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The breathing processes in the human nasal cavities are well-coordinated, complex and
highly controlled work of the human body, where each anatomical structure, from the
cerebral cortex to the small turbinates, performs its function with excellent coordination
under healthy conditions. Currently, the processes occurring during respiration in the nasal
cavity are not yet fully understood, let alone those with nasal septum deformation (NSD).
The present research aims to discover and quantify the intricate and complex physiology of
breathing processes in nasal cavities with nasal septum deformation in order to shed light into
the processes and the effects of the deformation on them for more accurate diagnosis,
classification and possible surgical correction. The problem identified and to be solve is new
and significant.

This project has used qualitative as well quantitative methods in the study: 1) NOSE
questionnaires; 2) rhinoscopy; 3) rhinomanometry; 4) Computed tomography; 5) Magnetic
resonance imaging; 6) 3D Modeling and Computational Fluid Dynamics with RANS-based
solver and personalized data, which are extensive and well validated, based on a large
number of patients of a main group of 41 patients with NSD and a control group of 21
healthy subjects for comparison. Thus the methodology is sound and valid.

The project makes new contributions and has novelty in the followings: 1) for NSD
diagnosis, classification and pre-surgical preparation, the project proposes and has used
quantitative and personalized 3D physiological parameters, based on CT/MRI scans, 3D
modeling and RANS-based CFD simulation with personalized rhinomanometric inputs; 2)
the project combines subjective/qualitative and quantitative studies for better understanding
of the NSD and revelation of their inherent correlations.



The dissertation work by Sagandykova Nazym Slyamovna on the topic " Clinical capabilities
of nasal air flow virtual simulation in nasal septum deformation ", submitted for the degree of
Doctor of Philosophy (Ph.D.) is a complete independent scientific work that has applied
value and new contributions and novelty. Considering the relevance of the dissertation
research, its scientific novelty, and the practical significance of the results obtained, I believe
that the presented dissertation work meets the requirements for dissertations for the degree of
Doctor of Philosophy.

Yours Sincerely,

et

Michael Yong Zhao
Professor of Mechanical & Aerospace Engineering
School of Engineering & Digital Sciences
Nazarbayev University
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PELIEH3 U
Ha OKTOpeKyto auccepranuio CATAHJIBIKOBOU HA3BIM CJISIMOBHBI

Tema nuccepranuu: «KMHAYECKHE BO3MOKHOCTH BUPTYaJIbHOI'O MOJIETUPOBAHKS HOCOBOIO
BO3JYIIHOTO MOTOKA IPH Ae(OpMalH HOCOBOM MEPErOPOIKHY
IIpencrapnena mis 3amuTH Ha COMCKaHME yu€Ho# crenenu Jlokropa ¢uiocoduu (Ph.D.)

JIbIxXaTesbHbIE TIPOLIECCE B HOCOBOM ITOJIOCTH YENOBEKa — 3TO ClTa)KE€HHas, CJIOXKHAs M BBICOKO
KOHTpO/IMpyeMasi paboTa YelIOBEYECKOTO OPraHu3Ma, TJe IPH XOPOLIEM COCTOSHHH 3710pOBbS
KaXIas aHaTOMHYeCKas CTPYKTypa, Ha4MHAs OT KOPhI I'OJIOBHOIO MO3Ta 3aKaHUMBAsS MAJIbIMU
HOCOBBIMH pPaKOBHHAMH, C OTJIHYHOM KOOPAMHAIIMEH BBIIOJIHSIOT CBOIO (hyHKIMIO. B HacTosmee
BPEMs IPOLIECCEL, IIPOMCXOAAIIHNE BO BPEMS IBIXaHUs B IOJIOCTH HOCA, HE 710 KOHI[A H3YUeHEI, He
TOBOpA Y€ O mpomeccax, MPOMCXOAAMUX NpH AeOpMAIMH HOCOBOM neperopoaku (JIHIT).
Lenbio HacTOsIIEr0 MCCIeNOBaHHS ABISETCS H3yYCHHE M KOJIHYECTBEHHEIH aHAM3 CII0XHOH M
3alyTaHHOW (hM3MONIOTHH JBIXaTeNbHBIX IPOLECCOB B MONOCTH HOCA npH JedopManuu HOCOBOM
NIePErOpOAKH, YTOObI IPOUTH CBET Ha JaHHBIE TIPOLECCH W BIMSHHE HA HUX aebopMaluu st
Goitee TOUHOM THATHOCTHKH, KTACCH(UKALMK H BO3MOKHON XHPYPrHYECKOi Koppekuun. Jlannas
npoGiieMa ABIAETCS HOBOM, OHAKO HE MEHee 3HAYMMOM I U3YYCHHUS.

B nanno# paGoTe mnpH HCCIEIOBAHHMM MCIIONB30OBATHCH KAk KayeCTBEHHBIE, TaK M
KonM4eCTBeHHbIE MeTonbl: 1) ompochuku NOSE (HasambHo#M OGCTPYKIMH M OLECHKH ee
camntoMoB-HOOC); 2) punockonus; 3) PHHOMAHOMETpHSI; 4) KOMIIBIOTEpHAs: TOMOrpadus; 5)
. MarHMTHO-pe30HaHCHad  ToMorpadus; 6) 3D-MomenMpoBaHME ¥  BBIYMCIHTENHHOE
THAPOIMHAMHIECKOE MOJIETMPOBAHHE C peleHHeM Ha ocHoBe RANS (ypaBuenns Hasbe—Croxkca,
OCPCAHEHHEIE 1O PeHHONBACY) H IEPCOHATM3MPOBAHHEIE AHHBIE, KOTOpBIE  SIBIISIOTCH
OOLIMPHBIMH U MOATBEPKIEHHBIMH, Ha OCHOBE U3y4eHHs OONBIIOro KOIMYECTBA MAIlMEHTOB
OCHOBHOW rpynnbl u3 41 uenoseka ¢ JIHIT u mus CpPaBHEHHS KOHTPOJIBHOW Ipymmbl u3 21
3A0poBoro  yenoBeka. Takum 06pa3oM, MeTOmONOTHS SBIsSETCS OGOCHOBAaHHOW H
apryMEHTHPOBAHHOM.

JlaHHas paGoTa BHOCHT CBOM BKJIAJ B HAyKy M 06ajgaeT HOBH3HON B CIIEIYIOIMX acmekTax: 1)
UL THarHOCTHKH, KIIaCCHUKAUMM M MpENOIEepalioHHOM MOAroToBKH Koppekimu JHC, B
paboTe mNpemIOkKEeHBl ¥ HCMONB30BAHB KOJMYECTBEHHBIE U IIEpCOHATU3UpOBaHHble 3D
¢usuonoruyeckue napamerpsl, ocHoBauHbie Ha KT/MPT CKaHMpOBaHMH, 3D-MoxenupoBaHuH H
BBIMHCIIUTEIIBHOM THAPOAMHAMUYECKOM MOJEIUPOBAaHHM Ha 0OcHOBE RANS (ypaBHenus HaBne—



Croxca, ocpeqHEHHBIE 110 Peiinoneacy) c N€PCOHATTM3UPOBAHHBIMH PHHOMAHOMETPHYECKUMHU
JaHHBIMH, 2) pabota OOBEeTUHSET CyOBEKTHBHBIE/KAYECTBEHHBIE M  KOJIHYECTBEHHEIE
HCCIICNIOBaHHUS IJIs JIy4mnero mnoHumanus npuponasl JIHIT u BbIsBjIeHHS NPUCYIIUX MM
KOppEJSIHUi.

JlokTopckas auccepranus CarangsikoBoi Hasemm  CIIsIMOBHBI Ha TeMy «Kauauuyeckue
BO3MOXHOCTH BHPTYalbHOTO MOJEIMPOBAHUS HOCOBOTO BO3AYIIHOIO IIOTOKA IIpU ne¢opManuu
HOCOBOH I€PETOPOIKMY», IPE/ICTABIEHHAS IS 3alIHTH HA COMCKAHME y4€Ho# ctenenu Jokropa
$unocopun (Ph.D.), sBnseTcs 3aKOHYEHHOM CAMOCTOSTENLHOM Hay4yHOH paboToit, uMeromeit
TIPHKIIAIHOC 3HAYECHHUE, IPUBHOCAIIAA CBOM BKJIaa B HAyKy M MMeOIIas COOCTBEHHYIO HOBH3HY.
YUHTBIBas aKTyalbHOCTb JHCCEPTALHOHHOTO HCCICJOBAaHHsSI, €r0 HAy4YHYIO HOBH3HY H
IIPAKTHYECKYIO 3HAYMMOCTH MOJYyYEHHBIX pE3yJbTaTOB, CYMTAIO, YTO IIpEJCTaBJICHHAS
JMCCEPTALIHOHHAA PaboTa COOTBETCTBYET TPeGOBAHHMAM, IPEIbIBIIEMBIM K JUCCEepTalHsiM Ha
corckanue yu€Ho# crenenu JlokTopa dunocodumu.

C yBaxeHuewm,
/moamucano/
Maiixn Honr [Ixao
IIpoeccop mexanuueckoit u aspokocMuYEeCcKoit HH)XXEHEPHH
IlTxona uHxeHepUH 1 UKPPOBBIX HAYK
Hazap6aeB Yuusepcurera

Hacroswuin aokymeHT Gbin nepeseaeH

KOMMETEHTHBLIM NepeBoaYNKOM.
Awwupanues Baxtusp Mapatosuy




T'opon Actana PecryGnuku Kasaxcran

HeBsroe HOAGPS Be THICSYH ABAALATH BTOPOTO rO/a.

A, Axnumkanosa I'ynbHa3 AtaxaHoBHa, HOTapHyc ropoaa AcraHa, JEHCTBYIOIIUH HA OCHOBaHHUH
rocynapcTBeHHOH suueHsun Ne22000014, einanHoi 05 aupaps 2022 roga MHHHCTEPCTBOM IOCTHLIHM
Pecrry6nukn KasaxcTaH, CBHAETENBCTBYIO BEPHOCTb STOM KOMMH C TOTHHHHKOM JOKyMeHTa. B

TNOCIIEAHEM IMOAYHUCTOK, IIPHITHCOK, 3a4YE€PKHYTHIX CJIOB U UHBIX HEOIOBOPEHHBIX ncnpameﬂnﬁ HJIA KaKHX-
§11%(016) 0COOEHHOCTEH He OKa3aJioCh.
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