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Review on the PhD thesis of Akimbek Arailym entitled “Biodesulfurization of High-Sulfur Oil Using
Deep Eutectic Solvents”, submitted for the degree of Doctor of Philosophy (PhD)

It is a pleasure to provide this review of the PhD dissertation by Akimbek Arailym, dedicated to the
development and investigation of an innovative chemical and biotechnological system for the removal. of
organosulfur compounds from high-sulfur crude oils of Kazakhstan using deep eutectic solvents and active
sulfur-oxidizing microorgamsms. ;

As an international scientific supervisor, I worked closely with A. Akimbek throughout the enfire
course of her research, including discussions of experimental approaches, data processing, and interpretation
of results. During our collaboration, I became convinced of her high level of scientific competence,
independence, responsibility, and strong ability for critical scientific analysis.

The dissertation of A. Akimbek addresses a highly relevant and complex problem faced by the
petroleum industry —the development of an environmentally friendly and energy-efficient chemical-biological
technology for the desulfurization of heavy crude oils, where traditional desulfurization methods often prove
insufficiently effective or economically impractical. Therefore, the study integrates modern methods of
organic chemistry, microbiology, physicochemical analysis, molecular biology, and biotechnology.

The author investigated crude oil samples from the Karazhanbas, Buzachi, and Kumkol fields,
1dentified microbial strains active in desulfurization, and synthesized new compositions of deep eutectic
solvents. Particular attention was given to the dual role of deep eutectic solvents:

— as biostimulators enhancing the growth and enzymatic activity of microorganisms;

—as interfacial modifiers improving the accessibility of organosulfur compounds within the oil matrix.

An 1mportant outcome of the study is the establishment of the fact that the combination of deep eutectic
solvents with active sulfur-oxidizing microorganisms ensures a substantial reduction in the sulfur content of
the samples up to 95-96 %, which is a strong and promising indicator under laboratory conditions of heavy
ol biodesulfunization.

It 1s also important to note the author’s significant publication activity. The main results of the research
have been published in the international peer-reviewed journal Heliyon (Q1, 83rd percentile), which confirms
the high scientific level of the work and its relevance to the global research community. The obtained data
were also presented at international and national scientific forums, including the Frontier Symposium of
Engineered Science.

Based on the analysis of the dissertation, the experimental data, and the author’s scientific maturity, I
consider the work of Akimbek Arailym to meet the high international standards and requurements for
dissertations submitted for the degree of Doctor of Philosophy (PhD).

I hereby recommend awarding A. Akimbek the PhD degree and emphasize the scientific significance

of her research, her outstanding level of professional competence, and the strong prospects for her further
academic career.
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Om3biB Ha anccepraumonny pabory Oximbex Apaiiibim na Temy: «buoaecy/ib(pypH3anHs

BLICOKOCCPRHCTOH HedTH riy0OKHMH IBTEKTHYCCKHMH PACTBOPHTEISIMHY, NPEICTABICHHYI0 HA
COHCKAHME cTenenn nokTopa puaocodun (PhD)

C OOnbuIMM  YI0BONLCTBHEM NPEIOCTABNSIO peucH3nio Ha auccepraumio (PhD) OKIMOEK
ApainbiM. Pabora nocesiiena paspabotke BCECTOPOHHEMY HCC/IeI0BaHHIO HHHOBAUIMOHHOIO XMMHKO-
OHOTEXHOIOTHYECKOTO MNOAXOAA K YIAJICHHIO OPraHOCEPHHUCTBIX COEAMHEHHH M3 BBICOKOCEPHHCTHIX
ChipbeBbIX HedTel Kasaxcrana. Hcenenosanue 3(0QeKTHBHO COYETaeT HCIOIb30BAHHE rmyOOKHX

3BTCKTHYCCKHMX PaCTBOPHUTEIEH C AKTHBHBIMM CEPOOKHMC/ISIOUIMMH MHKPOOpraHM3MamH, Mpejyiarad
HOBBIH H OKOJIOIHYECKH 3HaYMMBIH MeTo OHoecyibhypH3aluH.

B kauecTBe MEXKIYHApOAHOrO HAy4YHOrO PYKOBOAMTENS, S TECHO COTPYAHHYana ¢ OKIMOEK
ADpaiiJIbIM Ha MPOTSKEHHWH BCETo NMEepUoa €& MCCiIeI0BAHHS, BKIIOUas 00CYKIEHHE IKCTIEPUMEHTAIbHBIX
MOAX0A0B, 0OpabOTKY NaHHBIX M WHTEPNPETALMIO Pe3yabTaToB. B XOje Halero COTpyAHHYECTBA A

yOeauncs B €€ BBICOKOM YPOBHE HAyYHOM KOMIIETEHTHOCTH, CAMOCTOSITEJILHOCTH, OTBETCTBEHHOCTH, a
TAKXKe B CHJIbHBIX HABBIKAX KPUTHYECKOIO HAy4yHOr0 aHaJIM3a.

Juccepraums OKiMOek ApaiiibiM TNOCBsLIEHa KpaWHE aKTyaslbHOM M CJIOKHOHM mpobieme, ¢
KOTOPOH CTalKHWBAeTCs HE(PTAHAS TNPOMBILUIEHHOCTh — pa3paboTKe 3KOJIOrHYeckH Oe30rmacHOH H
3HEProdOPEKTHBHON XMMHKO-OMONIOTHUECKONW TEXHOJIOTHH JecyabdypH3aluu TKENBIX HedTeH, rae
TPaJAMIIHOHHBIE METOIbl AECYNb(YypU3aLMKM YAaCTO OKA3bIBAIOTCA HENOCTATOYHO 3((EKTUBHBIMH HIIH
3KOHOMHYECKH HelenecooOpa3HbIMU. B CBA3M € 3TUM UCClIeIOBaHHE HHTETPUPYET COBPEMEHHBIE METOMBI

OpraHHYeCKOM XHMMHHU, MHUKPOOMUONOTrHM, (HU3WKO-XMMHUYECKOrO aHajiM3a, MOJIEKYJISPHON OHOJIOrMd H
OHMOTEXHOJIOTHH.

ABTOpPOM HccneaoBaHbl HedTaHble 00pa3upl MecTopokaeHuit Kapaxanbac, byzauu u KyMkoiis,
NpoBeAeHa MIACHTH(UKALMS AKTHBHBIX LUTAMMOB MHKPOOPraHM3MOB, a TaKXX€ CHMHTE3MPOBAHbI HOBBIC

KOMIO3ULIMK TJIYOOKMX O3BTEKTHYECKMX pacTBopuTenei. Ocoboe BHUMaHHWE YACIEHO ABOHMHOM pOJIM
ryOOKHMX 3BTEKTHYECKHUX PaCTBOPUTEIICH:

—  Kak OMOCTHUMYJIATOPOB pocTa U GEPMEHTATHBHON aKTUBHOCTH MHKPOOPraHU3MOB;

— kak  MoaubukaTopoB  MexX(a3zHOM  MOBEPXHOCTH,  MOBHIIAIOMIMX  AOCTYIHOCTH
CEpPOCOAEPIKALLUX COEAUHEHHUI B HEPTAHOM MaTpHLIE.

BaskHpIM pe3yabTaToM paboThl ABNSETCS YCTAHOBJIEHHE TOro (PaKra, 4TO COYETAHHE MIyOOKHX
3BTEKTHYECKHX PACTBOPHTENIEH C AKTUBHBIMH CEPOOKHCIAIOLMMH MHUKPOOpraHHW3MaMH OOecredHBaeT
3HAYMTEILHOE CHHIKEHHE MAcCOBOM JOJIM cepbl B oOpasuax a0 95-96 %, 4ro ABasercs BBIAAIOLIMMCS
rokazaTesieM B YCIOBHAX JlabopaTopHOi OuozaecyibhypH3aliH TOHKENbIX HEDTEH.

CrenyeT TaKKe OTMETHTb 3HAYMTENbHYIO MyOJMKAUMOHHYIO aKTHBHOCTB aBTOpa. OCHOBHbIE
pe3yabTaThl MCCIE0BaHMs OMyOIMKOBaHbI B MEXAYHapOJAHOM pelLeH3upyeMoM xypHane Heliyon (Ql,
npoueHTHIb 80 %), Y4TO MOATBEPXKAAET BBICOKMH HAyYHBIH YPOBEHb paboThl U €€ aKTYaJbHOCTh MJIf
MMPOBOr0 Hay4HOro coobuiectsa. [TonyyeHHble JaHHbIe ObUIM NMPECTABICHBI HA HA MEXK/IYHAPOIHBIX H
HALMOHATbHBIX Hay4yHbIX (opymax: Frontier Symposium of Engineered Science.

Ha ocHOBe aHann3a JUCCEPTALMH, SKCIIEPHUMEHTAJIBHBIX AHHBIX M HAy4YHOH 3pENOCTH aBTOpa A
cyuTalo, 4yto pabora OkiMOex ApaiibIM COOTBETCTBYET BbICOKMM MEXIAYHAPOAHBIM CTaHAapTaM M
TpeGOBAHMAM K AMCCEPTALMAM, NPEJICTABICHHBIM Ha COMCKAHHE CTCNEHH 10KTOpa ¢unocodpuu (PhD).

HacTodiium s peKOMEHIYyIO IPHCBOMTD OkiMOex Apaiineiv creneds PhD u nopuepkusaro
Hay4YyHYIO 3Ha4YUMOCTh €€ HCCIIE/I0BaHMA, BbIIAIOLLIMHCS yPOBEH Npo(heCCHOHAILHOM KOMIETEHTHOCTH H
GonblIKE neperneKTHBbI IS AabHEHIIEeH akaIeMHICCKOH Kapbephl.

/ WIEKTPOHHAS ITOJITHCh __/
Mapcena Kaayaus Iarano, PhD
Depepanbhpii yuuepeuter Munac-)Kepanc, Beny-Opu3oHTH, bpasnnus
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Cenbmoe anpedist IBC ThICIAYH ABAJUATH IecToro rojaa.

Jlapina CameToBHa, HOTAPUYC, JEHCTBYIOIMH Ha OCHOBAH

17014570 oT 16.08 2017 rona, Beigansoit 16.08.2017 rona MUHHUCTEPCTBOM
HHOCTH IOAIIHCH,

[IepeBoa

[Octiimn PecnyOnuku Kaszaxcran, CBUICTENLCTBYIO ITOMJIH

ClleNaHHON M3BECTHBIM MHE TEepeBOAYUKOM MyXHT AMUHa.
SIBISETCS BEPHBIM M TIEPEBO/TINK MMEET KOMIIETCHIIHIO JUls IEPEBOAA.
HGLHCTPUPOBAHO B peectpe 3a Ne 1386

M,  omayeHHas HOTapuycy: COIJIaCHO CT.
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