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At present, interest in nanocomposite materials 1s rapidly increasing, as they enablc.: the
design of multicomponent functional systems and their application to solving interdisciplinary
challenges. The growing attention to nanocomposites, together with numerous studies aimed at
evaluating their biomedical potential, indicates that the development of new biomaterials and the
detailed investigation of their structural, morphological. and physicochemical properties are
among the key priorities of modern bioengineering. This is particularly relevant in the context of
combating wound infections and bacterial biofilms, which remain among the most serious and

challenging problems in contemporary medicine.
Addressing this issue requires the development of multifunctional nanocomposite systems

capable of simultancously suppressing the growth of pathogenic microorganisms, disrupting
bacterial biofilms, and stimulating tissue regeneration. In this regard, the three-component
BC/HAp/MXene nanocomposite is of particular interest, as it combines the high
biocompatibility of bacterial cellulose, the antibacterial properties of MXene, and the

regenerative potential of hydroxyapatite.
The dissertation of Talipova A.B. is devoted to the development and investigation of the

BC/HAp/MXene composite material. The proposed composite integrates the structural and
mechanical advantages of bacterial cellulose, the bioregenerative potential of hydroxyapatite,
and the pronounced antibacterial activity of MXene, which allows it to be regarded as a
promising platform for biomedical applications, particularly for the development of next-
generation advanced wound dressing materials.

To achieve the stated objective, experimental studies were conducted to fabricate composite
materials based on bacterial cellulose, MXene, and hydroxyapatite. The work included a
comprehensive investigation of their morphology, elemental and phase composition, as well as
key physicochemical characteristics. Within the framework of this research, the doctoral
candidate developed, for the first time, a method for producing a nanocomposite material based
on bacterial cellulose, hydroxyapatite, and MXene exhibiting antibacterial and antioxidant
properties.

Several key results of the study can be highlighted:

- The components of the culture medium was optimized to ensure an increased yield of
bacterial cellulose:

- Nanocomposite materials based on bacterial cellulose, hydroxyapatite, and MXene.

obtained using the ex situ method, were investigated:
- A portion of the experimental results was obtained using advanced analytical techniques,

including transmission electron microscopy combined with energy-dispersive X-ray analysis:

- The phase composition of the composites was examined using X-ray diffraction and
Fourier-transform infrared spectroscopy, while their morphology and nanoscale dimensions of
all three components were analyzed by scanning electron microscopy:

- Appropriate sterilization methods for the materials were selected:

- The applicant obtained experimental data on the antibacterial, antibiofilm, and cytotoxic
properties of the materials under in vitro conditions.

[t should be noted that part of the dissertation research was carried out within the
framework of projects funded by the Science Committee of the Ministry of Science and Higher
FEducation of the Republic under grant financing for scientific and/or scientific and technical
projects: 1) 2679 / GF4 "Development of biocomposite materials based on bacterial cellulose for
the creation of transdermal therapeutic systems"; 2) AP23488697 "Strategy for the creation of a




hydrogel photothermal platform with enhanced antibacterial and regenerative properties for th
" ¥

treatment of infected wounds".
During the course of the research, Talipova A.B. demonstrated herself to be a high)
Y

qualified researcher capable of independently addressing the scientific and technical challen

posed. She made a significant contribution to the development and refinement of the mcthodgfeS

fabricating a novel composite material and actively participated in the formulation of &O\r
e

research objectives.
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«bHOAKTHBHBII KOMMO3HTHBIIT MaTepras Ha OCHOBE OAKTEPHAILHOM 1LeJ1I10J103bl,
[MIPOKCHANIATHTA M HAHOAHTHCENTHKOB: CTPYKTYpa U CBOHCTBA

B Hacrosiiiee BpeMst HHTEPEC K HAHOKOMITO3UTHLIM MaTepHaiaM CTPEMHTENLHO PACTET,
[NOCKOJILKY O IMO3BOJIAIOT pa3padaTbiBaTh MHOTOKOMITOHCHTHBIE (DY HKIIHOHAIbHBIC CHCTEMDI H
NPUMCHATE HX JUIS PCIICHUST MCIHKIHCUHIUIMHAPHBIX 3a7a4. AKTHBHO pacTyWHMH HHTCpEC K
HAHOKOMIIO3HTHBIM MaTCpHAIAM, a TAKIKC MHOTOUYUCIICHHBIC UCCIICJOBAHUS, HAIIPABJICHHBIC HA
OLICHKY HX OMOMEIHIHMHCKMX BO3MOKHOCTEI, CBHAETE/ILCTBYIOT O TOM. YTO CO3JaHHe HOBBIX
OHOMATEPHAIOB M JICTAILHBIA  anajM3 MX CTPYKTYPHBIX, MOP(OIOrHUeCKMX H  (PH3HMKO-
XUMHUCCKHX  CBOHCTB  SIBJISIIOTCSI OJAHUMH M3 TPHOPUTETHBLIX HaNpapJICHHIT COBPEMEHHOI]
Onouikenepuil, ocobeno B kontekere 60pbObl ¢ paHeBbLIMH HHPEKIMAMH H OaKTEePHAILHBLIMH
OHOMJIEHKAMM. KOTOPLIC OCTAIOTCA OAHON M3 HanboJliee CepbE3HbIX M TPYAHOPA3PELLIMMbIX
[1podJiem coBpementoii Memimnbl. Peenne gannoii npobsiemMbl BO3MOKHO 3a CUET pazpaboTKH
MHOTO(YHKIHOHATBHLIX HAHOKOMITO3HTIBIX CHCTEM, CIIOCOGHBIX OJIHOBPEMEHHO MO/ABISATEH POCT
HATOFCHHBIX  MHUKPOOPIraHHU3MOB, paspyliarh OakTepHaibHbIe OHOMIEHKH M CTUMYJMPOBATH
PEreHepanuio Tkanei. B srom ornowennn TpéxkomnoHenTHbid Hanokomnosut BC/HAp/MXene
NPCICTABISCT  OCOOBI  MHTEpPEC. MOCKOJIBKY COYCTAET BBICOKYIO OHOCOBMECTUMOCTL U
CIPYKTYPHYIO  NOUICPKKY  OakTepHaibHOI HCJUTIOJNIO3bI,  aHTHOAKTECPHAJILHBIC H
(poToTepmuueckue coiictea MXene, a Takke pereHepaTHBHbBIN MOTEHIMAT [H, 1pOKcHararuTa,
HTO JICJIACT €ro NEPCHEKTHBHOH 11aT(hopMOi Jutst co3aanus d(pHEKTHBHBIX paHEBbIX ITOKPBITHII.

Jlncceprawonnas padora Tanunosoit A.B. nocpsiena paspaboTke M HCCAE10BAHHIO
KomIosuTHoro marepuasia BC/HAp/MXene. IlpejicraBieHnplii KOMIIO3HT coueTaeT CTPYKTYPHO-
MCXAHHYCCKHE TTPCHMYHICCTBA OaKTepHaIbHOH 11e/UTI0103bl, OHOpEreHepaTHBHEBIH MOTeHITHAT
FHZIPOKCHANATHTA W BBLIPAKCHHYIO aHTHOAKTCPHAJILHYIO aKTHBHOCTL MXene. uTo MO3BOJISICT
PACCMATpHBaTL €ro Kak MEpCHeKTHBHYIO IUIAT(POPMY JUISI MPHUMEHEHUS B OMOMEIHIIHHE. B
HACTHOCTH — 11pH pa3padOTKe YP(OEKTHBHBIX PAHEBBIX MATCPHAIOB HOBOTO [TOKOJICHMSL.

JUis jlocTiikenna  mocTaBieHHON  LeMM COMCKATEeNeM  BBIMOMHEH  KOMITICKE
IKCIICPHUMCHTILHBIX  HCCIIC/IOBAHHA 110 TIOJIYYCHHIO KOMITO3UTHBIX MAaTEPHAJIOB HA OCHOBE
OaKTepHaIbHOI Hesoa03bl. MXene 1 rujpokcHanarura. B xone padOThI POBE/IEHO JIETA/ILHOE
H3ydeHHue MOpQosIorun, 5JeMEHTHOr0 W (PA30BOr0 COCTABA, a TAKIKE KIIOUERLIX (pH3uKO-
MIMITACCKAX XAPAKTCPUCTHI MOJIY YCHHBIX MATepHaoB. B pamkax Hecle1oBanus AHccepTaHToM
BICpBbIC paspaboran  cnocod  HoJy4YeHHss HAHOKOMIO3UTHOIO MaTtepHajla Ha OCHOBE

i; OUKTePHAILITOH NE/UNI0J03bI, THAPOKCHaNaTHTa 1 MXene, 001a1a10LIero AHTHOAKTEPHAJILHBIN 1

. H aHTHOKCHAAITHBIMH CBOHCTBAMM.
;
!

MOIKHO BBIICTIHTE CJIC/1YI01IHE Pe3yIbTaThl paboThi:
‘:
| — OITHMHSHPOBAN COCTAB NUTATC/IbHOIT Cpelibl, 00eCHCUHBAIOIIMI MOBBILICHHbIH BBHIXO.L

‘., OAKTEPHAILHON HEITION03bI;

!
! —  H3VUCHDLI HAHOKOMITO3UTHLIC MATCpHAJIBI Ha OCHOBC OaKTe pMiUlbllOH LHC/UTIOTO3BI.

FH/IpoKcHanaTuTa u Mxene, noJyueHHbIC METOJIOM €xX sSiu:

—  HACTDhL OHKCHCPHMCHTAJIBLIILIX pPE3YIILTATOB HOJIYHCHA € UCMOJIL30OBAIIHEM COBPCMCEHITILIX
: MCTO/IOB  aHaJIn3a, BKIIIOYas llpOCBC‘HlelOUl} 10 VICKTPOHHY IO MHKPOCKOIIHIO ¢
HPHUMCHCHHCM JHCPIOJIMCTICPCHOHHOTO PCHTICHOBCKOI'O dHAJTH 3.
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