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ABSTRACTS



1. CHAOTIC AND SUPERSOLID STATES OF CAVITY POLARITONS
S. Gavrilov

Institute of Solid State Physics RAS, Chernogolovka, 142432, Russia
gavr_ss@issp.ac.ru

Cavity polaritons are composite bosons formed owing to the strong coupling of excitons
and cavity photons. They are excited optically and emit light. The lifetimes of polaritons in
GaAs-based microcavities lie in the picosecond range, however they form macroscopically
coherent (Bose condensate) states under optical driving.

In the case of resonant driving, interaction between polaritons results in various
collective phenomena, multistability, parametric scattering, etc. Typically, nonequilibrium
transitions occur in a threshold manner upon varying external conditions. Apart from a few
number of critical points, polaritons were long thought to follow the driving force adiabatically
and, for instance, the state of a homogeneous polariton system driven by a constant plane wave
was thought to be also constant. However, coupling between spin components has recently been
found to result in nonstationary and, in particular, chaotic polariton states [1].

Paradoxically, turbulence (chaoticity) goes hand in hand with strong spatial ordering.
When the condensate is forbidden to match the symmetry of the external field [2], the system
gets rid of strict phase locking and the possibilities open up for both ceaseless variation in a
constant environment and the secondary—internal—ordering of the system. In particular, a
quasi-one-dimensional (1D) microcavity wire arranges itself into a network of spin-up and spin-
down domains alternating each other in a strict order. Furthermore, if a particular spin in such
a chain is reversed manually, e.g., by means of an additional properly focused laser beam, under
certain conditions all other spins also get reversed with time, no matter how remote they are
[3].

Thus, the internally ordered polariton network resembles a crystal rather than a fluid.
Similar structures could arise in a periodic potential inducing a lattice of coupled condensates.
Today they are often referred to as supersolid states [4], implying a non-dissipative
(“superfluid”) propagation of excitations through such a lattice. We have found that polariton
networks also exhibit characteristic “vacancies”—»bright or dark solitons—which flow without
dissipation and alter their spin states at each node of the network. It is noteworthy, however,
that in our case the lattice itself appears out of a perfectly homogeneous Bose gas due to
spontaneous symmetry breaking.

This work was supported by the RFBR, grant No. 16-02-01172.

[1] S.S. Gavrilov, Phys. Rev. B 94, 195310 (2016)

[2] S. S. Gavrilov, JETP Lett. 105, 200 (2017)

[3] S.S. Gavrilov, Phys. Rev. Lett. 120, 033901 (2018)
[4]  J. Léonard et al., Nature 543, 87 (2017)



2. NEW CHALLENGES OF FEMTO- NANOPHOTONICS: BASIC
PRINCIPLES AND POSSIBLE APPLICATIONS
S. Arakelian!, A. Kucherik?!, S. Kutrovskaya!, A. Kavokin?

IStoletovs Vladimir State University, Gorky Str. 87, Vladimir 600000, Russia
2University of Southampton, England.

1. The physical properties of nanocluster systems are very sensitive to the form, size
and distance between their composing elements. The fact is very well known for any material
in general, but to change these parameters and to carry out the stable conditions for ordinary
solid state object we need both to put the object under extremal high pressure (= 10%tm) and
to work in low (liquid He) temperature range (<30K).

In contrast, the nanocluster structures of thin films can be easily modified in necessary
direction, and especially by controllable way in the femto- nanophotonics experiments [1]. The
variation of the enumerated above topological parameters can result in new type of quantum
correlation states for charged particles. Moreover, the electronic energetic bands of the
materials can vary dramatically in the case, resulting in new physical behavior of the system in
both electrophysics and optical response [2,3].

In superconductor problem the principal question usually is how to fabricate the
coupling states (around the forbidden band) at high (usually nitrogen) temperature (=140 K)
for charged particles being responsible for electroconductivity. Some alternative mechanisms
of electron coupling for nanocluster system (not via standard phonon coupling) may be realized
in general.

2. We applied several laser procedures with different pulse duration (from cw to fs) to
obtain the nanostructures and thin films with controllable topology. Namely, in addition to the
direct laser modification of solid surfaces, we used, first, the laser ablation of targets in liquid
to obtain colloidal systems and, second, to deposit the nanoparticles from the colloid on a solid
surface for formation of nanostructures in necessary way by two technique: the laser radiation
action and the droplet falling from the nozzle.

3. We studied in both theory and experiment the laser-induced nanocluster structures of
different types (in topology and element composition) taking into account the correlations in
nanoparticle ensemble by quantum states. The problem of high temperature superconductivity
due to topological surface structures (resulting in coupled states on new dimensional principles)
are under our consideration.

We discuss the three fundamental factors for functional properties of the nanocluster
system: the dependence on size including the quantum size effects for nanostructures with
characteristic spatial scales of ~10 nm (number of atoms <10°); surface nanostructures with
different defects including boundary conditions that determines the phase transitions in
inhomogeneous layers (1-100 nm); nearfield effects with local extreme values of key physico-
chemical parameters for low-dimensional inhomogeneous structures.

On the other hand, such a sensitivity of electronic properties to the topology of cluster
system may be equivalent to the doping of semiconductor materials, and can be used as an
effective instrument to control the electroconductivity of the system. In fact, high level of



doping (resulting in high electroconductivity) can be replaced by adjustable topology structure
of the nanocluster sample.

All these factors must be considered to study the functional/physical properties of the
laser-induced micro- nanostructured composite materials, and are under our discussion.

4. In our experiments the current-voltage characteristics (CVCs) of thin films were
measured using a four probe technique. Two external contacts were used to supply the power
voltage; the distance between them was L = 1 mm. Two middle (for measuring) microcontacts
were conductive probes of the atomforce microscope used for diagnostics. During the
measurements they were scanned across of a sample surface; the maximum distance between
these contacts was no more than 100 um. External voltage was applied in both longitudinal and
transverse directions relatively to the length of the substrate, and was ranged from 0.1 to 1 V
with an increment of 0.05 V. Thus, the magnitude of the external electric field was ranged from
10%to 103V m™.

In electrophysics experiment, we have seen competition between increase
electroconductivity, while opening new channels in a spatially inhomogeneous charged
structure, and increase the resistance by increasing of the areas between the conductive grains.
Such electrical transport properties (due to quantum correlated states resulting in two
mechanisms of electroconductivity: tunnel and hopping electroconductivities) may be
presented as a special type of topological electrophysical surface structures (both localized and
delocalized coupled states for charged carriers in granulated structure). Dramatic enhancement
of electroconductivity (in several orders) has been observed in our experiments due to variation
of topological peculiarities of a nanocluster thin film system.

Thus, we obtained in electroconductivity: the tunneling delocalized effect which
depends on the size of nanoclusters (with controlled both distance between them and shape of
tunnel barriers, by variation of the thickness of the films and, as well, due to transition from
amorphous to crystalline structure occuring under some conditions) the thermally activated
hopping regimes of the electronic transport between localized centers; the topology
superconducting cluster tendency in analogy with topological insulators.

5. The principal items for the high temperature superconductivity problem are under our
discussion.

First, to understand both the mechanism and tendency to have the coupling for electrons:
via phonons, polaritons, excitons, magnons and dimensional effects. In fact, some processes
(forbidden in monolithic samples) arise in nanosystems because of the size effects: a Cooper-
pair may occur near the boundaries/surface, e.g. via individual interaction of charged particles
under topology peculiarities; for a spin-flip processes of electrons when they are associated in
localized coupled states; a very simple Bose-like construction of Fermi-clusters arises via
variation of distance being a self-occurring adjustable parameter in respect of minimal energy
between the cluster carriers.

Second, to analyze the specific manifestation of superconductivity in complex system
(both in composition and topology): the electroresistance behavior itself; the Meissner effect
development; a space distribution of the current trajectories integrated over cross-section.

Third, in superconductor state of the medium there are two types of electrons — coupling
and ordinary. It is necessary to separate these two different regimes. But the electron flow is



realized in optimal way only — when a minimal electroresistance (like short-circuit current)
occurs.

Fourth, to recognize in details the interrelationship between the electronic energetic
shell structure and opportunity of the pair correlation arising in metallic nanoclusters for both
isolated nanoclusters and cluster network.

6. As to optical properties, e.g. for bimetallic (Au+Ag) films, we demonstrated that it is
possible to control both the plasmon resonance behavior and propagating plasmon waves due
to inhomogeneous structure (being a random manifestation of special schemes for travelling
waves).  Absence of narrow plasmon resonance is namely due to inhomogeneous
nanostructures. In experiment we have seen several effects: the broadening of electronic levels;
variation of optical metasurfaces characteristics; development of strong optical response;
variation of density of e-state (on Fermi-surface). In addition, we observed the formation of the
artificial meso-atom nanostructures when a positive nucleus (being the Si-atom) is covered by
negative charged Au-atoms. Such objects may be presented as a shell-like dot structure, and the
modelling of their unusual structures and optical properties has been carried out by us for
different conditions.

7. Obtained results give us an opportunity to establish the basis of new physical
principles to create the functional elements for optoelectronics and topological photonics in
hybrid set-up (optics + electrophysics) by the different topology controllable nanoclusters with
dramatic change of both electroconductivity and optical response vs spatial structure of
nanoclusters in thin films at room temperature.

[1]  Arakelian, S.M., Kucherik, A.O., Prokoshev, V.G., et al., Introduction to
Femtonanophotonics: Fundamentals and Laser Methods for Controlled Fabrication and
Diagnostics of Nanostructured Materials, Arakelian, S.M., Ed., Moscow: Logos, 2015, 744 P.
[2] Kavokin A. V., Kutrovskaya S. V., et. al. The crossover between tunnel and hopping
conductivity in granulated films of noble metals. Superlattices and Microstructures V. 111,
Nov. 2017, P. 335-339.

[3] KutrovskayaS. V., Arakelian S. M., et. al. The Synthesis of Hybrid Gold- Silicon Nano
Particles in a Liquid. Scientific Reports 7: 10284 (6 pp.), Aug 2017.
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Exciton polaritons in semiconductor microcavities (MCs) are half-light-half-matter
boson quasiparticles occurring due to strong coupling of the optical and exciton modes. They
have attracted broad interest during the last decade. Until recently, most studies of lower
polariton (LP) systems were carried under nonresonant excitation. An array of spectacular
phenomena was discovered in these systems, which are characteristic of Bose-Einstein
condensates. That enables to treat them as a dynamic Bose-Einstein condensate which has many
features related with finite lifetime and interaction with exciton reservoir which ensures the
influx of particles into the decaying condensate. The freely evolving resonantly excited
polariton condensate at the LP branch bottom was found to retain coherence during tens of ps,
which has allowed one to observe superfluidity in resonatly excited LP fluids[1], dark solitons
and their decay into streets of quantized vortices[2,3]

In this work we investigated the dynamics of a freely decaying finite-sized LP fluid in
high-Q MCs excited resonantly by ps-long light pulses both at zero wavevector k, and in a wide
k-range with the aim to study the dynamics of the coherence, polarization, as well as spatial (r)
and k-distributions of LPs in the pure LP fluid in the absence of an exciton reservoir.

We have found that LP fluids excited resonantly with coherent Gaussian beams inherit
high coherence and polarization from the laser pulse and retain it during the decay both under
the excitation at k=0 and in a wide k-range, i.e. any incoherent LP scattering is negligible when
an exciton reservoir is absent. As a result, the temporal evolution of the fluid is uniquely
determined by the r- and k-distributions of LPs initially inherited by them from the exciting
laser pulse.

LP fluid with a wide k-distribution of LPs created by coherent convergent pulses of a
large-aperture Gaussian beam in the MC located in front of the beam waist is found to be
quickly, diring several ps, dynamically compressed into a condensate state at the LP branch
bottom with a spatially uniform phase.[4] This state persists for several ps until the repulsive
interaction of LPs becomes dominant and leads to its expansion in both real and momentum
spaces.

An incoherent LP system excited resonantly in a wide range of k-vectors by incoherent
laser pulses acquires spatial coherence very slowly: the maximum value of the first-order
correlation function g(1) (| r1-r2 | = 10 um) in a highly excited LP system does not exceed 0.2
during 50 ps. An attempt to reduce markedly the condensation time by stimulating the k-0 state
by an additional coherent laser beam pulses has not succeeded. Thus, the LP-LP scattering is
not the primary mechanism of Bose-Einstein condensation and, therefore, the short



condensation time observed in nonresonantly excited MCs should be attributed to incoherent
scattering of LPs within the exciton reservoir.

[1] A. Amo, et al Nature Phys. 5, 805 (2009).

[2] G.Grossoetal 107, 245301 (2011),

[3] G. Nardin et al Nature Phys. 7 635 (2011)

[4] V.D. Kulakovskii et al JETP Letters, 106, (2017).
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New metal-carbon composite materials synthesized by laser irradiation of colloidal
systems consisting of carbon and noble metal nanoparticles, are promising objects to realize
surface-enhanced Raman scattering. The dependence of the Raman scattering intensity of the
material composition has been investigated.

Introduction

The creation of new hybrid and composite materials based on carbon structures and
metal nanoparticles is the most prospective area of nanotechnology. Carbon quantum dots
demonstrate a variation of optical properties depending on the degree of crystallization, size
and shape. The amplification of the observed phenomena can be realized by the addition of the
noble metal nanoparticles, which have a plasmon resonant peaks in the visible region. The linear
carbon chain (carbyne) is the promising carbon material for the creation of the hybrid and
composite materials.

The strategy to incorporate metal nanoparticles in a carbon matrix is a great method to
integrate the different properties to various materials, enabling to realize multifunctional
composites. Such materials may be used in advanced applications like nanobiotecnology,
optoelectronics, etc. In particular, a widely used approach is given by the combination of linear
carbon chains and metals. In effect, linear carbon chain is the one of the most promising
materials because of its unique physical and chemical properties and wide potential applications
in nanophotonics. The possibility to obtain composites with large visible photoluminescence
spectra for optoelectronic devices becomes especially interesting.

In this paper we presented a new experimental realization by the two-stage laser-
induced synthesis of long linear carbon chain [1]. In our experiments, the proposed method is
based on the laser irradiation of colloidal systems composed of shungite nanoparticles. This a
two stage technique boils down to the following: (1) a colloidal system prepared beforehand by
laser ablation from target shungite in distilled water using YAG:Nd3+- laser (1.06 um) with a
pulse duration of 1 ms and a pulse energy of up to 10 J [2]; (2) next, such colloidal system
consisted carbon and metal particles [3] irradiated by Yb-fiber laser (1.06 um) with a pulse
duration of 100 ns and a pulse energy of up to 1mJ, and the process results in the fabrication of
metal-carbyne materials. The mechanism for that is due to the homogeneous symmetry
interaction in liquid for the carbon system that stabilizes the linear structure.

It was shown that this irradiation leads to the formation of clusters, in which metal
nanoparticles are interrelated by carbyne chains. The Raman spectra of these structures exhibit
SERS and depend significantly on the variation of metal particles concentration in colloidal
system [4].



Raman and UV/VIS absorption spectra were measured at Center for Optical and Laser
Materials Research, St. Petersburg State University.

The reported study was supported by the Ministry of Science and Higher Education of
the Russian Federation (state project no. 16.5592.2017/6.7), RFBR grants # 16-42-330531r_a.

[1] Kucherik A.O., Arakelian S.M., Garnov S.V.Two-stage laser-induced synthesis of
linear carbon chains Quantum Electronics, 46:7 (2016), 627-633

[2] Antipov A.A., Arakelian S.M., Garnov S.V. et al Laser ablation of carbon targets placed
in a liquid// Quantum electronics VVolume 45, Issue 8, 2015, Pages 731-735

[3] Arakelyan, S.M., Veiko, V.P., Kutrovskaya et al Reliable and well-controlled synthesis
of noble metal nanoparticles by continuous wave laser ablation in different liquids for
deposition of thin films with variable optical properties// Journal of Nanoparticle Research, Vol.
18, 155, 2016

[4] Kucherik A, Arakelina S. Vartanyan T. Laser-induced synthesis of metal-carbon
materials for implementing surface-enhanced Raman scattering//Optics and spectroscopy
Volume 121, Issue 2, 1 August 2016, pp. 263-270
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5. EXPERIMENTAL AND NUMERICAL STUDY OF LASER-INDUCED

METAL NANOPARTICLE FORMATION IN THIN POROUS FILMS.
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During recent decades nanoscales materials attracted continuously increasing interest.
Among various perspective materials, particular attention was attracted by thin nanocomposite
materials based on porous films doped with metallic nanoparticles. Such material possesses
promising optical properties and high stability. Among other methods laser fabrication of such
materials has several advantages, such as flexibility of processing parameters and high
localisation of an affected area [1,2].

Clear understanding of the growth mechanism of NPs in such porous matrixes as well
as effects associated with this process allows materials fabrication with unique optical and
electromagnetic responses. Thus, here we present our experimental and numerical results
obtained during metal NPs formation in SiO2 and TiO2 porous films CW laser irradiation. In
particular, the effects of temperature distribution on growth kinetics and particle diffusion are
discussed. We also analyse optical properties of the obtained nanocomposite material and check
the possibility of self-organisation effects in the film.

To describe the underlying effects, we utilize an extended 2D model based on a
combination of the heat conduction equation with the nonlinear growth Kinetics of NPs.
According to our calculations, the density and size distributions of the initial nanoparticles play
significant roles in the kinetics of NPs formation due to the size-dependent absorption. Our
model can also describe the unexpected experimental result, such as the higher temperature
increase observed for higher scanning speed. Because even a very small temperature rises ahead
of focal spot leads to changes in NPs size, the spatial distribution of laser energy absorption is
considerably affected (Fig. 1).

Optical response of such structures depends on both the mean size and size distribution
of NPs. The transmission and absorbance analysis of the obtained film showed a good
agreement with the numerical results.
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Figure 1 (a) — Experimental results showing self-organisation of Ag NPs in TiO2; and
(b) and (c) — calculation results obtained for CW laser power P=210mW, spot size D = 20um,
and scanning speed of Vs = 50um/s.




The most interesting effect can be obtained when NPs are self-organized and form
grating-like periodical structures [1,2]. This type of structures is related to the waveguide modes
arising in the film due to laser irradiation with the specific parameters. The formation of
periodical arrays of Ag NPs in TiO> films is demonstrated under laser irradiation with various
scanning speed, and the observed dichroic effects are discussed.

[1] Liu Z. et al. Understanding the growth mechanisms of Ag nanoparticles controlled by
plasmon-induced charge transfers in Ag-TiO: films //The Journal of Physical Chemistry C. —
2015. - T. 119. — Ne. 17. — C. 9496-9505.

[2] Liu Z. et al. Laser induced mechanisms controlling the size distribution of metallic
nanoparticles //Physical Chemistry Chemical Physics. — 2016. — T. 18. — Ne. 35. — C. 24600-
24609.
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The temperature dependences of the maxima positions of the exciton bands in the
luminescence spectra of the liquid-crystalline nanocomposites with CdSe 1.8 nm and 2.3 nm
quantum dots at T =77 — 300 K are studied. From the obtained results it is possible to calculate
the values of the Huang-Rhys factor and the average phonon energy of the nanocrystals.

The objects under study are nanocomposites with CdSe nanocrystals (or quantum dots).
CdSe nanocrystals with the size of 1.8 nm and 2.3 nm were grown in the ionic liquid crystalline
matrix of cadmium alkanoate using template method of synthesis [1]. It’s quite a new method
of synthesis to grow quantum dots inside liquid crystalline host medium.

In our previous research [2] we described the luminescence peaks behavior in the wide
range of low temperatures. With the temperature decrease, the maxima of exciton luminescence
peaks shift to the UV spectral range. Such phenomenon is described taking into account
influence of the processes of electron-phonon (exciton-phonon) interactions. The temperature
shift of the exciton peak can be described using the Varshni equation [3], which later was
modified by O'Donnell and Chen [4]:

E,(T) = E;(0) — 1)

Here E4(0) is the band gap (the position of the first exciton maximum at 0 K), S is the
Huang-Rhys factor responsible for the force of the electron-phonon interaction in the
nanocrystal, E o is the average phonon energy, Kg is the Boltzmann constant.

Approximation of temperature dependences of the position of the exciton peaks in the
luminescence spectra is shown at the figure 1. Using modified Varshni equation it is possible
to estimate the corresponding parameters of the studied nanocrystals:

1. For nanocrystals with the size of 1.8 nm:

Eg(0) =2.78 eV; S=7.1; ELo =71 meV.

2. For the first exciton maximum for quantum dots with the size of 2.3 nm:

Eg(0) =2.48 eV; S=4.1; ELo =46 meV.

The model that takes into account the electron-phonon interaction made it possible to
quantitatively describe the temperature dependences of the exciton luminescence spectra of
quantum dots grown inside the liquid crystalline matrix, as well as to determine the values of
the Huang-Rhys factor and the average energy of phonons for two sizes of nanocrystals. When
describing the temperature behavior of the position and width of the luminescence spectra of
impurity centers, as a rule, the interaction of the electron transition of the impurity with



2,78 : 2,48
Z . (a) QD 1.8 nm ; . (b) QD 2.3 nm
L]
2,47
> 5 2,46
Q" ; 2,45
e o
g R
£ 243
S a8 Eouis
= =242+
Q a 7 =
= = Roood Clise
3] B 2,41 sk
2,404,
2.39 T T T T T
50 100 150 200 250 300
Temperature, K Temperature, K

Fig.1. Temperature dependences of the position of the first maximum in the luminescence
spectra (exciton energy) of nanocomposites with quantum dots of 1.8 nm (a) and 2.3 nm
(b) — dots, their approximation (red solid lines) using the formula (1).

vibrational excitations (phonons) in the matrix is considered. The parameters obtained here by
the numerical simulation of the luminescence spectra temperature dependence are in the good
agreement with the experimental results, which indicates at the correctness of the selected
model.

[1]  Zhulai D., Fedorenko D., Kovalchuk A., Bugaychuk S., Klimusheva G.V., Mirnaya
T.A.// NRL. 2015. V. 10. P. 66

[2] Magaryan K. A., Mikhailov M. A., Vasilieva I. A., Karimullin K. R., Klimusheva G. V.
// Bull. RAS. Phys. 2014. V. 78. No 12. P. 1336.

[3] arshni Y.P.// Physica (Utrecht) 1967. V. 34. P. 149

[4] Wwen X, SittA., YuP., TohY.R., TangJ.// Phys. Chem. Chem. Phys. 2012. V. 14. No
10. P. 3505
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PaccMoTpeHb METOIbI TTOTYYEHUSI HAHOCTPYKTYPHUPOBAHHBIX MaTEPUAJIOB U YCTPOUCTB
HAHORJIEKTPOHUKH U (POTOHHKH C HCIOJIH30BAHUEM TEXHOJIOTMH HMITYJIBCHOTO Ja3epHOTO
OCaXKICHUSI.

1. IIma3MOHHBIE CTPYKTYpPhl C HCIOJIBOBAHUEM HAHOUYACTHI], MOJYyYEHHBIX MPHU
Ja3epHoi abIsIuu.

2. Matepuarbl Ui CIUHTPOHUKH: pa30aBIeHHbIC MATHUTHBIE MTOJYIPOBOAHUKN SiMN;
ZnCoO; HanocTpyKTypUpOBaHHBIE MArHUTHBIE TOTynpoBogHuKH GaSh:Mn, InSb:Mn.

2.1.  BwicokoremmeparypHble  (eppoMarHeTMKd  JUII  CO3JaHUA  OBICTpOH
SHEPrOHE3aBUCUMON MaMSATH.

2.2.  CynepuyBCTBUTE/IbHBICE JaTYMKA MArHUTHOTO TOJs HA  MarHUTHOM
HOJIYTIPOBOTHMKOBOM TeTeporiepexone P-InMnSbh/n-InSh.

3. Ipo3paunbie mpoBOASIIME MOKPBITUS OKkcuaoB MetamioB IN203:Sn; ZnO:Al(Ga);
Sn0O2:Sh Ha MOHOKPHCTAIITHYECKUX, aMOP(GHBIX U THOKUX OPraHMYECKUX MOUIOKKAX.

4. MempucropHbie CTpykTypsl ¢ npumenenuem 1102, VO2, ZnO:Co B kauecTBe
AKTUBHBIX CJIOEB.

5. CBerou3yJaromue reTepocTpyKTypsl Ha 6a3e ZnO u TpoiHBIX pacTBopoB MgxZnl-
xO u CdyZnl-yO.

6. MHoxecTBeHHBbIE KBaHTOBBIC siMbl MQXZn1-xO/ZnO wu nasepHasi reHepaiys mpu
ONITUYECKOI HaKaYKe TaKUX CTPYKTYP.

7. 'eHepanusi TepareplioBoro M3Iy4eHHs B IUIEHKax JAuokcuaa BaHagus VO2 mpu
ONTUYECKOH HaKayKe.

8. DIIeKTpOXpOMHBIE TICHKH OKCUAA BOJIb(pama.

9. XapakTepuCTHKH METOJla HMMITYyJbCHOIO JIa3epHOTO HAambUICHUS.  YTpaBJIeHUE
SHEpruel YacTHUIl B JIa3epHOM (akesie MpH alJIALuU TBEPAbIX MHUILIECHEH.

9.1. Ynpasnenue sHeprueii HOHOB NMPU B3aMMOJICHCTBHH MEpeCeKaroNIuXcs (haKkeios.

10. JIazepHO€E TEKCTYpUPOBAHKUE MYJIbTUKPUCTAIUIMYECKOTO KPEMHHUS.
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High interest to smart and functional materials is gained due to their promising
applications including use in development for automotive, constructive, aerospace, machine,
memory storage, sensor/actuator, energy harvesting, health monitoring and biomimetic devices.
The capability of active and adaptive response to the stimuli and increased durability increases
the efficiency and reduces the cost of the final products as well as brings the capability to
develop the new advantaging solutions.

Materials study at micro- and nanoscale allows to understand the original background
of materials properties at macroscale. Scanning probe microscopy (SPM) is the direct
instrument for studies of morphological, electromagnetic, tribological, mechanical,
piezoelectric, thermal and conductive properties of materials. Moreover, being combined with
optical methods, such as Raman spectroscopy and scanning nearfield optical microscopy, SPM
studies reveal the decipher of chemical and optical properties mapping.

During current talk we will present the latest achievements in SPM instrumentation and
methods as well as review numerous examples of its applications to nanoscale studies of smart
and functional materials reported by leading scientific groups worldwide.
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The formation of hybrid silicon-gold NPs as a result of the laser action on a mixed
colloidal solution is observed. These hybrid NPs are characterized by the amplification and
broadening of the near-field photoluminescence spectra compared to pure silicon NPs. A strong
sensitivity of the spectral shape of the emitted light to the intensity of the exciting white light
is documented. These results may be used for the realization of functional metasurfaces
consisting of randomly distributed resonant NPs. Moreover, as the synthesized NPs emit in red,
green and yellow they can be used for fabrication of luminescent color screens.

Introduction

Light scattering by micro- and nano-particles is used in multiple photonic applications,
e.g. in nano-antennas. One of the important challenges on a way to optimization of such nano-
antennas is constituted by the Ohmic losses that are very high at the optical frequencies in Nobel
metals (gold, silver) that are promising due to their plasmonic properties. The optical absorption
and high Ohmic losses result is a significant heating that negatively affects the performance of
metallic nano-antennas. On the other hand, dielectric and semiconductor nanostructures are
usually characterized by much lower losses that makes them suitable candidates for nano-
antenna applications, potentially. In particular, it has been theoretically predicted [1] and
experimentally demonstrated that silicon nanoparticles of a diameter of 100 and 200 nm possess
well-resolved dipole resonances in the visible frequency range [2]. The interplay between
electric and magnetic multipole resonances in silicon nanoparticles leads to a number of new
effects such as the self-focusing of radiation and suppression of the back scattering. Combining
the characteristics of Nobel metal and silicon nanoparticles one can potentially take advantage
of the specific optical properties of both of them. In this context, hybrid silicon-metal
nanoparticles are especially promising as they allow tailoring of the optical properties, plasmon
resonances, electric and magnetic interactions for multiple photonic applications.

The development of fabrication techniques that would enable a high-precision control
over the nanoparticle (NP) parameters is very important in this context. The method of laser
ablation in a liquid phase [3, 4] offers a possibility to control the average size and shape of the
synthesized particles by a proper choice of the irradiation conditions (pulse duration, energy
density etc.). Low optical losses in silicon NPs are crucial for their applications in photonics,
in particular as building blocks for metamaterials and metasurfaces. For these applications it is
also important to be able to engineer the near field emission of silicon NPs. This work is aimed
at the experimental demonstration of such tailoring and enhancement of the near field emission
of silicon NPs by covering them by small-size golden NPs. Golden shells trigger a strong
nanoantenna effect induced by the Purcell enhancement of radiation that strongly affects the
near field emission of silicon.



Here we report on the synthesis of hybrid gold-silicon NPs by laser irradiation of
colloidal solutions [5]. The increase of the optical near field magnitude in the emission of the
NPs is observed and interpreted in terms of the redistribution of the near-field scattering
intensity due to the nanoantenna action by gold nanoparticles. The spontaneous ordering of NPs
in the course of their deposition allows for the formation of thin films that may be used for
creation of metasurfaces suitable for controllable manipulation of the transmission and
reflectivity of light [6,7]. These results pave the way to applications of hybrid gold-silicon NPs
in optical integrated circuits combining functions of generation, transmission and detection of
optical signals.

This work is supported by RFBR grants16-32-60067 mol_a_dk, 17-42-330928 r_a.
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Two types of light scattering by particles of subwavelength size will be considered: low-
frequency (globular) scattering and concentration scattering. In recent experiments these
scattering processes were observed in stimulated regime, where the state of particles was
controlled by light power.

The low-frequency light scattering is caused by acoustic vibrations of particles; it is
similar to Raman scattering, where instead of molecular vibrations the light propagation is
disturbed by acoustic vibration of individual particles in the medium. In the case of particles of
subwavelength size (microns and nanometers) frequencies of acoustic vibrations are in the GHz
range. Spontaneous regime of low-frequency scattering was observed with quartz spheres [1].
With an increase of the intensity of pump radiation the process of spontaneous scattering
proceeds to stimulated regime due to striction effect of light on the mechanical oscillations of
the particles [2-4]. Typical thresholds for pulsed excitation intensity are hundreds of MW/cm2.
This type of stimulated scattering can be used as a source of bi-harmonic radiation with a
predetermined frequency difference in the GHz range. Furthermore, the resonant bi-harmonic
excitation of acoustic waves can be used for radiation exposure to large biological objects
(including their destruction).

Concentration light scattering is caused by inhomogeneity of the spatial distribution of
suspended particles, i.e. by fluctuations in concentration. On the frequency scale this scattering
contributes to the wing of the Rayleigh line. With an increase of pump intensity the process of
spontaneous concentration scattering proceeds to stimulated scattering regime, where the light
induces the periodic particle concentration grating through gradient (ponderomotive) force.
Stimulated scattering mode has been observed in the water suspension of the latex particles of
submicron size at pump radiation power of tens milliwatts [5,6]. The frequency shift of the
scattered light — tens of Hz — was observed through temporary variation of the scattered light.
The stimulated concentration scattering can distort the data on particle size measured by the
method of dynamic light scattering.

[1] E. Duval, A.Boukenter, and B.Champagnon. Phys. Rev. Lett. 56, 2052 (1986).

[2]  N. Tcherniega, M.Samoylovich, A.Kudryavtseva, et al. Opt. Lett. 35, 300 (2010).
[3] Burkhanov, L.Chaikov, D.Korobov, et al. J. Russ. Laser Research, 33, 496 (2012).
[4] N.V.Tcherniega, K.l1.Zemskov, V.V.Savranskii, et al. Optics Letters, 38, 824 (2013).

[5] I.S. Burkhanov, L.L.Chaikov. Proc. SPIE, XI International Conference on Correlation
Optics, v.9066, 906610 (2013).

[6] 1.S.Burkhanov, S.V.Krivokhizha, L.L.Chaikov. Optics Commun. 381, 360 (2016).
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We perform a simulation of vitreous silica to explore the sensitivity to laser irradiation,
and, especially, an irreversible densification is considered [1]. We rely on Raman spectroscopy,
and we also present partial and total vibrational densities of states [2]. To reveal the structure
of the vibrational spectrum, the characteristics of vibrational modes in different frequency
ranges are investigated using a mode-projection approach at different symmetries. We consider
the main experimental bands, and relate them to a detailed description of the vibrations. Finally,
we compare our Raman and VDOS spectra with experimental measurements. The relevance of
the proposed research is due to the need for a quantitative description of the processes of change
in the elastoplastic and optical properties of glass objects irradiated by laser beams.

[1] N.S. Shcheblanov, M.E. Povarnitsyn, Bond-breaking mechanism of vitreous silica
densification by IR femtosecond laser pulses // Europhys. Lett. 114, 26004 (2016).

[2]  N.S. Shcheblanov, M.E. Povarnitsyn, K.N. Mishchik, A. Tanguy, Raman spectroscopy
of femtosecond multipulse irradiation of vitreous silica: Experiment and simulation // Phys.
Rev. B 97, 054106 (2018).
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Since the introduction of atomic force microscopy (AFM), the issue of the
productivity of the method has always been a challenge for AFM community. The term
“high-throughput AFM” is usually referred to industrial level instruments mostly connected
with applications in semiconductor industry.

Our work is focused on increasing of productivity of AFM instruments for both
scientific and industrial needs. The following points are essential for improvement of the
throughput of modern AFM:

- Increase of scan speed in most common AFM modes;

- Increase of the general level of automation and robustness of the instrument (i.e.
motorization, automation of optical beam deflection sensor alignment, insulation of the
instrument from external noise sources, etc.);

- Automation of AFM experiment, i.e. the automation of adjustment of scanning
parameters.

Numerous approaches to fast scan (high-speed) AFM have been demonstrated
previously by different groups. The common drawbacks of known fast scan solutions are the
reduction of available field of view compared to regular AFM and loosening the quality of
acquired data that in most practical cases limits the application of high-speed AFM just to the
relatively flat samples.

Our Rapid Scan (RS) technology is based on the newly developed piezo-scanner
compatible with commercial AFMs of NTegra product line. Improved mechanical resonance
properties of RS scanner along with digital damping of its resonances allow to achieve scan
rates of up to 10 Hz (at 1000 points per line) with 100x100 um closed-loop scan range having
the same data quality compared to regular scan rates.

Despite there are tens of AFM modes now developed, the tapping mode is still the
most widely used one. At the same time, up to the moment, reliable solution for automated
adjustment of tapping mode parameters (feedback gain, scan speed, amplitude of the
cantilever oscillation) for obtaining relevant data has never been proposed.

We have recently developed Scan Tronic technology that is based on the combination
of machine-learning techniques and linear control theory. This approach allows to automate
the adjustment of optimal tapping mode scanning parameters for widest range of different
samples.

During the talk we will present the physical principles of Rapid Scan and Scan Tronic
technologies along with numerous examples of its applications.
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The frame rate of a display is one of the most important parameter of the screen material.
To avoid flickering and blurring of images, the frame rate was raised from 25 to 60 Hz and then
to 90 Hz, which already meets the medical requirements for the eyes. However, three-
dimensional technologies require double the speed, about 180-200 Hz, otherwise watching 3D
images is not comfortable, and buyers refuse from 3D TV. The Field Sequential Color
technology makes it possible to get brighter and uniform (unstructured) color images and reduce
the number of display elements by a factor of three (1). However, it requires three times more
frame rates, that is, 270-300 Hz. Thus, in a 3D display using the FSC technology we need a
frame rate 100 Hz x 3 x 2 = 600 Hz (1).

Modern liquid crystal displays use LC of nematic type (NLC), for which the maximum
frame rate is 120-160 Hz only. At the same time, it is known that ferroelectric liquid crystals
(FLC) of smectic type possess a sub millisecond electro-optical response. Problems limiting
FLC application were solving gradually, and last researches at the P.N. Lebedev Physical
Institute of RAS showed that the new specially designed helix-free FLC are the most promising
for future applications [1]. These materials distinguish with a rather low value of the
spontaneous polarization (less than 50 nC / cm2), have rather wide viscosity interval (from 0.3
to 1.0 Poise), and in such FLC in the absence of an electric field there is a periodic spatial
deformation of smectic layers with a period of 1.5 ... 6 um.

Below results of studying the helix-free FLC are presented. Notice here that any electro-
optical FLC cell is a product of nanotechnology since a thickness of basic layers is in nano-
region, namely: 80-100 nm for transparent electrodes, about 60 nm for a dielectric layer, and
20-50 nm for a polymer-orienting layer. The thickness of smectic layers is a few nm as well.

The process of FLC main optical axis (director) reorientation under the action of an
alternating electric field depends on which of the two dissipative coefficients — rotational or
shear viscosity predominates. When an electric field of the frequency f acts on the FLC, and
tmef<<l in comparison with the Maxwellian relaxation time tm [2], then the FLC behaves as
a liquid with a rotation viscosity. On the contrary, at sufficiently high frequencies (tmef>>1),
the FLC behaves as an amorphous solid, and its dissipative coefficient is the shear viscosity.
Director reorientation in studied FLC is due to the motion of solitons — spatially localized waves
of a stationary profile moving along smectic layers. They arise in an alternating electric field
upon transition to the Maxwellian mechanism of energy dissipation. Experimental results and
a proposed theoretical model confirm the presence of FLC spatial-periodic deformation and
such a mechanism of FLC director reorientation.

The frequency and field dependences of the optical response time in FLC experimental
cells were studied experimentally for modulation of light transmission, scattering and phase
delay with a high rate. It was shown that a periodical deformation of smectic layers is
responsible for optical properties of novel FLCs. Really, fast electro-optical response with



continuous gray scale in a transparent mode, which could be used in display devices, is observed
in FLC compositions with rather long deformation period, more than 3 pm. Intensive light
scattering in FLC, which could be used in polarized-free devices is manifested in compositions
with rather short deformation period, of 1.5 = 2.0 um. FLC compositions with a deformation
period of about 3 um are more preferable for fast changing the phase delay (initiated by light
scattering switching ON) with arising the spatially inhomogeneous phase structure, which could
be used for suppressing an ability of a laser beam to the interference and speckle-noise
formation.

The new FLC materials provided unique parameters of light modulation unattainable
for FLC analogs. In a bistable light-scattering mode, a state with intensive scattering can be
turned ON and OFF for a few tens of microseconds and memorized for the time exceeding the
switching time up to six orders of magnitude (for several tens of seconds) or until a pulse of
opposite polarity appears.

In a transparent mode, in an electric field of the order of 1 V / um (at the control voltage
of £ 1.5 V) the experimental samples of electro-optical cells show a modulation characteristic
with the fastest optical response (about 25 microseconds) and the highest modulation frequency
(up to 7 kHz), including hysteresis-free characteristic with a continuous gray scale up to 6 kHz.
The explanation of such a limit frequency is discussed.

Possible applications of these research results are in the fast LC displays and video
projectors, especially based on FLCOS (FLC on silicon), 3D and FSC technologies, in
polarizer-free optical shutters and modulators (including IR ones), in screens of electronic
books and 3D visualizers of volumetric displays, in electro-optical despecklers suppressing
speckles in laser images etc.

[1] Andreev, T. Andreeva, I. Kompanets, N. Zalyapin, H. Xu, M. Pivnenko and D. Chu,
Fast bistable intensive light scattering in helix-free ferroelectric liquid crystals, Applied Optics,
55, 3483 (2016).

[2] L. D. Landau and E. M. Lifshits, Theory of Elasticity (Moscow, Publishing House
“Nauka”), p. 188 (1987).
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Multiwall carbon nanotubes (MWCNT) are very useful and promising material for the
production of polymer composites with controlled electromagnetic properties [1]. The filler
content, type of dispersion and polymer matrix are most important parameters defining the
electromagnetic response of composites in the frequency range up to THz. Varying of these
parameters allows obtaining materials both above and below percolation threshold, which is
very important for practical applications related to the producing of effective microwave
absorbers [2-3]. Addition aluminosilicate hollow microspheres (ASHS) to the polymer matrix
during the preparation of composites offers an additional possibility for varying
electromagnetic response of composite and simultaneously leads to decrease the density of the
material, which is crucial for aerospace applications.

In the present work, we consider epoxy/MWCNT/ASHS composites and investigate the
effect of ASHS inclusions on the effective dielectric permittivity of the composite. The
composites with various MWCNT content were prepared by standard technology [1] and the
spheres (in amount up to 30% wt.) were added at the final stage after dispersing the nanotubes
in the polymer matrix before curing.

The electromagnetic properties of obtained materials were experimentally investigated
in frequency ranges 20 Hz- 2 MHz, 12-18 GHz, and 0.1-1 THz. The samples under study
demonstrate good absorption ability of electromagnetic radiation. The addition of ASHS allows
achieving a controlled decrease of dielectric permittivity of the composite. Also, the
applicability of the Bruggerman’s effective medium model [4] was checked in wide frequency
range and used for a theoretical description of the composite dielectric permittivity spectra.

[1] D.Bychanok et al, Prog. Electromagn. Res. M, 53, 9-16 (2017)

[2] S.V.Kondrashov et al, Polymer Science D, 10, Ne3, 279-284 (2017)
[3] D.Bychanok et. al, Phys. Stat. Solid. B, 255, Nel, 1700224 (2017)
[4] D.A.G.Buggerman, Annalen der physik, 416, Ne7, 636-664 (1935)
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Information about the energy and lifetime of excited electronic states plays an important
role in modern scientific research. These data are necessary both to determine the physical,
chemical, and functional properties of new phosphors (including doped rare-earth ions), and to
determine the mechanisms of physical and chemical processes that pass through excited
electronic states. Such processes include photoluminescence, concentration quenching of
luminescence, charge transfer, energy transfer, chemical reactions etc. In the study of
luminescent properties, data on the kinetics of luminescence are of particular interest. The part
of the Kkinetic curve corresponding to the increase in luminescence allows to determine the
pumping path of the excited electron state. The luminescence decay is used to calculate the

observed lifetime of the excited electronic state (Fig. 1).
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Fig. 1 Rise and decay of the photoluminescence curve can be used for investigation of the
excitation pathway and observed lifetime respectively.

The pumping of the excited electron state and the time of the radiative transition can lie
in the time range from hundreds of femtoseconds to several seconds, depending on the nature
of the luminescent centers and their environment. Depending on the time range, various
methods are used to measure the kinetic curves of luminescence. Investigation of the
luminescence spectra Kinetics can be realized with laser methods: nanosecond laser
spectroscopy and ultrafast fluorescence up-conversion technique. The talk is devoted to the
description of modern laser spectroscopy methods and experimental setups for measuring of
luminescence Kinetics.

This work was supported by the Russian Foundation for Basic Research grant # 18-29-
12106.
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In this work, we report an implementation of quantum-secured data transmission in the
infrastructure of Sberbank of Russia in standard communication lines in Moscow

The experiment is realized on the basis of the already deployed urban fiber-optic
communication channels with significant losses. We realize the decoy-state BB84 QKD
protocol using the one-way scheme with polarization encoding for generating keys. Quantum-
generated keys are then used for continuous key renewal in the hardware devices for
establishing a quantum-secured VPN Tunnel between Sberbank. The used hybrid approach ores
possibilities and it is promising for integrating into the already existing information security
infrastructure.

Alice Bob

SPD 1

SPD 2

Figure 1. The setup for the generation of quantum keys using the polarization-encoding scheme is presented, where
L1 is the light source, IM is the intensity modulator, A/2 is the half- wave plate, PM1 and PM2 are phase
modulators, VOA is the variable optical attenuator, L2 is the synchronization laser, SD is the synchronization
detector, WDM is the wavelength- division multiplexing filter, PC is the polarization controller, AD is the
monitoring detector, QC is the quantum channel (urban fiber channel), PBS is the polarization beamsplitter, and
SPD1 and SPD2 are single photon detectors. Purple lines indicate the polarization maintaining fiber.

Due to significant losses in the urban fiber-optic communication lines, we use the
recently suggested one-way scheme of key distribution with fast polarization encoding. The
setup is based on LiNbO3 phase modulators, single laser source for states generation, and two
single-photon detectors (Fig. 1).

An important improvement in compare with recent experiments on realizing three-node
QKD network in Moscow is the inclusion of an intensity modulator to the optical scheme as
well as updating control units and post-processing software for the implementation of the
decoy-state QKD protocol. Quantum-generated keys then used for continuous key renewal in
the hardware devices for establishing quantum-secured VPN Tunnel by Amicon.

The used fibre-optic communication lines are deployed between the Sberbank offce on
Bol'shaya Andron'yevskaya street (Alice) and the Sberbank office on Vavilova street (Bob): the
one is used for QKD and another one for information transmitting
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Additive technologies are of great interest for solving different problems in science and
industry[1]. One of the most widely used additive technologies is fused deposition modeling
(FDM 3D-printing). The range of FDM printing applications can be significantly increased by
the use of nanocomposite materials with non-trivial electromagnetic response[2]. Carbon-based
polymer nanocomposites can be useful as 3D-printable materials due to their relatively low
filler content and the possibility to be produced and applied with conventional methods.

The electromagnetic properties of composites based on thermoplastic polymers and
filled with different concentrations of graphene nanoplatelets (GNP), multiwall carbon
nanotubes (MWCNT) and their mixtures were investigated in the microwave frequency region.
It was shown that investigated fillers affect the composite electromagnetic response in different
ways: nanotubes affect both parts of dielectric permittivity, whilst graphene nanoplatelets
impact mainly the real part of the permittivity. It can be used for tailoring the electromagnetic
properties of a composite[3].

The synergy between MWCNT and GNP fillers was observed in form of the dielectric
permittivity value increase. Such an effect can be useful for the minimization of total filler
content making the composites more economically valuable and less viscous. The viscosity
level is of great importance for the FDM 3D-printing stability.

Acknowledgements: this work is supported by H2020 RISE 734164 Graphene 3D
project.

[1] Paddubskaya et al., “Electromagnetic and thermal properties of three-dimensional printed
multilayered nano-carbon/poly(lactic) acid structures,” J. Appl. Phys., vol. 119, no. 13, p.
135102, Apr. 2016.

[2] L. Egiziano et al., “Morphological, rheological and electrical study of PLA reinforced with
carbon-based fillers for 3D printing applications,” presented at the 9TH INTERNATIONAL
CONFERENCE ON “TIMES OF POLYMERS AND COMPOSITES”: From Aerospace to
Nanotechnology, Ischia, Italy, 2018, p. 020152.

[3] D. Micheli, A. Vricella, R. Pastore, and M. Marchetti, “Synthesis and electromagnetic
characterization of frequency selective radar absorbing materials using carbon nanopowders,”
Carbon, vol. 77, pp. 756774, Oct. 2014.
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This presentation is a review of the recent experimental and theoretical studies of the
effect of spin-dependent Shockley-Read-Hall recombination via deep paramagnetic centers on
optical spin orientation of electrons and nuclei in semiconductors and semiconductor
nanostructures. Presently, such investigations attract a great interest since the spin-dependent
recombination can provide at room temperature an abnormally high (up to 100%) spin
polarization of free conduction-band electrons, electrons bound at paramagnetic centers and
intrinsic nuclei of the centers in zero and weak magnetic fields [1-9].

These phenomena are illustrated by experiments performed at room temperature on
Ga(In)AsN nitride alloys ([N] ~ 1%) and their quantum wells. Optical pumping and polarized
photoluminescence were used to create and measure spin polarization of free electrons.

Hyperfine interaction of spin-polarized bound electron with the intrinsic nucleus of the
paramagnetic center is discussed in details since it exerts considerable influence on the electron
polarization being an origin for a strong electron spin relaxation and dynamic nuclear
polarization. In particular, electron-nuclear spin beats induced by hyperfine coupling of bound
electron with the defect nucleus in zero external magnetic field have been predicted and
observed [10].

The developed kinetic theory of both continuous-wave and pulsed optical spin
orientation and of spin-dependent recombination in a semiconductor in the magnetic field
describes qualitatively the main experimental findings.

[1] V.K.Kalevich, E.L. Ilvchenko, M.M. Afanasiev et al., JETP Lett. 82, 455 (2005).
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Since the seminal work of D.J. Bergman and M.l. Stockman [1] several groups have
contributed to the theoretical description of the proposed subwavelength laser termed spaser as
well as to its experimental realization. In accord with the basic idea, spasers differ from ordinary
lasers only in the resonator realization sharing with them the necessity of inverted amplifying
media. Instead of the resonators in the form of Fabry-Perot cavities used in common lasers,
spasers use localized plasmon resonances in metal nanoparticles. Collective oscillations of free
electrons against positive background in a metal nanoparticle modify the photonic states density
in its vicinity enabling stimulated emission on selected frequencies. Already realized spasers
are based on different experimental techniques that provides for the spectral and geometrical
coupling between the laser dye and plasmonic nanoparticles. In this contribution we describe a
new scheme that features directed and highly polarized stimulated emission from plasmonic
nanoparticles.

The experimental setup is like given in [2]. A monolayer of silver nanoparticles was
prepared via physical vapor deposition and subsequent dewetting on a quartz substrate. The
obtained monolayer of silver nanoparticles was covered with a spacer layer made of PMMA
followed by Coumarin 481 as a gain medium. The samples were excited by the third harmonic
of a Nd:YAG laser at normal incidence. The pulse duration was 10 ns, while the beam diameter
was 7 mm. When the energy of the laser pulses at the wavelength of 355 nm exceeds 2 mJ a
new narrow emission line pops up over the broad fluorescence band. Contrary to the behavior
of the broad fluorescence band that starts to saturate at this level of excitation, the narrow
emission line intensity continues to grow linearly with the energy of excitation pulses in the
whole exploded interval up to 9 mJ. The rate of the linear growth after the threshold is 1.5 times
larger than below threshold. The spectral width of the narrow line is only 10 nm, much smaller
than the FWHM of the broad fluorescent band that is equal to 64 nm. The narrow emission line
is fully polarized in the scattering plane, while the broad fluorescence band is unpolarized. The
narrow emission line intensity reaches a sharp maximum at the scattering angle of 45°.

Thus, the experimental evidence of directed and highly polarized spasing of silver
nanoparticles from beneath the thin amplifying film has been obtained for the first time.

[1] Bergman, D.J. and Stockman, M.I., "Surface Plasmon Amplification by Stimulated
Emission of Radiation: Quantum Generation of Coherent Surface Plasmons in Nanosystems,"
Phys. Rev. Lett. 90, 027402 (2003)

[2] Kamalieva A.N., Toropov N.A., Vartanyan T.A. Spasers monolayer based on silver
nanoparticles // Proceedings of SPIE, 10672, 1067224 (2018).
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Among the various areas of modern materials science, actively developing and
promising is the creation of composite structures in which the properties of semiconductor
nanocrystals and the material of a solid matrix are combined. Nanocomposites are widely used
in various fields of science and technology. On the basis of materials with semiconductor
colloidal quantum dots, efficient and economical light-emitting devices, luminescent coatings
and labels, and spectral devices are produced [1]. Among the urgent problems can be identified
a search for new active media for laser generation, sources of nonclassical light for quantum
optics and computer science, elements for photovoltaic devices and nanoelectronics.
Fluorescent labels and sensors based on semiconductor quantum dots are extremely in demand
in biology, medicine and various diagnostic methods [2].

We study two types of quantum-dot-doped nanocomposites. The first are the thin films
of self-assembled colloidal quantum dots spreaded on a glass plate. We used double-coated
colloidal CdSe/CdS/ZnS quantum dots (QD-light, Russia), dissolved in high concentration in
toluene to prepare the samples. Declared variation of size of quantum dots was 3 — 7 nm. Spin
coating technique wasn't used because of the large loss of the QD-solution during the creation
of sample with sufficient optical density. An arrangement and procedure to spread quantum
dots on a glass substrate have been developed to prepare the samples [3]. Additional
measurements were performed by means of luminescence microspectroscopy to clarify the
optical quality and spectral properties of the samples [4]. We obtain ultrafast optical dephasing
in a wide range of cryogenic temperatures (4.5 — 50 K) in an ensemble of CdSe/CdS/ZnS
qguantum dots [5] with relaxation times about 1 ps. Unlike impurity molecules of organic dyes,
for which the optical dephasing times at cryogenic temperatures are of the order of a few
nanoseconds, in the case of the quantum dots, there is an ultrafast relaxation dynamics (with
characteristic times of hundreds of femtoseconds). Possible reasons for such fast processes can
be related to the inhomogeneity of the structure of the quantum dots themselves, to the features
of the internal dynamics of the emitting core (e,g,, with the blinking effect), and also to the
surface states on the shells. In addition, the dispersion in size and the strongly inhomogeneous
local environment can lead to ultrafast relaxation in the ensemble of quantum dots.

Further, we studied the second type of samples with quantum dots synthesized inside of
a liquid crystal matrix. Nanocomposites were fabricated in the liquid crystal phase using
template-controlled synthesis [6]. Liquid crystalline mesophase is used as a reactor for the
synthesis and stabilization of semiconductor QDs. CdSe QDs synthesized in the metal
alkanoates (for our samples the cadmium octanoate CdCg was used) at various temperatures



(180 °C and 220 °C) have different sizes [7]. With temperature decrease to the ambient the
ionic thermotropic liquid state of CdCs crystallizes. That leads to the formation of the
anisotropic glass that holds the layered smectic-A structure with quantum dots grown inside.
We investigated the luminescence properties of such nanocomposites with 1.8 nm and 2.3 nm
CdSe QDs. Luminescence spectra of the samples were measured by means of confocal
luminescence microscope. The use of an additional visualization scheme allows one to
investigate the dependence of luminescence spectra on the structural features of the sample [8].
We measured and analyzed at T = 77 — 300 K the temperature dependence of the excitonic
luminescence spectrum of our samples. Analysis within the framework of a theoretical model
that takes into account the electron-phonon interaction inside quantum dots made it possible to
calculate the values of the Huang-Rice factor and the average phonon energy in the nanocrystals
under study [9].

The work is partially supported by the Russian Science Foundation (#14-12-01415 —
manufacturing of a thin films of quantum dots; study of temperature dependencies of QD-doped
structures) and the Russian Foundation for Basic Research (# 18-02-01121 — photon-echo
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[losiBieHne B mocienHee NECATUIETHE MOIIHBIX JIA3€PHBIX JUOJOB Ul HaKayKu
TBEPAOTENIbHBIX JIA3€PHBIX CpEl, PACIIMPEHUE MX CHEKTPAJbHOIO JMaIa3oHa IOBBICHUIIO
UHTEpEC K CO3JJaHMI0 U MCCIIEJOBAHHIO HOBBIX THIIOB IUIAHAPHBIX ONTHUYECKUX BOJIHOBOIOB.
AKTUBHBIE JIa3epHBIE cpelibl B OopMe IIIaHAPHBIX BOJIHOBOIOB 00JIaAt0T PSAAOM IPEUMYIIECTB
[0 CPaBHEHUIO C OOBEMHBIMHM JIa3€pHBIMHM cpefaMH. Takue JIOCTOMHCTBA IIJIaHAPHBIX
BOJIHOBOJIOB Kak OoJblllas JUIMHA B3aUMOJICHCTBUS HU3JIYYEHHUS] CO CPENOH, COXpaHEHUe
JMHEHHON NOJSPU3aLUH Ja3epHOrO U3IY4YEeHUs, KOMIAKTHOCTh MPEJICTABIIAIOT 3HAUUTEIIbHBIN
uHTEpec Ui (POTOHUKH.

B HacTosmeil pabore ucciaenoBaHbl CIEKTPAIbHBIE XapaKTEPUCTHUKU CO3JAHHBIX
METOIOM ropsiaero popmMoBaHust GTOPUIHBIX KEPAMHUYECKHX M KPHCTATMYECKUX CMEIIaHHBIX
ONTUYECKUX IJIaHAPHBIX BOJIHOBOZOB THma MeiF2 — MezFs3 ¢ pasHocThio moka3zarenei
IPEJIOMIIEHUS] MEX/y aKTUBHOU Ccpeliol (CepALleBUHOM) U oTpaXkaroleil 0007104Koi He O6onee
1072-10"*. ®dropuanbie nazepHble MaTepHanbl 00NAJAIOT MHPOKHM CIEKTPATbHBIM OKHOM
npo3padHocTH — OT Y® (~ 0.2 mxm) mo UK (~ 11 Mxm) obnactu crekrpa, U MOTYT OBITh
aKTHBHUPOBAHBI PEKO3EMENLHBIMU MOHAMH C BBICOKOH KoHIeHTparmeir (mo 107! cm™®) Ge3
CYILIECTBEHHOTO TYILIEHUS JIFOMUHECIICHIINH.

Ha npumepe nimaHapHOro BOJIHOBOJA C CEPALIEBUHOM M3 CMEIIAHHBIX KPHCTAJUIOB
neoqumMpmooputa CaF,—NdFs:Nd®*" (mimma 55 Mm, mupuHa 5 MM, BbIcoTa 1.3 MM) ¢ IBOHHOI
oTpakarorieii 006ooukoit u3 LiF mms mossienus 3)(HeKTHBHOCTH BO30YKICHHS BOJHOBOA
MOKa3aHo, YTO Jla3epHble MaTepuabl HA OCHOBE (PTOPUIOB 00JIAAIOT PSJOM CYILECTBEHHBIX
OPEUMYIIECTB [0 CPaBHEHHMIO C OKCHIHBIMH MaTepHajaMH, OCOOCHHO IpH CO3JaHUU
HIMPOKOINANA30HHBIX yeunuTenen. [Ipu MoHo# 60Kk0BOI Hakayke BOJIHOBOJOB MaTpULlaMU
Ja3epHBIX TUOJOB C JVIMHOW BOJHBI BOMM3H 0.8 MKM B MOIIHOCTRIO Oonee 1 kBT oOHapykeHa
JIOMUHECLICHIIMS KaK Ha OJHOW JUIMHE BOJIHBI, TaK U HA JIBYX JJIMHAX BOJH OJHOBPEMEHHO
(BOmm3m 0.9 u 1.05 MKM), 4TO TIO3BOJISIET YHPABIATh UX CHIEKTPOCKONMUYECKHMMHU CBOMCTBAMHU.
[Tpu sToM ropuIEl UMEIOT OOJIee Y3KUM, IO CPABHEHUIO C OKCHIaMU, (POHOHHBIN CIIEKTp, YTO

CYLIECTBEHHO CHIDKAET BEPOSTHOCTh MOTEPh HAa MHOTO(QOHOHHYIO O€3bI3TydaTeIbHYIo



penakcauuoo. IlpuyeM MeHbIIME JIMHEMHBIA W HEJIMHEHHBIA IIOKA3aTelId MPEJIOMIICHUS
CHIIKAIOT BEPOATHOCTDH PA3JIMYHBIX HEJIMHEWHBIX MPOLECCOB MPHU BBICOKOM MHTEHCUBHOCTH
PacIpOCTPAHSIOUIETOCS U3JIy4YEHHUs. DTO MO3BOJISIET MOBBIMATH 3()PEKTUBHOCTh T€HEPALIUH,
YTO CIOCOOCTBYET PACIIMPEHUIO BOZMOXKHOCTEH (DOTOHHBIX TexHOJIOTUH. Taxke 00CyKIaeHbI

MIEPCIIEKTUBBI TATBHENIINX UCCIENOBAHUIM.
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The most attractive properties of carbon materials are associated with the ability to form
new nanoscale architectonic forms. Recently, one- and two-dimensional carbon layers
including graphene and nanoribbons, became a subject of study as promising materials for
electronics, spintronics and medicine [1].

New approaches to the synthesis of nanostructures and the ability to effect on their
electronic, chemical, mechanical and magnetic properties by controlling the parameters of
defects are developing [2]. A positive role of defects reflects in initiating the creation of new
materials and compounds namely for nanoscale structures. Therefore, the study of shungite
carbon (ShC) as a new graphene-like material and its structural modifications is of scientific
and practical interest [3].

Clustering of non-planar graphenes of ShC is a key process of a multilevel structural
organization scenario and of structural transformations in systems of various physico-chemical
nature. ShC favorably differs from all synthetic objects by fixed lateral dimensions (~ 1 nm)
and amphiphilicity of graphene fragments. Water contributes into the formation of structural
hierarchy of ShC, and, in general, fractal structure and porosity of bulk ShC. The reverse
process of releasing of graphene fragments was realized through preparation of stable aqueous
dispersions of ShC nanoparticles [4]. Such processing and further condensation of the
dispersion guarantee reproducibility of structural peculiarities of basic element and its
clustering at all levels up to 3D-net formation. The three structural levels of nanoparticles
(stacks, globules and nets) can be governed by the polarity or condensation conditions of
dispersions. Spatially arranged fractals of bended, curved, mono- or stacked graphene layers
that provide new properties were reported for specially treated ShC powder [5].

Graphene motive in ShC nanoparticles was enhanced in thin films produced by
sublimation of ShC powder in vacuum. Anomaly of the conductivity of films in the temperature
range 80-120 K was reported [6].

Paper reports on ShC nanoparticles in films produced from stable dispersions after laser
beam treatment of nano- and femto- durations that show similar structural organization and
conductivity.

[1] Zhang J, Terrones M, Park CR, et al. Carbon 2016, 98. P. 708-732.
[2] Ziatdinov AM, Skrylnik PG, Saenko NS: Phys. Chem. Chem. Phys. 2017, 19. P.
26957-26968.



[3] Rozhkova NN, Rozhkov SP, Goryunov AS: In Carbon Nanomaterials Sourcebook K.D.
Sattler, Ed. CRC Press, 2016, V 1. P. 151-174.

[4] Sheka EF, Rozhkova NN, Int. J. Smart Nano Mater. 2016, N 5. P. 1-16.

[5] Chou NH., Pierce N., Leic Y., etal. Carbon. —2018. N 130. - P. 105-111.

[6] Kovalchuk AA, Prihodko AV. St. Petersburg Polytechnic University Jour.: Physics and
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1. We studied in both theory and experiment the laser-induced nanocluster structures of
different types (in topology and element composition) taking into account the correlations in
nanoparticle ensemble by quantum states. The problem of high temperature superconductivity
due to topological surface structures with correlated states (resulting in coupled states for
charged particles on new dimensional principles) are under our consideration.

We applied several laser procedures to obtain the nanostructures and thin films with
controllable topology. Namely, in addition to the direct laser modification of solid surfaces, we
used, first, the laser ablation of targets in liquid to obtain colloidal systems and, second, to
deposit the nanoparticles from the colloid on a solid surface for formation of nanostructures in
necessary way by two technique: the laser radiation action and the droplet falling from the
nozzle drop jet [1,2]. In [3] the several existing experiment opportunities to fabricate the
topology different structures are presented.

In experiment, we have seen competition between increase conductivity while opening
new channels in a spatially inhomogeneous charged structure and increase the resistance by
increasing of the areas between the conductive grains. Such electrical transport properties (due
to quantum correlated states resulting in tunnel and hopping electroconductivity) may be
presented as a special type of topological electrophysical surface structures (both localized and
delocalized coupled states for charged carriers). Dramatic enhancement of electroconductivity
(in several orders) has been observed in our experiments due to variation of topological
peculiarities of a nanocluster thin film system (cf. [4]).

2. The physical properties of nanocluster systems are very sensitive to the form, size and
distance between their composing elements. The fact is very well known for any material in
general, but to change these parameters and to carry out the stable conditions for ordinary solid
state object we need both to put the object under extremal high pressure (= 10° atm) and to
work in low (liquid He) temperature range (<30K) [5].

In contrast, the nanocluster structures can be easily modified in both necessary direction
and by controllable way in the femto- nanophotonics experiments. The variation of the
enumerated above topology parameters can result in new type of correlation states for charged
particles. Moreover, the electronic energetic bands of the materials can vary dramatically in the
case, resulting in new physical behavior of the system, in particular, in optical response.

In superconductor problem the question usually is how to fabricate the coupling states
(around the forbidden band) at high (usually nitrogen) temperature (=140 K) for charged
particles being responsible for electroconductivity. In particular, the superconductivity
enhancement mechanism does work due to temporary change of atom positions, e.g. for
YBa:Cuz0e/YBCO — under IR-laser radiation (X-ray is preferable) — cf. [6]. In this aspect
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deformation of crystallic lattice (under 107atm) has been used as a detector of superhigh
pressure [7]. But it is a non-equilibrium process in principle.

As to equilibrium state we discuss some alternative mechanisms of electron coupling
for cluster system as well (not via standard phonon coupling [5]).

3. We consider, in present paper, the physical principles of dramatic increase of the
electroconductivity in complexes with different element composition for thin multilayered
cluster films when the free charged particles are propagating along the conductive surface. We
have not interesting the principal parameters for superconductivity, i.e. critical current value
(up to several hundred Ampers as usually), strength of the effect, behavior in magnetic fields at
room temperature, etc. But we discuss the possible mechanisms responsible for high
electroconductivity and features of obtaining the hopping conductivity in such laser-induced
inhomogeneous thin film with surface structures up to 100 nm thickness. The approach is
reasonable because there is a fundamental problem of the critical current density drop with an
increase in the coating thickness (more than several microns) for superconducting layers, and
it is impossible to obtain the single-layer films with high critical current on different substrates
[8]. Principal fact is that in thin film/granular structure the Meissner effect, being traditionally
verification for a superconductivity, doesn’t work [5], and an abrupt increase in electrical
conductivity depending on the topology of a nanostructured film surface has been
experimentally observed by us [4].

4. The main new items of our study are based on several principal effects.

First, to study the bulk and surface conductivity contributions controllable in large
range by a deposited cluster topology.

In the cluster shape-stability conception it may be presented as well in analogy with
nucleus stability in geometrical approach. Surface equation for cluster as a function of shape
can be presented in the form:

r(¥) =R (1+ay + a,P,(cosI) + azP;(cosI)+... , (1)
where r(9) — radius-vector for nanoobject , R — spherical cluster radius, a; — small
parameters of shape-deformation from spherical shape (i=0,2,3), P; — Legendre polynomial.

When a,, @, — small, a; =0 fori> 2, and we have the cluster volume V in linear
N 2 . N
approximation vs ay:V = SnR3(1 + 3a, + g a, ). In spherical approximation we have

ay = - lag . For incompressed cluster should be V = const (= i7rR3) in such topological
5 3

model. Several topological structures for nanoobject, obtained by computer simulation, are
presented by us for some selected cases. From the very beginning the shape of the body was
spherical (radius R) which is perturbed by variation of some key parameters. The modification
of the cluster shape, changes, as well, the energetic electronic levels in frame of shell model,
and optical spectra vary with different optical response.

Our computer simulation procedure results in good coincidence with our experimental
results for both electroresistance and optical spectra.

For a superconductor such processes (ordering and changes under the effect of e.g. an
external magnetic field) are related to the behavior of the electron subsystem. But in standard
bulk sample (in contrast to the situation in an inhomogeneous medium) the state of electron
subsystem is different: the ordering is determined by the state of the lattice while the electrical
transport properties are associated with the redistribution of electrons. The main question then



is whether there is an interaction between the lattice and the electron subsystem or they are
independent. For a cluster system the answer to the first statement should be positive. Thus, the
size quantization (shell structure is namely extreme case of size quantization) results in effective
increase of the density states value, and consequently the critical temperature T¢ increases as
well (cf. [5]).

Second, to analyze the nonlinear dynamic model for superconductivity by different
mechanisms. The problem has been formulated in frame of simple but general nonlinear
Verhulst model being initially applied to genetic processes in time t [9]:

dN/dt=(a-N+yN)(1-N), (2)

where N — density number of the Cooper pairs; @ — some numerical parameter for

concrete process; y — parameter of their arise which shows the difference between two

processes, i.e. appearance and disappearance of the pairs for y #0. The case occurs when there

is an asymmetry in average state of the system. Last term ~ (-yN?) indicates a natural limitation

of the charge concentration determined by different reasons in each physical system with
saturation.

When y < 0 we have not a coupling pair, and for a steady state solution No = 0. But
for critical quantity y = 0 the state No = 0 becomes unstable, and new branch in solution arises:
we have a bifurcation and transition to the steady state No = y (second order phase transition).

Moreover, there is a critical value of fluctuations in the system o ; when for %> o the
splitting of the thermodynamic free energy density W(N) in two peaks (bimodal state) takes
place. This can interpretate as a spontaneous breaking of symmetry being a principal effect for
the problem of superconductivity. The case means that noise induces the transition in the system
being stable in determinate conditions. In our case the noise means that the variations of
topological parameters occur.

In frame of physical picture, because for superconductivity the pairing of electrons
(the (e-e)-Cooper pair) is necessary, the question is how this effect, being a phase transition,
occurs for initially independent and/or diffusion/random electrons propagating in the medium
under external electric field. It is a general problem for phase transition induced by the noise.
The optical spectra are modified in the case, as well. They should determine the efficiency of
necessary pairing under condition when the coupling energy for electrons is more than energy
gap in the density distribution of energetic levels for electron in nanoclusters.

Third, to consider a quantum mobility of electrons over different trajectories in a
spatially inhomogeneous structures/nanocluster system. The multiple trajectories for charged
carriers/electrons in inhomogeneous cluster structure may be presented in general fundamental
approach based on quantum statistical physics, including analogy with the path integral theory
[10]. For sequence (in time t) of spatial position (over x-coordinate) of electrons the conditions
are: X(0) = 0, a1< x(t1) >bs..., an < X(tn) >bn, where (ai-bi) — i-section along x(t), O<ti<t><....
<t, . Typical trajectories for quantum particle can be presented by following scheme:
Flx(®)] - F(.., x;, Xi31..) . For small time internal At, where At=¢, and

tiss =t; +¢€ , we can present x(t) = x; = x(t;) and have an ordinary function with the
functional parameter < (@)2 > ~ i . For ¢ — 0 we have infinite velocity of the electron

drift, but although the quantum trajectories are chaotic and fractal type (for e—0) we can obtain,



nevertheless, a finite drift velocity for electrons due to averaging over some reasonable on
practice both time interval and spatial section.

5. We carried out some computer simulation to obtain the optical spectra transmission
for different topological nanostructures. The results are in good agreement with our
experimental data for the (Au+Ag)-nanostructure thin film.

6. Obtained results give us an opportunity to establish the basis of new physical
principles to create the functional elements for optoelectronics and photonics in hybrid set-up
(optics + electrophysics) by the different topology controllable nanoclusters with dramatic
increase of both electroconductivity and optical response vs spatial structure of nanoclusters in
thin films at room temperature.
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We propose a theoretical description of switching between distinct fluorescence regimes
produced by a collective ensemble of emitters in a dielectric matrix. The intensity switching
patterns correspond to the experimentally observed spontaneous transitions between one "dim"
and several "bright" fluorescence states of an ensemble of color centers in a diamond
microcrystal irradiated by a continuous wave laser light. Transitions between the states are
characterized by well-readable dynamics of growth and decrease in the intensity of the
fluorescent signal on the time-scale of seconds. The theory explaining the observed emission
regimes and transition dynamics is based on the possibility for a collective ensemble of emitting
centers inside a dielectric microcrystal to show intrinsic optical multistability. It is shown that
the material equations describing such a system, in the presence of a considerable
inhomogeneity of the ensemble and large values of the phase relaxation rate, retain the
possibility of having several stable steady-state solutions that form a multistable optical
response for certain combinations of the pump power and concentration of the emitters.
Reasonable alternatives for such a behavior are discussed.

This work was supported by the grant of the Russian Foundation for Basic Research
(RFBR 16-02-01174).
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Bosonic condensation of microcavity polaritons is accompanied by their relaxation
from the ensemble of excited states into a single quantum state. The excess of energy is
transferred to the crystal lattice [1] that eventually involves heating of the structure (Fig. 1a).
Creation of the condensate results in the local increase of the temperature which leads to the
red shift of the exciton energy providing the mechanism for polariton self-trapping.
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(a) (b)

condensate

Fig. 1. (2) The schematic showing the dispersion of the low polariton branch and the
phonon-assisted scattering processes leading to heating of the crystal lattice. (b)
Sketch of a microcavity stripe excited by a non-resonant pump. The polaron solution
s formed as the result of interference of the incoming polariton fluxes.

By employing the driven-dissipative Gross-Pitaevskii model we predict a new type of
a stable localized solution supported by the thermally-induced self-trapping in a one-
dimensional microcavity structure. We demonstrate that if the heating efficiency exceeds the
critical level, the effective nonlinear trapping potential is formed. Because of its driving-
dissipative nature the polariton condensates supports the persistent currents flowing towards
the center of the trap where the condensate acquires the sink-type structure i.e. it is
characterized by the presence of converging density currents, Fig. 1b. We examine the
spontaneous formation of these states from the white noise under spatially localized pumping
and analyze the criteria for their stability. This finding sheds light on the paradoxical self-
trapping effect that seems to contradict the superfluid nature of polariton condensates
documented previously [2].

[1] S. Klembt, E. Durupt, S. Datta, T. Klein, et al., Phys. Rev. Lett. 114, 186403 (2015).
[2] L. Dominici, M. Petrov, M. Matuszewski, D. Ballarini, et al., Nature comms. 6, 8993
(2015).
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It is well known that the photon echo (PE) technique provides unique opportunities for
studying low-temperature dynamics of complexly structured (disordered) solid-state impurity
media. It becomes particularly informative for the measurements to be performed in a wide
range of temperatures. Knowing the temperature dependences of characteristic temporal
relaxation processes makes it possible to reveal parameters of the low-energy elementary
excitations. The series of experimental studies carried out at the Institute of Spectroscopy RAS
(Russia) and the University of Bayreuth (Germany) in 1990-2000s with the use of the
incoherent PE (IPE) and the double-pulse picosecond PE techniques made an immense
contribution to obtaining unique data on spectral diffusion and optical dephasing in organic
impurity glasses and polymers for the temperatures from mK to dozens of K [1]. These
approaches have additional capabilities in a comparative analysis of data on relaxation
processes obtained by PE methods with data on the spectra of single impurity molecules and
their temporal dynamics at various temperatures [2]. They may require the use the original
methods in statistical analysis of data regarding the widths of zero-phonon spectral lines (ZPL)
for a large number of PE measurements. At the same time, up to nowadays some of the results
show significant contradictions that cannot be resolved within the existing models.

In this report we provide an overview of the results obtained until recently using such a
combined approach. We discuss new experimental approaches and the possibilities of the
methods used to study the microscopic nature of low-energy elementary excitations of the
tunneling and vibrational type. The newest experimental results are shown to contribute to the
studies of ultrafast low-temperature dynamics in an impurity polymer (polyisobutylene with
impurity molecules of tetra-tert-butylterrylene) and clarify the relationship of these processes
with the broadening of ZPLs of single impurity molecules [2]. It is also shown that the reverse
optical dephasing time, measured by the IPE method, corresponds to the smallest ZPL widths
of single molecules, which is in complete agreement with the ideas about the hierarchy of re-
laxation processes in disordered organic solid media at low temperatures.

In the final part of the talk we present the results of the first experiments on the IPE in
nanocomposite media with semiconductor colloidal nanocrystals (quantum dots). The problems
of sample preparation when working and managing such materials are discussed. It is shown
that the IPE technique will allow one to obtain new information about relaxation processes in
such media.

This work was supported by the grant of the Russian Foundation for Basic Research
(proj. no 18-02-01121 — echo-spectroscopy of quantum-dot-doped nanocomposites) and by the
Program of the Presidium of RAS “Actual problems of photonics” (optical spectroscopy of a
new luminescent materials).

[1] Yu. G. Vainer, A. V. Naumov, M. Kol'chenko, R. I. Personov // Phys. Stat. Sol. B, 241,
3480 (2004).
[2] M. V. Knyazev, K. R. Karimullin, A. V. Naumov // Phys. Stat. Sol. 11, 1600414 (2017).
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2 Federal State Unitary Enterprise «All-russian scientific research institute of aviation
materials» State Research Center of the Russian Federation,105005 Moscow, Russia
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WO3 films can change its optical characteristics in the wavelength range from the UV region
to the long-wave IR region [1]. Therefore they are used in electrochromic indicators, displays, optical
modulators, "clever windows" [2]. At the moment an actual task is a creation of solid-state
electrochromic cells on the basis of the WOs3 films. For this purpose it is necessary to determine the
production conditions of separate layers of the electrochromic cell and also to investigate the change
of their properties at the consecutive deposition of the films. The pulse laser deposition (PLD) method
in the droplet-free mode owing to the high density of the particles in the erosive plume and the high
degree of ionization of the plume allows to deposition of the films with thickness of several
nanometers evenly [3]. The high energy of the particles in the erosive plume allows to reduce the
crystallization temperature of the films up to room temperature and to provide the production of the
layers of the solid-state electrochromic cell on flexible organic substrates.

The aim of the present work was the production of the WOs films by PLD method on single-
crystal (c - sapphire), amorphous (quartz) substrates and on films of the SnO2:Sb transparent electrode
and also studying optical and electric properties of the WO3 films and their surfaces morphology. The
WOs films with thickness from 42 to 275 nm were produced at the substrate temperature from 100 to
300 9 and the oxygen pressure in the range of 10-2- 10” Torr. The dependence of the films properties
on the substrate type, the substrate temperature and the oxygen pressure during the deposition was
investigated. The influence of the post-growth thermal annealing on the magnitude of optical
transmission in the wide spectral range from 200 to 2000 nm and energy gap width of the WO3 films
was investigated. The transmission dependence of the WOs films produced at the room temperature
of the substrate on the oxygen pressure during the film growth is presented in Fig. 1. The
transmittance of the films produced on both types of the substrates increase in the all spectral region
at the increase of the oxygen pressure. It was established that the energy gap width of the WOs films
produced both on quartz and on sapphire substrates at the room temperature changed from 2.9 to 3.3
eV at the increase of the oxygen pressure range from 20 to 60 mTorr during the film deposition. The
change of the oxygen pressure during the WOs film growth did not influence on its surface roughness.
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Fig. 1. The transmission of the WOz films deposited at the room temperature of the quartz
(@) and c - sapphire (b) substrates and the oxygen pressure during the film growth: 1 - 20 mTorr, 2 —
40 mTorr, 3— 60 mTorr.

The transmission change of the thin-film structure at consecutive addition of the layers of the
electrochromic composition (c-Al203/Sn02:Sb/WQO3) was investigated. The WOg3 layers were
deposited at the oxygen pressure of 60 and 40 mTorr. The layers of the electrochromic composition
with the WO3 film produced on the SnO>:Sb transparent electrode at the oxygen pressure of 60 mTorr
were subjected to thermal annealing in the oxygen atmosphere at 500 °C within 30 minutes. The
transmission of such compositions are presented in Fig. 2.
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Fig. 2. The transmission change of the thin-film structure at consecutive addition of the layers
of the electrochromic composition: SnO2:Sb layer on c-Al0s — 3, WOs3 layer (60 mTorr) on c-
Al>03/Sn02:Sh — 2, WO3 layer (40 mTorr) on c-Al203/SnO2:Sb — 1, WOz layer (60 mTorr) on c-
Al203/Sn0O2:Sb after thermal annealing in the oxygen atmosphere at 500 °C within 30 minutes — 4.

The optimum oxygen pressure (60 mTorr) during the WO3 films deposition on the SnO.:Sh
transparent thin-film electrodes was determined. It was established that the thermal annealing of the
WOs films which were grown on the SnO2:Sb films reduced the energy gap width of the WOs3 films
from 3.5t0 3.4 eV.

This work was supported by the Federal Agency of Scientific Organizations (Agreement Ne
007-I"3/43363/26) in part of films production and by the Russian Science Foundation (Project Ne 16-
29-05385, 16-07-00842, 17-07-00615) in part of analysis of films.

[1] Sauvet K., Sauques L., Rougier A. // J. Phys. Chem. Solid., 2010, Vol. 71. P. 696-699.

[2] Chiang J.-L., Jan S.-S., Chou J.-C. et al. // Sens. Actuat. B, 2011, Vol. 76. P. 624-628.

[3] Parshina L.S., Khramova O.D., Novodvorsky O.A. et al. // Semiconductors, 2017, Vol. 51.
Ne 3, P. 407-411.
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28. FORMATION AND TRANSFER OF A TEST-OBJECT IMAGE BY LASER
BRIGHTNESS AMPLIFIER WITH OPTICAL BUNCH
A. Galkin, S. Zhirnova, E. Shamanskaya

Vladimir State University, Vladimir
svetlanna_vik@mail.ru

The registration of laser-induced processes on the surface of various materials using a laser
monitor is presented in many works, for example [1-5]. The problem is that the distance from the
processing surface to the input lens of laser monitor is fixed, which is inconvenient in the study of
technological processes of laser processing of various materials. The optical bunch allows to carry
out researches of processes of interaction of laser radiation with a surface and in cases of rather
arbitrary arrangement, both in space, and on remoteness from the laser monitor. The paper presents
the results of experiments to obtain an image of a test object using a brightness amplifier and an
optical bunch.

As a laser projection microscope, a brightness amplifier on copper vapors CVL-10 was used
with the following characteristics: length of the active element 1=0.8 m, diameter d=18 mm,
unsaturated gain coefficient a = 0,14 cm™1; emitting at a wavelength A=510.6 nm. CVL-10 copper
vapor laser radiation focuses on the surface of the optical bunch using a lens with a focal length of
125 mm and an antireflection coating of 400 — 700 nm. The paper used a fiber-optic bunch with the
following characteristics: the calculated numerical aperture of 0,5; resolution of 8-15 mm™. An optical
wedge (refractive angle 6 = 4°) is glued to the end of the optical bunch to reduce the reflection of
radiation. After the optical bunch, an optical system consisting of one lens or two lenses was installed
to focus the radiation on the test object. Lens material BK7, focal length 50 mm and 200 mm. The
model of the treated surface was a test object, which is a plate of polished stainless steel, on which
the laser engraving applied strokes with a certain amount per millimeter (from 1.75 to 10 strokes per
millimeter).

Images of the surface of the test object at its different location in the experiment were obtained
on the screen of a laser projection microscope. When the test object is located at the end of the optical
bunch, the periodicity of the structures is observed, but the image contrast is low, since part of the
radiation involved in the formation of the image is lost when passing through the optical bunch. When
the test object is located in a double focus lens with a focal length of 50 mm, the image of the surface
has a low contrast, part of the radiation involved in the construction of the image is lost when passing
through the optical bunch and the optical system. When the test object is located after the optical
bunch and optical system of two lenses at a distance of 50 mm from the second lens, an image of the
surface received in reflected light from the spherical surface of the lens on the screen, which is located
behind the test object at a distance of 30 cm, is obtained. Contrast and image clarity is observed.

Images of the test object surface were obtained using a laser projection microscope and an
optical bunch. The use of an optical bunch can significantly improve the capabilities of the laser
monitor and observe laser technological operations (laser cutting, welding, etc.) at an arbitrary
distance from point of impact. In the micro-processing of local areas of 3D-products of complex
profile, the use of laser projection monitor together with an optical bunch can give fundamental
advantages in the aspect of controllability of the process directly during its implementation and
achieve the required/record processing accuracy.
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29. HIGH-POWER X-RAY TUBE FOR MICRO COMPUTER TOMOGRAPHY
(MCT)
E. Grachev, E. Kozlov, A. Trubitsyn

Ryazan State Radio Engineering University, Gagarina 59/1, Ryazan 390005, Russia
tel.+79209725040, e-mail ewg.kozlov2015@yandex.ru

The current stage of development of X-ray diagnostics methods can be characterized as a stage
of symbiosis of modern X-ray technology and digital information technology. The results of such a
symbiosis are most pronounced in microfocus fluoroscopy, where so-called microfocus tubes are
used as radiation sources. Here you can talk about the emergence of a completely new highly
informative tool for the study of the internal structure of opaque objects.
In the most positive way, microfocus tubes have proven themselves in X-ray tomography, where the
spatial resolution at the level of microns and nanometers is achieved. The corresponding branch of
science is called computer microtomography (LCT) [1]. The unique features of the pCT made it the
“gold standard” of X-ray diagnostics

Advantages of microfocus sources become apparent more distinctly under using of anodes of
the transmission type made of thin metal foil in contrast with thick anodes of the reflection type.

Main disadvantage of standard sources of the transmission type is that the upper limit of power
dissipating on a standard planar anode of the tube is about 10 W under diameter of the excitatory
electron beam spot about 100 . Following increase of power leads to melting of the anode material.

The purpose of the work consist in x-ray tube power increasing. The idea to increase power
of the microfocus x-ray tube of the transmission type due to application of the heat pipe as an anode
[2]. The bottom of the heat pipe is the anode (W) target, and the cap of the heat pipe is the exit (Be)
window of anode.

High-temperature heat pipes are often called heat superconductors. Estimates of the
magnitude of the power dissipated at the anode are determined as a function of the diameter of the
focal spot of the electron beam. Under great thicknesses (>1 mm) of the anode W a value of the
dissipated power is determined by heat resistance of tungsten and so substrate does not ensure heat
removal from the heating zone. So, in this case ultimate heat power only insignificantly exceeds the
power dissipated by the standard composite W-Be anode described in [3]. Tangible benefit in the
dissipating power is reached only under very small (<100 pm) thickness of the anode target. In this
case, the thermal resistance of the target becomes small, and the heat locally released at the point of
electron beam incidence is dissipated actively by the volume of the high-temperature heat pipe.

Instance, the limiting power dissipated by the 10 p of tungsten target of the anode “heat pipe”
is equal to 100 W for the 100 p electron beam diameter.

The research has been carried out at expenses of the Russian Science Foundation grant (project
N0.18-79-10168).

[1]  EliottJ.C. and Dover S.D. X-ray microtomography // Journal of Microscopy. — 1982.
- 126, 211-213.

[2]  Trubitsyn A.A. Transmission type Microfocus X-ray tube with a high level of power
dissipated at the anode // Russian Federation Patent No. 2653508 dated 05.10.2018.

54



[3] Podymskiy A.A. Power X-ray tubes to X-ray imaging (rus.) (PhD Thesis, LETI, S-
Petersburg 2016).

55



30. MODELING THE CLUSTER STRUCTURE OF A BIMETALLIC FRACTAL
AG/AU NANOFILM
D. Bukharov , A. Istratov, V. Samyshkin, O. Novikova, S. Arakelian

Vladimir State University, 87 Gorky, Vladimir, 600000, Russia
Mail: buharovdn@gmail.com

The initial bimetallic fractal films were obtained by laser deposition of metals from solutions
[1]. After the laser impact and the formation of clusters on the surface of the substrates, they were
studied using the Integra-Aura probe nano-laboratory.

In all cases, in the process of deposition, cluster structures of the dendrite type were formed
on the surface of the glass substrate. [1]

To describe the obtained aggregates of the fractal film, the DLA model was chosen [2]. To
simulate a cluster, the seed particle was placed in the center of the computational domain. Since there
is no interaction between particles in the model, only the interaction of a free particle and a fixed
cluster is considered.

In the simulation, the initial concentration and the probability of sticking of particles and
aggregation centers were varied within a two-dimensional von Neumann first order neighborhood.
3]

It was found that with a decrease in the value of the probability of sticking in the interval from
1to 0.01, the generated fractal becomes almost uniformly distributed at the edges (Fig.1.).

On the other hand, the higher the probability of sticking, the more branched a fractal structure
forms and the film also becomes more heterogeneous with a dendritic profile, which is confirmed by
the values of the fractal dimension.

The proposed approach makes it possible in the first approximation to estimate the effect of
the temperature parameter on the character of the resulting structures.

Fig.1. Model images of fractal structures of a film island with a sticking probability: a) 0.01
b)0.1¢)0.5d)1

This study was supported by the grant of president of Russian Federation by project MK-
2842.2017.2.

[1]  Antipov A.A. et al. Deposition of bimetallic Au / Ag clusters using the method of laser
deposition of nanoparticles from colloidal systems / Antipov AA, Arakelyan SM, Kutrovskaya SV,
Kucherik AO, Vartanyan T.A. // Optics and Spectroscopy, 2014, t.116. No. 2. P.349-352.
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31. ANTI-COUNTERFEITING FRET BASED INVISIBLE INKS
PRELIMINARY INVESTIGATIONS WITH RYLENIC ORGANIC DYES
C. Levi

L.CR. STUDIO — Via Bissuola 40/C — 30173 — Venezia/Mestre
carlo.levi76@gmail.com

Luminescent color tuning can be achieved by varying the chemical structure of a single
molecular emitter altering m-conjugation by condensation or functionalization, and by the presence
of a second luminescent emitter, tuning the emission characteristics by Fluorescence Resonant Energy
Transfer FRET. The applicative range of tailored/coupled fluorescent dyes is wide, spanning from
lasing to sensing. Bimolecular FRET mechanism between two organic dyes could increase Photo-
Voltaic devices performances in photo-cells coupled with Luminescent Solar Concentrators LSC and
in Co-Sensitized Dyes Sensitized Solar Cells DSSC [Anpc = 20 + 80 %]. Increase of DSSC Photo-
Current is Thickness/Morphology film dependent.

In this preliminary work, emissive RGB triad of commercial BASF-LUMOGEN perilenic-
bis-imidic based dyes, developed as LSC and characterized by high QY (® > 90 %) and photo-
stability, are investigated in the FRET donor/acceptor arrangements B/R, B/G and G/R couples for
anti-counterfeiting purposes in alcoholic Sol-Gel Ink-Jet Matrix and coated on colorless glass, plastic
and adhesive substrates.
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Figure 1: Spectro-fluorimetric analysis of Blue/Red couple spin coated on glass at different molar ratios.

Non-linear bell behavior at fixed wavelength of the R305 acceptor show ner™ at B/R 0.4/0.6 molar ratio.

Dye Amax & (nm) Amax ™ D/ Acouple ﬂETmaX Cl Eeme
(hm)
B 570 365 450 B/G 50 % 0.23/0.44
G 83 470 510 B/R 57 % 0.43/0.25
R 305 580 595 G/R 67 % 0.48/0.43

Table 1: Solid state photo-physical characteristics of single dyes and donor/acceptor couples.

Future development of Energy Transfer based Inks (ET-INKS) will be selection of synthetic dyes in
order to investigate/realize Organic Nanoparticles (ONPs) showing potential Amplified Spontaneous
Emission (ASE) behaviour. Dyes nano-aggregation in solution could be achieved by laser ablation
and emulsion techniques in order to realize “soft” spherical systems able to surround one ore more
aggregated dyes. ET-INKS concept could be easily expanded in Organic Optoelectronics
(Photovoltaics, Photodetectors and Lasers devices).

[1] S.T. Bailey et al., Optimized Excitation Energy Transfer in Three-Dye Luminescent Solar
Concentrator, Solar Energy Materials Solar Cells 91, (2007) 67-75;
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03/07 2018;

[4] R. Kumar, S. Lai, Synthesis of Organic Nanoparticles and their Applications in Drug Delivery
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32. LIGHT EMITTERS FOR HIGH-SPEED OPTOELECTRONIC DIGITAL-
TO-ANALOG CONVERSION
A. Bushuev, A. Zolotov, N. Davydov, D. Kochuev, R. Chkalov
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Vladimir State University, 87 Gorky, Vladimir, 600000, Russia
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One of the main elements in digital processing systems are digital-to-analog (DAC) and
analog-to-digital converters, since the speed and accuracy of the system largely depend on them. The
main drawback of parallel-type digital-to-analog converters is the reduction of the system digit
capacity while increasing the conversion speed, which makes it necessary to use lower work speeds.
The solution of this problem can become the transition from electronic devices to optoelectronic
converters, where digital-to-analog conversion will be performed in an optical form and, accordingly,
the speed of operation will be inversely proportional to the rise time of the optical signal of
optoelectronic emitters.

The simplest implementation of an optoelectronic parallel DAC is a functional diagram
presented in Figure 1 [1].

7 N L Output
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Figure 1. Functional diagram of the operation of an optoelectronic DAC: 1 - current driver;
21, 22, ..., 2n - a set of LEDs; 3 - mirror surface; 4 - photodetector; 5 - signal amplifier; 6 - LEDs
radiation angle; 7 - light beams incident on the photodetector

With the implementation of such structures, the question of emitting devices of optoelectronic
digital-to-analog converters that are capable to operate in the gigahertz range remains unresolved.
LEDs and quantum dot-based light emitters at the moment can not provide a sufficiently high working
speed due to design features [2]. Developments are underway to create light-emitting transistors that
have several advantages over LEDs: high temperature stability (temperature control is not required),
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which means there are practically no lattice vibrations; low current consumption (due to the
amplifying properties of the transistor); etc.
The paper proposed a new layout of light emitters layers, which is a bipolar light-emitting

transistor [3], containing a quantum well between the base and the emitter. The block diagram of the
element layers is shown in Figure 2.

Signal Source
DC Source

Cladding - N
Emitter - N IE

Base - P e /Z/

Quantum well (

Base - P

Drain - UID

Sub-Drain - N

Figure 2. Block diagram of the light-emitting transistor layers

[1] Zolotov A., Rufitsky M. Cifro-analogovyj preobrazovatel' [Digital-to-analog converter].
Patent RF, no. 2011124564/08, 2012.

[2]  Schubert E. F. Light-emitting diodes. — E. Fred Schubert, 2018.

[3] Wu C. H. et al. Design and layout of multi Ghz operation of light emitting diodes
/IProceedings of the GaAs MAN-TECH Conference. — 2010.
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33. SIMULATION OF ELECTRICAL CONDUCTIVITY OF THE BIMETALLIC
ISLAND OF THE AG/AU ISLAND NANOFILM
D. Bukharov, A. Istratov, V. Samyshkin, O. Novikova, S. Arakelian

Vladimir State University, 87 Gorky, Vladimir, 600000, Russia
Mail: buharovdn@gmail.com

The initial bimetallic coatings based on gold and silver nanoparticles were obtained by thermal
diffusion deposition of metallic nanoparticles on the surface of a glass substrate [1]. In all cases,
cluster structures of the dendrite type, visually similar to DLA clusters, were formed on the surface
of the glass substrate during deposition, which determined the choice of the nanofilm island formation
model [2].

The current-voltage characteristics were measured using a four-probe circuit with a linear
arrangement of contacts [3]. The measured dependence is on average linear (Fig.1).

The conductive properties were modeled in the classical approximation of Ohm’s law for a
section of a circuit. The resistance for highly branched clusters was calculated using the classical
formula, where the magnitude of the conduction path was calculated from the skeleton of the modeled
cluster [4], and the ratio of silver and gold particles was chosen to be 50:50.

The simulated volt-ampere characteristics were of the order of 10 ® VV when the voltage varied
from 0.05 to 1 V, which with satisfactory accuracy corresponds to the data of experimental
measurements (Fig. 2). A comparison of the electrical conductivity with the islands of silver and gold
monometals was also conducted. It was found that the electrical conductivity of the island of bimetal
is intermediate in nature and at low voltages up to 0.5 V it tends to the best electrical conductivity of
the island of silver.

The proposed approach allows, in the first approximation, to evaluate the conductive
properties of the structures obtained.
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Fig.1.Measured volt ampere Fig. 2. Simulated volt ampere
characteristics of bimetallic Ag / Au films characteristics

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state project no. 3.7530.2017/8.9), Russian Foundation for Basic Research grant # 16-42-
330461 and by the grant of president of Russian Federation by project MK-2842.2017.2.

[1] Antipov A A. et al. Deposition of bimetallic Au / Ag clusters using the method of laser
deposition of nanoparticles from colloidal systems / Antipov AA, Arakelyan SM, Kutrovskaya SV,
Kucherik AO, Vartanyan T.A. // Optics and Spectroscopy, 2014, t.116. No. 2. P.349-352.

[2] Menshutin A.Yu., Shchur LN, Multidimensional Generalization of the Diffusion Limited
Aggregation Model (DLA) // Mechanics, Management and Computer Science, 2014. 6, 6, Ne6 (51)
.C. 110-120
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34. TUNABLE ALEXANDRITE LASER
A. Antipov, A. Putilov

Vladimir State University named after Alexander and Nikolay Stoletovs, 600000, Russia

The use of an alexandrite crystal doped with chromium ions (BeAl>O4: Cr*) as an active
element makes it possible to obtain a tuning of the radiation wavelength in the range
of 720 - 800 nm.

In this work, a pulse-periodic tunable laser with lamp pumping of the active element was
designed. The lamp was placed in an elliptical reflector made of doped quartz, which in turn served
as a cut-off filter for the ultraviolet pump radiation region. The need for filtering light is due to the
degradation of the alexandrite crystal when exposed to UV radiation, and when intensely affected,
coloring occurs, resulting in a loss of lasing properties.

A silver coating is applied to the outer side of the reflector, which provides a reflection
of pump radiation of >95% in the absorption spectrum of the alexandrite crystal.

A rod of an alexandrite crystal with a length of 100 mm and a diameter of 6.3 mm
was used as an active element. The concentration of Cr®*ions was 0.13 atm.%. The ends of the active
element are parallel, with an antireflection coating in the range of 680 - 880 nm tA> 99%.

To compensate for the thermal lens arising in an alexandrite crystal during a pumping light
pulse, a positive sphere with a focus of 5 meters was used in the reflecting mirror.
The translucent mirror is flat with a reflection in the range of 700 - 850 nm pA ~ 75%.

To ensure the tuning of the radiation wavelength, a birefringent filter was placed
in the laser resonator at an angle to the optical axis. This method of adjustment was chosen because
of the low level of non-selective losses and simple control. The birefringent filter
is a stack of quartz plates of different thickness.

The optical scheme of the experiment is presented of the figure 1.
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Figure 1. The optical scheme of the experiment to determine the tuning of the emission
spectrum

Precise rotation of the foot plates around its axis is accompanied by a violation of the optimal
orientation of their axes relative to the plane of incidence of light, as a result of this the shape of the
filter's transmission spectrum changes, while the height of the peaks remains approximately constant.

The principle of operation of the birefringent filter allows you to smoothly change
the generation spectrum during operation of the laser. At the repetition frequency of the pump pulses
from 1 to 15 Hz, a smooth precision rotation of the birefringent filter occurred. The dynamics of the
tunable spectrum of laser radiation is presented of the figure 2. For the convenience of perception, an
approximation of the amplitudes of the emission spectra was performed. The intensity of the spectrum
analyzer was displayed in software in arbitrary units.
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Figure 2. The dependence of the tuning of the laser wavelenght on the rotation of the
birefringent filter

This method was able to achieve restructuring of the laser emission spectrum
of an alexandrite crystal in the range from 722 to 795 nm.

The construction of an emitter on an alexandrite crystal using a birefringent filter,
the implementation of Q-switching and frequency doubling makes it possible to create a tunable UV-
range laser with a high peak power density and a narrow spectral emission line.

This study was supported by the grant of president of Russian Federation by projects MK-
3053.2017.2 and by the grant of innovation promotion fund Ne 13129 I'Y/2018.
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Russia
tel.:+79157904262, e-mail: an4ny.che@gmail.com

Fiber Bragg gratings (FBGs) and long-period gratings (LPGs) are one of the most popular
optical components have found wide application as sensing elements in sensor devices, as spectral
filters in fibre lasers [1, 2], etc. Femtosecond laser technology using to write FBGs in optical fibers
without the requirement of material photosensitivity and fabricate optical structures has high thermal
stability. The main advantages of the femtosecond writing method is the ability to flexibly change the
characteristics [3] of the Bragg grating: the period length and, as a result, the spectral characteristics.

In this work the source of laser radiation was femtosecond Yb:KGW - laser system
(wavelength 1029 nm, pulse width 280 fs, pulse repetition rate of 10 kHz, pulse energy 180 uJ at a
current of 4 A). As the focusing optics a high numeric aperture microobjective Mitutoyo Plan Apo
NIR (x100, NA = 0.7) was used. FBGs in standard telecommunications single mode fiber Corning
SMF-28e* were fabricated without removing the polymer coating. The fiber is mounted on a three-
axis translation stage in such a way that the desired FBG can be fabricated by translating the fiber
regarding to the focused laser beam [3].

Several FBGs with different characteristics have been made using line-by-line method. For
inscription of FBG the following parameters were selected: velocity during exposure to laser radiation
V1 =80 um/s, velocity without exposure laser radiation V2 = 400 um/s, pulse energy 150 nJ. Images
of inscribed 2nd order (period A = 1.05 um) and 4th order (period A = 2.14 um) FBGs is shown in
Fig. 1.

Modification 10 pm
area p—

Fig. 1. Images of inscribed FBGs: a — 2nd order FBG; b — 4th order FBG.
In Fig. 1, the modification area completely crosses of the fiber core (8.2 um) that in turn
fulfilled the necessary requirements.
Reflection spectra registration was performed with an optical interrogator module (OSI) NI
PXle-4844. Fig. 2 shows the reflection spectra of fourth order FBGs with a length of 4.28 mm (a) and
6.42 mm (b), period A = 2.14 um, number of lines N = 2000 and 3000.
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Fig. 2. Reflection spectra of FBGs with different length: a - 4.28 mm; b — 6.42 mm.

With increased of number inscribed lines the reflection amplitude of FBG has increased as
shown in Fig. 2 (b). Fig. 2 shows the presence of reflection peaks in the wavelength range 1546-1550
nm, at a previously theoretically calculated central Bragg wavelength at 1550 nm. In each of the
reflection spectra there was a set of pronounced peaks, which indicates the heterogeneity of the
inscribed FBGs. This in turn can be associated with a number of factors: instability of laser pulses,
insufficient uniform translation on the XY axes, and an incorrectly set flatness position of the sample.

The results of inscription of 2nd order and 4th order FBGs in standard telecommunications
single mode fiber through the polymer coating using a femtosecond laser radiation are presented.

This work was performed as a part of the state task VLSU 3.5531.2017/8.9 GB-1106/17 and
a grant of the RFBR number 16-08-01226.

[1] Hill K. O. et al. Photosensitivity in optical fiber waveguides: Application to reflection filter
fabrication //Applied physics letters. — 1978. — V. 32. — Ne. 10. — P. 647-649.

[2] Dostovalov A. V., Wolf A. A., Babin S. A. Long-period fibre grating writing with a slit-
apertured femtosecond laser beam (A= 1026 nm) //Quantum Electronics. — 2015. — V. 45. — No. 3. —
P. 235.

[3] Chernikov A.S., Khorkov K.S., Kochuev D.A., Chkalov R.V. Modification of the refractive
index in an non-photosensitive optical fiber by femtosecond laser radiation // INTERMATIC 2017,
International Scientific and Technical Conference. — 2017, V.1, — P. 176-179.
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Modern information systems and different photonics applications require the creation of a new
class of materials that allows them to reconstruct their physical properties in a wide range. In
particular, quantum computers based on optical calculations need to create new optical logical
elements. For using of optical logical elements we have to achieve ultra-fast and broadband
transmission and processing of data. In such systems, photons behave as carriers of information,
which allow to increase the magnitude in the amount of information transmitted even by narrow-band
elements and overcome the delays between connections and minimize the generation of heat
associated with conventional embedded electronic circuits.

New promising optoelectronic materials with a wide range of practical applications are
structures based on semiconductor nitrides, in particular, gallium nitride. The approach of
nanoparticles of gallium nitride is widely used in modern photonics. This material is mare convenient
than silicon in some respects: it has high thermal, chemical and radiation resistance, high electrical
conductivity. Gallium nitride also provides good thermal conductivity, which removes many cooling
problems in the working area of the chip.

In this preliminary work, we presented an experimental realization of laser synthesis of
semiconductor nanoparticles. In our experiments, a gallium nitride target placed in distilled water and
was irradiated by laser. The source of laser irradiation was femtosecond Yb:KGW — laser system
(wavelength 1029 nm, pulse width 280 fs, pulse repetition rate of 10 kHz, pulse energy 180 pJ at a
current of 4 A). The colloidal solution obtained by the method of laser ablation was studied on a
particle size analyzer. As shown in Figure 1, particles with an average size of 144 nm were obtained
in the solution.
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Fig.1. GaN particle size distribution histogram
Further, the obtained particles were deposited on the substrate by the spray-jet method [1],
also we have got a Raman spectra of the formed GaN film. The results are consistent with research
of GaN films [2]. This confirms the possibility of the obtaining of a two-component semiconductor
nanoparticles using laser ablation of a material placed in a liquid.

[1] S. Kutrovskaya, S. Arakelian, A. Kucherik, A. Osipov, A. Evlyukhin, A. V. Kavokin.
Scientific Reports | 7: 10284 | DOI:10.1038/s41598-017-09634-y
[2] Z. C. Feng, W. Wang, S. J. Chua, et al. J. Raman Spectrosc. 2001; 32: 840-846
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Department of Physics and Applied Mathematics,
Vladimir State University named after A. G. and N. G. Stoletovs, 87 Gorky, Vladimir,
600000, Russia
E-mail: trsvmargarita@gmail.com

When using laser radiation, the laws of nonlinear optics play a dominant role. As a result,
there is a dependence of the nature of optical phenomena on the magnitude of the light intensity. The
dependence of the refractive index of the radiation intensity has the form: n = ny + n,I, where n, —
the linear part of the refractive index, n, —the nonlinear part of the refractive index, I — the radiation
intensity.

In this paper, we study the nonlinear-optical properties of thin-film coatings deposited on a
quartz glass substrate. The z-scan technique allows not only to determine the value and sign of the
nonlinear refractive index n, but also to determine the value of the nonlinear absorption coefficient
[1-4]. The technique is based on the effect of self-focusing of laser radiation in a sample that acquires
non-linear properties during the passage of laser radiation. The z-scan technique involves moving the
sample along the optical axis near the focal plane of the lens, and measuring the power of the radiation
transmitted through the sample. Closed-aperture technique is used to determine the nonlinear
refractive index, to determine the non-linear absorption coefficient with an open aperture. In Fig. 1
the experimental scheme of z-scan is presented.
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Fig.1. The experimental scheme of z-scan. 1 - laser radiation source, 2 - polarization
attenuator, 3 - lens, 4 - sample, 5 - diaphragm, 6 - power meter, 7 - motorized table, 8 - personal
computer

A femtosecond laser system with the following parameters was used as a source of laser
radiation: a pulse duration of 280 fs, a wavelength of 517 nm, a pulse repetition rate of 10 kHz, the
average power varied in the range from 2 to 20 mW. A polarizing attenuator is required for precise
adjustment of power values. The sample is located on the motorized table, the algorithm for moving
the sample and fixing the readings of the power meter were carried out using a personal computer.
When using the open z-scan technique, there is no diaphragm in the experimental scheme.
Measurement of nonlinear values by z-scan technique is possible when the laser radiation reaches a
certain threshold power value.

As a result of measurements, we obtain graphs of the power of laser radiation transmitted
through the sample from the position of the sample. An example of the graphics according to the open
z-scan technique is presented in Fig. 2. The calculation of non-linear values is carried out on the basis
of the obtained data.

69


mailto:trsvmargarita@gmail.com

P. mW

18

10

0 4 8 12 16 Z.mm

Fig.2. Graph of the transmission of laser radiation through the sample in an experiment with
open z-scan. Samples: 1 - applied coating solution; 2 - quartz substrate; 3 - applied thin film coating

Thus, the study of thin-film materials requires high accuracy and repeatability of the
measurement iterations. Qualitative measurement results are achievable with the use of automation,
recording, which during the experiment exclude the influence of the human factor.

[1] Sheik-Bahae M., Hutchings D. C., Hagan D. J., Van Stryland E. W. Dispersion of Bound
Electronic Nonlinear Refraction in Solids // IEEE Journal of Quantum Electronics , 1991, Vol. 27,
No. 5, pp. 1296-1309.

[2] Kamada K. et al. Two-photon-absorption-induced accumulated thermal effect on femtosecond
Z-scan experiments studied with time-resolved thermal-lens spectrometry and its simulation // J. Opt.
Soc. Am. B, 2003, Vol. 2, No. 3, pp. 529-536

[3] Tarasova M. A. Determination of nonlinear refractive index by the method of Z—scanning using
femtosecond laser radiation. // Days of science of students of the Vladimir State University named after
A. G. and N. G. Stoletov, 2017. P. 423-425

[4] Tarasova M. A., Khorkov K.S., Kochuev D.A., Prokoshev V.G. Determination of the
nonlinear refractive index by the Z-scan method using femtosecond laser radiation // Modern
nanotechnologies and nanophotonics for science and industry: proceedings of the 6th Intern. Conf.,
2018. P. 141-143.
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There are a number of problems in the manufacture of parts by the methods of selective laser
melting. When laser radiation is applied to low-melting and fine-dispersed components, intense gas
formation occurs, which contributes to the formation of pores (due to a complex temperature load on
an anisotropic body, cracking is possible). There is also the problem of creating complex alloys with
a homogeneous distribution of alloying components [1]. Some powder materials during processing
require less energy, leading to melting, so it is reasonable to apply approaches that change their ability
to absorb incident laser radiation. The intensity of the absorption of the powder material depends not
only on the physicochemical properties of the powder material, but also on its particle size
distribution, bulk density of the powder, including the angle of incidence of laser radiation [2]. The
radiation passes through the voids between the powder particles and interacts with the underlying
particles. The distribution of heat in the depth of the powder layer is determined by the usual
mechanism of heat transfer. The intensity of laser radiation decreases with its penetration into the
powder layer [3]. To reduce the absorption capacity of the granules of the powder material, it is
possible to use larger particles, apply reflective coatings, and also reduce the surface roughness of the
granules of the powder composition [4]. A change in the absorption coefficient of laser radiation by
particles of powder materials will make it possible to expand the range of alloying additives in metals,
the use of which is limited to different melting points of the powder material [5]. In this paper, we
consider various approaches to the change in the absorption capacity of granules of powder materials,
and also study the absorption properties of various powder materials.

The analysis of the size distribution and morphology of particles of various powder materials
was carried out using scanning electron microscopy. Investigation of the efficiency of absorption of
laser radiation was carried out using a continuous ytterbium laser on the developed stand. The
experiment was carried out according to the following scheme: the defocused laser beam was directed
to the surface of powder materials, the laser beam diameter on the surface of the powder material was
8 mm, the temperature was measured using a pyrometer. The measurement was carried out at different
power densities of the laser radiation. The range of variation of the laser power was chosen in such a
way as to eliminate melting, evaporation, and other changes in the state of aggregation of the powders.

[1]  YansS.J. etal. Investigating aluminum alloy by graphene nanoflakes // Materials Science and
Engineering: A. - 2014. - vol. 612. - pp. 440-444.
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Fundamentalnye issledovaniya. - 2017. - Ne 3. - pp. 9-14;

[4] Kostritsky V. V., Lisovskiy A. L. Increase of the absorbing ability of the surface layer of a
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[5] A.A. Voznesenskaya, L.V. Belyaev, D.A. Kochuev, D.M. Kononov, I.V. Shinakov, Investigation
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39. METO/J DJIEKTPO-UHAYIIMPOBAHHOM JIJUTOI' PA®UU B 3ATAYE
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DopMHUPOBaHUS METAUIMYECKUX HAHOCTPYKTYP M3 OJIarOpOJHBIX METAJIOB, 00JalarolInx
YHUKAJIbHBIMU ONTHYECKMMHU CBOMCTBaMH, BO3HMKAIOIIUX IMPU BO30YXICHUM JIOKAIU30BaHHBIX
IUTA3MOHHBIX PE30HAHCOB, BBI3BIBAET B IOCIEAHEE BpeMs OCOOBIH HMHTEpPEC B CBS3H C
MHOTOYUCJICHHBIMH HMX mnpuMeHeHusiMu [1,2]. Hcmonbp3oBanue — M1a3MOH-TIOJSPUTOHHBIX
HAaHOCTPYKTYp [UIsl ONTHYECKUX D3JEMEHTOB IO3BOJIUT 3HAUYMTEIbHO YMEHBIIUTH pa3Mep
MHTETPAJIBHBIX CXEM, B KOTOPHIX OyAeT peaqu30BaHO BO30YXKIEHHE | HalpaBIEHHOE
pacnpoCTpaHEHUE MOBEPXHOCTHBIX EKTPOMarHuTHeIX BoJH. Coiictea TE n TM TaMMOBCKUX MO
J€MOHCTPHUPYIOT CUJIbHYIO 3aBUCUMOCTb SHEPIUU OT FEOMETPUUECKUX [TapaMeTpoB BOJIHOBOA [3], B
CBSI3U C YEM BO3HUKAET HEOOXOAMMOCTb TOYHOT'O KOHTPOJIS IaHHBIX [TapaMeTPOB, a, CIe10BaTENbHO,
HE00XO0/IMMBbI HOBBIE BHICOKOIIPELIU3UOHHBIE METO/IbI CO3AaHUS METANINYECKUX CTPYKTYD.

W3 MHO€ECTBA CYIIECTBYIOLIMX CIIOCOOOB MO CO3AAHUIO CTPYKTYP B COOTBETCTBHHU C 3apaHEe
[IO/AITOTOBJIEHHBIM 11A0JIOHOM BBIIEISETCS IIUPOKO U3BECTHBIM U OTHOCUTEIBHO HEAOPOrOod METO[
30H/I0BOM JINTOTpauH, IO3BOJISIFOIIMI CO3/1aBaTh CTPYKTYPHI C HAHOMETPOBBIM MTPOCTPAHCTBEHHBIM
paspemieHneM. B Hamem ciydae nmTorpaduueckuid pucyHOK (opMHpyeTCcs METOAOM 3JIEKTPO-
MHAYIMpOBaHHOW auTorpaduu ¢ nomouibio C3M Ha 6a3ze niaardopmMbl 30H10BOM HaHOTa0OpaTOPUN
NTEGRA Aura B koHTakTHOM pexkume pabotsl ACM [4]. Hamu peann3oBaHa cxema, re 30HA U
MOJUIOKKA MPEJCTABISAIOT COOOM 3IIEKTPOAbI, MHULHUUPYIOIINE 3JIEKTPOXUMHUYECKYIO DPEaKIHIo,
IIPOTEKAOIYI0 B BOJHOM MEHHUCKE IO MpoBOoAALIei urioi. [Iponecc ocakaeHus1 METAIUIMUECKOTO
HAHOCJIOSI OTIPEAEIAETCS BEIMYMHON HANPSKEHUST CMELIEHMs 30HA-TI0AJI0KKA B quanasone 6-10 B,
a yBEIMYEHHUE TOJIIUHBI JOCTUTAaeTCs MYTEM MHOTOKPAaTHOTO IMOBTOPEHUS JUTOrpapUUecKoro
npouecca. MUHUMaIbHBIM pa3Mep MOIy4aeMoro 3JeMEeHTa B IJIOCKOCTH CKaHUPOBAHUSI OTpaHUYEH
JMaMETPOM BOJHOIO MEHHUCKa, TJie MPOTEKaeT peaklus AMCCOLUAIMM BOIHO-COJIEBOTO pacTBOpa
Metaina. B pabore Obulo MccienoBaHa 3aBUCMMOCTb KadecTBa JIMTOTPaUUYEcCKOro pPUCYHKa OT
KOHIIGHTpAaLlUsl COJIEHOTO pacTBopa MeTayia. (s HaOirofeHus pacripoCTpaHEHHsS TaMMOBCKOIO
IUIa3MOHA JaHHBIM METOAOM OBLTH BBIpalleHbl 3 o0pasla ¢ NPOTSHKEHHBIMH METaJUIMYECKHUMU
TpeKaMH Ha MOBEPXHOCTU OPErrOBCKOTO 3epKajia pa3sNu4Hoi Tonummubl: 5 HM, 50 HM, 500 HM.
Bo30yxeHne u AeTeKTUPOBAHHE MOBEPXHOCTHBIX IJIA3MOHOB Ha KpasX METATTMYECKOW IOJIOCHI
OCYILIECTBIISIIOCH C UCIIOJIb30BaHUEM CKaHUpYIollel Mukpockonuu ommxHero nosst (CbOM) Ntegra
Spectra. Ha pucynke 1 mpencraBiieHO pacnpeneseHue IEKTPOMArHUTHBIX BOJIH B OJFDKHEM TIOJIE
JUIS METaJUIMYECKUX TPEKOB Pa3IMYHOW TONIIUHBL. 3HAUYUTEIbHBIE MPOSBIECHUS MaKCUMYMOB
MHTEHCUBHOCTU CBETOBOI'O MOJISl, KOTOPbIE OTBEYAIOT 0OPa30BaHUIO CBSA3aHHBIX COCTOSHUM cpefa-
CBeT 3a(hMKCUPOBaHBI IPU BBICOTE METAINYECKOro cos 50 HM (pucyHok 10).
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Pucynok 1. Pactipenienenne OTKIMKa 3JI€KTPOMAarHUTHON BOJIHBI, 3a)MKCUPOBAHHON B OJIMKHEM
oJie BOJIM3M METALTHYECKOTO TPEKa Pa3IudHON TOMMIHUHEL: a) 5 HM; 0) 50 HM; B) 500 HM.

Pab6ora BeimoniHeHa B pamkax rpanta PODU Ne 16- 541 32-60067-mol_a_dk, mpu gactuuHOiM
noanepxkke Ilpesunenra Poccuiickoin @Penepanuu B paMKax IMPOrpaMMbl T'OCYAAPCTBEHHOU
MOAJEPKKH MOJOJBIX POCCUMCKMX YueHbIX, rpanT Ne MK-2842.2017.2 u MuHucrepcrBa
oOpa3oBanus u Hayku Poccuiickoit @enepanuu, npoekt Ne. 16.1123.2017 / 4.6.

[1] ChenJ. LiY., LuW., QiJ., Cui G, LiuH., Xu J. and Sun Q. 2007 J Appl. Phys. 102 113109.
[2] Maier S.A. 2011 Plasmonics: fundamentals and applications 1zhevsk 278.

[3] Chestnov 1.Yu., Sedov, E.S., Kutrovskaya, S.V., Kucherik, A.O., Arakelian, S.M., Kavokin
A.V. 2017 J Physical Review B. 96 245309.

[4] Kucherik A., Kutrovskaya S., Skryabin 1., Shagurina A., Osipov A., Chesnov I. 2017
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The intensive development of laser physics and laser technologies has led to the creation of
laser complexes and systems for special purposes, which are used in various fields of science and
technology. In all these areas, related to both the use of lasers and their creation and testing, the
problems of measurement of radiation parameters and characteristics are particularly acute [1].

Spatio-energy parameters and characteristics of laser radiation play an important role in
almost all applications of laser systems and complexes along with energy ones: angular and energy
divergence, coordinates of the spot energy center, relative distribution of power and energy density
in the beam cross section [2].

The possibility of measuring the parameters of wide-aperture laser beams at a great distance
from the source is of particular interest. This is especially important in the course of route tests of
laser systems and complexes.

Thus, an important task is adjustment of measuring algorithms the parameters of laser
radiation in laboratory and field conditions.

A promising method for solving such problems is the developed method of measurements
based on the parallel transformation of the energy (power) of radiation by a matrix photo detector at
various points of the projective image of the radiation distribution in the cross section of the laser
beam on a diffusely reflecting shield.

The parameters of laser radiation are determined by the results of image processing of the
registered distribution of power density (energy) in the package of applications for receiving and
processing television images «SyncLang» [3].

The developed specialized software performs the following functions in the measurements
process:

— control of the images registration process of power density (energy) distribution of laser
radiation on the diffusely reflecting shield;

— processing of images received as a registration result;

—saving and documenting of measurement results.

It is possible to determine the following parameters of laser radiation as a result of image
processing by this method:

— relative distribution of the energy density (power) of radiation (RDED), (RDPD) in the laser
beam cross section;

— dimension of RDED (RDPD);

— radiation divergence;

— coordinates of the energy center of the RDED (RDPD) of the radiation beam section;

— coordinates of the geometric center of the RDED (RDPD) of the radiation beam section;

— deviation of the coordinates of the energy center of the RDED (RDPD) section of the
radiation beam from the aiming point;

— laser radiation power (pulse energy).
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Nanostructured titanium dioxide is a material possessing a number of unique properties as
chemical and mechanical stability, photocatalytic, optical nonlinearity, transparency in the visible
frequency range, which makes it extremely promising for various applications such as photonic
devices, elements for solar energy and so on. Significant changing of its properties can be realized
due the doping by metallic nanoparticles, for example, the spectral absorption band widens up to the
visible range due to resonances on plasmons. The intensity and a spectrum composition of a resonant
absorption depend on the material, a concentration and a distribution of the used metal nanoparticles
(silver, gold) in the dielectric matrix. The using of nobel metals in a titanium dioxide matrix makes it
possible to implement a metamaterial with hyperbolic dispersion in the visible region of the spectrum
[1], which opens the possibility for creating an ideal absorber of the dark UV and visible ranges.

In this work we propose a method of the formation of quasiperiodic structures based on the
effect of self-assembly of titanium dioxide microtubules at the process of laser ablation of a titanium
target at an inhomogeneous magnetic field [2]. During a self-organization process of the obtained
porous film of titanium dioxide, colloidal nanoparticles of gold and silver were added into its
structure. The emerging two-dimensional structures exhibit the properties of the enhancement of
absorption of optical radiation near plasmon resonances of silver and gold [3]. The absorption peaks
are shifted and modified depending on the concentration of the nanoparticles being implanted and the
structure of the titanium dioxide matrix.se components, incorporating the applicable criteria that
follow.
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Fig.1 a) SEM image of the surface of a layer grown by laser ablation with 100-ns pulses at an average power of
10 W, beam scan speed of 1 mm s -1 and pulse repetition rate of 60 kHz; b) changes of optical properties of doped
materials: red curve is an absorption of gold NPs; blue curve is an absorption of gold NPs deposited on a pour titanium
thin film; green curve is an absorption of titanium tubes doped golden NPs.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state project no. 16.1123.2017/4.6).

[1]  Poddubny, A., lorsh, I., Belov, P. & Kivshar, Y. Nat. Photon. 7, 948-957 (2013).
[2] A. Antipov, S. Arakelian, S. Kutrovskaya et al. Quantum Electron. 40, 7 (2010).
[3] Arakelyan, S. M., Veiko, V. P., Kutrovskaya, et al. J. Nanopart. Res. 18, 155 (2016).
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The laser beam is a high-precision, wear-free tool with a wide range of properties. Laser
treatment often raises the question of the lack of power in the field of laser radiation. In a number of
applications, this can be achieved by using additional sources of energy. When focusing the laser
beam into a region of space, it is possible to create conditions for the propagation of electric
energy.The study of the processes of formation of conducting channels, as well as the transmission
of electric energy through them, is of great interest [1-3]. The use of laser radiation to form an
electrically conductive channel is a promising and developing direction.

1 2 3 4 5 6 7

Fig. 1. The scheme of the experiment: 1 — high voltage DC source, 2 — electric arc discharge, 3 —
optical breakdown area, 4 — tungsten electrode, 5 — laser beam, 6 — focusing lens, 7 — laser system

The experiment was carried out using the femtosecond ytterbium laser system TETA-10 with
the following parameters: the wavelength — 1029 nm, the pulse duration — 280 fs, repetition rate — up
to 10 kHz, pulse energy—150 pJ. Polarization of the laser radiation is linear. During the experiment
the pulse repetition rate varied from 0.1 to 10 kHz. The plano-convex lens was used to focus the laser
radiation, the focal length— 50 mm. Figure 1 shows the scheme of the experiment. The electric arc
was generated by a high voltage DC source. The discharge voltage — 25 kV, generation frequency —
100 Hz. The discharge was carried out through the air gap between the tungsten electrodes spaced at
a distance of 10 mm under the normal conditions without the use of gases.The caustic area was located
at a distance of 0.8-0.9 mm above the right electrode.

The paper considers the influence of laser radiation parameters on the nature and dynamics of
the electric arc propagation. The dependences of the arc discharge behavior on the average laser
radiation power, pulse repetition rate, and the spatial shape of the laser-induced plasma channel are
obtained.

Figure 2 (a,b) shows photographs of the propagation process of the electric arc along the area
of optical breakdown at different laser pulse repetition rates.A circle designates the region of optical
breakdown.
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b)
Fig.2. The flow of an electric arc through the plasma channel, an average power
of laser radiation -1.5 W
Thus, the propagation of the electric arc occurs strictly through the induced plasma channel,
which opens up wide possibilities for controlling the electric arc discharge using laser radiation.

[1]  Apollonov V.V., Pletnev N.V. Creation of long conducting channels in the atmosphere.
"Quantum Electronics”, 42, Ne2, 2012, p.130-138

[2] zvorykin V.D., Levchenko A.O., Smetanin 1.V., Ustinovsky N.N. Creation of extended
plasma channels in the atmosphere for directional transmission of energy of electromagnetic radiation
or electric current. Innovation and Expertise,1, Ne 10, 2013, p. 16-24

[3] Ionin A.A., Kudryashov S.I., Levchenko A.O. et al. Triggering and guiding electric discharge
by a train of ultraviolet picosecond pulses combined with a long ultraviolet pulse. Appl. Phys. Letters,
Vol. 100, 2012, 104105
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Laser-induced periodic surface structures (LIPPS) are a unique phenomenon that can be
observed on virtually any material after irradiation with its linearly polarized laser beams, especially
when using femtosecond laser radiation [1-3]. Over the past few years, the research activity in the
field of LIPPS has significantly increased, since their generation in a one-step process provides a
simple method of nanostructuring and surface functionalization for controlling optical, mechanical or
chemical properties. After exposure to the metal with femtosecond radiation, the surface of the sample
acquires a smaller coefficient of friction and wear, which underlines the enormous potential of LIPSS
in tribological applications. The coefficient of friction decreases more than twofold [4].

Frictional qualities are affected by the microstructure of the surface, namely a certain degree
of roughness or porosity, in which oil is retained in depressions and pores. The appearance of
antifriction properties under conditions of dry friction is facilitated by the presence in the material of
such components, which, themselves having a lubricating action and present on the friction surface,
provide low friction [5]. An approach is widely used to reduce the friction coefficient by applying
lubricants. Due to the grooves and roughness available on the surface, the grease remains in the
grooves. This effect allows the lubricant to stay longer between rubbing planes.

As a radiation source, the femtosecond laser system TETA-10 was used in this work.
Parameters of laser radiation c the duration of the radiation pulse is T = 300 fs and the energy in the
pulse is € = 150 pJ. The sample was a round plate of molybdenum. The sample prepared for the
experiment was placed on a stage and subjected to laser treatment. Further, the dependence of the
period of the formed ripple structures on the orientation angle of the sample was established. During
the experiment, the power value was 1.2 W and the sample travel speed was 1 mm / s. With the help
of the motorized rotary translator Standa 8MR 151, the sample was set to: 6 =0; 5; 15; 25; 35; and 45
degrees, then laser radiation passes through the focusing lens, after which the strokes begin to form
at a speed of 1 mm /s.

The studies of the formed periodic surface structures resulting from the action of femtosecond
laser radiation were made on the basis of the obtained images from a scanning electron microscope
Quanta 200 3D. The criterion for determining the best processing regimes was to obtain well-formed
periodic structures, without any pronounced defects in the form of spalling melt ablation or a phase
explosion.

Investigation of the coefficient of friction on the surface of molybdenum before and after
treatment was carried out on a CSM tribometer. The laser-induced periodic surface structures formed
on the molybdenum surface reduced the friction coefficient by 50%. After exposure to the metal with
femtosecond laser radiation, the sample surface acquired a smaller coefficient of friction and wear,
which underlines the enormous potential of laser-induced periodic surface structures in tribological
applications. The developed microrelief of the surface in addition to the functions of retaining the
lubricant helps to reduce the contact area upon contact of the conjugated friction pairs. The considered
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method for the formation of periodic surface structures can be used in industry when processing
friction pairs to increase the antifriction properties.

[1] Khorkov K.S., Abramov D.V., Kochuev D.A., Bashkirov E.R., Chernikov A.S., Arakelyan
S.M., Prokoshev V.G. Femtosecond laser nanostructuring of tungsten surface // News of the Russian
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Nelé. - pp.14-22.
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Femtosecond laser treatment is securing its place as one of the leading methods of the
processing of metals, semiconductors and dielectrics [1]. Femtosecond laser techniques include
double-pulsed regime, which introduces a new degree of freedom into the process, namely the delay
between the pair of pulses, which allows better control of it. The aim of this work is to study the
dynamics of ablation during femtosecond laser processing depending on the delay between the pulses.

One of the interesting methods of studying laser-matter interaction process is photoacoustics
[2]. In our experiments, we used Avesta-Project laser system (A = 800 nm, t =100 fs, E=1mJ), a
plate of silicon, aluminum and an ultrasound transducer with 5 MHz passband. Samples was subjected
to single-pulse irradiation with various pulse energy and double-pulse irradiation with the delay
varying from 330 fs to 4 ns. Photoacoustic signal amplitude, transient time and FWHM were
measured, as well as crater diameters.

Results show that for silicon, with increasing the delay up to 500 ps, the amplitude of the
signal gradually increases, while transit time gradually decreases. When subjecting aluminum to
double-pulsed femtosecond laser action with fluence slightly larger than ablation threshold, effective
formation of "nanofoam” structures can be observed.

For silicon and aluminum, double-pulsed femtosecond laser regime doesn't significantly lower
ablation threshold compared to single-pulse regime. At delays more than 30 ps, the second pulse
interacts with expanding matter that appears after the ablation with the first pulse. Redeposition of
matter in the process of double-pulsed femtosecond laser action leads to the change of the dynamics
of ablation processes and the formation of "nanofoam™ structures.

The work was carried out with financial aid of RFBR grant mon_a Nel8-32-00839.

[1]  Gaudiuso, Caterina, et al. "Incubation during laser ablation with bursts of femtosecond pulses
with picosecond delays." Optics express 26.4 (2018): 3801-3813.

[2] Potemkin, F.V., et al. "Two-dimensional photoacoustic imaging of femtosecond filament in
water." Laser Physics Letters 15.7 (2018): 075403.
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Abstract — Metal-carbon materials realize surface-enhanced Raman scattering. Such
structures were synthesized using the laser irradiation of colloidal systems consisting of carbon and
noble metal nanoparticles.

Synthesis of new carbon form is an actual task of modern nanotechnology. Laser methods for
the synthesis of nanostructured carbon allows to vary the composition and morphology of the
structures obtained according to the experiments conditions. In our experiments, we demonstrate the
synthesis of carbyne with the irradiation of the colloidal system obtained during laser ablation of a
schungite target in water. Also, adding nanoparticles of noble metals in obtained colloidal system
and extra laser irradiation of in results in the producing of metal-carbyne particles (carbon chains
anchored by metal nanoparticles). Our experiments suggest that a change in the conditions of
exposure (the exposure time and the energy of the impact) by YAG:Nd laser with a pulse duration of
10 ns leads to the controlled formation of metal-carbyne structures.

In our experiments, the proposed method is based on the laser irradiation of colloidal systems
consisted of shungite and noble metal (Au and Ag) nanoparticles. Such colloidal system is placed
under Yb-fiber laser (1.06 um) with a pulse duration of 100 ns and a pulse energy of up to 1 mJ, and
the process results in the fabrication of LLCC in liquid. The mechanism for that realizes because of
the homogeneous symmetry interaction in liquid for the carbon system that stabilizes the linear
structure. In this study, we have analyzed the possibility of controlling the properties of fabricated
composites by changing the irradiation conditions and the particle concentration in colloid. The laser
irradiation of the colloidal system was performed by scanning a focused laser beam (focal spot
diameter 5 pm) in a cuvette volume with a scanning speed of 50 um/s; the total irradiation time was
about 15 min.

The Raman spectra (fig. 1) shows the difference between carbyne colloidal system without
metal particlles (left) and includung them (right). The peak at 2100-2300 cm™ and 1900-2200 cm
corresponds to the polyyne chains (-C=C-), and commulene chains (=C=C=)n respectively. The
peak at 600-900 cm™ is a mechanical stress in chains. The Raman spectra of the colloidal solution
which includes noble metals (right) does not have any peaks near the frequency corresponding to the
mechanical stress, the carbyne chains became stabilized by noble metal particles.
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Fig. 1. Raman spectra of colloidal system with only carbon chains (left); and colloidal system
with carbyne chains stabilized by noble metal particles (right).

The laser with nanosecond pulse duration allows to modify the structure of carbon bonds and
creates best conditions for obtaining of linear carbon chains with different hybridization. The obtained
structures are planned to be used for the registration of the effect of the SERS with the possibility of
the sensitivity control in different areas of the spectra because of the changing of the initial component
concentration and morphology

[1] S. Kutrovskaya, S. Arakelian, A. Kucherik, A. Osipov, A. Evlyukhin, A. Kavokin
The Synthesis of Hybrid Gold-Silicon Nano Particles in a Liquid, Scientific Reports, Volume 7, Issue
1. DOI: 10.1038/s41598-017-09634-y

[2] S.M. Arakelyan, V.P. Veiko, S.V. Kutrovskaya, A.O. Kucherik, A.V. Osipov,
T.A. Vartanyan., T.E. Itina J Nanopart Res (2016) 18:155. DOI 10.1007/s11051-016-3468-0.
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In semiconductor heterostructures, the absorption of circularly polarized light (optical
pumping) leads to the formation of spin-oriented photoelectrons. In this case, the magnetic moments
of the crystal lattice of the nuclei become polarized due to the hyperfine interaction with the polarized
electron spins. As a result of this interaction, a strongly coupled electron-nuclear spin system is
created [1].

We study the samples with the thick InGaAs epitaxial layers n-doped with Si. We measure
the depolarization of photoluminescence in the external magnetic field applied perpendicular to the
growth axis of the structure (the Hanle effect). Several samples are studied with different
concentrations of donors: n=10* cm™ in the sample T776, n=5x10%* cm in the sample T777, and
n=10% cm=in the sample T769. In one of the samples, large degree of circular polarization of the
photoluminescence is observed up to p = 15%, see Fig. 1(a). This polarization degree is approximately
3 times larger than that in bulk GaAs with similar concentrations of donors [2]. The central peaks of
the Hanle curves demonstrate very small width. This is clear indication of a high quality of the
structures under study. The measured Hanle curves with continuous-wave (CW) excitation
demonstrate a well-pronounced W-structure, which is evidence for a strong electron nuclear spin
interaction.
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Fig. 1. (a) Hanle curve measured at the CW excitation (solid red line) and with modulation of the
circular polarization of excitation (dashed blue line). Left inset is the schematic illustration of the experimental
setup. Right inset shows the central part of the W-structure. (b) Dependence of the spin relaxation time on the
donor concentration for three studied samples. Inset shows the power dependence of the Hanle curve widths.

Figure 1(b) shows the results of analysis of the experimental data measured with fast
frequency of modulation of the circular polarization of excitation at different pump powers. The shape
of the Hanle curves measured such way has a Lorentzian form and can be analyzed by the formula:
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where B/, is the half width at half maximum (HWHM) of the curve. Values of B, , given in
the inset of Fig. 1(b) are obtained by extrapolation of its power dependence for each sample to zero.
S, Is the electron spin polarization at zero magnetic field, pg is the Bohr magneton, g is the electron

g-factor, B is the applied magnetic field, and Ty is the electron spin relaxation time. The electron spin

relaxation time can be found as Ty =

. From the analysis we obtain relatively long electron
uplg|Bi/2

spin relaxation times, T¢=33 ns for the sample T777, T¢=95 ns for the sample T776, and Ts=163 ns
for the sample T769. The last value is comparable with that observed for the bulk GaAs with optimal
doping [3].

The obtained results allow us to conclude that the studied samples are promising for the further
study of electron-nuclear spin interactions and for the creation of a magnetically ordered nuclear spin
system.

[1] D. Paget, G. Lampel, and B. Sapoval, “Low field electron-nuclear spin coupling in gallium
arsenide under optical pumping conditions”, Physical Review B, 15, 12 (1977).

[2] P. S. Sokolov, M. Yu. Petrov, K. V. Kavokin, A. S. Kurdyubov, M. S. Kuznetsova, R. V.
Cherbunin, S. Yu. Verbin, N. K. Poletaev, D. R. Yakovlev, D. Suter, and M. Bayer, “Nuclear spin
cooling by helicity-alternated optical pumping at weak magnetic fields in n-GaAs ”, Physical Review
B 96, 205205 (2017).

[3] R. I. Dzhioev, K. V. Kavokin, V. L. Korenev, M. V. Lazarev, B. Ya. Meltser, M. N.
Stepanova, B. P. Zakharchenya, D. Gammon, and D. S. Katzer, “Low-temperature spin relaxation in
n-type GaAs”, Physical Review B 66, 245204 (2002).
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Fabrication of novel materials for the creation of sources of coherent radiation is presently a
vast interdisciplinary area of theoretical and experimental investigations, which involve condensed
matter physics, nanotechnologies, chemistry as well as information science [1]. Particular actuality is
gained by the investigations into possibilities of alteration of physical properties of the resulting
composite structures by application of suitable external actions (such as e.g. elastic stresses) and
perspectives of controlling of electromagnetic wave propagation therein. The existing optoelectronic
devices can be roughly divided into two types, namely those utilizing the disturbances of electronic
subsystems of constituting materials, and those based on optical properties of the corresponding
composite structures. In this connection some promising vistas can be opened by the so-called
polaritonic crystals [2], which represent a particular type of photonic crystals featured by a strong
coupling between quantum excitations (excitons) and electromagnetic waves. The growing necessity
for examination of polaritonic structures gave rise to polaritonics as an independent branch of
photonics. An example of polaritonic structure is provided by an array of coupled microcavities [3].
Optical modes in microcavity systems have been attracting a considerable attention due to the
progress in fabrication of novel optoelectronic devices [4]. Microresonator systems can also be
potentially utilized for manufacturing of exceptionally accurate optical clockworks [5]. Worthy of
noting are the defect-based microresonators in photonic crystals [6], which were shown to strongly
interact with quantum dots [7, 8]. Nanostructures such as microporous silicon [9], expected to solve
the tasks of improvement of the functional complexity of the semiconductor devices.

In the present report we use the previously developed concepts of photonic structures to treat
a nonideal polaritonic crystal formed by a topologically ordered array of coupled microcavities
(resonators) containing a system of atomic clusters (quantum dots). Particular attention is paid to the
sensitivity of the polaritonic spectrum on the geometry and key parameters of interacting photonic
and electronic subsystems. Basing on the concepts of ideal polaritonic structures and on the
previously developed theory of exciton-like electromagnetic excitations [10] we consider a non-ideal
polaritonic 1D and 2D crystals as a systems of coupled microcavities (microresonators). It is of
interest to consider an array of such resonators with embedded atomic clusters (quantum dots). The
dispersion of electromagnetic excitations in a non-ideal 1D and 2D lattices of coupled microcavities
as affected by the variable composition of quantum dots as well as by the variable distances between
nearest-neighbor microcavities are studied. We also consider the effect of a uniform elastic strain on
the energy spectrum of elementary excitations and optical properties of the system. It is shown that
the presence structure defects in the resonator and atomic subsystems results in a substantial
renormalization of polariton spectrum and thus in a considerable alteration of structure optical
properties, leads to an increase in the effective masses of polaritons and hence to a decrease of their
group velocity. The obtained numerical results contribute to our understanding of composite
polaritonic structures and the prospects of their utilization for construction of solid-state devices with
controllable propagation of electromagnetic waves.
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This paper describes a computer model for the formation of thin films by sedimentation of
colloidal particles with allowance for surface diffusion with various methods of self-organization.
The process of organizing such films can be likened to the free fall of identical balls that form an
organized structure. Understanding the self-assembly mechanisms of nanoparticles is an important
step in the direction of creating new materials with regard to optical and electrical properties.

Even at the early stage of thin-film research, it soon became clear that it was necessary to
understand the mechanisms that control and determine the growth of thin films in order to achieve
good control over these new materials. Hence the great efforts of the scientific community to
characterize optimize and understand the growth of thin films. In connection with the need for a high
degree of control over the properties of the films obtained a computer model was proposed which is
a stochastic cellular automaton. This model is of interest due to simple deterministic rules that allow
modeling not only the processes of deposition, but also the diffusion of deposited particles on the
surface.

In this paper, the processes of deposition of thin films on a substrate of the same material,
forming a crystalline structure were considered. The homoepitoxial growth of thin films is considered
because the crystal structure does not change with the growth of the film; therefore, it is assumed in
the model that particles can occupy only ideal crystallographic positions.

In this model, seven possible spatial lattices were considered: three of which have a
rectangular grid at the base and four that have a triangular grid at the base. Also these spatial lattices
are divided according to the type of fixing of new particles relative to the previous monolayer.

4

d) €)
Figure 1. Particles deposited according to the proposed spatial lattices

All new particles are considered identical and their places of deposition are chosen randomly,
and more than one particle is not deposited in a single cell of the surface in one simulation step. The
number of particles that hit the surface in one simulation step determines the deposition rate of
particles. Upon completion of the deposition of new particles for each of the points of the surface in
which the new particle is located and its nearest neighboring points, the probabilities of diffusion of
the particle are calculated. After that, in accordance with the calculated probabilities, the particle
diffuses to the corresponding point on the surface.
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In consequence of the numerical calculations, the following images of the surfaces of the
obtained colloidal structures were obtained:
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9)
Future 5. Simulated colloidal structures. The deposition time is 50 simulation steps. The

deposition rate is 0.1 monolayer per simulation step. The average film thickness is 5 monolayers.
Spatial lattice:
a) Figure 1a; b) Figure 1d; c) Figure 1b; d) Figure le; e) Figure 1c; f) Figure 1f; g) Figure 1g.
This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state project no. 3.7530.2017/8.9) and by the grant of president of Russian Federation by
project MK-2842.2017.2.
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Synthesis of new hybrid materials based on multiwalled carbon nanotubes (MWCNTSs) and
nanoscale coatings is a very promising direction of materials research, since such objects can be used
as reinforcing fillers in various alloys and composites. The most relevant for such studies are hybrid
materials based on MWCNTSs and nanoscale coatings of titanium carbide. Such objects, due to the
combination of their expected properties, can greatly improve the strength characteristics of various
alloys and composites, in particular aluminum-based alloys.

To create such hybrid materials, the initial MWCNTSs were first synthesized, and then the
nanocoating coatings of titanium carbide were deposited on their surface by the MOCVD method.
Synthesis of the source MWCNTSs was carried out by MOCVD method also and is described in detail
in [1]. Ferrocene and toluene were used as precursors. The ferrocene evaporator furnace temperature
was 95 °C. The temperature of pyrolysis furnace was 825 °C. Flow rate of argon was 450 cm®/min.

Deposition of titanium carbide coatings was carried out in vacuum glass reactor. The synthesis
procedure is similar to that used in [2]. Cp2TiCl, and source MWCNTSs were used as precursors and
were placed into reactor before synthesis. Then reactor was heated up to 900 °C. Various parameters
of synthesis have been used to study the various deposition modes of coatings. Thus, the initial mass
ratio of MWCNTs and Cp2TiCl> was 1:3, 1:4, 1:5, and 1:6 respectively.

Synthesized hybrid materials were analyzed by various physicochemical methods. With the
help of XRD, it is established that the samples contain only two phases — carbon nanotubes and a
phase of titanium carbide (Figure 1).

% MWCNTSs
OTic

20 30 40 50 60 70 80
26

Figure 1. XRD pattern of synthesized hybrid material based on MWCNTSs and nanoscale
coatings of titanium carbide.
With the help of a scanning electron microscope, it was found several morphological types of
a new hybrid material, depending on the initial ratio of MWCNTSs and Cp2TiCl,. Thus, the first type
is the titanium carbide coating deposited on the MWCNTSs surface in the form of thin films. The
thickness of continuous coatings is from 10 to 30 nanometers, depending on the features of the
structure of the MWCNTs surface (Figure 2, a). Another detected morphological type is
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TIC/MWCNTSs in the form of columnar structures with an advanced surface of titanium carbide. In
length, such structures reach 300 nm at a thickness of about 40 nm (Figure 2, b). The third type of
object is the so-called whiskers — a kind of a crystal with a ratio of length to diameter > 100. On
average, the cross section of such whiskers is about 300 nm, and the length is of the order of hundreds
of microns (Figure 2, c). Finally, the fourth type of discovered objects is the so-called mesocrystals
of titanium carbide with classical outer shape. Such crystals are uniformly distributed throughout the
sample volume and are rather firmly fixed both on the beams and on single MWCNTSs (Figure 2, d).

Figure 2. SEM micrographs of hybrid materials synthesized with different initial precursor
ratios.

As a result of this study different types of new hybrid material TIC/MWCNTSs synthesized
using the MOCVD method were discovered, which can be tested as fillers in various aluminium
matrix composites to improve their strength properties.

This work was supported by the RSF (Project 18-79-10227).
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In this paper it is demonstrated experiments and model researching of the formation of fractal
crystals on steel surface by the pulse laser radiation heating. Results of electron scanning microscopy
and forge microscopy demonstrated that fractal crystals grow on the steel surface layer after laser
heating. The parameters of fractal crystals (dendrites and sherolites) forming are determined by
experiments. The thickness of the melt layer and the possibility of the fractal morphology forming on
the surface were calculated.

Modification of a surface of metals by laser radiation is one of the important tasks in
fundamental science and in applied engineering [1,2]. Formation of varied morphological structures
has application as designing structures with new properties. We can control these properties by fixing
laser beam parameters and selecting material. In the previous papers [3-5] authors described
modification of a stainless steel surface by the laser heating of two laser equipments. In paper [4] it
was succeeded to obtain fractal crystals on a surface (stochastic dendrites) and to connect their
distribution with energy gradients of laser pulse shape. Interesting results of researching fractal
crystals in metals are published at [6], but crystals have spin-like form (spherolite). Origin of steady
crystallization centers and stabilized growth of a dendritic crystal was considered in papers [7,8]. In
particular, it was specified that high rates of melting overcooling are necessary for stabilized growing
of a dendrite.

On the surface layer authors designed fractal crystals of two types: stochastic dendrites and
spin-like spherolites. Each type of crystals has particular chemical composition. Modeling of
crystallization centers distribution and stabilized growth were simulated by cellular automata
(Conway’s “Life” [9] and diffusion-limited aggregation [10]). These models can be used for
simulation of different distribution and particular crystal growth.

Pic. 1. a) Fractal (dendritic) crystal on steel surface,
b) Close-centered crystallization: different fractal crystals (dendrites and sherolites).
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Obtaining high peak power of visible radiation of the solid-state laser with diode lasers bar
(DLB) pumping is relevant for a number of applications: precise processing of materials, non-linear
optics, Raman scattering, medicine, etc. Modulation of good quality of the resonator of the laser
allows to increase peak power of radiation, for typical Nd:YAG laser this increase makes 10% — 10*
times. Recently by science team it was published a number of the works devoted to an efficient
frequency doubling and increases in peak power, in particular [1]. For transformation of the generated
radiation to the second harmonica with a peak efficiency usually use the scheme on three or more
mirrors with transformation of radiation in the resonator [2]. The simple scheme of an efficient
frequency doubling of the Nd:YAG-laser with a transversal rating the DLB and with a non-linear
crystal is submitted in the picture 1.

DLB
Mirror 1 Mirror 2 Mirror 3
B NLC
Nd:YAG A=532 nm
f v
DLB
HR1064 AR1064 HR532 HR1064

Pic. 1. The experimental scheme of the laser with the three-mirror resonator

The reflection of mirrors 1 and 3 more than 99% on a wavelength A1=1064 nm, at the same
time a mirror 3 passes radiation with a wavelength A2=532 nm with coefficient of 90%. The mirror 2
is dichroic: reflection more than 99% on a wavelength 2,=532 nm and a transmittance more than 99%
on a wavelength A1=1064 nm. For obtaining radiation the non-linear crystal is located on the second
harmonica between mirrors 2 and 3. At the same time the Nd:YAG element has the antireflective
coatings on sides on a wavelength A.1=1064 nm, and the non-linear crystal has the antireflective
coatings on sides on lengths of waves A1=1064 nm and A2=532 nm, a residual reflectivity on elements
no more than 1%.

At such scheme the generated power on the main wavelength A;=1064 nm is locked in the
resonator and gradually the value of a power density to necessary for transformation of radiation to
the second harmonica increases. Adjustment of power is made due to selection of a transmittance of
a mirror 3 on a wavelength 1,=532 nm. Such scheme places great demands not only on optical
characteristics of coatings, but also on their laser-induced damage threshold therefore coatings
represent the alternating thin dielectric layers of high-pure oxides of silicon or refractory metals, and
optical characteristics calculate beforehand for the choice of an optimum design of a coating and
precise monitoring of dusting of each layer. Optical characteristics of the coatings received by us
disperse with calculated no more, than for 1%, that corresponds to error of spectrophotometers.
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The development of techniques and the creation of new magneto- and optoelectronic elements
based on thin semiconductor films with ultrathin metal coatings with the possibility of modifying
their surface is one of the most important problems in fundamental science and engineering. A
consequence is able to change in the physicochemical, electro physical and optical properties and the
manifestation of quantum-size effects. Quantum-dimensional effects on the surface of semiconductor
with doped metal layer have relatively large dimensions for the diagnosis and study of dimensional
effects over a wide range [1]. A main characteristic is ability to change the semiconductor surface
with the formation of nanodefects by a controlled influence types. Imperfections, such as impurities
or defects, can localize electronic states, which in turn can generate narrow bands, a Mott transition
and even Anderson localization.

As an approximation to modeling, the properties of the surface structure with nanodefects it
can be used the models of fractal clustering on 2 dimensions [2]. Cellular automata, such a percolation
approximation or diffusion-limited aggregation are examples of mentioned clustering models. Within
these models, we can model structures of isolated and interfacing clusters.

The methods of percolation and diffusion clustering show that the increase in permeability
increases the fractal dimension, which in turn leads to an increase its size-properties [3].
Determination of the parameters of methods for depositing and modifying the surface layer will allow
the formation of a cluster with the fixing size and properties. In the future, this will open up the
possibility of creating morphology with controllable point defects for the modulation of optical
radiation.
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Properties of MOS Structures with Silicon Nitride Films Doped with Rare Earth Elements // Russian
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Journal of ELECTRONIC MATERIALS. 2015. Vol. 44. - No. 3. Pp.1015-1020.

[3] Shuxian Wang , Haohai Yu , Huaijin Zhang etc. Broadband Few-Layer MoS; Saturable
Absorbers. Advanced Materials. 2014, p. 1-7.
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Experimental researches of chromaticity formation on the surface of stainless steel by pulse
laser radiation are presented. It is made a calculation of dependence of coefficient of reflection on
wavelength in the visible range and thickness of an oxidic film on a surface of the marked surface.
Influence of thickness of an oxidic film on the formed color of a surface at the expense of an
interference on the system of films of oxide of iron and iron is shown [2]. It is shown the process of
increase in a hade function of reflection is displaced to the left and its amplitude decreases. By results
of scanning electron microscope significant increase in content of oxygen in places of influence is
recorded that indicates formation of oxidic films. The analysis of a profile of the metals of oxidic
films received on a surface is carried out and the dependence of chromaticity of the modified surface
on parameters of laser radiation is shown [2]. On the example of stainless steel the technology of
color laser marking of a surface of metals which allows to change their optical properties in a visible
band is considered [3-6]. The conclusions received on models were confirmed by the experiments
made by authors on laser color marking of stainless steel during which pronounced colors turned out:
from blue to pink. By results of a scanning electron submicroscopy the significant increase in content

of oxygen in places of influence is recorded that indicates formation of oxide layers.
7

Pic. 1. a) AFM-image of steel surface, b) SEM-image, point number is marking measurement of
chemical concentration of O 1) 30,3%, 2) 36,8%, 3) 60,2%, 4) 48,8%.
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Pic. 2. Photos 3x2,25 mm of the received colors on a surface of examples:
pink (a); green (b); yellow (c), blue (d)
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The paper deals with the phenomenon of filamentation in the propagation of femtosecond
laser radiation in transparent solid media. The sample was structured in the filamentation mode, which
allows obtaining a given distribution of the laser radiation intensity.

The source of laser radiation was the ytterbium femtosecond laser TETA-10 (wavelength
1029 nm, pulse duration 280 fs, pulse repetition rate 10 kHz, maximum pulse energy 150 uJ). Quartz
glass was used as a sample.

The filamentation of femtosecond laser radiation results in a redistribution of intensity in the
transverse beam profile. The passage of high-intensity radiation through the sample forms areas with
a changed refractive index in the places of self-localization of laser radiation. In the future, the
formation of filaments occurs in modified areas. Thus, when the laser radiation passes through the
modified sample, the intensity redistribution occurs in accordance with the spatial position of the
changed areas.

The experiment on modification of the sample using the phenomenon of multiple
filamentation [1] was carried out. The scheme of the experiment is shown in Fig.1.

1

Fig.1. Scheme of the experiment

The laser radiation of a femtosecond laser system 7 passed through a polarization attenuator
6 [2]. Then the radiation was reflected from the dichroic mirror 5 and focused into the sample 9 with
the help of the focusing lens 8. The sample was moved using the XYZ platform 11-12 and the
motorized drive 10. The adjustment of the focusing area and the visualization of the obtained results
were carried out with the help of the camera 1 and the backlight 3 (2-filter). The trajectory of the
sample was set using a computer program. The radiation power was 600 mW, the velocity of the
beam relative to the sample was 50 um/s. To visualize the formed structures, the sample was
illuminated by ultraviolet radiation with a wavelength of 257 nm, which was obtained from the
frequency converter block. Ultraviolet radiation, falling into a sample of quartz glass, caused the
luminescence of the formed structures. Fig. 2 shows the optical structures in the illumination by UV
radiation.
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Fig.2. Optical structures in illumination by UV radiation
Fig. 3 shows the redistribution of intensity, when laser radiation with a wavelength of 1029
nm passes through the entire volume of the modified sample without the use of a focusing lens.

Fig.3. Redistribution of intensity

Thus, the paper studies the process of intensity redistribution in filamentation of femtosecond
laser radiation, which allows forming extended channels with a modified refractive index. By
controlling the spatial position of the channels, it is possible to obtain a predetermined intensity
distribution. This solution has a wide range of practical applications when using various laser
technological operations.

[1] Tarasova M.A., Khorkov K.S., Kochuev D.A., Ivashchenko A.V. Investigation of the
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[2] Chernikov A.S., Khorkov K.S., Kochuev D.A., Chkalov R.V. Modification of the refractive
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International Scientific and Technical Conference. Editorial and Publishing Department of MIREA,
2017. P. 176-179.
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55. MOANP®UKAILIUA CKOPOCTU T’EHEPAIIMU TIOBEPXHOCTHBIX
MNJIASMOH-TTOJIAPUTOHOB BO3B Y KJIEHHbBIMU
nmoJyYnPOBOJHUKOBBIMU KBAHTOBbIMUA TOUKAMMU BBJIN3U
METAJUIMYECKOUW MOBEPXHOCTH
A. Hlecmepuxos*, M. I'voun', M. I'naoyui?, A. Ilpoxopoe*

L Braoumupcruii 2ocyoapemeennuiii yuugepcumem um. A.I. u H.I'. Cmonemosuix, 600000,
Braoumup
2Hhtcmumym cnekmpockonuu PAH, 108840, Mockea, Tpouyx
Ten.: +7(910)7773068., e-mail: avprokhorov33@mail.ru

PaccmoTpuM MoJienb, COCTOSIYIO U3 30J10TOM METAINIMYECKON IIOBEPXHOCTH ¢ HAHECECHHOU
Ha HEe JMIJICKTPUYCCKOW TUICHKOW (MOJIMATHIICHTEepedTallaT), COoJepKale cdepruueckue
kBanToBbie Touku (KT) Ha ocHoBe nosynpoBoarka CdSe (puc.la.). {ns Bo30yxkaennoi KT BOnmm3u
METAJJINYECKOI0 3e€pKaja CKOPOCTh Pa3BUTHUS PEIaKCAIIMOHHBIX MPOIECCOB Oy/EeT B 3HAUUTEIbHON
Mepe onpeAensaThes pa3MepHbIMU 3G (HeKTaMu U UMETh CHIIbHYIO 3aBUCUMOCTD oT paauyca a KT u ee
paccrosius 0 10 METAIUTMYECKOM MOBEPXHOCTH. 3a7a4a CBOAUTCS K ONTHMHU3AIMK TapaMeTPOB a U
d ams TOCTHIKCHUST MaKCUMAJIbHBIX 3HAYCHUIH CKOPOCTH MPeoOpa3oBaHUs SHEPTUH BO30YKICHHOM
KT B noBepxHocTHbIe Mma3MoH-miossiputonsl (IIT11T) Ha 3amanHOM yacToTe.

B curyanuu, xorna nunonsHbil MOMEHT KT opreHTHpOBaH NEpIEHIUKYISPHO IOBEPXHOCTH
3epKaja BBIPKCHHE Ul OTHOCHTENBHOM CKOpOCTH penmakcamuu b, =7/7, (7 — ckopoctsh

penakcanuy B IPUCYTCTBUM METAJUIMYECKOTO 3€pKaia, 7,— 0€3 HEro) NPUHUMAET CIEAYIOIMI BUJL

[1]:

bl=1+§qlm@qu), 1)

rne F=r, exp((—4m/51 l,d ) / %)(US/ |1) , ( — KBaHTOBBIH BBIXOA M BBEICHBI KOA()OUIMEHTHI
r,=(sl-&l,) /(&) +é&l,) (ammmrynnbii KodGGUIMEHT OTpaXKeHUs P-IONIPH30BAHHOIO CBETA

@peHenst OT TOJCTOrO ciosi MeTamna) u | J. =i (gj/gl)—u2 . 31ech & — OUDIIEKTpUYecKas

NPOHULIAEMOCTD  JIUDJIEKTPUKA, &, =&,+ig, — KOMIUIEKCHass QYHKIHSA IHDJIEKTPHYECKON
NPOHUIIAEMOCTH METajyla Ha JUIMHEe BONHBI A, ¢uyopecumpyromein KT; mnepemennas
MHTETpHpoBaHus U = K/K, IpesicTaBiseT coboit HOpMUPOBAaHHBIH Ha K, =277/ 4, BOIHOBOI1 BEKTOD.

Jns monenupoBanus Obl1n BeIOpanbl KT ¢ pasmepamu, Ipy KOTOPBIX 4aCTOTa TOJBKO OJHOTO
Mex3onHOTO mepexona 1S(e) —1S(h) B KT momasaer B 067acTh Tak Ha3BIBAEMOTO MIA3MOHHOTO

nuka [1, 2] u MoxeT ObITh ONpesesieHa CAEAYIOIIM 00pa3oM:

2_2 2 2 2
60022 eEg+hﬂ- MJrﬂ _ 3.56e ’ @)
2a \ m, m, ) 8Bmeg,a

e

rae Me(Mn) — 2 PEeKTUBHBIE MACCHI YIIEKTPOHA (IBIPKH), ¥, — KOPHH CHEPHIECKOTO YpaBHEHHUS

beccens 1-ro pona, Eq — mmpuna 3anpemennoi 30861 moaynpoBoaauka KT, e — 3apsi anekTpona, €

—nuaaeKTpudeckas nponuaeMocts matepuana KT, a — panuyc KT. Pacnpenenenue sneprumn
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MEX]y U3Iy4aTelbHbIM U 0€3U3/TyyaTeIbHbIM KaHaJIaMH peJlaKCalluy 3aBUCUT OT BHJA
noJsIHTErpasibHON yHKIMHU F B (1) ¢ BO3MOXHOCTBIO YIPABJICHUS Yepe3 BAPbUPOBAHUE
napametpoB a u d (cm. puc.16). I perieHust 3a1a4n ONTUMHU3AIMKA BBEJCM IapaMeTp

MHTErPAILHON BEPOATHOCTH nepenaun 3anacennor KT suepruu B I1I1I1 B BUnE W, = -2 [1], rae
L

3
_ 30A7u, exp —47r\/8_1 l,,.d 3)
¥ 2By, A ’

" ! 2
' 32 " ' 2
U IpU YCIOBHH &, <<—&, HMeeM A= ((ZIszgl —(gz/lsp2 )) |l )/((51|sp1 + 52|Sp2) usp) :

B=((|§plsp2—(lspl/z))gg)/((gllsm+g;|5p2)usp), lyi = JUZ-Re(s) /&, , i=l, 2. Ha puc.16

IIpEACTaBJICHA KOHTYpHAas 3aBUCUMOCTD ITapaMeTpa Wp OT paguyca KT u ee pacCToAHuA 10 MCTaJlJIA.

HanecenHast Ha pUCyHOK Y€pHasi JIMHUSI COOTBETCTBYET MaKCUMAIIbHBIM 3HAYEHUSIM Wp, HAlICHHBIM
ontuMuzaimedn mo mnapamerpy 0. HauOonpmme 3nHaueHus Wp=0.997 nocturarmorcs Ui
usrotoieHHbIX u3 CdSe KT ¢ paanycom a~2 HM, pa3MelIeHHbIX Ha pacCTOSTHUU d~69 HM OT 30J10TOi
noBepxHocTu. Pabouas 1iHa BosHBI cOcTaBUT Ay =497 HM, AnnHa 3aTyxXanus renepupyembix ITIIT

paBHa 21 mxMm. Ilpu 3Tom, cHmxenue ckopoctu renepauu I npu ynanenuu KT ot noBepxHocTu
MOKET OBITh YACTMYHO KOMIIEHCUPOBAHO YBEIMYEHUEM JJIMHBI BOJHBI A, MEXK30HHOIO Iepexoja

npu ucnonb3oBanuu KT 6ombiiero paauyca (2).
OnHako BO3MOXKHOCTH TaKOW KOMIIEHCAIIMM OTrPAaHUYEHbl HAIWYUEM TOPU30HTATbHON
acuMNTOThl @, =€E, /7 B (2) U, HaunHAas C <6 HM, CHCTEMA CTAHOBHTCS CIIa00 YyBCTBUTENBHOM K

pasmepubM 3 dextam s KT. C yuetom ycnexoB B obnactu co3nanusa u quarnoctuku KT [3], a
TakXe MPOEKTHPOBAHUS IJIa3MOHHBIX MHTEp(eicoB [4], MOTyYeHHbIE pe3yabTaThl JODKHBI OBITH
BOCTpeOOBaHbI AJIs co37aHusl BeIcCOKOdpdekTuBHbIX reHepaTopos I1III1. Bmecte ¢ TeMm, peanuzanus
OTMCHIBAEMBIX MOJIENIEN Ha MPAKTHUKe TpeOyeT yueTa AUCTIEPCUOHHBIX 3((deKToB [5].

Pabora momnepkana rpantom PODU 16-02-01174 a wu BeIIONHEHA B paMKax
rocyaapctBeHHoro 3aaanus Bnl'Y 3.5531.2017/8.9 (I'b-1106/17).

10 0.999
a) CdSe 6)
QD 8 0.8
l]] ’g § 06 N
kSPP S ’ 04
0.2
¢
il n]
L 0.0
0 d, 100 200 300
Au

d (nm)
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Puc. 1. a) Cxemarnunoe nzoopaxkenue KT BOIM3M rpaHullsl pazuena METANIMYECKON 1
JIUBJIEKTPUYECKOM ITOBEPXHOCTEN C BBIICICHHBIMU TPEMSI OCHOBHBIMU KaHanamu penakcanuu KT B
I) cer, Il) IIIIIL, I11) hononsr; 6) KonrypHast 3aBucuMocTtsb napamerpa 3¢ pekTuBHOCTH Wp
npeodpazosanus sHepruu KT B [1I1I1 ot paguyca KT a u paccrosinus d KT 1o metammnueckoro
3epKajia ¢ HaHeCEHHOM JIMHUeH sKcTpeMyMa. Pacuér napamerpa b mpou3BoMIICS YHCIEHHO ¢

HCIIOJIb30BAHUEM MCTOJAA 3aMCHbI ICPEMCHHBIX.

[1]  Weber W.H., Eagen C.F. Energy transfer from an excited dye molecule to the surface
plasmons of an adjacent metal // Opt. Lett. 1979. V. 4, N 8. P. 236 — 238.

[2] Xiao M., Bozhevolnyi S.1I., Keller O. Numerical study of configurational resonances in near-
field optical microscopy with a mesoscopic metallic probe // Appl. Phys. A. 1996. V. 62, N 2. P. 115
—121.

[3] Magaryan K.A., Mikhailov M.A., Karimullin K.R., et. al. Spatially-resolved luminescence
spectroscopy of CdSe quantum dots synthesized in ionic liquid crystal matrices // J. Lumin. 2016. V.
169. P. 799 — 803.

[4] Birr T., Zywietz U., Fischer T., Chhantyal P., Evlyukhin A.B., Chichkov B.N., Reinhardt C.
Ultrafast surface plasmon-polariton interference and switching in multiple crossing dielectric
waveguides // Appl. Phys. B. 2016. V. 122, N 6. P. 164.

[5] I'youn M.IO., Inaoyw M.I., Ilpoxopoeé A.B. KoH(UTypallMOHHBIM PE30HAHC U CKOPOCTh
reaepaiii IMOBCPXHOCTHBIX IIJIASMOH-TIOJAPHUTOHOB B036y)KI[€HHI)IMI/I MMOJIYITPOBOJHUKOBBIMU
KBaHTOBBIMH TOUKaMU BOJIM3U METAININYECKON oBepxHOCcTH // OnTHka u cniekrpockonus. 2019. Nel,

C.717.
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56. LASING CHARACTERISTIC OF LASER CERAMICS
M. Pankov!?, S. Lysenko?, A. Kanaev?, A. Kiselev?, A. Antipov!?

Vladimir State University named after Alexander and Nikolay Stoletovs, 600000, Russia
2State Laser Proving Ground "Raduga", 600910, Russia
mpa.off@gmail.com

Lasing efficiency of neodymium-doped yttrium — aluminium garnet (YAG) ceramic samples,

which were fabricated at the Fryazino Branch of the Kotelnikov Institute of Radio Engineering and
Electronics, Russian Academy of Sciences and the SLPG ‘Raduga’ in 2016 — 2017, is studied under
the conditions of end- and side-pumping.
The efficiency of lasers based on this ceramics was 64 % in the case of end-pumping and 68 %
— 70 % upon side-pumping. The laser level lifetimes are measured in ceramics with neodymium
concentrations of 1, 2, 3, and 4 at %. The measured lifetimes well agree with the literature data.
The dependences of the lasing threshold on the cavity length under the conditions of transverse
mode locking and diode end-pumping are studied for different samples of laser ceramics in a
semiconfocal cavity. In sum, the performed investigations showed that the quality of the first
industrial samples of Russian laser ceramics are highly competitive in quality with the ceramics
produced by Konoshima Chem. Corp., Ltd., which is considered by the laser community as an
etalon.
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KOH®EPEHUNSI
(Mymkapckay €10001a
yi1. Jlenuna \4\5)

2. Suzdal City Council, Lenin monument

3. Monument to those fallen in World War I

4. Suzdal Tourist Centre. Hotel, motel, restaurant

5. Hotel on the grounds of the former Convent of the
Intercession. The former convent refectory houses the
restaurant Trapeznaya

6. Restaurant Gostiny Dvor

7. Restaurant Trapeznaya in Suzdal Kremlin

8. Restaurant Pogrebok (cellar)

9. Souvenirs' store Suzdalskaya Lavka
10. Arcade of shops (19th century)
11. Coachman's Inn
12. Bus station
13. The Convent of the Intercession (16th-18th cent.)
Expositions: "From the History of the Convent", "Articles of

Needlework", "Interior of the 17th-century Chancellor's House"

14. The Spaso-Yevfimievsky Monastery (16th-17th cent.)
Museum of the Amateur Works of Art of the Peoples of the
Russian Federation. Exposition: Gold Treasure Trove

15. The 17th-century townsman' house. The Interiors of Living
Home Exposition.

16. The Church of St Peter and St Paul (17th century) Wood
Painting Exposition

17. The Monastery of the Deposition of the Robe (16th-19th
cent.)

18. The Church of St Nicholas and the Holy Cross (18th
century). Peasant Clothing Exhibition

19. The Church of the Resurrection (18th century) Exposition:
Folk Wood Carving

20. Suzdal Kremlin (13th-18th cent.). Expositions: "Leninist
Policy of Protecting the Monuments of History and Culture",
"Early Russian Painting", "The Cross Chamber Interior"

21. The earthen rampart surrounding the Kremlin (12th cent.)
22. The open-air Museum of Wooden Architecture and
Peasants' Everyday Life.
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CONCLUSION
Cuutath 7-yro0 MeXAyHapoAHYI KoH(pepeHmuo/mKony-ceMunap "CoBpeMeHHBIC
HAHOTEXHOJIOTUH U HAHO(POTOHUKA JJIsl HAYKH M TPOU3BOICTBA" COCTOSBIICHCS, yIOBIETBOPSIOIIEH

BoIIpocaM COBPEMCHHBIX HAHOTEXHOJIOTHH H HaSCPHOfI (bl/ISI/IKe M 3alllIaHupOBaTh IMPOBEACHHUC

cnenyromei kondepenmuro Ha 2019r.
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