REVIEW
By Foreign Consultant, Associated Professor Li Wenhao,
of the dissertation by Yermekov Y. Y.
submitted for the degree of Doctor of Philosophy (PhD)

The dissertation is dedicated to the development of biodegradable packaging
materials based on wheat starch and poly(e-caprolactone) (PCL). addressing the urgent
issue of increasing global plastic waste pollution and the need for sustainable
technologies. This research focuses on creating environmentally friendly alternatives
to traditional plastic packaging. which is particularly significant for the development of
local production in Kazakhstan and reducing dependence on imported poly mers.

Thc relevance of the study lies in its aim to reduce the use of traditional plastic
materials in Kazakhstan's food industry while simultancously promoting the
advancement of local technologies and resources. The developed materials exhibit
enhanced mechanical and barrier properties. making them competitive in the packaging
market and a practical alternative to existing solutions.

lhe scientific novelty of this research is reflected in the development of a
technology for using modified wheat starch to create biodegradable films with optimal
physicochemical characteristics. For the first time, the potential of utilizing industrial
waste—wheat starch B—in composite [ilms has been demonstrated. The introduction
of starch B results in increased film thickness, changes in vapor permeability, and
reduced mechanical strength. The optimal starch content was determined to be in the
range of 30-50%. ensuring a balance between strength, moisture resistance. and
piode gmdahllm Contour maps were constructed to optimize the composition
formulations.

The practical significance ol this work is contirmed by the possibility of using
~ the developed films as substitutes for traditional plastic packaging. Experimental data

show a high degree of material biodegradability. along with satisfactory mechanical
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properties that allow for industrial application. The developed technology is
adapted for large-scale production. making it economically efficient and promising for
implementation in enterprises across the Republic ol Kazakhstan.

T'he reliability of the presented results is ensured by the use of proven methods
ol computer and experimental modeling. as well as direct methods for studying the
structure and phase composition of materials. The scientific positions put forward for
defense are supported by convincing data. leaving no doubt about their validity.

The author's publication activity confirms the scientific significance of the
conducted research. Yermekov Y.Y. has published six scientific articles related to the
dissertation topic. including one article in a Q2 journal indexed by Web of Science with
an 84th percentile in Citescore Scopus, and five articles in journals recommended by
the Committee for Quality Assurance in the Sphere of Science and Higher Education
of the Ministry of Science and Higher Education of the Republic of Kazakhstan.
Additionally, the author holds a patent for a utility model registered in the Republic of
Kazakhstan.

In addition to his research achievements, Yermekov Y.Y. successfully
completed a training program at Northwest A&l University during May-June 2023
Subsequently, he was invited to work at our university, where he contributed to
international academic and research activities from September 2023 to October 2024,

Yermekov Y.Y.'s dissertation represents a comprehensive scientific study
conducted at a high academic level, adhering to the principles of academic integrity.
The work is characterized by a clear structure and well-founded conclusions, making it
valuable for specialists in the food. packaging, and processing industries.

Considering the scientific contributions, practical applications. and academic
rigor demonstrated in this dissertation, | firmly believe that Yermekov YUY, deserves

1o be awarded the degree of Doctor of Philosophy (PhD).
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OT3bIB
3apyGexHOro KOHCYILTAHTA, ACCOLMMUPOBAHHOTO podeccopa, JIu Benxao
Ha quccepranuio Epmexosa E.E. npeacrasienoii Ha conckanne y4eHoi cTeneHH I0KTopa
¢puocodpun (PhD)

Jluccepranust mocBsieHa pa3paboTKe GHOLErpamMpyeMbIX YNAKOBOYHBIX MATEPHATIOB HA
OCHOBE IIICHUYHOIO KpaxMana ¥ moiu(e-kanponaktona) (PCL), pemraonmx akTyaisHyo npobuemy
YBEIMYCHHS I700aNbHOTO 3arpsA3HEHHS IIACTHKOBBIMH OTXOJAMH H HEOOXOIHMMOCTh BHEIDEHHS
YCTOMYHBBIX TEXHOJOTWH. JlaHHOE HCCIIeOBAHME HANPABIEHO HA CO3JAHHE SKOJOTHYECKH YHCTBIX
aJIbTCPHATHB TPAAMIMOHHOM IIJTACTHKOBOW YNAKOBKE, YTO OCOOSHHO BAXKHO IS PA3BHTHS MECTHOTO
npou3BoACTBa B Kasaxcrane v CHMXEHHS 3aBUCHMOCTH OT HMIIOPTHBIX MOJIHMEPOB.

AKTyaJlbHOCTb HCCIIEJOBAHMS 3aK/IIOYaeTCS B €ro ILeNH COKPaTHTh HCIONb30BaHHE
TPaZHIHOHHBIX MIIACTHKOBBIX MaTEPHANIOB B MUIIEBOH IpoMbIILIeHHOCTH KaszaxcTana, otHOBpeMEHHO
CIIOCOOCTBYsI Pa3sBUTHIO MECTHBIX TEXHOJOTHN M pecypcoB. PaspaGoTaHHble MaTepHalbl 00J1anarT
YIYHIICHHBIMA MEXaHWYECKUMH U OapbepHBIMU CBOMCTBAMH, YTO [ENIAeT HX KOHKYPEHTOCIIOCOGHBIME
Ha PBIHKE YIIAKOBKH U IIPAKTHYHOH albTePHATHBOM CYIIECTBYIOIINM PEIIEHHUSM.

Hayuynas HOBH3Ha HaHHOTO HCCIENOBAHMS 3aKIIOYAETCS B pa3paboTKe TEeXHOJIOTHH
HCTIOJIb30BAHHS MOAH(PHIMPOBAHHOTO MIIEHHYHOT0 Kpaxmarna s CO3IaHus GHopasaraeMbIX MIEHOK
C ONTHMANBHBIMH (DH3MKO-XHMMYECKHMH XapakTepUCTHKaMH. BrepBble IIPOZEMOHCTPUPOBAHA
BO3MOJKHOCTP MCIIOJIb30BaHMsA IIPOMBIIUICHHBIX OTXOJOB — IIIEHHYHOIO Kpaxmana B — B
KOMIIO3MTHBIX IIeHKaX. BBelneHue kpaxmana B HpHBOIUT K yBENWYEHHIO TONIIMHBI IUIEHKH,
M3MEHCHHIO TapOIPOHUIIAEMOCTH 1 CHIDKCHHIO MEXaHMIECKOH TPOYHOCTH. ONTUMAILHOE COZlepIKaHHe
Kpaxmalnia omnpezneneHo B auamazoHe 30-50%, uro obecmeunBaer GanmaHC MEXIy IPOYHOCTBHIO,
BIIATOCTOHKOCTBIO ¥ GHOpa3naraeMoCThio. JIJIsh ONTHMHU3AIHH COCTABOB KOMITO3HIHEH GBLTH IIOCTPOECHBI
KOHTYpHBIE KapThl.

IIpakTHYeckas 3HAYMMOCTE JAHHOH PaGOTHI TIOATBEPIKAACTCS BOSMOKHOCTBIO HCIIOb30BAHMS
Pa3paOOTaHHBIX TIUIEHOK B KadeCTBe 3aMeHHUTeNell TpPaIMLMOHHON MJIACTHKOBOM YTIaKOBKH.
OKCIIEPUMEHTAIBHEIE TaHHBIE [I0KA3bIBAIOT BBICOKYIO CTEIIEHb OMopasaraeMocTu MaTepraa, a TaKkKe
YOBJICTBOPUTEIIBHBIC MEXaHHYECKHE CBOMCTBA, ITO3BOJSIOIINE IPUMEHAT €r0 B IPOMBIIIICHHOCTH.
PaspaboTannas TexHONOrHs ajanTupoBaHa s KPYIHOMACIITAGHOTO IIPOM3BOJCTBA, YTO NIENAET €€
SKOHOMHYECKH ) YEKTHBHOM H EPCIIEKTHBHOM /TS BHEJIPEHHUS Ha IPEANPUATHSAX 110 Beedt Pecybnnke
KaSaXCTaH.-

JIOCTOBEPHOCTE  HPEICTABIEHHBIX  pe3yNbTATOB  OGECHEYMBAETCS  HCIIOJIB30OBAHHEM
anpoOHPOBAHHBIX METOOB KOMIILEOTEPHOTO H SKCIIEPHMEHTATBHOTO MOJIEIMPOBAHUS, A TAKXKE MPAMBIX
METOJIOB HCCIIENOBAHMUS CIPYKTYpbl M ()a30BOro COCTaBA MATepUANOB. BBIIBHHYTHIC Ha 3aIIATy
HAay4YHbIC Honokeﬂm TIOZIKPETIICHBI YOEMUTENbHBIME TaHHBIMH, HE OCTAaBIIIONIMMH COMHEHHH B HX
000CHOBaHHOCTH.

IlybinkanionHas akTHBHOCTH aBTOpa MONTBEPIKIACT HayYHYIO0 3HA4MMOCTH IPOBEIEHHOIO

uccnenoanus. Epmexos E.E. omy6imkoBa mecTs Hay4HBIX cTaTeii Mo TeMe JHCCEPTALUU, B TOM YHCJIE



OJIHY CTaThIo B XKypHane Q2, nanexcupyemom Web of Science ¢ 84-M mporeHTHIIEM B Citescore Scopus,
¥ TITH CTATeH B JKypHANAX, PeKOMEHI0BaHHBIX KOMUTETOM 110 00ecTedeHnIo KadecTsa B chepe HayKu
¥ BBICIIEro oOpasoBaHHs MMHHCTEpCTBa HayKH W BBICIIETO 0OpasoBaHus Pecry6muku Kazaxcras.
Kpome TOro, aBTOp MMeeT [ATEHT HA MOJE3HYK MOJENb, 3apErHCTPHPOBAHHBIA B PecnyGnuke
KazaxcraH.

[ToMuMO cBOMX HaydHBIX mocTikeHHi Epmexos E.E. ycmemHo 3aBepIIMI CT2)XHPOBKY B
CeBepo-3amaHoM yHHBEPCHTETE CENbCKOrO M JIECHOIO XO3fHCTBA B MAac-HIOHE 2023 rona.
BrocyieIcTBUM OH OBLI MPHUITANIEH Ha pa0oTy B HAII YHHBEPCHTET, INle C CEHTSOps 2023 roma mo
okTs6ps 2024 ToNa MPUHHUMAI y9acTHE B MEKITYHAPOIHOH, akaIeMHIeCKOH H HCCIIEI0BATENIBCKON
JIESITENHHOCTH.

UccienoBanue Epmexosa E.E. mpencraBiseT coO0oH KOMIUIEKCHOE HAaydHOE MCCIIENOBAHHE,
BBIIOJTHEHHOE HA BBICOKOM aKaJeMHYecKOM YPOBHE C COOJIFOZICHHEM IIPHHIIMIIOB aKaJeMHIECKOH
4eCcTHOCTH. PaboTa OTIMYaeTcs YETKOHW CTPYKTYpodl M OOOCHOBAHHBIMH BBIBOJIAMH, YTO JCIACT €€
[EHHOM TS CIIeNUAIMCTOB MHUIIEBOM, YIIAKOBOYHON U IepepabaThiBatoleil MPOMBIIUICHHOCTH.

[IpuEUMAas BO BHMMaHHe Hay4HbIH BKJIAJ, IPAaKTUYECKUE HABBIKU U aKaJEMHUUECKOE yIOPCTBO,
[IPOZEMOHCTPHPOBAHHBIE B 3TOH AMCCEpTallii, s TBepao yoexneH, uro Epmexo E.E. 3acmyxupaer

IpHUCYKIEHHS YUeHOM cTeneH: nokTopa punocodun (PhD).

HNHocTpaHHBIH KOHCYJILTAHT:
AcconMHpOBaHHbBIH npodgeccop, ®akyJabTeT
NHIIEBLIX HAyK ¥ HIKeHepuu, Cesepo-3amagHblii

YHHBEPCHTET CEJbCKOI0 H JIECHOT0 X035l CcTBA JIu Benxao

IpencraBurenss NWAFU mo MeXIyHapoIHBIM
BOIPOCAM:

AcconunpoBaHHbIH  mpodeccop, 3aMeCTHTEIb
AUpEeKTOpa,  YHpaBJieHHe MEKIYHAPOIHOT 0
corpyanudectBa H oOmeHa, CeBepo-3amaxHbli

YHHBEPCHTET CeJIbCKOT0 M JIECHOT0 X03siicTBa 130y FO¢d3H

IMepeBoa ¢ aHIIMHCKOTO SI3bIKA HAa PYCCKHH A3bIK BHINOJHEH MHOM, NEPEBOIINKOM,
MHIMBUIYaNbHBIM TpEANPUHMMATENEM [0 sA3bIKOBbIM TmepeBoiaM Kynbaesoii
Vn6oceiH AMmainoBHOM. 3a MpaBWIBHOCTb IEPEBOAA TEKCTa HECY TIOJHYHO
OTBETCTBEHHOCTh.HOMep  cBHUIETENbCTBA  TOCYJAPCTBEHHONH  pErHCTPaliH
UHIUBUOyanbHOrO npeanpuHuMatess - Ne KZ03UWQO00101986 ot 27.03.2017 rona
Bup gesTenbHOCTH : «SI3b1K0BO# nepeBom», Mob.ten/ ,Whatsapp: +77024007524




JIBaquate BTOpoe Masi 1B€ THICSYH JBaIIaTh ISTOTO roja
Pecniy6uka Kazaxcran, ropon Acrana

S, Cynner6aes AcxaT YTUTeHOBHY, HOTapHyc ropojaa AcraHa, JeHCTBYIOIIUH HAa OCHOBaHHU
rocynapcTBeHHou suneHsud Ne 22019525, BeimaHHON MHEHHCTEPCTBOM IOCTHIHE PecmyOnmku
Kazaxcran 19.10.2022 roga, cBHIETENBCTBYIO MOMIHHHOCTE MOAIUCH, CAENAHHON MEPEBOTIHKOM
Kyn6aeBoii Ya6ocblH AManoBHOMH. JIMYHOCTH MEPEBOAUMKA yCTAHOBJIEHA, NEECIOCOGHOCTH H
IIOJIHOMOUYUS ITPOBEPEHEI.
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