘yicha quyidagi ilmiy va amaliy natijalar olindi:

* [k bor magnit zaryad va Gauss-Bonnet parametrlari gora tuynukning hodisa
gorizonti radiusining pasayishiga olib keladi, Energiva ajralish effektivligini
tahlil gilish shuni ko‘rsatdiki, Bardeen qora o‘rasining magnit zaryadi ortishi
bilan effektivlik qiymati oshadi. Bundan tashqgari, maksimal samaradorlik
qora o'ra magnit zaryadining ekstremal giymatlarining kamayishi natijasida
yuzaga keladigan Gauss-Bonnet parametrining ortishi bilan kamayishini
ko'rsatdi.

* Yugori va quyi chastotalar fazosini qurish asosida Relyativistik Presessiyva
modeli doirasida “go‘shalog cho'qqili” kvazidavriy tebranishlaReissner-
Nordstroming kuzatuv ma'lumotlaridan  foydalangan holda tortishish
modellarini sinash uchun yangi model ishlab chiqgildi. Yuqori va pastki
chastotalar oralig'ida kuzatilgan egizak cho‘qqgilar yordamida markaziy
obyek! wrini ajratishga yordam beradigan maydon mavjudligi aniglandi.

* «Yumrongoziq uyasi» soyasining kattaligi bir xil massadagi Schwarzschild
gora tuynugining soyasidan kattarog ekanligi aniglandi. Bundan tashgari,
gurt teshigining energiva samaradorligi bir xil massadagi Schwarzschild
(ora tuynugiga qaraganda nisbatan katta.

* Birinchi marta Papapetru farzosidagi Eynshteyn og'ish burchagining anig
ifodasi wopildi.

* Birinchi marta aktiv yadroli gallaktikalaReissner-Nordstroming markaziy
gismida joylashgan supermassiv qora o‘ralar massasini baholashning
optimallashgan metodi taklif etildi.
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INTRODUCTION

Topicality and demand of the theme of the dissertation. The development
and improvement of mathematical models of various astrophysical processes in the
vicinity of black holes is one of the most demanded tasks of modeReissner-
Nordstrom relativistic astrophysics. Revolutionary discoveries during the last ten
years in observable astronomy have accelerated the rate of development of
theoretical and mathematical models of astrophysical phenomena in the vicinity of
compact gravitational objects. On the other hand, the search for a unified field
theory in fundamental physics requires the development of new alteReissner-
Nordstromative energy or modified gravity theories to the existing general
relativity. Comparison of these theories with observational and experimental data
and obtaining critical values for parameters of new theories is carried out using
mathematical modelling of optical - energetic processes near astrophysical black
holes.

Attempts to develop alteReissner-Nordstromative and modified theories of
gravity are justified, in particular, by being cosmological comprehensive, related,
for example, to the presence of dark matter and dark energy in the Universe. At the
same time, this theory is constructed in such a way that the general theory of
relativity as a standard theory becomes the initial one as the initial theory, but
when calculating the deviation from it in the early Universe and in the strong field
regime. Thus, the study and analysis of the study of curved space in astrophysical
research approaches compact objects, and, therefore, the results of astronomical
observations are relevant.

In recent years, in our country, more and more attention has been paid to the
development of current directions of fundamental and applied research. In
particular, the development of astrophysical research, which is one of the
promising areas, is an important issue today. The main directions of fundamental
research and development and their practical application for the successful
development of science in our country are reflected in the Strategy for the further
development of the Republic of Uzbekistan from 2022-2026. Therefore, the
research of scalarized solutions in higher curvature gravity theories remains one of
the urgent issues in the field of fundamental research.

This dissertation work corresponds to the tasks by the following state
regulatory documents: Decree of the President of the Republic of Uzbekistan No.
PD-4947 "On the Strategy of Actions for the Further Development of the Republic
of Uzbekistan" dated February 07, 2017, Resolution of the President of the
Republic of Uzbekistan No. PR-2789 "On measures for further improvement of the
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activities of the Academy of Sciences, organization, management, and financing of
research activities" dated February 18, 2017, and others.

Compliance of the study with the priority areas of development of science
and technology of the Republic.

This dissertation work was carried out in accordance with the IV priority
direction of the development of science and technology of the Republic of
Uzbekistan - "Informatization and development of information and communication
technologies".

Degree of study of the problem. The mathematical model of the shadow of
black holes and the study of the properties of gravitational waves the studied are
many scientists, including Japanese scientists K. Hioki, K. Maeda, Russian
scientists A. Zakharov, V. Frolov, I. Novikov , German scientists C. Laemmerzahl,
J. Kunz, A. Grezenbach , Argentine L. Amarilla, E. Eiroa, Czech scientists
Z. Stuchlik, J. Schee, Indian scientists N. Dadhich, S. Ghosh, P. Joshi, M. Patil
another foreign authors such as R. Wald, F. de Felice, F. Sorge, and many others.
The mathematical model for the electromagnetic field and the motion of a
magnetized particle in it within the framework of the general theory of relativity
was studied by such domestic scientists as B. Akhmedov, A. Abdujabbarov,
B. Toshmatov, and others. Based on the development and study of the
mathematical model of electromagnetic fields and the movement of magnetized
particles, many scientific problems, including the problem of checking the mass
and individual parameters of the black hole, checking the size of the black hole
shadow, and many other problems are remains open. In addition, several other
scientific problems related to compact objects remain open, for example, energetic
processes around the wormhole, various issues of the electromagnetic field, and
etc.

Connection of the topic of the dissertation topic to the scientific works of
higher education and research institutions, where the dissertation is carried
out. The dissertation has been done on the research topics of the Institute of
Fundamental and Apply Research.

The aim of the research improvement of knowledge about quasi-periodic
fluctuations and gravitational lensing phenomena around compact objects,
development of a method for estimating the mass of the supermassive black hole in
the central part of active galactic nuclei through photometric observations.

The tasks of the research are

e analysis of the motion of charged and neutral test particles around charged
black holes,

e theoretical study of quasi-periodic oscillations and energy extraction
efficiency around black holes,
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¢ the study of gravitational lensing around black holes and wormholes,

¢ development of a method for estimating the mass of the supermassive black
hole in their central part based on available observational data of AGNs.

Objects of research are charged and neutral test particles around black holes,
quasi-periodic oscillations around black holes, energy extraction efficiency from
black holes.

Subjects of research are mathematical models for studying processes around
black holes, numerical and analytical methods for solving differential equations.

The methods of the research are methods of computational mathematics,
methods of theoretical astrophysics, modeReissner-Nordstrom methods of
mathematical physics, analytical and numerical methods of solving differential
equations for field and particle motion.

Scientific novelties in the research are as follows:

e for the first time, the dependence of the quasi-periodic oscillations around
the Bardeen black hole on the magnetic charge and the Gauss-Bonnet
parameter was studied,

e for the first time, gravitational lensing around the wormholes was studied
and obtained for the magnification value necessary for observation in the
exponential metric,

e for the first time, a method was developed to estimate the mass of the
supermassive black hole at the center of an AGN using only photometric
observations in the optical range.

Practical results of the research are as follows: The practical results of this
research work have developed an optimized method of "estimating" the black hole
mass in the center of active galactic nuclei through observations in the optical
band.

Reliability of the research results. The results were published in several
scientific jouReissner-Nordstromals, participated in various conferences with
abstracts, and were discussed at several seminars in the Department of Theoretical
Astrophysics at the Institute of Astronomy.

The scientific and practical significance of the research results.

e the obtained constraints for the parameters of BHs may allow getting
information about the gravitational feature of the spacetime around the BHs,
giving the possibility of determining which gravitational effect plays a
dominant role;

e the obtained results may help to determine the parameters of stellar mass
BHs together with the space-time features around them based on
observational data from QPOs and shadows of supermassive BHs, and the
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observation of QPOs and black hole accretion made it possible to explain the
physical mechanisms in the accretion disc;

e the obtained results can be useful in determining the identifications of
singular and regular BHs in modified and quantum theories of gravity.

Application of the research results. Scientific works published within the
framework of this dissertation work were used in various inteReissner-
Nordstromational works, including our scientific work "Quasi-periodic oscillation
around regular Bardeen black holes in 4D Einstein—Gauss—Bonnet gravity" was
used in the following inteReissner-Nordstromational scientific works:

1. Z Stuchlik, J Vrba“Geodesic Model of HF QPOs Tested for Black Holes in
Spacetimes Reflecting the Effect of Surrounding Dark Matter” The
Astrophysical JouReissner-Nordstromal, Volume 935, Number 2

2. Javlon Rayimbaev,Dilshodbek Bardiev,Temurbek Mirzaev,Ahmadjon
Abdujabbarov, Akram Khalmirzaev, Shadow and massless particles around
regular Bardeen black holes in 4D Einstein Gauss—Bonnet gravity,
InteReissner-Nordstromational JouReissner-Nordstromal of ModeReissner-
Nordstrom Physics DVol. 31, No. 07, 2250055 (2022)

3. Javlon Rayimbaev, Ahmadjon Abdujabbarov, Farukh Abdulkhamidov,
Vokhid Khamidov, Sherzod Djumanov, Javohir Toshov, Shukurillo
Inoyatov, Quasiperiodic oscillation around charged black holes in
Einstein—Maxwell-scalar theory, The European Physical JouReissner-
Nordstromal C volume 82, Article number: 1110 (2022)

In addition, our results were used in the "Czech Science Foundation grants
SGS/26/2022 and GACR, grant number 23-07043S" scientific projects (letter is
attached).

Approbation of the research results. The results of this thesis were analyzed
at 4 national and 3 inteReissner-Nordstromational conferences, and also discussed
in seminars in the "Theoretical Astrophysics" laboratory of Astronomical Institute.

Publication of research results. A total of 12 scientific works have been
published in this dissertation work, of which 5 are scientific articles and 7 are
thesis reports in the materials of national and inteReissner-Nordstromational
scientific conferences.

Volume and structure of the dissertation. This dissertation consists of an
introduction, four chapters, the main result's bibliography, and appendixes. The
volume of this thesis is 105 pages with appendixes.
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THE MAIN CONTENT OF THE DISSERTATION

The "Introduction” part of the dissertation describes the relevance of the topic, the
object, subject, purpose and tasks of the research work. The chapter I of the
dissertation entitled "Dynamics of test particles around a charged black hole
environment" examines the movements of test particles around a singular and
regular black hole.

Motion of test particles around the Reissner-Nordstrom and Ayon-Beato-Garcia
black holes. In general, the Reissner-Nordstrom metric is expressed as:

ds? = —fdt2 + f_1 dr’ + r*> (d0*> + sinzedqbz), (1)
_ am . Q°
where f—1—7+—2. (2)

r

The four potential for electric field in the Reissner-Nordstrom metric as follows:

A, = %{1, 0,0, 0}. (3)
The Lagrangian and conserved quantities for a particle are generally written as:
1
& = M8, ubu’ +eut A, , 4)

Now, using expressions (1) - (5) above, we write the effective potential for the
particle as follows:

Vers(r) = 12 2 f(l +L—22) 6)

7

In the same way, we can write for the Ayon-Beato-Garcia black hole. In general,

the metric for the Ayon-Beato-Garcia black hole is written as:

ds?> = —fdt> + f1dr? + r* (d0* + sin?0dd?), (7)

f -1 - 2M1’215 + Q2r2 =, (8)
() ()

and the electric field combined with this metric is given by:

E.(r :Qr4 ﬂ + EL . 9
r() (r2+Q2)4 2 (r2+Q2)3'5 ()

We calculate the four potentials for the electric field using expression (9) as

follows:
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5
Ay = [E,dr =2 M2 | +C

: (10)
2 Qz(r2+Q2)z.5 (r2+ Q2)3
here we define the constant C in expression (10) as follows:
5
im&|—3M ___ 2 |4yCc=0 -C=-M_

Q—0 2 (P +Q2)2'5 G +Qz)3 2Q
Now we can write the effective potential for a particle moving around the black

hole Ayon-Beato-Garcia, similar to the above:

Verr ) = a4y + [f0(1+5) | (12)

In the follow Fig.1 given radial variations of the effective potential and angular

momentum of the test particle for different conditions.

5.0
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Figure 1. Effective potential of test particle around Reissner-Nordstrom and
Ayon-Beato-Garcia black holes.

Now from the expression of the effective potential, the ISCO radius, which is
important for the particle motion

Vegf =E Vip=0 V=0 (13)
From the expression (13), we can see what parameters of the black hole the ISCO

radius depends on.

In chapter II, which entitled «Quasiperiodic oscillations and energy extraction
around black holes» quasi-periodic oscillations around the Bardeen black hole and
the efficiency of energy extraction are studied.

In general, the metric for the Bardeen black hole is written as follows:

ds> =— () dt%}% dr? + dQ? (14)
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fFR=1+2{1+ /1 +—(r2iA:%15 (15)

The energy extraction efficiency is determined by the energy in the ISCO :
n = 1- Eisco (16)
From expression (16) we can easly calculate the energy extraction efficiency for
Bardeen black hole for different values of o and g.
Now let's calculate the frequency of quasi-periodic oscillations. In general,
the frequency of the fundamental oscillations around the black hole (assumed to be
close to harmonic oscillations) is defined as:

=4 _ IO
QK Codt 2r (17)
or we can simplify expression (17) and write it as follows:
Q% =P+ 2f ) (18)
from (18) expression to Herz, we can rewrite:
~ 1 S
VR Q (Hz) (19)

In the follow given radial dependence of frequency

. g/M=0.5
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Figure 2. Frequency of quasi-periodic oscillations

From the figure 2 above, we can see that as the value of « increases, the maximum
frequency decreases.

In the third chapter of the dissertation entitled "Gravitational lensing around
wormhole", gravitational lensing in the exponential metric around the "wormhole"
was observed and typical calculations were performed. Gravitational lensing
around a wormhole. In general, if the metric is given, the deflection angle in
gravitational lensing is calculated as follows:

ds? = dsy® + Mde? + da? + dy? + dz?) (20)
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where hy = h,, = 2M/r and r=\z?> + b* , P is the real object from the
observer-lens axis and angle 0 is the apparent image of the object from the
observer-lens axis, D, is distance between observer and lens, D is distance
between observer and source, D4 is distance between lens and source.

4MD g4

we can
Dst )’

If we also take into account the Einstein deflection angle ( ® =

calculate the magnification for the image produced by the lensing:

pe =2+ A ) 22)

Where y = g and B = 0 — = . The figure below shows the result of typical

calculations for wormholes of different masses.
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Figure.3 Gravitational lensing around different mass wormholes, from left to right 10°M,,
5 - 10°M,, and 7 - 10°M, (M, is mass of the Sun).

Chapter 4 of the dissertation entitled "Estimating the mass of the black hole"
deals with the method of estimating the mass of the supermassive black hole in
their central part based on the brightness of active galactic nuclei and the velocity
dispersion of the stars in the "bulge".

Estimation of the supermassive black hole mass in the central part of active
galactic nuclei based on their luminosities. To do this, we initially collected data
from about 300 well-studied active galactic nuclei of wvarious types. Their
luminosities has been studied by various scientists and the calculation of
luminosity is mainly based on the results of spectral observations. Our goal is to
determine whether there is an empirical connection between the luminosity and the
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mass of the supermassive black hole, and if so, to find it. We determine whether
there is a correlation connection or not using the correlation coefficient:
I = NN (= <)y - <y>)

JZZ,L (x; - <x>)* JZZ,L (i-<y>)?
where x is luminosity of the active galactic nuclei and y is mass of the
supermassive black hole which located in central part of the active galactic nuclei.
We calculate the regression coefficient using the correlation coefficient:

\/ >N (yi<v>) ’IN

J »N (- <x>)IN

Using the regression coefficient in expression (24), we can construct a linear
regression equation for the empirical relationship between the an active galactic
nuclei and mass of the supermassive black hole which located central part of active
galactic nuclei:

(23)

o
Rye=k2 = k-

, (24)

y —<y>=Rj(x-<x>) -y =ax +D
L
erg/s
active galactic nuclei. In our case a = 0.9+ 0.173 and b =-32.8+2.332. We
also considered the estimation of the mass of the central supermassive black hole
by means of the velocity dispersion and determined the following empirical
relation (information about selected active galactic nuclei according to luminosity
and velocity dispersion is given in Table 1) :

Ig( My/Mg) = ¢ - o* (26)
Where ¢ = 2.359+0.04 and d = 0.23 + 0.00034. Figure 4 below shows the
relationship between luminosity and supermassive black hole mass, as well as the

relationship between velocity dispersion.

(25)

Wherey = lg(%) and x = Ig(—); M is mass of the Sun, L is luminosity of
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Figure. 4 Empirical relation between supermassive black hole mass and luminosity of active
galactic nuclei (on the left) and empirical relation between supermassive black hole mass and
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Table-1.

Type of the . Luminosit Mass of the black Velocity dispersion
Name of the AGN y& GN Redshift (g(L /Ls))y hole (Ig(M,, / M.)) ()l:m /sI))
NGC1566 SY1 0.005 44.45 6.92 100
NGC2841 SY1 0.002 43.67 8.21 209
NGC3982 SY1 0.004 43.54 6.09 62
NGC3998 SY1 0.003 43.54 8.95 319
Mrk10 SY1 0.029 44.61 7.47 137
NGC3223 SY1 0.016 44.27 7.02 106
NGC513 SY?2 0.002 42.52 7.65 152
NGC788 SY?2 0.014 44.33 7.51 140
NGC1052 SY?2 0.005 43.84 8.19 207
NGC1275 SY?2 0.018 45.04 8.51 248
NGC1320 SY?2 0.009 44.02 7.18 116
NGC1358 SY?2 0.013 44.37 7.88 173
NGC1386 SY?2 0.003 43.38 7.24 120
NGC1667 SY?2 0.015 44.69 7.88 173
NGC2110 SY?2 0.008 44.1 8.3 220
NGC2273 SY?2 0.006 44.05 7.3 124
NGC2992 SY?2 0.008 43.92 7.72 158
NGC3185 SY?2 0.004 43.08 6.06 61
NGC3362 SY?2 0.028 44.27 6.77 92
NGC3786 SY?2 0.009 43.47 7.53 142
NGC4117 SY?2 0.003 43.64 6.83 95
NGC4339 SY?2 0.004 43.38 7.4 132
NGC5194 SY?2 0.002 43.79 6.95 102
NGC5252 SY?2 0.023 45.39 8.04 190
NGC5273 SY?2 0.004 43.03 6.51 79
NGC5347 SY?2 0.008 43.81 6.79 93
NGC5427 SY?2 0.009 44.12 6.39 74
NGC5929 SY?2 0.008 43.04 7.25 121
NGC5953 SY?2 0.007 44.05 6.94 101
NGC6104 SY?2 0.028 43.6 7.6 148
NGC7213 SY?2 0.006 44.3 7.99 185
NGC7319 SY?2 0.023 44.19 7.38 130
NGC7603 SY?2 0.03 44.66 8.08 194
NGC7672 SY?2 0.013 43.86 6.88 98
NGC7682 SY?2 0.017 43.93 7.28 123
NGC7743 SY?2 0.006 43.6 6.59 83
Mrk1 SY?2 0.016 44.2 7.16 115
Mrk3 SY?2 0.014 44.54 8.65 269
Mrk78 SY?2 0.037 44.59 7.87 172
Mrk270 SY?2 0.01 43.37 7.6 148
Mrk348 SY?2 0.015 44.27 7.21 118
Mrk533 SY?2 0.029 45.15 7.56 144
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MAIN RESULTS AND CONCLUSIONS

The following scientific and practical results were obtained in this thesis:

* For the first time showed that the magnetic charge and the Gauss-Bonnet
parameters lead to a decrease in the radius of the event horizon of the black
hole. The analysis of the energy extraction elficiency showed that the
efficiency value increases with the increase of the magnetic charge of the
Bardeen black hole, In addition, the maximum efficiency was shown to
decrease with the increase of the Gauss-Bonnet parameter, which is caused
by the decrease in the extreme values of the BH magnetic charge.

* A new model has been developed to test gravity models using observational
data of twin-peak QPOs in the framework of the Relativistic Precession
model based on the construction of the space of upper and lower
frequencies. It has been found that there is an area in the space of upper and
lower frequencies that may help o distinguish the type of the central object
using observed twin-peaked.

* For the first time has been obtained that the size of shadow of wormhole is
greater than shadow of the Schwarzschild black hole of the same mass.
Moreover, the energy efficiency of the wormhole is relatively large than the
Schwarzschild black hole of the same mass.

* For the first time the explicit expression for the Einstein deflection angle in
the Papapetrou spacetime has been found.

* For the first time, an optimized method for estimating the mass of
supermassive black holes located in the central part of salaxies with active
nuclei was proposed.
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BBEJEHUE (aHHOTausi JOKTOPCKOM AUCCEPTaI[U)

Ienb ucciegoBaHus — COBEPIIIEHCTBOBAHNE 3HAHUM O KBa3UTEePUOANUECKUX
bAyKTyalusx U siBJAeHUSIX FPaBUTAL[MOHHOTO JIMH3UPOBAHUSI BOKPYT KOMITAKTHBIX
00BeKTOB, pa3paboTKa MeTo/la OLIEHKU MacChl CBEPXMAaCCHUBHOW UepHOW AbIPhlI B
LIEHTPa/lbHOM  4YaCTM TaJakTUK C aKTUBHBIMUA  fi[paMA  TOCPeJCTBOM
dboToMeTprUUeCKHUX HaOMIOAeHUM.

3ajaun  HcoIeoBaHMA: lIcxong M3 IIOCTaB/IeHHBIX — Iiefied, ObLIu
orpejie/ieHbl CeAYHOIIMe 3a/1auu:

— aHa/M3 [IBKEHUs 3apsDKeHHBIX M HeWTpalbHBIX TPOOHBIX YaCTHUI]
BOKDYT UE€PHOU [IbIPHI,

— TeopeTWYeCKOe WCC/e/loBaHMe KBa3UIepUOJUUeCKUX KoyiebaHui u
3¢ (deKTUBHOCTH BbIBO/Ia SHEPTUU BOKPYT U€PHOMU JbIPHI,

— W3yueHWe TPaBUTALMOHHOTO JIMH3UPOBAHUSI BOKDPYT UEPHBIX AbIp U
«wormhole»,

— pa3paboTKa MeTo/ia OI[eHKH MaCChl CBEPXMACCUBHBIX U€PHBIX JIbIP B X
I[eHTPa/IbHOM YaCcTM Ha OCHOBe HWMEIOIIUXCS JaHHBIX HaO/I0[eHU
rajJlakTUK C aKTUBHBIMU S1IPaMU.

OO0BeKT HCC/IeJOBaHUSI 3apsUKeHHBIX W HEWTPa/TbHBIX TMPOOHBIX YaCTHI]
BOKPYT UepHBIX /bIp, KBa3ulepuoAuueckrde KojeOaHUsI BOKPYT UepHBIX [bIp,
3¢ )eKTUBHOCTL SHEPTOBbI/le/IeHHs UePHBIX JIbIP.

IIpegmer wucciej0BaHusA MaremMaTUYeCcKue MOJenu /s WU3ydeHust
MPOLIeCCOB BOKPYT YEPHBIX JbIP, UWC/IE€HHbIe U aHAJINTUUECKHE METO/Ibl PelleHust
M depeHIMATbHBIX YPaBHEHHUH.

Hay4yHass HOBH3HA MCC/Ie/J0BaHUA 3aK/II0YaeTCA B CJIey0IeM:

— BIepBble H3yuyeHa 3aBUCUMOCTh KBa3WUIEPUOAMUECKUX KoJiebaHui
BOKDYT YepHOU JbIpbl bapAyHa OT MarHUTHOrO 3apsja W TapameTpa
I'aycca-boHHerT,

— BIEpPBbIe W3YUEHO U TMOYUYeHO rPaBUTALIMOHHOE JIMH3UPOBAHUE BOKPYT
"BepeTeHoOOpa3HOro THe3za" A1 HeoOXOAWMOM Iyt HaOJIro/[eHUs
BeJIMUMHBI YBe/TMUEeHUsI B SKCIIOHEHLINaIbHOU MeTPUKe,

— BIepBble pa3paboTaH ONTUMM3HWPOBAHHBLIM MeTOZ "OLIEHKH'" MacCChl
YEepHOU JbIpbl B LEHTpPe TaJakKTHK C aKTUBHBIMU SIpaMU [0
HabJTI0/IeHUSIM B ONITUYECKOM Juaria3oHe.

BHeppenue pe3y/bTaToB HUCC/IeJ0BaHUA. HayuHsle paboThl,
oIy0/IMKOBaHHbIe B PAMKaXxX JaHHOW AMCCEPTALUU, UCTI0h30Ba/ICh B Pa3/TMUHBIX
MeXIyHapOAHbIX paboTaxX, B TOM UHC/Ie Hallla Hay4Has pabota «Quasi-periodic
oscillation around regular Bardeen black holes in 4D Einstein—Gauss—Bonnet

gre T0/Thb30Bajiach B CAeAYIONIAX MEXAYHAPOJHBIX HayUHBIX paboTax:
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1. Z Stuchlik, J Vrba “Geodesic Model of HF QPOs Tested for Black
Holes in Spacetimes Reflecting the Effect of Surrounding Dark Matter”
The Astrophysical JouReissner-Nordstromal, Volume 935, Number 2

2. Javlon Rayimbaev, Dilshodbek Bardiev, Temurbek Mirzaev,
Ahmadjon Abdujabbarov, Akram Khalmirzaev, Shadow and massless
particles around regular Bardeen black holes in 4D Einstein
Gauss—Bonnet gravity, InteReissner-Nordstromational JouReissner-
Nordstromal of ModeReissner-Nordstrom Physics D Vol. 31, No.
07, 2250055 (2022)

3. Javlon Rayimbaev, Ahmadjon Abdujabbarov, Farukh Abdulkhamidov,
Vokhid Khamidov, Sherzod Djumanov, Javohir Toshov, Shukurillo
Inoyatov, Quasiperiodic oscillation around charged black holes in
Einstein—Maxwell-scalar theory, The European Physical JouReissner-
Nordstromal C volume 82, Article number: 1110 (2022) ;

Kpome TOro, Halllk pe3y/bTaTbl ObLIM KCIIO/Ib30BAaHbI B HAyUHBIX MPOEKTaX
«Czech Science Foundation grants SGS/26/2022 u GACR, grant number
23-07043S» (mMcbMO TIpy/IaraeTcsi).

CTpykTypa M 00BbeM aAuccepTranmu. [lyccepraijdsi COCTOUT W3 BBeJeHMUs,
yeTbIpeX TIJIaB, 3aK/IIOUEHHUs, CITMCKA JIUTepaTypbl W TIpWwiokeHud. OO0beM
JUCccepTaLi BMeCTe C MPUI0KeHUsIMU cocTasiisieT 105 cTpaHuL.
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OCHOBHBIE PE3YJIbTATBI H BBIBO/Ib]
B auccepraiuy LK noayyersl CIEVIONHE HAYHHO-NPAKTHYECKHE Pe3y/IbTaThl:

* Brepswie Nokasan, uTo MarduTHbLIA 3aps) W onapamerpsl [aycca-bonue
NPUBOJAT K YMEHBIIEHMIO PajMyca ropH3oHTa coOBITHA YepHON JAbipbl,
AHanus odupexTusHoCcTH  0TDOpa  IHEPrHM  NOKasan, uYTO 3HaueHHe
IPPEKTHBHOCTH  YBENHUMBACTCA € YBEJAHYEHHEM MarHMTHOro 3apaja
uyepHOi Abipbl bapauua. Kpome toro, Obio NoKasaHo, 4To MakCHMmaibHas
3iPeKTHBHOCTE YMEHBILAETCA © yBennveHuem napametpa [Maycca-boune,
YTO CBAZ3HO € YMCHBLICHHEM 3KCTPEMASIBHBIX 3IHAYEHWH MarHMTHOro
Japaga Y[,

L Pas;:aﬁurﬂuu HOBAH MOAENL [JIH NPOBEPKH IPABHTALMOHHBIX MOJeneld no
AaHHBIM - HaDoAenHid  asyxnukoseix  KITO B pamkax  mojenu
PENATHRHCTCKONW Npeleccuy, OCHOBAHHOW Ha NOCTPOEHHH NPOCTPaHCTEa
BEPXHHX H HHAHHX 4actror., Beuio oDHapymeHo, 4To B [POCTPaHCTEE
BEPXHHUX M HWKHHX HaCcTOT eCTh 0DAacTh, KOTOpas MOMKeT [oMOYb
PazMYHTL  THN  UedTpansHoro ofnekta ¢ nomouislo  Habnogaemoro
ABOHHOMD MHKAa.

* Brnepssie NosyyeHo, 4To pasMep TeHW 4epBOTOUHHLL DOMkLLIE TeHH YepHOH
apipel  LlBapiumasaa Toil ke maccel, Bonee Toro, IHepreTHdeckas
3(p(heKTHBHOCTb YePBOTOUHHBI OTHOCHTE/ILHO BEIHKA, YeM Y YePHOH JbIpbl
Hpapuumnsia ToH MKe Macchl.

*  Brnepaeie HARAEHD ARN0E BLPaKeNUe 18 yria oTKIoneHus DiiHwreiina B
II[}['JI'.'I'['[]»iiHl:"l'i!t"'ﬁ[}EMt'IIl-l ”ﬂlhﬂ[t"l‘[]’}".

* Bnepsble npejiosen  ONTHMHIMPOBAHHBIA - METOJ  OLUEHKH  Macchl
CBEPXMACCHBHAIX YEPHBLIX /JbIP, HAXOAHUMXCH B LEHTPAILHOH JacTi
FafIakTHRK € dKTHBHLIMH }I;'I,FJEIMH.
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holes" "Fizika fanini axborot va innovatsion texnologiyalar muhitida o‘qitishning
zamonaviy tendensiyalari: muammo va yechimlar" Respublika ilmiy-amaliy anjumani
materiallari 544-545-bet, Navoiy Pedagogika Instituti, 2022-yil, 20-noyabr.

Y.SH.Turaev, J.R.Raimbayev, K.B.Haydarov - "Black hole mass estimation from
luminosity of active galactic nuclei" "Innovatsion texnologiyalar: Ilmiy g‘oyalar va
ishlanmalaReissner-Nordstromi amaliyotga joriy etish masalalar va yechimlari"
mavzusidagi xalgaro qo‘shma ilmiy-amaliy konferensiya materiallari 110-113-bet,
Toshkent amaliy fanlar universiteti, 28-29-may.

Y.SH.To‘rayev, A.A.Abdujabbarov, K.B.Haydarov - "Penrose mexanizmi va qora o‘ra
massasining nazariy maksimal giymati" "Innovatsion texnologiyalar: [lmiy g‘oyalar va
ishlanmalaReissner-Nordstromi amaliyotga joriy etish masalalar va yechimlari"
mavzusidagi xalgaro qo‘shma ilmiy-amaliy konferensiya materiallari 164-167-bet,
Toshkent amaliy fanlar universiteti, 28-29-may.
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Avtoreferat “Fan va innovatsiyalar” xalqaro ilmiy jurnali tahririyatida tahrirdan o‘tkazilib,
o°‘zbek, ingliz va rus tillaridagi matnlari o‘zaro muvofiglashtirildi (Ne 021 «5» —iyul 2023y).

Bosishga ruxsat etildi: 05.07. 2023-yil
Buyurtma: Ne 05/07-2. Adadi 100 nusxa.
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“Times New Roman” garniturasi.
«Zebo prints» MCHJ bosmoxonasida chop etilgan.
Toshkent sh. , Yashnobod t., 22-harbiy shaharcha.
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