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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYE€HO IOCTIIKEHHIO OCOOINBOCTEN HOBUX BYIJIELI€BUX HAHOCTPYKTYP Ta
KOMIIO3UTIB, 30KpeMa, MOAM(PiKOBAHOTO BUCOKOYACTOTHUM PO3PSIIOM B aTMOCdepi BOJHIO TEPMiYHO BiTHOBJIEHOTO
IeKinbKamaposoro okcugy rpagpeny (MTBOT), 3acHoBaHuX Ha MOAUGIKOBAaHOMY rpadeHi NojiMepHUX KOMIIO3UTIB
Ta OTPMMAHOTO METOJOM TEPMOBAKYYMHOI KpioreHHoi cybsimaii rigparosanoro ¢pynepeny C60. BussieHo, 1o i)
06pO06Ka BUCOKOYACTOTHUM PO3PSLIOM B aTMOC(epi BOAHIO TEPMiIYHO BiIHOBJIEHOTO EKiJIbKAlIapOBOTO OKCULLY
rpadeny (TBOI') cyTTeBO 3MiHIOE 1OT0 aiCOPOLIiiiHI XapaKTepUCTUKY; ii) KOMIIO3UTHI CTPYKTYPU Ha OCHOBI
€IIOKCUIHOTO KOMIIayH Iy Ta noJjiedipHoi cmonu 3 fogaBaHHaM TBOI Ta MTBOI' HabyBaloTh MifBUILEHUX
MEXaHIYHUX XapaKTePUCTHK; iii) sIKiCHO MiATBEPA’KEHO MOXJIMBICTb OTPUMAHHS CTAbiIbBHOTO PO3YUHY yIepeHa

C60 y BoAii BaKyyMHO-KpiOoreHHO-Cy0JsiiMaliiHUM MeTO0M 6€3 BUKOPHUCTAHHS OPraHiYHUX PO3YMHHUKIB. ¥



[epHoMy po3zii «Byryienesi HAHOCTPYKTYPH, iX OCHOBHI XapaKT€PUCTUKU (OIJISIA, JIITEPATyPH)» HaBELEHO
JIiTEepaTypHUN OTJIsA], BIUIMBY €HEPreTUYHOrO-T€OMETPUYHOTrO CTaHy KOHI,E€HCOBAHOTO BYTIJIEL0 Ha MOP(OJIOTiIo i
COpOLiliHi B1acTUBOCTI rpadpeHy Ta po3IJIsIHYTI BiIMIHHOCTi €HEPreTUYHOI CTPYKTYypU rpadeHy Ta Qpysiepeny.
Oxpemy yBary npuisneHo ¢isuyHii i XiMmivHiil Mogu@ikalii Ta METOJaM CUHTE3y O3HAaY€HUX HAHOCTPYKTYP. Y
Ipyromy po3zini «MeToauka eKCllepUMEHTY, COPOLiliHI BIACTUBOCTI BiJHOBJIEHOTO OKCUy rpadeHa» HaBeLeHO
OIIMC METOAMKY OTPUMAaHHS Ta HACTYIIHOI XapakTepusaliii TepMidHO BigHOBIeHOro okcuny rpadeny (TBOT). Takox
y LIbOMY PO37iJli HalaHO OIMC PO3POOJIEHOTO B AUCEPTallifiHiil po6oTi opuriHasbHOro Mmertogy mopudikanii TBOT'
IIJIIXOM 0OPOOKM BUCOKOYACTOTHUM iMITyJIbCHUM PO3PSIAOM B aTMOC(EPI ra30BOro BOAHIO. Y TPETbOMY PO3Lii
«BriuB 06pOOKY iMITYyJIbCHUM BUCOKOYACTOTHUM PO3PSIIOM Ha COPOLiMHI BTaCTUBOCTI TEPMIYHO BiJHOBJIEHOTO
oKcuny rpadpeHay MeToJoM CKaHyI04oi eJIeKTPOHHOI MiKpOCKOIIii focifkeno mopdosoriio mogrdikoBaHo 3paska
TBOT, nokazaHo, mo 06po6Ka BUCOKOYACTOTHAM PO3PSLIOM B CEPELOBUIL BOJHIO IPMBOAUTD 4O PO3LIAPYBaHHS, Ta
nedopmarii Byrnenesux niomuH MTBOT ta ximivHoi Mmopudikanii BogHeM. Bysio BusiBieHO 36i1bIeHHS
MDKIIIapOBUX BiflCTaHE!, YaCTKOBE PyHYBaHHS BYyIJIelieBUX 1IapiB Ta HasBHICTb XiMidyHOI Moaudikauii riomux
rpaeHy BOAHEM B IIpoleci 06pobku. BusiieHo QizuyHy B3aeMO/iI0 MOJIEKYJISPHOIO BOAHIO (cop6aty) 3 XiMi4HO
copboBaHuM BogHeM mapamu MTBOI. 3aranpHa KOHLIEHTPaLis XiMivHO cop6oBaHoro 3paskom MTBOTI aTomapHoro
BOAHIO cTaHoBuia 15,4 at. % (a6o 1,3% macu). BusiBneHo, mo o6pooka TBOT' iMITyIbCHUM ra30BUM PO3PSLIOM
36inbumia Qisnyny copbiiio BogHIo B 1,5 pazu. UeTBepTuil po3ain «BnauB NOMIIIKY TEPMiYHO BiJHOBIEHOTO
OKcUJly TpapeHy Ha MeXaHi4yHi BJIaCTUBOCTI 0JIIMEPHUX KOMIIO3UTiB» IPUCBSYEHO CTBOPEHHIO Ta MEXaHIYHUM
BUIIPOOYBAHHSIM IOJTiIMEPHUX KOMIIO3UTIB: 1 KJIeHIOBUI KOMIIO3UT €MIOKCHIHA CMOJIa — OKcuT, rpadeHy; MillHICTh
KJIeHOBOrO 3‘eJHAHHS BUpocJa 6isblie HiX y 3 pa3u (koHueHTpauis TBOT' 1% /enokcuaHa cMoJia) IOPiBHSIHO 3
KJIEFIOBUM 3‘€[IHAaHHSIM 3 YACTOIO €MTOKCHUIHOK MAaTPULEI0 2 KOHCTPYKLIMHMI KOMIIO3UT NoJliedipHa cMoiIa -
CKJIOBOJIOKHO — OKCHJ, rpadeHy (TepMiuHO BiTHOBJIEHUI Ta 06pO6JI€HN T171a3MOI0 BOJHIO 1% /nosiedpipHa cmora);
MiKpOTBepzicTh BUpoca go 80%, yrapHa B'I3KicThb [0 37%, MiLlHICTb IIPU CTaTUYHOMY BUTHHI 36ispImnsiacs Ha 52 %
BiZJHOCHO KOHTpoJIbHOTrO 3pa3ka 6e3 TBOT. V pasi nomasanus MTBOI" no noniedipHoi matputi (1%) MiKpoTBepicTh
3pocna 1o 100%, yaapHa B13KicTb 10 43 %, MilIHICTb IpY CTATUYHOMY BUTHHI 10 54% BiTHOCHO KOHTPOJILHOTO
3paska. Y msaTomy po3aini «OTprMaHHs Ta BIACTUBOCTI TiIpaTOBAHOTO PyJIepeHy» PO3IJISHYTO 3aCTOCYBAHHS
OpUTiHAJILHOTO METOJy BaKyyMHO-CybJiMalLiliHOTo KpioreHHOro ocamxkeHHs (Vacuum-sublimation cryogenic
deposition (VS-CD)) nj1s1 ofeps>kaHHS BOGHO-KoJ10igHOTrO po3unny ¢ynepeny (FWCS). [TokasaHo, o TBepaa Ppasa,
OTpUMaHa KOHJEHcaliel cyMilli napis pynepeny C60 i Bogy Ha MeTasneBill migkaanui (Temneparypa nigkaagku 90
K), siBnisie cob6oto cTabinpHUI BOLHMUN KOJOinHUY po3unH ¢ysnepeny C60. XapakTepu3salis KOMIIayHAy 32
noriomoro, UV-Vis cnekTpockortii nornuHanHs, [Y criekTpocKonii NoryInHaHHS, TPAaHCMIiCIIHOI €JIEKTPOHHOI
MIKPOCKOIIii Ta JIa3epHO iHOLiI0BaHOI MACCIIEKTPOMETPIi MiATBEPAMIIAa HASBHICTb Y KOMIIAYHIi KOMILJIEKCIB
rinparoBanoro ¢ynepeny C60. OTpumaHi B aucepraliiiHiii po60Ti pe3y1bTaTi NOTIU6/II0I0Th PyHIAMEHTAIbHE
3HAHHS 00 BIACTUBOCTEN BYIJIELLEBUX CTPYKTYP, Ta MAIOTh [IPAKTUYHE 3HaYeHHS. MonndikoBaHui
BHMCOKOYaCTOTHUM iMITyJIbCHUM PO3PSIOM TEPMIYHO BiJHOBJIEHMI OKCHU], rpadeny siBjsie CO6010 HOBUI MaTepiail,
KW Mae MifABUIEHi COPOLiNHI XapaKTepUCTUKU BiTHOCHO BOJHIO. Llei MaTepian MoKe 6yTH 3aCTOCOBAaHUM 11714
CTBOPEHHSI HAHOKOMITIO3UTIB Ha IOJIIMEPHII OCHOBI, 5IKi MOXKyTb OyTH BUKOPUCTAHUH Y SIKOCTi KJIeiB abo
KOHCTPYKLIMHUX MaTepiasis, 3 BACOKUMY MEXaHIYHMMU XapaKTepUCTUKaMU. Lle mepcrneKkTuBHi maTepianu s
BuKopucTanHd y BIJIA, y sitako6yyBaHHi Ta a6POKOCMIYHIN TexHilli. OTpMMaHuil KPiOr€HHO-BaKyyMHO-
cy6simaliiiHUM METO/IOM BOJHUI KOJIOINHMI PO3YMH (PyepeHy MOXKe OyTH 3aCTOCOBAHO 1711 CTBOPEHHS
CTabisIbHYX BOJAHUX KOMILJIEKCIB OpPraHiuHUX i HEOPraHiYHUX CIIOJIYK JJ1s1 3ACTOCYBaHb Y SIKOCTi MOJIEKYJISIPHUX
MapKepiB Ta KaTasi3aTopis, iHri6iTopis Ta y 6iogizni.

2. The dissertation is devoted to the study of the features of new carbon nanostructures and composites, in
particular, thermally reduced multi-layer graphene oxide (MTGO) modified by a high-frequency discharge in a
hydrogen atmosphere, polymer composites based on modified graphene and obtained by the method of thermos-
vacuum cryogenic sublimation of hydrated C60 fullerene. It was found that i) treatment with a high-frequency
discharge in a hydrogen atmosphere of MTRGO significantly changes its adsorption characteristics; ii) composite
structures based on epoxy compound and polyester resin with certain methods of adding graphene oxide,



thermally reduced graphene oxide (TRGO) and MTRGO acquire a number of significantly increased mechanical
characteristics; iii) the possibility of obtaining a stable solution of C60 fullerene in water by the vacuum-cryogenic-
sublimation method without the use of organic solvents was qualitatively confirmed. In the 1th chapter a literature
review of the influence of the energy-geometric state of condensed carbon on the morphology and sorption
properties of graphene and the differences in the energy structure of graphene and fullerene are considered.
Particular attention is paid to the physical and chemical modification and methods of synthesis of the specified
nanostructures. The 2nd chapter describes the method of obtaining and subsequent characterization of TRGO.
Also, a description of the original method of modification of TRGO by high-frequency pulsed discharge treatment
in a hydrogen atmosphere, than was developed in the work, is described. In the 3rd chapter the morphology of a
modified TRGO sample was investigated by scanning electron microscopy, it was shown that treatment with a
high-frequency discharge in a hydrogen environment leads to delamination, i.e., deformation of carbon planes, an
increase in the "pores" of MTRGO. It was revealed: an increase in interlayer distances, partial destruction of carbon
layers, and the presence of chemical modification of graphene planes with hydrogen in the process of hydrogen
plasma treatment and the physical interaction of molecular hydrogen with hydrogen atoms chemically sorbed by
MTRGO layers. The total concentration of atomic hydrogen chemically sorbed by the MTRGO sample was 15.4
atoms. % (or 1.3% by mass). It was found that the treatment of TRGO with a pulsed gas discharge increased the
physical sorption of hydrogen by 1.5 times. The 4th chapter is devoted to the creation and mechanical testing of
polymer composites: - adhesive composite epoxy resin - graphene oxide: the strength of the adhesive joint
increased more than 3 times (TRGO concentration 1% /epoxy resin without hardener) compared to an adhesive
joint with a pure epoxy matrix; - in the case of the polyester resin - glass fiber - TRGO structural composite
(TRGO concentration 1 wt. % /polyester resin without hardener), microhardness increased to 80%, impact
strength to 37%, static bending strength increased by 52% compared to the control sample without TRGO. When
MTRGO was added to the polyester matrix in the same concentration, the microhardness increased to 100%, the
impact toughness to 43%, and the static bending strength to 54% compared to the control sample. In the 5th
chapter, the application of the original method of vacuum-sublimation cryogenic deposition (VS-CD) for the
preparation of water-colloidal solution of fullerene (FWCS) is considered. It is shown that the solid phase obtained
by condensation of a mixture of C60 fullerene vapor and water vapor on a metal surface cooled by liquid nitrogen,
after melting, is a stable aqueous colloidal solution of C60 fullerene without the use of any dispersing treatment,
such as ultrasound irradiation. The results of the FWCS characterization using UV-Vis absorption spectroscopy
and their comparison with known literature data on hydrated fullerenes made it possible to conclude that the
C60@{H20}n hydrated fullerene C60 complexes are present in the FWCS. The results obtained in the dissertation
work not only deepen fundamental knowledge about the properties of carbon structures, but also have purely
practical significance. Thermally reduced graphene oxide modified by a high-frequency pulsed discharge is a new
material that has improved characteristics of hydrogen sorption and storage and it can be used for polymer-based
nanocomposites with improved mechanical properties. Such materials are very promising as structural elements of
unmanned aerial vehicles, in aircraft construction and aerospace engineering, as they have low weight and
enhanced operational properties. The proposed cryogenic vacuum-sublimation method of obtaining colloidal
solutions of fullerenes in water can be used to create stable aqueous complexes of organic and inorganic
compounds as for as in biophysical research.
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