Section: Physics seminar

Phisycs faculty seminar

The purpose of the seminar is to inform colleagues about the research results, current scientific
publications, recent achievements in physics; discussing the prospects for joint research,
strengthening the interaction between the theoretical and experimental links of the faculty, and the
possibilities of more efficient use of experimental equipment.

Colleagues from other universities and research institutes are invited to report.

Please send applications to the report at olena.m.savchenko@gmail.com. In the application it is
necessary to specify the regalia of the speaker, the place of work, the contact phone number, the title
of the report, the desired date. Reports are accompanied by a computer presentation. Simultaneously
with the application, the speaker must submit abstracts (abstract) in English for publication in The
Journal of V.N. Karazin Kharkiv National University "Physics series".

Below are abstracts of reports of 2019 year.

January 23

TpanuiiiiHi 1 HeTpauU1HI MarHETOONTUYHI €(PEeKTH B (PI3UYHUX €KCIIEPUMEHTAX
M.®. XapueHko

B.Verkin Institute for Low Temperature Physics and Engineering of the National Academy of Sciences of Ukraine, 47 Nauky Ave.,
Kharkiv, 61103, Ukraine

February 27
Photometry of asteroids

V.G. Shevchenko
V.N. Karazin Kharkiv National University, Svobody sq. 4, 61022 Kharkiv, Ukraine

Photometry is one of the most productive techniques of investigations of physical properties of small Solar system
bodies. This technique is successfully used for asteroids for a long time. A big massive of various data for many thousand
asteroids is obtained with this method and a correctness of these data is confirmed by space missions for some of
asteroids. The primary information obtained from single photometric observations of an asteroid is the absolute
magnitude that allows to make an estimation of the object size. This is widely applied first of all to the newly discovered
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asteroids, particularly for potentially hazardous ones that may come into collision with the Earth. Long-term photometric
observations allow obtaining a lightcurve of an asteroid to determine its rotational period, direction of rotational axis in
the space, shape of the body, and optical properties of surface. At present the rotational periods for about seventeen
thousand asteroids were determined and about three hundred of binary asteroid systems were found for last ten years.
More than one thousand positions of rotational axes and reconstruction shapes of asteroids were obtained from an
analysis of the lightcurves, occultation silhouettes and direct images. Also new effects in the light scattering by asteroid
surfaces were discovered, and it was proposed some new functions for determination of an asteroid absolute magnitude
and for the ephemerid computation of the apparent magnitude. The main directions of asteroid photometry for the nearest
years can be summarized as following: study of the rotational characteristics of the asteroid groups and families (rotation
periods, coordinates of poles, YORP-effect, etc.); observations of the lightcurves for the selected asteroids for modeling
their shape; ground-base photometric observations in support of radar research and space missions; search for binary and
multiple systems, especially in the outer part of the main-belt; obtaining high-precision magnitude-phase dependencies of
main-belt asteroids and NEAs to study the optical properties of their surfaces and to verify approximation functions used
for determination of absolute magnitude.

March 27
Vibration Effects in Electron Transport in Single Molecule Transistors
I.V. Krive

B. Verkin Institute for Low Temperature Physics and Engineering, NAS Ukraine, Kharkiv,
V.N. Karazin Kharkiv National University, Kharkiv

Single molecule transistors (SMT) are promising candidates for basic elements in nanoelectronics. Current-
voltage (I-V) characteristics of SMT demonstrate all main effects known for single electron transistors — Coulomb
blockade and Coulomb blockade oscillations on gate voltage. Besides 1-V curves of SMT show specific low energy
features (steps) attributed to vibration degrees of freedom. A theory of vibration effects in molecular transistors predicts
steps caused by inelastic channels of electron tunneling in I-V characteristics and Franck—Condon (polaronic) blockade
of conductance at low temperatures. With the increase of temperature polaronic blockade is lifted and this behavior in the
case of strong electron-vibron interaction results in anomalous (non-monotonic) dependence of conductance on
temperature. Franck—Condon steps, Franck—Condon blockade and anomalous temperature dependence of conductance
were observed in experiments with suspended single-wall nanotubes and carbon nano-peapods.

One more novel effect in electron transport in SMT is single electron shuttling. We consider shuttling of spin-
polarized electrons in a spintronic molecular transistor with magnetic leads. In particular, the properties of thermally
driven magnetic shuttle are discussed.

April 24
Determination of Characteristics of Substructure and Orientation Inhomogeneity in
Polycrystalline Specimens

E.E. Badiyan
V. N. Karazin Kharkiv National University, Svobody Sq. 4, 61022, Kharkiv, Ukraine
E-mail: Evgeny.E.Badiyan@univer.kharkov.ua

It is well known that the structure, substructure and orientation inhomogeneity affects the physical and more
mechanical properties of a crystalline materials. Therefore, the problem of determining the orientation and structure
inhomogeneity of crystalline specimens seems quite important and actual. As a rule, the inhomogeneity is determined by
diffraction methods from a small area of the specimen as compared to its size. These methods do not allowed in situ
study of structural and orientational changes in specimens during external action. The suggested opto-electronic
technique for the study of orientation and structure inhomogeneity of the surface of a crystalline specimens allows to
solve this problem.

The technique is based on the observed effect of diffraction of white light by quasiperiodic etching relief of the
surface of a crystalline materials. The recording scheme includes a special lighting system and a digital photosensitive
device connected to a computer. It allows to obtain the color orientation maps of the whole surface of a specimen in the
RGB space, where the crystallographic orientation of individual segment of the specimen’s surface and the color of her
image is in one correspondence.

It should be noted that the RGB color space, where there is the ability to differentiate 16,7 million hues, was used
for color orientation mapping of the surface of a Al polycrystal. The number of hues of each of the three primary colors is
256. Such a large number of hues of color in the RGB color space does not allow to visualize the area of the specimen’s
surface with a specific crystallographic orientation and clearly establish the connection between the color hue of the
specific area of the specimen’s surface and its crystallographic orientation.
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May 22
TyHHENTBHO - TEPMOAKTUBAIIMOHHBINA MeXaHU3M MU (Py31r BaKaHCHI W PUMECHBIX

ATOMOB B KBAHTOBBIX KpHUCTAJJIaX

B.J1. Haiuk
V. N. Karazin Kharkiv National University, Svobody Sq. 4, 61022, Kharkiv, Ukraine
B.Verkin Institute for Low Temperature Physics and Engineering of the National Academy of Sciences of Ukraine, 47 Nauky Ave.,
Kharkiv, 61103, Ukraine

PaccmarpuBaeTcsi HOBBII MEXaHM3M TpPAHCIIOPTa BELIECTBA B KBAHTOBBIX KPHCTAUIAX - IUPQY3UI0 TOYESUHBIX
ne(heKTOB Kak IICeBAOYACTHI[ C METACTAOWIBLHBIMH KBAaHTOBBIMH COCTOSHUSIMH, CIIOCOOHBIX K TYHHEIBHOMY H
TEePMUYECKU aKTHBUPOBAHHOMY IEPEMEICHHUIO MEXIY y3IaMH KPUCTAIUINYECKON PEIeTKH.

JanHass paboTa CyIOIECTBEHHO MJONONHACT pa3pabOTaHHYI0 paHee TEOPHIO KBAHTOBOH  IUQy3UH
nenokanu3oBaHHbIX kBazudacTui (M. M. JIndmwm u np., YOH, 1. 118, ¢. 251, 1976; YOH, 1. 147, c. 541, 1983).

BEIBOIBI MPOBEACHHOTO TEOPETHYSCKOTO aHAlM3a CPaBHUBAIOTCSA C PE3yIbTaTaMH JKCIICPUMEHTAILHOTO
WCCIIeIOBAaHMUS TpoIiecca IoNI3ydecT KpuctauioB He B oomactu temmneparyp: 0,1 ' K< T <2°K.

June 26
Lower hybrid cavities in the Earth ionosphere

D.V. Chibisov
V. N. Karazin Kharkiv National University, Svobody Sq. 4, 61022, Kharkiv, Ukraine

In plasma of the Earth ionosphere the axially symmetric regions elongated along the geomagnetic field are
observed, which are characterized by a depleted density of plasma in comparison with the environment as well as an
increased level of oscillations in the range of the lower hybrid frequency. Such regions called the lower hybrid cavities
(LHC) have transverse dimensions of several thermal ion gyroradii usually several tens of meters. The registration and
measurements of the LHC are carried out by satellites as well as sounding rockets, and it occurs only when they pass
through these structures. Although there are a number of works on the explanation of this phenomenon, the mechanisms
for occurrence of LHC, as well as their stability, are not completely clear. There are also no estimates of the time of their
existence and the explanations of their disappearance. In this report, we discussed the problems of the formation of
cavities in ionosphere plasma as well as their disappearance.

As a possible mechanism for the formation of cavities in plasma, we consider the effect of the interaction of
charged particles with the electrostatic turbulence of plasma. In the Earth's ionosphere upflowing and downflowing
beams of charged particles are observed. It is known that the passage of charged particle beams through plasma leads to
various instabilities and to the turbulent state of plasma. In turn, the turbulence of uniform plasma is the cause of the
change in its distribution function, that is, the heating of plasma. However, in addition to heating, electrostatic turbulence
can also lead to the diffusion of plasma particles. Such motion of charged particles is similar to the motion of Brownian
particles, which is caused by collisions with molecules of a liquid. Charged plasma particles (ions or electrons) "collide"
with chaotic pulsations of the electric field, which leads to diffusion motion. If the electrostatic turbulence is spatially
nonuniform, then in addition to the diffusion process, the drift motion of the plasma particles induced by the
ponderomotive force also occurs, which leads to transport of particles from region with an increased level of turbulence.
As a result, a region with a depleted density of plasma is formed.

As a possible mechanism for the disappearance of LHC we consider the anomalous diffusion of inhomogeneous
plasma across the geomagnetic field. It is known that in magnetized plasma the excitation of various instabilities due to
the radial inhomogeneity of the plasma density is possible. One of them is the drift lower hybrid instability due to which
an increased level of low hybrid oscillations in the LHC is believed to occur. In addition, it is possible the excitation of a
drift instability with a frequency much less than the ion cyclotron frequency, which can lead to the lower frequency drift
turbulence of plasma. In turn, due to the drift turbulence, an anomalous diffusion of plasma across the magnetic field
occurs, which should lead to the filling of the LHC with plasma and its disappearance.

September 25
["anbBaniuni nocniau B IMnepaTtopcbkomy XapkiBcbkoMy yHiBepcuteti. Jlo 160
piuHUII 3 JHS TipoBeeHHs Ta 210 piuHuUIll 3 THS HapOKEeHHS npodecopa Jlammmaa
B.I.
B.I1. IToiina
V. N. Karazin Kharkiv National University, Svobody Sq. 4, 61022, Kharkiv, Ukraine

BinOynocs 3acigaHHs HayKoBOro ceMiHapy ¢isuuHoro Qakymabrery Ha skomy npodecop Iloiina B.I1. 3pobus
JonoBine Ha TeMmy «['anmpBaHiuHi mociizm B ImmeparopcbkoMy XapKiBCHKOMY YHIBEPCHTETi», B SIKIH PO3MNOBIB IIPO
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0cOOJIMBOCTI NMPOBEJCHHS TaJbBaHIYHUX A0chiniB y ImmepatopcekoMy XapkiBcbkoMmy yHiBepcureti. Lli mocmiam, ski
OyJIM TepUIMMHU KOMILUIEKCHUM JOCIIJDKCHHSIMH, MPOBEICHUMH Y Taily3i eKCHepuMeHTalbHOI (izuku y Pocilichbkiii
Immepii. Boum 3paiiicHeni B ImmepaTtopchkoMy XapKiBCbKOMY yHIBepcHTEeTi y ceprHi-BepecHi 1859 poky 3
BUKOPHCTAHHSIM IOTY)KHOT'O JUKEpeIIa eJIEKTPUIHOr0 CTPYMY, sKe ckiananocs i3 1000 rampBaHiYHUX eeMeHTiB byH3ena.

Y Xoai TaneBaHIYHMX JOCIHiAIB, sKI Oynum mpoBeneHi mix KepiBHHUTBOM mpodecopa Jlammmua B.l. Ta
MIPOIEMOHCTPOBAHI «OCBIYEHUM» XapKiB’sTHaM, BUBUYCHI TEIUIOBA Jisl €IEKTPHUYHOTO CTPYMY i OCOOIMBOCTI €NEKTPOIIi3Y
JESKUX HEOPraHidYHMX Ta OPTraHIYHMX pEYOBHMH. Byllo TakoX OTPHMaHO EINEKTPHYHY IyTy, BHBYCHO ii CIIEKTp Ta
ToJIIpu3aIiifo i cBiTia, mpoBeneHo ¢ororpadyBaHHS Pi3HUX MPEAMETIB Y ONTHIHOMY MIKPOCKOMI 3 BHKOPHCTaHHIM
CBITIIa eNeKTpW9YHOI Iyru. Bymm TakoX MpoBemeHI MOCHIAHN, CHPSAMOBaHI Ha TPOBEACHHS OCBITIEHHS CBITIOM
eIEeKTPUYHOI AyTH (Pi3HIHOTO KabiHeTy, CBATKOBOI 3aJI YHIBEPCHUTETY, JIOMMAHCHKOTO MOCTY Ta 3alIOIaHChKOI TEPHUTOPIi.
Ha mpoxanns Bimomoro Himenpkoro ¢izionora npodecopa Jlioasira Byare Oymm mpoBeneHi AOCHIIKEHHS, B SKHX
BUBYABCS BIUTMB (hi310J0TIYHOI Aii €JEKTPUYHOro CTpyMy Ha OpraHisM JioanHH. HU3Ky rajipBaHi4YHHX JOCTIIB OyIio
npexacrasiaeHo Imneparopy Omnekcanapy II 17 BepecHs 1859 p. mim wac BinBigyBaHHS HUM IMIepaTopchbKOrO
XapKiBCHKOTO YHIBEPCUTETY.

Pesynpraty ranpBaHiuHUX JociaigiB Oynu omyoOsikoBani B.l. Jlammumanm y 1859 p. y xypHani «BecTHHK
€CTECTBEHHBIX Hayk», (Ne37-39). Ilpo HmMX Takok mHucaim XapkKiBChKi raszeTtu. [Ipo pesynbratu HoCHiKEHb OYyIo
HoBiZoMJIeHO 1y )KypHaii «Annalen der Physik und Chemie» 3a 1860 pik.

October 23
du3uka B maremaruke. O IIpenoJjaBaHu MaTECMaTHUKHU Ha (bI/ISI/IIIGCKOM

(dakynpTeTe

C.H. 3uHenko
V. N. Karazin Kharkiv National University, Svobody Sq. 4, 61022, Kharkiv, Ukraine

[Tporpammsbl o MareMaTHKe Ha (Gu3nuecKkoM (aKysIbTeTe BKIIOYAIOT HEOOXOAMMBIN MaTepuaj 110 BayKHEHIIUM
paszenaM IIMPOKOTO CHEKTpa MaTeMaTHYeCKUX NUCHMIUIMH. MHOTrIa U3JI0KEeHHE 3TUX Pa3liesioB HOCUT OTHOCHUTEIBHO
(opManbHBIl XapakTep. DTO €CTECTBEHHO, IIOCKOJIBKY COJEpKaHIe MaTeMaTHYECKOT0 annapara Handosee MOJIHO MOXKET
OBITh PACKPBITO B TEX CIEIHATBHBIX AUCIHUIUINHAX, KOTOPHIE €ro MCIOJB3YIOT.

OnHako Takoe “pasziesieHue Tpyaa” MpU YTCHUH MaTeMaTUKU Ha pU3MYecKOM (haKyJbTeTe TIOCTOSIHHO TIOPOKAAET
y CTYyZEHTOB HEMOH BOMpoc ‘“3adeM 3To HykHO”. IlpezacraBisercda pa3yMHBIM NOJTy4aeMbI MaTeMaTHYeCKUH ammapar
WUTIOCTPUPOBATH MO MEPE BO3MOKHOCTH (PH3NYECKUMHU TPUIIOKCHUSIMH.

B MaremaTtmueckoM aHanmM3€ HAaXOXICHHWE KpAaTHBIX HHTErpajioB (QOPMYyIHpYeTcs, KaK HaXOXICHHE
Macchl/3apsaa, eHTpa Mace (Tela, MOBEPXHOCTH, KPUBOH), pabOTHI CHITBI (TPaBUTAILIAH, YIPYTOCTH), TOTOKA (3KUAKOCTH,
3apsina). B nmuHeiHON anreOpe MpoBOAMTCS CBSA3b MEXKIYy CaMOCONPSDKCHHOCTBIO ONEPAaTOPOB M COXPAHECHHEM JYHEPTHH
3aMKHYTOH (DHU3HYECKOH CHCTEeMO#, 4YTO WCIIOABOJNb TOTOBUT CTYACHTOB K BOCIPHATHIO “‘KOIMIMapa” KBAaHTOBOW
MeXaHUKH. MHOTOYHCIIEHHbIE WHTErpajbHBIE TEOPEMbl BEKTOPHOTO aHaNW3a IOSICHSAIOTCS NMPUMEPaMH W3 Pa3IMYHBIX
pa3nenoB GpU3MKHM, B YACTHOCTH, DJIEKTPOJMHAMUKH MPU aHAIN3€ AJIEKTPOCTATHYECKOTO ¥ MArHUTOCTATHYECKOTO IMOJIeH.
[MoapoOGHO WCcCIeaAyIOTCS TEH30pPhI YIJIOBOM CKOPOCTH, HMHEpPLHH, AedOpMalnM, HANpsDKEHUH C BBIICHEHHEM HX
(hU3UYECKOTO CMBICTA.

Takoe npoHUKHOBeHHE (HU3UKH B MATEMATHKY IUIOJJOTBOPHO CKa3bIBAaeTCsl HA MOHMMAaHHUU CTylIeHTaMH-(DU3UKaMU
abCTPaKTHOTO MAaTeMaTHYECKOro armapara, BOCIPUHUMAs €ro YyTh JIK HE KaK pa3fenbl (DU3UKH.

November 27
Ex3ormianeru: Bii BIAKPUTTS 10 MOLITYKY O10MapKepiB

L.T'. CntocapeB
V. N. Karazin Kharkiv National University, Svobody Sq. 4, 61022, Kharkiv, Ukraine

C MOMeHTa OTKPBITHS MEPBOM IJIAHETHl y COJHIETIONO0HOW 3Be3Abpl B 1995 romy 10 HACTOSIIETO BPEMEHU
oTKpbITO Oonee 4100 mmaneT y apyrux 3Be3n. Cpenn HUX 670 cucteM ¢ 6oiee 4eM AByMsI TNTAHETaAMH.

W3yueHne CBOWCTB IK30ILIaHET - camas ObICTpO pa3BuBatomasics obmacte actpodusuku. [locne nzmepeHus
pamMycoB M MacC Ha IEPBOM JTale MCCICAOBAHHM, yIAIOCh MMOJYyYUTh MEPBBIC HPSAMbIC W300paKEHHs IUIAHET, TeIeph
YK€ CTaJo BO3MOXKHBIM ONpEICHATh HaJMYUe HEKOTOPBIX MOJIEKYN B HX arMocdepax. B nampHeimmem craHet
JIOCTYITHBIM HM3MEPCHHE MATrHUTHBIX IIOJIH Ta30BBIX TUTAHTOB M OTKPBITHE CIIYTHHKOB y 3K30muiaHeT. Kpome Ttoro,
3HAYHTEIIFHOE YUCIIO IIAHET OTKPBITO Y OTHOCUTEIHHO SPKUX 3BE3M H YTOYHEHUE ITEPUOI0B 0OpAIICHUS IUTAHET BOKPYT
9THX 3BE€3]] BO3MOXKHO U3 HAOIIOICHUI HA TOCTATOYHO CKPOMHBIX TEJIECKOTaX.

B noknanme miaHuUpyeTCs O3HAKOMHTH C METOJaMHU OTKPBITHS W HCCIICOBaHUS IUIAHET W IMPOAHATU3UPOBATH
OCHOBHEIC CBOWCTBA M COCTaB aTMOC(ep OOHAPYKECHHBIX ILJIAHET.

Taxoke kpaTko OyJeT pacckazaHo o0 paboTax, 3a KOTOpble Oblna mpucyxkneHa HobeneBckast mpeMus o Gu3uke 3a
2019 rog.
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December 18
Nonlinear electromagnetic phenomena in layered superconductors

S.S. Apostolov
V. N. Karazin Kharkiv National University, Svobody Sq. 4, 61022, Kharkiv, Ukraine
0.Ya. Usikov Institute for Radiophysics and Electronics NASU, 12 Ac. Proskura st., 61085 Kharkiv, Ukraine

The results of the research on the nonlinear electromagnetic phenomena in the structures containing the layered
superconductors are reported. A special type of solid-state plasma, called the Josephson plasma, is formed in such
superconductors. This plasma is strongly anisotropic and nonlinear, because of the nonlinear Josephson relation between
the superconducting current and interlayer phase difference. In such a plasma, the so-called Josephson plasma waves can
propagate at THz frequency range, which provide some non-trivial phenomena. Among them are the self-induced
transparency, nonlinear transformation of polarizations, nonlinear impact of dc magnetic field on linear electromagnetic
waves, and anomalous dispersion of localized waves. In particular, the nonlinear effect of the self-induced transparency
of the layered superconductor slab irradiated by the terahertz wave is predicted. It is shown theoretically that the
transparency changes widely from the almost opacity to the total transparency varying the amplitude of the incident
wave. An analogue of the superposition principle for the nonlinear Josephson plasma waves has been formulated. The
use of this principle allows to study theoretically the nonlinear transformation of polarization. The effect of dc magnetic
field on the propagation of electromagnetic waves are investigated. The possibility to control the transport characteristics
of the layered superconductors by means of such a magnetic field are discussed. The dispersion relations for the linear
and nonlinear electromagnetic modes localized on a plate of a layered superconductor are obtained and analyzed. it is
shown that such modes may have anomalous dispersion over a wide range of parameters. The reported results
supplement and extend the existing conceptions of the electromagnetic transport in the layered superconductors, and can
be used for the development of the terahertz electronic devices potentially important for the practical application.

Keywords: Josephson effect, layered superconductor, terahertz frequency range, polarization, localized waves.
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