O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI
Jep>kaBHHH 00J1iKOBHI HOMep: 0824U003199
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peecrtpamnii: 07-10-2024

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Haka3y MOH / Haka3y 3akjyazny: N2155-O/]] iz 16.12.2024

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. I'yposa [liana €BreHiiBHa

2. Diana Hurova

KBasigikamis: 104

InenTudikarop ORCHID ID: 0000-0002-8054-4758

Bupg, pucepranii: nokrop dinocodii

IIIu¢p HayKOBOi CIENiaJIbHOCTI: 104

HasBa HayKOBOIi crieniaJIbHOCTI: Qisuka Ta acTpoHOMis

T'anyss / ranysi 3HaHb. npuponHWdi HayKu

OcBiTHBO-HayKOBa Mporpama 3i creniaJabHOCTi: 39026 dizuka (104 Gisuka Ta acTpoHOMisT)
Jdara 3axHcCTy: 28-11-2024

CrneniaJbHICTh 3a OCBiTOIO: 104 — disuka Ta acTpOHOMIs

Micue pOﬁOTPl 3,qo6yBaqa: ®izuko-TexHiYHU IHCTUTYT HU3bKUX TeMmnepaTyp iMeHi b. I. Bepkina

HaujonanbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534601

Micue3HaxoaKeHHs: npocniekt Hayku, 6y, 47, XapkiB, XapKiBcbKuii p-H., 61103, Ykpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBiriHHSA: HaujonasnbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1



I11. BizomMocTi mIpo aucepraiiiro

Indp cneuniasnizoBaHoi BY€HOI pajaH (pa3oBoi creniaiizoBaHoi BYUEHOI pasu). 1d
64.175.015_ID_7039

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0C00H: Di3uKO-TEXHIYHUIA iIHCTUTYT HU3LKUX TeMIepaTyp imeHi B. 1.

Bepkina HanionanpHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534601

Micue3HaxoaKeHHS: npocnekT Haykwu, 6ya. 47, XapkiB, XapkiBcbkuil p-H., 61103, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa ynpaBiiHHS: HaujonanbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafemiyHui1

IV. BimomocTi Ipo nmigznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BUKOHaHO JHUCEPTALil0

IloBHe HaﬁMeHYBaHHﬂ IOPUIHUYHOL 0C00H: Di3uKo-TeXHIYHUIA iIHCTUTYT HU3LKUX TeMIepaTyp imeHi B. 1.

Bepkina HanionanpHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534601

Micue3HaxoaKeHHS: npocnekT Hayku, 6ya. 47, XapkiB, XapkiBcbkuil p-H., 61103, Vkpaina
dopma BiracHOCTI: /lepxaBHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpainu

InenTudikarop ROR:

CeKTop HayKH: AkafemivHui1

V. BimomocTi npo guceprariio
MoBga auceprTallii: Vkpaincoka
Koau TemaTHYHHUX PYOPHK: 29.19.04, 29.19.07

Tema gucepranii:
1. OCO6GAMBOCTi CTPYKTYpHU TBEPAUX MOJIEKYJIIPHUX CHIOMYK. A30T 14N2 i 15N2 Ta nosimepu

2. Features of the structure of solid molecular compounds: Nitrogen 14N2 and 15N2 and polymers

Pedepar:

1. Y nuceprauiiiniilt po60Ti IpeCcTaBjleHi pe3yibTaTy CTPYKTYPHUX JOCIIiKEHb OKPEMUX MOJIEKYJISIPHUX CIIOJIYK Y
KPUCTAIiYHOMY Ta aMOP(HOMY CTaHax. 3 aHali3y iIHTEHCUBHOCTEN PEHTI€HIBChKUX AU(PaAKTOrpaM TBepaux 14N2
ta 15N2 (TBEpAUX a30TiB) B Opi€HTALIIIHO YIIOPSAKOBaHIN (asi OTpMMaHO TeMIIEPATYPHI 3a7I€XKHOCTI
CepeIHbOKBAAPATUYHUX BiIXUJIEHb MOJIEKYJI a30Ty 3 By3Jla KPUCTAJIIYHOI I'PATKyU Ta IapaMeTpa OpieHTaliiHOTrO
nopsiaky. Bukopucropyioun mMeTos, o6y oB1 QyHKIi paiiabHOro pPo3nojiny Ta KBAHTOBOMEXaHIUHI PO3PaxyHKH,

IOCTIIKYIOTECS 3MiHM CTPYKTYPH I0JIiMepHOI 1J1iBKY noJ1i-4,4’-nidinineHokcin-nipomesitiMiz mif, BIIIMBOM



30BHIIIHIX (PaKTOPiB (OAHOBICHOTO PO3TATry Ta BCEOGIYHOTO CTUCKAHHS). MeTogaMy peHTreHiBChbKOI audpaxiiiii Ta
ONTMYHOI MIKPOCKOIIii pO3IJI4Aal0ThCS CTPYKTYPHI XapaKTEPUCTUKU KOMITO3UTIB HA OCHOBI €IOKCUAHOI CMOJIU 3
IOMIllIKaMy BYTJIELI€BUX HAHOCTPYKTYP (KOIOJiIMEPH, OIHO- Ta 6araTOCTiHHI ByIJlelieBi HAHOTPYOKU, OKCHU],
rpadeHy). Y BCTyIli HaBeIeHO OO PYHTYBAaHHS aKTyaJIbHOCTI TEMU JUCEPTaLifHOI pOOOTH SIK Y PyHIAMEHTAIbHOMY,
TakK i y IpUKIaJHOMY acliekTax. BusHaueHo MeTy, 3aBJlaHHSI, 00'€KTH Ta MeTOIH AocaimKkeHHs. CHopmynboBaHO
HayKOBY HOBU3HY Ta [IPaKTUYHe 3HaY€HHs OTPMMaHUX pe3ysbTaTiB. HaBeneHo BiloMOCTi Ipo my6tikaii,
0Cco6KMCTHI1 BHECOK 30,00yBaUKU Ta allpooballilo pe3ysbTaTiB gucepTaii. Takox onucaHo CTPYKTYpy Ta 00csr
IIpe/ICTaBJI€HOl AucepTaLiliHOi pOOOTH. Y Iepuomy po31isi peACcTaBaeHo Oy, JiTepaTypu. Po3rnsaHyTi
BJIACTMBOCTI MOJIEKYJISIPHUX CIIOJYK 3 BaH mep BaasbcoBUM 3B'SI3KOM MiXK MOJIEKYJIaMU, JIO SIKUX BiTHOCSITbCS
KPIOKpUCTaJU Ta AesKi oyiMepu. [Ijig MOJIEKYJISPHUX KPUCTAJIB XapaKTE€PHUM [IEPEXi]] 3 OpieHTaLiHO
PO3YNOPSIKOBAHOIO, B OPi€EHTALIHO YIIOPSAKOBAHMN CTaH (IOPSIA0K-0e31af). Y HU3bKOTeMIEepaTypHil ¢asi
MOJIEKYJIM OPIEHTYIOTHCS B3LOBX Bif[IOBiIHUX KpUcTanorpadidyHUX HAPSIMKIB, Ta 3[{CHIOIOTh TPAHCIIALiNHI Ta
JibpalifiHi KoauBaHHS. PO3IJISIHYTO NOCTiIKEeHHS TBeporo a3oTy 14N2 B opieHTalifiHO yopsAKOBaHiil ¢asi, a
TaKOXX TEOPETUYHi Ta €eKCIIEPMMEHTaJIbHI pOOOTHU 3 BU3HAUEHHSI [IapaMeTpa OpPi€HTallifHOTO MOPSIKY.
[IpencraByieHO NPOBEEHI paHille CTPYKTYPHI Ta MEXaHIUHI JOCIIiIKEHHS MOJiiMIIHUX IUIIBOK IIif] Ai€l0 30BHIIIHIX
cuii. HaBenieHO po60TH 3 BUBYEHHSI KOMIIO3UTIB 3 TOJABaHHSM BYyIJlel[eBUX HAHOCTPYTyp. Ha naHuii MOMEHT BesnKa
yBara npujijsieHa aHasnizy MexaHiYHUX BJIaCTUBOCTEN aHUX KOMIIO3UTIB, IPUUYOMY iCHY€ HEBEJIMKA KiJIbKiCTb pOOIT
10 JOCJIIKEHHIO CTPYKTYPHY LIMX PEYOBUH. Y IPYroMy po37isi AeTaabHO OIMCAHO METOAUKY IIPOBEAEHHS
PEHTT€HOCTPYKTYPHUX NOCIiIKEHb KPUCTAJIIYHUX Ta aMOP(PHUX CIIOJYK, ONTUYHUX JOCHIIKEHb €TIOKCUAHO]
CMOJIY 3 IOMIIIKaMU BYIJIEL€BUX HAHOCTPYKTYP. TaKOK ONMCAaHO METOAMKY [IPOBEAEHHS HU3bKOTEMIIEPATYPHOTO
€KCIIEPMMEHTY (OTPMMAaHHS in situ 3pa3KiB B peHTTE€HIBCbKOMY KPiOCTaTi), BUMIPIOBaHHS Ta CTabinizani
Temreparypu. TpeTiil po31in NpUCBIYEHO CTPYKTYPHUM JOCTIIPKEHHSIM Ta aHaJli3y TEMIIEPATYPHOI 3aJ1€>KHOCT]
iHTEHCUBHOCTE! PEHTTIeHiBChbKOT'0 PO3CilI0BaHHS Ha KpUCTaliyHUX 14N2 Ta 15N2 B opieHTaliliHO yIIOPsIKOBaHi
¢daszi. HaBegeHo mifxiz, 1711 ONMCYy TPAHCSLIRHUX Ta J1i0paLliffHAX KOJIMBaHb MOJIEKYJI @30Ty 3 €KCIIEPUMEHTaJIbHUX
PEHTIeHIBCbKUX JAHUX. 3 JAHWUX PEHTT€HOCTPYKTYPHOTrO aHajli3y Bliepuie 6yjia OTpMMaHa TeMIIEpaTypHa
3JIEKHICTb C€peHbOKBAIPATUYHOI aMIUTITYU BilXuaeHHs MoJieKyJl 14N2 ta 15N2 3 By3sia KpUCTaliqHOI I'PAaTKU B
OpieHTalliiHO yropsaKoBaHil ¢asi. Biepie nobygoBaHa TeMIiepaTypHa 3ajle>KHICTh [IapameTpa OpieHTaliliHOro
NOPSAKY B HU3bKOTEMIIEPATypHil ¢azi 15N2. BusHauyeHo, 1110 TeMneparypa, [pu siKiil MosieKyau 15N2 1ounHaioTh
aKTMBHUI NepeopieHTalilHU PyX, CTAHOBUTb 6J113bKO 45 K. V ueTBepTOMY PO3isi PO3IJISIHYTO AOCiIKEHHS 3MiH
y CTPYKTYyPi NOJIMEPHUX IJIiBOK 110J1i-4,4-nipiHineHOKCin-nipomMesIiTiMiz, i, BIJIMBOM OJHOBICHOTO PO3TATY Ta
BUTPUMLI] 32 TeJlieBUX TemIiepaTyp. MeTonom nobynoBu QyHKILi pazialbHOrO PO3MOAiNy Ta 32 LONIOMOTOI0
KBaHTOBOMEXAaHIYHUX po3paxyHKiB (MeTon DFT) nokasaHo, 0 IpyU OGHOBICHOMY PO3TATYBaHHI IJTiBKM 3MiHIOETHCS
cama KOHQirypatlis MoJIeKyJI 32 PaXyHOK 3MiH KYTiB MK IBOMa apOMaTUYHAMU KilbLIMU. HaTOMiCTb, BcebiuHe
CTHCKaHHS He IPU3BOJUTH 10 IIOMITHUX 3MiH B reOMeTpii MoJieKyJl, a BiiOyBaeTbCs B3a€MHE YIIOPSIAKYBAHHS
NOJIIMEPHUX JIAHIOTIB. [1'9THi pOo37in NPUCBIYEHO AOCIIIKEHHIO KOMIIO3UTIB HA OCHOBI €ITIOKCHUIHUX CMOJI 3
JIIOMIIIKaMU KOTIOJIIMEPY, OJTHO- Ta 6araTOCTIHHUX BYTJIELIEBUX HAHOTPYOOK Ta OKCUAy rpadeny. 3 oTpuMaHux
IAHWX PEHTIeHIBCbKUX JOCIIIKEHb BCTAHOBJIEHO, 1[0 BBEJEHHS JOMIIIOK ByTJeleBUX HAHOCTPYKTYP (~ 1 % Bar.) He
IIPU3BOJUTH 10 YTBOPEHHS KpUCTasiyHOi ¢a3u. BBeeHHs NOMIIIOK OfIHO- Ta 6araTOCTiHHUX BYTIJIeL€BUX
HAaHOTPYOOK CIIPUYMHSIOTh 3MEHIIEHHIO MDKMOJIEKYJISIPHOI B3aeMOZii MiDK MOJIEKYJIaMU B MaTpULLi KOMIIO3UTY,
npuyoMy nudpakuii Bifg «pasu» ByriaeneBrux HaHOTPYOOK He criocTepiraeTscs. JlogaBaHHs okcuay rpadeny 1o
€II0KCUIHOI MaTpULli MPU3BOAUTD A0 YTBOPEHHS 6araToda3Hoi pe4oBUHU, 3HaY€HHS 00J1aCTi OJIMKHBOTO MOPSIAKY
L7151 JOMIIIOK OKCUTy TpadpeHy ckiagae 6113bko 20 A. Onrtuuni gocimkeHHs KOMIIO3UTY 3 IOMILIKaMH1 OKCULY
rpadeHy BKa3yloTb Ha HEpiBHOMIpHUI pPO3IOAis KacTepiB rpadeHy y 3pasky, 1o Mo>Kke 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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