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optimization of their cultivation conditions»

I am writing to provide my strong endorsement and review of Ardak
Kakimova's doctoral dissertation titled "Screening of cyanobacterial strains - hydrogen
producers and optimization of their cultivation conditions.” Over the course of her
Ph.D. studies, Ardak Kakimova has demonstrated a remarkable level of dedication,
intellectual curiosity, and research proficiency. ] :

The research outlined in the dissertation revolves around a pivotal facet of
bioenergy — the exploration of eco-friendly hydrogen production sources and the
development of high-yield hydrogen generation technologies. This is an area of
substantial significance in the realm of bioenergy, given the pressing need for
environmentally sustainable energy sources. The utilization of cyanobacteria as
potential hydrogen producers stands as a particularly promising avenue. Their capacity
to hamess solar energy for hydrogen production, coupled with the absence of intricate
or costly nutrient requirements for in vitro cultivation, positions cyanobacteria as
highly favorable candidates for sustainable bioenergy production.

The preliminary phase of identifying cyanobacterial strains with productive
hydrogen-generation potential is paramount for the broader utilization of these
microorganisms in bioenergy applications. Ardak Kakimova's work meticulously
scrutinized a collection of cyanobacteria cultures, evaluating their productivity and
hydrogen-releasing capabilities. From this study, a selegtiqn of 8 axenic
cyanobacterial cultures was procured from diverse ecosystems within the Bepubhc of
Kazakhstan. Notably, this study yielded the discovery of 5 new strains, further
enriching the scientific understanding of these microorganisms. . '

Throughout her doctoral studies, Ardak Kakimova has exhibited an unwavering
commitment to intellectual exploration and critical thinking. _I-Ier grasp _of fhe ‘
underlying pririciples governing cyanobacterial hydrogen production an_d culuvauqn
optimization is impressive. Ardak Kakimova's active engagemf:nt in academic
discourse, marked by insightful questions and thoughtﬁll_ coptnbutlons, underscores
her intellectual prowess and commitment to advancing scientific l.cnowledge.

Ardak Kakimova embarked on an ambitious research journey to enhance
hydrogen production efficiency in cyanobacteria — a journey ‘that has yielded
promising results. Her adeptness in designing and executing intricate experiments,
coupled with her capacity to dissect complex data anc! effectively communicate Per
findings through both written reports and oral presentations, exemplifies her scientific
mmeghe dissertation is underpinned by a substantial body of work, comprising 13



published contributions. Among these are 2 articles in internationally peer-reviewed
scientific journals listed in the Web of Science or Scopus databases, 4 articles in
prominent national scientific journals endorsed by the Committee for Control over
Education and Science of the Republic of Kazakhstan, 6 international conference
theses, and 1 utility model patent.

_ Beyond her technical proficiency, Ardak Kakimova's exceptional interpersonal
skills have fostered her effectiveness as a collaborative team member within Prof.
Zayadan's laboratory. Her willingness to engage collaboratively with colleagues has
proven instrumental in the advancement of research goals and the fostering of a
dynamic scientific environment.

— With unwavering confidence, I foresee Ardak Kakimova continuing to make
significant contributions to the field of hydrogen generation through cyanobacteria
research. Her passion for research, coupled with her tenacity and intellectual acumen,
Positions her to excel in any academic or professional endeavor she chooses.

. Based on the aforementioned reasons, I can confidently affirm to the
dissertation committee that Ardak Kakimova's research attains the caliber befitting a
Ph.D. (-legree, Her doctoral work possesses scientific novelty, rigorous methodological
€xecution, and demonstrable practical significance.

_ In light of the above, I endorse Ardak Kakimova for the award of a Doctor of
. Philosophy (Ph.D.) degree in the specialty "8D05105 - Biotechnology.”
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IIpodeccop Tarrys Tomo
Kadenpa dusuku Boiciueit mxos:
€CTeCTBEHHEIX Hayk Toxuiickoro
YHHUBEPCHTETa HayKH

Toxuo, ATIOHUS

Penensus mayunoro KOHCYJIbTAHTA HA IHCCEPTAMMIO HA CONCKAHME y4eHoit
1_,c‘Tenelm AOKTOpa (blmocoqmnu(l’hD) no cnegrajgbHocTH «{0C105 -
HOTeXHoJiorus» ApaaxkKakoiiMoBoii na TeMy « CKPHHHHI [ITAMMOB
IiHanob6aKTepwii — npoayuenTon BOIOpPOJa M ONTHMH3ANHSA YC/I0BHI HX
KyJIbTHBHPOBAaHHN»

IInmy, 410681 BRIasuTH cBOE PEIIUTENBHOEONO0pEHIE H PELEH3NI0 Ha
AOKTOPCKYIO nuccepranmio Appak KakumoBoit Ha TeMy «CKpHHHHT LITaMMOB
OMaHOOaKTepuif — mpoxyLeHTOB BOAOPOJAa M ONTHMH3AlIMid YCIOBHHA HX
KyIbTHBUpOBaHH®». B xome pa6oTel Ham mokTopckolf —Imccepraume.
Wccnenobanuss Apnak  Kaxumosoi IPOJIEMOHCTPUPOBAIIM  3aMedaTe IbHBIH
YPOBCHb  LIENCYCTPEMICHHOCTH, WHTEIUIEKTYalbHOM 0603HATENLHOCTH H
HCCIIEAOBATENIECKUX CIIOCOOHOCTEHH.

Vccnenopanus, W3NOXeHHBIE B JAWCCEPTAIMH, BPAIAlOTCA  BOKPYT
KIIOYEBOTO acCleKTa OHOPHEPreTHKH - HCCIEAOBAHHA HSKOJOIHYECKH YHCTEIX
HUCTOYHHKOB IIPOM3BOJCTBA BOZOPOIa M Pa3pabOTKH BBEICOKOIPOH3BOAUTEIHHBIX
TEXHOJIOTHH IIPOU3BOJCTBA BOAOPOAa. DTO 001acTh, HMeIomas OONbIIoe 3HaYSHHE
B cdepe OHOIHEPreTHKH, YUHUTHIBasS OCTPYH® MOTPEOHOCTH B 3KOJIOTHIECKH
YCTOHYHMBEIX MCTOYHMKaxX 3Hepruu. Mcrnone3oBaHue IHaHOOAKTEpHH B KadecTBE
IIOTEHIIUAIBHBIX npou3BoauTeNeH BOZOpOJa SBISETCS 0co6eHHO
MHoroobemaronyM HampasieHreM. X cocoGHOCTE HCIONB30BaTh COJHEYHYIO
SHEprHIO IJI1 IPOM3BOICTBA BOJOPOJIA B COYETAHHH C OTCYTCTBHEM CIIOXKHBIX HITH
JOPOTOCTOAIMX TpeOOBaHMA K IMTAaTeNBHBIM BEIIECTBAM Ui BEIPAIMBAHAS
invitro nemaeT LMaHOOAKTepHH BeChbMa ONATONPHUATHBIME KaHAWIATaMH LA
YCTOMYHBOrO POH3BOACTBA GHOIHEPTHH. 5

IIpeaBapHUTebHBIH STall MAeHTHQHKAUMH I[ITaMMOB LHaHOOaKTepHi C
OTEHIMAIOM MPOIYKTHBHOTO TNPOH3BOACTBA BOZOPOAA MMEET IEpPBOCTENICHHOE
sHaueHWe I 6Onee LIMPOKOro HCMONB30BAHAS STHX MHKPOOPTaHH3MOB B
6HOPHEPTETUYECKIX TPHIIONKEHUAX. B pabote ApJ.IaKKvaKI/IMOBOH TIIATEILHO
HccAeAoBaNach  KOJUIEKIHA  KyJBTYp nuaHobaKTepuii, OLEHHBAIaCh HX
NPOAYKTHBHOCTh H CIIOCOGHOCTE  BBIICIATE BOZopol. B pesynsrate 3TI((’I1;§
uccneqoBaHus ObUTa TonydeHa Biibopka M3 8 KyNeTyp  aKceHirdec
IHaHOBGAKTEPHI 13 Pa3IMYHBIX IKOCHCTEM Pecrry6nuxu Kasaxc'raH;ﬂTmo I

I[TpuMeyaTeNbHO, YTO 3TO pcclieOBaHHe MPHBEIO K OTKP
gro eme Gonpme OOOTAaTWIO HAYYHOS MOHUMAHHME  STHX

IITaMMOB,
MUKPOOPraHH3MOB.
N HI; mpoTskeHuH Beero 00yHdeHMA B JOKTOPAavLyPS Aprax Karanosa
ibopana  HENOKONEOUMYIO NPHBEDNGHHOCTS  MHTICKTYalBHEIM
ACMOHCTPHP MBIOUIEHMIo. Ee  TOHMMaHue

HcclIeI0BaHUAM H KpHTPI‘-IeCKOMy



ocaMHA H BOYMYUBBIMU
1eKTyaJIbHOE MaCTepCTBO U CTpEMIIEHUe K PaBBIfITH;O [Ioq4YepKuBaeT ee
H

TepUsIMH  —
unaHOGal;,IpEe - 233"1'3161130'1'3“10, KOTOpoe pamo MuOroo6emaro
3y THTATHL Pa3pabaTeIBaTL U MPoBoOAUTE ClONKHE I
- pqeTaHHH CO CIIOCOOHOCTEIO QHATH3NPOBATE CIOKH 2 1 S hbem

bI€ NaH
co06IaTh O CBOHX BEIBOJIAX KaK 4Yepe3 MHUChMeHHbIe AaHHBIE U 3(peKTHBHO

OTYEeT
e3cHTallMA SIBJIAIOTCS IIPUMEPOM ee HAay4YHOW XBaTKH - TR oS yomme

JuccepTalusl noL[erHnSHa SHAYUTEIIEHEIM 06BeMOM paboT, BKIOY
|3 omyONMKOBAaHHBIX cTared. Cpemu Hux 2 cratsm B M’e —
peleH3HPYCMBIX HAYHHBIX JYpHAIIAX, BKIIOYEHHBIX B (a3kl IaHHBIX %af%(;ﬁf;
pm SCOpuS, 4 CTaTbM B BeYNMX HALWOHANGHEIX HAYYHBIX JKypHATAX
onobperHBIX KOMHTETOM M0 KoHTpomo B cdepe obpasosamms u HaYKI/;
pecrryouku Kasaxcras, 6 Te31COB MeXTyHAPOIHEIX KoH(epeHuyiA, 1 1 mareHT Ha
[10/1€3HYI0 MOZIEIb.

[ToMMMO  TE€XHHYECKOTO  MAaCTepCTBa,  HCKIIOYHTEIBHEIE  HABEIKH
MeKIMIHOCTHOTO  oOmieHuss  Apmak  KakumoBoit  cmocobGcTBOBanm e
>peKTHBHOCTH B KadecTBe 9IEHa KOINIEKTMBA B NaGoparopui mpodeccopa
3agmaHa. Ee TOTOBHOCTh COTPYIHMYATh C KOJUIEraMH JioKasala CBOIO
5)(QEKTHBHOCT B JOCTYDKEHHMM MCCIENOBATENBCKUX LeNeH M  CO3/aHMH
MHAMMYHOM Hay9HOM CPEIBL.

C HemokoneGHUMON YBEpeHHOCTBIO s NPEmBIKY, 9T0 Apnak Kakumosa
IPOJOJDKMT BHOCHTB 3HAYUTENBHBIA BKIAaA B 00J1acTh IIPOM3BOZCTBA BOJAOPOZA
NOCPECTBOM HCCIIENOBaHUMH rmaHoOakTepuit. Ee CTpacTh K HCCICJOBaHWAM B
COYeTaHHH C ee yIIOpCTBOM H MHTEJUTEKTyaJbHOM MPOHMIATENBHOCTEIO MO3BOIACT
el mpeycreTs B JFOGOM aKaJeMHYECKOM A mpo¢eCCHOHAIPHOM HaIHHAHWH,
KoTopoe OHa BEIOEPET.

Ucxonas wus3 BEIIIIEU3I0KEHHOro,  MOry c yBepeHHocn:fo 3aBUTH
TMCCEPTAIOHHOMY KOMHTETY, YTO yccenoBanus Apaak KaxiuMOoBOH no%mraxo;
YPOBHS, mOOGAIOMEro JOKTOPCKOH CTCTICHH. Ee poxTopckas pabora 0 nan;oﬁ
Hay9HOW HOBU3HOM, CTPOrdM MeTOAUIECKHM o(opMICHHEM H O4YEBUA

lpaKTHYec KO 3HAUUMOCTBIO.
B cBere BBIIHCI/IBJIO)KCHHOI"O, ono .

Moktopa drmocogpun (Ph.D.) ApAaK KaxumoB

ROTeXHOMOr 1.
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T'opox AnMartsl.
Pecny6auka Kaszaxcran.

TpuHaALATOE CEHTAOPA /BE THICAYH ABALATH TPETHETO FO/IA.
[lepeBof MOKYMEHTA ¢ aHIIMUCKOro A3Ika Ha PYCCKHil A3BIK, BBIIOJHEH

fIepeBOAMHMKOM MII «DOLORES» Psmennesoii Eprenneii BHKTOPOBHOM

78.01.1983 rc:na POXEHUS, MECTO POXKIACHUs AJMATHI MI1H830128401846,
npOKHUBAIOIICH TI0 2Jpecy: ropos AnmMars, Xereicyckuil paiioH, MAKpOpaiioH
Apinabynak, oM 154, ksaptupa 56.

Kot @
(TToxmmmcn)
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Horapuyc He yHOCTOBEPAET (haKTOB, M3NIOXKEHHBIX B JOKyMeHTE, & JIHIIb
CBHETENBCTBYET MOIHHHOCTE IIO/IIICH TepeBOTYHKa.

Topox AnMaTsL.

Pecrry6iuka KasaxcraH.

Tpunamuaroe ceHTAOps ABE THICSIH NBANNATh TpeTHEro roza.

4, Mypatosa AceM Eny6aeBHa, HOTapHyC ropoa AJIMaTBl, JeUCTBYIOIAd
Ha OCHOBAHMH TOCYAPCTBEHHON JMIEH3HH Ne 13008633 ot 31 mas 2013 roza,
BEIIaHHOM KoMHUTETOM PEerHCTPAIMOHHON cIyx0BI ¥ OKa3aHHA IIPaBOBOH ITOMOIIH
MuHKCTEpCTBa IOCTHIMH Pecry6auku KazaxcTaH, CBU/IETENLCTBYIO HOUTHHHOCTD
[OAMUCH TepeBOAYHKa PsmenneBoii EBreHAM BHKTOPOBHEIL. JIM9HOCTH
TepeBoNYNKa YCTaHOBICH?, JeeCcTIOCOOHOCTD ¥ TIOJTHOMOTHA IIPOBEPEHEL.

U28401846

3aperucTPUpOBaHO B PeeCTpe 33 Ne1828
B3bickaHO: cOracHO MyHKTY 2 cratbu 30 ¥ CTaThH
30-1 3axona Pecry6mxu KasaxcTaH «O HOTapHaTey.

ES4806950230913190228P154108
Horapnatreik ic-apexertin GipereRt Homipi / Y A HoMep HoTap HOrO AecTanA
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Hemipnexin Tirinren Gapneifbl
MpowuTo 1 NPOHYMepoBaHo Ha
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