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Cknao

Pa30BOi Creliani30BaHOl BUEHOI paay 3 MPAaBOM MIPUUHATTS 10 PO3TIIALY Ta
MpOBEIEHHS Pa30BOro 3aXHCTy aucepTauii 3100yBaua IIpotekropa lenuca
OneroBuua 3 METOIO MPUCYIKEHHS HOMY CTYTIEHs JoKTopa (inocodii 31
cnemianbHocTi 105 — [pukianna ¢i3uka Ta HAaHOMATEpiaan y raitysi
10 — Ilpupoguudi HayKu
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Jlazopenko Onez
Banepiunosuu

3aBinyBau kadeapu  3araiabHOi  (PI3UKHU
Gb13u4HOTO bakyabTeTy XapKiBChKOTO
HaIllOHAJIBHOTO YyHiBepcuTeTy imeHi B. H.
Kapasina,  odoyenm,  Ooxmop  ¢hisuxo-
mamemamudHux HayKk

1. Chernogor L. F., Garmash K. P., Lazorenko
O. V., Onishchenko A. A. Multi-fractal
analysis of the earth’s electromagnetic field
time variations caused by the powerful
geospace storm occurred on september 7-8,
2017 /I Problems of Atomic Science and
Technology. 2018. Vol. 116, No. 4. P. 118-
121. (Scopus, Web of Science, Q3)

URL.: http://dspace.nbuv.gov.ua/handle/
123456789/147346
https://www.scopus.com/record/display.uri?ei
d=2-52.0-85052535821&origin=resultslist&
sort=plf-f&src=s&nlo=&nlr=&nls=&sid=
62922361fe8a2cl2aaleee7abff445eb&sot
=aut&sdt=cl&cluster=scopubyr%2c%222018
%22%2ct%2bscosubtype%2c%22ar%2?2
%2ct&sl=17&s=AU-1D%288221324700%
29&relpos=0&citeCnt=0&searchTerm=
https://www.webofscience.com/wos/woscc/fu
lI-record/WQS:000451578500025

Abstract: The results of multi-fractal analysis
of time variations of the Earth’s
electromagnetic field caused by the powerful
geospace storm occurred on September 7-8,
2017 were considered. To obtain the most
detailed results, the multi-fractal detrended
fluctuation analysis, the Hurst exponent in




sliding time domain window and the
continuous  wavelet  transform  were
simultaneously applied. The set of numerical
characteristics, which describe  the
peculiarities of the Earth’s electromagnetic
field time variations, was estimated.

Key  words: multi-fractal analysis,
electromagnetic field, multi-fractal detrended
fluctuation analysis, continuous wavelet
transform, sliding time domain window.

2. Chernogor L. F., Lazorenko O. V.,
Onishchenko A. A. Dispersive distortions of
the fractal ultra-wideband signals in plasma
media // Problems of Atomic Science and
Technology. 2018. Vol. 116, No. 4. P. 135-
138. (Scopus, Web of Science, Q3)

URL.: http://dspace.nbuv.gov.ua/handle/
123456789/147349
https://www.scopus.com/record/display.uri?ei
d=2-s52.0-85052493828&origin=resultslist
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%22%2ct%2bscosubtype%2c%22ar%22%2ct
&sl=17&s=AU-1D%288221324700%29&
relpos=1&citeCnt=0&searchTerm=
https://www.webofscience.com/wos/woscc/fu
lI-record/WQS:000451578500029

Abstract: The results of numerical modeling
of dispersive distortions of the model high-
frequency fractal ultra-wideband (UWB)
signals propagating in linear and parabolic
plasma layers are considered. The character of
the dispersive distortions appeared is
described and the corresponding numerical
characteristics are estimated. Special attention
Is paid to the comparison of the results with
similar ones obtained for non-fractal ultra-
short UWB signals.

Key words: dispersive distortions, numerical
modeling, high-frequency fractal ultra-
wideband signal, plasma media, parabolic
plasma layers.
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@OpakranpHa pamgiodpizuka. 1. Teopernusni
ocHoBU // Pamiodizuka 1 paaioacTpoOHOMIs.
2020. T. 25, Ne 1. C. 3-77.

DOI: https://doi.org/10.15407/rpra25.01.003
URL.: http://rpra-journal.org.ua/index.php/
ra/article/view/1326

AHoTtanisi: Po3rnsnyro Meroau mnoOynoBu
reOMETPUUHUX MOHO(paKTaIiB 1
mynpTU(pakTamB. JlaeTbcs  TOpPIBHSJIBHA
XapaKTePUCTHKA METOIB OLIIHKH PO3MIPHOCTI
¢i3nunux ¢paxtaniB. HaBoasaTecs npukiaau
b13UUHUX (dpakranis. v PO3BUTKY
“dpakTamizaiii’ HaykKud BHAUIEHO 4 eTamnu:
ernoxa “MOHCTPIB”, MIATOTOBYMN €Tarl, eTall
CTAaHOBJICHHSI Ta PO3BUTKY, CY4YacHHUM eTarl.
Hns KOPEKTHOTO onucy  (paxraninB
BUKOPUCTOBYETHCSI PO3MIPHICTh Xaycaopda—
besukoBuua, ska Moxke HalOyBaTu U
HEIIJIOUMCIIOBUX  3Ha4eHb.  PO3MISHYTO
HACTYTHI kiacudikari dpaxTanis:
MaTeMaThyHl Ta (I3U4HI, TEOMETPUYHl U
anreOpaiuHi, MOHO- Ta MYJbTU(paKTAIH,
pEeryJsipHi Ta CTOXacCTUYHI, OJHOPIOHI Ta
HEOHOPI/IHI. IIponemMoHCTpOBaHO, 10
dbpakTanbHa pO3MIPHICTh 00’ €KTIB MOXKE OyTH
K IPOOOBOIO, TaK 1 IIJIOYUCTIOBOIO, BAXKJIUBO,
1100 (pakTagbHa pO3MIPHICTH Oyiia OibIIe ix
TOTIOJIOTIYHOT ~ PO3MIPHOCTI. 3  PIBHOCTI
dbpakTaabHOT PO3MIPHOCTI JABOX 00’€KTIB HE
BUIUTMBAE MOMIOHOCTI iX cCTpykTypu. Ilpm
OMHCI TOBCTHX (PpakTalliB SIK PEryJIspHUX

MOHO(pAKTATIB 3aMICTh PO3MIpPHOCTI
Xaycnopha—besnkopruua 3aCTOCOBYIOTHCS
MNOKAa3HUKU CKEITIHTY. Buknangeno

MaTeMaTU4yHl OCHOBU Teopii (¢pakraiis,
BUKOPUCTOBYBAHOT B CYYaCHIN TEOpETUUHIN

pamiodi3uill.

KiarouoBi caoBa: Qpakran, ¢pakranpHa
pPO3MIpHICTh,  Kjacudikamis  ¢paxTaiis,
MOHO]paKTAI, MyJIbTHPAKTAT,

MyJIbTHQpPAKTATBGHUN  QopMmamizM,  BUIU
PO3MIPHOCTI, CKEHJIIHT.




Penenzenr

Kokooiu Muxona
I pucoposuu

[Tpodecop Kadenpu 1HbOopMaIIHHUX
TEXHOJIOT1H B (h13UKO-CHEPTeTUUHHUX
CUCTCMAX HABYAJIbHO-HAYKOBOI'O iHCTHTYTy
KOMIT'FOTepHOT  (PI3MKM Ta  CHEPIreTHKHU
XapKiBCHKOI'O HAIIOHAJIBHOTO YHIBEPCUTETY
iMmeni B. H. Kapasina, npogecop, ooxmop
Qizuxo-mamemamudHux HayK

1. Kokodii N. G., Pogorelov S. V. Heat
Localization in the Medium in Blow-Up
Regime // East European Journal of Physics.
2020. No. 4. P. 13-20. DOI:
https://doi.org/10.26565/2312-4334-2020-4-
02 (Scopus, Web of Science)

URL.: https://www.scopus.com/record/
display.uri?eid=2-s2.0-85097214110&o0rigin=
resultslist&sort=plf-f&src=s&st1=Heat+
Localization+in+the+Medium+in+Blow-
Up+Regime&sid=c4810c¢19d6318d3af6b923
8a86244960&sot=b&sdt=b&s|=64&s=
TITLE-ABS-KEY%?28Heat+Localization+
in+the+Medium+in+Blow-Up+Regime%?29
&relpos=0&citeCnt=0&searchTerm=
https://www.webofscience.com/wos/woscc/fu
[I-record/WOS:000596007500002

Abstract: The existence of the effect of heat
metastable localization in the medium in the
blow-up heating regime was experimentally
proved. This is the regime in which the heating
energy for a finite period of time tends to
infinity. Previous theoretical studies have
shown that in this case some regions, inside of
which the temperature increases, may arise,
while their size remains constant or decreases
with time (heat localization regions). These
regions exist as long as there is some energy
input from the outside. An installation for the
experimental study of the thermal blow-up
regimes in a solid was developed. The object
of research was an aluminum rod with a heater
at its end. The temperature distribution along
the rod was measured with thermocouples.
The temperature of the rod end could vary
according to the given law. Calibration of the
installation was performed. The sensitivity of




thermocouples was determined. The inertia of
the heating and cooling process was estimated.
The mathematical description of the thermal
processes, occurring during the experiment,
was made. The nonlinear equation of heat
conduction for the rod was solved, with the
heat exchange with the environment by
convection and radiation taken into account.
The thermal regime at the boundary, which is
necessary to create the thermal structures, was
determined. The temperature distribution in
the rod in the blow-up regime and non-blow-
up regime was measured. In the blow-up
regime the heat front (the coordinate of the
point with the temperature equal to half the
maximum temperature) initially shifts from
the heat source, and then in the opposite
direction, and the size of the area under heating
decreases. In the non-blow-up regime the size
of the heated region increases all the time. The
predicted effect was supposed to be used in
installations for thermonuclear fusion where
the target was heated by laser radiation pulses
of a special shape. This effect can also be used
for localized heating in cutting and welding,
when the adjacent regions are not to get very
hot, and in other similar situations.

Key words: heating, blow-up regime, heat
structures, experiment.

2. Kokodiy N., Natarova A., Pogorelov S.
Measurement of the characteristics of
protective screens for microwave radiation
made of thin conductive fibers // Ukrainian
Metrological Journal. 2020. No. 3. P. 20-26.
DOI: https://doi.org/10.24027/2306-
7039.3.2020.216802 (Web of Science)

URL: https://www.webofscience.com/wos/
woscc/full-record/WOS:000595047100003
http://nbuv.gov.ua/UJRN/Umlzh_2020 3 5
Abstract: In thin conductive fibers, which
diameter is much smaller than the wavelength,
under certain conditions, a very strong
absorption of the microwave radiation can
occur. The absorption efficiency factor can




reach several thousand. It is suggested to use
this effect for creation of protective screens.
The absorption of radiation occurs in segments
of graphite fibers with a diameter of tens
micrometers (12...15 um), which are
randomly arranged on the paper or
polyethylene film substrate. With such
arrangement of fibers, characteristics of the
screen do not depend on the radiation
polarization. An advantage of the screens is
also the wuniformity of the frequency
characteristics of transmission, absorption and
reflection of radiation. The paper describes
experiments on measurement of the
transmission, reflection and absorption of
radiation by screens in the centimeter wave
range. The screens were placed in free space
under different angles of the incident radiation.
The measurement results were compared with
the results obtained during measurements in
waveguides. As it turned out, the results
obtained by both methods are consistent. This
makes it possible to recommend waveguide
methods based on reflectometers. They are
more convenient, fast and accurate than free
space measurement methods. Formulas for
estimating the transmission, absorption and
reflection of screens are given.

Key words: microwave radiation, thin fiber,
protective screen, transmission, reflection,
absorption, measurement methods.

3. Kokodii N. G., Korobov A. M., Shi He,
Posokhov M. F., Shulga S. N., Timaniuk V. A.
Thermal processes during local laser heating
of Dbiological tissues // Photobiology and
Photomedicine. 2019. No. 27. P. 49-57.

DOl: https://doi.org/10.26565/2076-0612-
2019-27-06

URL: https://periodicals.karazin.ua/
photomedicine/article/view/14684

Abstract: Introduction. Lasers in medicine are
currently widely used for both diagnosis and
treatment. Studies of the thermal processes
that occur when a person is exposed to laser




radiation have made it possible to
developinnovative methods of treating many
diseases. Purpose: to study thermal processes
in biological tissues during their local laser
heating (mathematical model and experiment).
Materials and methods. Using the developed
mathematical model of the process of local
heating of a certain region inside biological
tissue, we studied the process of heating the
environment by continuous and pulsed laser
radiation using infrared light with a
wavelength of 0.98 pum, red light with a
wavelength of 0.65 pm, green light with a
wavelength 0.5 microns and blue light with a
wavelength of 0.435 microns. Results. The
sizes of the heated region, the time of
establishment and decrease in temperature are
determined. The calculation results are in good
agreement with the obtained experimental
data. Findings. The mode of heating biological
tissue with laser radiation depends on the
wavelength.  The  maximum  heating
temperature of the irradiated section with a
radiation pulse duration much shorter than the
thermal time constant is independent of the
shape and duration of the pulse and is
determined only by the energy of the absorbed
radiation. The distribution of heat into the
medium during the duration of the pulse is
determined by its duration and thermal
diffusivity of the tissue. To reduce the heating
of the surrounding tissue, it is necessary to use
short radiation pulses. The progress of tissue
heating by a sequence of radiation pulses
depends on the relationship between the
duration of the pulses, the period of their
repetition, and the thermal time constant of the
medium. The average (smoothed) temperature
Is the same as when heated with continuous
power equal to the average power of the pulse-
modulated radiation.

Key words: laser radiation, biological tissue,
mathematical model of local heating, thermal
time constant, continuous mode, pulsed mode,




pulse-modulated mode.

4. Kokodiy N. G., Kaydash M. V., Pogorelov
S. V. Thermal action of microwave radiation
on a very thin conductive fiber //
Telecommunications and Radio Engineering.
2018. Vol. 77, No. 19. P. 1719-1727 DOI:
https://doi.org/10.1615/TelecomRadEng.v77.i
19.40 (Scopus, Q3)

URL.: https://www.scopus.com/record/
display.uri?eid=2-s2.0-85057843718&origin=
resultslist&sort=plf-f&src=s&st1=Thermal+
action+of+microwave+radiation+on+a+very+
thin+conductive+fiber&sid=77b6e3c8c47ca7
5944706deaadfe080a&sot=b&sdt=b&s|=84&
s=TITLE-ABS-KEY%28Thermal+action+
of+microwave+radiation+on+a+very+thin+co
nductive+fiber%29&relpos=0&citeCnt
=0&searchTerm=

Abstract: The paper presents experimental
findings of a new physical effect arising as a
result of a strong interaction of microwave
radiation with very thin (d << I) conductive
fibers. The calculations show that the
absorption efficiency factor of a fiber having a
diameter of several micrometers, being
exposed to radiation in a centimeter range, can
reach the value of several hundreds. It was
found that the effect can be enhanced by
oblique incidence of the radiation beam. An
experiment to measure the absorption of
microwave radiation with a wavelength of 1
cm in a graphite fiber of 12 um in diameter has
been carried out. To determine the radiation
absorption in a fiber its resistance changing
under radiation heating was measured. To
reduce the error of results, the average value of
resistance for 1 minute with a frequency of 2
Hz was measured. A thermal image of the
heated fiber was observed using a thermal
imager. A mathematical model of the process
of fiber heating with a radiation beam has been
developed. It has been shown experimentally
that a graphite fiber with 12 pm in diameter
absorbs about 10% of the energy of the




incident microwave beam having a
wavelength of 1 cm. The heating temperature
at the beam incidence point reaches 200 °C.
The developed mathematical model describes
well the radiation-fiber interaction process.
Investigation results confirm the existence of a
strong interaction between the microwave
radiation and very thin conductive fibers. The
effect under consideration can be applied in
facilities in order to transfer the
electromagnetic radiation energy for small
targets. Another use of this effect is the
creation of protective screens against the
microwave radiation effect on humans or on
different facilities.

Key words: microwave radiation, thin fiber,
heating, absorption efficiency.
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1. Shamuilov G., Domina K., Khardikov V.,
Nikitin A. Y., Goryashko V. Optical magnetic
lens: towards actively tunable terahertz optics
// Nanoscale. 2021. Vol. 13, No. 1. P. 108-116.
DOIl:  https://doi.org/10.1039/DONR06198K
(Scopus, Web of Science, Q1)

URL.: https://www.scopus.com/record/
display.uri?eid=2-s2.0-85099244649&o0rigin=
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&nls=&sid=932326¢2993e7487f46be3e04ade
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%0222022%22%2¢t%2¢%222021%22%2Ct%
2€%222020%22%2¢t%2c%222019%22%2ct
%2¢%222018%22%2ct%2bscosubtype%2c%
22ar%22%2ct&sl=18&s=AU-1D%2814024
424900%29&relpos=1&citeCnt=5&searchTe
rm=
https://www.webofscience.com/wos/woscc/fu
lI-record/WQS:000607350900010

Abstract: As we read this text, our eyes




dynamically adjust the focal length to keep the
image in focus on the retina. Similarly, in
many optics applications the focal length must
be dynamically tunable. In the quest for
compactness and tunability, flat lenses based
on metasurfaces were introduced. However,
their dynamic tunability is still limited because
their functionality mostly relies upon fixed
geometry. In contrast, we put forward an
original concept of a tunable Optical Magnetic
Lens (OML) that focuses photon beams using
a subwavelength-thin layer of a magneto-
optical material in a non-uniform magnetic
field. We applied the OML concept to a wide
range of materials and found out that the effect
of OML is present in a broad frequency range
from microwaves to visible light. For terahertz
light, OML can allow 50% relative tunability
of the focal length on the picosecond time
scale, which is of practical interest for ultrafast
shaping of electron beams in microscopy. The
OML based on magneto-optical natural bulk
and 2D materials may find broad use in
technologies such as 3D optical microscopy
and acceleration of charged particle beams by
THz beams.

Key words: charged particles, light, magnetic
lenses, magnetism, particle beams.

2. Domina K. L., Khardikov V. V., Goryashko
V., Nikitin A. Y. Bonding and Antibonding
Modes in Metal-Dielectric—Metal Plasmonic
Antennas for Dual-Band Applications //
Advanced Optical Materials. 2020. Vol. 8, No.
5. P. 1900942, DOI:
https://doi.org/10.1002/adom.201900942
(Scopus, Web of Science, Q1)

URL: https://www.scopus.com/record/
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22ar%22%2ct&sl=18&s=AU-1D%28140244
24900%29&relpos=3&citeCnt=5&searchTer
m=
https://www.webofscience.com/wos/woscc/fu
lI-record/W0S:000481432200001

Abstract: Resonant optical antennas
supporting plasmon polaritons (SPPs)—
collective excitations of electrons coupled to
electromagnetic fields in a medium—are
relevant to sensing, photovoltaics, and light-
emitting devices, among others. Due to the
SPP dispersion, a conventional antenna of
fixed geometry, exhibiting a narrow SPP
resonance, cannot simultaneously operate in
two different spectral bands. In contrast, here
it is demonstrated that in metallic disks,
separated by a nanometric spacer, the
hybridized antibonding SPP mode stays in the
visible range, while the bonding one can be
pushed down to the mid-infrared range. Such
an SPP dimer can sense two materials of
nanoscale volumes, whose fingerprint central
frequencies differ by a factor of 5.
Additionally, the mid-infrared SPP resonance
can be tuned by employing a phase-change
material (VO2) as a spacer. The dielectric
constant of the phase-change material is
controlled by heating the material at the
frequency of the antibonding optical mode.
These findings open the door to a new class of
optoelectronic devices able to operate in
significantly different frequency ranges in the
linear regime, and with the same polarization
of the illuminating wave.

Key words: bonding and antibonding modes,
dual band, optical antennas, phase change
material, surface enhanced spectroscopy,
surface plasmon polariton.
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Abstract: We reveal peculiarities of the
trapped (dark) mode excitation in a
polarization-insensitive all-dielectric
metasurface, whose unit supercell is
constructed by particularly arranging four
cylindrical dielectric particles. Involving
group-theoretical description we discuss in
detail the effect of different orientations of
particles within the supercell on characteristics
of the trapped mode. The theoretical
predictions are confirmed by numerical
simulations and experimental investigations.
Since the metasurface is realized from simple
dielectric particles without the use of any
metallic components, they are feasibly
scalable to both um- and nanometer-size
structures, and they can be employed in flat-
optics platforms for realizing efficient light-
matter interaction for multiple hot-spot light
localization, optical sensing, and highly
efficient light trapping.

Key words: dielectric particles, experimental
investigations, light-matter interactions, light-
trapping, mode excitation, optical sensing,
polarization-insensitive.
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Abstract: Isochoric thermal conductivity of
crystalline 1,1-difluoroethane (F-152a freon)
Is measured on samples of different densities
in the dynamically orientationally disordered
(DOD) phase. The thermal conductivity
increased with temperature, similar to how it
occurs in amorphous and glass-like substances
above the plateau area. It is found that this
behavior can be described by a thermo-
activation mechanism with constant activation
energy and density-dependent pre-exponential
factor. Bridgman coefficient g = -
(Olnk/dInV)t 1s 6.0 £ 0.5. It is shown that the
thermal conductivity of a number of other
molecular crystals with the dynamic
orientational disorder can be described in a
similar way. Possible reasons for the thermal
activation behavior of thermal conductivity are
discussed.

Key words: 1,1-difluoroethane, orientational
disorder, thermal activation mechanism,
thermal conductivity.
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Abstract: Disorder—disorder phase transitions
are rare in nature. Here, we present a
comprehensive low-temperature experimental
and theoretical study of the heat capacity and
vibrational density of states of 1-fluoro-
adamantane  (CyoHisF), an  intriguing
molecular crystal that presents a continuous
disorder—disorder phase transition at T = 180
K and a low-temperature tetragonal phase that
exhibits fractional fluorine occupancy. It is
shown that fluorine occupancy disorder in the
low-T phase of 1-fluoro-adamantane gives rise
to the appearance of low-temperature glassy
features in the corresponding specific heat
(i.e., “boson peak” -BP-) and vibrational
density of states. We identify the inflation of
low-energy optical modes as the main
responsible for the appearance of such glassy
heat-capacity features and propose a
straightforward correlation between the first
localized optical mode and maximum BP
temperature for disordered molecular crystals
(either occupational or orientational). Thus,
the present study provides new physical
insights into the possible origins of the BP
appearing in disordered materials and expands




the set of molecular crystals in which “glassy-
like” heat-capacity features have been
observed.

Key words: disorder—disorder  phase

transitions, low-temperature, 1-fluoro-
adamantane, low-energy optical modes, boson
peak.
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dependence of the thermal conductivity of
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Abstract: A new approach is used to analyze
the experimental data on the temperature
dependence of low-temperature thermal
conductivity «(T) of some typical disordered
complex  crystals:  clathrate  hydrates
(tetrahydrofuran, methane, xenon),
SrgGasGeso and p-type BagGaisGesp clathrate
compounds, YSZ ceramics, molecular
structural glasses of 1-propanol, glycerol and
D-ethanol exhibiting glass-like behavior of
k(T), and some representatives of regular
complex crystals: tetranydrofuran clathrate
hydrate, n-type BagGa;sGesy clathrate
compound, CsDy(MoQ,), layered crystal, 1-
propanol, and D-ethanol. A universal approach
to normalizing low-temperature thermal
conductivity is proposed, based on the
theoretical model of hybridized Klinger-




Kosevich excitations. The low-temperature
universal behavior of the thermal conductivity
of both crystalline and amorphous solids is
shown to be a result of the same phenomenon:
the hybridization of acoustic and low-lying
optical branches.

Key words: clathrate compound, clathrate
hydrate, molecular structural, temperature
dependence, tetrahydrofuran clathrate
hydrates, theoretical modeling.
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Abstract: Thermal conductivities of two
benzophenone single crystals have been
measured at temperatures from 4.7 to 270 K.
The experimental data for both are consistent
for temperatures above 15 K. The thermal
conductivity of benzophenone can be
represented as a sum of two contributions: K1
+ k1A Where x; is due to the standard phonon
mechanisms accepted for ordered crystals and
Kra takes into account the heat flow due to
intermolecular hopping of thermally activated
intramolecular vibrational modes. The thermal
activation contribution in  unsubstituted
benzophenone is substantially smaller when




compared to that in any of the two para-
bromobenzophenone polymorphs  studied
previously. Unlike in the 4-
bromobenzophenone crystals, the microscopic
agent  responsible  for intramolecular
excitation(s) was not determined. The
characteristic intramolecular excitation energy
was evaluated to be 220 K, about three times
less compared to 4-bromobenzophenone.

Key words: heat transfer, molecular crystals,
single crystals, thermal activation, thermal
conductivity.
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measurement system for small single crystals
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Abstract: We newly constructed a thermal
conductivity measurement system for single
crystals of molecular compounds. This system
enables us to measure the thermal conductivity
of samples with the length of less than 1.0 mm.
In order to evaluate the capability of detection
of phase transitions occurred in molecule-
based materials, we performed the thermal
conductivity measurement of single crystals of
organic conductors o-(BEDT-TTF),l; and «-
(BEDT-TTF),Cu[N(CN),]Br, where BEDT-
TTF denotes
bis(ethylenedithio)tetrathiafulvalene.  From




the temperature dependence of the thermal
conductivity of o-(BEDT-TTF),l;, we
succeeded in observing the metal-insulator
transition as a sudden drop of k(T) at 135 K. In
the temperature dependence of thermal
conductivity of k-(BEDT-
TTF),Cu[N(CN),]Br, we could observe the
increment of «(T) at the metal-
superconducting transition (T, = 11.4 K).
These results show that the newly developed
system has high performance enough to detect
various kinds of phase transitions in small
crystals of molecular compounds.

Key words: metal-insulator transition,
molecular compound, steady-state method,
superconducting transition, thermal
conductivity.
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Abstract: The temperature dependence of
thermal conductivity «(T) of selected
molecular polycrystals consisting of flexible
molecules was investigated within 20-260 K.
The materials were para-chloronitrobenzene,
pentachloronitrobenzene and freons F-112 and
F-113. The «(T) of these crystals increased




with temperature in the interval where
processes of phonon—phonon scattering were
dominant. The increase was observed both in
the orientationally-ordered and -disordered
phases and is typical of the thermally activated
heat transfer by localized molecular
excitations [M. A. Strzhemechny et al., Chem.
Phys. Lett. 647 (2016) 55]. In a wide interval
of temperatures, irrespective of the glass
transition temperature, the «(T) could be
described by a sum of three components: «(T)
= A/T + B + k7a(T). The term A/T accounts for
phonon—phonon scattering processes and B
accounts for diffuse phonon scattering. The
third contribution is described by the
Arrhenius equation, kra(T) = o exp(—E/kgT),
where E is the activation energy and ko is the
pre-exponential factor characterizing intensity
of the activation process. A comparative
analysis of anomalous thermal conductivities
of some other molecular crystals was carried
out. It was found that ko linearly depended on
E and a similar relationship was evident for a
series of quasicrystals.

Key words: diffusive modes, hybridization,
locons, phonons, polymorphism, thermal
conductivity.
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Abstract: The article describes a method of
solving inverse problems, which is based on
the joint application of the A. N. Tikhonov
regularization principle and of the method of
influence functions that play an important role
in obtaining stable solutions of ill-posed
problems and in facilitating the computational
process due to the preliminarily determined
influence functions. The method is the result
of development of the methodology previously
developed by the authors for solving inverse
problems, which is based on the various
methods of regularizing solutions to
multiparameter ill-posed problems of field
theory, as well on the experience in identifying
the parameters of mathematical models of
various levels. The results of identification of
heat transfer at the boundary of a body by
displacements measured with an error
characterized by a random variable distributed
by the normal law are presented. The proposed
method makes it possible to use experimental
information obtained from several sensors. It
Is applicable to the study of heterogeneous
media and combines the simplicity of
programming with the ability of parallelizing
the computational process, which meets
modern requirements for methods and
algorithms of solving direct and inverse
problems.

Key words: identification, influence
functions, inverse problem, regularization,
stabilizing functional, thermal stresses.




2. Matsevityt Y. M., Strel’nikova E. A.,
Povgorodnii V. O., Safonov N. A., Ganchin V.
V. Methodology of Solving Inverse Heat
Conduction and Thermoelasticity Problems
for Identification of Thermal Processes //
Journal of Engineering Physics and
Thermophysics. 2021. Vol. 94, No. 5. P. 1110-
1116. DOI: https://doi.org/10.1007/s10891-
021-02391-w (Scopus, Web of Science, Q3)
URL.: https://www.scopus.com/record/
display.uri?eid=2-s2.0-85118209647&origin=
resultslist&sort=plf-f&src=s&st1=
Methodology+of+Solving+Inverse+Heat+Co
nduction+and+Thermoelasticity+Problems+f
or+ldentification+of+Thermal+Processes&si
d=08a704dc6fe2172f1059818e77ca3679&sot
=b&sdt=b&sI=131&s=TITLE-ABS-
KEY%28Methodology+of+Solving+Inverse+
Heat+Conduction+and+Thermoelasticity+
Problems+for+ldentification+of+Thermal+Pr
ocesses%29&relpos=0&citeCnt=1&searchTe
rm=
https://www.webofscience.com/wos/woscc/fu
lI-record/WOS:000711308200017

Abstract: An approach to solving the inverse
problem of thermoelasticity that employs A.
N. Tikhonov's regularization principle and the
method of influence functions has been
suggested. The use of A. N. Tikhonov's
regularization with an efficient algorithm of
the search for the regularization parameter
makes it possible to obtain a stable solution of
the inverse problem of thermoelasticity. The
unknown functions of displacement and
temperature are approximated by the
Schoenberg splines, whereas the unknown
coefficients of these functions are calculated
by solving the system of linear algebraic
equations. This system results from the
necessary condition of the functional
minimum based on the principle of least
squares of the deviation of the calculated stress
from the stress obtained experimentally. To
regularize the solutions of the inverse heat




conduction problems, this functional also
employs a stabilizing functional with the
regularization parameter as a multiplicative
multiplier. The search for the regularization
parameter is effected with the aid of an
algorithm analogous to the algorithm of the
search for the root of a nonlinear equation,
whereas the use of the influence functions
makes it possible to represent temperature
stresses and temperature as a function of one
and the same sought vector. This article
presents numerical results on temperature
identification by thermal stresses measured
with an error characterized by a random
quantity distributed by the normal law.
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influence  function, inverse  problem,
regularization, spline, thermal stress.
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Abstract: The paper is devoted to developing
the dual reciprocity boundary element method
for axisymmetric problems based on usage of
axisymmetric polyharmonic splines. The




axisymmetric  polyharmonic  spline is
introduced as a linear combination of
polyharmonic radial basic functions and
polynomial terms. The analytical expressions
for proposed axisymmetric polyharmonic
radial basic functions are obtained for splines
with arbitrary degrees. These expressions
include special elliptic integrals that are
analyzed and calculated for the first time. The
relationships between radial basic functions
with positive and negative degree numbers are
obtained that allows us to receive the
recurrence formulae for specific elliptic
integrals with nearest indexes. It reveals the
possibility of calculating radial basic functions
with arbitrary orders by using the combination
of only the first two members in recursive
sequence. Implementation of the Gauss well-
known arithmetic-geometric mean technique
provides calculation of the specific elliptic
integrals and axisymmetric polyharmonic
splines with any given accuracy. Numerical
examples for solving two axisymmetric
problems in potential theory using the
proposed dual reciprocity boundary element
method demonstrate high calculation accuracy
with low computational costs.

Key words: dual-reciprocity  method,
polyharmonic spline, radial-basis functions,
special elliptic integrals.




