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AHHOTALIUS

Marucrepckast AuccepTamusi COCTOUT U3 68 cTpaHull, B TOM yuciie 41 pucyHOK,
9 tabmuna u 30 TuTepaTypHBIX UCTOYHHUKOB.

KuiroueBrble cjioBa: CErMEHTUPOBAHHBIE MOJUYPETAHbI, IMOJIH(€E-KAMPOIAKTOH),
NOJIMATUJIEHTIIMKOJIb, OMOMaTepuaibl, JUU30UAHAT.

OO0beKkTbl HMCCIeOBAHUSA: MOJU(E-KANPOJIAKTOH), MOJUYpPETaH Ha OCHOBE
noyu(e-kanponakrona), MJIM u BJ1O; mommyperan Ha ocHoBe [IDI, ITMIU u
I'MJIA.

[Tomuyperanst (I1Y) SBASAIOTCA MIMPOKO HCIOIB3YEMBIMU MaTepHUalaMu.
bnarogaps pasHOo0Opa3ni0 XMMHUYECKHX COCTAaBOB M CBOMCTB 3TOT KJIACC TOJTUMEPOB
Hallesl IIMPOKOE MPUMEHEHHE B psJIE€ TEXHOJOTMYECKHUX O0JacTeidl, TaKhX Kak
aBTOMOOUJIECTPOECHUE, CUHTETUYECKHUE  BOJIOKHA, TMOKpPBITUS, CTPOUTEIbHBIC
marepuainbl [1]. Ilpu cuntede cermeHTHpoBaHHBIX MonuyperaHoB (CIIY) MoxHO
pPEryIMpoBaTh MEXaHWYECKHE U (PU3MYecKHe CBOWCTBA, Onarogaps HM3MEHEHUIO
COCTaBa M COOTHOILIEHHUS «KECTKUX» M «MSTKUX» CErMEHTOB. B mocienHue rojsl,
Oylarogapsi CBoel MPEBOCXOJHON XMMUYECKOU CTaOMIBHOCTH, OMOCOBMECTUMOCTH U
HU3KOM  IUTOTOKCHYHOCTH,  TOJUYPETaHbl  IIUPOKO  MCHOJB3YIOTCS B
OMOMEIUIIMHCKUX TPHIIOKEHUSIX [2].

JIn MEOUUMHCKUX LEJNEM MCHOJIB3YIOT TEPMOIUIACTUYHBIN MOJIMYPETaH,
KOTOPBIH SIBJIAETCS] COMOIUMEPOM C OJIOYHOU CTPYKTYPOM, COCTOSILIEN U3 KECTKUX»
(KC) n «msarkux» (MC) cermentoB. MC 00BIMHO UMEET HHU3KYIO TEMIEPATYpPY
creknoBanusi (T;). Ilo 3Tol mnpuymHE OH NPHUAAET MaTepUANly 3JIACTOMEPHbBIC
cBoiicTBa. B ortnmune ot «wmsrkoro» cermenta, JKC oObIYHO MMeeT BBICOKYIO T¢ u
BBIPAKEHHYIO KPUCTANIMYHOCTh, KOTOpas NpHAAeT MaTepualy MEXaHUYECKYIO
npoyHOCTh. CyIIECTBOBAHME pPA3HBIX MO0 XUMHUYECKOMY COCTaBy CETMEHTOB
MPUBOJUT K UX HECMEIIMBAEMOCTH U MUKpO(ha30poMy pa3aeiaeHnto, KOTOpOe MOKHO
OMHCATh KaK JUCIIEPTUPOBAHUE «GKECTKUX)» CETMEHTOB B MaTPHULIE «MSTKUX.

HeoOxonumbie mnpoBojsiye, aHTHOAKTEpUATbHBIE W AHTUTPOMOATHUYECKUE
CBOMCTBa MOTYT OBITh IOCTUTHYTHI IyTEM BBeACHHS B CTpyKTypy IIY yriaepoaHsix
HAHOTPYOOK, METAJJIMYECKUX HAHOIMPOBOJIOK, HAHOYACTHUIL cepedpa U OKCUIA IIMHKA
[2].

HecMoTpst Ha 00JbIION MHTEpPEC HAYYHOTO OOIIECTBa K CErMEHTHPOBAHHBIM
nonuyperanam (CITY), Bc€ emé cymiecTByer moTpedHOCTh B pazpadboTke HOBbIX [TV
IUId  MEOULIMHCKUX TpUMEHEHHM. EcTh MHOXkecTBO mnpeumyuiects IIY mnepen
JIPYTUMU MaTepuajaMu (MeTajulaMi U X CIUIaBaMH, KEPaMHUKOM), TaKHe KaK HU3Kas
CTOMMOCTb, TPOCTOTa O00paOOTKH, BO3MOXHOCTH PEryJupoBaThb CBOWCTBA.
[TonuypeTansl, B CUIy CBOMX HMPEUMYIIECTB, OYAyT MpPOJOJIKATh UIpaTh BaKHYIO



pons B OumomenuiuuHe [l1]. B 2012 romy oObem pblHKAa MOIMypeTaHa s
MEIUIIMHCKUX 1eneit coctaBisia 1 554 Tonnsl [3].

OgHuM W3 OCHOBHBIX HAIpaBJICHU Pa3BUTHS MEIWLUHBI SIBISIETCS IOUCK
HOBBIX OHMOCTaOWIBHBIX MOJUypeTaHOB. Tem He MeHee, OuoOpasnaraembie
noJuypeTansl OyAyT TMO-TIPEeKHEMY H3ydaTbCsi KakK MOTEHIHUAIbHbIE HOCUTENN
JIEKapCTBEHHOI'O CPEACTBA C KOHTPOJHMPYEMBIM BBICBOOOKIEHUEM, MEPEBA30YHBIC
MaTepHuabl 1 paH, KapKachl B MHKEHEPUH MATKUX TKaHed. OqHaKo elle MpeaCcTOUT
IPOBECTH  MHOTO  HCCIEJOBAaHMM MO  KOHTPOJIIO CKOPOCTH  JErpajalvi,
onocoBMecTumocTu Kak 1Y, Tak U mpoaykToB uX Jerpajgauuu. buoakTuBHbIE WIIN
(YHKIMOHAIU3UPOBAHHBIE TMOJIMYPETAaHbl WJEATBHO MOAXOIAT IJIi NPUMEHEHUS B
TKAHEBOM MH)XXEHEpUH, HO BOINpPOoC B IP(EKTUBHOCTH U  MPABUIBHOCTH
(GYHKIHOIU3UPOBAHUS OCTAETCSI OTKPBITHIM [ 1].

Haunbonee pacnpocTpaHEHHBIMU TMOJHMOJAMHU JUIsl CUHTE3a IOJUYPETaHOB,
MPUMEHSIEMBIX B OMOMEIUIIMHE, SIBISIOTCS ToaudTWiIeHTMKoab ([1917) u monwm(e-
kanponaktoH) (IIKJI). II9I' wu IIKJI saBastorcss  OMOCOBMECTUMBIMU U
OnopaznaraeMbIMH Marepuaiamu. Kpome TOTO, [1or oOnagaer
F€MOCOBMECTUMOCTBIO M CIIOCOOEH K ajcopOuuu OenkoB. Takum 00pa3oM, CHUHTE3
HOBBIX OHMOCOBMECTHMBIX CETMEHTHUPOBAHHBIX MOJUYPETAHOB JUIsI MEIULHUHCKUX
nenedr Ha ocHoBe IIOI" m IIKJI B KadyecTBe «MATKHMX» CETMEHTOB SIBISETCS
aKTyaJIbHOM 3a/1a4eH.

Heabro uccaenoBanus SBISIOTCS CUHTE3 CETMEHTUPOBAHHOTO MOJIMYPETAHA C
«TUOKUM» OJIOKOM Ha OCHOBE MOJIH(E-KAaPOJAKTOHA), MOTYyYEHNE HAHOKOMITO3UTHBIX
MOJIMMEPHBIX TIEHOK Ha ocHOBe CIIY M nByXMEpHBIX HaHOMAaTepHUajioB HAa OCHOBE
Ti13C2 (MXene) u ucciie1oBaHUE UX CBOMCTB; pa3pabOTKa METOIUKH CUHTE3a HOBOTO
nonuyperana Ha ocHoBe [IOI, IMJIM u I'MJIA ¢ TeTpaaMMOHHMEBBIM JIHOJIOM B
ctpykrype [IY u uccienoBanne CBOMCTB MOAy4YeHHbIX [1Y.

JIns MOCTHXKEHUS TIOCTaBJICHHOW I1IeJId HEO0OXOJUMO PEIIUTh CJICAYIOIIHE
3a1a4u:

1) Onpegenuth BIMSHHE MNPUPOJBI HHUIMATOPA HA TMOJMMEPHU3ALMIO C
PACKpBITHEM LIMKJIA €-KalpOJAKTOHA U MOJIEKYJSIPHO-MAaCCOBbIE XapaKTEPUCTUKU U
(YHKUIHMOHAIBHOCTh CHHTE3UPYEMBIX MOJIHU(E-KapOIaKTOH )IUO0JIOB;

2) OnpenenuTh BAMSHUE TapaMeTPOB PEaKIUy MOJTUKOHISHCAIINH Ha TIyOnHy
NpEBpAIlCHUs] U CPEJIHEUMCIOBYIO CTENEHb MOJUMEPU3aLUNd CErMEHTUPOBAHHBIX
MOJINYPETAHOB HA OCHOBE MOJUKAMPOIAKTOHIUOJIOB;

3) YcraHoBUTH BIMSIHME TPHUPOABI THOKOTO OJ0Ka HA TEPMUYECKHE CBOWMCTBA
CUHTE3UPOBAHHBIX MOJIMYPETAHOB.

4) IlomyuyuTb HAHOKOMIIO3UTHBIE TOJUMEpPHBIE IUIGHKM Ha OCHOBE
CErMEHTHUPOBAHHBIX IMOJMYPETAHOB C OJIMTOKAINPOJIAKTOHAMHU B KAue€CTBE «THOKUX»
0JIOKOB HANOJHEHHBIX HAHOJUCTAMU KapOuJa THUTaHa M HU3YYUTh MOPQOJIOTHIO
IJIEHOK.



5) Pa3pabGotath MeTOn CHHTE3a MOJUYPETAHOB C TUAPOPUIBHBIMHU JHOJIAMHU,
coAepKallMX KaTUOHHBIA U aHUOHHBIN LIEHTPHI.

B xome wmarucrepckoM — AMCCEpPTALMM  PEAKIMUEH  MOJMKOHJICHCALMU
CUHTE3UPOBAHBI JIBE CEPUM CErMEeHTHpOBaHHBIX noymyperanoB (CIIY). IlepBas — Ha
ocHoBe moaukanposakTonauona (ITIKJI) ¢ monekymnsapHoi maccoi ot 690 r/mMob 10
2 700 r/momb, wmetmwneHaumzonuanatra (MJW) wu 1,4-6yrangmona (BJIO) kak
VIJIMHUTENS 1Lenu; BTopas — Ha ocHoBe mnoimdTwieHrnukons (II0I) ¢
monekyisipabiMu Maccamu 400, 1 000 u 2 000 r/mMonb, rekcaMeTuiIeHIMU30I[iaHaTa
(M), rexcametrmnenmuamuda (I'MJIA), kak yUIMHHTEIS TENMU, H C
TUAPOQUIBHBIM ~ JTMOJIOM, COJAEpXKAIlUM KAaTUOHHBIE M aHUOHHBIE IEHTPHI.
XUMHYECKas ~ CTPYKTypa  CHHTE3UPOBAHHBIX  MHOTOOJIOYHBIX  CONOJUMEPOB
MOJATBEPXK/ICHA METOJaMU K- u SMP-criekTpockonumu. Metonmamn
nuddepeHnanbHOMu CKaHUPYIOLIEH KaJOpUMETPUH (ACK) "
TepmorpaBuMerpudeckoro ananuza (TI'A) ompenenensl TemmepaTypbl (ha30BbIX
nepexonoB A cepun [IY nHa ocnoe IIKJI, MJIM u BJO m Temmneparypsl
TEPMUYECKON JecTpykuuu it AByx cepui IIY. MonekyisspHO-MacCcoBbIe
xapaktepuctuku [IY ompeneneHbl METOJIOM Telib-IIPOHUKAIOIIEH XpoMaTorpaduu.
beuin monydyeHbl HaHOKOMIIO3UTHBIE mojuMmepHble TWEHKM CIIY u MXene. C
MOMOILBIO ONTHUYECKOM MHUKPOCKONMHU IOKa3zaHa Mopdosoruyeckas CTpyKTypa
NOJIy4eHHBIX MIEHOK. [IpoBeeHHbIE MCCIeI0BaHNs MO3BOJIMIN BBIIBUTH OCHOBHBIC
KOPPEJSIIMA MEXAY XUMHUYECKOM CTPYKTypou cuHTe3upoBaHHbIX CIIY um nx
CBOVCTBaMH.

IIpakTuyeckas 3HAYUMOCTh: MOJIyYeHHbBIE CErMEHTHUPOBAHHbIE
noimuyperansl Ha ocHoBe I[IKJI, MMM u BAO B npanbHeiiieM MOTYT OBITh
UCIIOJIB30BaHbl ISl  CO3/IaHMSI HAHOKOMIIO3UTHBIX TOKPBITUH HAa  OCHOBE
MXenes/CIIY Ha  TUTaHOBBIX UMIUIAHTaTaxX, YTO IMO3BOJUT  YJY4YIIUTh
OMOCOBMECTUMOCT, OMOMMHEpATU3ALNIO u MEXaHUYEeCKHE CBOMCTBa
HAHOKOMIIO3UTHBIX TOKpbITHH; [IY wHa ocuHoe IIOI, IT'MJIM, ITMIA wu
rUAPOPUIBHBIX TUOJIOB, COACPKAUIMX KATUOHHBIE 1 AaHUOHHBIE LIEHTPbI, MOTYT OBITh
UCIIOJI30BaHbl ISl CO3JaHUsl OMOCOBMECTHUMBIX IOJUMEPHBIX KOHTEHHEPOB Ha
OCHOBE MOJIU(PUITUTPOBAHHBIX NOJINYPETAHOBBIX HaHOBOJIOKOH TUTSI
MHKAINCYJIUPOBAHUS OCTPOBKOBBIX KJIETOK MOKEITYA0YHOM JKETE3bl.



AHATALBIS

Marictopckast apicepTaiblsi ckiangaenma 3 68 crapoHak, y TbhIM Jiky 41
MajroHKay, 9 Tabmi i 30 JiTapaTypHBIX KPBIHIIIL.

KiauaBbisi  CI0BBI: CETMEHTAaBAaHBI TOJIYpITaH, IOJIi(€-KapalakToH),
MOJIIATHIICHTIIKOJIb, O1SIMATIPBISUIBL, ABI13011aHAT.

AO'eKThl JacjiefaBaHHAY: TOJi(e-KanpalakToH), MOJIYpITaH Ha acCHOBE
noi(e-kanpanaktony), MII 1 BJIA, maniypatana na acHose [191°, TMI 1 TMJIA.

[Momiyparansr (I1Y) 3'synsionnia MmIBIpOKAa BBIKAPBICTAHBIMI MAaTAPbISUIAMI.
JI3Kyr09BI pa3HACTAHACII XIMIYHBIX CKJIaAay 1 YIacIiBacisy, TITHI KJlac majgiMepay
3HAWIIOY IIBIpOKae MPBIMSAHEHHE ¥ MIdpary TAIXHAJAridyHbIX abiaclei, Takix sK
ayTamaOuie0y1aBaHHE, CIHT3TBIYHbIS BAJIOKHBI, TAKPBILI, OyAayHIUbIl MaTIPbIIIbI.
[IpsI ciHT33e cermeHTaBanbix nosiyperanay (CIIY) MoxkHa parynsBalb MeXaHIYHBIA
1 ¢i314HBIA yiaciiBacll J35KyIOUbl 3MEHE CKIaay 1 CyaJHOCIHAY «UBEPIBIX» 1
«MSIKKIX» CErMEHTay. VY amomHis raibl, I35SKylOUbl CBa€il BbIJATHAW XIMiYHAW
cTabuIbHACHI, O1ICyMSAIIYATBHACLI 1 Hi3Kail LbITaTaKCIYHACL, MOJ1YPITaHbl IIBIPOKA
BBIKAPBICTOYBAOIIIA ¥ O1IMEIBIIBIHCKIX MPBIKIaJaHHIX.

JUIst MEeIBIIBIHCKIX MATAy BBIKAPBICTOYBAIOLb TIPMOILIACTHIYHBI MOJIYpITaH,
AK1 3'syJsenia conajaiMepoM 3 OJI0UHaAl CTPYKTYypai, sikast CKiaajacia 3 «IBEPIABIX»
(IIC) 1 «makkix» (MC) cermentay. MC 3BblualiHa Mae HI3KyK TAMIIEpATYpPy
mknaBadHg (Ty). Ila raTail npblublHE €H Hagae MAaTIPBIAIY 3JIACTOMEPHBIA
VnacuiBaciil. ¥ aapo3HeHHE aJl «MsiKkara» cerMenta, L{C 3Bbryaiina Mae BhICOKYIO Ty
1 BBIPA3HYIO KpBIIITANIIYHACIb, SKas HAJAa€ MATIPhISUTy MEXAaHIYHYIO TPhIBAIACIb.
IcHaBaHHE PO3HBIX Na XIMIYHBIM CKJIaJy CErMEHTAay NMPbIBOA3ILb /A 1X HA3MECHACHI 1
MikpadazaBamy maj3eny, SKI MOXKHa amicalb $K JbICIIEPraBaHHE «UBEPIBIX»
CErMEHTAY y MaTPbILbl «MSAKKIX).

HeaOxonHbisi mpaBOA3AYBIs, AHTHIOAKTIPBIUIBHBIA 1 AHTHITPaMOATHIYHbISA
ynacuiBacul MOTYLb OBIb JAcATHYTHl NUIAXaM VYKIIOYdHHA VY cTpykrypy IIY
BYIUISIPOJIHBIX HaHATpyOak, METAIYHBIX HaHAIMPaBOJay, HaHAYacCTaK cprdpa 1 akCiay
UbIHKY. Hsrnen3susl Ha BAJIKI 1HTAp3C HaByKOBara rpamajcTBa Ja CerMEHTaBaHbIX
nomiypartanay (CIIY), ycé samus icHye matpada ¥ pacmpanoyisl HOBeIX IIY s
MeJIBIIBIHCKIX MpbIMAHEHHsY. Ecip mmaT nepasar ITY mepaj iHIIbIMI MaTOpbIsIami
(MeTasaMi 1 1X crulaBami, Kepamikai), Takis fK Hi3KI KOWIT, IpacTaTa amparoyki,
MardbIMaclb paryisiBaub ynaciuiBacui. [loniypatansl, y city cBaix nepasar, Oyaylb
npansireaib aJbrphiBallb BAXHYIO poiito ¥ OissmenbirsiHe. Y 2012 roaze ab'ém poIHKY
MOJTiypaTaHa JiJisi MEJIBIIBIHCKIX MATaY ckiaaay 1 554 ToHBI.

AJIHBIM 3 aCHOYHBIX HallpaMKay pa3Billllsi MEABIIBIHBl — I3Ta MOLIYK HOBBIX
01s1cTaOUIbHBIX MOdiypaTaHay. ThIM He MeHII, OlIpacKiIafanbHbIS TOJI1YPITAHBI
Oyaylb Ma-paHeliliaMy BbIByYalllla SIK MaTAHUBIIMHBIS HOCHOITHI JIEKABBIX CPOAKAY 3
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KaHTPaJIIBAHBIM BBI3BAJICHHEM, TMEpPaBsI3auHbIl MaTAIPBIUIBI ISl paH, KapKachl ¥
IHKBIHEPBIl MSKKIX TKaHIH. AJHAK sirdd Tpa0a IMpaBecili MIMaT JacieqaBaHHSAY Ma
KaHTPOJIO XyTKacli JI3rpajaanbli, OiscymsmrdansHaci sk [1Y, Tak 1 mpagykray ix
morpananbli. bisakTelyHplr abo (yHKUbISHANI3aBaHbIA IOMIYPITaHBl  1A3ajbHA
NaAbIXOA341b JUIsl TPBIMSHEHHS Y TKaHKaBail 1HXKBIHEPHI, ajie TMbITaHHE al
a¢eKTHIYHACII 1 IpaBUThHACII (DYHKIBITHATI3AIBI1 3aCTACIIIA ATKPHITHIM.

Hait6onpimn pacnaycromkanbiMi mamié€naMi JUis CIHTI3y NOJiypiITaHay, sKis
OpeIMSIHSIONNA Y OlstMenpIlibiHe, 3'sayisitonina  momidTeuteHraikons  (II00) i
noui(e-karposakton) (IIKJI). TI9T 1 IIKJI 3'synsrora  OisicyMsimgaibHBIMI 1
OisipackiiaiaHbIMi MaTApbIsiiaMi. Akpams taro, [I191 Basiogae remacyMsAII4anabHACIIO
1 370JBHBI J1a aacopOrpli Osutkoy. TakiM YbIHaM, CIHTI3 HOBBIX OiSICyMsSIIITYaIbHBIX
CETMEHTABAHBIX TOJIIYPITaHAY JJIT MEIBIIBIHCKIX MATay Ha acHoBe [1OT 1 TIKJI y
AKaCIl «MSKKIX» CErMEHTay 3'syIsdelia akTyaJbHal 3aqavyai.

MbTaii gaciaenaBaHHsl 3'syisellla CIHTA3 CErMEHTaBaHara moJiypiTaHa 3
«THYTKIM» OJIOKaM Ha acHOBE MOJIi(€-KanpoJaKTOHA), aTphIMAHHE HAHAKOMIIA31THBIX
najgiMepHbIx MI€HKay Ha acHoBe CIIY 1 nByXMepHBIX HaHAMAaT3phIsIay Ha aCHOBE
Ti3C, (MXene) i jmacienaBaHHe iX yiacIiBacIsgy; pacHparoyka METOABIKI CIHTI3Y
HoBara nojiypatana Ha acHose [IOI', IM/I 1 TM/IA 3 TeTpaamoHI€BbIM AbIENAM y
cTpyktypsl [1Y 1 nacnenaBanne ynaciiBacugy atpsiManara [1V.

JUist nacsrHeHHs mnacTayjeHaldl MATbhl HEaOXOJHA BBIPAIIBIIL HACTYIHBISA
3a1a4bl.

1) Be3Haubllb yIUIBIY TOPBIPOJABI  IHINBIATApAa Ha HaliMepa3alblio 3
PACKPBILIEM IBIKIY €-KalpoJaKTOHY 1 MaJeKyJspHa-MacaBblsl XapaKTapbICTHIKI 1
(GyHKIIBISTHATILHACIIH CIHTI3aBaHbIX MOJII(€-KapOoJaKTOH )IbIENaY;

2) BbI3Haubllp YIJIBIY HapaMmeTpay plakiibll MOJIKaHACHCALbIl Ha TIBIOIHIO
nepaTBap HHS 1  CSAPIJHUIIKABYH CTYNEeHb TNajiMepasalbli CerMeHTaBaHbIX
NOJIlyp3TaHAy HA ACHOBE MOJIIKAIPOJIAKTOHABIENAY;

3) YcransBaup yIisly OpbIpo/bl «THYTKara» 0J0Ka Ha TOPMIUHbIS YaciiiBacii
CIHT?3aBaHbIX MOJIIYpITaHAY.

4) ATppiMallb HAaHAKaMIA3ITHBIS ~ MAJIMAPHBIA  IUJIEHKI HAa  ACHOBE
CEerMEHTaBaHbIX MOJIypITaHay 3 ajirakanpojakKTOHAM Yy sIKacIli «THYTKiX» OJjokay,
HAIMOYHEHBIX HaHaIicTaMi KapOifa ThITaHa, 1 BEIBYUYbILh MOp(asorito mi¢Hax.

5) PacnpanaBaiis MeTaj CiHTA3y NOJIIyp3TaHay 3 TiApaduUIbHbIMI IbI€Nami, SKis
3MSIITYAIOIb KATBIEHHBIS 1 aHIEHHBIS IIDHTPBHI.

VY xoa3e marictapckai JbIcepTallbli pIaKibIsgid MOJIIKaHEHCAIlbll CIHTI3aBaHbI
J3Be cepbll cerMeHTaBaHblx mnodiypartanay (CIIY). Ilepmas — Ha acHoBe
nanikanpojaktouasiéna (IIKJI) 3 wmanekynspuait wmacait an 690 r/mons  1a
2 700 r/monb, MetbuteHablizanbiinata (ML) 1 1,4-Oyrangsiéna  (BJ0) sk
najoyKBajbHIKa IPMbI; Jpyras — Ha acHoBe mnosidThuieHrmikons (1000 3
MasnekyssapabiMi Macami 400, 1000 1 2 000 r/mMomnb, rekcaMeThlIeH bI13allbIsTHATA
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('MAI), rekcamersuteHabiamina (I'MJIA) gk mamoykBambHIKA IRIBIL, 1 3
rigpadinpbHBIM JpIETAM, SKI 3MAIIYae KaTHIEHHBIS 1 aHIEHHBISI IPHTPHI. XiMidHAS
CTPYKTypa CiHT?3aBaHBIX IMMATOJOYHBIX COMATIMEpOY manBepkana metagami K- i
SAMP-cnekTpackamii. MeTtagami IpIQepIHIBIATIbPHAN CKaHyIOYall KalapbIMETPHIi
(ACK) 1 topmarpasimetpbrunara ananizy (TI'A) Bei3Hauanbl TAOMIEpaTypsl pa3aBbix
nepaxonay s cepoli I1Y na acnose IIKJI, MII 1 BIO, a takcama TammepaTypsl
TOpMIUHAW  JAecTpyKubll ansa  AByx cepeiii  IIY. ManekynspHa-MacaBbis
xapaktapbIcThiKi [1Y BbI3HauaHBl MeTaaM reib-npaHikanpHail xpamararpadii. beut
aTpbIMaHbl HaHaKaMIa3iTHBI mamiMAIpHbis TIEHKT CITY 1 MXene. 3 mamamoraii
anThIYHAW MIKpAcKOMil TMaka3zaHa MapdaaridHasi CTpyKTypa aTphIMAaHbBIA TUIEHAK.
[IpaBen3eHbiss nacienaBaHHl Ja3BOJUT BBISBILb ACHOYHBIS KapaJsiIbli MaMix
XiMIYHal cTpyKTypai cinTazaBanbix CIIY 11X ymacuiBacusmi.

IIpakThlyHasi 3HAYHACUB: aTPHIMAHBII CETMEHTABaHBIS MONIYPAITaHBI Ha
acHose IIKJI, MII 1 BJAO ¥ naneimsiM MOTyIb OBbIIb BBIKAPBHICTAHBI JJIs1 CTBAPIHHS
HaHAaKaMITa31THBIX NMaKpbILsSy Ha acHoBe MXenes/CITY Ha ThITaHABBIX IMIUIAHTATaX,
IITO Ja3BOJIIb NaJEHIIbIIb OlICyMsIIYaIbHACI, OlIMiHEPATI3albII0 1 MEXaHIYHbIA
VynacuiBaciii HaHakaMmma3iTHeIX nakpsiisy; 1Y wa acnose 190, IMJI, I'MIA 1
riapaduIbHBIX AbIENAY, KISl YTPHIMIIBAIOLb KATHIEHHBIS 1 aHIEHHBIS LIHTPBI, MOTYIIb
OBILb BHIKAPBICTAHBI JJIs1 CTBAPIHHS O1SICYMSIIIIYAIbHBIX MATIMIPHBIX KAaHTIHHEpay Ha
acHOBE MaJbl(DIKaBaHbIX IMOJIYpAITAHABBIX HAHOBAJAKaH Uil  1HKAICYJIALbI
acTpayKOBBIX KJIETaK MaJCTpayHiKaBall 3aJ103bl.



ANNOTATION

The master's thesis consists of 68 pages, including 41 figures, 9 tables and 30
literary sources.

Keywords: segmented polyurethanes, poly(e-caprolactone), polyethylene
glycol, biomaterials, diisocyanate.

Objects of research: poly(e-caprolactone), polyurethane based on poly(e-
caprolactone), MDI and BDO, polyurethane based on PEG, HMDI and HMDA.

Polyurethanes (PU) are widely used materials. Due to the variety of chemical
compositions and properties, this class of polymers has found wide application in a
number of technological fields, such as automotive, synthetic fibers, coatings, and
building materials [1]. In the synthesis of segmented polyurethanes (SPU),
mechanical and physical properties can be adjusted by changing the composition and
ratio of «hard» and «soft» segments. In recent years, due to their excellent chemical
stability, biocompatibility, and low cytotoxicity, polyurethanes have been widely
used in biomedical applications [2].

For medical purposes, thermoplastic polyurethane is used, which is a
copolymer with a block structure consisting of «hard» (HS) and «soft» (SS)
segments. SS usually has a low glass transition temperature (Tg). For this reason, it
gives the material elastomeric properties. Unlike the «soft» segment, HS usually has
a high T4 and pronounced crystallinity, which gives the material mechanical strength.
The existence of segments with different chemical compositions leads to their
immiscibility and microphase separation, which can be described as the dispersion of
«hard» segments in a matrix of «soft» ones.

The necessary conductive, antibacterial, and antithrombatic properties can be
achieved by introducing carbon nanotubes, metal nanowires, silver nanoparticles, and
zinc oxide into the PU structure [2].

Despite the great interest of the scientific community in segmented
polyurethanes (SPU), there is still a need to develop new PU for medical applications.
There are many advantages of PU over other materials (metals and their alloys,
ceramics), such as low cost, ease of processing, and the ability to adjust properties.
Due to their advantages, polyurethanes will continue to play an important role in
biomedicine [1]. The market volume of polyurethane for medical purposes was
1 554 tons in 2012 [3].

One of the main directions of medical development is the search for new
biostable polyurethanes. Nevertheless, biodegradable polyurethanes will continue to
be studied as potential controlled-release drug carriers, wound dressings, and
scaffolds in soft tissue engineering. However, there is still a lot of research to be done
to control the rate of degradation and the biocompatibility of both PU and their
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degradation products. Bioactive or functionalized polyurethanes are ideally suited for
use in tissue engineering, but the question of the effectiveness and correctness of the
functionalization remains open [1].

The most common polyols for the synthesis of polyurethanes used in
biomedicine are polyethylene glycol (PEG) and poly(e-caprolactone) (PCL). PEG
and PCL are biocompatible and biodegradable materials. In addition, PEG has
hemocompatibility and is capable of protein adsorption. Thus, the synthesis of new
biocompatible segmented polyurethanes for medical purposes based on PEG and
PCL as «soft» segments is an urgent task.

The purpose of the study is the synthesis of segmented polyurethane with a
«flexible» block based on poly(e-caprolactone), the production of nanocomposite
polymer films based on SPU and two-dimensional nanomaterials based on TisC,
(MXene) and the study of their properties; the development of a method for the
synthesis of a new polyurethane based on PEG, HMDI and HMDA with
tetraammonium diol in the structure of PU and investigation of the properties of the
obtained PU.

To achieve this goal, it is necessary to solve the following tasks:

1) To determine the effect of the nature of the initiator on polymerization with
the opening of the e-caprolactone cycle and the molecular weight characteristics and
functionality of synthesized poly(e-caprolactone)diols;

2) To determine the effect of the parameters of the polycondensation reaction
on the depth of transformation and the average degree of polymerization of
segmented polyurethanes based on polycaprolactone diols;

3) To establish the influence of the nature of the flexible block on the thermal
properties of synthesized polyurethanes.

4) To obtain nanocomposite polymer films based on segmented polyurethanes
with oligocaprolactones as «flexible» blocks filled with titanium carbide nanosheets
and to study the morphology of the films.

5) To develop a method for the synthesis of polyurethanes with hydrophilic
diols containing cationic and anionic centers.

During the master's thesis, two series of segmented polyurethanes (SPU) were
synthesized by polycondensation reaction. The first is based on polycaprolactone diol
(PCL) with a molecular weight from 690 g/mol to 2700 g/mol, methylene
diisocyanate (MDI) and 1,4-butanediol (BDO) as a chain extender; the second is
based on polyethylene glycol (PEG) with molecular weights of 400, 1 000 and
2 000 g/mol, hexamethylenediisocyanate (HMDI), hexamethylenediamine (HMDA),
as a chain extender, and with a hydrophilic diol containing cationic and anionic
centers. The chemical structure of the synthesized multiblock copolymers has been
confirmed by IR and NMR spectroscopy. Using differential scanning calorimetry
(DSC) and thermogravimetric analysis (TGA), the phase transition temperatures for a
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series of PU based on PCL, MDI and BDO and the thermal degradation temperatures
for two series of PU were determined. The molecular weight characteristics of PU
were determined by gel-penetrating chromatography. Nanocomposite polymer films
SPU and MXene were obtained. Using optical microscopy, the morphological
structure of the obtained films is shown. The conducted studies have revealed the
main correlations between the chemical structure of synthesized SPU and their
properties.

Practical significance: the obtained segmented polyurethanes based on PCL,
MDI and BDO can later be used to create nanocomposite coatings based on
MXenes/SPU on titanium implants, which will improve the biocompatibility,
biomineralization and mechanical properties of nanocomposite coatings; PU based on
PEG, HMDI, HMDA, and hydrophilic diols containing cationic and anionic centers
can be used to create biocompatible polymer containers based on modified
polyurethane nanofibers for encapsulating pancreatic islet cells.
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