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OO0masi XapaKTepucTUKA padoThl.

HuccepranoHHass paboTa IMOCBSIIEHA M3YyUYEHHUIO KOMILIEKCOOOPa3yIOIUX
CBOMCTB CEMEWCTBa MaKpOLMKIOB (KyKypOuT[6,7,8]ypuiioB), OTAENbHBIX (PU3UKO-
XUMHUYECKUX CBOMCTB IIOJyYEHHBIX KOMIUIEKCOB, @ TAaK)Xe YCIOBHWM IIOJyYEHHs
KOMIUIEKCHBIX M OMOKOMIIO3UTHBIX  MaT€pUaJioB  C  HCIOJIb30BAHHEM
T'MIPOKCHAIIATHTA.

HuccepranonHas pabora IpeacraBieHa B (QopMe cepuM  CTaTew,
OIMyOJIMKOBAaHHBIX JIOKTOPAHTOM COIVIACHO TpeOoBaHusM nyHKTa S5—1 IlpaBun
NPUCYKIEHUS CTENIEHEN, YTBEPKIECHHBIX TPHKa30M MuHKCTpa 00pa30BaHus U HAyKU
PecnyOomuku Kazaxcran ot 31 mapra 2011 rona Ne 127 (3apeructpupoBan B Peectpe
rOCyJIapCTBEHHON pErucTpaldd HOPMATHBHBIX MPaBOBBIX akTOB moj Ne 6951) ¢
W3MEHEHUEM, BHECEHHBIM MpuKazoM MunucTpa oOpazoBanus u Hayku PK ot
30.04.2020 Ne 170 u B COOTBETCTBUHU € NpHKa30M MuHHCTpa 00pa30BaHUs U HAYKU
PK ot 09.03.2021 Ne98, n3MeHEHUsSIMH, BHECEHHBIMM HM.0. MHHHUCTpa HAyKH H
BeIciiero oopaszopanus PK ot 09.01.2023 roma Ne 7.

AKTYyaJIbHOCTH padoThlI.

B coBpeMeHHyI0 310Xy NEPCOHATU3UPOBAHHON MENMIMHBI CYIIECTBYET OCTPAs
HEOOXOJUMOCTh B CO3JaHUM HOBBIX MAaTE€pUANOB JUJIsI HMIUIAHTATOB, KOTOpPHIE
JOJDKHBI ~ COOTBETCTBOBATH  OMNPEACNIEHHBIM  TPeOOBaHUSIM. OCHOBHBIMU
XapaKTEPUCTHUKAaMU TAaKUX MAaTepUaloOB SBIIFOTCS HMX COCTaB, CTPYKTypa H
MEXaHUYECKUE CBOWCTBA, TJle 0cO00O€ BHUMAHUE YHAENseTcs OMOCOBMECTHMOCTU
Marepurana.

Panee  MAakpOIMKIMYECKHME COCIWHEHUS  TJIMKOJYPWIBHOTO  THUMNA  HE
UCIIOJIb30BAIMCh B KauyecTBE OMOAKTHBHBIX MOJIEKYJ ISl HACBIIIEHUS MOPUCTHIX
MaTepUalioB C IEJbI0 CHHTE3a KOMIIO3ULMOHHBIX MAaTepHalioB, OO0JIaJar0IINX
MOBBIIIEHON OHOCOBMECTUMOCThIO. OJHUM U3 MEPCHEKTUBHBIX BEUIECTB JIS
MOKPBITUST ~ TIOBEPXHOCTH  SBIISIIOTCA ~ KyKypOUTYpWJIbI, KOTOpble  00JIaJaroT
CHOCOOHOCTBIO HHKAIICYJIMPOBaTh TEPANEBTUYECKUE areHThl M TMOCTENEHHO WX
BBICBOOOKIATh TI0]T BO3/ICHCTBUEM PA3IMYHBIX (DaKTOPOB.

XuMus KyKypOUTypuiia MpOJOKAeT aKTUBHO Pa3BUBAThCS, IMPEXIE BCETO,
Onmarogaps HX CyNpaMOJIEKYJSIPHOMY MNPUJIOKEHHIO, KOTOPOE€ OTHOCHUTCA K
bpoHTHpHOMY 00J1aCThIO 3HaHUU. Takoro ponaa mccieroBaHUS HOCAT, Kak MPaBUIIo,
MEXIUCUUIUIMHAPHBIA  XapakTep, YTO TpeOyeT NPUMEHEHUS METOJOJIOTHH U3
pa3IMYHBIX 00JIacTel HAYKH Ul U3YUYEHHs CyNpPaMOJIEKYJSIPHBIX CBOMCTB LI€JEBBIX
BelecTB. M3BecTHO, 4YTO  KyKypOUTYypuibl  0OJadarOT  CKJIOHHOCTBIO K
(bOpPMHUPOBAHUIO CUCTEMBI «XO3SMH-TOCTbY», NMPU KOTOPOM MHKANCYJSLHUA «TOCTSI» B
HOJIOCTh MAaKpPOLMKIMYECKOIO «XO035iMHA» OOBIYHO HPUBOJUT K H3MEHEHUIO €ro



(GU3BUKO-XMMHUYECKUX CBOMCTB, 4YTO IMO3BOJSET MOAYJIUPOBATH II€JIEBbIC 3a7aud
VCCJIEIOBAHUS.

B cBA3M ¢ BBINIECKA3aHHBIM, AaKTyaJIbHOM 3aJa4ye€dl SBISIETCA CHHTE3 U
UCCJIEIOBAHUE HOBBIX CYIIPaMOJIEKYJSIPHBIX KOMIUJIEKCOB M KOMITO3UIIMOHHBIX
MaTepuajJoB Ha OCHOBE KyKypOUTYpWJIOB, a TaKXkKe H3y4YeHHE BIHSHUA
KyKypOUTypHJIa Ha TMOBEPXHOCTb TIOPHUCTBIX MAaTEpPHAIOB M OINpeAeTeHHEe HX
OMOMEIMIMHCKUX CBOMCTB. Takue UCCle0BaHUs OTKPBIBAIOT MEPCIIEKTUBHBIN MTyTh
JUIs pa3pabOTKU M CO3JaHUSl HOBBIX OHMOKOMITO3UTHBIX MAaTEpHANOB C 3apaHee
3aIaHHBIMU XapAKTEPUCTUKAMU.

Leab 1uccepTanMOHHOIO MCCJICIOBAHUS.

Leap padoThbl — HCCIEIOBAHUE YCIOBUM CHHTE3a U M3YUYCHUE XapPAKTEPHUCTHUK
HOBOM CyImpaMoJIeKyJSIpHOM CHUCTEMBbl Ha OCHOBe Aurujpoxiopuaa 1,4-6uc(2-
TUAPOKCUATUI)IUIIEpa3uHa U KyKypout[6,7,8]ypmina u pa3paboTka GuU3HKO-
XUMUYECKUX OCHOB TOJIyYEHMS HOBBIX OHOMEIMUIMHCKMX MaTEpHAIOB C
UCIIOJIb30BAaHUEM KYKYpOUTYpUJIOB W TUAPOKCHANaTUTa MJii ONPEACNICHUS HX
OMOJIOTMYECKUX CBOWCTB.

3agayu:

1. HccnemoBarb  KOMIUIEKCOOOpAa30BaHUE MO  TUIY  «XO3SMH-TOCTBHY
KyKypOuT[6]ypuna ¢ aurugpoxjopuaoM 1,4-0uc(2-ruapoKCusTUil)IUIepa3uHa,
ONpENENUTh CTPYKTYPY W  CBOMCTBA IMOJYYEHHOTO  CYNPaMOJEKYJSIPHOTO
COCIMHEHHSI.

2. UccnenoBath reMonuTUYeCKUl 3PQPEKT U IIUTOTOKCUYHOCTH IOTYYEHHBIX
OMOKOMIO3UIIMOHHBIX MAaTepUalioB Ha OCHOBE THJIpPOKCHAnaThTa M CeMEeHCTBa
kykypourypuioB CB[6] + HA, CB[7] + HA, CB[8] + HA.

3.  DKCHnepuMeHTaJIbHO YyCTaHOBUTH HauOosnee dS(OPEKTUBHBIA  METON
MOAU(UKAIIMA  TIOPUCTBHIX  HEOpPraHWYecKux  ckapdoigoB  HA  IpuUMepe
T'HIPOKCHAIIATUTA C UCIIOJIb30BAaHUEM KyKypOUT[n]ypuia.

OO0bekTbl HMCCIEAOBAHUSI — KYKYpOUT[n|ypuibl, CyNpaMOJIEKYJISIPHBIMI
KOMIUIEKC Ha OCHOBE KyKypout[6]ypwia ¢ auruapoxsopuaom 1,4-6uc(2-
TUAPOKCUATUI )IUIIEpa3Ha, THAPOKCHUANATUT, MOPUCThIe cKapQoiabpl Ha OCHOBE
T'UIPOKCHAIIATUTA, MOJAUPUIIMPOBAHHBIE KYKYPOUTYPHUIIOM.

Hay4ynasi HoBU3Ha pa0dOTBI.

l. BrepBble CHHTE3MPOBAH HOBBIM CYNPaMOJIEKYJISPHBIM KOMILUIEKC THUIA
«XO3MH-TOCTHY» HA OCHOBE KyKypOWT[6]ypuna c¢ muruapoxiopunaom 1,4-Ouc(2-
rUAPOKCUATUN )nunepa3una. B pesynprare nposeneHnsix aHanu3oB (POA, UK, XDR,
TGA/DSC) ycTaHOBIIEHO, YTO MOJIEKYJbl «TOCTH» PACIONaraloTcs MEXIy
KapOOHHMJIbHBIMU TIOPTAIAMH «XO35IMHA» U TOBBIIIEHHAs TePMOCTAOMIBHOCTH (55°C)
KOMILJIEKCa KyKypout[6]ypuia c TUTUAPOXIOPUIOM 1,4-6uc(2-
TUAPOKCUATUI )TUTIEpa3Ha OTHOCHUTEIIBHO HACXOQHOIO 1,4-6uc(2-
TUAPOKCUATHI )TUTIEpa3UHA.

2. BnepBrie pa3paboTaHbl HOBblE OMOKOMIO3UMLIMOHHBIE MaTepuainsl (CB[6] +
HA, CB[7] + HA u CB[8] + HA) Ha ocHoBe mnopucroro ckadpdonga —
ruapokcuanatuta(HA) nyTeM MOAU(PUKALIUN ero NOBEPXHOCTH
MaKpOIUKINYECKUMH COEIUHEHUsIMU — KyKypoutypuiamu(CB), koTopbie ObLIH

4



oxapaktepu3oBanbl ¢ mnomouislo HK-cnexkrpockonuu, COM u IJIC, mnsg Hux
OTIpEJICICH TEeMOJIMTUYCCKUNA AP(EKT U IMUTOTOKCHYHOCTH IS KJIECTOK UMMYHHOU
CUCTEMBI.

3. Tlpennoxen Hambosee 3(DPeKTUBHBIA MeTOA MOIU(PHUKAIMKA TMOBEPXHOCTH
TUAPOKCHANATUTA KYKYpOUTYpUIaMu. Y CTAaHOBIIEHO, YTO B 3aBUCUMOCTH OT METOJ1a
HaHecennss CB[6] Ha moBepXHOCTh M BHYTpb ckapdonga u3 HA mMoxHO
PETYIMPOBATH COCTAB U CTPYKTYPY LEIEBBIX OMOKOMITO3UITMOHHBIX MAaTEPHAJIOB.

OcCHOBHBIE 10JIOKEHHS JUCCEPTALMU, BBIHOCUMbIC HA 3AILUTY.

1. VYcnoBus u XapaKTEePUCTUKHU CUHTE3UPOBAHHOTO HOBOTO
CYNpPaMOJIEKYJIIPHOTO ~ KOMIUIEKCA IO THUIy  «XO35SMH-TOCTh)» HAa  OCHOBE
KyKypOuT[6]ypuna wu  guruapoxigopugaa 1,4-0uc(2-ruapoKCudThI)TUIIepa3uHa,
KOTOpBIM ObLT oXapakTepuzoBaH ¢ mnomonipto AMP, UK-cnektpockonuu, PDA,
TGA/DSC. VYcraHOBIEHO, YTO COOTHOIICHHE HCXOIHBIX BEIIECTB B KOMIIIEKCE
coctaBiasgeT 1:1, co cMmemieHHMEM IIOJIOCHI IIOTJIONICHHUS BAJICHTHBIX KOJICOaHMM
KapOOHMILHBIX (pParMeHTOB KyKypOuT[6]ypmia Ha 36 cM™' B JUIMHHOBOJHOBYIO
00JacTh, CBHUJAETENIbCTBYIOIIMIA O KOMIUIEKCOOOpa30BaHUU 4epe3 KapOOHWIbHBIC
aTOMBbI ~ KUCIIOpOJia KYKypOUT[6]ypusia, C TIOBBIIIEHHEM TEPMOCTAOMIBHOCTH
MHKAICYJUPOBAHHOIO AUTHUapoxiopuaa 1,4-0uc(2-rugpoKcuaTuil)IunepasuHa Ha
55°C.

2. Pesynbprars OILICHKH BIIUSTHUSA oCaXeHusd a30TCOAEPKAUX
MaKpOILMKINYECKUX KaBUTAaHIAOB KyKYpOHUTYpPHJIOB Ha IOBEPXHOCTh ITOPHUCTOTO
ckapdonga - ruapokcuanatuTa. IlosydeHHbIE HOBBIE OHOKOMITO3UIIMOHHBIC

MaTepHuayibl Ha OCHOBE THApOKcHUanatuta u kKykypoutypuinos (CB[6] + HA, CB[7] +
HA u CB[8] + HA) Obum oxapakrepu3oBanbl ¢ mnomomipto PDA, HK-
cnektpockonuu, COM u DJIC. Bapuanusi HOKpBITHS TOBEPXHOCTU TUAPOKCUANIATUTA
KyKypOUTYpHJIaMH TO3BOJISIET CO3JaTh MEPCHEKTUBHBIE MaTEpUalbl ¢ MOIXOSIICH
MUKpPOCPENOH JIsl OCTEOreHe3a U KOHTPOJIUPYEMOTO BBICBOOOXKIEHNUS OMOJIOTUYECKU
aKTUBHBIX BELIECTB, TAKMX KaK aHTUOAKTepuaIbHbIE MpenapaTsl U ap. MccienoBanus
OMOKOMITO3UIIMOHHBIX MAaTE€pHaIoOB 1n Vitro MOKa3ajlu BBICOKYIO OMOCOBMECTHUMOCTH
(remonutuueckuii 3PEKT U HUTOTOKCUYHOCTH) JIJIs1 KIETOK UMMYHHOU CUCTEMBI.

3. PaznuyHble  METOIbl  HAHECEHUA  YBEJIMYMBAIOT  BAPUATUBHOCTH
MNOTEHIMAIBHOIO NPUMEHEHUSI OMOKOMITO3UTOB B 3aBUCUMOCTH OT MPAKTUYECKOIrO
npuioxkeHus. Tak, ocaxjaeHue KyKypOUT[6]ypuia ¢ UCMOIb30BAHUEM MOTPYKHOTO
METO/1a Ha NOBEPXHOCTh IMAPOKCHANATUTA B HAWJIEHHBIX YCIOBHUAX (KOHLIEHTPALIHS
Imr/Imi, temneparypa — 50°C, BpeMst 3KkCno3umuu — 45 MUHYT, yJIbTpa3ByKOBas
BanHa ¢ yactoroi 37 kHz) yBenmumBaeT miomaab MOKPHITHS MOBepXHOCTH HA wu
YMEHBIIIEHUE KOJIUYECTBA KOHTIIOMepaToB Mojiekyn CB[6].

IIpakTH4Yeckasi 3HAYUMOCTb Pa0OTHI.

[IpakTryeckas 3HaYUMOCTh COCTOMT B TOM, YTO B JAHHOM JIHCCEPTAMOHHOM
UCCJIEI0BAHUU CUHTE3UPOBaH HOBBI CYNPaMOJIEKYJIIPHBI KOMILJIEKC
OTKPBIBAIOIIMM  MyTh CHUHTE3Y HOBBIX OMOKOMIIO3UIIMOHHBIX  MaTepHaoB.
Pa3paboTtanbsl 3¢ (deKTUBHbIE METOJbl MOJy4YeHUS OHMOKOMIIOBUTOB Ha OCHOBE
KYKYpOUTYPWJIOB M THUJIPOKCHANATUTA, HMEIOIIUX BBICOKYID OHOCOBMECTHUMOCTH



(HU3KUH TeMoIUTHYeCKUA 3P(PEKT M HUTOTOKCUYHOCTh), KOTOPbIE MOTYT OBITh
WCIIOJIB30BaHbI IJI PA3JIMUYHBIX OMOMEAUIIMHCKUX TIENEH.

[TonydeHbl HOBBIE PE3yJbTAaThl B O00JIACTH CHHTE3a CYNPaAMOJEKYJSPHBIX
COCIMHCHUM, WMEMuX (yHIaMEHTaIhbHOE 3HAY€HHWE B O00JaCTH XHUMHH U
MaTtepuanoBenenus. [lomydeHbl HOBbIE JaHHBIC O BIMSHUU KyKypouT[6,7,8ypuna Ha
OMOMEIUIIMHCKIE CBOMCTBA TIOPUCTHIX HEOPTAaHUIECKUX MaTepuaioB (ckaddoaon).

[Ipennoxensl Meroasl HaHeceHuss CB[6] Ha mnoBepxHocTh HA, KoTOpBIE
OTKpPBIBAIOT MyTh K (PYHKIMOHAIBHBIM KOMIIO3WIIMOHHBIM MarepuaiaM Ha OCHOBE
CB[6] 1 npoayKTOB MHKAICYJISIIIUYN (KOMIIEKCOB 110 TUITY «XO3SUH-TOCTbH ).

TecThl in Vitro MOATBEPAWIM BBICOKYIO OHOCOBMECTUMOCTh M HH3KYIO
TOKCUYHOCTH MOJIYYEHHBIX OMOKOMIIO3UIIMOHHBIX MAaT€pPUAIOB. DTH HHHOBAIIMOHHBIC
OMOKOMITO3UTHl  00JaJal0T MHOTOOOCIIAIOIIUM  MOTEHIMAJIOM  JUIsl  TOHKOMU
MOJYJISIIUM OMOJIOTHYECKUX peakiui, objerdaemoit mmmooOuau3amnuein HA+CB[6],
HA+CBJ[7] u HA+CB[8] Ha cnennanbHbIX HOCUTEIIAX.

[Ipenmoxennsie Metonbpl HaHeceHus CB[6] Ha moBepxHocth HA mnpuparot
NOCJIEIHUM OMOpa3HOOOpa3ue M 00EeCIeunBalOT CPOJCTBO K Cpele OpraHu3ma Mpu
CO3/IJaHUM HOBBIX (DYHKIIMOHATBHBIX KOMIIO3UIIMOHHBIX MaTe€pUalioB, B TOM YHUCIIE C
MCIMOJIb30BAaHUEM CYyNIPaMOJIEKYJISIPHBIX CUCTEM Ha OCHOBeE cemeiictBa CB[n].

BriBoabI

B pesyinbrare npoBeAEHHBIX HCCIEI0BAaHUIN ObLI MOJYYEH U OXapaKTEPU30BaH C
nomouisio AMP, UK-cnekrpockonnu 1 PCA HOBBIN KOMILJIEKC THUIA «XO3SUH-TOCTH)»
Ha OCHOBE KyKypout|[6]ypuna u JUTUIPOXIIOPUT 1,4-6uc(2-
THAPOKCUATHI )TUIIEpa3Ha. Y CTAHOBIIEHO, YTO COOTHOIIIEHHE MCXOJHBIX BEIIECTB B
komruiekce coctaBisger 1:1. CpaBHutenbHblii aHanmu3 MK-cnekTpoB HCXOAHBIX
BEILIECTB U IMOJYYEHHOTO KOMILUIEKCA, MMOKa3al CMEIICHUE MOJIOCH MOIIIOIEHUS
BaJICHTHBIX KoJieOaHUM KapOOHWIBHBIX (hparMeHTOB KyKypout[6]ypuna Ha 36 cMm-1 B
JUIMHHOBOJIHOBYIO ~ 00JIaCTh, 4YTO TOBOPUT O KOMIUIEKCOOOPa30BaHUU uepe3
KapOOHUJIbHBIE aTOMbl  Kucjaopoja Kykypout[6]ypuna. [aunsie TGA/DSC
MO3BOJISIIOT YTBEPKJATh O MOBBIIMICHUH TEPMOCTAOUIIBHOCTA WHKAMCYJIUPOBAHHOTO
nuruapoxiopuna 1,4-6uc(2-rugpokcudtun)numnepasuia Ha 55°C. B pesynbrate
MOHOKPHUCTAJIBHOM PEHTIC€HOBCKOM AU(PAKTOMETPUU YCTAHOBJIEHA CTPYKTypa
MOJIyYEHHOTO0 KOMIUIEKCa, TrocTeBasi MoOJeKyna — auruapoxiopuaa 1,4-omc(2-
TUAPOKCUATHI )TUTIEpa3Ha MoJBEPKEHA KOMILJIEKCOOOPa30BAHUIO yepe3
KBaTPEHU3UPOBAHHBIE aTOMBI a30Ta MHUIIEPA3MHOBOIO KOJIbIIa M JIOKAJIM30BaHA Ha
KapOOHWMJIBHBIX MOpTaJIax KyKypout[6]ypuna.

bein ycnemHo pa3paboTaH HOBBIM MeTOA (YHKIIMOHAIM3AIUA TTOBEPXHOCTH
TUAPOKCUANIATUTA C HCHOJb30BAHUEM MAKPOMOJICKYJISIPHBIX — a30TCOJEPHKALIIUX
rereporukiioB, B yactHoct CB[6], CB[7] u CB[8]. HccnemoBanus in vitro
MPOJIEMOHCTPUPOBATIM  BBICOKYIO OMOCOBMECTMMOCTh M HU3KYIO TOKCHYHOCTH
MOJTYYE€HHBIX OMOKOMITO3UTHBIX MAaTepUajioB. DT WHHOBAIIMOHHBIC OMOKOMITO3UTHI
0o0JIajal0T  MHOTOOOCIIAIOIIMM  TOTEHIIMAJIOM  JiJIi  TOHKOHW  MOAYJISILIUU
OMOJIOTMYECKUX peakiui, yemy crocodctByeT Bkirouenue HA + CB[6], HA + CB[7]
n HA + CBJ8] B cieniuanu3upoBaHHbIE CPEIBI.



B 3aBucumoctu ot Metona HaHecenusi CB[6] Ha MOBEpXHOCTb W BHYTPH
ckadpdonna w3 HA mo3BoisieT peryaupoBaTh COCTaB U CTPYKTYpPY LEJIEBBIX
KOMIO3UIIMOHHBIX MaTepuanoB. PaznuyHbie METOAbl HAHECEHHUS B CBOIO OYEpE.lb
YBEIUYHMBAIOT BapUATUBHOCTh IMOTEHIIMAJIBLHOTO TMPUMEHEHHS KOMIIO3UTOB B
3aBUCHUMOCTH OT NPAKTHUYECKOTO MpuiioxkeHus. I[IpumeHeHune yJIbTpa3ByKOBOTO
BO3JICHCTBHS YBEIUYHMBACT IUIONIAIb TOKPHITHS TOBEepXHOCTH HA u ymeHsblraer
KOJIMYECTBO KOHIJIOMEpAToB MoJieKyl CB[6], 4To, mo-BUAMMOMY, OOYCIIOBJIEHO
Jy4dlield cMauuBaeMOCTBhIO TOBEpXHOCTH HA u ne3uHTerpaiueil KOHTJIOMEPATOB
CB[6] B HailneHHbix YycioBusax. Ilpennmoxensl Metonbl HaHeceHuss CB[6] Ha
noBepxHocth  HA,  koTopble  OTKpBIBAalOT MOyTh K  (YHKIHOHAIHHBIM
KOMITO3UIIMOHHBIM MatepuaiamM Ha ocHoBe CB[6] W TpOIyKTOB HWHKANCYJSALUU
(KOMIUIEKCOB TIO TUITY «XO3SUH-TOCTbH).

JIMYHBIA BKJIAJ aBTOPA cocTaBWI 75% U 3aKkitoyascs B MOUCKE JUTEpaType,
aHaJu3e UMEIONIMXCS CBEJACHUM, a TakKe B OpraHU3aluu padboT, pa3paboTKe IJiaHa
AKCIEPUMEHTOB. ABTOPOM OCYIIECTBIISUIOCH BBIMOJHCHUE XUMUYECKUX PEaKIHH,
BBIJICJICHUE U OYUCTKA MPOJYKTOB, ONTUMH3ALMS YCIOBUM MPOBOJUMBIX MPOIIECCOB,
aHaquTUKa W o0OpaboTKa TMOJMyYEeHHBIX  pe3yibraroB. Kaxaeii  pazgen
UCCIIEIOBATENBbCKOM PabOThl BBIMOJIHSUICS aBTOPOM CaMOCTOSITEIBLHO, PAaBHO Kak
aHaJu3 JIUTEpaTyphl U 00paboTKa pe3yJabTaToB, U O(POPMIICHUE UX B BUJEC HAYUYHBIX
nyOnukamuil. YacTb HKCIEPUMEHTOB B paMKax HCCIENOBAaTEIbCKOW padOThI
BBITIOJIHEHBI U OITyOJIMKOBAaHbI BUJE COBMECTHBIX PE3yJbTaTOB, O YEM COABTOPHI HE
BO3PAKAIOT.

Anpodauusi padoThl.

OcCHOBHBIE TIOJIOKECHHS, BBIBOABI M HAy4YHbIE pE3YyJbTaThl JAHCCEpPTALlUU
JOKJIQIBIBAIUCh W OOCYXKJAlMCh Ha MEXIyHapoIHbIX KoH(pepeHuusx: 8th
International Scientific Conference «Research Reviews» (Uexus, 2025). The
theoretical hypotheses and empirical results (Hopserus 2025), Modern scientific
technology (IlIBenusi, 2025).

IMyoukanuu. OCHOBHBIE pPE3yJbTaThl JUCCEPTALMOHHOTO HWCCIIEIOBAHUS
OTpaXeHbI B 6 OmMyOJIMKOBAaHHBIX paboTaxX, U3 HUX 3 CTaTbU B HAYYHBIX H3JAHUSX,
BXOJSIIAX B TIEPBBIA W/WIM BTOPOM KBAPTHUJIL IO HMMIAKT-()AKTOPY MO JaHHBIM
Journal Citation Reports (OKopnan Iumditma Penoprtc) kommnanum Clarivate
Analytics (Knapupsiit Anamutukc); 3 paOoThl B MaTepuagax MeEXIYHapOIHbIX
KOH(DepeHIni:

1. B cratbe Burkhanbayeva, T.; Guslyakov, A.; Tarikhov, F.; Pavlov, D.;
Erkasov, R.; Bakibaev, A.; et al.; Synthesis and study of a novel supramolecular
'host-guest' complex based on cucurbit[6]uril and 1,4-bis(2-hydroxyethyl)piperazine
dihydrochloride. Int. J. of Saudi Chemical Society 2024, 28/2, 101819. couckarenb
SIBJISICTCSI TIEPBBIM M KOPPECTIOHIUPYIOMUM aBTOpoM. MmmnakT-dakTop KypHana — 3a
2023 roa paBHBIM 5,9 U KBapTUJIb MO XUMHUM, MEKIUCUUAIUIMHAPHBIM Tpyaam — Q1.
Nwmeer CiteScore 3a 2023 rox paBHbI 8,9 U MPOIEHTUIb TIO O0IIEeH XumMun — 83.
JlokTOopaHT y4acTBOBaJla B TIPOBEACHUU DKCIIEPUMEHTOB W HMHTEpHpeTaIuu
pe3yJbTaTOB, 3aHUMAJIACh MOJATOTOBJICHUEM U O(DOpPMIIEHHEM OpPUTHMHAIBLHOTO



poeKTa CTATBH. KpoMe toro, BypxanGaesa T.T. sanumanach oopMierem cTaTbi
B CcOOTBETCTBHH € TpeboBanusmu KypHana,

2. ]_lomopam' ABIACTCH NEPBLIM U KOppecHOHAMPYIOIIHM ABTOPOM B CTATHE
Burkhanbay_evaq I; Ukhov, A.; Fedorishin, D.; Gubankov, A.; Kurzina, L;
Bakip?‘?v' A YC"kaSSOV,‘ R.; et al, Development of New Composite Materials by
Modifying the Surface of Porous Hydroxyapatite Using Cucurbit[n]urils. Mater'#ls
2024, 17, 2041. “MuﬂaKT-(])aM‘op KypHasia — 3a 2023 ro pashbiil 3,1 1 KBapTHIb 110
xuMHH, QUSHYCCKOit — Q35 KBapTHAL 110 MaTepUAIOBEACHHUIO, MEKIMCUMTUIHHAPHEIM
TpyAaM — Q2; KBapTHIIb 1O busuke, konnencuposannsix cpent — Q2. Mmen CiteScore
3a 2023 TOX PABHBIA 5,8 1 NPOLEHTHIb 10 (u3mKe KOHJEHCHPOBAHHBIX CPEAL 73;
npoUeHTHIIb TI0 obmiemy marepnanosesennio — 67. BypxanGaesa T.T. npunnMaia
aKTHBHOC YIACTHE B IIPOBENCHHH HCCIe/IoBaHMiA, B cOOpe JIMTepaTyphl U obpaboTke
JaHHBIX U ohopMIIEHHH CTATBH.

3. B cratbe Burkhanbayeva, T.; Ukhov, A.; Bakibaev, A.; Issabayeva, M.;
Yerkassov, R, et al. The Role of Methods for Applying Cucurbit[6]uril to
Hydr07_<)’apatlte fOl‘. the Morphological Tuning of Its Surface in the Process of
Obtaining Composite Materials. Materials 2024, 11, 4995, KOKTOpaHT SBAETCA
riepBBIM ABTOPOM U aBTOPOM-KOppecToHienToM. MMnakT-(paktop jKypHana —3a 2023
ron paBHblii 3,1 ¥ KBapTMNb N0 xXumuu, Qusmueckoir — Q3; KpapTHIb TIO
MATEPHATIOBEICHUIO, MEXIMCUMILIMHAPHBIM TpyaaM — Q2; KBapTHJb IO busmke,
xonpeHcHpoBaHHBIX cpen — Q2. Mwmen CiteScore 3a 2023 rox paBHbli 5,8 H
npoleHTHIIb IO (U3MKe KOH/EHCHPOBAHHBIX Cpel — 73; IMPOLEHTUIb IO obemy
maTepHanoBeficHiio — 67. Bypxan6aesa T.T. nmpuHumana akTHBHOE y4acTHE B
npoBeACHUH WCCIIeIOBaHMi, B cOope ymTepaTypsl W 00paboTKe JaHHBIX H
ohOpMICHAN CTATBU.

Hayu4Hbli KOHCYJIbTAHT: P.1II. EpkacoB

1LX.H., Tpoeccop Kabeapsl XM ‘,
HAO «EBpa3uiickuii HallMOHAIIbHBIN i
yausepeuteT umenn JLH. I'ymunesa» N A




«8D05301 — Xumusy O11iM O6epy OarnapiaaMachl OOMBIHIIIA
¢unocodus noxropsl (PhD) nopexecin any yIIiH YChIHBUIFaH
bypxan6aeBa Tonkbinait TaxxubexoBHaubIH « KykypOouTypuia Herizinaeri

JKaHA KOMIVIEKCTi KOChLIBICTAPABI CHHTE3/Iey 2KJHe 3epTTey»
TaKbIPBIOBIHAAFBI TUCCEPTAIUSIIBIK KYMBICHIHA
AHIATIIA

JluccepTanMsjbIK 3epPTTEYAiH KaJANbl CHIIATTAMACHI.

JluccepTalMsuibIK, SKYMBIC MaKpOIUKIIAEP (KyKypOuT[6,7,8ypuiaep) KOMILIEKC
TY3y KacHETTEepiH, allbIHFaH KELIEHIEPIIH KeKke (PU3MKa-XUMMSUIBIK KaCUETTEpiH,
COHBIMEH KaTap TUJIPOKCHANATUT KOMETIMEH KYpAedl >KoHE OHOKOMIIO3UTTIK
MaTepHuaiiapbl aly apTTapblH 3€pPTTEYyTre apHaJFaH.

JuccepTauusuiblK, sKyMbIC JOKTOpaHTThIH KP bisliM jkoHE FBUIBIM MHHHUCTPIHIH
30.04.2020 oxweutrel  Nel70 ByiipeirbiMen  e3repictep eHrizuireH Kazakcran
Pecny6mukace! Binim sxxoHe FbuibiM MUHUCTPIHIH 2011 sxbinEsl 31 Haypsi3garsl Nel127
(HOPMATUBTIK KYKBIKTBIK aKTUIEpAl MEMIIEKETTIK Tipkey Ti3utiMinze Ne 6951 Gonbin
TIPKEJIT€H) OYHUpBIFBIMEH OCKITUITeH Jopexkenepil Oepy KaruganapblHbIH S-1
TapMakTapbiHa xoHe KP Fputbim sxoHe sxofapbl O11iM MUHUCTPIHIH M.a. 09.01.2023
#bLUTFBl No 7 e3repryiiepi eHrizuireH KP binim xone FouibiM MuHUCTpIHIH 09.03.2021
KbUTFbl NoO8 OYMpBIFBIHBIH TajlalTapblHA COMKEC >KapusjaFraH FhUIBIMU MakaJiajap
CEepUsCHI TYPIH/IE YCHIHBLIAIBI.

3epTTeyaiH 03€eKTiJIiri.

XKekenenaipiiareH MeAULIMHAHBIH 3aMaHay!d JoYIpiHAE HAKThl TaJlallTapFa skayan
OepeTiH ’KaHa HMIUIAHTAIMSIIBIK MaTepUaiiapAbl J31pJeyAiH ©3€KTI KaKeTTUIIrl
TybIHAANBb. MyHIall MaTepuangapAblH HET13T1 cunaTTaMaliapbl OJapAblH KYpaMbl,
KYPBUIBIMBI ~ JKOHE MEXaHUKAIBIK KacheTTepl Oonbim  TaObuIambl, ocipece
OMOYHIeCIMAUTIKKE epeKIlie Ha3ap ayaapbuiajibl.

ByphIH MIMKOIYpHIT TUINITI MAKPOLMKIIII KOCBUIBICTAP OMOYHIECIMALTIT KOFAPHI
KOMITO3ULIMSUIBIK ~ MaTepHalIJapAbl CHHTE3[CY YIIIH KEYeKTI MaTepuanaapibl
KAHBIKTBIPY YILIIH OMOAKTUBTI MOJIEKYJajap peTiHae naiganaHbuiMarad. TepaneBTik
areHTTepAl HWHKANCYJSUUAIAy XKOHE OpTYpial (akTopiapIblH OCEpiHEH OJIapAbl
Oipringen OocaTy MyMKiHIIri Oap, OeTki KabaTKa apHalfaH MEePCHEKTUBAIBI
3aTTapAblH 01pl — KyKypOuTypuiaep 00Jibin TaObUIaibl.

KykypOuTypun XUMHSCHI, €H alJbIMEH, OUTIMHIH MIEKapaJblK canachl OOJIBIM
TaOBLIATHIH OJIAP/BIH CYyNpPaMOJIEKyIaJbIK KoJAaHOanapeiHa OailIaHbICThl KAPKbIH/IbI
JaMyBIH JKaJIFaCThIpyna. 3epTTEyAiH OVJ Typl SJETTE MOHAPAIbIK CUIATTa 0O0JIaJIbI,
MaKcaTThl 3aTTap/blH CYNPaMOJICKYJAJbIK KACHETTEPIH 3epTTey VIIH OpTypii
FBUIBIM cajajapbIHIaFrbI amicTeMenepai KOJIJJaHy bl TaJjian eTenl.
Kykypoutypunnepain MaKPOIMKJIITI KO>KalbIHHBIH KYbIChIHA KOHAKTBIH
WHKATCYJISIUACH OJIETTE OHBIH (U3UKAIBIK-XUMISUIBIK KAaCUETTEPIHIH ©3TepyiHe
OKeJel, COMKECIHILE 3epTTey MaKCATTapbhlH MOIYJSILMsUIaAyFa MYMKIHIIK OepeTiH
KOXaWbIH-KOHAK >KYHECIH KypyFa OeHIMIiIir Oenrii.

Korapeina aWThUIFaHIapra OalJIaHBICTBI, KYKYpOUTYpPHJI HETI31HJIEr >KaHa
CYNpPaMOJIEKYJIANbIK KEeIIEHAEP Il )KOHE KOMITO3UIIMSIIBIK MaTepuaiiapibl CUHTE3ICY
KOHE 3epTTEy, COHBIMEH KaTap KyKYpOUTYpPWJIIIH KEYEeKTI MaTepuaiaap/biH OeTiHe
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ocepiH 3epTTey KoHE OJapAblH OMOMEIMIIMHAIBIK KACUETTEPIH aHBIKTAY ©3€KTi
MiHZET Oonbim  TaObuTambl. MyHmaW 3epTTeyiep aiAblH aja aHBIKTaJIFaH
cumaTTamaiapbl 0ap kaHa OMOKOMIIO3WUTTIK MaTepHaIapAbl d3ipJiey >KOHE jKacay
YIIIiH MEePCIIeKTUBAIIBI KOJT aIlla Ibl.

3epTTeyaiH MaKcaThl.

KymbicteiH MakcaThl  1,4-0uc(2-TUAPOKCUATHI )TUIIEPA3UH  AUTUIPOXIOPHUIL
XKoHE KyKypOuT[6,7,8]ypuia HETi3iHJErl >KaHa CyNpaMoOJIEKyJNajblK JKYHEeHIH CHHTE3
mapTTapblH 3€PTTEY JKOHE CHUMAaTTaMallapblH aHBIKTAY XoHE KYKYpOUTYpHUI MEH
TUAPOKCHANIATUTTIH ~ OWOJOTHUSUIBIK ~ KAaCHeTTEepIH  aHbIKTay  YIIIH — JKaHa
OMOMEIUITMHANIBIK MaTepuaigapAbl adyablH (U3UKA-XUMUSIIBIK MPUHIUNTEPIH

a3iprey.
byt MakcaTka JkeTy Keneci MiHAeTTepi ey 1i KAMTHIbI:
l. Kykypout[6]ypunaig 1,4-6uc(2-TUIPOKCUITIIT )TUTIEPA3UH

JTUTUIPOXJIOPUIIMEH  KOKaWbIH-KOHAK  KEIIEHIH  3epTTey  JKOHE  aJbIHFaH
CYTIPaMOJIEKyJIaJIbIK KOCBUIBICTBIH KYPBUTBIMBI MEH KACHETTEPIH aHBIKTAY.

2. 'mppokcuanatut XoHe KyKypOUTYpUJI HET131HIE AJIbIHFAaH OMOKOMIIO3UTTIK
MaTepuaIapablH TEMOIUTUKAIIBIK 9Cepl MEH IUTOTOKCUKAIIBIK KACHUETIH 3€PTTey.

3. I'mppokcuanatut MbIcanblHAA KEyeKTl OelopraHuKalblK ckaddonarapabl
Kykypour [6,7,8] ypun (CB[6], CB[7] xone CB[8]) moaudukanusiiayablH €H THIMII
O/IICIH SKCIIEPUMEHTANJIBI TYPAE AHBIKTAY.

3epTrTey HbICAHBI — KyKypOuT[n]ypwi, KyKypOut[6]ypun wmen 1,4-6uc(2-
TUJIPOKCUATII )IUIIEPA3UH AUTUAPOXIIOPUAL HETI31HIET] CYyNpaMOJIEKyNaablK KEUIeH,
THAPOKCUAIIATUT, KYKypOUT[n]ypun  KyKypOUTypuwJIMeH  MoauduKaIusiIaHFaH
KEYEKT1 TUIpOKCHANaTUT HET131HAET1 TIpEKTep.

ZKYMBICTBIH FBIJIBIMHU KAHAJIBIFBI.

l. Kykypout[6]ypun AKOHE 1,4-61C(2-TUAPOKCUITHI )TUTIEPA3HH
TUTUIPOXIIOPUIIHE HETI3/IEITreH KaHa KOXKalbIH-KOHAK CyHpaMOJICKYJIANbIK KelleH
anFam per cuHTesnenal. Tannay (peHtreH coynenepinid qudpakuusicsl, UK-cnektp,
XDR, TGA/DSC) KoHaK MOJIEKYJIaJIapbIHbIH KOXKaWbIHHBIH KapOOHWJI MOpTaiaaphbl
apacblHIa OpHAJACKAHBIH >kKoHE OacTankbl 1,4-0MC(2-TUAPOKCUATUN )IUIIEPA3HHTE
KATBICTBI 1,4-61c(2-TUIPOKCUATII )TUTIEPA3HH JUTUAPOXIIOPU/IL Oap
KYKYpOUT[6]ypri KEIEHIHIH TEPMUSUIIBIK TYPAKTBUIBIFBIHBIH (55°C-re) sKoFapbliaysbl.

2. Anram per KeyekTi Tipek — ruapokcuanatuT (HA) Herizinzmeri sxaHa
onoxommo3utTik Marepuangap (CB[6] + HA, CB[7] + HA xone CB[8] + HA) onbiH
O0eTKi KabaThIH MAaKpOIMKII KOCBUIBICTApMEH — Kykypoutypumaepmen (CB)
MoaudUKaMsIay apKeUIbl d3ipieHai, omap MK-cmekTtp kemeriMeH cumaTTabl,
OJIapJbIH HMMMYHJBIK JKyHe JKacylmiajapbl YVIIH TE€MOJUTUKAIBIK oCepl IKOHE
IIUTOTOKCHKAJIBIK dCEPIHIH TOMEH, )KOFaphl OMOYHICCIMILIIKKE He €KEHI TQICIACH .

3. CB[6]-as1 HA ckaddonarapsiabiy 0eTki KabaTbhlHA JKOHE 1MIKI KYpaMbIHA
CHTI3yre HETI3/ICJITeH KOJJIaHy oJiciHe OalIaHBICTBI MaKCaTThl OMOKOMITO3UTTIK
MaTepuaIapAblH KypaMbl MEH KYPBUIBIMBIH PETTEYTE OOIATHIHBI aHBIKTAJIIBI.

Koprayra yChIHBLIFAH JUCCEPTALMAHBIH HETI3ri epexeJiepi:

1. Kykypout[6]ypun KOHE 1,4-0uc(2-TUAPOKCUATIII )ITUTIEPA3HH
JTUTHIPOXIIOPUIl HETI31H/I€ CUHTE3/IeITeH JKaHa CYIIPaMOJIeKyJIalbIK KOKalbIH-KOHAK
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KeleHiH1H mapTrapel MeH cunatrramanapel AMP, UK cnektp, XRD xxone TGA/DSC
apKbUIbl  aHBIKTANABL.  KypOuT[6]ypmnniH kapOOHUI (QparMeHTTEpiHIH CO3bLTY
TepbemicTepiniy cCinipy »omarel 36 CcM™' y3bIH TOIKBIHABI AMMAKKA BIFBICYEI
KyKypOuT[6]ypuiiH KapOOHWI OTTEri aTroMAaphl apKbUIBI Kypaedl Ty3UTyni
KOpCeTemi, KemeHaeri 0acTankpl 3aTTapAblH KaThIHACH 1:1 OONAaTHIHBI aHBIKTAJIIBI
JKOHE VHKAICYJISIIUSIIaHFaH 1,4-0uc(2-ruIpOKCUATIII )ITUTIEPA3ZUH
TUTHAPOXJIOPUIIHIH ~ TEPMUSUTBIK — TYPAKTBUIBIFBIHBIH ~ 55°C-re  KOFapbLIaybl
AHBIKTAJIIbI.

2. KypampiHza a3oT 0Oap MakpOUMKIII KyKypOUTYpHJl KaBUTaHTTapbIHBIH
KCYEeKTI TIpeK — THAPOKCHANaTUT O€TKI KabaTblHAa OTBIPFBIZYy OCEpIH Oarayay
HoTHXRenepl. ['uapokcuanatut ned kykypoutypuia (CB[6] + HA, CB[7] + HA xone
CBJ[8] + HA) nerizigae ajblHFaH jkaHa OMOKOMITO3UTTIK MaTepHayilap PEHTICHIIK
muppakuus, UK cnextpockonus, SEM xone EDS kemeriMeH cumaTTaliibl.
['mppokcuanatuT OeTKi KabaThlH KyKypOMTYpWJIMEH »aOyJarbl Bapuauusjap
OCTEOTCHE3Te KOHE OMOJIOTHSIIBIK OCJICEH 1 3aTTap IbIH, MbICANIBI, OaKTepHsFa KapChl
npenaparTapablH  KoHE T.0. OaKbUTAHATBHIH  IIBIFAPBUIYBl  YIOIH — KOJIAHJIBI
MHUKpPOOpTachl 0ap NEpCHEeKTHUBAIIBI MaTepHalaplbl Kacayra MYMKIHIIK Oepeni.
BroKOMIIO3UTTIK MaTepuaiAapblH in Vitro 3epTTeysiepi (FTeMOJUTUKAIBIK 9Cep MEH
IIUTOTOKCUKAJBIK KOPCETKINI) HWMMYHIBIK JKYHE >KacyImajapbl VIIH KOFaphI
OMOYHIECIMATIKTI KOPCETTI.

3. berki KabaTKa OTBIPFBI3YABIH OPTYPJl JicTepl OHOKOMITO3UTTEPAIH
MPaKTUKAJIBIK KOJaHyFa OailJIaHbICThI 9JICYETT1 ©3TePTIlTITIH apTThipaabl. Mbicalbl,
TaObUTFaH JKaFJanaapaa THAPOKCHANATUT OeTKl KabaThIiHA OATBIPY OIICIH KOJIJIAHBII
KyKypOouT[6]ypunai TyHaelpy (KoHIeHTpamusicel 1 mr/l1 mui, temmeparypa — 50°C,
OKCIIO3UIINS YaKbIThl — 45 MUHYT, skuiiiri 37 k[ yapTpanbiObicThIK BanHA) ['A 6eTki
KaOaThIHBIH XKaOybIH apTThIpaabl KOHE CBJ6] MOJIEKYJIAIAPBIHBIH
KOHTJIOMEpaTTapbIHBIH MOJIIICPiH a3aiTaIbl.

/KYMBICTBIH NPAKTHKAJIBIK MAHBI3AbLIBIFBI.

ToxipuOenik  MaHBI3ABUIBIFBI  OChl  JUCCEPTALMSUIBIK  3€pTTEyJe  >KaHa
OMOKOMITO3HUTTIK MaTepUaAIIapAbIH CUHTE31HEe HKOJI anaThIH XKaHa
CYMpaMOJICKYyJIANIBIK KEeIIeH CHHTe3enyinae. KykypOuTypui xoHe THAPOKCHAIIATUT
HETi31HAe  OWMOKOMIIO3UTTEp  alyIblH  THIMAL  OAicTepl  9O3ipJieHnl,  oJap
OMOYIMJIECIMIUTIT KOFaphl (TOMEH TeMOJUTUKAIBIK OHE IUTOTOKCHKAJBIK ocepi,
OpTYpJTi OMOMEAUITMHAIIBIK MaKcaTTap/ia KoJaanyra 001abl.

Xumusi MEH MaTepualiTaHyJa Ipredi  MaHb3bl  0ap  CyNpaMoJIeKyJIajbiK
KOCBUIBICTap/Ibl CHHTE3CY/IC JKaHa HOTWXKeNep aiblHIbl. KeyekTi OelopraHuKaibIK
MaTepuaapAblH OMOMEIUIIMHAIIBIK KacHeTTepiHe KyKypOouT[6,7,8]ypunmia ocepi
TypaJibl )KaHa JepeKTep anbIHAbI (cKaddommaap).

CB[6]-ap1 HA OeTki KabOaThlHa OTBIPFBIZY OAICTEpl YChIHBUTFAH, ojap CB[6]
Heri3iHaeri GyHKIMOHAIAR KOMIIO3UTTIK MaTepuajgapra >KOHE WHKAICYIISIUSIIBIK
eHIMEpTe (KOXKabIH-KOHAK KEIIEeHep1) KOJI alllajibl.

In vitro chiHaKTapel ajblHFAH OMOKOMMO3UTTIK MaTepHAIAPAbIH KOFaPhI
OMOYWUJIECIMIUTITIH JKOHE TOMEH VYBITTBUIBIFBIH pacTajbl. byJl WHHOBAIUSIIBIK
OMOKOMITO3UTTEP MaMaHJaHJbIpbUIFaH  TackiMaiaayuwbiapaa  HA+CB[6],

11



HA+CB[7] wmen HA+CB[8] wumMM0oOMIM3aIMACH  apKbUIbl  OMOJIOTHSIIBIK
peakusIapAbl KaKChl MOTYJISIIUSIIAY B I9TT PETTeyTe MYMKIHAIK Oepe/ti.

HA 6etki kabGateiHa CB[6] OTBIPFBI3YIbIH YCHIHBUIFAH OAICTEPl COHFBICHIHA
OMOopTYpmiKTI  Oepemi  KoHE  KaHAa  (PYHKIIMOHAIABI  KOMIO3HUITUSIIBIK
MaTepuaigapAbl  Jkacay  ke3iHae, oHblH  imiHae  CB[n]  HerizmenreH
CYIIpaMOJIEKyJIaJbIK JKyHenep/l maiiianaHy Ke3iHAe ar3a OpTachlHA >KaKbIHIBIFBIH
KaMTaMachl3 eTe/Il.

KopbIThIHABI

Kyprizuiren 3eprreyiep HOTHXKECIHIEe KyKypOuTt[6]ypun xone 1,4-Omc(2-
TUAPOKCUATU))IIUIIEPA3UH TUTHUAPOXIIOPUJIIHE HETI3JENreH KaHa KOXKalbIH-KOHAK
KelieHi anbiHabl JkoHe SMP, MK-cnekTpockomnus »*oHE PEHTIeH CoyJielepiHiH
mudpakimsIChl apKbUIbl cunartanabl. Kemenaeri 6actankel 3aTTapablH KaTbiHachl 1:1
eKeHl aHbIKTanabpl. bacrankel Marepuangap MeH anbiHFaH KemeHHiH UWK-
CHEKTPJIEPIHIH  CaJbICTBIpMAJIbl  Tajjaybl  KyKypOWT[O]ypwiaiH  KapOOHMII
(dbparMeHTTepiHIH CO3bULY TEpPOETICTEPIHIH CIHIPY >KOJarblHAA Y3bIH TOJIKBIHIBI
aitmakka 36 cM-1 BIFBICYBIH KOpCETTi, Oyl KypOUTTIH KapOOHMJI OTTErl aToMJIapbl
apKpUIbl Kypaeni Ty3utyiH kepcereni. TGA/DSC nepekrepi uHkancynupiaeHres 1,4-
OMC(2-TUIPOKCUATHII)[TUNIEPA3HH AUTUIPOXJIOPUAIHIH TEPMUSIIBIK TYPAKTHUIBIFBIHBIH
55°C >xorapbliayblH KepceTell. AJbIHFAaH KEMEHHIH KYpbUIbIMbI MOHOKpPHUCTAJIbI
pPEHTTeHAIK Au(paKTOMETPUsT apKbUTBl aHBIKTAJIbI; KOHAK MOJIeKynachkl, 1,4-0uc(2-
TUJIPOKCUATU )IIUNIEPA3UH JIUTHAPOXJIOPHUl MUIMEPA3UH CAKUHACBIHBIH TOPTTEHIE€H
a30T aTOMJAapbl apKbUIbl KOMIUIEKCTEHEIl >OHE KyKypOuT[6]ypmiaiH KapOOHMI
nopTanJapblHAa JOKAIU3alUsIaHAbI.

KypambiHaa MakpomoseKkylaiablK a30T Oap reTepolMKIAepaAl, aTan aWTKaHJa
CB[6], CB[7] xone CB[8] maimamaHa OTBIPBIN, THUAPOKCHANIATHTTIH OCTTIK
(GYHKIIMOHAIM3AMACKIHBIH, JKaHa ofICl COTTI Jkacaiabl. In  vitro 3eprreyiep
HOTHXKECIHE aJbIHFaH OMOKOMITO3HUTTIK MaTepuaigapablH KOFAPbI
OMOYHJIECIMAUNIIH >KOHE TOMEH VYBITTBUIBIFBIH KOpPCETTI. byl WHHOBaLUSIIBIK
OMOKOMITO3UTTEp MaMmaHAaHAbIpbUIFaH opranapra HA + CB[6], HA + CB[7] xone
HA + CBJ[8] Kocy apKbuibl OHOJOTHSJIBIK KayanTapIblH HAKThl MOAYJISLHSICHIHBIH
MEePCIIEKTUBAIBIK QJICYETIH KOPCETEi.

Konnany omicine Oainanbictel HA ckadonabiHbiH OETIHAET! KoHE IMIHIETI
CB[6] wmakcaTThl KOMIIO3UTTIK MaTepUangap/blH KypaMbl MEH KYPbUIBIMbIH
Oakpulayra MYMKIHAIK Oepemi. OpTypal KOJJaHy oJicTepi, 63 Ke3eriHue,
KOMIO3UTTEPAIH MPAKTUKAIBIK KOJJIAHBUTybIHA OalIaHBICTBI QJIEYETTI KOJIJaHY/bIH
oMOEOaNTHIFBIH apPTTHIPAbI. Y IBTPAABIOBICTHIK OHIEY A1 Koaaany HA OeTiHiH KamTy
alilMarblH  apTThipaabl xoHe CB[6] MoneKynachlHBIH KOHTJIOMEpATTaphIHBIH
Meuepin azaitaapl, Oyn HA OeTiHiH XaKChbl BUIFAJIAaHYbIMEH >XOHE TaObLIFaH
xarmainapaa CB[6] xoHTIIOMepaTTapbIHBIH bIIAbIpaybIMeH OalinmaHbicThl. CB[6]-HbI
HA Oerine konpaHy oaicTepi ychiHbUIFaH, ojap CB[6] Herizingeri QyHKIMOHAIIABI
KOMIO3UTTIK MaTepHaapra *oHe WHKAICYSAIUSIBIK oHIMaepre (KO)KalbIH-KOHAK
KEILIeH IEeP1) JKOJI alllabl.

ABTOpABIH Keke yuaeci 75% kypam, oneOuerTepnl 13eyaeH, Kojjga Oap
aKmapaTThl  TajlayAaH, COHBIMEH  KaTap  JKYMBICTbl  YHBIMIACTBIPYJaH,
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HKCIIEPUMEHTTIK KOCHapJbl KYpYyJaH TYpAbl. ABTOP XUMUSJIBIK peaKIUsIap/bl,
OHIMJIEP/Il OKIIayJay MEH Ta3apTyJbl, MPOIECTEP/IIH MAPTTAPhIH OHTANIAHIBIPYIbI,
IBIHFAH HOTWDKEJIEPl TalJayabl JKOHE OHIEYAl JKy3ere achipabl. 3epTTey
KYMBICBIHBIH opOip OemiMiH aBTOp ©3 O€TiHIIE OpBIHAAAbI, COHBIMEH KaTap
oneOueTTepAl TaIay KoHE HOTHKEIIEP Il OHICY KOHE OJIapAbl FHUTBIMU OaChLUTBIMIAD
TYpIHAE peciMaey. 3epTTey KYMBICHI asgChbIHAA KeHOip 3KCIEpUMEHTTEp OipliecKeH
TYPZE KYPTi3UIiM, HOTHXKENEp >KapusIanIbl, OyFaH OlpJieCKeH aBTOpiap Kapchl eMec.

KymbIcTBI anpodanusiiay.

JluccepTallsiHBIH ~ HETI3T1  epexenepl, KOPBITBIHABLIAPHl KOHE  FBUIBIMU
HOTHXKEJEepl XalblKapalblK KOH(pEpEeHIMsUIapaa OasHIaNbII, TAIKbUIAH L «3epTTey
HIOJyJIaphDy §-II1  XaJIbIKApaiblK FhUIBIMH KoH(pepeHuusaco (Yexus, 2025 x.).
Teopusnplk THUMIOTE3asIap MeH sSMnupukanblk Hotwkenep (Hopserus 2025),
3amanayu FeuTbIMU TexHONorusiap (Lsemus, 2025).

KapusnansiMaap. JlucceprauusiblK — 3€pTTEYIIH  HETI3rl  HOTHXKEJEpi
XKapusulaHFaH 6 JKyMbICTa KOpPCETUIreH, OHbIH 1miHae 3 Makana Clarivate Analytics
(Clarivate Analytics) Journal Citation Reports (Journal Citation Reports) OoiibiHiia
UMIIAaKT-QakTop OOMbIHIIA OIpIHIII >KOHE/HEMECE EKIHIIl KBapTUJIbI€ EHII3UIreH
FBUTBIMHU KapusUTaHBIMIap1a KOHE XaJTBIKAPaJIBIK KOH(epeHIusIap
MaTepHaIIapbIHIAFbI 3 )KYMBIC:

Burkhanbayeva, T.; Guslyakov, A.; Tarikhov, F.; Pavlov, D.; Erkasov, R.;
Bakibaev, A.; et al. Synthesis and study of a novel supramolecular 'host-guest'
complex based on cucurbit[6]uril and 1,4-bis(2-hydroxyethyl)piperazine
dihydrochloride. Int. J. of Saudi Chemical Society 2024, 28/2, 101819. makanaceiaaa
JIOKTOPAHT OIpIiHII KOHE KOPPECHOHJEHT aBTOp Ooibin Tabbuianbl. 2023 KbLIFa
apHAIIFaH > KypHAIIbIH UMINAkT-pakTopel — 5,9, am XuMHS KOHE TOHAPAIIBIK
JKYMBICTAp YIIH KBapTwib — l-Tokcan. 2023 sxpinra apHanran CiteScore 8,9 xone
JKaJMbl XUMHST OOWBIHINA TaWbI3ABIK KepceTKim 83. J[OKTOpaHT 3KCIEpUMEHTTEP
KYPTi3yTe )KoHEe HOTIKEEP i HHTEpIpeTalrsiayFa KaTbICThl, MaKaJaHbIH TYITHYCKA
K00achIH JailibIHIayFa J>KOHE peciMaeyre KaTeIcThl. COHBIMEH Karap >KypHal
TajanTapblHa CoMKec MaKaiaHbl naibiHaayra bypxanbaesa T.T.

Burkhanbayeva, T.; Ukhov, A.; Fedorishin, D.; Gubankov, A.; Kurzina, 1.;
Bakibaev, A.; Yerkassov, R.; et al. Development of New Composite Materials by
Modifying the Surface of Porous Hydroxyapatite Using Cucurbit[n]urils. Materials
2024, 17, 2041. makanacelHIa YMITKEep OIpiHIII XKOHE KOPPECHOHICHT aBTOP OOJIBII
TaOBLUIAJBI, 3EPTTEY KYPri3li, KapusulaHbIMIAP YIIIH MaTepual JaWbIHIAIbl JKOHE
penakiumsnansl. JKypHanasiH uMmmnakt-gakropsl 2023 sxbutra 3,1, anm Xumus kKoHE
¢bu3uka OOWBIHINIA KBapTWIb 3-TOKCAH; MaTepHAJITaHy, IMOHAPAIBIK >KYMBICTAp
OoiipiHIIa KBapTHIb — Q2; ¢u3MKamarbl KBapTWJ, KOHACHCAUMsUIaHFaH 3aT — Q2.
2023 kel CiteScore 5,8 ’koHE KOHJACHCAIWMsJIAaHFaH 3arTap (HU3UKachiHAa 73
MalbI3BIK KOPCETKIMIKE HWe OOJIbI, XaIMbl MaTepHalTaHy OOWBIHINIA MMaWBI3IBIK
KepceTkil — 67.

Burkhanbayeva, T.; Ukhov, A.; Bakibaev, A.; Issabayeva, M.; Yerkassov, R.;
et al. The Role of Methods for Applying Cucurbit[6]uril to Hydroxyapatite for the
Morphological Tuning of Its Surface in the Process of Obtaining Composite
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Materials. Materials 2024, 11, 4995, MaKanackluia JokTopaHT GipiHii aBTOp Keode
goppeCTIOHACHT aBTOp Oonbin raGbia, 3epTTey Kyprisii, KapHanaHIMAap YIliH
yarepuall JAUBIHIANBL JKOHE penakiusiia, Kypuansin HMHaKT-(bawTopbl 2023
wpunra 3,1, all XUMES xane dusika Goifbmua KBapTHJIb 3-TOKCaH, MéTepHanTaHy,
noHapaIbIK  KYMBICTap  Goifbinima  kpaprum, — Q2; (¢usmkagarel KBapTHI,
goHACHCAUWANIANFAH 3aT — Q2. 2023 xbinrbr CiteScore 5,8 jkoHe KOH/EHCALMATAHFAH

3aTTap ¢H3H*facsmzla 78 MaNbI3NBIK KOpCeTKilKe He 60M/bl; JKAMbl MaTepUaITaHy
GoitbIHILIA MAHBI3NBIK KOpceTkim — 67,

FpuTbIMH KeHECII:
«JL.H. ['yMIJIeB aThIHIaFbI

EypaSPISIJIBIK YITTBIK ;
yrmpepenteT» KeAK B\ //
X.F. 0., XHMHA Ka(bellpaCBI HpO(beCCOpLI /ﬁ\ % i
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ANNOTATION
on the dissertation of Burkhanbayeva Tolkynay Tazhibekovna on the topic
“Synthesis and study of new complex compounds based on cucurbiturils”,
submitted for the degree of Doctor of Philosophy (PhD)
in the educational program “8D05301 — Chemistry”

General description of the work.

The dissertation is devoted to the study of the complexing properties of a family
of macrocycles (cucurbit[6,7,8]urils), individual physicochemical properties of the
obtained complexes, as well as the conditions for obtaining complex and
biocomposite materials using hydroxyapatite.

The dissertation work is presented in the form of a series of two articles and one
review published by a doctoral student in accordance with the requirements of
paragraph 5-1 of the Rules for Awarding Degrees approved by Order No. 127 of the
Minister of Education and Science of the Republic of Kazakhstan dated March 31,
2011 (registered in the Register of State Registration of Normative Legal Acts under
No. 6951) as amended by Order No. 170 of the Minister of Education and Science of
the Republic of Kazakhstan dated 30.04.2020 and in accordance with the Order of the
Minister of Education and Science of the Republic of Kazakhstan dated 09.03.2021
No. 98, as amended by the Acting Minister of Science and Higher Education of the
Republic of Kazakhstan dated 09.01.2023 No. 7.

The relevance of the work.

In the modern era of personalized medicine, there is a pressing need to develop
new implant materials that meet specific requirements. The key characteristics of
such materials are their composition, structure, and mechanical properties, with
particular attention paid to their biocompatibility.

Previously, macrocyclic compounds of the glycoluril type have not been used as
bioactive molecules for saturating porous materials for the synthesis of composite
materials with increased biocompatibility. One of the promising substances for
surface coating is cucurbiturils, which have the ability to encapsulate therapeutic
agents and gradually release them under the influence of various factors.

Cucurbituril chemistry continues to develop rapidly, primarily due to its
supramolecular applications, which are a frontier area of knowledge. Such research is
typically interdisciplinary, requiring the application of methodologies from various
fields of science to study the supramolecular properties of target compounds.
Cucurbiturils are known to have a tendency to form a host-guest system, in which
encapsulation of the guest into the cavity of the macrocyclic host usually leads to a
change in its physicochemical properties, which allows modulation of the target
research objectives.

In connection with the above, an urgent task is the synthesis and study of new
supramolecular complexes and composite materials based on cucurbiturils, as well as
the study of the effect of cucurbituril on the surface of porous materials and the
determination of their biomedical properties. Such studies open up a promising
avenue for the development and creation of new biocomposite materials with
predetermined characteristics.
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The purpose of the dissertation research.

The aim of the work is to study the synthesis conditions and study the
characteristics of a new supramolecular system based on 1,4-bis(2-
hydroxyethyl)piperazine dihydrochloride and cucurbit[6,7,8]uril and to develop the
physicochemical principles for obtaining new biomedical materials using
cucurbiturils and hydroxyapatite to determine their biological properties.

Tasks:

1. To study the host-guest complexation of cucurbit[6]uril with 1,4-bis(2-
hydroxyethyl)piperazine dihydrochloride and to determine the structure and
properties of the resulting supramolecular compound.

2. To study the hemolytic effect and cytotoxicity of the obtained biocomposite
materials based on hydroxyapatite and the cucurbiturils family CB[6] + HA, CB[7] +
HA, CB[8] + HA.

3. To experimentally establish the most effective method for modifying porous
inorganic scaffolds using hydroxyapatite as an example using cucurbit[6]uril.

The objects of research cucurbit[n]urils, supramolecular complex based on
cucurbit[6]uril with 1,4-bis(2-hydroxyethyl)piperazine dihydrochloride,
hydroxyapatite, porous scaffolds based on hydroxyapatite modified with cucurbituril.

The scientific novelty of the work.

1. A new host-guest supramolecular complex based on cucurbit[6]uril and 1,4-
bis(2-hydroxyethyl)piperazine dihydrochloride was synthesized for the first time.
Analysis (XRD, IR, XDR, TGA/DSC) revealed that the guest molecules are located
between the carbonyl portals of the host and increased thermal stability (55°C) of the
cucurbit[6]uril complex with 1,4-bis(2-hydroxyethyl)piperazine dihydrochloride
relative to the original 1,4-bis(2-hydroxyethyl)piperazine.

2. For the first time, new biocomposite materials (CB[6] + HA, CB[7] + HA and
CB[8] + HA) based on a porous scaffold — hydroxyapatite (HA) — have been
developed by modifying its surface with macrocyclic compounds — cucurbiturils
(CB), which were characterized using IR spectroscopy, SEM and EDS, for them the
hemolytic effect and cytotoxicity for immune system cells have been determined.

3. The most effective method for modifying the surface of hydroxyapatite with
cucurbiturils has been proposed. It has been established that, depending on the
method of applying CB[6] to the surface and into the HA scaffold, the composition
and structure of the target biocomposite materials can be controlled.

The main provisions of the dissertation submitted for defense.

1. The conditions and characteristics of the synthesized novel supramolecular
host-guest complex based on cucurbit[6]uril and 1,4-bis(2-hydroxyethyl)piperazine
dihydrochloride were characterized by NMR, IR spectroscopy, XRD, and TGA/DSC.
It was established that the ratio of the starting materials in the complex is 1:1, with a
shift of the absorption band of the stretching vibrations of the carbonyl fragments of
cucurbit[6]uril by 36 cm-1 to the long-wave region, indicating complex formation
through the carbonyl oxygen atoms of cucurbit[6]uril, with an increase in thermal
stability encapsulated 1,4-bis(2-hydroxyethyl)piperazine dihydrochloride at 55°C.
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2. Results of assessing the effect of precipitation of nitrogen-containing
macrocyclic cucurbiturils cavitands on the surface of a porous scaffold—
hydroxyapatite. The resulting new biocomposite materials based on hydroxyapatite
and cucurbiturils (CB[6] + HA, CB[7] + HA, and CB[8] + HA) were characterized
using X-ray diffraction, IR spectroscopy, SEM, and EDS. Variations in the surface
coating of hydroxyapatite with cucurbiturils make it possible to create promising
materials with a suitable microenvironment for osteogenesis and controlled release of
biologically active substances, such as antibacterial drugs, etc. In vitro studies of
biocomposite materials have shown high biocompatibility (hemolytic effect and
cytotoxicity) for immune system cells.

3. Various application methods increase the variability of the potential
applications of biocomposites, depending on the practical application. For example,
the deposition of cucurbit[6]uril using the immersion method on the hydroxyapatite
surface under the conditions found (concentration 1 mg/1 ml, temperature — 50 ° C,
exposure time — 45 minutes, ultrasonic bath with a frequency of 37 kHz) increases the
surface coverage of HA and reduces the amount of CB[6] molecule conglomerates.

The practical significance of the work.

The practical significance lies in the fact that this dissertation study synthesized
a new supramolecular complex, opening the way to the synthesis of new
biocomposite materials. Effective methods for producing biocomposites based on
cucurbiturils and hydroxyapatite, which have high biocompatibility (low hemolytic
effect and cytotoxicity), which can be used for various biomedical purposes.

New results have been obtained in the synthesis of supramolecular compounds
of fundamental importance in chemistry and materials science. New data have been
obtained on the influence of cucurbit[6,7,8]uril on the biomedical properties of
porous inorganic materials (scaffolds).

Methods for applying CB[6] onto the HA surface are proposed, which open the
way to functional composite materials based on CB[6] and encapsulation products
(host-guest complexes).

In vitro tests confirmed the high biocompatibility and low toxicity of the
resulting biocomposite materials. These innovative biocomposites hold promise for
fine-tuning biological responses, facilitated by the immobilization of HA+CBJ[6],
HA+CBJ[7], and HA+CBJ8] on specialized carriers.

The proposed methods for applying CB[6] to the surface of HA impart
biodiversity to the latter and ensure affinity to the body environment when creating
new functional composite materials, including using supramolecular systems based
on the CB[n] family.

Conclusion

In this study successfully synthesized and characterized a novel “host-guest”
complex based on cucurbit[6]uril and 1,4-bis(2-hydroxyethyl)piperazine
dihydrochloride wusing various analytical techniques, including NMR, IR
spectroscopy, and TGA/DSC analysis. The comparative analysis of the IR spectra of
the starting materials and the synthesized complex revealed a shift and splitting of the
absorption band of carbonyl vibrations of cucurbit[6]uril by 36 cm™ and 12 cm’
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towards smaller wave numbers, which indicates the formation of a complex due to
carbonyl oxygen atoms of cucurbit[6]uril. TGA/DSC data suggested an increase in
the thermal stability of the encapsulated 1,4-bis(2-hydroxyethyl)piperazine
dihydrochloride by 55°C. Additionally, single-crystal XRD confirmed the structure of
the obtained complex, showing that the guest molecule, 1,4-bis(2-
hydroxyethyl)piperazine dihydrochloride, formed complexes through the quaternized
nitrogen atoms of the piperazine ring and was localized at the carbonyl portals of
cucurbit[6]uril.

The study’s findings highlight the potential of using conglomerate ensembles of
CB[n] molecules to enhance the biocompatibility of materials, particularly when
deposited on porous substrates, like HA. HA, known for its biocompatibility and
porosity, serves as an excellent matrix for such modifications. By depositing
nitrogen-containing macrocyclic cavitands, such as CB[6], CB[7], and CB[8], onto
the surface of porous materials, like HA, it becomes feasible to create promising
biomaterials conducive to osteogenesis while enabling controlled release of
biologically active substances, including antibacterial drugs and other therapeutic
agents.

The study has successfully developed a novel method for functionalizing the
surface of hydroxyapatite using macromolecular nitrogen-containing heterocycles,
specifically CB[6], CB[7], and CBJ[8]. In vitro assessments have demonstrated the
high biocompatibility and low toxicity of the resulting biocomposite materials. These
innovative biocomposites hold promising potential for finely modulating biological
responses, facilitated by the incorporation of HA + CB[6], HA + CBJ[7], and HA +
CB[8] on specialized media. Further research will delve into exploring and
harnessing the full capabilities of these materials in various biomedical applications.

The comprehensive studies conducted on materials based on macrocyclic
compounds, including CB[n] and Bu[6], have revealed a plethora of potential
applications for these materials. Their unique ability to serve as containers for
medicinal or biologically active substances presents an urgent and promising avenue
for further exploration.

Summarizing the above, it should be noted that, depending on the method of
applying CBJ6] to the surface and inside the HA scaffold, it is possible to adjust the
composition and structure of the target composite materials. Different application
methods in turn increase the variability of the potential applications of composites
depending on the practical application. The use of ultrasonic influence increases the
surface coverage of HA and reduces the number of conglomerates of CB[6]
molecules, which is apparently due to better wettability of the HA surface and
disintegration of CB[6] conglomerates under the determined conditions. Methods for
applying CB[6] to the surface of HA have been proposed, which opens the way to
functional composite materials based on CB[6] and encapsulation products (host—
guest complexes).

The author's personal contribution was 75% and consisted of searching the
literature, analyzing the available information, as well as organizing the work,
developing the experimental plan. The author carried out chemical reactions,

18



isolation and purification of products, optimization of the conditions of the processes,
analysis and processing of the obtained results. Each section of the research work was
carried out by the author independently, as well as the analysis of literature and
processing of results, and their design in the form of scientific publications. Some
experiments within the framework of the research work were carried out and
published as joint results, which the co-authors do not object to.

Approbation of the work.

The main provisions, conclusions, and scientific results of the dissertation were
presented and discussed at international conferences: the 8th International Scientific
Conference "Research Reviews" (Czech Republic, 2025), **The Theoretical
Hypotheses and Empirical Results** (Norway, 2025), and **Modern Scientific
Technology** (Sweden, 2025).

Publications.

The main results of the dissertation research are reflected in six published
works, including three articles in scientific journals ranked in the first and/or second
quartile by impact factor according to **Journal Citation Reports** by **Clarivate
Analytics**, and three works published in the proceedings of national and
international conferences:

1. The doctoral student conducted research, prepared and presented material for
publication in the article Burkhanbayeva, T.; Guslyakov, A.; Tarikhov, F.; Pavlov,
D.; Erkasov, R.; Bakibaev, A.; et al. Synthesis and study of a novel supramolecular
'host-guest' complex based on cucurbit[6]uril and 1,4-bis(2-hydroxyethyl)piperazine
dihydrochloride. Int. J. of Saudi Chemical Society 2024, 28/2, 101819. The doctoral
candidate is the first and corresponding author. The journal's impact factor for 2023 is
5.9, with a Q1 quartile ranking in chemistry and interdisciplinary studies. It has a
CiteScore of 8.9 for 2023, with a percentile of 83 in general chemistry. The doctoral
candidate participated in conducting experiments and interpreting the results, as well
as in preparing and structuring the original manuscript. Additionally, Burkhanbayeva
T.T. was responsible for formatting the article in accordance with the journal's
requirements.

The doctoral candidate is the first and corresponding author of the article:

2. In the article Burkhanbayeva, T.; Ukhov, A.; Fedorishin, D.; Gubankov, A.;
Kurzina, I.; Bakibaev, A.; Yerkassov, R.; et al. Development of New Composite
Materials by Modifying the Surface of Porous Hydroxyapatite Using
Cucurbit[n]urils. Materials 2024, 17, 2041 the applicant conducted research, prepared
and presented material for publication. The impact factor for 2024 of the journal is
3.1, and has a quartile in Polymer Science — Q3. It has a CiteScore of 5.8 for 2023,
the percentile in General Chemistry - 81; the percentile in Polymers and Plastics - 80.
Quartile rankings: Q3 in Physical Chemistry, Q2 in Materials Science
(Interdisciplinary), Q2 in Condensed Matter Physics 73.

3. In the article Burkhanbayeva, T.; Ukhov, A.; Bakibaev, A.; Issabayeva, M.;
Yerkassov, R.; et al. The Role of Methods for Applying Cucurbit[6]uril to
Hydroxyapatite for the Morphological Tuning of Its Surface in the Process of
Obtaining Composite Materials. Materials 2024, 11, 4995. The impact factor for 2023
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}

of the journal is 3.1, and has a quartile in Polymer Science — Q3. It has a CiteScore of
5.8 for 2023, the percentile in General Chemistry - 81; the percentile in Polymers and
Plastic§ 80 Quartile rankings: Q3 in Physical Chemistry, Q2 in Materials Science
(Interdisciplinary), Q2 in Condensed Matter Physics 73. Burkhanbayeva T.T. played

a direct role in obtaining experimental data, processing and interpreting the resuls,
and writing conclusions for the manuscript.
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