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KIRISH (falsafa doktori (PhD) dissertatsiyasi annotatsiyasi)

Dissertatsiya mavzusining dolzarbligi va zaruriyati. Mugobil gravitatsiya
nazariyalariga ehtiyoj hozirgi standart gravitatsiya nazariyasi - Umumiy nisbiylik
nazariyasidagi mavjud cheklovlaridan kelib chigadi. Umumiy nisbiylik nazariyasi
bizning quyosh sistemamizda va Kkattaroq migyosda gravitatsiya maydonida
harakatini tushuntirishda muvaffagiyat gozongan bo’lsa-da, u gora o’ralar ichida
yoki Katta portlash paytidagi kabi ekstremal sharoitlarda gravitatsiyaning tabiatini
hisobga olmaydi. Bundan tashqari, umumiy nisbiylik nazariyasini zarrachalarning
harakatini juda kichik migyosda tasvirlaydigan kvant mexanikasi nazariyasi bilan
birlashtirib bo’lmaydi. Modifikatsiyalangan Nyuton dinamikasi va Kvant
gravitatsiyasi kabi mugobil gravitatsiya nazariyalari bu cheklovlarni bartaraf etishga
va koinotdagi gravitatsion 0’zaro ta’sirni to’liqroq tushunishga imkon beradi.

Boshga tomondan taklif etilgan muqobil nazariyalar natijalarini tahlil gilish va
tajriba va kuzatuv ma’lumotlar bilan solishtirish, shuningdek, yangi nazariyalar va
yechimlar parametrlari uchun cheklovchi giymatlarni olish dolzarb masala bo’lib
golmoqda. Gravitatsiyaning alternativ va modifikatsiyalangan nazariyalarini ishlab
chigishga urinishlar, xususan, koinotda qora materiya va qora energiya mavjudligi
bilan bog’lig bo’lgan kosmologik sabablar hisoblanadi.

Mamlakatimizda so’ngi vyillarda fundamental va amaliy tadgigotlarning
dolzarb yo’nalishlarini rivojlantirishga tobora ko’proq e’tibor berilmoqgda. Xususan,
istigbolli yo’nalishlardan biri bo’lgan astrofizik tadgigotlarni rivojlantirish bugungi
kunning muhim masalasidir. Yurtimizda ilm-fanning muvaffaqgiyatli rivojlanishi
uchun fundamental tadgigotlar va ishlanmalarning asosiy yo’nalishlari va ularni
amaliy qo’llash O’zbekiston Respublikasini yanada rivojlantirish bo’yicha 2022-
2026-yillarga mo’ljallangan Strategiyasida® 0’z aksini topgan.Buni isboti o’laroq,
shuni aytib o’tish mumkinki, oxirgi yillarda relyativistik astrofizikada kompakt
ob’ektlar atrofida magnitlangan va zaryadlangan zarralarning harakati, ularning qora
o’ra tomonidan tutib qolinishi, zarralarning fizik hususiyatlari, kompakt ob’ektlar
atrofidagi tashqgi magnit maydon va ularning tabiati chugur o’rganildi.

Dissertasiya tadgigoti 2018 yil 29 noyabrda O’zbekiston Respublikasi
Hukumati tomonidan chop etilgan “2019-2021 yillarda O’zbekistonda tuzilmali
islohotlarning asosiy yo’nalishlarining yo’l xaritasi”, O’zbekiston Respublikasi
Prezidentining 2017 yil 7 fevraldagi PQ-4947- sonli “O’zbekiston Respublikasini
yanada rivojlantirish bo’yicha Harakatlar strategiyasi to’g’risida”gi Farmoni va ilm-
fanni rivojlantirish to’g’risidagi boshga me’yoriy-huquqgiy hujjatlarda ko’rsatilgan
vazifalarni bajarishga ma’lum darajada xizmat giladi.

Tadgigotning respublika fan va texnologiyalari rivojlanishining ustuvor
yo’nalishlariga mosligi. Ushbu dissertatsiya ishi O’zbekiston Respublikasi fan va
texnikasini rivojlantirishning ustuvor yo’nalishi 1l. “Energiya, energiya va
resurslarni tejash”.

Muammoning o’rganilganlik darajasi.

1 O’zbekiston Respublikasi Prezidentining 2022-yil 1-yanvardagi Ne PF-60 son farmoni *“2022-2026 yillarga
mo‘ljallangan Yangi O‘zbekistonning taraqqiyot strategiyasi to‘g‘risida”.
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Tashgi magnit maydondagi qora o'ralar atrofida elektromagnit maydonning
nazariy modelini yaratish va zaryadlangan zarrachalar dinamikasi ko’plab olimlar,
jumladan, ingliz (R.Vold, J.Petterson), rus (A.Zaxarov, V. Frolov, I. Novikov ),
nemis (C. Laemmerzahl, J. Kunz, A. Grezenbach), argentinalik (L. Amarilla, E.
Eiroa), chex (M. Kolos, J. Vrba), hindistonlik (N. Dadich, S. Ghosh, P. Joshi, M.
Patil) va boshgalar tomonidan o’rganib chigilgan. Ammo mugobil gravitatsiya
nazariyasi doirasida magnit maydonda magnitlangan zarralar harakatini o’rganish
masalasi ochig qolmoqda. Shuningdek, bunday nazariyalar doirasida magnitlangan
zarrachalarning doiraviy orbitalarining xossalari to’liq o’rganilmagan.

Umumiy nisbiylik nazariyasi doirasidagi elektromagnit maydon va
magnitlangan zarracha harakatining matematik modeli mahalliy olimlar
B.J.Ahmedov, A.A. Abdujabbarov, D.R.Rayimboev, B.A.Toshmatov va F.A.
Atamurortov, hamda xorijlik olimlar R.Vald, F.de Feliche, F.Sorge va boshqalar
tomonidan o’rganilgan. Biroq, muqobil gravitatsiya nazariyasi doirasida markaziy
obyekt tashgi magnit maydonda joylshgan holatlar uchun nazariy modellar
takomillashtirish masalasi ochigligicha golmoqda.

Dissertatsiya tadqiqotining dissertatsiya bajarilgan oliy ta’lim
muassasasining ilmiy-tadqiqot ishlari rejalari bilan bog’ligligi. Dissertatsiya
tadgigoti Innovatsion rivojlanish vazirligi tomonidan moliyalashtirilgan F-FA-2021-
510-sonli “Modifikatsiyalangan gravitatsiyalar doirasida neytron yulduzlari yadro
mubhitini tadqiq etish ” loyihasi doirasida amalga oshirilgan.

Tadgiqot magsadi alternativ gravitatsiya nazariyasi doirasida qora o’ralar
yaqinidagi zarrachalar dinamikasini tavsiflash uchun astrofizik modellarni ishlab
chiqgish va takomillashtirishdan iborat.

Tadgiqotning vazifalari:

Eynshteyn-Maksvel-skalyar nazariyasida magnitlangan zarralar harakatini
o'rganish;

Magnit maydonida joylashgan kvant gravitasiyasidagi Schwarzschild gora
o'rasi atrofida zaryadli va magnitlangan zarralar aylana orbitalari hamda
to'gqnashuvlarini tadqiq qilish;

Magnitlangan Kerr gora o'rasi atrofida Skalyar-vektor-tenzor maydon effektida
magnitlangan zarralar harakatini tekshirish.

Tadgiqotning obyekti astrofizik gora o’ralar, elektr va magnit zaryadlari nolga
teng bo’Imagan sinov zarralari, qora materiya.

Tadgiqotning predmeti astrofizik modellar, elektromagnit va tortishish
maydonlari uchun tenglamalarni yechishning ragamli va analitik usullari, kompakt
gravitatsiya obyektlari yaginidagi magnitlangan zarralari dinamikasini o’rganish.

Tadgiqot usullari. Hisoblash matematikasi usullari, nazariy astrofizika
usullari, matematik fizikaning zamonaviy usullari, maydon va zarralar harakati
uchun differensial tenglamalarni hisoblashning analitik va ragamli usullari.

Tadgigotning ilmiy yangiligi quyidagilardan iborat:

llk bor, EMS gravitasiya skalyar maydon parametrining mushat (manfiy)
giymatlari magnitlangan zarrachalarning to'gnashuvlarida massa markazi
energiyasini sezilarli oshirishini (kamaytirishini) ko'rsatdi;
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llk bor, SRG (PSR) J1745--2900 magnetari o'ta massiv qora o'ra Sgr A*
muhitiga yaqgin joyda bargaror bo'lolmasligi ko'rsatildi.

llk bor, STVG ta'siri ITAO radiusi va ITAOdagi burchak momentini
hisoblashda juda muhimligi va magnit o'zaro ta'sir kuchini kuchaytirishi aniglandi;

Ik bor, STVG effekti mavjud bo'lganda magnitlangan zarralar to'gnashuvidagi
massa markazining energiyasini ortishi ko'rsatildi.

Tadgigotning amaliy natijalari quyidagilardan iborat:

QN va Kerr gora o’ralari atrofidagi zarrachalarning eng kichik doiraviy
orbitalari radiuslarini qiyosiy tahlili QN parametrining 0<y<oco oralig’idagi
giymatlari Kerr qgora o’rasining aylanish parametrini a/M < 0.31 oraliqda
almashtirishi  mumkinligi  ko’rsatildi. Shuningdek, QN qora o’rasi atrofida
akkretsion diskining energiya effektivligi tahlili energiya effektivligi QN
parametrlarining oshishi bilan ortishi ko’rsatdi.

Magnit maydon mavjudligida QN Schwarzschild gora o’ra atrofida
zaryadlangan zarrachalar harakati magnit maydon eng kichik doiraviy orbita
radiusining kamayishiga, QN parametri esa ortishiga olib kelishi ko’rsatildi.

Magnit maydondagi zarracha uchun Hamilton-Jakobi tenglamasi tahlili
magnitlangan zarrachalar energiyasining minimal qiymati QN parametrlari ortishi
bilan ortishini ko’rsatdi.

Shuningdek, QN parametrining ortishi bilan minimal magnit bog’lanish
parametrining maksimumining ortishiga olib kelishi ko’rsatildi. Magnitlangan
zarrachaning QN Schwarzschild gora o’rasi atrofidagi doiraviy orbitalari diapazoni
QN parametri ortishi bilan kamayishi aniglandi. SRG (PSR) J1745-2900 tipidagi
magnetar orbitasi supermassiv qora o’ra Sgr A* yaginida bargaror bo’lolmasligi
ko’rsatildi.

Tadgiqot natijalarining ishonchliligi. Matematik fizika, hisoblash
matematikasi va relyativistik astrofizikaning zamonaviy isbotlangan usullarini
go’llash bilan izoxlanadi. Natijalar qat’iy ravishda gravitatsiyaning metrik
nazariyalari va nazariy fizikaning matematik apparati doirasida olingan.
Hisoblashning zamonaviy ragamli va analitik usullari ham go’llanilgan va natijalar
mavjud kuzatuv ma’lumotlari va boshga mualliflarning natijalari  bilan
taggoslangan. Dissertatsiya ishining xulosalari kompakt ob’ektlar astrofizikasining
asosiy goidalariga mos keladi.

Tadgigot natijalarining ilmiy va amaliy ahamiyati. Tadgiqot natijalarining
ilmiy ahamiyati shundan iboratki, ishlab chigilgan model gora o’raning magnit va
elektr zaryadlarining ta’sirini aylanuvchi qora o’raning aylanish ta’siridan
ajratishning asosiy mexanizmlarini shakllantirish imkonini berishi bilan aniglanadi.

Tadgigot natijalarining amaliy ahamiyati shundan iboratki, ishlab chigilgan
matematik modellar va olingan natijalar LIGO, Virgo va EHT teleskoplarining
kuzatuv ma’lumotlaridan foydalangan holda qora o’ralar parametrlari va
tortishishning alternativ nazariyalari uchun anigroq chegara giymatlarini olish uchun
ishlatilishi mumkin.

Tadgigot natijalarining joriy qgilinishi. Mugobil gravitatsiya nazariyasida
elektromagnit maydon va magnitlangan zarrachalar harakatining ishlab chigilgan
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astrofizik modellari asosida:

magnitlangan zarrachalarning harakatlanish xususiyati va magnit effektlari
xitoylik olimlar tomonidan Shanxaydagi Fudan universitetida (FU) ishlatilgan (FU,
Xitoy, 2024-yil 5-maydagi xati). Natijada, zarrachalarning magnit zaryadining
giymati va bu zarralar orbitalaridagi deformatsiyalangan fazo effektlari hisoblab
chiqgilgan;

magnitlangan zarrachalar harakati bo’yicha natijalar xorijiy tadgigotchilarning
ishlarida qo’llanilgan, magnitlangan zarrachalarning aylanadigan qora o’ra
atrofidagi ta’sirini tavsiflash uchun yuqori impakt faktorli xorijiy jurnallarda chop
etilgan 5 dan ortig ilmiy magolalarda (The European Physical Journal C, Volume
84, Issue 3, article id.291, Web-Sc, 1F-4.991; The European Physical Journal C,
Volume 83, Issue 9, article id.855, Web-Sc, IF-4.991; Physical Review D, Volume
108, Issue 4, article id.044030, Web-Sc, IF-4.080; The European Physical Journal
C, Volume 83, Issue 8, article id.704, Web-Sc, IF-4.991; The European Physical
Journal C, Volume 83, Issue 6, article id.506, Web-Sc, 1F-4.991 va boshgalar)
foydalanilgan.

lImiy natijalarning go’llanilishi, muqobil gravitatsiya nazariyalari doirasida
magnit maydon va magnitlangan zarralarning kompakt obyektlar atrofidagi harakati
hagida ma’lumot olingan.

Tadqgigot natijalarining aprobatsiyasi. Mazkur tadgigotning asosiy natijalari
1 ta xalgaro va 4 ta Respublika miqgyosidagi ilmiy-amaliy konferensiyalarda
ma’ruzalar qilinib, tegishli muhokamalardan o’tkazilgan.

Tadqiqot natijalarining e’lon qilinganligi. Tadgigot mavzusi bo’yicha jami
12 ta ilmiy ish, jumladan O’zbekiston Respublikasi Oliy ta’lim, fan va innovatsiyalar
vazirligi huzuridagi Oliy attestatsiya komissiyasining dissertatsiyalar asosiy ilmiy
natijalarini chop etish uchun tavsiya etgan ilmiy nashrlar ro’yxatida 5 ta ilmiy
magola (2 ta respublika va 3 ta xorijiy jurnallarda) chop etilgan.

Dissertatsiyaning tuzilishi va hajmi. Dissertatsiya kirish, uchta bob, xulosa
va foydalanilgan adabiyotlar ro’yxatidan iborat. Dissertatsiya hajmi 100 bet.

DISSERTATSIYANING ASOSIY MAZMUNI

Dissertatsiyaning  kirish gismida mavzusining dolzarbligi, zarurati,
tadgiqgotning respublika fan va texnologiyalari rivojlanishining ustuvor
yo’nalishlariga bog’ligligi, muammoning o’rganilganlik darajasi, dissertatsiya
bajarilgan oliy ta’lim muassasasining ilmiy-tadgiqot ishlari rejalari bilan bog’ligligi
va tadqiqotning maqsadi, vazifalari, ob’yekti, predmeti, usullari, ilmiy yangiligi,
amaliy natijasi, ishonchliligi, natijalarining ilmiy va amaliy ahamiyati, natijalarining
amaliyotga joriy qilinishi, natijalarining aprobatsiyasi, natijalarining e¢’lon gilinishi
hamda dissertatsiyaning tuzilishi va hajmi to’g’risida gisgacha ma’lumotlar
keltirilgan.

“Einstein-Makswell-skalar nazariyasida zaryadlangan qora o’ralari
atrofida magnitlangan zarrachalarning dinamikasi va to’qnashuvi” deb
nomlangan birinchi bobda Einstein-Makswell-skalyar (EMS) nazariyasida
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magnitlangan va elektr zaryadlangan statik gora o’ralar (QO’) atrofida magnitlangan
zarrachalar dinamikasi o’rganilgan. Dastlab, biz Einstein-Makswell-skalar
parametrlarining mumkin bo’lgan giymatlarini o’rganamiz, ular uchun fazo-vaqt
geometriyasi qora o’ra fazovagqtini ifodalaydi. Elektr zaryadlangan gora o’raning
elektr maydoni va magnitlangan sinov zarrasining magnit maydoni o’rtasida 0’zaro
ta’sir yo’q. Shuning uchun biz qora o’rani tashqi asimptotik bir xil magnit maydonda
joylashgan deb hisoblaymiz. Biz EMS nazariyasida zaryadlangan qora o’ra
atrofidagi tashgi magnit maydonning xususiyatlarini o’rganamiz. Bundan tashqari,
biz gora o’ra zaryadi va Einstein-Makswell-skalar nazariyasi parametrlarining
barqaror aylana orbitalardagi zarracha energiyasi va burchak momentiga,
shuningdek, ichki bargaror aylana orbitalarining radiusiga ta’sirini o’rganib chiqdik.
Olingan barcha natijalar Reissner-Nordstrom qora o’rasining olingan natijalari bilan
tagqoslanadi. Natijada, biz Einstein-Makswell-skalar nazariyasida zaryadlangan
gora o’ra atrofida magnitlangan va elektr zaryadlangan zarralar to’gnashuvining
massa energiyasi markazining harakatini o’rganamiz.Umumiy massasi M va elektr
zaryadi Q bo’lgan Einstein-Makswell-skalyar gravitatsiyadagi elektr zaryadlangan
gora o’ra atrofidagi fazo vaqti sferik koordinatalar yordamida quyidagi ko’rinishda
tavsiflanadi:

U(r)

bu yerda radial metrik funktsiya quyidagi ko’rinishga ega

ds? = —U(r)dt? +

+ f(r)(dB? + sin? 8dp?) (1)

2M 2
U(r)—l————f()+]€(Q) (2)
f(r)=r? <1 +%> (3)

bu yerda § va y o’lchovsiz parametrlar Einstein-Makswell-skalyar nazariyasidan
kelib chigadi. Bundan tashqgari, A parametri kosmologik konstantaga mos keladi (de
Sitter uchun A4 > 0 va anti-de Sitter fazo vaqti uchun 1 < 0). (2) - formulad = g =
0 bo’lganda Schwarzschild qora o’rasiga aylanadi va A=y =0 hamda g =1
bo’lganda, Reissner-Nordstr qora 0’ra fazo vaqtini aks ettiradi. Ushbu ishda biz 1 =
0 holatini ko’rib chigamiz. Elektromagnit to’rt potentsialning nolga teng bo’Imagan
komponenti quyidagicha:

a=el -2 () @
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1-rasm. Hodisa gorizonti radiusining grafigi bo’lib g parametrining turli giymatlari uchun
y parametrining funktsiyasidir.

1-rasmda hodisalar gorizonti radiusining gora o’ra zaryadiga bog’ligligini 8
parametrining turli giymatlari uchun y parametrining nolga y = 0 (chap), musbat
(o’rta) va manfiy (0’ng) giymatlarida ko’rsatilgan. Ko’rinib turibdiki, Q zaryadining
kritik giymati § parametrining oshishi bilan ortadi. y = 0 qora o’ra zaryadining
kritik giymatiga mos keladigan tashqi gorizontning minimal giymati, § ning musbat
(manfiy) giymatlari esa tashqgi gorizontning minimal gqiymatining oshishiga
(kamayishiga) sabab bo’ladi.

2 -rasmda tashqi gorizontning minimal giymatlari va § parametrining turli
giymatlari uchun y maksimal giymatlariga mos keladigan qora o’ra zaryadining
kritik giymatlariga bog’ligligi ko’rsatilgan. Ushbu rasmdan ko’rinib turibdiki, tashqi
gorizontning minimal radiusi kritik qora o’ra zaryadining chizigli kamayuvchi
funksiyasiga ega va uning pasayish tezligi g parametriga proportsionaldir.

2.0 '
p=2
""" B=1.5
..... B=1
-——— B3=0.75
N B=05
e
NN —_— = =0.25
N
N ~
RN N
% N N
2 3 4
Oci/M

2-rasm. Tashqi gorizontning minimal radiusi kritik gora o’ra zaryadining funktsiyasi
sifatida Q. B parametrining turli giymatlari uchun y parametrining mos keladigan yuqori
giymatlarida.

10



(rh)min/M ch/M

4.0f |

B=2

______ e 35 |
l

3.0}
25t/

———=p=075 e=me== B=1
- === =075
— = B=0.25 B=05 2.0

— -p=025 _~1.5L7 -
-_—

10 —05 00 0.5 g 10 —05 0.0 0.5 0 7

3-rasm. Qora o’ra zaryadining kritik giymatlari va hodisa gorizontining minimal
radiusi B parametrining turli giymatlari uchun y parametrining funksiyasi sifatida.

3-rasmda yugori zaryadlangan EMS QO’ (chap panel) tashqi gorizontining
minimal giymatlarini va § parametrining turli giymatlari uchun y parametrining
funktsiyalari sifatida QO’ (0’ng panel) ekstremal zaryadi ko’rsatilgan. Bizning sonli
tahlilimiz shuni ko’rsatadiki, f parametrining barcha mumkin bo’lgan giymatlari
uchun hodisa gorizonti radiusining chegaralari bir xil.

]}i_)rgo{(rh)mini Qextr} = {ZM: 0} (5)
va
ylirgax{(rh)mini Qextr } = {0' Qextr } (6)

Ymax(Qexr ) NING yuqori giymati B parametri oshishi(kamayishi) bilan ortadi
(kamayadi).

QO’ atrofidagi magnit maydonga mos keladigan elektromagnit to’rt-
potentsial quyidagi shaklga ega

1 .
Ay = EBOf(r)sm 0 (7)

bu yerda B, - tegishli kuzatuvchi tomonidan o’Ichangan tashqi yagona magnit
maydonning asimptotik qiymati.

EMS nazariyasida elektr zaryadlangan QO’ atrofidagi tashqgi magnit
maydonlarining nolga teng bo’lmagan komponenti quyidagiga teng

2
BT = B,cos 0,B% = %BO (r + %) sin @ (8)

EMS QO’ atrofidagi tashgi magnit maydon chiziglarining xususiyatlari y
parametrining Q@ = 0,8 da turli giymatlari uchun 4-rasmda keltirilgan. Ko’rinib
turibdiki, y = 0 bo’lganda magnit maydon bir xil, y ning manfiy va musbat
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giymatlari uchun maydon mos ravishda parabolik va giperbolik bo’ladi.

5-rasmda y va f parametrlarining turli qiymatlari uchun EMS QO’ atrofidagi
tashgi magnit maydon burchak komponentining normallashtirilgan giymati uning
asimptotik giymatlariga radial bog’ligligi ko’rsatilgan. Rasmdan ko’rinib turibdiki,
burchak komponenti y parametrini oshirishga nisbatan pasayishini ko’rsatadi.
Shunga o’xshash holatni g parametrda ham ko’rish mumkin.

4-rasm. y parametrining turli giymatlari uchun EMS BH atrofidagi magnit maydon
chiziglari. Bu erda biz BH zaryadini Q/M=0,8 va =1 deb olamiz.

B=08 B=1

Q=0.8M 0.6

p=12

Q=0.8M 0.6 Q=0.8M

=== y=025

0.0 0.0 0.0
5 10 20 2 5 10 20 2 5 10 20
/M ™ /™

5-rasm. y va f parametrlarining turli giymatlari uchun EMS QO atrofidagi magnit
maydonning ortonormal burchak komponenti. Bu yerda biz BH zaryadini Q/M = 0,8 deb
belgiladik.

“Qayta normallashtirilgan Schwarzschild qora o’ralari atrofidagi sinov
zarralarining dinamikasi” deb nomlangan 2-bobda tashqi asimptotik jihatdan bir
jinsli magnit maydon mavjud bo’lganda, gayta normallashtirilgan Schwarzschild
gora o’ralari atrofida neytral, elektr zaryadlangan va magnitlangan zarrachalar
dinamikasini o’rganilgan.

QN gora o’ra atrofidagi neytral sinov zarralarining eng ichki bargaror aylana
orbitasi tahlili va aylanuvchi Kerr gora o’rasi natijalari bilan tagqoslab, QN gorao’ra
va aylanuvchi Kerr qora o’rasi parametrlari bir xil a/M < 0.31 ichki turg’un aylana
orbita (ITAO) radiusiga ega ekanligi ko’rsatildi. Astronomik kuzatuvlarga ko’ra,
akkretsiya disklari astrofizik gora o’ralar mavjudligini tasdiglaydi. a/M ~ 0.99
gacha aylanish parametri bilan tez aylanib, QN Schwarzschild qora o’ra
parametrlarining neytral zarrachalarning aylana orbitalariga ta’siri Kerr gora
o’rasiga taglid gila olmaydi, degan xulosaga kelish mumkin.

Keyinchalik, tashqgi asimptotik bir xil magnit (elektromagnit) maydon va
magnitlangan (elektr zaryadlangan) zarralar o’rtasidagi kuchli o’zaro ta’sir mavjud
bo’lganda, QN qora o’ralariga yagin joyda zaryadlangan va magnitlangan
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zarrachalarning harakatini tahlil gilish uchun Hamilton-Jakobi tenglamasidan
foydalanildi. Biz QN qora o’ra parametrlari zaryadlangan va magnitlangan
zarrachalar dinamikasini migdoriy jihatdan o’zgartirishini, xususan A parametrining
ortishi bilan zarrachalarning ITAO radiusi kamayishini, y parametrining oshishi esa
zarrachalarning ITAO radiusi ortishiga olib kelishini ko’rsatdik.

Massasi M bo’lgan statik QO’ atrofidagi fazo-vaqtning chizigli elementini
guyidagicha tavsiflash mumkin

1 .
ds? = —f(r)dt* + %dr2 + r2(d6? + sin? 0d¢?), (9)

bu yerda

am?  yam3\ !
+ , (10)

r? r3

f(r) = 1—27M<1+

y va Q - bu gayta normallashtirish nazariyasidan kelib chiggan o’zgarmas yangi
fazo-vaqgt parametrlari va kvant tuzatishlarni tavsiflaydi.

800
80f 4 | 500
\ 1
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? 400
]

£ 400
2

£ 300
& 200
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6-rasm. y va A parametrlarining turli giymatlari uchun fazo-vaqt skalyar
invariantlarining radial konturlari. Chap panel Ricci skalyariga, o’rta panel Ricci

tensorining kvadratiga va 0’ng panel Kretchman skalyariga mos keladi.

6-rasmda y va A parametrlarining turli giymatlari uchun skalyar
invariantlarning radial bog’ligligi ko’rsatilgan. 6-grafikdan ko’rish mumkinki, QN
Schwarzschild QO’ y va A ning ikkala parametrining ortishi Ricci skalari, Ricci
tenzori, kvadrat giymatlari va QN Schwarzschild QO’ markazida Kretschmann
egrilik skalyarlarining kamayishiga olib keladi. Bundan tashgari, y = 0 bo’lganda,
egrilik skalyarlari Q0" markazida ajralib turishini ko’rish mumkin.

Massiv neytral zarralar uchun harakat tenglamalari quyidagi ko’rinishga ega

-2 2 :}C
0 = . K : 12
g2, sin?0 )’ (12)
[
=%, (13)
. E
t =—a, (14)
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bu yerda K umumiy burchak impulsiga mos keladigan Karter konstantasini
bildiradi.

Zarrachaning harakatini & = const va 8 = 0 bo’lgan doimiy tekislik bilan

cheklab, Karter doimiysi & = 12/sin?@ ko’rinishini oladi va radial harakat
tenglamasini quyidagicha ifodalash mumkin:

2 2
re =& =V

(15)

bu yerda neytral zarralar harakatining effektiv potentsiali quyidagicha:

l2
Vetr = f(1) <1 + m) (16)

Endi aylanma harakat shartlarini ko’rib chigish mumkin, bu radial harakat
(7 = 0) va radial yo’nalishda hech ganday kuch yo’q degan ma’noni anglatadi (* =
0) va ekvator tekisligidagi aylana orbitalar uchun o’ziga xos burchak momenti va
0°ziga xos energiyaning radial konturlarini (8 = m/2) quyidagi tarzda olinadi.

1z _2f(m)
T 2—rZ’ T 2—-rZ

(17)
buyerda Z = d,In f (7).

L10| ) |
| 1
100 Losf 4o
50 -
1.00 1o
i & ‘\ 3 Schw ;11’[\\‘\,\i\\‘\ BH
& ¥ a i
095 N iR ga
10 ‘{\‘ \‘% '/—
Y ”
5 0.90 \\0\\\ \‘._.—;:/;;
0.85 )
’ ? 1 2 5 10
/M

20
/M
7-rasm. Schwarzschild bilan tagqoslaganda A = 1 parametrining belgilangan qiymatida y

ning turli giymatlari uchun radial koordinatadan aylana orbitalar uchun o’ziga xos burchak
momentumining (chap panelda) va energiyaning (0’ng panelda).

7-rasmda y = 0 va y — oo parametrlarining Schwarzschild QO’ ga nisbatan
y = 1 parametrining belgilangan giymatlari uchun o’ziga xos energiya va burchak

momentining radial bog’ligligi ko’rsatilgan. 7-grafikning chap panelidan xulosa
gilish mumkinki, o0’ziga xos burchak momenti A va y parametrlarining ortishi bilan
ortadi, energiya esa pasayadi.
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8-rasm. y va A parametrlarining turli giymatlari uchun g minimal magnit o’zaro ta’sir
parametrining radial konturlari. Chizmalarda o’ziga xos burchak momentidan [ = 4 sifatida

foydalanamiz.

8 - rasmda y va A parametrlarining turli giymatlari uchun radial koordinata
funksiyasi sifatida minimal magnit 0’zaro ta’sir parametrini ko’rsatadi. 8 - rasmdan
ko’rish  mumkinki, minimal magnit bog’lanish parametrining cho’qgisi A
parametrining ortishi bilan kamayadi va y parametrining oshishi uning oshishiga

sabab bo’ladi.

1.0

=
o

= :
I~

0.2}

2.0

r/2M
[ =0 bo’lgan magnitlangan zarrachaning minimal
parametrining radial konturlari va A parametrining y = 0 vay — oo gacha bo’lgan turli giymatlari
uchun ekstremal magnit bog’lanish parametrlari. Kulrang, och-ko’k va och-qizil rangli joylar mos
ravishda A = 0 (Schwarzschild holati), A =1,y = 0va i = 1,y — oo parametrlariga mos keladi.

9-rasm. magnit bog’lanish

9 - rasmda magnit bog’lanish parametrining ekstremal giymatining radial

bog’ligligi va magnit bog’lanish parametrining minimal giymati B,;,({ = 0) da,
15



parametrning turli giymatlari uchun y tasvirlangan. Rangli joylar Loy < B <
Bmin(l = 0) magnit bog’lanish parametrli magnitlangan zarrachaning barqaror
aylana orbitalariga ruxsat berilgan diapazonini bildiradi. Aylana orbitalarga ruxsat
berilgan diapazondagi zarrachaning o0’ziga xos burchak momentini quyidagi
tenglamani yechish orgali topish mumkin.

B = Bumin(rA,Y) (18)

r2(B- [sretriv)
lmin(r; Y, A .B) = T (19)
[1-D(r;y,A)] /ﬁw(r;%l)

(19) tenglamadan aylana orbitalarda magnitlangan zarrachaning minimal
energiyasini quyidagicha topish mumkin.

1
A(r;v,4) \/B— /C(r,wl)ﬂﬁ
4/ 1 _ / _Dry. )
2 —f(r)+6(r,y,l) r -

Yy Vva A parametrlarining aylana orbitalarga ruxsat etilgan diapazonga ta’sirini
ko’rish uchun biz ragamli hisob-kitoblarni amalga oshirdik, ularning natijalari 1-
jadvalda keltirilgan.

bu yerda [

gmin(r; Y, A; .B) = (20)

1-jadval. Aylana orbitalari uchun ragamli qiymatlar Ar = 7, — 7min Maydonini 3 magnit
0’zaro ta’sir parametri va y parametrlarining turli giymatlari uchun ko’rsatilgan.

B=01/=01]3=05/8=05]3=09]3=0.9
Ay = v —o00| v= v —so00| vy=0 |y = oo
0.1]0.00415]0.00420[ 0.1336 | 0.1351 | 9.6857 | 9.7232
0.5[0.00396]0.00423| 0.1284 | 0.1366 | 9.3955 [9.60921
1 0.00383[0.00441] 0.1259 | 0.1429 | 8.9104 | 9.4511

“0O’zgartirilgan gravitatsiyada magnitlangan Kerr gora o’ralari atrofida
magnit dipol momentli zarrachalarning aylana orbitalari va to’gnashuvi” deb
nomlangan 3-bobda magnitlangan Kerr QO’ yaginidagi magnit dipol momenti bilan
0’zgartirilgan gravitatsiya sharoitida aylanayotgan QO’ magnitosferasi o’rganilgan.

Ushbu bobdagi umumiy relyativistik magnitodinamik simulyatsiyalar QO’
atrofidagi haqigiy magnit maydon juda murakkab tabiatga ega bo’lishi mumkinligini
ko’rsatadi.

Ushbu bobda MG nazariyasining bir shakli bo’lgan STVG nazariyasi
doirasida tashqi asimptotik jihatdan bir xil magnit maydonlarda joylashgan
aylanuvchi Kerr-MG QO’ lar atrofida aylanayotgan magnit dipol momentiga ega
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bo’lgan sinov zarralarining dinamikasini o’rgandik.

Magnitlangan zarrachalarning aylana orbitalarini boshgaradigan effektiv
potentsialni magnit va STVG o’zaro ta’sirining birgalikdagi ta’sirini hisobga oldik.
Bizning tekshiruvimiz ushbu magnitlangan zarralar uchun ITAO xususiyatlarini
tahlil gilishga qgaratilgan. Bizning topilmalarimiz shuni ko’rsatadiki, STVG 0’zaro
ta’siri juda muhim va magnit o’zaro ta’sir uning ITAO radiusi va ITAOdagi burchak
momentumiga ta’sirini kuchaytiradi. Bundan tashqari, biz magnitlangan zarralar
ishtirokidagi to’gnashuv jarayonlarini o’rganib chiqdik, zarrachalarning QO’
gorizonti yaginida to’gnashishiga imkon beruvchi burchak momentining maksimal
va minimal giymatlarini anigladik.

Ushbu bo’limda biz Kerr-MG QO’ joylashgan magnit maydonni gisgacha
ko’rib chigamiz, ularni Boyer-Linquist koordinatalarida sifatida tasvirlash mumekin.

ds® = g dt® + g,rdr? + goed0? + gpedd? + 294 dtd (21)
bu yerda g, metrik komponentlari radial va burchak koordinatalarining
funktsiyalari, r va 6 quyidagi ko’qginishda:

Ap—a?sin? 0 z
Gee=—""—5 - G =3 Yoo =2
sin? @
Iop =3 [(r2 4+ a?)? — Delta,, a? sin? 0]

asin? 0
9t = 5 [A, — (r? + a?)]

bu yerda

A, =1%—=2GMr + a® + aGyGM?,
Y =71r%+a%cos?0
hamda G = Gy (1 + ) modifikasiyalangan gravitatsiya doimiysi, M - QO’ ning
massasi va Gy - Nyuton tortishish doimiysi. O’lchamsiz parametr o tortishish
maydonining darajasini aniglaydi. « =0 va a =0 uchun Kerr-MG QO’ mos
ravishda Kerr va Schwarzschild-MG QO’ ga kamayadi.
Magnit maydon ifodasini quyidagi ko’rinishda topamiz:
B% = %n“ﬁ"chyu(x (22)

Magnitlangan zarrachalarning skalyar va magnit maydonlari o’rtasidagi
ikkala o’zaro ta’sirini hisobga oladigan Hamilton-Jakobi tenglamasi quyidagi
ko’rinishga ega:

2
9" (G = 1%) (G5 —a®) =-m* (1-53) @
bu yerda g =+/am - gravitatsion sinov zarracha zaryadi va q®,, - zarralar va
skalar maydon o’rtasidagi MG o’zaro ta’sirini belgilaydigan atama. MGda

aylanuvchi Kerr QO’ yaginidagi magnitlangan zarrachalarning elektromagnit va
MG o’zaro ta’sirini 0’z ichiga olgan Lagranje tenglamasi quyidagi ko’rinishga ega:

1 1
L=~ (m+ U) g uru’ — SkU + q®,ut (24)
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Ker MG qora o’rasi atrofida magnitlangan zarralar uchun effektiv potensial:
. oM g4 aMa
R Y

oo r
g ?q) aMa\?
i . _ . 2 _
50 gtt] [\Blg(l BF(r)\Big)? + g¢* (1 — =) ] (25)
A=0.1 £=0.1
10 ]
e 4.5
! . -_'.-'-":':"’I ,——""—r
L . 4.0
g = Loz ] ) e
P> e ~ 2 3.5 - —
7 7 - = e
L= ’,,-—’ O e T
T 3.0
6
- 2.5
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10-rasm. ITAO radiusining a ga bog’ligligining, "MG bilan" va "MGsiz" grafigi.

Aylana orbitalarning bargaror radusini effektiv potentsialning minimal
giymatlari yordamida aniglash mumkin. Xulosa gilib aytganda, V.;(r) < 0 beqaror
aylana orbitalariga olib keladi, barcha aylana barqgaror orbitalar esa d,,-V g (1ita0) >
0 shartini ganoatlantiradi. Aksincha, ITAO V(rira0) = 0 shartini gondiradi. MG
kesishuvi va magnit maydonning ta’sirini tushunish uchun biz 10-grafikda ITAO
radiusining o’zgarishini sonli usulda chizdik. Bundan ko’rinadika, QO’ spini ITAO
radiusini kamaytiradi, MG o0’zaro ta’siri esa aylanuvchi va aylanmaydigan
holatlarda ITAO ga ta’sir giladi. Bundan tashgari, MG o0’zaro ta’sir mavjud
bo’lganda, § magnit maydon o’zaro ta’sir parametrining ITAO radiusiga kuchli
ta’sirini kuzatish mumkin, chunki B ITAO radiusiga sezilarli hissa go’shadi.

Kerr-MG QO’ ning ekvator tekisligida harakatlanuvchi tinchlikdagi massalari
m; va m, bo’lgan ikkita magnitlangan zarrachalarni ko’rib chigaylik. Bu zarralar
cheksizlikdan &, = &, = 1 energiyalari bilan QO’ tomon kelib, hodisa gorizonti
yaqginida to’qnashadi. E_,, ning grafik tahlilini ko’rib chigganmiz.
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11-rasm. MG ta’sirini (yuqori gator) hisobga olmagan holda va MG (pastki gator) ta’sirini
hisobga olmagan holda &, = €, = 1 ekvivalent boshlang’ich energiyaga ega magnitlangan
zarrachalarning to’gnashuvi natijasida hosil bo’lgan massa markazi energiyasining grafik tasviri.

11-grafikda magnitlangan zarrachalarning massa markazi energiyasini MG
parametrining o va QO’ spin parametri a turli giymatlari uchun radial tagsimotini
ko’rsatganmiz. Yugori gator MG ta’sirini hisobga olmagan holda ifodalaydi, pastki
gator esa MG effektini 0’z ichiga oladi. Grafik natijalarimizdan biz magnit
maydonning o0’zaro ta’siri massa markazining energiyasiga sezilarli ta’sir qgilishini
kuzatdik. Shuni ta’kidlash mumkinki, magnit maydon kamayishi, MG parametri «
massa markazi energiyasiga hissa qo’shadi. Bundan tashgari, biz MG effektining
yo’gligi bilan solishtirganda, MG effekti holatida ko’prog massa markazi
energiyasini olish mumkinligini ham kuzatdik.
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XULOSALAR

“Mugqobil gravitatsiya nazariyalarida magnit dipol momentiga ega zarralar

dinamikasi” mavzusidagi falsafa doktori (PhD) dissertatsiyasi bo’yicha olib
borilgan tadqgiqotlar asosida quyidagi xulosalar tagdim etildi:

1.

20

Qora o’ralar atrofidagi magnit maydon bo’yicha tadgigotlar y parametrining
manfiy qgiymatlari uzoqdagi kuzatuvchi tomonidan o’lchangan magnit
maydonning burchak komponentini oshirishi ko’rsatildi.
Einstein-Makswell-skalyar maydon nazariyasi doirasida magnit momentiga ega
bo’lgan zarralar radial harakati davomida magnit o’zaro ta’sir parametri effektiv
potensial maksimumi va energiya hamda impuls momentining minimum
giymatlarini kamaytirishi ko’rsatildi. Shuningdek, eng kichik turg’un doiraviy
orbitalarning radiusi magnitlanish parametri ortishi bilan keskin kamayishi gayd
etildi.

Renormallashgan guruh takommilashgan (RGI) Schwarzschild gora o’ra
parametrlarining oshishi bilan egrilik skalyarlarining qiymatlari kamayishi
ko’rsatildi. RGI Schwarzschild gora o’ra hodisalar gorizonti strukturasi tahlili A
parametrini 0 dan 1 gacha oshirish bilan tashgi va ichki gorizontlar orasidagi
masofa kamayishi va A=1 da yo’qolishini ko’rsatdi. A > 1 holda hodisalar
gorizonti yo’qolishi qayd etildi.

RGI Schwarzschild gora o’ra atrofida neytral zarrachalarning doiraviy orbitalari
uchun energiyasi (impuls momenti) Schwarzschild qora o’rasiga nisbatan
kamayishi (ortishi) bir gancha bargaror aylana orbitalariga mos keladigan foton
sferasi kamayishi ko’rsatildi. Shuningdek, RGI qora o’rasi atrofida akkretsion
diskining energiya samaradorligi tahlili energiya samaradorligi RGI
parametrlarining oshishi bilan ortishi ko’rsatdi.

Magnit maydon mavjudligida RGI Schwarzschild qora o’ra atrofida
zaryadlangan zarrachalar harakati magnit maydon eng kichik doiraviy orbita
radiusining kamayishiga, RGI parametri esa ortishiga olib kelishi ko’rsatildi.
Magnit maydondagi zarracha uchun Gamilton-Jakobi tenglamasi tahlili
magnitlangan zarrachalar energiyasining minimal giymati RGI parametrlari
ortishi bilan ortishini ko’rsatdi.

Shuningdek, RGI parametrining ortishi bilan minimal magnit bog’lanish
parametrining maksimumining ortishiga olib kelishi ko’rsatildi. Magnitlangan
zarrachaning RGI Schwarzschild qora o’rasi atrofidagi doiraviy orbitalari
diapazoni RGI parametri ortishi bilan kamayishi aniglandi.

MOG parametri magnitlangan zarralar eng kichik doiraviy orbitalarining
radiusiga kuchli ta’sir qilishi ko’rsatildi. MOG gravitatsion model doirasida
zarralarning impuls momentlarinign maksimal va minimal giymatlari aniglandi.
Magnit maydon magnitlangan zarralar massa markazi energiyasiga sezilarli
darajada ta’sir gilishi va uni kamaytirishi ko’rsatildi, MOG parametri esa massa
markazi energiyasini oshirishi ko’rsatildi.



HAYYHBIA COBET DS¢.03/31.03.2022.T/FM.10.04 IO MIPUCYKIEHUIO
YUYEHBIX CTENEHEA NIPU UHCTUTYTE ®YHJIAMEHTAJIBHBIX U
MNPUKJAJHBIX UCCJAEJOBAHUN HALIIMOHAJIBHOI'O
NCCJIEAOBATEJIBCKOI'O YHUBEPCUTETA”TUUNMCX?”

TAIIKEHTCKUA MEXJIYHAPOJIHbIY YHUBEPCUTET KUME
UHCTUTYT ®YHIAMEHTAJIbHBIX M IIPUKJIAJHBIX
HUCCJIEJIOBAHUN

NBPATMUMOB NTHOM?KOH XYCANHOBHNY

JAUHAMUKA YACTUL C MATHUTHBIM JUITOJBbHBIM MOMEHTOM
B AJIbTEPHATHUBHBIX TEOPUAX 'PABUTALIUU

01.03.01-AcTrponomus
01.03.02 — ®du3uka kocMoca u acTpopuznka

ABTOPE®EPAT JUCCEPTALIUU JOKTOPA ®NJITOCOPUHU (PhD)
ITO ®U3NKO-MATEMATHYECKHUM HAYKAM

Tawmkent — 2024



Tema pauccepranuu aokropa ¢uiaocopuu (PhD) no ¢usukobMareMaTnuyecKMM HayKaMm
3aperucTpupoBaHa B Boicueii arrecTanimoHHoii komuccuu npu Kadunere MunuctpoB Pecnyoamkn
V36exucran 3a Homepom B2024.2.PhD/FM1042

Huccepranus BEIIONHEHA B HHCTUTYTE (DyHAAMEHTAIBHBIX U MIPUKIAIHBIX UccienoBannu npu HUY
“TUMMCX” u TamkeHTCKUN MEXKIyHApOAHbIN yHUBepcuTeT KuMé aBropedepar auccepranuu Ha Tpex
si3pIkax (y30eKCKU, aHTIMHCKWHN, pyCCKUl (pe3toMe)) pasMerieH Ha BeO-crpanune HaydHoro cosera
(Www.ifar.uz) u MudopmanmonHo-00pa3oBaTenbHOM mopTaie «Ziyonety (WWw.ziyonet.uz).

HayuHble pyKOBOAUTENH: AOny:xa00apoB AXMAIKOH ATHIKAHOBUY
TIOKTOp (pr3MKO-MaTeMaTHYECKUX HayK, podeccop

Axmenos Bodomypar KypaeBuu
JOKTOp (PU3UKO-MaTEeMaTHIECKUX HAYK, aKaJeMHK

O¢unnanbHbie ONMOHEHTHI: Hlyxpat Hymon:xonoBu4 MapaoHoB
JOKTOp (PU3UKO-MAaTEMAaTHYECKUX HAYK

Aopop UoparumoBuy MaMaakaHoB
KaHIUAAT (PU3UKO-MAaTeMaTHIEeCKUX HAayK

Benymasi opranuszanusi: CamapkaHICKHIl TroCyJIapCTBEeHHbIl YHUBEpPCUTET
umenu lHlapaga Pamuaosa

3ammTa guccepTalid COCTOUTCS «_ » 2024 rona B ___ vacoB Ha 3acemanuu Hay4yHoro
coBeta DSc.03/31.03.2022.T/FM.10.04 npu MucTHTyTa QyHIAMEHTABHBIX M IPUKJIAIHBIX UCCIIETIOBAHUI
HaI[MOHAIBHOTO HccienoBaTenbckoro yausepceurera "TUNNUMCX". Anpec: 100000, r.TamkenT, ynuma
Kopu HusizoBa 39, Ten.: +998 71 237-09-61; e-mail: info@ifar.uz

Huccepranmst  3apeructpupoBana B  MHbopmammonHo-pecypcHoM  nieHTpe  HMHcTutyTta
(yHIaMEHTaJIbHBIX W NPUKIAJHBIX HUcclenoBaHni HalmoHaibHOTO MCCIIENOBAaTENbCKOTO YHUBEPCUTETA
"TUMUMCX". (peructpaunoHHslii HoMep ). C muccepTanueil MOXXKHO O3HAKOMHTHCS B bubanoreke
WuctuTyTa (GyHAaMEHTANbHBIX W TMPHKIANHBIX HCCIeN0BaHUN HalMOHAIBHOTO HCCIIEA0BATEIbCKOTO
yauBepeutera "TUMUMCX". Aapec: 100000, r. Tamxkent, ynmuna Kopu Husizosa 39, Temn.:
+998 71 237-09-61

ABTopedepar auccepTaluy pa3ociaH « _ » 2024 1.
(mpotokoi pacchliku Ne _ oT «__» 2024 r.)

Bb.A. TommaToB

3amecTurens npeaceaarens Hayunoro coBera
10 IIPUCYKIECHUIO

YYEHBIX CTeTIeHeH, 11.¢.-M.H., mpodeccop

J. P. PaiinumbaeB

Y4YeHBIH cekpeTaph HayyHoro coBera
IO IPUCYXICHUIO YUEHBIX CTETIEHEH
I.¢.-M.H.

A.b. AbaukamanoB

npezacenaTenh HayqHOTO CeMUHapa Mpu
HayuHoM coBeTe 1o npucy AeHHUI0
YYEHBIX CTETeHEH, 11.¢.-M.H.


http://www.ifar.uz/
http://www.ziyonet.uz/
mailto:info@ifar.uz
http://astrin.uz/ru/contact_ru.php#_blank

BBEJIEHUE (annorauust PhD guccepranun)

Heablo wucciegoBaHus SBISAIOTCA pa3paboTKa M yCOBEPIICHCTBOBaHHE
acTpo(pM3MUECKUX MOJETCH ONMUCAHWS JUHAMHUKHU YacTUI] BOJIM3H YEPHBIX JBIP B
paMKax TEOpHUHU aJIbTEPHATHBHOMN IPaBUTAIIHH.

O0beKkT HccaeoBaHMA — acTpOPU3UUYECKHE 4YEpPHBIE IbIPbI, MPOOHBIE
YACTULIBI C HEHYJEBBIMH JJIEKTPUUYECKUMH M MArHUTHBIMH 3apsgaMHu, TEeMHas
MaTepusi.

Hay4yHasi HOBU3HA IMCCEPTALMOHHOIO MCCJICI0BAHUSA, CICIYIOIIAS:

HccenenoBaHuss MAarHUTHOTO IIOJISL BOKPYT YEpPHBIX JbIp IIOKA3alH, 4YTO
OTpULIATEIbHBIE 3HAYCHMSI ITApaMeTpa Y YBEJINYMBAIOT YIVIOBYIO COCTABIISIOLLYIO
MarHUTHOTO TOJISI, U3MEPAEMYIO JaJICKUM HAOII0IaTEIIEM.

B pamkax ckanspHoii Teopun DitHireitHa-Makcemna (OMC) Obu10 okazaHo,
YTO MapaMeTp MAarHUTHOTO B3aUMOJACUCTBUS  yMeHbIIAeT 3(PEeKTUBHbBIE
MOTEHI[MAIbHbIE MAKCUMAJIbHbIE U MUHUMAJIbHbIE 3HAUEHUSI DHEPTUU U UMITYJIbCa
Py PaJUaIbHOM JBMKEHUM YacTHL] C MAarHUTHbIM MOMEHTOM. bbUIo Takxke
OTMEUYEHO, YTO paJAuyC HAUMEHBIIUX YCTONYMBBIX KpPYTOBBIX OpPOHUT pE3KO
YMEHBUIAETCS C YBEJIIMYEHUEM ITapaMeTpa HAMATHUYEHHOCTH.

[loka3aHo, YTO OHEpPrUs CTOJKHOBEHUS MAarHUTHBIX M JJIEKTPUYECKH
3apsSOKEHHBIX ~ YAacTULl  YBEIMYMBAeTCd  (YMEHBIIAETCA) C  YBEJIMYECHHUEM
HOJIOKUTENBHOTO (OTpULIATEIBHOI0) 3HaueHus napamerpa OMC.

IToka3aHo, 4TO 3HAYEHHUSI CKAIIPOB KPUBU3HBI YMEHBIIAKOTCS C YBEJIIMYEHUEM
IapaMeTpoB 4yepHOM nbIpbl [lIBapummnpaa yinydieHHOM PEHOPMAIM3ALHOHHOU
rpynmnoil. AHanu3 CTpyKTypbl TOPU30HTA COOBITUI uepHOW apipbl LlIBapiimmibaa
VYI'P mokaszan, 4ro pacCTOSSHME MEKIYy BHEIIHMM M BHYTPEHHUM TOPHU30HTaMU
yMeHbIIaeTcs ¢ yBenuuenueM napamerpa A ot 0 no 1 u nucuesaer npu A =1. B ciiyqae
A >1 TOPU30HT COOBITHI HCUE3aeT.

[TokazaHo, 4yTo 3HEprus (MMIYJbC) KPYTOBBIX OPOUT HEUTPaIbHBIX YACTHIL
BOKpYr 4epHou awipbl [IBapummnbna YPI' ymensinaercs (yBenuuuBaercs) Mo
OTHOLIEHUIO K yepHo# Jbipe [lIBapimmibaa, a poronHas chepa, 4To COOTBETCTBYET
HECKOJIbKMM YCTOMYHMBBIM KPYTOBBIM OPOUTAM YMEHBIIAETCS.

ITokazano, uro mapametrp MOI' cwibHO BAMSET Ha paguyC HAaWMMEHBIINX
KPYTOBBIX OpPOMT HaMarHMYeHHbIX YacTul. MakcUMalbHble MU MHUHHMAJIbHbBIE
3HAUYEHUsST MOMEHTa UMIIyJbca YacTHl ObLIM  ONpeleleHbl B  paMKax
rpasutarmonnon moaenu MOG.

IToka3aHO, YTO MAarHUTHOE IOJI€ CYIIECTBEHHO BIMSAET U CHHYKAET 3HEPTHUIO
LIEHTpa MAacC HaMarHM4EeHHbIX 4YacTul, a napametp MOI' yBeanuuBaeT 3HEPIHIO
LIEHTpa Macc.

BHenpenue pe3yiabTraToB HcciaegoBanus. Ha ocHoBe pa3paOoTaHHBIX
acTpopU3NYECKUX  MOJAENEH  DIEKTPOMAarHUTHOTO  TOJS M JIBHXKCHUS
HAaMarHM4YEeHHbIX YaCTHUIl B TEOPUH AJIbTEPHATUBHON I'PABUTALINHU:

CBOMCTBA JIBI)KEHMSI HAMAarHUYEHHBIX YACTHUI] U MarHUTHbIE 3()PEeKThl ObLIU
UCIIOIb30BaHbl KUTAUCKUMHU Y4€HbIMH @Dynanbckoro yHuBepcutera (DY) B
[Tanxae (@Y, Kuraii, nmucemo ot 5 mas 2024 r.). B pesynbTare ObLIN pacCUynUTaHbI
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BEJIMYMHA MAarHUTHOTO 3apsia 4actull ©  3PdekTsl  AedhopMUPOBAHHOTO
MIPOCTPAHCTBA HAa OpOUTAX 3TUX YACTHIL;

Pe3ynbTarhl Mo ABMKEHHIO HAMAarHMYEHHBIX YacTHIl ObUIM HCIOJIH30BaHBI B
paboTax 3apyOeKHBIX HCCIeAOBaTeNeid, B 0ojiee YeM S HAyYHBIX CTaThsiX,
OIyOJIMKOBAHHBIX B 3apyOEKHBIX KypHaJlax C BBICOKHMM HMIMAKT-(aKTOpOM IJis
OMMCaHUs BO3ACHCTBUS HAMAarHMYEHHBIX YACTULl BOKPYT BPAILAIOIIETOCS YEPHOTO
nucka (The European Physical Journal C, Volume 84, Issue 3, article id.291, Web-
Sc, IF-4.991; The European Physical Journal C, Volume 83, Issue 9, article id.855,
Web-Sc, IF-4.991; Physical Review D, Volume 108, Issue 4, article id.044030,
Web-Sc, 1F-4.080; The European Physical Journal C, Volume 83, Issue 8, article
1d.704, Web-Sc, IF-4.991; The European Physical Journal C, Volume 83, Issue 6,
article id.506, Web-Sc, 1F-4.991 u np.).

[IpumeHeHre HaAyYHBIX Pe3yJIbTaToOB, HHMOPMAIIUU O ABUKEHUU MArHUTHOTO
MoJsi U HAMarHUYEHHBIX YaCTUIl BOKPYTI KOMIAKTHBIX OOBEKTOB B paMKax
aJIbTEPHATUBHBIX TEOPUHN IPABUTALIUH.

AnpobGanuss  pe3yabTaroB  HccJeaoBaHMs. (OCHOBHBIE  PE3yJIbTATHI
MCCJIEIOBAaHMM anpoOUpOBaHbl Ha 5 HAYYHO-NPAKTUYECKUX KOH(EPEHUHUAX, B TOM
yucie 4 pecrnyOnuKaHCKOU U 1 MexTyHapOJHOM KOH(pEpEHIUIX

Ony0JuKOBaAaHHOCTH pe3yJabTaTOB HcciaenoBanus. [lo Teme nccienoBanus
ObUIM OMyONMKOBaHbI 12 Hay4yHBIX paboOT, B TOM 4YWCIE 5 HAydHBIX cTarted (2
OMmy0JIMKOBaHa B PECIYOIMKAHCKUX U 3 3apyOeKHBIX KypHaJax).

Crpykrypa u 00beM auccepranmum. Jluccepranus COCTOUT U3 BBEICHUS,
TpEX TJIaB, 3aKIIOYEHUS U CIHUCKAa HCIOJb30BaHHON JnuTepaTypel. OO0beM
nuccepranun coctapisier 100 crpanui.
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BbIBO/IbI

Ha ocHoBe unccnenoBaHuil, BBIIOJHEHHBIX 10 TeMe «/lmHamMmka yacTui c

MArHUTHBIM JHNOJbHBIM MOMEHTOM B aJbTEPHATHBHBIX TEOPHAX
rpaBUTAlMW IHCCEPTANNIO Ha TokTopa ¢unocodun (PhD):

1.

I/ICCJIGI[OBEIHI/IH MAaromTHOTO IIOJIA BOKPYI HYCPHBLIX JbIp IIOKasajlnu, 4YTO
OTpUIAaTCIbHBIC 3HA4YCHUA mapamMeTpa Y YBCINYUBAIOT YIIOBYIO
COCTAaBJAOIOYIO MAroHUTHOI'O I1I0JIsA, U3MCPACMYIO JAJICKUM Ha6JIIOI[aT€JI€M.

B pamkax ckanspHoi Teopuu mojisg DiHIITeHa-MakcBeia OblI0 MOKa3aHo,
YTO MapaMeTp MAarHUTHOTO B3aMMOJICMCTBUS YMEHBIIAET MAaKCHUMYM
3(GEeKTUBHOTO MOTECHITMAIA 1 MUHUMAJIPHBIC 3HAUYCHUS YHEPTUH U UMITYJIbCa
MpU PaIvuaIbHOM JBUKEHUM YACTHUIL] C MArHUTHBIM MOMEHTOM. BBLIO Takke
OTMEUEHO, UYTO PaJuyC HAMMEHBIIUX YCTOMUUBBIX KPYTOBBIX OPOUT PE3KO
YMEHBIIAECTCS C YBEJIMYEHUEM ITapaMeTpa HAMAarHUY€HHOCTH.

IToka3aHO, 4TO 3HAYEHUS CKAISIPOB KPUBU3HBI YMEHBIIAKOTCA C YBEIUYECHUEM
nmapamMeTpoB 4epHoud ablpbl [lBapmmunema VYPI'. Anamn3 cTpykTyphl
ropu3oHTa coOblTuii YepHoil abipbl IlBapmmunsaa YPIT mokasan, dto
yBenaudyeHue napamerpa A ot 0 1o 1 ymMeHbpIIaeT pacCTOSIHUE MEXAY BHEITHUM
U BHYTPEHHHUM TOpU30HTaMU U ucuesaet npu A =1. B cnyuae A >1 ropusont
COOBITHI UCUE3aeT.

bruto mokazaHo, 4TO HSHEprus (MOMEHT HMIyJbCca) KPYrOBBIX OpPOUT
HEUTPAJIBHBIX YaCTUL BOKPYr 4YepHou Jabipbl [lBapummnbna YPI
yMeHbIIaeTcsa  (yBEIIMUMBAETCS) IO OTHOIICHHI0O K UYEpPHOW  JbIpe
[Bapmmuneaa, a ¢oroHHas cdepa, COOTBETCTBYIOIIAS HECKOJIbKUM
CTaOWJIbHBIM  KPYTrOBBIM  OpOMTaM, yMEHbIIaeTcs. Takxke  aHalu3
sHepreTudeckord A(PPEKTUBHOCTH AaKKPEIMOHHOTO JHCKA BOKPYT YEpHOU
neipbl YPI' mokazan, uto sHeprerudeckas 3pGeKTUBHOCTh YBEIMUYUBACTCS C
yBEJIMYEHUEM napaMeTpoB Y PTI.

bputo mokazaHo, 4YTO B MNPUCYTCTBHUM MATrHUTHOTO IIOJ JIBHYKEHUE
3apsDKEHHBIX YacTUll BOKpYT yepHOM Ablpbl LlIBapummneaa YPI' npuBoaut k
TOMY, YTO MAarHUTHOE II0JIE yYMEHBIIAET pPAAuyC HAUMEHBIIEH KPYTrOBOH
opOutsl, a napamerp YPI' yBenuunBaercs. AHanu3 ypaBHeHus ['amMmunbToHa-
Sxo0u A1t YacTUIIBl B MATHUTHOM TOJI€ MTOKa3ajl, YTO MUHUMAaJIbHOE 3HAaUEHUE
DHEPrMM HAMAarHMYEHHOW YACTUIBl YBEJIWYMBAECTCA C YBEIMYEHUEM
napameTpoB YPI'.

Taxke ObITO MOKazaHO, 4TO yBenuuenwe mnapamerpa RGl mpuBoaut
YBEJIMYECHUIO MAaKCUMYMa MUHUMAJIbHOTO TTapaMeTpa MarHUTHOU cBA3U. bblio
0OHApYKEHO, YTO JWAama30H KPYTrOBBIX OPOUT BOKPYr YEPHOW JBIPHI
[IBapummnpaa YPI' HaMmarHM4YeHHON YaCTULBI YMEHBIIAETCS C YBEIMYEHUEM
napamerpa YPI'.

ITokazano, yto mapamerp MOI' cunpHO BIHMSET Ha pPaJgnyC HAUMEHBIIHUX
KPYTOBBIX OPOMT HaMarHM4EHHbIX 4acTUll. MakcumanbHble U MUHUMAJIbHbIE
25
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3HAYEHUS MOMEHTa HUMIIyJbCa 4YacTUL OBLIM ONpENENeHbl B paMKax
rpaButaninonHoit  momenn MOG. IlokazaHo, dYTO MarHUTHOE IIOJIE
CYIIECTBEHHO BIIMAET M CHHIXKAET DHEPrUI0 LIEHTPAa MacC HAaMarHWYE€HHBIX
yactull, a napametp MOI' yBeIMUMBaET SHEPTUIO LEHTPA MacCC.
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INTRODUCTION (Annotation of PhD dissertation)

The aim of the research of the dissertation is to develop and improve
astrophysical models for describing the dynamics of particles near black holes within
the framework of the theory of alternative gravity.

The objects of the research is astrophysical black holes, test particles with
non-zero electric and magnetic charges, dark matter.

The scientific novelty of the research is as follows:

Studies of the magnetic field around black holes have shown that negative
values of the y parameter increase the angular component of the magnetic field
measured by a distant observer.

In the framework of the Einstein-Maxwell-scalar (EMS) field theory, it was
shown that the magnetic interaction parameter decreases the effective potential
maximum and minimum values of energy and momentum during the radial
movement of particles with magnetic moment. It was also noted that the radius of
the smallest stable circular orbits sharply decreases with the increase of the
magnetization parameter.

It was shown that the collision energy of magnetic and electrically charged
particles increases (decreases) with an increase in the positive (negative) value of
the EMS parameter.

It was shown that the values of the curvature scalars decrease with the increase
in the parameters of the renormalized group improved (RGI) Schwarzschild black
hole.

The analysis of the structure of the event horizon of the RGI Schwarzschild
black hole showed that the distance between the outer and inner horizons decreases
with the increase of the parameter A from 0 to 1 and disappears at A=1. In the case
of A >1, the loss of the event horizon was noted.

It was shown that the energy (momentum) for circular orbits of neutral particles
around the RGI Schwarzschild black hole decreases (increases) with respect to the
Schwarzschild black hole, and the photon sphere decreases corresponding to several
stable circular orbits.

It was shown that the MOG parameter strongly affects the radius of the smallest
circular orbits of magnetized particles. The maximum and minimum values of
moment of momentum of particles were determined within MOG gravity model.

It was shown that the magnetic field significantly affects and reduces the energy
of the center of mass of magnetized particles, while the MOG parameter increases
the energy of the center of mass.

Applications of the research results. Based on developed astrophysical
models of electromagnetic field and magnetized particle motion in the theory of
alternative gravity:

the properties of motion of magnetized particles and magnetic effects were used
by Chinese scientists at Fudan University (FU) in Shanghai (FU, China, letter dated
May 5, 2024). As a result, the value of the magnetic charge of the particles and the
deformed space effects in the orbits of these particles were calculated;
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our results on the motion of magnetized particles are used in the work of foreign
researchers, the effect of magnetized particles around a rotating black hole are used
In more than 5 scientific articles published in foreign journals with a high impact
factor to describe (The European Physical Journal C, Volume 84, Issue 3, article
1d.291, Web-Sc, IF-4.991; The European Physical Journal C, VVolume 83, Issue 9,
article 1d.855, Web-Sc, 1F-4.991; Physical Review D, Volume 108, Issue 4, article
1d.044030, Web-Sc, IF-4.080; The European Physical Journal C, Volume 83, Issue
8, article id.704, Web-Sc, 1F-4.991; The European Physical Journal C, Volume 83,
Issue 6, article 1d.506, Web-Sc, IF-4.991; etc.).
resutls are obtained on the magnetic field and the movement of magnetized

particles around compact objects within the framework of alternative gravitation
theories.

Testing of the research results. The research results were reported and
discussed at 1 international conference and 4 local scientific conferences.

Publication of research results. 12 research papers in total have been published
on research results, 3 of them are in the international scientific journals and 2 of
them are in Republican scientific journals recommended by Supreme Attestation
Commission at the Ministry of higer education, science and innovations of the
Republic of Uzbekistan.

Volume and structure of the dissertation. The dissertation consists of an
introduction, three chapters, a conclusion and references, all in 105 pages.
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CONCLUSION
The following conclusions were presented on the basis of research carried out

on the topic of “Dynamics of particles with a magnetic dipole moment in alternative
theories of gravity” for the Doctor of Philosophy (PhD) dissertation:

1.

Studies on the magnetic field around the BH have shown that negative values of
the parameter y increase the angular component of the magnetic field measured
by a distant observer.

. Within the framework of the Einstein-Maxwell scalar field theory, it was shown

that the magnetic influence parameter reduces the maximum stability and
minimum values of energy and momentum during the radial motion of particles
with a magnetic moment. . It is also noted that the radius of the smallest stable
circular orbits deviates sharply from the boundaries of the boundary.

. The analysis of the event horizon structure of RGI Schwarzschild BH has shown

that with increasing the A parameter from 0 to 1 the distance between outer and
inner horizons decreases and vanishes for A =1. Beyond /4 >1 we do not have any
event horizon.

. We studied circular orbits of neutral particles around RGI Schwarzschild BH and

showed that the energy (angular momentum) of the particles decreases (increases)
with respect to pure Schwarzschild case with decreasing the photon sphere
corresponding to marginally stable circular orbits.

. It was shown that in the presence of a magnetic field, the movement of charged

particles around the Schwarzschild black hole URG leads to the fact that the
magnetic field reduces the radius of the smallest circular orbit, and the URG
parameter increases. Analysis of the Hamilton-Jacobi equation for a particle in a
magnetic field showed that the minimum value of the energy of a magnetized
particle increases with increasing parameters of the ERG.

. It has also been shown that an increase in the RGI parameter leads to an increase

in the maximum of the minimum magnetic coupling parameter. It was found that
the range of circular orbits around a Schwarzschild black hole URG of a
magnetized particle decreases with increasing URG parameter.

. It is shown that the MOG parameter strongly influences the radius of the smallest

circular orbits of magnetized particles. The maximum and minimum values of the
particle angular momentum were determined within the framework of the MOG
gravitational model. It is shown that the magnetic field significantly affects and
reduces the energy of the center of mass of magnetized particles, and the MOG
parameter increases the energy of the center of mass.
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