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Pedepar:

1. Y pucepTauiiiHiii po60Ti npecTaBeHi pe3y1bTaTu CTPYKTYPHUX JOCJiIPKEHb OKPEMUX MOJIEKYJISIPHUX CIIOJIYK Y
KPUCTaiYHOMY Ta aMOp(dHOMY CTaHax. 3 aHaJli3y iIHTEHCUBHOCTEN PEHTIeHiBChbKUX AudpakTorpam Teeprux 14N2
Ta 15N2 (TBEpAMX a30TiB) B OpieHTALIHO YIOPSAKOBaHIN (asi OTpUMaHO TeMIIepaTypHi 3a1€XKHOCTI
CepeIHbOKBAIPATUYHNUX BiAXUJIEHb MOJIEKYJI A30TY 3 By3J1a KPUCTAJIIYHOI I'PAaTKU Ta apaMeTpa OPieHTaLliHOrO
nopsaKy. Bukopucrosyioun Meton 11o6ynosy GyHKIi pafianbHOro po3noaisy Ta KBAHTOBOMEXaHIuHi PO3PaxyHKH,
IOCJIIKYIOTbCS 3MiHU CTPYKTYPU I10JIiMEPHOI IJ1iBKY 110J1i-4,4’-nidiHineHoKCiA-nipoMesiTiMiz, i, BIJIMBOM
30BHIIIHIX (PaKTOPiB (OAHOBICHOTO PO3TATy Ta BCEOIYHOTO CTUCKAHHS). MeTolaMu PEHTTeHiBChbKOI Audpakuiii Ta
OIITMYHOI MiKPOCKOIIii PO3IJIAAaI0TLC CTPYKTYPHI XapaKTEPUCTUKYU KOMITO3UTIB HA OCHOBI €MIOKCUAHOI CMOJIN 3

IOMIlIKaMy BYTJIeL|€eBUX HAHOCTPYKTYP (KOIOJiMepH, OIHO- Ta 6araTOCTiHHI ByrjleLieBi HAHOTPYOKU, OKCHU],



rpadeny). Y BCTyIli HaBeJIeHO OO PYHTYBaHHS aKTyaJIbHOCTI TeMU JUCEePTaLifiHOi po6OTH SIK Y GyHIaMEHTAJIbHOMY,
TaK i y IPpMKJIaAHOMY acleKTax. BusHa4yeHo MeTy, 3aBIaHHs, 00'€KTU Ta METOM JocaimkeHHs. CPOpMyIbOBaHO
HayKOBY HOBU3HY Ta [IPaKTUYHE 3HaYEHHS OTPMMAaHUX pe3ysbTaTiB. HaBeneHo BiloMOCTi Ipo my6Jtikatii,
0CcO6MCTHI BHECOK 30,00YBAaUKM Ta allpoballilo pe3yJbTaTiB qucepTaii. Takox onucaHo CTPYKTYpy Ta 00Csr
IIPe/ICTaBJIEHO] AUCePTaLiiHOI po60TH. V NepIoMy pO3[isi NpeCcTaBIeHO O] JiTepaTypu. Po3rnsanayTi
BJIACTUBOCTi MOJIEKYJISIPHUX CIIOJYK 3 BaH gep BaanbCOBUM 3B’13KOM MK MOJIEKYJIAMU, [I0 SKUX BiHOCSTbCS
KPIOKpUCTau Ta AesKi nojiMepu. g MOJIEKYJISPHUX KPUCTAJIB XapaKTE€PHUM [IepeXil] 3 OpieHTaLiiiHO
PO3YIOPSIKOBAHOTO, B OPi€HTALiHO YIIOPSAKOBAHUI CTaH (MOPSAOK-6e31a). Y HU3bKOoTeMIlepaTypHiil ¢asi
MOJIEKYJIM OPiEHTYIOTHCS B3[LOBX BifIOBiIHUX KpUcTanorpadidyHUX HAPSIMKIB, Ta 3[iHCHIOIOTh TPAHCIILiNHI Ta
JibpallifiHi KoauBaHHS. PO3IJISIHYTO NOCTiIKEeHHS TBepAoro a3oTy 14N2 B opieHTalifiHO yopsAKOBaHiil ¢asi, a
TaKOXX TEOPETUYHi Ta €KCIIEPMMEHTAJIbHI pOOOTHU 3 BU3HAUEHHSI IIapaMeTpa OPi€HTaLifHOIO MOPSIKY.
[IpencraByieHO NPOBEEHI paHille CTPYKTYPHI Ta MEXaHIUHI JOCIIiIKEHHS MOJIiMIIHNX IUIIBOK IIif] Ai€l0 30BHILIHIX
cun. HaBenieHo po60TH 3 BUBYEHHS KOMITO3UTIB 3 JOJJaBaHHSIM BYIJIELI€BUX HAHOCTPYTYP. Ha IaHuii MOMEHT BeJnKa
yBara IpujijsieHa aHasi3zy MeXaHiYHUX BJIaCTUBOCTEN NaHUX KOMIIO3UTIB, IPMUYOMY iCHY€ HEBEJIMKA KiJIbKiCTb POOIT
10 JOCJIIKEHHIO CTPYKTYPHY LIMX PEYOBYH. Y IPYroMy pO37isi AETaabHO OIMCAHO METOAUKY IIPOBEAECHHS
PEHTT€HOCTPYKTYPHHUX AOCIIiIKEHb KPUCTAJIIYHUX Ta aMOP(PHUX CIIOJYK, ONITUYHUX JOCJiIPKEHb €[IOKCUIHOI
CMOJIM 3 IOMIlIKaM¥ BYTJIELIEBUX HAHOCTPYKTYP. TakoX OMKMCaHO METOJVKY [IPOBEIEHHS! HU3LKOTEMIIEPATYPHOTO
€KCIIEPMMEHTY (OTPMMAaHHS in situ 3pa3KiB B peHTTE€HIBCbKOMY KPiOCTaTi), BUMIPIOBaHHS Ta CTabinizawi
Temreparypu. TpeTiit po3zia NPUCBAYEHO CTPYKTYPHUM JOCIIIPKEHHAM Ta aHasli3y TEMIIEPATYPHOI 3aJIeKHOCTI
iHTEHCUBHOCTE! PEHTreHiBCbKOT'0 PO3Cil0BaHHS Ha KpUcTaliyHuX 14N2 ta 15N2 B opieHTaliliHO yIIOpsIKOBaHii
¢dasi. HaBegeHo nmigxiz, 1711 ONMCYy TPAHCALINHUX Ta Ji6palliffHAX KOJIMBaHb MOJIEKYJI @30Ty 3 €KCIIEPMMEHTAJIBHUAX
PEHTTeHIBChbKUX JAHUX. 3 JAHWX PEHTTE€HOCTPYKTYPHOIrO aHali3y BIiepuie 6yjia OTPMMaHa TeMIIepaTypHa
3aJIEXKHICTb CepeIHbOKBAIPAaTUYHOI aMILIITY AU BifXuyieHHsI MoJieKyJsl 14N2 ta 15N2 3 Bysjia KpUCTaJIiYHOI I'PaTKU B
OpieHTalliHO ynopsaKoBaHill ¢asi. Bepie nobygosaHa TeMnepaTypHa 3ajle>KHICTb IapameTpa OpieHTaliliHOTro
NOPSJIKY B HU3bKOTEeMIIepaTypHiii ¢pasi 15N2. BusHaueHo, 10 TeMIiepaTypa, pu siKiii MosieKysu 15N2 oYrnHaTh
aKTMBHUI NepeopieHTalilHN PyX, CTAHOBUTb 6J113bKO 45 K. Y ueTBepTOMY PO37iJii PO3IJISIHYTO AOCiIKEHHS 3MiH
y CTPYKTYypi NOJIIMEPHUX ILJIiBOK 110J1i-4,4-nipiHineHOKCiA-TTipoMesIIiTiMiz, 1Tif, BIJIMBOM OJHOBICHOTO PO3TATY Ta
BUTPHUMLI] 32 TeJlieBUX TeMIlepaTyp. MeTonom nobynoBsu QyHKIIiN pazialbHOrO PO3MOAiNy Ta 3a JOIIOMOTOI0
KBAaHTOBOMEXAHIYHUX po3paxyHKiB (MeTon DFT) nokasaHo, 0 Ipy OGHOBICHOMY PO3TSITYBaHHI IIJTiBKM 3MiHIOETHCS
cama KoHirypariist MosIeKyJI 32 paXyHOK 3MiH KyTiB MK IBOMa apOMaTUYHUMU KinblsiMu. HaTomicTs, BcebiuHe
CTHICKaHHS He IPU3BOJUTD 10 [IOMITHUX 3MiH B FeOMeTPii MoJIeKyJl, a BiiOyBaeThCs B3a€MHE YIIOPSAKYBAHHS
NOJIIMEPHUX JIAHIIOTIB. [1'9THi pOo37in IPUCBIYEHO AOCIIIKEHHIO KOMIIO3UTIB HA OCHOBI €ITIOKCHUIHUX CMOJI 3
IOMilIKaMU KOTIOJIIMEPY, OJIHO- Ta 6araTOCTiHHUX BYIJIeLIeBUX HAHOTPYOOK Ta OKcUAy rpadeHny. 3 oTpuMaHux
IlaHUX PEHTIe€HiBCbKUX JOCJIiIKEHb BCTAHOBJIEHO, 110 BBEAEHHS IOMILIOK BYIJI€L€BUX HAHOCTPYKTYP (~ 1 % Bar.) He
IIPU3BOJUTH 10 YTBOPEHHS KPUCTaiuHOI (a3u. BBeieHHs NOMIIIOK OIHO- Ta 6araTOCTiHHUX BYTIJIEL€BUX
HAaHOTPYOOK CIIPUYMHSIOTh 3MEHIIEHHIO MDKMOJIEKYJISIPHOI B3a€MOZIi MK MOJIEKYJIaMU B MaTpULLi KOMIIO3UTY,
npudomy nudpaxuii Big «pasu» ByrieneBux HaHOTPYOOK He criocTepiraeTscs. JlogaBaHHs oKcuy rpadeHy oo
€II0KCU/IHOI MaTpULi NPU3BOAUTD A0 YTBOPEHHS O6araTodasHoi pe4oBUHU, 3HAYEHHSI 00J1aCTi OJIMKHBOTO MOPSIAKY
L7151 JOMILIOK OKCUTy TpapeHy ckiagae 61m3bko 20 A. OnrruuHi gocimkeHHs KOMIIO3UTY 3 JOMilIKaMu OKCULY
rpadeHy BKa3ylOTb Ha HEpPiBHOMipHUI O30 KjacTepiB rpadeHny y 3pasky, o Moxke OyTH MOB’s13aHe SK 3

0COOJIMBOCTSIMU MTPUTOTYBaHHS 3pa3ka, Tak i 3 IPOBEJEHHSIM MeXaHIYHUX BUIIPOOYBaHb.

2. The dissertation presents the results of the structural studies of individual molecular compounds in crystalline
and amorphous states. From the analysis of the intensities of X-ray diffractograms of solid 14N2 and 15N2 (solid
nitrogen) in the orientationally ordered phase, the temperature dependences of the mean square displacement of
nitrogen molecules from the lattice site and the orientational order parameter were obtained. Using the radial
distribution function construction method and quantum mechanical calculations, changes in the structure of the
poly (4,4'-oxydiphenylene-pyromellitimide) polymer film under the external influence (uniaxial stretching and
comprehensive compression) are investigated. The structural characteristics of composites based on epoxy resin



with carbon nanostructures impurities (copolymers, single- and multi-walled carbon nanotubes, graphene oxide)
are studing using the X-ray diffraction method and optical microscopy. The introduction provides a rationale for
the relevance of the dissertation topic in both fundamental and applied aspects. The purpose, tasks, objects and
methods of research are determined. The scientific novelty and practical significance of the obtained results are
formulated. Information about publications, personal contribution of the researcher and results approval of the
dissertation is provided. The first chapter presents a review of the literature. The properties of molecular
compounds, including cryocrystals and polymers, are examined. Molecular crystals are characterized by a
transition from an orientationally disordered state to an orientationally ordered state (order-disorder). In the low-
temperature phase, the molecules are oriented along the corresponding crystallographic axis and exhibit
translational and librational vibrations. The study of solid nitrogen 14N2, as well as theoretical and experimental
work on the determination of the orientational order parameter is considered. Previously conducted structural
and mechanical studies of polyimide films under external influences are presented. Works on the study of
composites with the addition of carbon nanostructures are given. At the moment, much attention is paid to the
analysis of the mechanical properties of these composites, and there is a small number of works on the study of
these structure. In the second chapter, the methodology of conducting X-ray structural studies of crystalline and
amorphous compounds, as well as optical studies of epoxy resin with carbon nanostructure additives, is described
in detail. The chapter also outlines the methodology for performing low-temperature experiments (obtaining in
situ samples in an X-ray cryostat). The third chapter is dedicated to structural studies and the analysis of X-ray
reflection intensities from 14N2 and 15N2 in the orientationally ordered phase. A novel approach for describing the
translational and librational vibrations of nitrogen molecules from experimental X-ray data is presented. The
temperature dependence of the mean square displacement of 14N2 and 15N2 molecules from the lattice site in the
orientationally ordered phase was obtained from the X-ray data. The temperature dependence of the orientational
order parameter in the low-temperature 15N2 phase was constructed. It was determined that the temperature at
which 15N2 molecules begin active reorientational movement is about 45 K. The fourth chapter focuses on the
study of structural changes in 4,4'-oxydiphenylene-pyromellitimide polymer films under uniaxial tension and
comprehensive compression. Using the radial distribution function method and quantum mechanical calculations
(DFT method), it was shown that under uniaxial tension, the molecular configuration transforms due to changes in
the angles between the two aromatic rings. Comprehensive compression doesn’t lead to noticeable changes in the
geometry of the molecules but results in the mutual ordering of polymer chains. The fifth chapter is dedicated to
the study of composites based on epoxy resins with impurities of copolymer, single- and multi-walled carbon
nanotubes, and graphene oxide. From the obtained X-ray data, it was established that the addition of carbon
nanostructure impurities (~1% by weight) doesn’t lead to the formation of a crystalline phase. The addition of
single- and multi-walled carbon nanotubes influence on intermolecular interactions between the matrix
molecules, diffraction from the carbon nanotubes "phase” isn’'t observed. The addition of graphene oxide to the
epoxy matrix leads to the multiphase substance formation, the value of the short-range order region for graphene
oxide is about 20 A. Optical studies of the composite with graphene oxide impurities indicate an uneven
distribution of graphene clusters in the sample, which may be related both to the peculiarities of the sample
preparation and to the conduct of mechanical testing
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