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For the dissertation by Zhadyranova Aliya Amirbekovna

"Investigation of symmetry and solutions of some nonlinear field theory
models for a spacetime manifold"

submitted for the degree of Doctor of Philosophy (PhD)
in the specialty 6D060400 - "Physics"

This letter certifies the efforts spent by Mrs. Zhadyranova Aliya Amirbekovna
and aims at recommending her for her final thesis defense at the Specialty:

6D060400 - "Physics".

| knew Aliya since three years. She was soon involved into the study of
cosmology and theoretical physics, investigating the topics of symmetry and of
some nonlinear field theory models for a spacetime manifold. She has extensively
collaborated with me, convincing me about her good ability to carry scientific work
during her internship in USA.

She is now familiar on theoretical aspects of symmetry, cosmology, dark
matter, dark energy, spacetime metrics, some nonlinear field theory models for a
spacetime manifold. Further, she provided great attitudes and skills on



programming Python and on numerical analysis. She knows, in a good manner,
how to handle the data concerning CosmicMicrowaveBackground and Baryon
acoustic oscillations and how to adapt those data to theoretical models of
spacetime manifold. Moreover, she is currently working on variational inference
applied to these scenarios with encouraging results.

What | wrote above is mainly certified from her CV, constructed through the
following publications:

1) Viscous coupled fluids in terms of a log-corrected equation of state //
International Journal of Geometric Methods in Modern Physics.-2021. Vol. 18.-P.
1-12;

2) Algebras of symmetry operators of the Klein—Gordon—Fock equation for
groups acting transitively on two-dimensional subspaces of a space-time manifold
// Russian Physics Journal.-2021. Vol. 64.-P. 1320-1327;

3) Solving the Ho tension in f(T) gravity through Bayesian machine learning //
The European Physical Journal C. - 2022. -P. 1-17.

The above papers have been used to write her thesis, entitled "Investigation
of symmetry and solutions of some nonlinear field theory models for a spacetime
manifold ".

Her dissertation work consists of 4 chapters.

In the introduction and in the first chapter, Aliya reported an overview of the
problems of symmetry and spacetime manifold, focusing on the main topics of the
dissertation itself. The main goals, the scientific novelty of her results and their
practical significance are also shown in detail in these two chapters.

In the second chapter, Aliya investigates the late-time universe using the
formalism of two viscous coupled fluids in a spatially flat Friedmann-Robertson-
Walker space-time. She studies the dynamics of the accelerating expansion using
the log-corrected power-law equation of state, coupled with dark matter. In the



third chapter, she considers the constraints on power-law, exponential, and
square-root exponential f (T) models using the strong lensing time delay as the
main element for the generative process and the key in gradient of the
Probabilistic Machine Learning approach. In the fourth chapter, she studies
classification of all admissible external electromagnetic fields not only for the
symmetry operators from the complete set providing complete separation of
variables, but also for the operators of the group G..

To conclude, | believe Mrs. Zhadyranova Aliya Amirbekovna could be a
valuable and strong candidate for your PhD program and | intend to recommend
her for her final defense at the Specialty: 6D060400 - "Physics".

For further information, please do not hesitate to contact me.

Truly yours,

Professor/Chair Physics Department Douglas Singleton

California State University, Fresno, USA. 2 / /(/
|



ITo mecty TpeGoBaHus
OT3hbIB
Ha JuccepTaloHHyto padoty XKaapipanoBoit Anmuu AMUPOEKOBHBI
«HccnenoBanne CUMMETPUN U PEILIEHU HEKOTOPHIX HEIMHEHHBIX MOJIeNIel TeOpUH MO I IPOCTPAHCTBEHHO-
BPEMEHHOI'0 MHOT000Pa3us»

Ha COMCKaHMe cTereHu aokTopa ¢puiocoduu (PhD) no cneunanbHOCTH
«6D060400 —Duznkay

OTO MNUCBMO TIOATBEPXKAACT yCWIMA, HpuilokeHHble JKanplpaHoBoil Amnueil AMHpPOEKOBHOM, H
HaIfpaBJIeHO Ha TO, YTOOBI PEKOMEHIOBATh €€ JUIS 3alllUThl CBOCH MOKTOPCKOM AMCCEPTAIMU MO CHEeHUalbHOCTHU:
6D060400 - "dusuxa".

A 3Har0 Anuio Tpu roga. OHa Obla BOBJICUEHA B M3y4YEHHE KOCMOJIOTMH M TEOPETHUYECKOH (DHU3MKH,
ucciaeaysa TEMbl CUMMETPUHM U HEKOTOPLIX Moaeneﬁ HEIUHEWHOMN TCOpUHU TIIOJIA [JId MPOCTPAaHCTBEHHO-
BPEMEHHOI'0 MHOroo0pasust. OHa akKTUBHO COTPYIAHHYAJIAa CO MHOM, YOEUB MEHS B CBOCH XOpOIIEH crIOCOOHOCTH
BBIMIOJHSTH HAYYHYIO paboTy Bo BpeMs e€ craxupoBku B CILIA.

Tenepr oHa 3HAKOMA C TEOPETUIECKUMH ACIEKTaMU CUMMETPHH, KOCMOJIOTHH, TEMHOI MaTepHH, TEMHOMN
JHEPruM, METPUKU IIPOCTPAHCTBA-BPEMEHHM, HEKOTOPbIMM MOJEIIIMU HEJIMHEMHOHM TeopuM MOnA s
MIPOCTPAaHCTBEHHO-BPEMEHHOT0 MHOr000pasusi. Kpome Toro, oHa mpogeMOHCTPUPOBaiIa OTINYHOE OTHOIICHHUE U
HaBBIKM B TporpamMMmupoBaHud Ha Python m uncrnenHom anammse. OHa XOpOIIO 3HAET, KaK OOpamiaTecs ¢
JaHHBIMH, KaCaltOMIMMHUCSA KOCMHUYCCKOI'0 MUKPOBOJIHOBOT'O q)OHa u GapI/IOHHLIX AKYCTUYCCKUX KOHe6aHHﬁ, n Kak
aJanTHPOBATh 3TH JAHHBIE K TEOPETHYECKUM MOJCISIM IPOCTPAHCTBEHHO-BPEMEHHOTO MHOroobOpasms. bonee
TOTr0, B HACTOAUICC BPEMsSA OHa pa60TaeT HaJ BapUallMOHHBIM BbIBOAOM, IMPUMCHACMBIM K 3THUM CIICHAapusaM, C
00HaJeKUBAIOIIIMHU PE3yIbTaTaAMHU.

HammcanHoe BBIIE B OCHOBHOM B3STO U3 €€ pE3IOME, COCTABICHHOTO Ha OCHOBE CIEAYIOIINX
My OIUKaIHi:

1) Viscous coupled fluids in terms of a log-corrected equation of state // International Journal of Geometric
Methods in Modern Physics.-2021. Vol. 18.-P. 1-12;

2) Algebras of symmetry operators of the Klein—-Gordon—Fock equation for groups acting transitively on
two-dimensional subspaces of a space-time manifold // Russian Physics Journal.-2021. Vol. 64.-P. 1320-1327;

3) Solving the Ho tension in f(T) gravity through Bayesian machine learning // The European Physical
Journal C. - 2022. -P. 1-17.

BrrmeynomsiHyThIe CTaThu OBUIM HCHOJNB30BAHBI [UIS HAIMCAHUS €€ JUCCEPTAIlUM, O3arylaBICHHOM
"HccnenoBanne CHMMETPUH W PEIIEHU HEKOTOPBIX HEIMHEHHBIX MOJICNICH TEOPHH OIS JUIsl POCTPAHCTBEHHO -
BPEMEHHOT0 MHOT000pa3us'.

Ee muccepranmonnas paGota cocTouT u3 4 rnaB. Bo BBeJcHHM W B MEpBOU TIiiaBe AJIMs MPENCTaBHIIA
0030p mpobieM CHMMETPHH M IPOCTPAHCTBEHHO-BPEMEHHOTO MHOT000pa3hs, COCPEJOTOYMB BHUMAaHHE Ha
OCHOBHBIX TeMax caMoi amccepranuu. OCHOBHBIE LIENH, HayYHass HOBU3HA €€ Pe3yAbTaTOB M MX IIPAKTHUYCCKAs
3HAYUMOCTh TaKXe MOJpOoOHO TOKa3aHbl B ATHX IIBYX IIaBax. Bo BTopoii rnmaBe Anwms uccieayer BceneHHyro
MO3THETO BPEMEHH, MCIONB3Ys (POPMAIH3M IBYX BSI3KHX CBS3aHHBIX JKHAKOCTEH B MPOCTPAHCTBEHHO ILIOCKOM
npocTpaHcTBe-BpeMenn @punmana-Podeprcona-Yokepa. OHa u3ydaeT TMHAMUKY YCKOPSIOMIETOCS PACIIUPSHUS,
UCTIONB3YS JIOTapU(MUYECKH CKOPPEKTHPOBAHHOE CTECIEHHOE ypPaBHEHHE COCTOSIHHS B COYCTAHHH C TEMHOM
MaTepueii. B Tperbeil rmaBe oOHa paccMaTpUBaeT OrPaHWYCHHS Ha CTEIECHHBIC, HSKCIIOHCHIMAJIbHBIC U
W3BJICKAIONME KBAaIpaTHRI KOpeHb dKcrmoHeHnuanbHble monenu f (T), mcmomp3yromme CHIIBHYIO BPEMEHHYIO
3aJep)KKy TIPH JIMH3UPOBAHUH B KAUeCTBE OCHOBHOIO JJIEMEHTa IIPOIecca TeHEepalud M KII0YEBOTO TPpaAdeHTa
BEPOSITHOCTHOTO ITOJIX0/a K MAaIIMHHOMY OOy4deHWIO. B ueTBeproii rilaBe OHa M3ydaeT KIACCH(PHUKAIUIO BCEX
JOIMYCTAMBIX BHEIIHUX JIEKTPOMATHUTHBIX IO HE TONBKO IUIS OMEPaTOPOB CHMMETPHUHU M3 IOJHOTrO Hadopa,
o0ecreunBaIoNIero MOJTHOE pa3aeieHre IEPeMEHHBIX, HO M [UIS OIepaTopoB Tpyisl Gr.

B 3akmmtouenwe, s cumraro, 9to rocrmoxka JKagpipaHoBa Anms AMupOeKoBHA MOrjia OBl CTaTh HEHHBIM U
CHJIBHBIM KaHIHMIATOM JUISl Balllei TOKTOPCKOM IIPOrpaMMBL, U 5 HAMEPEH PEKOMEHJOBATh €€ sl OKOHYATEIbHON
3auThl o crenuainbHocTu: 6D060400 - "duzuka".

JI1s mony4YeHus JOTOHUTEBHON HH(OpMAIUK, TTOXKAITyHCTa, HE CTECHANWTECh 00pamaThCs KO MHE.
Hckpenne Bai,

Hyrnac CuHrnrox
[Ipodeccop/3aBenyrommmii kadheapor GU3NKH
Kamudopruiickuit rocynapcTBeHHbI yHUBepeuTeT, @pecHo, CIIIA.



