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XII™ China-Russia-Belarus Workshop
PERSPECTIVE PLASMA TECHNOLOGIES 2019
Minsk, Belarus, 03—05 October, 2019

Organizers:

* Dalian University of Technology,

* Tomsk Polytechnic University,

* Institute for Nuclear Problems of Belarusian State University,

* Department of Physics of Belarusian State University,

* Republican Confucius Institute of Sinology at Belarusian State Uni-
versity

Co-Chairmen:
* Hongbin Ding (Dalian, China),
* Gennady Remnev (Tomsk, Russia),
* Vladimir Uglov (Minsk, Belarus),
* Sergey Maksimenko (Minsk, Belarus)

Workshop’s Topics:

* New materials production (nanomaterials, materials for aerospace,
biomaterials, materials for fusion and fission reactors and etc.),

» Advanced plasma sources and diagnostics,

* Plasma and surface interaction,

» Commercial plasma and pulsed beams applications.

The joint tripartite International Workshop aims to provide a forum for
scientists and technologists from three participating countries specializing in
the field of beam and plasma technologies and their use for fabrication of
novel functional materials and coatings. Properties of materials including
nanocarbon-based structures will be discussed with the focus on aeronautical
applications. Assistance in training of specialists in these areas, as well as
preparation of joint research projects are also in the scope of the Workshop.



PROGRAMME

Locations:

BSU: Rectorate building, 54 Babruyskaya str.

RCI BSU: Republican Confucius Institute of Sinology at Belarusian State University,
11 Revolyutsionnaya str.

INP BSU: Institute for Nuclear Problems of Belarusian State University, // Ba-
bruyskaya str.

Restaurant «Brussels»: 32 Revolyutsionnaya str.

Restaurant «Staroye Ruslo»: 7 Ulyanovskaya str.

October 3, Thursday

11:00-13:00 Meeting on the sidelines (Location: BSU)

Chairman — Academician Oleg Ivashkevich, BSU, Minsk

11:00 Agreement signing ceremony between BIAM and BSU, BIAM and
INP BSU

11:00-13:00 Registration (Location: RCI BSU)
13:00 Lunch (Location: restaurant «Brussels»)

14:00-14:30 Opening Ceremony (Location: RCI BSU)

Academician Oleg Ivashkevich, Vice-Rector of Belarusian State
University, Minsk

Professor Anatoliy Tozik, Ambassador Extraordinary and Plenipo-
tentiary, Director of Republican Confucius Institute of Sinology at Belarusian
State University, Minsk

Professor Li Ping, General Director of China-Belarus High-
Technology Aerospace Center for Research and Development, Minsk

Professor Ren Fei, Vice General Manager of Industrial Park “Great
Stone”, Minsk

Professor Wang Yajun, Executive Vice President of Beijing Institute
of Aeronautical Materials, Beijing

14:30-16:00 Plenary section (Location: RCI BSU)

Chairman — Professor Vladimir Uglov, BSU, Minsk

14:30 Invited talk: Hongbin Ding, Y. Wang and J.L. Shi, Diagnosis on
Non-Equilibrium Plasmas using Laser Thomson Scattering Ap-
proach

15:00 Invited talk: Gennady Remnev, A. Baranova, A. Byuharkin, M.
Zhuravlev, E. Kibler, V. Lopatin, I, Pyatkov, V. Ryzhkov, Elec-




tron Accelerators and Collective Ion Acceleration for Medical Ap-
plications
15:30 Coffee

16:00-17:30 Plenary section (Location: RCI BSU)

Chairman — Professor Gennady Remnev, TPU, Tomsk

16:00 Invited talk: Oleg Penyazkov, Valiantsin Astashynski, Development
of Plasma Physics and Plasma Technologies in A.V. Luikov Heat
and Mass Transfer Institute of National Academy of Sciences of Be-
larus

16:30 Invited talk: Vladimir Uglov, N.N. Cherenda, A.K. Kuleshov,
V.I. Shymanski, S.V. Zlotski, Novel Plasma Technologies Devel-
opment in Solid State Physics Department of Belarusian State Uni-
versity

17:00 Invited talk: Sergey Maksimenko, Institute for Nuclear Problems of
the Belarusian State University: Contribution to Materials Research

17:30-18:30 Poster section (Location: RCI BSU)
18:30 Welcome party (Location: restaurant «Brussels»)

October 4, Friday

09:00-10:30 Plenary section (Location: RCI BSU)

Chairman — Professor Junling Chen, IPP CAS, Hefei

09:00 Invited talk: Jian Jiao, Jinhua Yang, Hu Liu, Fabrication of Silicon
Carbide Reinforced Silicon Carbide Composites by Melt Infiltration
Processing

09:30 Oral talk: Vladimir Denisov, N.N. Koval, Works on the Generation of
a Gas-Metal Plasma and its use for Surface Modification of Mate-
rials and Products, Performed in the Laboratory of Beam-plasma
Surface Engineering of HCEI SB RAS

09:45 Oral talk: Gennady Remnev, Vladislav Tarbokov, Technological
Area for Complex Hardening of Carbide Tools

10:00 Oral talk: Chengyan Ren, Duo Hu, Fei Kong, Cheng Zhang,
Tao Shao, Effect of Surface Modification on Trap Distribution and
Vacuum Surface Flashover of Polymeric Materials

10:15 Oral talk: M.N. Bosyakov, V.G. Zalesski, I.L. Pobol, A.N. Majseen-
ka, Automated Equipment for Plasma Thermochemical Treatment
of Metal Parts

10:30 Coffee




11:00-12:30 Plenary section (Location: RCI BSU)

Chairman — Professor Hongbin Ding, DUT, Dalian

11:00 Invited talk: Rui Ding, H. Xie, F. Ding, L. Wang, J.L. Chen,
D.L. Rudakov, H.Q. Wang, H.Y. Guo, Modeling of Plasma-Wall
Interaction in Tokamak Experiments with High-Z Materials

11:30 Invited talk: Laizhong Cai, Xiaoxiao Zeng, Jianbao Wang, Jiupeng
Song, Binyou Yan, Zhe Chen, Fabrication and Test of the Interlay-
er of a New First Wall Structure For DEMO

12:00 Oral talk: Chaofeng Sang, Rui Ding, Liang Wang, Zhenhou Wang,
Dezhen Wang, Modeling of the Plasma with Tungsten Divertor In-
teractions on EAST

12:15 Oral talk: Cong Li, L. Sun, Z. Hu, D. Zhao, J. Liu, R. Hai, C. Feng,
F. Ding, G.-N Luo, J. Hu, L. Wang, Y. Liang, H. Ding, In Situ
Laser-Induced Breakdown Spectroscopy (LIBS) Study on Plasma-
Wall Interaction in EAST Tokamak

12:30 Meetings on the sidelines

13:00 Lunch (Location: restaurant «Brussels»)

14:00-16:00 Plenary section (Location: RCI BSU)

Chairman — Professor Yue Liu, DUT, Dalian

14:00 Invited talk: Xiubo Tian, Houpu Wu, Chunzhi Gong, Discharge and
Deposition of Novel Bipolar High Power Impulse Magnetron Sput-
tering

14:30 Oral talk: Q.Y. Nie, Z.L. Zhang, The Modulation Strategy of Atmos-
pheric Pressure Dielectric Barrier Discharge by Tailored Voltage
Waveforms Excitation

14:45 Oral talk: Chunzhi Gong, Yongjian Li, Xiubo Tian, Effect of Aux-
iliary Enhanced Magnetic Field on Microstructure and Mechanical
Behaviors of Multilayered CrN/AICrN Coatings

15:00 Oral talk: Ivan Egorov, A.V. Poloskov, A.A. Isemberlinova,
G.E. Remnev, Pulsed Electron Beam Irradiation for Agricultural
Applications

15:15 Oral talk: Yurii Sharkeev, K. Prosolov, O. Belyavskaya, A. Bolat-
ool, J. Rau, RF Marnetron Glancing Angle Deposition of Thin Cal-
cium Phosphapte Coatings on Titanium for Medical Applications

15:30 Oral talk: Chunlei Feng, Z.W Wang, H. Ding, The Transport Beha-
viour Study of OH Radical by LIF in Atmospheric Pressure Surface
Micro-Discharge



15:45 Oral talk: J. Hu, X.B. Tian, Evaluation of Discharge Behavior and
Surface Properties of Ta-C Films by Modified Vacuum Arc Evapo-
ration

16:00 Coffee

16:30-17:30 Plenary section (Location: RCI BSU)

Chairman — Professor Ren Fei, Industrial Park “Great Stone”, Minsk

16:30 Invited talk: Li Ping, China-Belarus High-Technology Aerospace Cen-
ter for Research and Development

17:00 Discussion

17:30 Coffee and snacks

19:00 Social event (Location: Bolshoi Theatre of Belarus, 1, Parizhskaya
Kommuna sq., Minsk)

October 5, Saturday

09:00-11:00 Plenary section (Location: RCI BSU)

Chairman — Professor Sergey Maksimenko, INP BSU, Minsk

09:00 Invited talk: Miao Qu, Sha Yan, Application prospect of Compressed
Plasma Flows in transient high heat flux testing for PFM

09:30 Oral talk: Efim Oks, Some Issues of the Development of Electron-
beam and Ion-Plasma Equipment for Practical Use

09:45 Oral talk: Ran Hai, X.C. Li, H.B. Ding, Comparative Study on Self-
Absorption of Laser-Induced Plasma in Different Environments

10:00 Oral talk: Evgeniy Petrenko, A.S. Yudin, Formation of multichannel
breakdown in electric discharge drilling technologies

10:15 Oral talk: A.A.Bukharkin, S.M. Martemyanov, Low-grade Solid
Fossil Fuels Electrophysical Conversion

10:30 Oral talk: Vladimir Ovcharenko, Yu Baohai, Pulsed Electron-ion-
plasma Irradiation as a Tool to Reduce the Defectiveness of Instru-
mental Metal Ceramics

11:00 Coffee

11:30-12:30 Round table discussion (Location: RCI BSU)
12:30 Meetings on the sidelines

18:00 Conference dinner (Location: restaurant «Staroye Rusloy, 7 Ulya-
novskaya str., Minsk)



List of posters:

1.

2.

3.

10.

11.

12.

C. Cao, X. Huang, Z. Cao, X. Gao, C. Cui, Experiments of Real-
Time Siliconization during Discharge on Tokamak

Y. Liu, Yu-E Hu, Effect of Neutral Gas Temperature on Discharge
Characteristics in Low Pressure Rf Argon Glow Discharges

Cailong Fu, Qi Wang, Liying Sun, Ding Wu, Hongbin Ding,
Numerical Study of Tungsten Plasma Emission Spectra From the
Low Charge State in The Laser Ablation Plasma

Roman Sazonov, G. E. Remnev, 1. S. Egorov, A. V. Poloskov,
L.R. Merinova, G. E. Kholodnaya, Development of Technology
for the Oxidative Destruction of Hormonal and Hardly Oxidizable
Organic Compounds

Alexandra Baranova, Gennady Remnev, Radiation technology for
bio waste treatment

Artem Yudin, N.K. Kapishnikov, Mini-plant for destruction of
reinforced concrete wastes

Nikolay Rempe, Equipment and technologies for coating metals by
electron-beam surfacing in vacuum and gas with atmospheric
pressure

Yurii Ivanov, E.A. Petrikova, I.V. Lopatin, O.S. Tolkachev,
M.E. Rygina, Modifying of the eutectic silumin surface by the
electron-ion-plasma method

Anton Teresov, Yu.F. Ivanov, E.A. Petrikova, O.S. Tolkacheyv,
D.A. Romanov, Boration of high-chromium austenitic steel surface
by electron-ion-plasma methods

Li Guo, Jing Zhang, Dingxin Liu, Michael G. Kong, Microbial
Inactivation in Model Tissues Treated by Surface Discharge Plasma
T.Z. Miao, M. Zhu, Y.B. Cao, P. Wu, Z.M. Song, G.S. Zhang,
J. Sun, Study on Anode Plasma Spectra with Strong Current High-
Energy Electron Beam

X.X. Zhu, W.B. Tan, X.Z. Li, J.C. Su, L.G. Zhang, Z..Y. Shen,
Studied the Effect of Plasma on High Power Microwave
Transmission Channel in Ku Band



LASER THOMSON SCATTERING DIAGNOSIS ON NON-
EQUILIBRIUM PLASMAS

H.B. Ding’, Y. Wang and J.L. Shi

Material Modification Lab by Laser, Electron ,and lon Beams, Chinese Ministry of
Education, School of Physics, Dalian University of Technology, China
hding@dlut.edu.cn

Recently Laser Thomson Scattering (LTS) approach has been developed
for diagnosis of the plasma parameters for the Non-equilibrium reactive
plasmas in Plasma Spectroscopy Laboratory of Dalian University of Tech-
nology. In our experiments, the electron number density and electron tem-
perature in an expanding cascaded arc Ar/N2 plasma were measured by the
LTS combined with the Optical Emission Spectroscopy (OES). The LTS
measurements indicate that with the increase of N2 gas the electron tempera-
ture has a very complicated behavior. This is due to the collective interactions
between the super-elastic collision and electron impact excitation. The super-
elastic collision between the free electrons and the highly excited vibrational
nitrogen molecules can heat the electrons while the electron impact to nitro-
gen molecules leads to that the electron kinetic energy is transferred to the
nitrogen molecule internal energy. The investigations evaluate how the
plasma deviates from the local thermodynamic equilibrium (LTE) and indi-
cate that the addition of N2 gas leads to the enhancement of the deviation
from LTE.

1. Y. Wang, et. al, IEEE Transactions on Plasma Science (2019). Available online
at http://ieeexplore.ieee.org.



ELECTRON ACCELERATORS AND COLLECTIVE ION
ACCELERATION FOR MEDICAL APPLICATIONS

G. Remnev', A. Baranova, A. Byuharkin, M. Zhuravlev, E. Kibler,
V. Lopatin, I. Pyatkov, V. Ryzhkov

Tomsk polytechnic university, Tomsk, Russia
remnev06@mail.ru

Electron accelerators with an energy of 10*-107 eV are already widely
used in medicine, agriculture and agricultural production, ecology and other
areas. The potential for their practical use, and in particular pulse accelerators
with extreme high pulse power is much wider. In some important areas, such
as the solving important tasks of environmental problems for the treatment of
wastewater, flue gases, certain areas of medicine and some others, there is
practically no alternative. The report presents an overview of the work
carried out at the Tomsk Polytechnic University on the development of
pulsed electron accelerators. The work in the field of development of a
medical accelerator for the production of ultrashort isotopes (UHF) for
medical purposes is presented for the first time. High-energy light ion beams
are generated using nanosecond pulsed electron beams. The high rate of
acceleration of ions 2-3 MeV/cm makes it possible to create compact
accelerators for equipping medical diagnostic centers. Other areas of practical
application of accelerators where the pulsed beam has advantages are
presented.

The work was supported by RSCF grant number 17-19-01442.

10



NOVEL PLASMA TECHNOLOGIES DEVELOPMENT
IN SOLID STATE PHYSICS DEPARTMENT OF
BELARUSIAN STATE UNIVERSITY

V.V. Uglov*, N.N. Cherenda, A.K. Kuleshov,
V.I. Shymanski, S.V. Zlotski

Belarusian State University, Minsk, Belarus
uglov@bsu.by

Plasma technologies for material science are actively developed in the
solid state physics department for a long time. One of the most important
direction of plasma treatment of materials is connected to high-energy com-
pression pulsed plasma flows impact. The special quasi-stationary plasma
accelerators as well as magnetoplasma compressors of compact geometry
were produced in Institute of Heat and Mass Transfer of National Academy
of Science of Belarus. The used plasma flows possess a high energy density
and long pulse duration (more than 100 s) that is enough for surface materials
modification and increase the role of physical processes occurring in liquid
phase. A set of experiments conducted with steels, aluminum alloys, titanium
alloys shown the disperse structure and even nanostructures formation. Such
types of plasma treatment allowed to increase mechanical, tribological prop-
erties of the surfaces.

A new direction of plasma modification of materials was attributed to
formation of metal alloys, solid solutions and composed structures. In this
case a ‘“‘coating/substrate” system is subjected to plasma impact. The long
time of the pulse duration of the plasma flows increases the role of the melted
layers mixing and provides the elemental composition change. The main re-
sults shown the formation of solid solution in titamiun, zirconium, tungsten
with a composition not reached in the traditional methods of alloying.

Additional field of plasma technologies application is a protective coating
synthesis by mean of vacuum-arc deposition and magnetron deposition. It
results in producing the coating based on the solid solution of transition re-
fractory metals with a high hardness and adhesion strength. This approach is
used for cutting tools modification. Besides, a new class thin films with na-
nocomposite or multilayered structure based on the immiscible nitride phases
was developed. Such films shown high thermal, radiation and corrosion resis-
tances, improved elastic properties.

11



INSTITUTE FOR NUCLEAR PROBLEMS OF THE
BELARUSIAN STATE UNIVERSITY: CONTRIBUTION TO
MATERIALS RESEARCH

S.A. Maksimenko
Institute for Nuclear Problems of Belarusian State University, Minsk, Belarus
sergey.maksimenko@gmail.com

A short introduction into history and main fields of research activity ~— of
the Institute is given. A set of most important results achieved in the Insti-
tute during past years both in fundamental and applied research is presented.
The talk is focused on the several topics related to fabrication and studying of
new materials:

- nanoelectromagnetics, - a new approach integrating methods of classical
electrodynamics and present-day condensed matter physics aiming with
studying of electronic and electromagnetic properties of nanostructures;

- CVD synthesis of carbon nanostructures and their applications in coat-
ings, thin films and composite materials and ceramics;

- 3D-printed materials and structures for electromagnetic applications

- New materials and structures for aerospace applications

Participation of the Institute in international research collaboration is also
discussed.

12



FABRICATION OF SILICON CARBIDE REINFORCED
SILICON CARBIDE COMPOSITES BY MELT
INFILTRATION PROCESSING

Jian Jiao"*", Jinhua Yang'?, Hu Liu"?
! National Key Laboratory of Advanced Composites, AECC Beijing Institute of Aero-
nautical Materials, Beijing, China
2 Surface Engineering Divison, AECC Beijing Institute of Aeronautical Materials,
Beijing, China
Jiaojian_2010@sina.com

SiCy¢/SiC composites are able to deliver the high temperature capability of
ceramics with the strength and reliability which is required for gas turbine
engine applications, but weigh less than current alloys. Therefore, the per-
formance including fuel consumption, emissions and noise will be improved
because of they require less cooling over traditional nickel-based compo-
nents.

SiC¢/SiC composites are typically consisting of SiC fibers, interphase
and SiC matrix. SiC fibers are made by spinning polycarbonsilane, followed
by curing and pyrolysis steps to convert the fibers into ceramic materials.
Key characteristics of as-produced polymer-derived ceramic fibers are their
small diameters, their ultra-fine microstructure with nearly equiaxed grain
sizes in the low nanometer range, and their continuous lengths in
multifilament bundles. The thermal stability of the nano-size S-SiC grain
determines the heat-resistance limitation of the fibers. Therefore, the
correlation of the grain size and the fiber strength was built in this work, and
the failure mechanism was discussed as well.

The interphase, by which stresses transfer from matrix to SiC fibers and
deflects microcracks, is a critical part of composites. BN single layer or
BN/SiC double layers were prepared via Chemical Vapor Infiltration (CVI)
processing in this work. And the interphase was characterized carefully by
SEM, TEM, AFM, XRD, SIMS, ''B MAS NMR. Hexagonal Boron nitride
(h-BN) interphase with a graphite-like structure was confirmed.

Eventually, SiC¢/SiC composites were fabricated via Prepreg-MI process.
The bulk density was 2.7 g/cm’ and the apparent porosity was lower than 5%.
The in-plane tensile strength, flexural strength and interlaminar tensile
strength were >300 MPa, >750 MPa and >35 MPa, respectively.

13



WORKS ON THE GENERATION OF A GAS-METAL
PLASMA AND ITS USE FOR SURFACE MODIFICATION OF
MATERIALS AND PRODUCTS, PERFORMED IN THE
LABORATORY OF BEAM-PLASMA SURFACE
ENGINEERING OF HCEI SB RAS

V.V. Denisov’, N.N. Koval

Institute of High Current Electronics, Tomsk, Russia
denisov@opee.hcei.tsc.ru

The report is devoted to work carried out in the laboratory of beam-
plasma surface engineering of HCEI SB RAS and directed at studying the
processes of generating gas-metal plasma in self-sustained and non-self-
sustained low-pressure discharges and their using for hardening of the surface
of materials and products.

In this paper low-temperature plasma generation systems made on the ba-
sis of an arc discharges and a low-pressure glow discharge with a hollow ca-
thode with a vacuum chamber volume of more than 0.2 m” are presented. In a
non-self-sustained glow discharge a beam-plasma formation is created. The
beam-plasma formation is the plasma medium generated in the presence of an
electrode system, providing self-sustained discharge burning, and by injec-
tion into the discharge system of charged particles beam. The injection of
charged particles, for example, electrons, significantly changes the characte-
ristics of the discharge and, therefore, the parameters and composition of the
plasma. The additional electron beam activates particle interactions in the
plasma near the substrate and causes additional chemical and physical reac-
tions on the surface of the material.

The report describes the features of using of presented plasma generation
systems for hardening of the surface of products of various dimensions from
structural and tool steels.

The work was supported by the Russian Foundation for Basic Research
(project No. 18-38-00836).
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TECHNOLOGICALAREAFOR COMPLEX HARDENING OF
CARBIDE TOOLS

G.E. Remnev, V.A. Tarbokov'

National Research Tomsk Polytechnic University, Tomsk, Russia
tarbokovw@tpu.ru

The surface treatment of hard alloys by ion beams with a high pulsed
power (up to 10° W/em?®) causes ultrafast melting and recrystallization of a
layer up to 10 um thick. Due to the high rate of subsequent cooling (up to 10’
K/s), phases with enhanced elastic-strength properties (for example, WCO,
W, (CO)) are formed and remain stable in the surface layer. Such processing
enables to increase the service life of hard alloy tools by 1.5-3 times.

The discusses the creation of a technological area for hardening carbide
tools based on two pulsed high-current accelerators with a capacity of up to
1000 cutters per shift depending on the size of the tool. We analyze are the
prospects for the creation of a combined installation for a complex modifica-
tion of a hard alloys tool with various wear-resistant coatings with enhanced
adhesion.

15



EFFECT OF SURFACE MODIFICATION ON TRAP
DISTRIBUTION AND VACUUM SURFACE FLASHOVER OF
POLYMERIC MATERIALS

Chengyan Ren"*", Duo Hu'?, Fei Kong', Cheng Zhang'?, Tao Shao'”
!Key Laboratory of Power Electronics and Electric Drive, Institute of Electrical
Engineering, Chinese Academy of Sciences, China
? University of Chinese Academy of Sciences, China
rey@mail.iee.ac.cn

The surface trap parameter and distribution could significantly affect the
surface flashover characteristic of insulation mateirials in vacuum. To further
understand the influence of traps on flashover of polymeric materials, the
surface trap parameters, trap energy level and trap density, were regulated by
surface modification. Firstly the atmospheric pressure plasma jets were used
to treat the fluorinated ethylene propylene (FEP) film to control trap density,
and electron beam irradiation was used to change surface trap energy level of
polymethylmethacrylate (PMMA). Then effect of different processing
conditions on the insulation properties of material surface was studied. The
trap parameters were tested and caculated by means of isothermal surface
potential decay (ISPD), and space charge distribution in FEP film body was
also measured by means of pulsed electro-acoustic (PEA). At last surface
flashover experiment under DC and pulsed voltage in vacuum was performed
using finger-type electrodes, and the relationship between surface trap
parameter and flashover voltage was analyzed in diffrent treatment
conditions.

The results show that some inorganic groups containing silicon element
are introduced on the surface of FEP, and the trap density increases in
different degrees while the trap energy level changes slightly. The space
charge distribution has a positive correlation with the trap density. The trap
level increases after electron beam irradiation with diffrent energy and
treatment time while the trap density changes slightly. The increase of trap
level and trap density could improve the vacuum surface flashover voltage to
a certain degree by surface modification.

1. H. C. Miller. Flashover of insulators in vacuum: the last twenty years. IEEE
Trans. Dielectr. Electr. Insul., 22(6), pp.3641- 3657, 2015.

2. R. Wang, H. Lin, Y. Gao, C. Ren, K. Ostrikov and T. Shao. Inorganic
nanofilms for surface charge control on polymer surfaces by atmospheric-pressure
plasma deposition, J. Appl. Phys., 122, p. 233302, 2017.
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AUTOMATED EQUIPMENT FOR PLASMA
THERMOCHEMICAL TREATMENT OF METAL PARTS

M.N. Bosyakov, V.G. Zalesski, I.L. Pobol’, AN. Majseenka

Physical-Technical Institute of the National Academy of Sciences, Minsk, Belarus
pobol_igor@gmail.com

To fulfill the conditions of operation of modern industrial equipment, full
automation of the technological process is required. It is ensured by the use
of modern PLS controllers with specialized software.

The industrial equipment for plasma thermochemical treatment developed
and manufactured by orders of enterprises at the Physical-Technical Institute
consists of several main components such as a working vacuum chamber, a
control cabinet, a pumping system, a water cooling system, connecting
cables, a controller and a personal computer.

The working gases are argon, nitrogen and hydrogen. The last one is
obtained autonomously from the electrolyzer.

The operation of the installation and the control of the treatment process
are carried out automatically according to the specified software. The
software is developed at the PTI taking into account the requirements of the
customer, grades of machined steels or cast irons and the degree of loading of
the chamber. The user is given the opportunity to change it.

All stages of the installation operation (evacuating the chamber, heating
the charge, holding and cooling) are automated. When processing identical
charges of parts, a mode adjustment is not required. It is enough for the
technologist to choose a previously developed processing mode, and the
program will independently carry out all the required operations.

The graphic protocol of the process and its progress (start time, start of
each step, error messages etc.) are saved with the possibility of viewing and
printing.

17
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Plasma-wall interaction (PWI) and subsequent impurity transport are key
issues in fusion research. Plasma induced erosion can seriously limit the life-
time of the wall components, while eroded particles can be transported into
the core plasma causing dilution of the fusion plasma and energy losses due
to radiation, especially for high-Z impurities. Since high-Z materials such as
W will be used for ITER divertor and very likely in future fusion devices, the
understanding of related PWI processes is indispensable and only can be
achieved in a combined effort of experiment and modeling.

This contribution will give an overview of the key questions in PWI mod-
eling and introduce the main simulation tools. The 3D Monte Carlo code
ERO considers plasma-wall interaction processes like sputtering, reflection
and deposition as well as impurity transport taking into account friction, Lo-
rentz force, cross field diffusion, and various atomic processes like ioniza-
tion, recombination, etc [1]. The ERO code has been applied to simulate re-
cent experiments in DIII-D tokamak with well-characterized high-Z material
coating samples and in EAST tokamak with an upper full W divertor.

The critical role of background low-Z impurities and the sheath in deter-
mining high-Z material erosion and re-deposition in a mixed materials envi-
ronment has been revealed. The net erosion rate of high-Z materials is signif-
icantly reduced due to the high local re-deposition ratio, which is mainly con-
trolled by the electric field and plasma density within the magnetic pre-
sheath. Modeling of the EAST experiments shows that the transport of C im-
purities not only dominates the W sputtering source but also determines the
overall erosion and deposition balance in the mixed materials surface. Higher
C concentration in the background plasma leads to more C in the mixed sur-
face layer and thus lower W erosion rate due to the dilution effect [2]. The re-
erosion of W by returned eroded particles can simultaneously increase the W
sputtering and reduce C ratio in the mixed surface layer.

1. R. Ding et al., Nucl. Fusion 56 (2016) 016021
2. H. Xie et al., Phys. Plasmas 24 (2017) 092512
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First wall, which is facing to plasma directly and experiences energetic
particles, neutron radiation, steady state heat loads and transient heat loads, is
one of the key components in fusion reactors. Another primary concern on
the first wall in DEMO is the tritium accumulation in the plasma-facing
areas. Based on the requirements of tritium self-sufficiency and safety regula-
tion of tritium, it is very important to control the buildup in plasma facing
components (i.e. first wall) and decrease the tritium inventory. In this work, a
sandwich-like first wall structure with a tritium prevention interlayer is fabri-
cated and tested. The interlayer is applied to combine the plasma facing ma-
terial (W) and reduced activation ferritic/martensitic (RAFM) and also to
prevent the permeation of hydrogen and its isotopes.

The top coating layer of the first wall, tungsten, is fabricated by chemical
vapor deposition(CVD). And CLF-1, a kind of RAFM, is used as the sub-
strate of the first wall structure. With a big difference between thermal ex-
pansion coefficients CVD-W and CLF-1, the interlayer between them has to
mitigate the stress. And the tritium prevention capability of the interlayer is
necessary due to the great importance of controlling the tritium buildup and
improving the fuel efficiency. SiC and TiN are selected as the interlayer ma-
terials due to their good performance as good tritium barriers.

During the fabrication of the interlayer, TiN is deposited by CVD with the
reactive gas of TiCl, at 900 °C. Several coating methods such as RF magne-
tron sputtering, CVD, plasma assisted chemical vapor deposition(PACVD)
and chemical vapor infiltration(CVI) have been used to produce the interlay-
ers of SiC in this work.

After the fabrication of the samples, general inspection and material anal-
ysis are done immediately. Thermal cycling tests with 11 cycles at 700 °C are
performed for preliminary investigation. Then plasma exposure tests with
steady state and transient heat loads under a particle flux of 2x10** m™ s are
also carried out. The results show that only the structures with a TiN interlay-
er are good after the thermal cycle tests and plasma exposure tests. The fabri-
cation technique of SiC need to be improved or additional coating layer could
be required.
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MODELING OF THE PLASMA WITH TUNGSTEN
DIVERTOR INTERACTIONSON EAST
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Tungsten (W) and Carbon (C) areusedas the plasma-facing materials for
upper and lower divertors on EAST, respectively. The C impurities are
mainly from the lower divertor. In this work,the transport of the C impurity
and its effects on the divertor plasma and W divertor erosion are simulated
under the lower-single null (LSN) configuration on EAST [1]. It is found that
the existence of Cimpurity can reduce T. and heat flux to the target
significantly, no remarkable upper W divertor sputtering is found due to
small amount of C can transport from lower divertor to upper divertor.

The edge plasma simulation is coupled to the new developed fuel
retention code HIIPC [2] to assess the fuel retention in tungsten divertor,
which is a critical safety issue for the future fusion device. EAST USN
discharge is chosen to illustrate the application of the coupled code, and to
predict the fuel retention during realistic cycle of plasma discharges from
attached to detached divertor regime [3]. The simulation results confirm that
the divertor operation regime has great impact on the fuel retention.

1. Sang C. F. et al 2018Phys. Plasma25 072511
2. Sang C. F. et al 2012 Nucl. Fusion 52 043003
3. Sang C. F. et al 2018 Fusion Eng. Des. 136 908
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Plasma-wall interaction (PWI) research is an active field for long-pulse
operation in current magnetic confinement nuclear fusion devices, such as
Experimental Advanced Superconducting Tokamak (EAST). It is an urgent
requirement to investigate several key PWI issues, such as the fuel retention
and deposition on plasma facing components (PFCs), by in situ diagnostic
methods, such as laser-induced breakdown spectroscopy (LIBS).

In this work, the Mo first wall in EAST with ITER-like magnetic field
configuration is investigated by LIBS method for the PWI research. The D
fuel retention on the Mo first wall has been monitored during long-pulse op-
eration scenarios of EAST by an in situ LIBS system. Simultaneously, the
local edge D plasma conditions have been measured from the edge plasma
optical emission spectroscopy (OES). Both LIBS and OES results are quanti-
tatively analysed by using the absolute calibration method. The results show
that the LIBS D, intensity on the Mo first wall strongly related to the OES D,
intensity from the region of scrape off layer and edge plasma. The edge D
particle fluence of ~10* D/m* and D retention amount of ~10' D/m” on the
first wall are achieved in long-pulse discharges with duration time of tens of
seconds. The results would improve the understanding of fuel retention on
the first wall in EAST and demonstrate the prospect of LIBS approach to in
situ investigate fuel retention in the upcoming fusion device like ITER.
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DISCHARGE AND DEPOSITION OF NOVEL BIPOLAR HIGH
POWER IMPULSE MAGNETRON SPUTTERING

Xiubo Tian", Houpu Wu, Chunzhi Gong
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A novel power supply for bipolar pulse high power impulse magnetron
sputtering has been developed. The power supply may run in conventional
high power impulse magnetron sputtering (HiPIMS), bipolar pulse high
power impulse magnetron sputtering (BP-HiPIMS) and mutiple bipolar pulse
high power impulse magnetron sputtering (DBP-HiPIMS). In the BP-
HiPIMS or DBP-HiPIMS mode, a positive pulse is applied right after the
negative pulse. This will induce the new dynamics of ions/plasmas and
substarte curent. As an example, the discharge characteristics of Cr target in
Ar atmosphere in both BP-HiPIMS and novel DBP-HiPIMS mode were
studied. The results showed that the average ion current flowing through the
substrate was significantly enhanced with the increase of the reverse pulse
voltage. Compared with the conventional BP-HiPIMS mode, the DBP-
HiPIMS mode led to higher average substarte current at different reverse
pulse voltages. When the reverse pulse voltage was 100V, the average
substarte currengt in DBP-HiPIMS mode was 30-50% higher than that of
conventional BP-HiPIMS mode depending the bias applied to the sample.The
films including CrN, TiN, Cr, etc have been deposited to demonstarte the
advantage of the novel BP-HiPIMS mode.
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THE MODULATION STRATEGY OF ATMOSPHERIC
PRESSURE DIELECTRIC BARRIER DISCHARGE BY
TAILORED VOLTAGE WAVEFORMS EXCITATION
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In comparison with various configurations in generating non-equilibrium
cold atmospheric plasmas, dielectric barrier discharges (DBDs) have shown
unique features with higher plasma densities, lower gas temperatures, higher
production rate of reactive chemical species, and more effective restriction on
discharge currents to obtain stable discharges. Therefore, DBDs of different
configurations are widely studied in various aspects. The effective indepen-
dent tuning of key plasma parameters is quite important for both application-
focused and fundamental studies. In this paper, the modulation strategy bas-
ing on the tailored voltage waveforms excitation is proposed to optimize the
plasma parameters in DBD system. The driving voltage waveform is com-
posed by a radio frequency fundamental wave and superimposing some odd
harmonics, and the effects of the number of harmonics, phase shift as well as
the fluctuation of harmonics on the sheath dynamics, impact ionization of
electrons and key plasma parameters are investigated. The results have shown
that the electron density can exhibit a substantial increase due to the effective
electron heating by a spatial-asymmetric sheath structure. And the strategic
modulation of harmonics number and phase shift is capable to raise the elec-
tron density significantly but without a significant increase in gas tempera-
ture. Moreover, by tailoring the fluctuation of harmonics with steeper slope, a
more profound efficiency in electron impact ionization can be achieved, and
thus enhancing the electron density effectively. It has been demonstrated that
the modulation strategy via tailored voltage waveforms can provide a valid
approach to independent control over both electron density and gas tempera-
ture in atmospheric DBD system.

1. Q.Y. Nie, Z.L. Zhang, J. W.M. Lim. Physics of Plasmas 26 (2019) 063504
2. Z.L. Zhang, Q.Y. Nie et. al. Physics of Plasmas 4 (2018) 043502
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ON MICROSTRUCTURE AND MECHANICAL BEHAVIORS
OF MULTILAYERED CrN/AICrN COATINGS
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CrN/AICrN nano-multilayer films can combine the advantages of CrN
and AICrN coatings through film structure modulation using multi-arc ion
plating technique. Auxiliary enhanced magnetic field may improve arc spots
velocity and be beneficial to flexible struction modulation.

An Inductance coil is installed behind the CrAl target in order to further
enhancing the magnetic field, then CrN/AICrN nano-multilayer films are de-
posited onto M2 high speed steel and 304 stainless steel specimens by the
magnetic enhanced multi-arc ion plating technique. The morphology and
crystalline structure of the as-deposited films are analyzed and the effect of
magnetic intensity on adhesive strength, wear resistance, hardness and corro-
sion resistance of the films are also studied with different coil current.

The results show that the large particles of the films surface decrease ob-
viously compared with that without magnetic field enhancement. The films
are crystallized into a rocksalt-type cubic structure, and exhibit (111) and
(311) preferred orientation. Meanwhile increase of the coil current can im-
prove the compactness of the films. With the coil current increasing from
0.3A to 1.2A, both micro-hardness and corrosion resistance increase because
of much denser microstructure, however both adhesive strength and wear
width increase first and then decrease due to high film stress induced by ex-
cessive ion bombardment.
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PULSED ELECTRON BEAM IRRADIATION FOR
AGRICULTURAL APPLICATIONS
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The report analyses factors of electron beam irradiation in the topic of
agricultural applications. We discuss the dependence of biological effects,
like disinfection, disinfection and germination characteristics from electron
beam parameters: dose exposition (continuous and pulsed), electron kinetic
energy spectrum, depth profile of the absorbed dose and power factor. The
work describes the results of empirical experiments [1] with microorganisms,
insects and wheat grain proceeded by pulsed electron beam and X-ray (150-
300 keV) with the dose up dozens kGy. The Astra-M repetitive source of
pulsed electron beams was used for irradiation [2].

Authors thank Tomsk Polytechnic University (TPU, Russia) for technical
support. The work was supported by RSCF grant number 18-79-00261.

1. A.A. Isemberlinova, A.V. Poloskov, LS. Egorov et al. Key Engineering
Materials. 769 (2018) 172—180.

2.1 Egorov, V. Esipov, G. Remnev, et al. 2012 IEEE International Power
Modulator and High Voltage Conference (IPMHVC), IEEE, 2012: pp. 716-719.
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Calcium phosphate (CaP) coatings are the widely researched trend which
has resulted in set of applications in the field of bone regeneration. It is due to
the fact that the metallic implants become encapsulated by fibrous tissue,
which in turn not only prolongs the healing time, but also leads to implant
loosening and eventually premature failure of implantation. Physical vapor
deposition (PVD) of thin films, allowing the deposition of porous and/or co-
lumnar-like structured coatings, has been available for some years. In turn,
the use of an oblique angle geometrical configuration, or as it is also referred
as glancing angle deposition (GLAD) method, is frequently exploited for
formation of three-dimensional columnar micro- or nanostructured surfaces.
An emerging method for bioactive coating deposition in the field of PVD is
radiofrequency (RF) magnetron sputtering method.

We show the influence of GLAD geometry on the morphology and struc-
ture of thin calcium phosphate films deposited by RF magnetron sputtering
method. The method allows us to manipulate the coating roughness on the
submicron and nanoscale levels. A significant change in the coating mor-
phology was revealed when the substrate tilt angle was set to 80°. It was
shown that an increase in the coating crystallinity for samples deposited at a
tilt angle of 80° corresponded to formation of crystallites in the bulk structure
of the thin film. Cross section SEM revealed inner structure of deposited
coatings and predominant growth towards the particle flux was easily detect-
able. The GLAD of complex calcium phosphate material can lead to the
growth of thin films with significantly changed morphological features and
can be utilized to create self-organized nanostructures on various types of
surfaces.
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THE TRANSPORT BEHAVIOUR STUDY OF OH RADICALS
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Surface micro-discharge (SMD), one type of cold atmospheric pressure
plasmas (CAPs), promises a bright future for numerous applications spanning
the fields of aerospace, environmental protection and biomedicine due to its
desirable features. Significantly, the reactive chemical species are key
enablers and responsible for the biomedical effects. Of all the CAP sources
under investigation, the SMD array configuration offers a large area
discharge with a considerable discharge volume, enhances the plasma
uniformity and provides an alternative to atmospheric pressure plasma array
technologies

This work presents the transport behaviour investigation of OH radicals in
an atmospheric pressure pulse-modulated surface micro-discharge in helium.
Laser-induced fluorescence is employed to measure the time development of
OH radicals density distribution during the pulse duration and the inter-pulse
period. It is shown that convection caused by electrohydrodynamic force en-
hances and dominates the transport of OH radicals from the surface plasma
layer to the afterglow region with a distance up to 8 mm away from the di-
electric surface. Interestingly, after the plasma switches off, OH density de-
creases quickly near the electrode but the downstream distribution region
keeps constant, showing that the impact of convection is still present during
the post-discharge. Additionally, the propagation velocity of OH declines
monotonously with time. The maximum value is estimated as 1.86 m/s dur-
ing the first 1 ms when the plasma is on. The influence of power delivered to
plasma is investigated, and the results indicate that the OH density every-
where in the detection zone is directly proportional to the applied power.
However, the input power has no significant influence on the propagation
velocity and delivery distance, suggesting that it is unrealistic to increase the
delivery distance of reactive species by increasing the power delivered to
plasma.
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PROPERTIES OF TA-C FILMS BY MODIFIED VACUUM
ARC EVAPORATION

J. Hu"", X.B. Tian'

!State Key Laboratory of Advanced Welding and Joining, Harbin Institute of
Technology, Harbin, China
hujian666888@163.com

Ta-C film was a wear-resistance yet super-hard coating with excellent
comprehensive  performance. The conventional deposition method
(conventional vacuum arc evaporation (CVAE)) produced less carbon ions in
the plasma during the deposition process. The properties of the films were
unregulated. The modified vacuum arc evaporation (MVAE) was mentioned
as the highly energetic process and the microstructure should be regulated
flexibly.

Aseries of ta-C films were performed by MVAE.The influence of pulse
currents, ranging from 200 A to 1000 A, on the arc discharge and surface
properties of the ta-C coatings was investigated. The increment of the pulse
current resulted in the increase of the substrate current from 0.47 to 1.09,
indicating increased plasma density near the substrate region. Similarly, the
highest of C'/Ar" (1.57) was measured at the pulse current of 1000 A.
Nevertheless, the lower ratios (Ip/Ig) were achieved at the pulse currents of
500A than 1000 A, indicating higher concentration of sp’ bonds. According
to the ion peening model, excessive energy provided by the increased carbon
ions might migrate into the ta-C coatings and resulted in graphitization of the
coatings. With respected to the hardness and mechanical properties, a proper
modification by pulse current should be taken. To overcome the disadvantage
of the low adhesion quality, a graded transition layer was provided. All
coatings exhibited the adhesion of HF 1.
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Various intense pulsed particle beam generators are used to test and to
study responses of plasma facing materials (PFMs) in TOKAMAK to
transient high heat flux (HHF) induced by edge-localized-modes (ELMs).
The parameters of pulse plasma beam (QSPA-T) and intense pulse electron
beam (JUDITH II) are recognized as the closest to the parameters of ELMs.
For the plasma pulse parameters of CPFs (compression plasma flows) are
similar to the ones of ELMs, it may be used to study the ELMs induced
transient heat damage on PFMs experimentally.

To estimate the feasibility, thermal shock tests were performed with CPFs
and intense pulse electron beam (IPEB) on pure tungsten at different energy
density and different pulses. Two kinds of cracks were observed: primary
cracks caused by the brittleness of the W and thermal stress from temperature
gradient under both two beams, and secondary cracks caused by thermal
stress from resolidification under CPFs, and by irreversible plastic
deformation or thermal fatigue under repeated pulses under IPEB. Grain
growth was observed in samples undergoing IPEB irradiation, but CPFs. As
in case of QSPA-T irradiation, many kinds of melting damages were
observed on the samples undergoing CPFs bombadment, including molten
flow traces on the surface and formation of columnar crystal grain in
resolidification region. The ablation damages including droplet ejection and
mass loss also were observed after irradiation of CPFs. Therefore, CPFs is
suitable for studying melting and ablation behavior and cracking behavior
after melting under Type I ELMs-like transient heat flux loading. However, it
is difficult to obtain the accurate energy deposition on the target due to abla-
tion and vaporization. To find a proper approach of getting accurate pulse
energy deposition is the premise of utilizing CPFs for PFM testing.
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The report presents the recent results of the development and upgrade of a
number of original electron-beam and ion-plasma equipment. It reflect the
current trends in the development of equipment for beam and plasma
technologies and that may be of interest for the formation of joint Chinese-
Russian-Belarusian scientific and technical programs with the ultimate goal
of use in real industrial production. The technological equipment presented in
the report includes:

- plasma generators and sources of boron ion beams based on a planar
magnetron discharge in the self-sputtering mode of operation, as well as on
the basis of a vacuum arc discharge. Possible areas of practical use:
hardening of structural materials, doping of semiconductors;

- source of pulsed beams of deuterium ions on the basis of a vacuum arc
with a gas-saturated cathode. Possible areas of practical use: neutron
generators for various industrial technologies;

- forevacuum plasma cathode electron sources on the basis of a discharge
with a hollow cathode and on the basis of a cathode arc. Possible areas of
practical use: electron beam heating, melting, brazing, welding, surface
hardening, sintering powders of dielectric materials.

For each of the presented equipment, a description of the principle of
operation is given, the parameters and characteristics of the devices are
presented, and some examples of their successful use are demonstrated.
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COMPARATIVE STUDY ON SELF-ABSORPTION OF LASER-
INDUCED PLASMA IN DIFFERENT ENVIRONMENTS
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The onset of self-absorption of laser-induced plasma poses a problem for
converting emission line intensities to concentrations, which is one of the
main bottlenecks in quantitative Laser-induced breakdown spectroscopy
(LIBS) measurements. In this paper, the effects of atmosphere and laser flu-
ence on self-absorption reduction of the plasma induced on tungsten-copper
alloy target were investigated with nanosecond infrared (1064 nm) laser pulse
over a range of 2.9 to 18.2 Jlem®. The time-resolved features of self-
absorption, and temperature and electron density of the plasma were charac-
terized in atmospheric air and argon, respectively. The experimental results
show the effect of self-absorption can be significantly reduced by increasing
the laser pulse energy. The argon atmosphere is more helpful for self-
absorption reduction [1]. The time-resolved diagnostics of emission spectra
in the early stage of the plasma formation are very effective to prevent self-
absorption to improve the LIBS analytical performance.

1. R Hai, Z. L. He, X. Yu, L. Y. Sun, D. Wu, H. B. Ding, Opt Express, 27 (2019)
2509-2520.
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The report is devoted to the study of the organization breakdown of rocks
which is in a liquid medium by forming discharge channels simultaneously in
several interelectrode gaps for a single voltage pulse - multichannel break-
down.

We investigated the effect of electrical conductivity of the working envi-
ronment, the type of rocks and inductance of the wires connecting the elec-
trodes to the capacitors bank for the possibility of forming multichannel
breakdown. According to the results of the experiments, we found out that
the multichannel breakdown was carried out more likely with a greater induc-
tance of the wires connecting the electrodes to the capacitors bank. It was
also found that the volume of the broken-off material with the combined in-
ductance of the electrodes is greater than that with a separate one.

Thus, we have shown the possibility of breakdown of sandstone and black
granite in several interelectrode gaps per pulse in the environment of trans-
former oil and technical water.

Further experiments are being discussed to determine the degree of influ-
ence of each factor, namely: the polarity of the pulse, the energy stored in the
pulse, the pulse front. Selection of the optimal parameters of the above fac-
tors can bring the technology closer to industrial scale in such areas as deep
and ultra-deep drilling wells of geothermal energy and drilling in Arctic con-
ditions.
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The work is devoted to the study of the conversion of low-grade fossil fu-
els to liquid and gaseous combustible products directly at the site of occur-
rence. The conversion is carried out due to heating due to Joule heat in the
rock. The flow of current in solid fuels is possible after the formation of a
conductive channel under the action of high voltage.

The results of our studies show that it is possible to form a conductive
channel at reasonable levels of high voltage (up to the first hundreds of kilo-
volts). Adding this method to the well-known technological processes of oil
production, it is possible to achieve significant interelectrode distances (up to
hundreds of meters).

As a result of the conversion, liquid and gaseous combustible products
suitable for further processing are obtained. Under the most optimal condi-
tions, the content in the gas phase of non-combustible components up to
10%, high-energy up to 25%. The liquid phase contains up to 30% of gaso-
line-kerosene fractions. The composition of the products and the ratio of the
liquid and gaseous phases depends on the feedstock and the heating mode.
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This work reports on the formation of ultrafine structure in the surface
layer of a metal-ceramic composite using pulse ion-electron irradiation in
plasma of inert gases and the effect of the structure modification of the sur-
face layer of the composite on its physical and strength properties. It is found
that the pulse ion-electron irradiation in inert gas plasmas forms multilayered
ultrafine structure in the surface layer of the composite. The upper sublayer is
characterized by the oriented nanosized columnar ceramic crystals. The in-
termediate sublayer has the oriented submicrocrystalline ceramic crystals.
There is dendrite structure in the bottom sublayer being transition to the ini-
tial structure of the composite. The depth of the modified surface layer and
the fraction of ultrafine ceramic particles in it increase with the increase of
atomic mass of the inert gas and simultaneous decrease of its ionization ener-
gy. The wear resistance and bend strength rise and the friction coefficient
decreases as a result of structure refining in the surface layer.

The data obtained in this work on the effect of pulsed electron-ion irradia-
tion in inert gas plasmas on the structure of the surface layer of a metal-
ceramic alloy made it possible to experimentally investigate and establish the
effectiveness of irradiation as a tool to reduce the defectiveness of the metal-
ceramic structure (pores, micro- and macrocracks etc.).
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Southwestern Institute of Physics, Chengdu, 610041, China
caocz@swip.ac.cn

For tokamak experiments, one of the significant issues is how to control
plasma and surface interaction, reducing hydrogen recycling and other impur-
ity level and improve plasma performance. Deposition of silicic thin films on
plasma-facing components of fusion devices is considered to be one of the
most advantageous methods of wall conditioning [1, 2]. Previous experi-
ments with low-Z material injected into plasma scrape-off layer also indicate
improvement on plasma performance [3, 4]. Therefore a real-time siliconiza-
tion technique that injecting silicon into plasma during discharge was per-
formed on HL-2A, to study its influence on the plasma operation perfor-
mance.

In experiments, SiD, was employed to performed the real-time siliconza-
tion. The gas injection point at midplane low-field-side of HL-2A was set,
and piezoelectric valve was used for gas puffing control. These experiments
were performed after the plasma current ramped up to plateau at ohmic mode,
L-mode and H-mode, respectively. After silicon was injected, the line-
averaged plasma density increased obviously. The oxygen emission intensity
(OV) decreased, especially obvious drop was observed at the silicon injection
moment. The H/(H+D) ratio that given by deuterium-alpha and hydrogen-
alpha emission also decreased at the silicon injection moment, which indi-
cated reduction in retention. In particular, in H-mode discharge, the Zeff de-
creased and reached less than 2 (Zeff(min.) is 1.72), and lasted more than
40ms.

Real-time SiD4 injection during plasma discharge plateau phase has been
implemented, and a higher plasma performance was obtained. The important
findings are that the impurity fluxes was reduced as well as the hydrogen
retention, and the plasma-surface interaction was effectively controlled.

1. V. Philipps et al. J. Nucl. Mater. 290-293 (2001) 1190-1194

2. X. R Duan et al. J. Nucl. Mater. 363-365 (2007) 1340-1345

3. M. Ruber et al. J. Nucl. Mater. 220-222 (1995) 536-540

4. D. K .Mansfield et al. Nucl.Fusion 41 (2001) 1823-1834
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EFFECT OF NEUTRAL GAS TEMPERATURE ON
DISCHARGE CHARACTERISTICS IN LOW PRESSURE RF
ARGON GLOW DISCHARGES

Y. Liu", Yu-E Hu?

!Key Laboratory of Materials modifications by Electron, Ion and Laser
Beams(Education Ministry), School of Physics, Dalian University of Technology,
Dalian 116024, China
2School of Computer and Communication Engineering, Liaoning Shihua University,
Fushun 113001, China
liuyue@dlut.edu.cn

A one-dimensional fluid model is employed for investigating the dis-
charge characteristics in low pressure RF argon glow discharge. The model
includes the continuity equations of the electrons and the ions, the energy
equation of the electrons and the Poisson equation for the electric field. In the
model, the drift-diffusion approximation is adopted. The boundary conditions
include the secondary electron emission. The model is solved numerically by
means of a finite difference method and the numerical results are obtained for
the neutral gas temperature 300, 400, 500 and 600K, respectively. From
analysis of the results, the effect of the neutral gas temperature on the dis-
charge characteristics is studied.
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NUMERICAL STUDY OF TUNGSTEN PLASMA EMISSION
SPECTRA FROM THE LOW CHARGE STATE IN THE
LASER ABLATION PLASMA

Cailong Fu, Qi Wang', Liying Sun, Ding Wu, Hongbin Ding
School of Physics, Key Laboratory of Materials Modification by Laser, lon and
Electron Beams (Ministry of Education), Dalian University of Technology, Dalian
116024, China
wang@dlut.edu.cn

Laser-Induced Breakdown Spectroscopy (LIBS) has been considered as a
crucial tool for element analysis in plasma wall interaction (PWI) of fusion
devices. In this work, a one-dimensional gas-dynamic numerical model has
been optimized to simulate the spectral lines of W and W+ ranging from 180
nm to 450 nm. The numerical results show that the intensity of spectral lines
of W is strongerthanthat of W+ during the time from 10 ns to 160 ns. The
plasma bremsstrahlung emission (continuous background) dominated in the
early time of laser ablation but exponentially decreases from 10 ns to 160
ns.The relationship between plasma temperature and bremsstrahlung
emission is found.In addition, plasma shielding is considered in this model.
The numerical results indicate that the plasma shielding effect can be affected
by the duration of the laser pulse in the same laser irradiance. What’s more,
the temporal information in plasma center is calculated, such as the electron
temperature, the density of W+ and W2+. The ratio of W' and W, " in plasma
center varies with the laser irradiances. We hope these would provide a good
guidance for optimizing LIBS application for PWI diagnosis of fusion
devices
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DEVELOPMENT OF TECHNOLOGY FOR THE OXIDATIVE
DESTRUCTION OF HORMONAL AND HARDLY
OXIDIZABLE ORGANIC COMPOUNDS

R.V. Sazonov*, G.E. Remnev, L.S. Egorov,
A.V. Poloskov, L.R. Merinova, G.E. Kholodnaya

Tomsk Polytechnic University, Tomsk, Russia
sazonr@mail.ru

One of the serious environmental problems is the increase in the content
of various hormonal and hardly oxidizable organic compounds in under-
ground and surface waters. The number of reports of the negative impact of
such compounds on hydrobionts and their environment increases. Some hor-
monal and hardly oxidizable organic compounds can move directly through
water or along trophic chains to birds, mammals and humans. At the same
time, the biological decomposition of hormonal and hardly oxidizable organ-
ic compounds is hindered by their toxicity with respect to microorganisms
[1].

This paper presents the possibility of implementing a technology for the
oxidative destruction of hormonal and hardly oxidizable organic compounds.
The technology is based on the use of pulsed electron beam effects on an
aqueous solution in combination with modern sorption, ion-exchange and
biological purification methods.

Currently, a mobile complex for household wastewater treatment based
on the Astra-M pulsed electron accelerator [2] with a capacity of up to 1
m’/hour [3]. The complex is undergoing pilot operation at the facility of the
largest gas company in Russia.

1. J. H. Carey. Water Poll. Res. J. Can. 27 (1992) 1-21.

2. I Egorov, V. Esipov, and etc. IEEE T Dielect El In. 20 (2013) 1334—1339.
3. RF Patent No. 165911 Prior.29.02.2016. Bul. No.31.
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RADIATION TECHNOLOGY FOR BIO WASTE
TREATMENT

A. Baranoval’*, G. Remnev'
'Tomsk polytechnic university, Tomsk, Russia
bal@tpu.ru

A cost-effective method has been developed to obtain environmentally
friendly protein feed additives based on oyster mushroom mycelium using
radiation-microbiological pretreatment of the substrate (wood and plant
waste). A pulsed electron beam provides sterilization and partial destruction
of biological material. It excludes the development of extraneous microflora
in the substrate, including mold fungi, and, therefore, provides a high yield of
fruiting bodies.

The possibility of creating a mini-factory using this method based on a
pulsed electron accelerator was also considered.
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MINI-PLANT FOR DESTRUCTION OF REINFORCED
CONCRETE WASTES

A.S. Yudin', N.K. Kapishnikov

Tomsk Polytechnic University, Tomsk, Russia
tevn.hvd@tpu.ru

The idea is to create a mini-plant for environmentally friendly, waste-free,
industrial processing of non-conforming or used reinforced concrete struc-
tures (wastes) into recyclable building materials (intact reinforcement of
Class A-IV, A-V and crushed stone fractions 5-20, 10-40, 20-40, 40-100
mm) for the purpose of their further use in construction or sale. It includes
production of reinforced concrete elements by using these components and
waste water with fine concrete dust. This dust is the byproduct of the rein-
forced concrete destruction process (Fig 1).

Fig 1 - Scheme of waste reinforced concrete processing

Reinforced concrete wastes and non-conforming products are fed to an
electrical discharge destruction plant, at the output of which one can obtain
cleaned reinforcement, concrete rubble and water with finely dispersed con-
crete dust. Concrete rubble after additional mechanical crushing is dispersed
into the necessary fractions. The resulting materials can be sold as commer-
cial products or reused for the production of less critical concrete and rein-
forced concrete products [1], such as paving slabs or foundation and wall
blocks for low-rise building.

We estimated the equipment capacity from 4 to 16 m’ per work shift (8
hours) recycled reinforced concrete wastes, depending on the blocks and rein-
forcement configuration. One can get from 12 to 44 tons of new concrete
market products from recycled materials. For example, basement blocks with
a total weight of up to 39 tons can be made using only concrete rubble.

1. V. N. Safronov Vestnik TSUAB. appendix to NN 1—4, (2013) §9-98.
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EQUIPMENT AND TECHNOLOGIES FOR COATING
METALS BY ELECTRON-BEAM SURFACING IN VACUUM
AND GAS WITH ATMOSPHERIC PRESSURE

Nikolay Rempe
Tomsk State University of Control Systems and Radioelectronics (TUSUR)
remnik?77@gmail.com

A common method of protecting or restoring metal parts that were subject
to mechanical, thermal, or chemical attack is electron-beam surfacing (EBS).
This paper presents a description of developments in the field of EBS. The
characteristics of the electron-beam equipment and some of the surfacing
technologies are described. Plasma-cathode guns that do not contain hot elec-
trodes are used. This makes them less sensitive to chemically active and re-
fractory vapors of the materials being processed. Two groups of equipment
for EBSare presented: for surfacing in vacuum conditions and at atmospheric
gas pressure [2]. Equipment for EBSin vacuum is based on guns with elec-
tron beam energy up to 50 keV. A description of the installation and technol-
ogy ofvacuum coating onto the metal industryproducts - air blast furnace
tuyeres, crystallizers.

Surfacing at atmospheric pressure was carried out by a focused beam with
an electron energy of 150 kVejected into the atmosphere. Coatings containing
carbides of refractory metals were deposited. The coatings had a crystalline
structure, their thickness was 120-200 um, the microhardness averaged 12
GPa. The coatings and the transition layer were heat resistant up to 900 °C.

1. S.I. Belyuk, V.G. Durakov, G.A. Pribytkov, V.E. Panin, N.G. Rempe. Welding
International. - Vol.14, 1.7, 2000, p. 580.

2. Kornilov, S., Smirnyagina, N., Rempe N. Inorganic Materials: Applied Re-
search.Vol. 9, 1.3, 2018, p. 464.
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MODIFYING OF THE EUTECTIC SILUMIN SURFACE BY
THE ELECTRON-ION-PLASMA METHOD

Yu.F. Ivanov"’, E.A. Petrikova', I.V. Lopatin', O.S. Tolkachev'?,
M.E. Rygina"?
!Institute of high current electronics SB RAS, Tomsk, Russia

’National research Tomsk polytechnic university, Tomsk, Russia
yufisS@mail.ru

The aim of the work is to develop a technique of multiple enhancement of
the tribological properties of the surface layer of silumin consists in the for-
mation of a «film (metal)/(silumin) substrate» system and subsequent irradia-
tion of the surface with an intense pulsed electron beam. The material under
study wasAK12Al-Si alloy (Al - 12%Si). Processing of siluminwas carried
out on the «COMPLEX» setup. Titanium was used as the alloying element.
The number of alloying cycles 1; 5 and 10. Thedeposited titanium film thick-
ness in each processing cycle is 0.5 microns. The multi-cycle surface alloying
process was carried out in a single vacuum space and consisted in the sequen-
tial implementation of the following types of material treatment: ion cleaning
and heating in an argon plasma; plasma-assisted electric arc deposition of
metal (titanium) film; electron-beam treatment of the «film (tita-
nium)/(silumin) substrate» system using a low-energy intense pulsed electron
beam. The formation of a multiphase submicro-nanocrystalline structure up
to 50 um thick in the surface layer is revealed as a result of the studies. The
wear resistance of that exceeds the wear resistance of the sample volume by
15 times.

This work was supported by the grant of the Russian Science Foundation
(project No. 19-19-00183).
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BORATION OF HIGH-CHROMIUM AUSTENITIC STEEL
SURFACE BY ELECTRON-ION-PLASMA METHODS

A.D. Teresov"’, Yu.F. Ivanov', E.A. Petrikova', O.S. Tolkachev"?,
D.A. Romanov’
!Institute of high current electronics SB RAS, Tomsk, Russia
’National research Tomsk polytechnic university, Tomsk, Russia

3Siberian state industrial university, Novokuznetsk, Russian
tad514@yandex.ru

The comprehensive surface modification of high-chromium stainless steel
12Cr18Nil0Ti, combining electroexplosive alloying with titanium and boron
and subsequent irradiation with an intense pulsed electron beam was carried
out. The formation of a multiphase submicro-nanocrystalline surface layer
with a thickness of up to 70 pm was revealed. It is shown that the boron con-
centration in the surface layer changes non-monotonously, reaching a maxi-
mum value (= 19 at.%) at a distance of (10-15) pm from the alloying surface.
It has been established that the hardness and wear resistance of the modified
steel layer exceeds the hardness of the initial state by 7 times, wear resistance
— by more than 9 times.

This work was supported by the grant of the Russian Science Foundation
(project No. 19-19-00183).
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MICROBIAL INACTIVATION IN MODEL TISSUES
TREATED BY SURFACE DISCHARGE PLASMA

Li Guo"", Jing Zhang', Dingxin Liu', Michael G. Kong'
1State Key Laboratory of Electrical Insulationand Power Equipment, Center for
Plasma Biomedicine, Xi’an Jiaotong University, Xi'an 710049, P. R. China
guoli35@mail.xjtu.edu.cn

Microbial cells in chronic wounds seriously delay wound healing and thus
the inactivation of microbial cells is a critical step in the therapeutic process.
Cold atmospheric-pressure plasma (CAP) can efficiently inactivate microbial
cells and could be developed into an effective strategy for topical antimi-
crobial treatment. However, the details of microbial inactivation in tissues by
CAP, including the effective depth of the plasma and the variation of the mi-
crobial species, are still unclear. Therefore, in this study, agarose gels con-
taining microbial cells were used as a model of infected tissues and were
treated with surface discharge plasma with the working gas of argon and 1%
air. It was found that the depths of microbial inactivation were proportional
to the plasma treatment time and were also related to the microbial species.
The ROS penetration was dependent on the plasma treatment time, the diffu-
sion process, and the existence of microbial cells. The plasma-generated ROS
caused microbial cells to release ROS, which slightly increased the ROS pe-
netration depths. This study of microbial inactivation by plasma in model
tissues could increase the mechanism of plasma inactivation and as a treat-
ment in the biomedical field.

1. T. He, D. Liu, Z. Liu, Z. Liu, Q. Li, M. Rong, M. G. Kong, Appl. Phys. Lett.
111(2017) 203702.

2. D. Liu, T. He, Z. Liu, S. Wang, Z. Liu, M. Rong, M. G. Kong, Plasma Process.
Polym. 15(2018) e1800057.
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STUDY ON ANODE PLASMA SPECTRA WITH STRONG
CURRENT HIGH-ENERGY ELECTRON BEAM

T. Z. Miao"*" M. Zhu'? Y. B. Cao'?, P. Wu'?, Z. M. Song'?,
G. S. Zhang'?, J. Sun'?
! Science and Technology on High Power Microwave Laboratory, Shaanxi,
xi’an, 710024, China
2 Northwest Institute of Nuclear Technology, Xi’an, 710024, China
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This paper studies on anode plasma spectra with strong current electron
beam. The results show that comparing with cathode spectrum, there is a vast
spectrum of elements from anode materials.The reasons are thatstrong current
high-energy electron beamtransform kinetic energy into thermal energy on
the surface of the material, which makes the surface of the material high
temperature. Then the material vaporiazes to produce gaseous particles,
which are ionized into large amounts of plasma. Finally, these plasma emit
intense spectra. Furthermore, the material loss of stainless steel as anode
material is much higher than that of Ti. It is expected that the spectral
intensity of stainless steel (Fe,Cr) is much higher than that of Ti, whichis
confirmedby experiment. In addition, there are a lot of other elements in the
spectrum, mostly H,C2, Na. It is believed that these spectra come from gas
ionization absorbed on the anode surface. Experiments show that these
spectral intensities do not decrease significantly with increasing
sophistication at one work per minute.Therefore, these gases are likelyto be
supplemented by the gases in the vacuum and the absorbed gases within the
material. The work will be helpful to study and inhibit anode plasma.

45



STUDIED THE EFFECT OF PLASMA ON HIGH POWER
MICROWAVE TRANSMISSION CHANNEL IN KU BAND

X.X. Zhu"*", W.B. Tan"? X.Z. Li"*J.C. Su'? L.G. Zhang '?,
Z.Y. Shen'?

! Science and Technology on High Power Microwave Laboratory, Shaanxi,
Xi’an,710024, China
2 Northwest Institute of Nuclear Technology, Xi’an, 710024, China
zhuxiaoxin@nint.ac.cn

Ku band HPM (High Power Microwave) is transmitted by circular
waveguides with clamped type quick release flanges linking between them in
our laboratory. Both theoretical simulations and experiments show that
plasma is produced at the flange juction, which absorbs HPM, and increases
the loss of the HPM transmission channel. In our theoretical simulation, it is
found that plasma at the flange can be significantly reduced and the
transmission channel loss can be effectively reduced by changing the
clamped type quick release flange into the choke groove flange. In the
experiment, the integral power of HPM radiation field is improved obviously
with choke groove flange waveguides transmission.
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A R EH AR AR OERAE

DEfiA China-Belarus Aerospace Hi-tech Industry R&D Center Co.,Ltd
e ORSHHBA AAPURRRAR]
Kurajicko-Benopyccknii BBICOKOTEXHOJOTHYHbBIA 2A3POKOCMHYECKUA
LHEHTP UCCJIeA0BAHNI U Pa3padoTok

e RS AT AL FR LRI AR R R DR SER A PRIR AR it AT
3, PR ORE D AR SRR A BRI 0 FREm i ATt
EHEF, IRTRIAER. REEBEImAY, LBARGER FllE R BllEE e
, ADEPETIR BRSO R TS AR R BRI 27 ANEER
e, ERRAREAAR TSRS R G WA IdALE]L

Kuraiicko-benopycckuil  BBICOKOTCXHONOTMYHBI ~ a3POKOCMHMYECKHH  LEHTP
HCCIIeioBaHUK 1 pa3paboTok ObuT ocHOBaH KuTalickoil a’spoOKOCMHUYECKOH HaydHO-
TEXHUYECKON Kopropauuei npu noanep:xkke HapogHoro npaBuTenscTBa NPOBUHIMN
[I>apcn, CHaHBCKOW a9POKOCMHYECKONH HAyIHO-TEXHOJOTHMYECKON MPOMBIIIICHHON
KOMIIAaHUH, CO3AHHOH 110 MHUIMATHBE IATH HHCTUTYTOB M OXHOrO 3aBoza. bonee 20
PErHOHANIBHBIX NIEPEAOBLIX MPEANPUATUI U HAYYHO-UCCICI0BATEIBCKUX YIPEKICHUI
paboTaloT BMECTE, WCHONB3YsS A’POKOCMUYCCKHE TEXHOJOTHWH, IIPHUBICKAs
BBICOKOKJIACCHBIX HAIMOHAJIBHBIX CIELIUAIIUCTOB, PYKOBOZACTBYSCh
TEXHOJIIOIMYECKUMYU MHHOBALMAMY U IPUACP>KUBASACH JIMACPCKUX MO3ULIUM B CBOEH
orpacnd. Msl BHOCMM CBOH BKJI4J B pealu3aldi0 JEMOHCTPALIUOHHOIO H
BBICOKOTEXHOJIOTHYHOTO MPOEKTa Ha 0a3e NPOMBINUICHHOrO mapka «Bemuxwmit
KaMeHb», 00CITy)KMBaHME BBHICOKMX TEXHOJOTHH B sKoHOMHKe bemapycn u EBpasum,
pPa3BUTHE BBICOKMX TEXHOJOTMM M IPOMBIIUICHHOCTH, a TAaKXKe CO3JaHUC
MEX/IyHapOAHBIX MHHOBAIL[MOHHBIX MHCTUTYTOB U OpraHU3alHi.

PERSHRAT AIB L UEIRAR] SR HER RS R AR DR L
[AERRAEHEZRERIL ZMPR, FRATEE. IS BRI TR IR
BRI A RN A A SRR UIREREN ISR, iR
MSMHIEPL. EBRERRARD. oG AP IR AP =BT
B ETHEMRTE SERNTAS, Sinds. eI AT Hil
FLFRO00RT], s MER FiBAEBR{/T.

Komnanus 000 «Kuraiicko-benopycckuit BBICOKOTEXHOIOIMYHbII
a’POKOCMUYECKHI LIEHTP HCCIEeNOBaHMI U pa3paboToky», omupasice Ha Kwuraiickyro
a’POKOCMUYECKYIO HayIHO-TEXHIIECKYIO KOpIOpanuio u CunaHbCKyI0
a’POKOCMUYECKYI0 HAYIHO-TEXHHYECKYIO INPOMBIIUICHHYI0O KOMIIAHHIO B oOmacTu
OCBOGHHMS JAIBHET0 KOCMOCA, MIIOTHPYEMYI0 KOCMOHABTHKY, JTYHHYIO IIPOTPaMMY,
«boiioy» HaBurammio u Ap., umeer Oomee 100 TepemoBBIX TPOLYKTOB U
TEXHOJOTMYECKUX  JOCTIDKEHMH  MHPOBOTO  Kiacca JUIi  adpPOKOCMHUYECKOH
MIPOMBIIIICHHOCTH B OOJIACTH PA3BUTHSI HAMOHAIGHOM HAayKd M TexXHHWKH. Harmm
KIIIOYEeBbIC HALMOHAIBHBIE IUIAaT(OpMBI, Takue, Kak HamuonanbHas HaydHO-
TexHH4eckass maboparopuss B obOmactd  000poHBI, LIeHTp a’poKOCMHYECKOTO
IIPOM3BOACTBA CHCLMAIBHBIX MarepuayoB, HanuoHanbHBIM LEHTP TEXHONOTUi
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IIPOM3BOACTBA HACOCOB M KJIAITAHOB, L[eHTp mepeoBEIX TEXHOIOI M IPOM3BOACTBA U
LleHTp BOROPOAHBIX TEXHOJOTHI, INPOEKTHI IO JHEPrOCOCPEIKCHUIO W 3aIlUTe
OKpY)KaloImeH Cpefpl, JHEpPreTuke, BBICOKOKAUYCCTBCHHOTO OOOPYJOBaHHUS, HOBOM
SHEPrUM ¥ HOBBIX MATCPHANOB, IPHMEHSAEMBIX B  UETHIPEX  OTPACIAX
MIPOMBIIITICHHOCTH, ¢ Oonee yem 2000 maTeHTOB, OXBAaTHIBAIOT HEe MeHee 50 cTpaH U
HMEIOT FOI0BOH TOXO0J] OT MPOAAX, MpEeBbIIaronuii 3 Muumapaa gomapos CIIA.

SR EPETIENFPERTREEAT AL URIRAR] REHOERERTEHT
Fie HETPRLEERIOREG L, SR EBIE L TSR, B
. BRI, HEERSHRER SR FTN TR, SRR, a5
BRERFHRERRY S UFER—R Wi, RESIREE RSt
REOIHIRR

Ceromus  Kutailicko-benopycckuii  BEICOKOTEXHOJIIOTMYHBINA  a3POKOCMHUYECKHH
LEHTP HCCICNOBAaHMI M pPa3pabOTOK, OMHUPasCh HA HAYIHO-HCCIIEOBATEIbCKHE
HMHCTHUTYTHI A3POKOCMHYECKON HayYHO-TEXHUYECKON TPYIIBI, pab0oTaeT COBMECTHO C
CnaHbCKOM ~ HamMOHANBHOM  0a30H  a’pPOKOCMUYECKOM M T'PaKIAHCKOH
mpoMbIIUIeHHOCTH, Kuraiickoli cymocTponuTenbHON Tpymmoit, Baoguang Group,
Kutalickum 0aHKOM pa3BUTHSI M JPYTUMH (DMHAHCOBBIMH  YUPEXKICHHAMH,
YHHUBEPCUTECTAMU, HCCICIOBATCIIbCKUMU ~ HHCTUTYTaMH M OTPaciIeBbIMU
npeanpustusiMu. Harr nientp o6benmHNT cBom ycwms ¢ HarmonaneHoi akagemueit
Hayx Benapycn, koncrpykropckum 6iopo «tOxxuoe» mm. M.K. SIarens, Axanemueit
Hayk Ykpaunbl, HanmonansHol akagemueil Hayk Kasaxcrana u uccienoBaTenbCKuM
nearpom mMmeHn M. B. Kemmprma. Ham mentp cobeper 3HaHMS Bcero mMmpa u
OCYLICCTBUT  IPOBCACHUEC  HAYYHO-UCCICIOBATCIBCKUX U HMHHOBAlLIMOHHBIX
HCCIICIOBAHUH B PA3THIHBIX 00IACTSIX.

TRENRTE, REET. f. AR, SrEan R T A RS
ETERETRTISIBUIINR, AR, SRR SRR
FRIERCRHIE, SPAEh, IS DS it R B
BARIZA AEBRRTS LR I8 ETIs. TR L. (NGRSt
R FREEEHET O AT Rl R L,

B obnactu sHeprocOepexeHus U 3aIlUThl OKPYXKAIOMIEH CpeIbl Mbl IPEICTaBUM
KOMIUIEKCHBIE TEXHMYECKHE pEeIIeHUs, HeoOXOoauMble il HeYTEeXUMUYECKOH,

NIEKTPOIHEPTeTHIECKOMH, METaJLTypTrUIeCKOi MIPOMBIIIIEHHOCTH, cepst
nepepaboTKH  TBEpABIX OBITOBBIX OTXOIOB M JpyruX oTpacieil. B obmactn
TEIUIOIHEPT € THIECKIX 00BEKTOB HccreayeM HarpeBaTeIbHbIe u

MYCOpPOCKHTaTeIbHbIC (DYHKIIUH TIe4eH, BBICOKO3((EKTHBHBIE 3HEprocOeperaronme
CHCTEMBI CKHTAHWS U JpPYrHe aHAJIOTHYHBIC Tpomeccsl. B obmactm BomopommHoit
SHEPreTUKH MBI HAMEPCHBI pa3palaThiBaTh TakWe TEXHOJOTHH, KaK MPOU3BOACTBO
HEIOPOroro BOAOPOAA, BOJOPOIAHBIX TOIUIMBHBIX JJIEMEHTOB U CXEM 3alpaBKU
BoZOpoaoM. Bee 310 momMorkeT peanm3anuy AEMOHCTPAIUK IPUMEHEHHS BOIOPOIHBIX
SHEPreTHUeCKUX MPOAYKTOB B dSKoHoMHKe bemapycm m EBpasum. Ml Oynem
MIPOBOJUTH WCCICAOBAHUSI U Pa3pabOTKH B OOJIACTH AJIUTHBHOTO IIPOMU3BOICTBA,
CTaH/APTU3UPOBAHHBIX M CHCTEMAaTHYECKHX TEXHOJIOTMII OCHOBHOTO OOOPYHOBAHHUS,
MPOJBHUTAaTh WX Ha IPOM3BOJICTBEHHBIX Hpemnpuarusx PecnyOmuku bemapycs u
COCEJJHUX CTpPaH.

48



