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Teleparallel tortishish doirasida kechki kosmik tezlanishning
matematik—analitik va statistik tahlili

Annotatsiya: Ushbu maqolada umumiy nisbiylik nazariyasiga ekvivalent

bo‘lgan teleparallel tortishish nazariyasining kengaytmasi — /()
.modifikatsiyalangan gravitatsiya modeli doirasida koinotning kechki davrdagi
tezlanib kengayish hodisasi chuqur matematik tahlil qilinadi. Kosmologik
tenglamalar differensial tenglamalar, dinamik tizimlar va funksional analiz nuqtai

nazaridan o‘rganildi. Model parametrlari (2) Ia tipdagi supernovalar (Pantheon),
BAO va CMB kuzatuv ma’lumotlari asosida Bayes statistikasi va MCMC
algoritmlari yordamida cheklab olindi. Olingan natijalar modelning ACDM
(koinotning standart kosmologik modeli) ga yagin, biroq matematik jihatdan
boyroq ekanini ko ‘rsatadi.

Kalit so‘zlar: teleparallel gravitatsiya, /() modeli, differensial
tenglamalar, dinamik tizimlar, kosmik tezlanish, statistik tahlil.
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MareMaTUKoO-aHA/IMTHUECKUH M CTaTUCTUUYECKUI aHa/IU3 M03/JHero
KOCMHYeCKOr0 YCKOpeHUs B paMKax Te/ienapasijie/ibHOlM rpaBUTalMU

AHHoTanmsa: B fgaHHOW cTaTbe B paMKaxX — MOAU(MUIIMPOBAHHOMN

TenernapatenbHOM Teopus rpaButarmu — wmogemd | 7D —  mpoogures
JleTaJIbHbId MaTeMaTHUKO-aHAJIMTUYEeCKUA U CTaTUCTAUECKUM aHa/Ih3 YCKOPEHHOTO
pacimpenusi BceneHHOW Ha mo3gHed cTaguu eé sBomonuu. Kocmosormueckue
ypPaBHEHUS] UCC/IEeAYIOTCS C TOUYKM 3peHusi Aud@epeHIMaTbHbIX YpaBHEHUM,
TeOpUM AUHAMUUECKUX CUCTeM U (PYHKLIMOHA/IbHOTO aHau3a. [lapameTpsl Mozenv
OrPaHMYMBAIOTCS C KCIIO/Mb30BaHMEM HABMOJAaTeNbHBIX [JaHHBIX 10 1 (),
ceepxHoBbiM THma la (Pantheon), BAO u CMB Ha ocHoBe 06aiiecOBCKOM
CTaTUCTUKKU U anropuTMoB MonTe—Kapio 1o MmapkoBckum uensm (MCMO).
[TosyueHHbIe pe3y/abTaThl IIOKA3bIBAalOT, UTO MOJenh O/M3Ka K CTaHZAPTHOU

ACDM _gocmosoruy, opHako obOnagaer 6Gosjee Goratoii  MaTeMaTHYeCKOM
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CTPYKTYPOM M pacClIMPeHHbIMHA BO3MOXXHOCTSIMU JjIsi OMMCAHUS KOCMUUECKOTO
YCKOPEeHUS.

K/ioueBbie CI0Ba: TeferapajienbHas rpaputanus, Mmogems | ()
b depeHa/ibHble  ypaBHEHMs, [JWUHAMWYeCKHWe CHUCTeMbl, KOCMHYECKOoe
YCKOp€eHUe, CTaTUCTUYECKHUW aHa/u3.
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Mathematical-Analytical and Statistical Analysis of Late-Time Cosmic
Acceleration
within the Framework of Teleparallel Gravity

Abstract: In this paper, a detailed mathematical-analytical and statistical
investigation of the late-time accelerated expansion of the Universe is carried out
within the framework of modified teleparallel gravity, namely the [(I) gravity
model. The cosmological equations are analyzed using methods of differential
equations, dynamical systems, and functional analysis. The model parameters are
constrained using observational data from (2) cosmic chronometers, Type la
supernovae (Pantheon), baryon acoustic oscillations (BAQO), and cosmic
microwave background (CMB) through Bayesian statistics and Markov Chain
Monte Carlo (MCMC) techniques. The results indicate that the model is consistent
with the standard ACDM cosmology while providing a mathematically richer
framework for describing late-time cosmic acceleration.

Keywords: teleparallel gravity, f(T) gravity model, differential equations,
dynamical systems, cosmic acceleration, statistical analysis.

Kirish. So‘nggi yigirma yil davomida olib borilgan kosmologik kuzatuvlar
— Ia tipdagi supernovalar, baryon akustik tebranishlari (BAO), kosmik

mikroto‘lqin fon nurlanishi (CMB) va Xabbl parametri H(%) o‘lchovlari —
koinotning hozirgi davrda tezlanib kengayayotganini ishonchli tarzda tasdigladi.
Ushbu hodisa standart kosmologik modelda qorong‘i energiya tushunchasi orqali
izohlanadi.

Biroq qorong‘i energiyaning fundamental tabiati noma’lumligicha golmoqgda. Shu
sababli muqobil yondashuvlardan biri sifatida gravitatsiyani modifikatsiyalash
g‘oyasi ilgari surildi. Shunday nazariyalardan biri teleparallel tortishish bo‘lib,
unda gravitatsiya egrilik orgali emas, balki burilish (torsion) orqgali ifodalanadi.

Ushbu ishda teleparallel gravitatsiyaning () kengaytirilgan modeli matematik va
statistik jihatdan chuqur o‘rganiladi.
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Teleparallel gravitatsiya va [(T) modeli, tekis, izotrop va gomogen FLRW
metrikasi uchun burilish skalyari quyidagicha aniqlanadi: T =-6H" bu yerda

H =a __ Xabbl parametri. Teleparallel gravitatsiyaning modifikatsiyalangan shakli

sifatida quyidagi darajali model tanlanadi: fT)=a-T) py yerda a\alphaa va "—

erkin parametrlar. Ushbu model asosida Fridman tenglamalari modifikatsiyalanadi
va qorong‘i energiya zichligi “r= hamda bosimi Pt aniqlanadi. Natijada holat
tenglamasi parametri
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ko‘rinishida olinadi.

Xabbl parametri va differensial tenglamalar, Qorong‘i energiya uchun
tanlangan parametrizatsiya yordamida Xabbl parametrining qizil siljishga
bog‘ligligi quyidagicha ifodalanadi:

3D Xabbl parametri H(z) b E;] _H Il:] . z]_-!-. exp 3r-u" £ )
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Bu ifoda differensial tenglamaning aniq yechimidir:
‘ 3 .
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dt 2n
Bu yerda n — Hubble parametrining vaqt bo‘yicha evolyutsiyasini

modifikatsiyalovchi model parametri hisoblanadi. Mazkur tenglama Koshi
masalasi sifatida qaralib, Picard—Lindel6f teoremasiga ko‘ra yechimning
mavjudligi va yagonaligi kafolatlanadi.

Kuzatuv ma’lumotlari va statistik tahlil, model parametrlari quyidagi kuzatuvlar

asosida cheklab olindi: kosmik xronometrlar orqali (2) | pantheon Ia tipdagi
supernovalar, BAO o‘lchovlari, Planck CMB siqgilgan parametrlar.



Bayes inferensiyasi asosida ehtimollik zichligi funksiyasi
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ko‘rinishida aniqlanadi va Markov zanjirlari Monte-Karlo (MCMC) algoritmi
orqali parametrlar fazosi tadqiq etildi.

Model parametrlarining eng yaxshi mos giymatlari (68% ishonchlilik oralig‘i)
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Kosmik dinamikalar va dinamik tizimlar
Sekinlashuv parametri quyidagicha aniglanadi:

A1+ 2+
2n(l+ z)

3D Sekinlashuv parametri g(z) I:il (Z] — ] +

Hisob-kitoblar koinot o‘tmishda sekinlashgan,
hozirgi davrda esa tezlanayotganini ko‘rsatadi.

q(2) ning qizil siljishga bog‘liqligi.
Fazaviy tahlil: O‘lchamsiz o‘zgaruvchilar
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kiritilib, tizim fazaviy tekislikda o‘rganiladi.
Barqaror muvozanat nuqtalari kechki tezlanish rejimini ifodalaydi. Dinamik
tizimning fazaviy portreti.

3D Dinamik tizimlar fazaviy portreti . L
3D Om(z) diagnostikasi




Qorong‘i energiya va ©™(%) diagnostikasi
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yordamida modelning tabiatini aniglash mumkin. Natijalar modelning
kvintessensiya tipiga mansubligini va ACDM dan kichik og‘ish mavjudligini

ko‘rsatadi.

Geometrik va funksional analiz

Teleparallel fazoda burilish skalyari T =-6H" ning konstant sathlari
differensial geometriyada ko‘p o‘lchamli manifoldlar sifatida talgin gqilinadi.
Kosmologik masofalar integral operatorlar yordamida aniglanadi:

dz

D (z) =(1+z) I H)

Mazkur operator Banax fazosida uzluksiz va cheklangan bo‘lib, modelga gat’iy

matematik asos beradi.

Xulosa

Mazkur maqolada teleparallel gravitatsiyaning fT) modeli doirasida kechki
kosmik tezlanish hodisasi matematik, statistik va geometrik jihatdan chuqur tahlil
qilindi. Differensial tenglamalar va dinamik tizimlar usullari yordamida modelning
bargarorligi isbotlandi. Statistik tahlillar natijasida model ACPM ga yaqin bo‘lsa-
da, matematik jihatdan boyroq struktura taklif etishi aniglandi.
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