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VY nucepraniiiHiii poOOTI mpeacTaBieHi pe3yJbTaTH CTPYKTYPHHUX TOCIIHKCHb
OKpPEMUX MOJIEKYJISPHUX CIOJYK y KPUCTAIIYHOMY Ta aMop(pHOMY cTaHax. 3 aHaJi3y
{HTEHCHBHOCTEN pEHTTeHIBCEKUX audpakTorpam Teepaux “N, ta PN, (TBepamx
a30TiB) B OPIEHTAIIHO YMOPSAIKOBaHINi (a3l OTpUMAHO TEeMIIepaTypHI 3aJIeKHOCTI
CEpEeTHBOKBAIPATUYHUX BIIXWIECHb MOJIEKYJ a30Ty 3 By3Jia KPUCTAJIIYHOI IPATKU Ta
napamMeTpa OpieHTAIlIHHOTO TMOpsAAKYy. BukopucroByroun meton moOymaoBu (QyHKIIIT
paJialIbHOTO PO3MOJUTY Ta KBAHTOBOMEXAaHIYHI PO3pPaxXyHKH, MOCHIIKYIOTHCS 3MiHU
CTPYKTYpH TIONIMEPHOI INIBKK  T0Ji-4,4’-mi(DiHUICHOKCIA-MPOMEIUTITIMIZ T
BIUTMBOM 30BHIIIHIX PaKTOPiB (OAHOBICHOTO PO3TATYBAaHHS Ta BCEOIYHOTO CTUCKAHHS).
MetonamMu peHTreHiBChKOi AUGPAKIii Ta ONTUYHOI MIKPOCKOMII PO3IIISIA0ThCS
CTPYKTYPHI XapaKTEPUCTUKU KOMIIO3UTIB Ha OCHOBI €MOKCUIHOT CMOJIU 3 JIOMIIITKAMHU
BYIJICIICBUX HAHOCTPYKTYp (KOMOJIMEPH, OJHO- Ta 0araToCTiHHI BYTJICIICBI
HaHOTPYOKH, OKCH rpadeHy).

VY Beryni HaBeieHO OOTPYHTYBAHHS aKTYalIbHOCTI TEMH JAUCEPTAIIHOI poOOTH
AK y QyHIaMEHTAIBHOMY, TaK 1 y IPUKIATHOMY aclieKTax. BusHaueHo MeTy, 3aBIaHHs,
00’exkTH Ta MeToau AociimxkeHHs. CHopMyTr0BaHO HAYKOBY HOBU3HY Ta MPAKTUIHE
3HAYCHHS OTPUMAaHMUX pe3ynbTaTiB. HaBeneHo BimoMocTi mpo myOdikaiii, ocoOucTuit
BHECOK 3/00yBaykyd Ta ampoOallifo pe3yibTaTiB jauceprarii. TakoX OIUcCaHo

CTPYKTYPY Ta O0OCSAT MPEICTaBICHOI JUCEPTAIIHHOT POOOTH.



VY nepuiomy po3aii npeacTaBieHo OIS JliTepaTypu. PO3riasHyTi BIacTUBOCTI
MOJICKYJISIPHUX CHONYK 3 Ban nep BaanbcoBuM 3B’SI3KOM MikK MOJEKYJIaMH, JI0 SIKUX
BITHOCATHCS KpiokpucTanu (TBepi Ha, O, N2, HCI, CHa4, Ar, Ne) Ta nomiMepwu.

JIns MOJISKYJIApHUX KPHUCTAIiB XapakKTepHUW Tepexili 3 OpIEHTAIIMHO
PO3YTIOPSAIKOBAHOTO, B OPIEHTAIIMHO YIOPSAKOBAaHUM cTaH (TOpsAmOK-Oe3nan). Y
HU3BKOTEMITEpATypHii (a3l MOJEKYJIH OpIEHTYIOTbCS  B3JIOBX  BiJIOBITHHX
KpuctamorpaiuHuX HaAmpsMKIB, Ta 3AIMCHIOIOTh TPAHCIALINHI Ta miOpariitHi
KoJuBaHHA. Takuii CKJIaJHUM KOJMMBAJIBHUN PYX MOJICKYJIM B KPUCTaJl yCKIAIHIOE
MPaBUJIbHY 1HTEPIPETaliio AUPPAKIIHHNX KapTHUH, OTPUMAHUX BIiJ MOJICKYJSIPHOTO
KpHUcTaia.

Oxkpemy yBary mpuaiieHo mapamerpy opieHtamiiHoro mopsaky (I1OIT), skuii
BM3HAUA€ Mipy Opi€HTALIHOI yIOPAAKOBAHOCTI MoKy y kpuctaii. s N, ta PN,
B OpIEHTAIIHHO yMHOpsaKoBaHIA a3l Oyiu TpPOBENEHI TEOPETHYHI PO3PaXyHKH
aMILTITy I TPAHCIALMIMHUX Ta JOpaIiiHuX KOJWBAaHb MOJICKYJI, a TAKOX IMapaMeTpa
opieHTaniiinoro nopsaky. Takox mas '“N, O6ys pospaxosanmii IIOII 3 mammx
PEHTTEHIBCHKOTO €KCIIEPUMEHTY Ta SIIEPHOT0 KBAAPYIOJILHOTO PE30HAHCY.

Bynu po3riasiHyTi CTpYKTYpHI Ta MEXaHiuHI JOCIHIHKEHHS MOJIiMITHUX TUTIBOK
M1 Ji€0 30BHIMIHIX cuil. [IpoBeneHi paHimie 10CaiKeHHS He Jal0Th TOBHOI KapTUHU
PO TIPOIIECH, K1 BiIOYBAIOThCS y MOMIMEPHI TUTIBII MPU OJJHOBICHOMY PO3TATYBaHHI
3a KIMHATHUX TeMIepaTyp, Ta MpH BCEOIYHOMY CTHCKAHHIO — BUTPUMII MIPH TeII€BUX
TeMIiepaTypax.

JlonaBaHHsI TOMIIIIOK B TMOJIMEPHY MAaTPHIIO TO3BOJISIE CTBOPUTH MaTepiaiu 3
YVHIKQTHbHUMHU (PI3MYHUMH 1 MEXaHIYHUMH BIACTUBOCTAMHU. Ha maHuii MOMEHT BesmKa
yBara NpuiIeHa BUBUECHHIO MEXaHIYHMX BJIACTUBOCTEH KOMIIO3UTIB 3 J10AaBaHHSIM
HAaHOCTPYKTYp, MPH IIbOMY ICHY€ HEBEJMKa KUIbKICTh pOOIT 10 BUBYEHHIO CTPYKTYpH

TaKHX KOMIIO3HTIB.



Y  apyromy po3miji  J€TalbHO  OMKMCAaHO  METOJIUKY  MPOBEIACHHS
PEHTTEHOCTPYKTYPHHUX TOCIIHKEHb KPUCTAIIYHUX Ta aMOPPHUX CHOIYK, ONTHUYHUX
JOCTIKEHb €MTOKCUHOI CMOJIH 3 IOMIIIIKAMU BYTJICIIEBUX HAHOCTPYKTYDP.

Taxosx onmucaHo METOAMKY POBEICHHS HU3bKOTEMITEPATYPHOTO EKCIIEPHUMEHTY
(oTpuMaHHs in Ssitu 3pa3KiB B PEHTIEHIBCBKOMY KpiOCTaTi), BHUMIPIOBAHHSA Ta
cTabinizaiii TemMrepaTypu.

s momiMepHHX 3pasKiB PO3TIASHYTO NPOIENypy OTPHUMAHHS, MPOBEICHHS
MEXaHIYHUX BUIIPOOYBaHb Ta PEHTICHIBCHKUX JTOCTIIKCHb.

Tperiii po3ais1 TPHUCBIYEHO CTPYKTYPHHM JOCTIDKCHHSAM Ta aHaNi3y
TEMIIEpaTypHOi 3aJie’KHOCTI 1HTEHCUBHOCTEM PEHTTEHIBCHKOTO PO3CIIOBaHHS Ha
kpucranigaux N, Ta N, B opicHTaniiino ynopsakosaniii ¢asi. Hapeneno miaxin s
OMHCY  TPAHCIAMIMHMX Ta  JiOpalifHUX  KOJMBaHb  MOJIEKYJd  a30Ty 3
EKCIIEPUMEHTAIbHUX PEHTIC€HIBCHKUX JAHUX.

Bnepme orpumana TemmepaTypHa 3aJIeKHICTh aMIUIITYAM TPAHCIAIMIMHUX
KOJIMBAaHb MOJIEKYJT “N, 3 By3jia KpHCTaIIiUHOI I'PATKU B OPI€HTALIMHO YIIOPSIKOBaHiM
¢a3i 3a TaHUMU OPUTIHATFHUX PEHTTEHIBCHKUX JOCIIIKEeHb. [IpoBeeHo mopiBHAHHS
OTPUMaHUX 3HAUEHb 3 PO3paxyHKamu 3a Teopiero Jlebas, 3a JaHUMHU PO MIBUAKOCTI
3BYKy B a30Ti N, a Takox 3 Teopernunum minxoxom B.1. Tlepecamu.

Brnepie 3HANUIEHO napamerp Opl€HTAIIIITHOTO MOPSTIKY Ta
CepeNHbOKBAIPATHYHI BigxuneHHs Mojexyn "N, 3 Bysjia IpaTkd B Opi€HTaLiiHO
yropsinikoBaHid (a3l B pe3yabTaTi  pO3paxyHKIB Ha  MIACTaBl  MPSMHX
eKCTIEpUMEHTATLHIX BHUMiptoBaHb. Excrpamomroroun otpumani 3Hadenns B 0 K, a
TAaKOXX TOPIBHIOIOYM iX 3 TECOPETHYHUMH TaHWUMH, OyJI0 TOKa3aHO, IO IMapameTp
opieHTaniliHOrO MOpAaKy B N, He nopiBHIOE 1, MONEKYNIH 3MiHCHIOIOTH JIiOpamiiHi
xonuBaHHA HaBiTh npu 0 K. BusHadeHo, o Temmneparypa, pu akiii Monekymu "N,
MOYMHAIOTh AKTUBHUU TepeopieHTaliiHui pyX («BUIBHO» OOEPTAIOTHCS), 3HAYHO

MIePEBHUIILY€E TEMIIEpaTypy (PazoBoOro nepexoy, i CTaHOBUTH 0J13bK0 45 K.



VY yeTBepTOMY PO3iJi PO3TIIIHYTO TOCHIKEHHS 3MiH Y CTPYKTYPi MOJTIMEPHUX
IUTiBOK 1Oi-4,4’-1i(biHIICHOKCI-TIIPOMEILTITIMIJT 11/l BIUTHBOM OJHOBICHOTO PO3TATY
Ta BCEOIYHOTO CTUCKAHHS. J[JIs1 OMMCY peHTreHIBCHKUX TU(PAKTOrpam 3aCTOCOBYBABCS
MeTo MoOynoBU (DYHKIIN pajialbHOTO PO3MOLTY aromiB. Takox Oynu MpoBeAcHI
KBAaHTOBOMEXAaHIYHI pO3paxyHKH — ONTUMI3AIlisl TeOMETPli MOHOMEPY MaKpOMOJICKYJIH
4,4’ -nidininenokcig-mipomemtitimin Mmetogom DFT (Teopii pyHKIiOHATY TYCTUHU).

3 BUKOPHUCTaHHSM METOAY MOOYyM0BU (DYHKIIIN pajiaJbHOTO PO3MOJALTY Ta Ha
MiJICTaBl KBAHTOBOMEXAHIYHUX PO3PAXyHKIB TOKa3aHO, IO TMPH OJHOBICHOMY
PO3TATYBaHHI TUTIBKH TpaHC(HOPMYEThCS cama KOH(]Iryparlis MoJIeKyJI 3a paxXyHOK 3MiH
KyTIB MDK JIBOMa apOMaTUYHUMH KUTblAMH. HaTomicTh, BceOiuHE CTHCKaHHS HE
MPU3BOJUTH JI0 TIOMITHHUX 3MIH B TE€OMETpIi MOJIEKyJ, a BIIOYBa€ThCS B3aEMHE
YIOPSAKYBaHHS TOJIMEPHUX JAHITIOT1B.

II'saTuii po3ais1 MpUCBSUEHO JTOCIIIKEHHIO KOMIIO3UTIB HA OCHOBI €TTOKCHTHUX
CMOJT 3 JIOMIIIKaMHU KOTIOJIMEpPY, OHO- Ta 0araTOCTIHHUX BYTJICIIEBUX HAHOTPYOOK Ta
oKcuy rpadeHa.

3 OTpUMaHUX JAHUX PEHTTEHIBCHKUX JOCIIIKEHb BCTAHOBJIECHO, II0 BBEJICHHS
JOMIIIIOK BYTJIEIEBUX HAHOCTPYKTYp (~ 1 % Bar.) He TMPU3BOAUTH JO YTBOPECHHSI
KpUCTaNIuHO1 (a3u.

BBenennss nomimok oAHO- Ta 0araTOCTIHHUX BYIJICIIEBUX HAHOTPYOOK
CIPUYUHSIOTH 3MEHIICHHIO MIXKMOJIEKYJISIPHOT B3a€EMOJIT MikK MOJIEKyJIaMHU B MaTpPHIIi
KoMTo3uTy. Kommosutm 3 JoMimKamMu BYTJICIEBHX HAHOTPYOOK, 3 JaHUX
PEHTIeHIBCHKUX JOCTIIKEHB, € OTHO(PA3HOI0 PEUYOBHUHOIO.

JlonaBanHs OKcHIy TpadeHy 10 eMOKCHIHOT MATPHUIli TPA3BOIUTH A0 YTBOPEHHS
Oararoa3Hoi pedOBHHH, MPUYOMY 3HAYEHHS O0JaCTi OJMKHBOTO TMOPSAKY JIJIs
JIOMIIIOK OKCHTy rpadeHy ckianae 6msbko 20 A.

OnTu4HI TOCHIKEHHS KOMIIO3UTY 3 TOMIIIKaMU OKCUIYy TpadeHy BKa3yloTh Ha

HEPIBHOMIPDHUM PO3MOMINT KiacTtepiB rpadeHy y 3pa3Ky, CYTTE€BE 301IbIICHHS



KOHIIEHTpAIlli Ha Kpaw 3pa3KiB, 10 MOXE OyTH TOB’s3aHE SIK 3 OCOOJIMBOCTSIMH
MPUTOTYBaHHS 3pa3Ka, TaK 1 3 MPOBEJICHHSIM MEXaHIYHUX BUMPOOYBaHb.

Huceprariiiina po0oTa NpeCTaBIsE OPUTIHAIBHI PE3yIbTaTH 3 JOCIIIHKCHHS
CTPYKTYPHUX BIACTUBOCTEW TBEPAUX a30TiB, MOJIMEPHUX IUIIBOK Ta KOMITO3UTIB.
BukopuctanHss peHTTeHIBChKOI TudpakTOMETpii Ta PO3PaxXyHKOBUX METOMIB
J03BOJIUJIO OTPUMATH HOBI JIaHI IMOJAO MOBEIIHKA MOJEKYJISIPHUX PEUYOBHH i
BIUIMBOM 30BHIMIHIX (akTopiB. Pe3ympTatét mpoBenaeHOi poOOTH MOXKYTh OyTH
3aCTOCOBaHI ISl BUPIMIEHHS CTPYKTYPHHX 3aBJaHb (BU3HAUCHHS BEIIMYMHHA POIMUTTS
3BOPOTHOI TpaTKH) B TEOpPii PO3CIFOBAHHS PEHTICHIBCHKUX IPOMEHIB, a TaKOXK Yy
POo3po0I11i Ta TOCTIIKEHHI HOBUX KOMIIO3UTHUX MaTepialiiB 3 HEOOX1THUMH (DI3UIHUMU
BJIACTUBOCTSIMH.

KiiouoBi cioBa: cTpykTypa MOJIEKYJSIPHUX TBEPIUX PEUOBHUH, MOJEKYISPHI
KPUCTAIH, TMOJIMEpU, KOMIIO3UTH, BYTJCIEBI HAHOCTPYKTYpH, PEHTITEHIBChKa
nudpakTOMETpis, HU3bKI TEMIIEpaTypH, CTPYKTYPHUHN (PakTop, CepeaHbOKBAAPATHYHI
BIIXWJICHHS, TTApaMeTp OPIEHTAIIMHOTO MOPSAAKY, (pa30BUM TepeXia MOpsI0K-0e3al,
GyHKIS pagialbHOTO PO3MOJALTY, KBAaHTOBOMEXaHiuHI po3paxyHku (merom DFT),

ONTUYHA MIKPOCKOITis.
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ABSTRACT

Hurova D.E. Features of the structure of solid molecular compounds. Nitrogen

N, and !N, and polymers. — Qualification scholarly paper: a manuscript.

Thesis submitted for obtaining the Doctor of Philosophy degree in Natural
Sciences, Speciality 104 — «Physics and Astronomy» (10 — Natural Sciences). — B.
Verkin Institute for Low Temperature Physics and Engineering of the National
Academy of Sciences of Ukraine, Kharkiv, 2024.

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 N, and "N, (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 influence of external factors
(uniaxial stretching and comprehensive compression) are investigated. The structural
characteristics of composites based on epoxy resin with impurities of carbon
nanostructures (copolymers, single- and multi-walled carbon nanotubes, graphene
oxide) are studing using the methods of X-ray diffraction 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 approval of the results of the dissertation is provided. The structure

and scope of the presented dissertation work are also described.



The first chapter presents a review of the literature. The properties of molecular
compounds with Van der Waals bonds between molecules, including cryocrystals
(solid Ha, O3, N2, HCI, CH4, Ar, Ne) and polymers, are examined.

Molecular crystals are characterized by a transition from an orientationally
disordered state to an orientationally ordered state (order-disorder transition). In the
low-temperature phase, the molecules orient along the corresponding crystallographic
directions and exhibit translational and librational vibrations. This complex vibrational
motion of the molecules in the crystal complicates the correct interpretation of
diffraction patterns obtained from the molecular crystal.

Special attention is given to the parameter of orientational order (OOP), which
determines the degree of orientational order of molecules in the crystal. For N, and
15N, in the orientationally ordered phase, theoretical calculations of the amplitude of
translational and librational vibrations of the molecules, as well as the parameter of
orientational order, were conducted. Additionally, for *N,, the OOP was calculated
using X-ray experiment data and nuclear quadrupole resonance.

The structural and mechanical studies of polyimide films under the influence of
external forces were also reviewed. Previous research does not provide a complete
picture of the processes occurring in the polymer film during uniaxial stretching at room
temperature and during isotropic compression under helium temperatures.

The addition of dopants allows for the creation of materials with unique physical
and mechanical properties. Currently, significant attention is given to the study of the
mechanical properties of composites with nanostructure additives, although there are
relatively few studies on the structure of such composites.

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), including temperature
measurement and stabilization procedures.

For polymer samples, the procedure for sample preparation, conducting
mechanical tests, and X-ray studies is described.

The third chapter is dedicated to structural studies and the analysis of the
temperature dependence of X-ray reflection intensities from *N, and "N, 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.

For the first time, the temperature dependence of the amplitude of translational
vibrations of '“N, molecules from the crystal lattice nodes in the orientationally ordered
phase was obtained based on original X-ray studies. The obtained values were
compared with calculations based on Debye theory, data on the sound velocities in Ny,
and the theoretical Peresada approach.

The orientational order parameter and mean square displacement of the N,
molecules in the lattice nodes in the orientationally ordered phase were determined for
the first time through calculations based on direct experimental measurements.
Extrapolating the obtained values to 0 K and comparing them with theoretical data, it
was shown that the orientational order parameter in "N, is not equal to 1, and the
molecules exhibit librational vibrations even at 0 K. It was determined that the
temperature at which '°N, molecules begin to "freely" rotate significantly exceeds the
phase transition temperature, being approximately 45 K.

The fourth chapter focuses on the study of structural changes in 4,4'-
oxydiphenylene-pyromellitimide polymer films under uniaxial tension and isotropic
compression. The radial distribution function method was used to describe the X-ray
diffractograms. Additionally, quantum mechanical calculations were conducted,

specifically the optimization of the geometry of the 4,4'-oxydiphenylene-



pyromellitimide macromolecule monomer using the DFT (Density Functional Theory)
method.

Using the radial distribution function method and quantum mechanical
calculations, it was shown that under uniaxial tension, the film's molecular
configuration transforms due to changes in the angles between the two aromatic rings.
In contrast, isotropic compression does not 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 investigation of composites based on epoxy
resins with additives of copolymer, single- and multi-walled carbon nanotubes, and
graphene oxide.

From the obtained X-ray study data, it was established that the addition of carbon
nanostructure additives (~1% by weight) does not lead to the formation of a crystalline
phase. The addition of single- and multi-walled carbon nanotubes causes a reduction in
intermolecular interactions between the molecules of the composite matrix. According
to X-ray studies, composites with carbon nanotube additives are single-phase
substances.

The addition of graphene oxide to the epoxy matrix leads to the formation of a
multiphase substance, with the near-order region for graphene oxide additives being
approximately 20 A.

Optical studies of the composite with graphene oxide additives indicate an
uneven distribution of graphene clusters within the sample, with a significant increase
in concentration at the sample edges. This may be related to mechanical testing as well
as the quality of the substrate surface.

The dissertation presents original results on the investigation of the structural
properties of solid nitrogen, polymer films, and composites. The use of X-ray
diffractometry and quantum mechanical calculations has provided new insights into the
behavior of molecular substances under external influences. The results of this work

can be applied to solve structural problems (determining the magnitude of reciprocal



lattice smearing) in the theory of X-ray scattering, as well as in the development and

investigation of new composite materials with the required physical properties.

Keywords: molecular solids structure, molecular crystals, polimers, composites,
carbon nanostructures, X-ray diffractometry, low temperature, structure factor, mean
square displacement, orientational order parameter, order-disorder phase transition,
radial distribution function, quantum mechanical calculations (DFT method), optical

microscopy.



LIST OF PUBLICATIONS OF THE CANDIDATE BY THE TOPIC OF
THE DISSERTATION

Scientific papers that present the main results of the dissertation and are

published in peer-reviewed journals indexed in international scientometric databases

Scopus or Web of Science:

l.

Alekseeva L. A., Syrkin E. S., Hurova D. E., Aksenova N. A., Galtsov N. N.
and Feodosyev S. B. Translational vibrations in a-N, from x-ray data. Low
Temperature Physics. 2022. Vol. 48, No. 2. P. 113-116.
https://doi.org/10.1063/10.0009289, Q3.

Hurova D. E., Erenburg A. 1., Aksenova N. A., Galtsov N. N. and Zinoviev P.

V. Orientational order parameter and mean square displacement of solid heavy
nitrogen in the low-temperature phase. Experimental data. Low Temperature
Physics. 2023. Vol. 49, No. 10. P. 1184—1189.
https://doi.org/10.1063/10.0020873, Q3.

Hurova D. E., Cherednichenko S. V., Aksenova N. A., Vinnikov N. A., Dolbin

A. V. and Galtsov N. N. Structural studies of epoxy resin with impurities of
carbon nanostructures. Low Temperature Physics. 2024. Vol. 50, No. 2. P. 167—
170.

https://doi.org/10.1063/10.0024329, Q3.

Hurova D. E., Geidarov V. G., Braude 1. S., Aksenova N. A., Stepanian S. G.,

Adamowicz L. and Galtsov N. N. Structural studies of amorphous polymer films:
Experiment and calculation. Low Temperature Physics. 2024. Vol. 50, No. 3. P.
272-278.

https://doi.org/10.1063/10.0024972, Q3.

Scientific works that confirm the approbation of the results:

. Alekseeva L.A., Syrkin E.S., Hurova D.E., Aksenova N.A., Galtsov N.N. Mean

squared displacement of molecules in the low-temperature phase of solid



Nitrogen//in Book of Abstracts «II International Advanced Study Conference
Condensed Matter and Low Temperature Physics», 2021, Kharkiv, Ukraine, P.
109.

. Hurova D.E., Geidarov V.G., Aksenova N.A., Galtsov N.N. Scattering by
molecules of the Kapton H polymer. Amorphous films//in Book of Abstracts «II
International Advanced Study Conference Condensed Matter and Low
Temperature Physics», 2021, Kharkiv, Ukraine, P. 184.

. Hurova D.E., Erenburg A.l., Aksenova N.A., Alekseeva L.A., Galtsov N.N.,
Temperature behavior of the thermal factor of scattering in the ordered phase of
solid Nitrogene-15, //in Book of Abstracts “Multiscale Phenomena in Condensed
Matter online conference for young researchers (YOUNG MULTIS 2023)”,
Krakiv, Poland (online), P.73.

. Hurova D.E., Erenburg A.l., Aksenova N.A., Galtsov N.N., Determination of
orientational order parameter in the low-temperature phase of solid Nitrogen-
15//in Book of Abstracts «II International Advanced Study Conference
Condensed Matter and Low Temperature Physics (CM & LTP 2023) », 2023,
Kharkiv, Ukraine P. 104.

. Hurova D.E., Geidarov V.G., Aksenova N.A., Braude 1.S., X-ray studies of the
P-MA polyimide films under external action//in Book of Abstracts “8®
international conference Nanobiophysics: fundamentl and applied aspects, 2023,

Kyiv, Ukraine, P.93.

Hiana 'YPOBA



