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Dear Conference Participants!

It’s more than hundred years that the nuclear energy has been the focus of attention of
mankind. Over the past period the states used nuclear energy firstly for military purposes and the
people had to pass through severe tests. Besides, since 1954 it has begun a new period of peaceful use
of nuclear energy which began with provision of energy demand. The share of nuclear energy in
meeting world energy demand has already reached 15-16%. Over the last 60 years the growth rate has
been different within various time intervals and passed through a number of rapid development
periods. The first rapid development period was in 1954-1986 years. In this period nuclear technology,
nuclear power engineering and nuclear sciences has grown too fast and nuclear energy began to be in a
special place in world energy supply.

After Chernobil accident the years of 1986-2006 were a period of stagnation in the application
field of nuclear energy in energy supply. Since 2001 a development has begun in the application field
of nuclear energy and new power plants began to be constructed. The second renaissance period in
nuclear power engineering began in 2008 but in 2011 there had been a renaissance period again due to
the accident in Fukusima Atomic Power Plant of Japan occurred under the influence of natural
cataclysm. However, analysis of the results of the last three years shows that the interest in nuclear
energy is gradually growing and initial considerations indicate that after 2016 it is expected a new
renaissance period to begin. Unlike nuclear energy, the nuclear researches, nuclear sciences and
nuclear technologies are constantly growing and developing. Nuclear physics and nuclear collision
processes are widely applied in lightening of various obscure fields in science. Nuclear technologies,
nuclear materials and methods are rapidly applied in all fields of science and technology and
application fields are steadily expanding.

With nuclear methods it is obtained new material, substance and their new states and revealed
control possibilities of properties of the current materials. Radiation and nuclear technologies has
found its application in life, medicine, industry as well.

Along with the application of nuclear sciences and nuclear technologies in other science and
technological fields, the processes such as its improvement and reveal of internal regularities are also
occurring.

As an actual scientific-technical direction of the period the nuclear sciences is of great
importance today. Nuclear sciences and its practical aspects is gradually expanding in many countries
of the world, as well as in conference-organizing countries. In the countries of the Organizing
Committee it has been made up political decisions on establishment of new Nuclear Centres and
Atomic Power Plants. After the last conference there has been growth in mutual integration trends in
the countries’ activities in the field of nuclear research and their participation in international projects
has expanded. Thus, the scientific results given to the discussion of the conference are of great
actuality and comply with the leading directions of world science.

Welcoming heads and members of all delegations in Azerbaijan, | wish success to the work of
the conference. And also | wish success to all of the authors of scientific results, presented to the
discussion, in their scientific activity and efficient discussions.

I would like to wish success to each of you!

Academician A.A.Garibov
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DEVELOPMENT OF NUCLEAR RESEARCHES AND PERSPECTIVES OF
PEACEFUL USE OF NUCLEAR ENERGY IN AZERBAIJAN

A.A. Garibov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan

nukl@box.az

. The fields of nuclear physics, nuclear chemistry, physics of high energies in Azerbaijan have
begun since implementation of Union-scale scientific-technical programs of former USSR.

o Institute of Physics of ANAS -nuclear physics
o Baku State University - physics of high energy particles
o Institute of Radiation Problems of ANAS nuclear chemistry
-radiochemistry
-radiation technology
-radiative study of materials
Scientific-research works in these directions were carried out together with the leading
scientific and educational institutions of the former USSR.

I.V.Kurchatov Institute of Atomic Energy (Kurchatov centre)

Dubna International Nuclear Research Centre

Moscow State University named after M.V.Lomonosov (MSU)

Moscow Engineering Physics Institute

Ukraine, Kazakhstan, Belorus Nuclear Physics Institutes

. Novosibirsk etc.

. After gaining sovereignty besides preserving traditional relationships, it was established
relations with new international institutions and foreign nuclear states.

ook wdE

CERN

IAEA

Italia Abdus Salam International Centre for Theoretical Physics

South Korea KAERI (Korea Atomic Energy Research Institute)

France CEA and AREVA

Argentina

7. Russia etc.

Using these relations in Azerbaijan it has been established an initial staff potential in the field
of practical and theoretical nuclear researches.

ok wnE

IRP ANAS

Institute of Physics of ANAS

Baku State University

Azerbaijan State Pedagogical University
Azerbaijan participated in the international projects carried out by Dubna International
Centre and CERN in the directions of physics of high energy particles and physics of high
energy nuclear collision. Azerbaijani scientists are involved in scientific processing of the
obtained results within the framework of ATLAS program. The obtained results were widely
discussed at the last forum and interpreted in joint publications.
The main practical significance of nuclear researches is the use of nuclear energy,
application of nuclear and radiation technologies in various fields.
Let us take schematically the process of decomposition of uranium - one of the main nuclear
fuels — as follows:
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U+n-) Xi+a,p,y+2+3n
In nuclear power plants the energy of fragments appeared after uranium decomposition is
given to the conversion-to-heat energy system in heat separation element and then to the
system of conversion-to-electric energy via heat carrier. Typically, the fragments reatin 60-
70% of fission energy. The obtained neutrons are used in contuniuing the chain. 20-25% of
fission energy is separated in the form of various rays and used inefficiently in energy
reactors. Efficiency of conversion processes of fragment energy into electric energy is
within the range of 37-40%. Here in fuel combustion degree also there are losses. Thus,
together with 1.VV.Kurchatov Institute, we have developed a new process based on hydrogen
energy carrier for increasing the efficiency of conversion-use processes of nuclear energy.
To put uranium isotopes (U?* enrichment < 1-2%)into the form of the system which is radiation
resistant and has a radiation catalytic influence in water decomposition
« UO2-SiO;

*  (UO2)x-(BeO)y -(Si0O2)2
¢ (UO2)x-(Si02-B205)

Giving water vapor on the obtained system within the irradiation by neutron flux (thermal
and fast) the fragment energy conducts the system temperature and the rays — the process.

Under radiation catalytic influence of SiO2, BeO, B2Os system the energy yield of hydrogen
equals G(H1) > 8 molecule/100 eV. The obtained hydrogen is easily separated from water vapor
+ Oz in nanosize and its energy is converted into the energy of heat carrier in a special cell. As
well as the energy of HO> + Oasystem obtained in the result of the process, is converted into
electric energy. Developed schematic processes enables the conversion of nuclear energy into
electric energy with high efficiency.

For transforming the developed scheme into real installations, it is required the safety of the
process and optimization of energy conversion processes.

Efficiently use of the energy of the rays obtained from nuclear fuel fission consists of several
components.

Conversion of beam energy into an efficient form for decomposition of the substances
containing energy carrier. For this purpose, it has been taken semiconductive and dielectric
oxides and metals for its composition, dispersion ability, structure order and band gap width.

M —e+p+ex+S*

It has been determined that in the studied systems the energy of high-energy initial rays is
converted into efficient, relatively low energy-electron, hole, structure defects and exitons for
decomposition of the substances containing energy carrier.

Threshold energy of (e+p) pair formation in semiconductors

Eh=(3+4) Eq
and in dielectrics
Eh=(2+3) Eq
On the other hand the energy of the formed particles must be more than dissociation energy.

Ei>Ep

Within irradiation of metal systems, it is formed mainly structure defects and second electron
irradiation emited from metal.

10
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Theoretically, we have determined energy distribution and energy yield of the particles in
various systems.
As the formation of energy carrier occurs on surface level, the obtained particles have to
migrate to the surface.
The other case
A > Rsolid material

A — free migration distance of energy carriers (e, p, ex), R — size of solid material.

This effect is characterized as a size effect in radiation catalysis. The values of A have
been defined theoretically and practically for various materials. If the particle energy is Ei=10°
eV in metal-semiconductor-dielectric chain, then the value of A changes within 10+1000nm .

So, depending on Ep, for each process it can be selected an optimal energy converter and
radiation catalyst and their size must be as R<10%nm. The result that was theoretically achieved,
has been practically tested in the sample of n-SiOz, n-Al203, n-ZrO: in the process of hydrogen
obtain from water and it has become possible to increase the hydrogen yield in the order 10-102.

This result is recommended for the following fields for usage:

- Atom-hydrogen energy;
- Development of new type of energy reactors;
- Radiation technologies;
- In the field of atom-hydrogen energy
Obtain of energy carrier through heat potential and radiation control of high temperature reactor
of new generation and production of electric energy on its base. We have developed obtain
processes of hydrogen from water, hydrocarbon, hydrocarbon-H>O systems with high energy
yield.
Radiation technologies:
- Radiation and radiation-catalytic transformation processes of oil and oil products
- Radiation-chemical synthesis
- Radiation polymerization
- Control of the physical properties of semiconductive, dielectric-type substances and
increasing their radiation resistance
- Obtain of new type of materials (sorbent, catalyst, composite materials etc.)
- Application of radiation technologies in environmental problem solution (oil
contamination of fume and gases)
9. Safety of water cooled nuclear reactor

Economic efficiency of nuclear energy is higher than all other types of alternative energy
(IAEA reports).After the Chernobyl accident, ensuring the safety of the nuclear energy
system has emerge das a main duty. Safety of nuclear power systems has become more
urgent after the Fukusimia accident and new tasks have been set out on nuclear safety in the
documents of the three summit held in this direction.

Nuclear explosions did not occur in any of the nuclear reactor accidents; the events
happened due to the radiation thermal processes occurring in contact of heat carrier materials
under the influence of temperature, radiation. Unfortunately, in the documents it is reflected
only the thermal processes and radiolysis processes of pure water in normal operating
conditions. Sincel986, we have studied the obtain of hydrogen from radiation-
heterogeneous processes in contact of heat separate elements (zirconium, sircolay alloys,
stainless steel, aluminum), which are used in the existing thermal power reactors, with water
and the regularities of oxidation of the materials. In figure 1 and 2 it is given the oxidation
kinetic field of H> and metal in the result of radiation- heterogeneous processes in the sample
of zirconium.

11
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Figure 1. Kinetic curves of hydrogen obtain in heterogeneous processes occurring in contact of Zr(1-
3) and (4) Zr+1%Nb with water:
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Figure 2. Kinetic curves of oxidation of Zr+1%Nb alloy in the result of radiation-thermal and
thermal processes occurring in contact with

It has been determined that hydrogen obtain in contact of the metal materials with water and
metal oxidation has the same natural phenomenon, and consists of three parts:

1. Kinetic field of the formation of protective oxide layer

2. Formation of protective oxide layer

3. Catastrophic oxidation field of the metal

Zr + 2 H:0' s Zr = 2rO2 +2 Ho

T>473K

Stainless Steel + qu i SS - FexOy + H2

T>373K

Al + H20 " Al - AlxOy + Ha

T>300K

Stainless steel (SS)

The obtained Me-MeO system accelerates water decomposition.

12
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Under the influence the electrons emited from metal at initial states at 1st and 2nd phase shifts
from Ae> RoxigeOXide layer to contact environment and homogeneous radiolysis of water occurs.
At the end of the 2nd phase density of O oxygen holes and structure defect of Me-MeO layer
increase. Due to these processes the specific surface of Me-MeO increase.

Ssp g

10 108 103
viy'S, mg/dm?

Figure 3. dependence of specific surface of Zr-ZrO2system on the amount of oxide phase on
zirconium surface within radiation-thermal oxidation of Zr in contact with water

At the new phase the catastrophicoxidationstate of the metal occurs and as a result of the
fast metal-water reaction, the density of hydrogen in reactor environment sharplyrises.

Within accident modes as a result of catastrophic radiation-heterogeneous
processeshydrogensharply rises.

Based on the achieved resultsit has been estimated the share of radiation- heterogeneous
processes, occurring in contactof zirconium material with water at real operating mode of water-
cooled nuclear reactors, in hydrogen production.

The amount of hydrogen obtained in 1kg of heat carrier as a result of radiation-
heterogeneous processes in contact of zirconium with water

Table 1. Water density, power of gamma irradiation, speed of hydrogen accumulation

W(H3), rxrlua]
T,K | g, mr/em® D, Brkr? 1
300 1.10° 0.05
473 5 0.05
573 5 125 0.39
773 5 39.21
923 5 54.13

10. Radiation study of materials
13
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1. Increasing the resistivity of construction materials to the influence of agressive
environment by the radiation-oxidation methods on the contacts with H2O».

Zr Zr — Zr02 RZI’OE = )\e Ryeo~25-800nm

Al FO2 AlLALO,  Ryoy< A

ss| "%  8S-Fe,0, ReexoySAc

Be Be - BeO Raeo = A

11. In nuclear research reactors of nuclear states it has been studied change regularities of
composition, properties under the influence of various-energy neutrons on n-SiOz, n-Si and
other materials

12. For separation of natural uranium and radium from aqueous solutions by sorption method, it
has been obtained new polymer-based sorbents, studied its properties at real environment and
created new technology
Azerbaijan government pays attention to nuclear sciences, nuclear technology, nuclear
energy, and the creation of human potential in these directions as an actual and perspective
scientific and technical direction.

By the decree Ne442 of the President of Azerbaijan Republic, .Aliyev, dated May 8,

2014 it was established “National Nuclear Research Centre” Closed Joint-Stock Company under
the Ministry of Communications and High Technologies of Azerbaijan Republic with the
purpose of formation of nuclear sciences, nuclear technology, nuclear energy, and the creation of
human potential in these directions. Nuclear Program of Azerbaijan is reflected in this document
which is a historical decree.The followings will be carried out within this decree:

Establishment of Nuclear Research Reactor which is important for nuclear researches
Electron, proton accelerators

Research facilities and equipment

Establishment of modern complex for radiation technological sterilization and other
processes

Estimation of natural resources of nuclear materials

Formation of staff potential

Preparing proposals on energy application of nuclear energy in Azerbaijan
Implementation of the above-shown and other projects will allow realization of peaceful

large-scale scientific and practical works in the field of nuclear research and nuclear technologies
besides other fields of scientific technology and Azerbaijan Republic will be more powerful as a
Nuclear State.

14
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NUCLEAR ENERGY IN TURKEY, RECENT DEVELOPMENTS

Z. Alper
Turkish Atomic Energy Authority (TAEK)
Mustafa Kemal Mah.Dumlupinar Blv.No:192 Cankaya-Ankara/Turkey

Dear participants, distinguished guests,

First of all, on behalf of Turkish Atomic Energy Authority as one of the co-organizers, |
would like to say welcome all of you and wish you every success during the Conference.

| also would like to express my sincere appreciation and gratitude to the National
Academy of Sciences of Azerbaijan for hosting the organization of the 7th Eurasian Conference
on nuclear science and its applications, which became a tradition among Caucasian and Caspian
region countries since 1999.

Dear Colleagues,

As you all know, the global demand for electricity is rapidly increasing. There is growing
uncertainty in regard to the supply and prices of oil and natural gas. There are also heightened
concerns about greenhouse gas emissions.

These considerations have opened new prospects for the development of nuclear energy
on a global scale. Despite the negative impact of the Fukishima Daichi accident, still some
countries are considering or have expressed interest in developing nuclear power programmes.

On top of the renewed interest in nuclear power and the more use of radioactive sources,
today’s nuclear business and activities are increasingly multinational in nature, and no longer
confined to the borders of one country. Such multinational complexities in supply, utilization and
impact chains require improved communication, enhanced cooperation and appropriate oversight
by vendors, operators and regulators to ensure that safety, product quality and organizational
competence are maintained.

We are well aware that the challenge now faced by many States are really enormous for
building and strengthening human and organizational capacity, and strong regulatory
infrastructure for constructing and operating new nuclear power plants for the first time or after a
long interval. As the country using nuclear technology is primarily responsible for safety, and, as
operational safety cannot be outsourced, building of sound safety expertise and strong safety
culture is an essential precondition for the country introducing nuclear technology.

We also believe that for those countries embarking on nuclear power programmes, it is
essential that they become part of the global nuclear safety regime and share responsibility for its
sustainability.

In this conjuncture, Turkey’s energy policy is naturally focused on the security,
sustainability and competitiveness of energy supply. It is designed to sustain targeted economic
and social growth in the long run.

Dear Colleagues,

I would now like to provide some information about the recent developments concerning
nuclear energy in my country. Due to the rapid annual increase of its national electricity demand
and inadequacy of its indigenous energy resources, Turkey is highly dependent on imported
fossil fuels. In other words, Turkey imports around 75% of its energy needs from abroad.
Projections estimate that Turkey will require an additional 100.000 MWe installed capacity by
2030. Therefore, in order to strengthen its energy security, among other things, Turkey has also
decided to embark upon nuclear energy.

In this context, Turkey concluded an agreement with the Russian Federation paving the
way for the construction of a VVER1200 type nuclear power plant with 4.800 MWe total
capacity at the licensed Akkuyu nuclear site by 2023. Additionally, Turkey is also planning the
construction of a nuclear power plant with 5.000 MWe total capacity at the Sinop nuclear site.

15
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Therefore, Turkey is expected to have at least 10.000 MWe installed nuclear capacity in the next
10-15 years. So far, two important cooperation Agreements have been signed for Sinop NPP
Project between Turkish and Japanese Governments to develop NPPs and nuclear industry in
Turkey and use of nuclear energy for peaceful purposes. We look forward further cooperation
with Japanese Government to sign another Agreement to construct four units of ATMEA 1 type
NPP at Sinop site.

Along with its plans to construct nuclear power plants, Turkey is also in the process of
enhancing its human resources and nuclear knowledge capacity and updating its existing nuclear
legislation by taking into consideration the latest safety standards series issued by the IAEA.

Dear participants,

Now, | would like to take this opportunity to give you a very brief information about
TAEK. The Turkish Atomic Energy Authority is the national regulatory body for all type of
nuclear installations and nuclear activities, responsible for authorisation, licensing, regulatory
review and assessment, inspection and enforcement, and for establishing safety principles,
criteria, regulations and guides.

TAEK is also responsible for determining the basis of the national policy and the related
plans and programmes regarding the peaceful utilisation of atomic energy, including various
applications of nuclear techniques and R&D

TAEK undertakes research by performing experimental and theoretical studies at its two
research centers and by conducting projects with universities and other related national and
international organisations.

Let me come back to the important role and responsibility of TAEK during the
implementation process of nuclear power programme of Turkey. I should emphasis that changes
in world markets and technology are having an impact on both the nuclear industry and
regulators as never before. It is therefore right to say that a key challenge is to properly assess
and address the safety implications of these changes. Moreover, States embarking on nuclear
power programmes must be active participants in the global nuclear safety regime.

With this understanding, we have already been launched various programmes to meet the
challenge of establishing the technical and regulatory infrastructure as well as building a
qualified workforce. We are closely cooperating with the States who have sufficient experience
and know how in the nuclear field and the IAEA through its Technical Cooperation Programme.

In conclusion, | would once again reiterate that Turkey remains resolutely committed to
the goal of ensuring safe, secure and peaceful utilization of nuclear energy. Therefore, we will
continue our close cooperation with the IAEA for realization of our nuclear projects in a safe,
secure and peaceful manner.

Thank you for your attention.

16
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PROSPECTS FOR NUCLEAR POWER DEVELOPMENT IN KAZAKHSTAN

E.G. Batyrbekov
National Nuclear Center of the Republic of Kazakhstan, Kurchatov, Kazakhstan
batyrbekov@nnc.kz

The possible use of NPP with single medium-sized units (600-700 MW) and large-sized
units (over 1000 MW) is considered in the Republic of Kazakhstan as base electric power
sources in order to meet the rising demand of electric power in conditions of national economy
development.

The main prerequisites for nuclear power engineering development in the Republic of
Kazakhstan are specified including the following:

- possessing of more than 21 percent of world explored uranium resources;

- possessing of developed uranium-mining and processing industry including fuel
manufacturing for NPP;

- available highly-qualified personnel in Kazakhstani nuclear industry and science who
received the international recognition and have experience in BN-350 nuclear power operation
and decommissioning;

- available essential infrastructure and competence to perform fundamental and
application studies by Kazakhstan scientific and research organizations in nuclear physics,
nuclear power engineering, experimental justification of advanced structures for nuclear power
reactors and justification of their safety;

- full participation of the Republic of Kazakhstan in international agreements on nuclear
and radiation safety, guarantees for nuclear fissile materials nonproliferation regime;

- available necessary legislative and regulatory framework in peaceful use of atomic
energy in country.

The results of feasibility studies on NPP construction estimability in Kazakhstan which
were pursued within by efforts of NNC RK and other Kazakhstan organizations with methodical
support of JAPC (Japan) within the period from 2006 to 2009, are discussed. The feasibility
studies have been conducted based on data on electric power consumption and generation
considering characteristics of electrical power systems and plans for transmitting lines
construction in Kazakhstan, available conditions for NPP siting (cooling water, roads and
communication lines, human resources, other elements of infrastructure and control), natural
conditions, potential hazards for NPP caused with industrial economic activity; social factors,
consequences of NPP impact on the environment including the radiation effect on population in
case of radiation accident.

Information about main solutions of country’s top leadership and leading organizations
concerning development of nuclear power engineering in Kazakhstan is presented including the
following:

- order concerning determination of NNP construction dates (January 17, 2014 ) in
Annual State-of-the-Nation Address of the President of the Republic of Kazakhstan and the
Government of the Republic of Kazakhstan to the People;

- plan for NNP construction priority actions (Order of the Prime-Minister of the
Republic of Kazakhstan dated May 05, 2014);

- establishing “Kazakhstan Nuclear Power Plants” JSC by Board of Directors from
Sovereign Wealth Fund “Samruk Kazyna” JSC (March 14, 2014);

- signing a memorandum of understanding on cooperation between NAC
“Kazatomprom” JSC and “Rosatom” State Corporation in NPP construction in the territory of
RK” (May 29, 2014).

17
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The characteristics of Kurchatov city located in East-Kazakhstan Oblast were given as one of the
most perspective regions for construction of first industrial NNP in Kazakhstan.

18
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NUCLEAR REACTOR SAFETY RESEARCH IN KAZAKHSTAN

M. Skakov
Institute of Atomic Energy NNC RK, Kazakhstan
skakov@nnc.kz

The paper summarizes activities being implemented by the National Nuclear Center of
the Republic of Kazakhstan in support of safe operation of nuclear reactors; shows its crucial
efforts and further roadmap in this line.

As is known, the world community considers nuclear reactor safety as one of the urgent
research areas. This is due not only to the tragic incidents took place at Three Mile Island,
Chernobyl and Fukushima-1 Nuclear Power Plants, but also because of development of human
society and the ever-increasing safety requirements for nuclear establishments.

Kazakhstan has been pursuing studies in support of nuclear energy safety since early
eighties. Originally, these arouse at the experimental complex of the Institute of Atomic Energy
currently subordinated to the National Nuclear Center RK. Over the 1983 to 1992 period, based
on Bench Complex Baikal-1 and Reactor Complex IGR, the Institute of Atomic Energy
performed several in-pile and out-of-pile experiments devoted to the safety of light-water and
liquid-metal cooled nuclear power reactors VVER-1000, IVV-2M, BN-800 and BREST-300.
Special experimental installations are designed to make studies in power reactor safety and
investigate severe accidents with core melting. Under the auspice of Kazakhstani Government,
the Institute of Atomic Energy NNC RK jointly with Japanese Companies successfully realized
and is implementing now some scale Projects to study possible scenarios and sequences of
severe accidents at power reactors.

The findings allow us to coordinate available computational methods and design new
ones while validating new NPP Projects and making safety analysis for reactor installations
available.
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QUARKS IN QCD VACUUM

Y. Musakhanov
National University of Uzbekistan, Tashkent, Uzbekistan

The framework is QCD instanton vacuum, which provide correct description of the
spontaneous breaking of the chiral symmetry (SBCS), responsible for properties of most light

hadrons. SBCS is due to the delocalization of single-instanton quark zero modes in the instanton
medium.

There are only two parameters:

average instanton size and average inter-instanton distance:
—  suggested phenomenologically;
—  derived variationally;
— confirmed by lattice measurements.

The model provided a consistent description of the light quark physics.

Here | report the first steps of our study of heavy-light quark systems within QCD
instanton vacuum model.

20



VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

MULTI DETECTOR SETUP “MAIS” FOR NUCLEAR ASTROPHYSICAL
REACTION STUDIES. PRELIMINARY RESULTS

1S.V. Artemov, 2I. Kholbaev, ?°T.M. Muminov, 'U.S. Salikhbaev
! Institute of Nuclear Physics of Uzbekistan Academy of Sciences, Tashkent, Uzbekistan
2 Research Institute of Applied Physics, National University of Uzbekistan, Tashkent, Uzbekistan

Presently, a lot of attention is given to the update of the existing experimental database
on astrophysical important nuclear reactions at low energies with more precise values of cross
sections (astrophysical S-factors) as well as obtaining a new data using both stable and
radioactive beams. In the report, the present-day methods of direct measuring the cross sections
of the astrophysical relevant nuclear reactions are presented such as the detection of the
“prompt” y-quanta, characteristic radiation and decay radiation of the radioactive products of the
reaction, mass-spectrometry methods.

More detailed description of the Multi-detector Automatized Investigating System
(MAIS) assembled at the beamline of the electrostatic accelerator EG-2 "SOKOL" of the RIAP
of National University of Uzbekistan is presented which can be applied to the study of several
astrophysical-important reactions with formation of the relatively short-lived radioactive nuclei.

The created setup (see Fig. 1) includes a compact evacuated target chamber and is
equipped with the HP Ge detector of 40% efficiency, planar silicon detector (thickness 700
mkm, diameter of the entrance window 24 mm) and two scintillation Nal(Tl) detectors with
dimensions 160x100 mm. It is intended for simultaneous measurement of the prompt gamma-ray
angular distributions ("prompt" technique) and the decay products of the final nuclei formed in
the nuclear reaction (“active” technique). The beam purity is insured by using the separating
magnet before the MAIS setup. Comparison of the results (S-factor values) obtained by these
two techniques allows to evaluate correctly the systematic errors and model uncertainties, and
eventually to enlarge the reliability of extrapolation to the very low astrophysical relevant
energies.
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Fig. 1. Layout of the setup on the accelerator beam Fig. 2. Appearance of the program VIN_MAIS at the PC
guide. 1 — accelerator, 2 — separating magnet, 3 — four- screen.

detector setup, 4 — beam, 5 — target, 6 — Si-detector, 7, 8

- scintillation detectors, 9 — HP Ge detector, 10 — beam

current integrator.

Data acquisition is done by the following way: a beam of projectiles is incident on a
target (cooled by liquid N2) during the time period ~ 2 + 3 half-lives of the final nucleus of
interest. The spectrometer with HP Ge - detector (fixed at the needed angle with respect to the
beam direction) accumulates the spectrum of prompt gamma-quanta which accompany the
reaction. Then, a beam is interrupted, and acquisition of prompt gamma-quanta spectrum as well
as the beam current integration is stopped. At this stage, two programmed counters start to record
the decay irradiation: B-particles are detected by Si-detector (placed inside the target chamber)
and yy-coincidences of annihilation quanta are detected by two-arm scintillation spectrometer (if
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the formed nucleus decays by B*-mode). Data acquisition is done during ~ 2 + 3 half-life periods
by a number of time intervals At which allows one to build the decay curve. Since the cross-
section of astrophysical important reactions at sub-Coulomb energies is commonly small,
procedures of the target irradiation and the acquisition of decay irradiation are repeated many
times in the software programmable automatic mode until the required statistics is achieved.

The pilot experiments have been carried out to check the functionality of the setup and
correctness of the obtained data. The ?C(p,y)**N radiative capture was chosen as a testing
reaction since its total cross section is known quite well (see [1] and references therein) in the
region of the first resonance (Er=456 keV, lab). The measurements were implemented using a
thick carbon target at several energies within the region Ep~ 400+550 keV (lab) as it is described
above. In Fig.2, the result of treatment of the annihilation yy-coincidence data with the
appropriate software VIN _MAIS is presented (Ep,= 560 keV). Rejection of the deuteron
component in the beam by separating magnet was checked to eliminate the contribution of the
interfering reaction 2C(d,n)**N (Q=-280 keV). The obtained proton radiative capture yields were
compared with the calculated ones by formula:

Y(E)= naTdE’/SX(E’)xa(E')

where na is a flux of projectiles, Sx(E") — specific energy loss of particle a in the target substance
and o(E") is the energy dependence of the total proton capture cross section [1]. A good
agreement of these values in the range of 10% was found.

A list of the astrophysical important reactions is proposed which are accessible to study
by the MAIS method.

Reference

1. N. Burtebaev, S.B. Igamov, R.J. Peterson, R.Yarmukhamedov, D.M. Zazulin. Phys. Rev.
C78, 035802 (2008).
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APPLIED ASPECTS OF THE NUCLEAR PHYSICS RESEARCH
IN THE INP OF THE AS UZ AT LOW ENERGIES

G.A. Abdullaeva, S.V. Artemov, S.A. Baytelesov, G.A. Kulabdullaev, U.S. Salikhbaev
Institute of Nuclear Physics Uz AS, Tashkent, Uzbekistan
abdullaeva@inp.uz

A number of the experimental techniques are developed and created for carrying out the
nuclear physics research in INP AS UZ employing the major scientific facilities - WWR-SM
nuclear reactor, accelerator U-150-11, the fast neutrons generator NG-150. These techniques are
widely used in applied research.

At WWR-SM reactor, the applied research in the nuclear and radiation physics, material
science, radiochemistry, activation analysis and nuclear medicine is successfully developed.

Core models for WWR-SM reactor (calculations of neutron physics, thermal hydraulic
and kinetic parameters) are developed for operation with low enriched fuel. Changes of the
electro-physical, thermal and mechanical properties of reactor materials are investigated at the
irradiation by neutron flux with high fluence (~10%? n/cm?).

The radiation technologies of natural mineral coloring (ennobling) for jewelry are put on
industrial scale. Research on the production of radioactive nuclides with high specific activity, in
particular °2Ir, has been realized.

The special channel for neutron capture therapy (NCT) and medical-biologic applications
is created at WWR-SM reactor. The neutron beam has sufficient epithermal neutron flux in an
irradiation position at the minimal contribution of background radiation and provides the
minimum irradiation dose outside of the beam. NCT method possibilities are tested on animals
and on post-operating tumor material. Irradiation techniques, quantity and injection place of
preparation, its accumulation and time of excretion from an organism are investigated together
with other questions, including irradiation influence on biological tissue.

Unique non-destructive method for determination of the content and concentration
profiles of lightest isotopes in various samples is exploited on the basis of the neutron generator
NG-150. It is characterized by relatively large depth of the analysis. At that, the developed
techniques of registration and AE-E identifications of recoiled nuclei are used. The method was
applied for determination of content and distribution of deuterium and tritium in materials of the
tokamaks first wall in the framework of ITER project, for testing of the reactor constructional
materials, in research of diffusion processes of hydrogen isotopes in various materials.

The method to study the resistance of optical elements in the fast neutron field is
developed which is important for creating the control and management tools of future
thermonuclear reactors.

The method of neutron-activation analysis of light elements using fast neutrons is created
on the base of the set-up for nuclear-astrophysical reactions study at very low energies. The
method has convenient system of the automated data treatment, the high efficiency and
sensitivity of the analysis. The method is used for the analysis of composition of food and
agricultural production as well as to investigate coloring impurities in jewelry.
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APPLIED ASPECTS OF THE RADIATION TECHNOLOGIES
IN SOLID STATE MATERIALS

Sh. Makhkamov, M. Tashmetov, E. Ibragimova, M. Karimov, I. Nuritdinov
Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan

At the Institute of Nuclear Physics are conducts fundamental and applied researches in
the field of radiation physics and materials on the basis of next unique research facilities: gamma
facility, neutron generator NG-150, electron accelerator “Electronics U-003” and nuclear reactor
WWR-SM using optical, electrical, diffraction, spectrometric and other methods.

Silicon research revealed that the hydrogen passivation of neutron-doped silicon, the
dislocation density and the concentration of structural vacancy-type defects are reduced 1,5 + 2-
times compared with non-hydrogenated silicon. Dominant radiation defects, which responsible
for the degradation of silicon SE is divacancy level with Ec-0.39 eV and Ey + 0.31 eV, due to the
complex (V-O-C). The optimal regimes of radiation and thermal processing established for
receiving silicon with a nominal specific resistance in the interval of (4-8)-10* Ohm-cm for the
manufacture of nuclear radiation detectors and thermistors which are working as a thermal
switch for operation in the range (55 - 115)°C. Study of single crystals and optical ceramics
based on BaF-Ce found that in single crystals, starting with a dose of gamma irradiation 10° Rad,
creates color centers which are associated with uncontrolled impurities of hydrogen and OH
groups, and optical ceramics are radiation resistant up to 108 Rad dose.

At gamma facility with a total activity 50000 Curie (radiation source °°Co) and electron
accelerator with a maximum energy of 8 MeV and a beam current up to 1A developed the
technologies to increase the operation speed, management parameters of semiconductor devices
and integrated circuits. On the basis of the optimal combination of energy, electrons flux density
and absorbed dose the operation speed of diodes has been increased from 150 ns to 15 ns. With
the use of gamma radiation developed technology to increase of operating characteristic and
extend of spinneret durability used in the industry. Also performs studies to improve of the
nanocoating properties by radiation. In particular, structures studied and radiation treatment
conditions are identify which resulting in an increase of microhardness in TiHfSIN, TiZrSiN
(integral electron fluencies 10% + 107 el/cm?). Developed technology for radiation coloration of
jewels topaz, beryl, morganite with irradiation on gamma facility powerful channel (~600 R /s)
and subsequent their heat treatment. At present time works are holding on coloration of Beryl
and Topaz stones at electron accelerator. Investigations on technology development to radiation
sterilization of materials, products and raw materials for medicine and pharmacy carried out. On
base of perform studies, the technology of silk surgical thread sterilization (20.0 kGy), simple
and chrome catgut thread sterilization (sterilization dose 25 kGy) with minimal (up to ~ 13%)
changes in thread strength and a simple surgical site are developed. After 8 months of radiation
sterilization, the value of the breaking load of the non-woven material along the length was 116.3
N, and the width 44 N that demonstrating about of the non-woven material strength are small
changes compared with original. The optimal sterilization dose of sedative Sedonik (powdered
herbs) and packaging gelatine capsule is 20 kGy, the electron beam current density - 0.03
nA/cm? and the electron energy ~5 MeV. It is established that corn and potato starches sterilized
(20 kGy dose) at electron accelerator preserves of sterility and colour for 12 months.
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DEVELOPMENT OF NUCLEAR ANALYTICS AND
RADIOCHEMISTRY IN THE INP AS RU

I. Sadykov, S. Khujaev, S. Bakiev, A. Kist, S.Kh.Egamediev
Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan
ilkham@inp.uz

In the fifties the last century at creation of a network of the nuclear centers in republics
USSR, including in Uzbekistan, to each centre the major main directions of researches have been
setting. For Institute of nuclear physics of Academy of sciences of Uzbekistan, considering
requirements of geology, mining industry and medicine of the Republic, such direction had been
setting activation analysis and radiochemistry.

For development of these works at the Institute created the department of applied nuclear
physics. The department was included four laboratories: application of radioisotopes in the
technician, metallurgy, building and geology.

Now at our institute of research in this direction are carried out in 3 laboratories:
Activation analysis; Activation analysis of pure materials and Nuclear chemistry. On the basis of
these laboratories created Radioanalytical centre, Mobile radioanalytical laboratory and Testing
radiological laboratory.

Researches on activation analysis and radiochemistry are carried out on the basis of the
WWR-SM nuclear reactor and Cyclotron U-150.

The basic researches of laboratory activation analysis are directed on the decision of
actual problems of ecology, geology, archeology, agriculture and medicine.

Techniques of the analysis of waters, aerosols, soils, plants, a foodstuff and other objects
characterizing a condition of environment in the laboratory are developed. With use of these
techniques are investigated a number of background areas of globe (Antarctica, Bering Sea,
Black Sea, Pamir, Berezina, Sary-Chelek, etc.), and also the polluted regions and regions of
ecological disasters (Chernobyl, Aral Sea region, Amu-Darya and Syr-Darya, etc.). For
diagnostics and a prediction of various diseases in the laboratory are developed techniques of
definition of microelement structure of hair, nails, blood serum and tissues. On the basis of these
techniques works on mapping of Uzbekistan on structure of hair and blood of the person, the
found out accurate correlations of the element status of an organism and a state of health at
population level are carried out. These approaches are widely used now by medical institutions
of Republic as an additional diagnostic sign.

The important results have been received in research of relationship of productivity of
cotton (and other cultures) with element structure of soils. In laboratory carried out large-scale
analyses of ore tests, approbations of chinks on the contents of gold and silver, definition of
aggregation of gold-bearing, etc.

The basic direction of laboratory Activation analysis of pure materials is multi-elemental
and high-sensitivity definition of microelement structure high purity materials: metals, alloys and
especially semi-conductor materials with use of nuclear reactor. The important achievement in
this area is development of methods activation the analysis of strongly activated materials
(complex semiconductors of type A2Bs, A2Be and AsBs). Exclusively high sensitivity of the
analysis is thus reached at simultaneous definition of the big number of elements. Except
development of techniques of the element analysis, the important data about properties and the
physicist of the compensated semiconductors have been obtained and unique methods of
definition and distribution of elements in semiconductors are developed.

Developed by these laboratories a complex of techniques neutron activation and XRF
analyses are used on the basis of the Radio analytical centre and mobile radio analytical
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laboratory for the decision of problems, geology, radio ecology and nuclear forensic,
identification of illegally transported nuclear and radioactive materials.

In laboratory of Nuclear chemistry solved basically problems connected with
manufacture of radio isotope production. In the seventieth years of the last century in laboratory
the method of ®*Mo recovery by activation of enriched ®*Mo has been developed and created the
radionuclide generator ®Mo—%"Tc. At present in the laboratory are developed a number reactor
and cyclotron radionuclide generators, such as: **Mo—%"Tc, %®Ge—%Ga, Pd—1%"Rh,
113G — 13| 188/ _518Re, technologies of production of number radionuclide 3>*p, %S, 5ICr,
54Mn, 55|:e1 57,58C07 652n, 67Ga, 6SGe, lOSPd, 1°9Cd, 125,131|1 1535m, 182-|-a’ 188W, 192|r1 198Au, and
also more than 10 various inactive sets for nuclear medicine.

On the basis of researches of laboratory of Nuclear chemistry in INP AS RU created
branches "Radiopreparat" and «Tezlatgich which specialize on manufacture of ready radio
isotope production, more than 50 names, for medicine and the industry.

Now in laboratory of nuclear chemistry are developed technologies of production of
radionuclides *4’Pm, 1%®Ho, 17Lu, etc.
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ENVIRONMENTAL PROBLEM CAUSED THE PROVINCE
OF URANIUM-MAILI-SUU

U.Zh. Karmyshova, B.M. Djenbaev
Institute of Biology & Pedology of National Academy Sciences of the Kyrgyz Republic
kg.bek.bom@bk.ru

Government of the Kyrgyz Republic have achieved funding from the World Bank (WB)
in the framework of the project "Prevention of emergency situations” of research, design and
research and practical work to improve the situation in the most dangerous area of Maili-Suu.
WB project in Maili-Suu tailings on #3 and #18, who from 2009 to 2013 year transferred to the
tailings #6, located higher on the right bank of the river Maili-Suu near the former CHP.

Tailings and dumps Maili-Suu area located foothill zone their soil much erudite. Soils
contain from 1-1.5 to 2-2.5% of humus, 0,12-0,32% of the total nitrogen. The reaction of the soil
environment is alkaline (pH of aqueous suspension 8.0-8.5). Soils are under-N and P. The tailing
him busy neighborhood mostly species of herbaceous plants, shrubs occasionally. Sources of
pollutants of soils and vegetation of man-made uranium province Maili-Suu - is tailing dumps
and their reclamation work oil wells, waste Lamp Factory and municipal landfills.

Research group lab biogeochemistry B&PI National Academy of Sciences, to conduct an
annual study on all the natural environment: soil, water, air and plants. Background radiation
tailings and dumps Maili-Suu from 25-80 mR/h and in abnormal areas of 260-380 mR/h and
above. The radiation background of the city and its exceeds within an acceptable level, but on
the premises and homes radon is much higher than from MAC. We have investigated some of
the accompanying elements of uranium as Co, Sr, Cd, Pb and others. Elemental cobalt content in
the surface soil layer varies widely from 1 to 40 mg/kg. MPC and APC cobalt Republic 5 and
Clark - 18 in the soils of the objects range of variation of cobalt from 3 to 40 mg/kg and exceeds
the specified limits. In plant samples investigated region varying concentration Co ranging from
0.35 to 0.48 mg/kg, and MPC 15 mg/kg.

The soil cover of the investigated region Sr ranges from 300-400 mg/kg. Sr content varies from
plant 23.6 387 mg/kg. Toxic levels of Sr for plants is 30 mg/kg ash. Strontium content exceeds
toxic levels of plant samples.

Prevalence of Cd in igneous and sedimentary rocks does not exceed 0.3 mg/kg cadmium

geochemistry closely knit with the geochemistry of zinc. Average values (by dry weight) for all
cereals grains ranges from 0.013 to 0.22 mg/kg herbal - from 0.07 to 0.27 mg/kg. In plant
samples investigated province cadmium ranges from 0.0062 mg/kg to 1.48 mg/kg.
In the soils studied objects share of lead does not exceed the MPC, APC, but noted excess clark
concentration on dark gray soils. The amount of lead in all plants at a level not harmful to plants
exceed the concentration (0.14-2,44 mg/kg). Metabolism violation of plants causes less or more
Occupational vital elements, as well as uranium-technological areas maybe more concentrated
heavy metals such as Hg, Cu, Ni, Pb, Co, Cr, Mo and Cd.

These increased rates of background radiation, due to the technical and geo-
environmental condition of tailings and waste dumps and their reclamation and rehabilitation.
After completion of remediation work on the tailings Ne3 Ne6 most risk from radioactive
uranium tailings in the province of Maili-Suu decreased. This is not the end of subjects need to
conduct a detailed investigation and decision-making, it is necessary to continue the rest of the
tailings reclamation and others.
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RADIOECOLOGICAL PROBLEMS IN A REGION OF NATURAL-URANIUM
PROVINCE (KYRGYZSTAN)

B.M. Djenbaev, B.T. Zholboldiev
Institute of Biology & Pedology of National Academy Sciences of the Kyrgyz Republic
kg.bek.om@bk.ru, baktiyar@mail.ru

At present the attempts have being made in our Republic for solving problems
concerning heritage of uranium ores extraction and processing in places where several
thousands of tons of radioactively polluted waste is accumulated, posing potential threat for
contamination of the environment and for people’s health. Natural events as ground erosion
in polluted sites, landslides, mudflows, and pollutants carry-over (radionuclides and
chemically toxic matters) from these sites promote their spreading over significant distances
from places of primary localization.

The scientists of the Kyrgyz Republic and other countries actively work over the
above mentioned problems solution: several international ISTC, IAEA and other projects
were fulfilled, the material and technical basis of specialized laboratories became better, the
results were obtained for presentation and discussion.

Taking into account urgency of natural and technogenic (man-caused) radionuclides
control in objects of the environment it becomes clear that the equipment of high effectiveness
and sensitivity of measurements is needed. One of the modern radioecological laboratories was
created, in Biologycal & Pedology Institute NAS KR (BPlI NAS KR) at the assistance of
IAEA. The laboratory participated in 2012 in IAEA project TC RER3/010 “Laboratory
preparedness proficiency test on the determination of natural radionuclides in uranium and
thorium ores and soil”. As a whole, the obtained results showed a good level of the staff
competence and the laboratory technical equipping.

In technogenic (man-caused) uranium province “Kajy-Sai” the uranium oxide was
extracted from ashes of brown uranium-containing coal. The research of the tail deposit ground
uranium composition has shown specific activity of U-238 (865.2+8.5 Bg/kg), Ra-226 (3840.2+8
Ba/kg), Pb-210 (3318.2+18 Bg/kg).

In 2013 the bore-holes were drilled together with IAEA at the tail deposit Tuyuk-Su
and the analysis was made of the tail material pollution; water samples were taken from
rivers and drainages and from mine water of affected tail deposit’s zone. The samples of soil
and vegetation were selected and then analyzed in several laboratories of biochemistry and
radioecology institute (BPI) NAS KR, IAEA and partner laboratories in Ukraine.

In all these laboratories different kinds of effective semi-conductor germanium
detectors were used for analysis of radionuclides gamma-spectra in tail materials and
samples of the environment. The methods of alpha-spectrometry and liquid scintillation
counters were also used. The analysis of data matching in different laboratories was made in
order to verify the obtained values of U%® Ra%? and Pb2° activity. They showed a good
coincidence of analytical data obtained in partner Kyrgyz and other laboratories.
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RADIOBIOGEOCHEMICAL ASSESSMENT OF THE SOIL NEAR
THE ISSYK-KUL REGION

B. Kaldybaev, B. Djenbaev
Biology & Pedology Institute of National Academy of Science Kyrgyz Republic
k_bakyt@rambler.ru; bekmamat2002@mail.ru

Soil is one of the main natural resources, providing for the sustainable development of the
country. For environmentally well founded and balanced use and protection of land resources is
necessary to create the optimal structure of arable farming, minimizing negative impacts on the
land of diverse agricultural activities. In this connection, we have been tasked to assess the
current radiobiogeochemical condition of soil near the Issyk-Kul region. Determination of
chemical elements in the soil was conducted by the methods of X-ray fluorescence analysis and
radionuclide by the methods of instrumental gamma spectrometry. The results of research were
given, that:

1. Concentration of humus in the soil near the Issyk-Kul varies within the limit of typical
for the type of soil in the present region (2,29-4,32 %).
2. Macro and microelements are contained in different concentration in the soil, not enough

(Ti, Cr, Mn, Fe, Ni, Ga, Sr, Y, Zr, Nb, Bi), within the limit of norm (N, P, K, Ca, Cu, Zn,

Ge, Br, Rb, Mo, Ba, La, Ce), the accumulation of the weak characteristic for (V, As, Sb,

Nd, Pb, U, Th, Ra), the average (Co, Cs), strong (Sn ). Isotopes of radioactive elements

(?®8U, 22Th, ?2°Ra, “°K) are characterized by weak accumulation in the soil.

3. It was exposed the positive correlation dependence between the concentration of humus,
absorption capacity and the concentration of chemical elements in soils for: Ti, V, Cr,

Mn, Fe, Sr, Mo, Ba. In the case of Sr (r=0,55; p<0,05), and Ba (r=0,6; p<0,05) is correct.

For other chemical elements and radionuclide the correlation dependence is negative.

In the distant past (at the end 40 years of XX century), Kyrgyzstan was the largest
producer of uranium oxide for the defense industry of the USSR. In the country a number of
enterprises of mining and processing of uranium ore were worked it is technogenic uranium plot
"Kadji-Say", it is located on the southern shore of lake Issyk-Kul. Mining Enterprise Ministry of
Medium Machine Building of the USSR by uranium ore processing operation have been worked
from 1948 to 1969, he was subsequently converted into electro technical factory. Uranium oxide
was extracted from uranium-containing ash brown coals. Production wastes were buried,
forming tailings, with a total volume of 400 thousand m2. On the territory of the tailings the level
of exposure dose of gamma radiation varies within the limit of 200-300 mR/h in some places up
to 1000 mR/h. In the surface of the soil layer of tailing radioactive elements were contained in
different concentrations:

The high concentration of U (76 mg/kg), the specific activity of 23U/?*Th total 851,6
Bg/kg. A lot of 2%°Ra (3800 Bg/kg), it was broken radioactive balance between 234Th/??°Ra,
indicating the presence of uranium leaching processes. The high concentration of thorium ?2Ac
(97,7 Ba/kg), 2%U (39,5 Bg/kg) (table 1). Low activity of the artificial radionuclide *¥'Cs (2,1
Bag/kg), which is typical for mountainous terrain.

Nonradioactive element-indicators:

The high concentration of Co-112 mg/kg, the concentration of clark (Cc-14). The high
concentration of As-49 mg/kg (Cc-9,8); Mo-17 mg/kg (Cc-8,5); Pb-50 mg/kg (Cc-5); V-232
mg/kg (Cc-2,32). Within the limit of norm concentration: Cu-30 mg/kg (Cc-1,5) and Zn-79
mg/kg (Cc-1,58); The low concentration: Ni-17 mg/kg (Cc-0,42) and Bi-12 mg/kg (Cc-0,24)
(table 2).
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Table 1 — Radioactive activity of radionuclide on the surface layer of the soil of tailings (Bk/kg)

234Th 226Ra 214Pb 214Bi 210Pb 228AC 224Ra
851,649.2 | 3789,6+2 | 2946,1+7 | 2675846 | 3337216 | 97,7+2.,0 | 1462+ 12,1

212Pb 21ZBi 208T| 235U 227Th 4OK 137CS
1094+1,0 | 874+55 | 97,9+1,9 | 395+0,9 | 162,929 | 890+ 11 2.1+04

Table 2 — The concentration of chemical elements in the tests from the surface layer of the tailings

K, % Ca, % Ti, % V, Mr/Kr Cr, mg/kg Mn, % Pb, mg/kg
1,7+ 0.3 46+0.3 0,28 + 0,05 <232 50+ 11 0,049 + 50+11
0,010
Fe, % Co, mg/kg | Ni,mg/kg | Cu,mg/kg | Zn,mg/kg | Ga, mg/kg | Bi mg/kg
2,85+0,17 <112 17+5 30+ 10 79 £ 10 32+ 10 <12
Ge, mg/kg | As,mg/kg | Se,mg/kg | Br,mg/kg | Rb, mg/kg | Sr,mg/kg | U, mg/kg
<11 <49 0,6 <6 135+9 314 +£20 76 £7
Y, mg/kg Zr,mg/kg | Nb, mg/kg | Mo, mg/kg | Sn, mg/kg | Sb, mg/kg | Th, mg/kg
38+4 207 £ 14 13+£2 17+£3 <560 < 264 18 +4
Cs, mg/kg | Ba, mg/kg | La, mg/kg | Ce, mg/kg Pr, mg/kg | Nd, mg/kg
<88 690 + 83 < 67 71 £ 39 <71 < 68

That’s way, the results of research have shown that on the surface layer of soil of the
tailing between the radioactive elements contain the high concentrations of uranium and radium
and accompanying non-radioactive elements, such as selenium, cobalt, arsenic, lead and

vanadium.
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PRECISE LOCALIZATION OF TWO-LEVEL ATOM BY THE SUPERPOSITION OF
TWO STANDING WAVE FIELDS

E.l. Shahaliyev
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
shah_0964@mail.ru

We present the effect of quantum interference in the spontaneous emission spectrum of a
two-level atomic system. Precise position information of the atom can be obtained by measuring
resonant absorption of a weak coherent field probing the transition strongly driven by the

resonant standing-wave fields. The methodologies and the possible constraints in the Autler —
Townes microscopy are discussed.
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PROBING THE NUCLEAR MATTER
AT THE CERN SUPER PROTON SYNCHROTRON

12A. Rustamov
'Goethe-University Frankfurt, Frankfurt am Main, Germany
2 Institute of Radiation Problems, ANAS, Baku, Azerbaijan
a.rustamov@cern.ch

A survey is given of signals probing the phase structure of nuclear matter created in the
interactions of heavy atomic nuclei. The structures in the excitation functions of inclusive
observables in 2°Pb+2%Pp collisions, measured by the NA49 experiment, are discussed. Seen in
this light, the necessity for the differential study of event-by-event fluctuations in two
dimensions is introduced. In this context, the dedicated program of the NAG61/SHINE
experiment is discussed.

The study of the phase diagram of strongly interacting matter is probably the most
challenging problem in the filed of heavy-ion collisions. The most prominent feature of the phase
diagram is the existence of the deconfinement/chiral transition lines between hadronic and
partonic phases. Modern Lattice QCD calculations advocate rapid crossover transition towards
low net-baryon densities with the coincidence of deconfinement and chiral phase transition
regions [1]. At higher densities, however, the deconfinement phase transition is expected to be of
first order [2].

% quark gluon plasma . . ) .
= [ / Figure 1. Phase diagram of strongly interacting
-

200 / matter. Symbols (squares, triangles and star)
/ : indicate the chemical freeze-out points resulting from
Cwam | statistical model analysis of measured hadron
abundances in collisions of nuclei at different
energies. Full circles indicate the properties of the
matter created in the early stages of collision. The
critical point E ends the first order phase transition
line.

t hadrons

500 1000
g (MeV)

The logical consequence is the existence of a second order critical point at some intermediate
values of net-baryon densities [3], as sketched in Fig. 1. Experimentally, by changing the energy
and the size of colliding nuclei one can control the net-baryon density and the temperature of the
created matter. The excellent particle identification capabilities (high precision momentum and
energy loss measurements) as well as its large phase-space coverage makes the NA61/SHINE
experiment [4,5] at the CERN SPS particularly suited for these studies: (i) it probes the
interesting region of the phase diagram, such that the deconfinement transition happens within
the energy range of these collisions, (ii) the critical point at the location predicted by several
theory groups can be probed at these energies. Indeed, according to the recent NA49 results,
starting from about 30 GeV/nucleon on, the system created in 2%®Pb+2%Pb collisions realizes
itself in a coexistence of hadronic and partonic phases (see [6] and references therein). The
transition to pure partonic phase takes place at around 160 GeV/nucleon. However, the nature of
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the phase transition must further be supported and confirmed by alternative measurements. This
motivates the study of several event-by-event fluctuation signals. In fact, any kind of phase
transition will ultimately lead to anomalies in fluctuations. In order to distinguish between
second order phase transition (critical point) the system size dependence of fluctuation signals
must be performed. This activity should proceed together with changing the energy of colliding
systems. The latter is needed because the “fingerprints” of the critical point can only be realized
if the system freezes near the unknown location (temperature and net-baryon density) of the
critical point. This requires two-dimensional excitation functions of fluctuation signals; in
collision energy and the size of colliding nuclei. For the first time in the history of heavy-ion
collisions, the NA61/SHINE Collaboration came with a dedicated program to explore the phase
diagram of strongly interacting matter in two dimensions. The Collaboration has already
recorded p+p and ‘Be+°Be runs at projectile momenta of 13A, 20A, 30A, 40A, 80A and 158A
GeV/c. The results from elementary p+p reactions will serve as an important baseline for heavier
systems. The energy scan of “*Ar+%°Ca and p+2%Pb systems will be completed in 2015. Starting
from 2017 the heavier systems like °Xe+'La and 2%Pb+2%Pb will be exploited. Some
fluctuation measures in collected p+p reactions have already been measured and reported at
several conferences [7,8]. Looking to yet another signals of fluctuations, in particular to those
involving higher cumulants of the multiplicity distributions will complement these studies. For
the latter a rigorous probabilistic approach has been proposed recently [9] .
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USING ON BASED MOLECULAR BIOLOGY APPROACHES TO ASSESS PLANT
ELUSIVE RESPONSES MECHANISMS TO CHRONIC IONIZING RADIATION IN
RADIONUCLIDE CONTAMINATED CHERNOBYL ZONE

N. Rashydov, M. Hajduch
YInstitute Cell Biology & Genetic Engineering NAS of Ukraine, Kyiv, Ukraine,
2Institute of Plant Genetics and Biotechnology (IPGB), Slovak Academy of Sciences, Nitra,
Slovak Republic,
nrashydov@yahoo.com, hajduch@savba.sk

It is well known that the Chernobyl accident released large amounts radioactive isotopes
into the environment. As a consequence, the vicinity of Chernobyl Nuclear Power Plant remains
contaminated with long-lived radionuclide such as 3'Cs, ®°Sr, and several transuranic isotopes.
The area will remain heavily contaminated by both micro- and nano-sized “hot particles” of
long-lived radioactive isotopes for the foreseeable future [Rashydov N. 2012]. There have been
a few molecular analyses of plants grown in the radio-contaminated Chernobyl area, but there is
as yet no broad understanding of the mechanisms that underlie their survival or success.

Plants respond to biotic and abiotic factors not only with changes in their growth,
developmental and physiology state but ultimately with altered phenotypes expressed by their
progeny [Herman J.J., Sultan S.E. 2011]. Much research has addressed the nature of mutation
sites in DNA, changes in signaling networks, epigenetic changes, changes at the transcription
level, protein level, or levels of posttranslational modifications. All of these must be considered
when designing a global strategy for understanding the thus far discovering elusive of resistance
and adaptive mechanisms of plants to chronic ionizing radiation.

We previously reported that plant growth in the radioactive environment led to alteration
in the proteome of developing soybean seeds along with decreased levels of oil and seed storage
proteins (SSP). The results confirmed previous data indicating that alterations in the proteome
including adaptation to heavy metal stress and mobilization of SSP. The results also suggest that
there have been adjustments in carbon metabolism in the cytoplasm and plastids, increased
activity of the Krebs cycle, and decreased condensation of malonyl-acyl carrier protein during
fatty acid biosynthesis [Klubicova K., et al 2012]. Similar abundance profiles were detected for
2-DE spots, which are the dihydrolipoamide dehydrogenase (E3) component of the pyruvate
dehydrogenase complex (PDC) [Hirani T.A. et al. 2011]. The mitochondrial PDC catalyzes the
conversion of pyruvate to acetyl-CoA, which enters TCA cycle [Budde R.J., et al 1991]. The
mitochondrial PDC (mtPDC) occupies a critical interface between glycolysis and the Krebs
cycle and as a result, activity is extensively regulated [Ahsan N. et al 2012]. The most
spectacular mechanism of regulation is via reversible phosphorylation. High levels of E3 at 4
weeks after flowering corresponds to increased production of acetyl-CoA but also to increased
photorespiration during the cell division phase of soybean seed development in radioactive areas.
Despite failing to note any changes in citrate synthase (CS), it is tempting to speculate that
increased production of oxalacetate by PEPC and acetyl-CoA by PDC resulted in an increased
production of citrate via the Krebs cycle. The connection between amount of citrate in cells and
stress tolerance has been proposed previously [Koyama H. et al 2000]. These data imply that
increased production of citrate in mitochondria might be important for successful plant seeds
development in the radioactive Chernobyl areas.

It is perplexing that both the plants and the seeds they have produced are so little affected
by the ionizing radiation in the environment near the Chernobyl NPP, and thus far the apparent
adjustments we have seen to this environment have been subtle. These include: genome
hypermethylation, up regulation of antioxidant system, signal transduction system, adjustment of
repair enzymes, etc. Genomic and proteomic techniques provide the opportunity to investigate
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plant response to ionizing radiation in unprecedented detail. Soybean and flax seeds harvested
from the contaminated environment jointly exhibited changes in abundance of lipoxygenase,
enzymes related to glycolysis, and enzymes involved in biosynthesis of betaine (Danchenko et
al., 2009; Klubicova et al., 2010).

The main goal of the proposed research is using on based molecular biology approaches
to assess plant elusive responses mechanisms to chronic ionizing radiation in radionuclide
contaminated Chernobyl zone. Seeds from plants which grown some generation under influence
chronic ionizing radiation will be screened using both course (gross plant phenotype, seed
germination, etc.) and fine (specific protein expression and abundance, DNA mutations, etc.)
methodical criteria [Klubicova et al., 2013].

Based on the identities of plant seed proteins that change in abundance in response to low
level chronic irradiation it was postulated that adaptation involves: A, signal system transduction
activation; B, a non-specific heavy metal response; C, direct protection against radiation damage;
and D, alteration in SSP mobilization. Consequently, for cultured plants we suggested that seeds
produced in the radio-contaminated soil conditions, tolerate chronic irradiation through changes
in the abundance of proteins from several signaling cascades, along with metabolic and protein-
folding adjustment.
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NEW DECAY CHANNEL OF HIGGS BOSON IN A MAGNETIC FIELD
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Recently a new neutral boson (NB) at a mass around 125 GeV [1, 2] with properties
compatible with the Standard Model Higgs boson [3-8] was discovered in the LHC ATLAS and

CMS experiments. This boson is described with J° =0"" where P is the parity, C is the
charge conjugation, J is the spin. One of the decay channels of the discovered Higgs-like boson

is H—>WW ™. One of these W ™ -bosons is on-shell, the other one (W*) is off-shell. According
to the energy conservation law the decay of this NB into the on-shell W"W *-boson pair is
impossible because of m, <2m,,, where m, =80.385GeV is the W -boson mass. Therefore,

this NB decays into one on-shell W -boson and one off-shell W *-boson. The following natural
questions arise. In what condition can the 125 GeV Higgs boson decay to a pair of on-shell W -

bosons? How is realistic and promising the decay of the NB at a mass around 125 GeV into the

two on-shell W -bosons in a magnetic field (MF)? Search for the answers to these questions
determines the motivation for the presented investigation. We investigate the decay of the NB at
a mass around 125 GeV observed at the LHC into a pair of on-shell W -bosons in a MF. The

main purpose of this work is to determine the condition in what the NB at a mass around
125 GeV can decay to a pair of on-shell W -bosons?

When a W ¥ -boson situating in an external uniform MF is on the lowest Landau level with the
quantum numbers n. =0, p,,=0, q.s,, =+1, the energy spectrum of a W¥ -boson with
allowance for its anomalous magnetic moment (AMM) is determined by the formula [9].

1 1 v
E,: =mw(1—§l<v'v§j(1+szv’f 2) : (1)

where & =eB/mZ a dimensionless field parameter, B:‘é‘ is the strength of a MF whose

intensity vector B is directed along the Oz -axis, x;, is the parameter determining the AMM of
a W -boson, n. enumerates the Landau energy levels, p., and s., are the third component of
the momentum and the third component of the spin of a W™ -boson, respectively, g, =+1 (
g_ =-1) is the sign of the electric charge of a W * (\N‘)-boson. The formula (1) is written in the
h=c=1 system of units. For the positivity of the energy the condition & <2/xy, should be
satisfied. We can see from the formula (1) that the energy of a W * -boson satisfies the inequality
By <my )

for an arbitrary & taken from the range 0 < & < 2/xy, .

One of the main decay modes of the NB at a mass around 125 GeV observed at the

ATLAS and CMS experiments is the H >WW ™ — IWv channel [1, 2]. As we have already
noted one of these W * -bosons is on-shell, the other one (W*) is off-shell. According to the
energy conservation law the decay of this NB into the on-shell W "W " -boson pair is impossible.
Therefore, this NB decays into one on-shell W -boson and one off-shell W *-boson. However, if
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we place this NB in a uniform MF, the MF will affect on the W ™ - and W ~-bosons that are the
products of the decay Y —W "W ™. If we consider the NB at a mass around 125 GeV in the rest

frame and take into account the relation E . <m, for the W* (W~)-boson in the energy
conservation law m, =E,, =E, _+E ., we can see that in a sufficiently strong MF the
equality

1 1 2

is satisfied and the decay of the NB with the mass around 125 GeV into the two on-shell W *-
bosons becomes, in principle, energetically possible (See: [10]). So, as a result of the decay
reaction H —W "W " in a MF we have the final diboson system H' that consists of the on-shell
W - and W *-bosons situating in a MF. The quantum states of the system H' can have the spin
equal to 0,1,2. According to the energy conservation law the energy of the final W*W ~-
system E, . is to be in the range O<E, . <2m, . Introducing the orbital quantum number

L, and the total spin S . for the W "W " -system we can determine the charge conjugation
C,-y- the parity P . and the total angular momentum J for the W"W " -system. The decay

H —>W W™ is a weak process and C is not conserved in this process. It means that if the
charge conjugation of the initial neutral H -boson is C,, =1 before the reaction H >W W ",
the charge conjugation C, . might be +1 or —1 after the reaction, or it might also go to a state

thatisnota C, . . eigenstate. Here we assume that C . iseither +1 or —1 after the reaction.
We also assume that P, _ . is either +1 or —1 after the reaction. The following combinations of
C and P _ . forthe W W™ -system are possible:

wWw*
case A: Cypw: =tL P, =+1, 4)
case B: Cyw =*L PR, =-1, (5)
case C: Cyw="L PR, =+ (6)
case D: Cyw:="L P, =-1 (7
Case A: If S . =1, the condition (4) of the case A is not satisfied. When S _ . =0 and
Syw: =2, we have L . .=02... When § . =0and L . .=02.., we obtain
J=0,2... When S .=2and L, ,.=0, we obtain J=2. When § . =2 and
L, =2, we obtain J =0,1,2,34. So, if C . =+1 P _ . =+1, the NB with the spins

J =0 can exist in the mass range 0 <m,, <2m,, . The particle with the spin J =0 in the mass
range 0 <m, <2m,, corresponds to the Higgs boson at a mass around 125 GeV discovered in

2012 at the LHC [1, 2].
Case B: If S =0and S =2, the condition (5) of the case B is not satisfied. When

ww ww*

S we =1, we have Ly =13,.... When Sww =1, L, =1, we obtain J =0,1,2. When

W

Syw- =L L, =3, weobtain J=234.1fC, .=+ P . =-1,the NB with the spins
J =0 can exist in the mass range 0 <m,, <2m,, .
Case C: If S =0and S =2, the condition (6) of the case C is not satisfied. When

ww* ww*

SWW =1, we have wa =0,2,.... When SWW =1, wa =0, we obtain J=1. When

Syw- =L L, =2, Weobtain J=1,23.1fC, . =-1 P . =+1, the NB with the spin
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J =0 can not exist in the mass range 0 <m,, <2m,, .

Case D: If S, . =1, the condition (7) of the case D is not satisfied. When S . =0,2, we
have L, . =13. WhenS . =0,1L, .=13, we obtain J=13. When S . =2 and
L, =1, we obtain J =12,3, we obtain J =1,2,3. WhenS _ .=2and L  .=3, we
obtain J=1,234,5.1fC . =-1 P . =-1,the NB with the spin J =0 can not exist in

wWw
the mass range 0 <m,, <2m,,.

We have obtained that only in the cases A and B the NB at a mass around 125 GeV with the

spin J =0 can exist in the mass range 0 <m,, <2m,, and it can decay into the on-shell

W7 (s.=1s,=-1D-and W'(s, =1s,, =+1) -bosons in a MF. However, the cases C and D
may also exist.

The discussed new decay channel of Higgs boson can be experimentally observed or realized
when the magnetic field strength satisfies the condition

I 2
27Z'm—WBOW <B<—By,, (8)

W Kw

where T, is the decay width of a W * -boson. When m =125GeV , the required MF strength is
~10%G (or in Teslas ~10"T ). We hope that in the future, when the strength of the produced
strong MF reaches the magnitude ~10%**°G, the decay of the the NB at a mass around
125 GeV into the on shell W~ -and W * -bosons can be observed experimentally.

Thus, we have determined that the decay of the NB at a mass around 125 GeV into an on-shell
W "W " -pair in a uniform MF becomes, in principle, possible and the new decay channel of this
boson in a MF is allowed by the energy and total angular momentum conservation laws. The
required MF strength for observation of the measurable effect is ~10**G (or in Teslas ~ 10T ).
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SECTION I

Nuclear Physics and Chemistry
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RECENT PROGRESS IN SUPERSYMMETRIC GAUGE THEORIES
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Quantum chromodynamics, the theory of strong interactions between quarks and gluons
seems to be too complicated theory. Therefore first we would like to study more simple, but still
interesting theory which is related to quantum chromodynamics. A good candidate for a such
theory is supersymmetric gauge field theory.

In recent years considerable progress has been made in understanding of supersymmetric
gauge field theories (in particular, supersymmetic quantum chromodynamics) in space-times of
different dimensions due to the exact computation of superconformal indices and partition
functions using localization method (see [1,2]).

The superconformal index was introduced in [3, 4] as a non-trivial generalization of the
Witten index, which counts BPS states in superconformal field theories. The superconformal
index provides justification of known supersymmetric dualities and holographic dualities.
Moreover one can use the index technique to discover new dualities [5], to study symmetry
enhancement in gauge theories [6,7], to study inclusion of surface and line operators, to obtain ’t
Hooft anomaly matching conditions [8] and etc.

The superconformal index of a four-dimensional supersymmetric gauge theory is
expressed in terms of the so-called elliptic hypergeometric integrals. Such integrals are the new
class of special functions and is of interest both in mathematics and in physics. Another class of
special functions appears in the calculation of superconformal indices for three-dimensional
supersymmetric field theories. The three-dimensional index can be expressed in terms of the so-
called basic hypergeometric functions. By using mathematical properties of these special
functions we study physical properties of supersymmetric gauge field theories.
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ELASTIC AND INELASTIC SCATTERING OF 3He AND “He IONS WITH 12-20
MEV/NUCLEON ENERGY ON N, 160, 22Ne NUCLEI
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The paper presents experimental differential cross-sections of scattering of *He and “He
ions with 48 - 60 MeV energy on **N, %0, ?°Ne nuclei in 10 - 170° angle range in laboratory
coordinate system. The investigation has been performed on the U-150M Kazakh isochronous
cyclotron.

Measurements were carried out on the studied nuclei at a gas target [1]. Characteristics
the target used in the experiment are shown in Table 1.

Table 1 - Characteristics of the target nuclei

nucleus isotope, % thickness, mg/cm2
N 99,63 1,37 -7,66
%0 99,76 1,67 -9,35
2'Ne 90,92 0,96 — 5,36

Registration and identification of elastic and inelastic channels of *He and “He were done
with the system of multi-dimensional analysis based on (AE-E) method where telescope of Si-
detectors AE with thickness 18-100 um and E — from 500 pm to 2 mm, spectrometric system of
ORTEC and PC.

The analysis of cross-sections of elastically scattered nuclides *He and “He on studied
nuclei was performed using standard optical model (by code SPI-GENOA [2]) with Woods-
Saxon potential with separated form-factors of real and imaginary parts. The optimal values of
inter-nuclear interaction potentials are obtained. As a criterion for matching the results of
theoretical calculations with experimental data the minimization of the ¥2 values and the values
of the volume integrals of the real part of the optical potential were used. The obtained optimal
parameters of the interaction potential, the values of the volume integral Jr and ¥? values are
given in Table 2.

Table 2 - The optical potential parameters of interaction ions *He and “He with the investigation
nuclei

nucleus | ions E Vo o 2o Wp o ab | Jr | ¥?IN

(MeV) | (MeV) | (fm) | (fm) | (MeV) | (fm) | (fm)
N "He | 482 | 1173 | 1,24 | 0,78 | 961 | 1,57 | 1,66 | 396 | 28,2
N *He 60 | 1147 | 1,0 | 0,82 | 3,75 | 2,5 | 0,69 |345] 13,7
150 "He | 481 | 1304 | 1,17 | 0,77 | 16,86 | 1,3 | 0,93 | 366 | 21,9
50 *He 60 | 1344 | 1,0 | 091 | 423 | 23 | 053 |376]| 9,6
DNe | “He | 48,8 | 112,0 | 1,26 | 081 | 2580 | 1,46 | 0,84 |364 | 10,4

Analysis of cross sections of inelastic scattered ions of helium was carried out using the
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distorted wave Born approximation (by code DWUCKA4 [3]) with form-factor of a macroscopic
collective excitation using optimal optical potential parameters obtained from elastic scattering.

no
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RADIOLYSIS OF THE ETHANOL AND HEXANE SOLUTIONS OF
POLYCHLORINEBIPHENYLS

E.T. Abdullayev, P.C. Jamalov, M.A. Gurbanov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan

Polychlorinebiphenyls (PCBs) are substances consisted of two benzene nucleus inter-
connected with C-C bond and chlorine atoms from 1 up to 10 replacing hydrogen atoms in the
benzene nucleus.

3 2 2! 3'
44'
(Chn g 6 & 5 (Chn

Depending on the number of chlorine atoms and their position in benzene nucleus, there
are 209 individual isomers of the PCBs. PCBs are mainly used as thermo-carrier and dielectric
liquid in transformers and capacetors. The industrial production of these substances started in
1929 for the first time. The conducted researches have revealed that the PCBs have high toxic
and cancerogene properties and very small doses may badly affect live organisms (maximum
allowable concentration is 1 ug/m2in the air, 1 ug/l in the water, 0,1 ug/kg in the soil [1]).

PCBs were included to the list of international organizations as persistent organic
compounds, as well as to the priority pollutants list adopted by the European Union in 1982, also
to the list of the Stockholm Convention on Persistent Organic Pollutants, and their industrial
production was prohibited in 1986. But more than 2 million tones of PCBs have been produced
by that time. At present, utilization of transformer oils containing PCBs is one of the urgent
problems.

During the inceneration process used for PCBs utilization, more toxic substances -
dioxins are generated [2]. The effectiveness of the decontamination process by burning the PCBs
must not be less than 99.9%. Modern burners can be used for this purpose. However, this
equipment is expensive (30-60 min. USD) and difficult to install and exploitation. Also, a strict
control over the environmental monitoring is required. The cost of utilization using the
mentioned equipment is 3-4.5 thousand USD per tonne.

Using catalytic hydrogenolysis for PCBs decontamination is considered one of the
promising methods [3]. In the result of this process, the organohalogen compounds can transform
to nontoxic raw material for other processes. But generation of quite active and stable catalysts
and generation of hydrogen chloride accelerating the corrosion in the result of the process limits
the practical use of this method. Palladium is considered the most effective catalyst for this
method, but its wide scale usage is limited by it being a precious metal. Also, the efficiency of
the catalyst is decreased after reuse.

And one of the chemical methods used for PCBs utilization is to transform PCBs to
hydroxy- or alkoxy-derivatives by replacing chlorine atoms in the molecule, and to use the
generated products as raw material for polymerization and polycondensation processes [4]. In the
result of reaction of PCBs with dimethyl sulfoxide, ethanol and potassium-hydroxide first etoxy-,
then hydroxyl-derivatives are generated. However, in this case too, a full replacement of chlorine
atoms in the molecule is not achieved and the replacement becomes difficult as the number of
chlorine atoms in the molecule decrease during the replacement process.

The purpose of the work is to comparatively study the affect of various solvents — ethanol
(polar solvent) and hexane (non-polar solvent) — to the radiolysis process. For this purpose, the
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radiolysis processes of the 50 ug/l concentration solutions of PCBs in ethanol and hexane have
been conducted.

A standard containing 12 PCB samples (CEN PCB Congener Mix 1, 10 ug/ml in heptane,
Supelco) has been used to prepare model solutions. The PCBs identification has been conducted
using a Gas Chromatography (Agilent Technologies 7820A). Transformation degrees (%) in
13,8 Mrad dose during the radiolysis of PCB solutions in ethanol and hexane are presented in the
Table 1.

Table 1. Transformation degrees of Polychlorbiphenyls.

Transformation degree of the Transformation degree of the
. polychlorbiphenyls with 50 ug/I polychlorbiphenyls with 50 ug/I
Polychlorbiphenyl concentration in etanol solution in 13,8 concentration in hexane solution in 13,8
Mrad adsorbed dose, % Mrad adsorbed dose, %
PCB 18 (2, 2', 5-trichlorbiphenyl) 55,8 215
PCB 28+31(2, 4, 4*-
trichlorbiphenyl + 2, 4', 5- 72,5 544
trichlorbiphenyl)
PCB52(2,2,5,5-
tetrachlorobiphenyl) 301 3.2
PCB44(2,2',3,5-
tetrachlorobiphenyl) 68,7 501
PCB 101 (2,2,4,5,5'-
pentachlorobiphenyl) 421 41
PCB 118+149((2, 3', 4, 4, 5-
pentachlorobiphenyl +
2,23, 4,5, 6- 6.4 27,3
hexachlorobiphenyl)
PCB 153 (2,2, 4,4',5,5'-
hexachlorobiphenyl) 9.3 18,1
PCB 138 (2,2, 3,4,4',5'-
hexachlorobiphenyl) 831 548
PCB 180 (2, 2, 3,4,4',5,5-
heptachlorbiphenyl) 87,0 32.3
PCB194(2,2,3,3,4,4,5,5'"-
octachlorobiphenyl) 94,3 316
Total 68,9 30,3

As seen from the Table 1, during the radiolysis of 50 ug/l concentration PCB solutions in
ethanol in 13,8 Mrad dose 68.9% is transformed, and in hexane 30.3% is transformed. Among
PCBs, PCB52 and PCB101 undergo more difficult transformation under used doses.
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QUALITY MANAGEMENT SYSTEM OF SARAYKOY NUCLEAR RESEARCH
AND TRAINING CENTER

R. Giirellier, S. Akcay, S. Zararsiz
Saraykdy Nuclear Research and Training Center, Quality Management Unit, Ankara, Turkey
ruhsar.qurellier@taek.gov.tr

Technical competence and national/international acceptance of independency of
laboratories is ensured by going through accreditations. It provides decreasing the risk of a
slowdown in international trade due to unnecessary repetition of testing and analyses. It also
eliminates the cost of additional experiments and analyses.

Saraykdy Nuclear Research and Training Center (SANAEM) has performed intensive
studies to establish an effective and well-functioning QMS (Quality Management System) by
full accordance with the requirements of ISO/IEC 17025, since the beginning of 2006.
Laboratories, especially serving to public health studies and important trade duties require urgent
accreditation. In this regard, SANAEM has established a quality management system and
performed accreditation studies.

SANAEM, applied for accreditation in 2007, has been accredited for total of 12 methods
by Turkish Accreditation Agency (TURKAK) for testing services in the fields of radioactivity
measurements in 2009. The scope extension has been done in 2010 for 2 testing methods. The 14
testing methods for obtaining accreditation are accomplished by TURKAK in 2013.

The fundamental mechanisms of the QMS for SANAEM include internal audits,
management review meetings, control of nonconforming testing work, organization of
preventive and corrective actions, handling of customer complaints and evaluation of customer
feedbacks. All these activities performed for a continuous improvement both technically and as
regards to QMS such as evaluation of quality objectives, revision of QMS documentation,
organization and follow-up of the preventive, corrective actions and evaluation of efficiency of
the training are dealt within the QMS hierarchy.

Quality policy of SANAEM is declared in the Quality Manual and is announced with the
approval of the Center’s Director. Each laboratory and relevant administrative unit defines clear
and measurable quality objectives within the framework of the SANAEM’s quality policy
yearly. Quality Manual is supported by technical and administrative procedures, instructions and
other related documents such as forms, lists etc. covering all the processes and activities at
SANAEM

The Quality Management provides the documents relevant to all the staff of the Center
accessible via SANAEM intra-network connection. In addition, specifically the division and
laboratory documents are also accessible via intranet to the authorized staff.

The “Internal Audits”, which is one of the fundamental mechanisms of the QMS, are not
only used as a measure of evaluation of the effective implementation of QMS at SANAEM, but
as a means to provide continuous improvement in our system with the consequent preventive and
correction actions issued.

SANAEM top management periodically (once a year) conducts a review of the Center’s
QMS and testing activities to ensure their continuing suitability and effectiveness with respect to
QMS and ISO/IEC 17025 and to introduce necessary changes or improvements in the QMS.

The effectiveness of the QMS has been improved via laboratories by carrying out their
activities within the scope of the quality policy, planning and implementing their quality
objectives, analyzing the internal and external audit results, implementing the corrective and
preventive actions effectively, trainings, feedback information obtained from customers and
through the management reviews.
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PRODUCTION OF #2PR REAS GLASS SEEDS FOR TREATMENT OF SOFT
TISSUE CANCER (PROSTATE CANCER)
BY SOL GEL METHOD

A.A. Garibov, M.R. Ghahramani
Institute of Radiation Problems, ANAS, Baku, Azerbaijan

The conventional treatment method for prostate cancer is to implant many tens of %1 or
103pg seeds into the prostate. A beta-emitting glass seed was proposed for the brachytherapy
treatment of prostate cancer. Criteria for seed design were derived and several beta-emitting
nuclides were examined for suitability. *2Pr was selected as the isotope of choice. Seeds 0.08 cm
in diameter and 0.9 cm long were manufactured for testing.

142pr REAS glass seeds have several advantages over conventional seeds. The Pr seed is
economical; it costs less than 15 dollars per seed including materials and neutron activation
costs. Due to the short range of beta particles, the dose to adjacent organs can be minimized with
optimized implantation positions of the seeds. Because of the short half-life of *2Pr, and
associated high dose rate, distortion of the prostate during irradiation is less than with %I, for
example, that has a D90 of 204 days. Pr seeds can have very high dose rates, if desired, and give
doses up to thousands of Gy to tumors near seeds. Because of high density and high atomic
number of Pr glass, a radio-opaque marker is not necessary. Cladding or encapsulation is not
required because the seed is unreactive in water or tissue. Variable sizes and shapes of glass
seeds can be made and the seed is not easily broken. The seed is reusable after a high dose rate
(HDR) treatment by reactivation.

The sol gel method is used to production of 1*?Pr REAS glass seeds.

50



VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

NEUTRON ACTIVATION AND QUALITY CONTROL OF AZER SPHERE

A.A. Garibov, M.R. Ghahramani, T.N. Agayev
Institute of Radiation Problems, ANAS, Baku, Azerbaijan

Neutron activation and quality control of Y-90 microspheres produced at Azerbaijan
national academy of science (Azer spheres) was the purpose of this study.

In total, 200 mg of microsphere powder was poured into a quartz ampoule (6 cm in
height, 0.7 cm in diameter), which was sealed with an oxygen flame. The sample was irradiated
inside a sealed aluminum container (7 cm in height, 3 cm in diameter) for 10 hours in the reactor.
The medium neutron flux was approximately 3.0 *10%3 n/ (s.cm?).

After cooling (3 days), the sample was cut, and the quartz ampoule was crushed to
measure the activity of the sample with a curimeter (Atomlab™ 400 Dose Calibrator). The
activity was approximately 60 mCi. Subsequently, the °®Y microspheres were added to a 10-ml
vial to form an elution with 5 ml of saline. The *°Y microspheres were then analyzed with a
gamma spectrometry system and an ultra-low-level liquid scintillation spectrometer to determine
the following parameters:

U Radiochemical purity of free *°Y (percentage of free *°Y chemical species in the eluate)
through ascending paper chromatography,

i Radionuclide purity (presence of gamma emitting radionuclides in the *°Y microspheres
of the eluate).
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STRUCTURE OF YTTRIUM AND/OR PHOSPHORUS-CONTAINING
MICROSPHERES PREPARED BY SOL GEL METHOD

A.A. Garibov, M.R. Ghahramani, T.N. Agayev
Institute of Radiation Problems, ANAS, Baku, Azerbaijan

Microspheres containing yttrium () and/or phosphorus (P) around 20 um - 30 um are
useful for radioembolization therapy because they are activated to - emitter by neutron
bombardment and infused in blood vessels in the neighborhood of tumors to irradiate - rays to
the tumors.

Yttrium and/or phosphorus-containing glass microspheres about 20 pm in size were
obtained when an aqueous solution of YCl3z and/or AICIz were added to tetraethyl orthosilicate
(TEOS) [acetic acid or phosphoric acid was used to catalyze the hydrolysis and condensation of
TEOS] and was pumped into silicone oil under constant stirring. The shapes of the particles
produced by this method are regular and nearly spheric in shape.

The spherical shapes, composition and element distribution were investigated by
scanning electron microscopy (SEM), carbon/sulfur analysis and SEM/EDS analysis. Paper
chromatography was used to identify radiochemical impurities in the radioactive microspheres.
The radionuclide purity was determined using a gamma spectrometry system and an ultra-low-
level liquid scintillation spectrometer.

The results indicated that the proposed silicone oil spheroidization method is suitable for
the production of yttrium silicate and Yttrium phosphorus silicate microspheres. The advantage
of this method over other methods is that high temperatures and P* ion implantation are not
required. Moreover, large quantities of sphere are produced at a high rate, and isodiametric
spheres can be synthesized that do not require screening.
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Fig 1. SEM of yttrium silicate microspheres Fig 2. SEM of Yttrium phosphorus silicate

microspheres.

52



VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

QUADRUPOLE MOMENTS OF EXCITED COLLECTIVE STATES
OF EVEN-EVEN HEAVY NUCLEI

IM.S. Nadirbekov, 21.1. Kurbonov
YInstitute of Nuclear Physics, Ulughbek, Tashkent, Uzbekistan
2Tashkent Chemical-Technologocal Institute,Uzbekistan
isroil_61@mail.ru

The different models are used for describe nuclear properties such as spins, energies of
the levels, probabilities of electromagnetic transition and their multipole moments. Known, that
nuclei in many cases have large quadrupole moments and they don’t behave like a point charge,
rather a spherical or elliptical shape with an axis of simmetry is considered for this nuclei. Note,
that the quadrupole moment is an excellent tool to study the deformation of nuclei. In this work
within the approximation with free triaxiality the quadrupole moments of even-even heavy
nuclei: $%4Sm, 15018py, 196G 162164py 230.232T 232234236238 gnd 240Py has been considered.
The comparison of calculated values of average values of quadrupole moments in ground state,
- and y-bands with experimental data for above mentioned nuclei gives satisfactory agreement.
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ENERGY EFFICIENCY OF THE OIL TRANSPORTATION PROCESSES AND
ALTERNATIVE ENERGY USE

I. Mustafayev, P. Rzayev, H. Mahmudov, N. Guliyeva
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
imustafayev@mail.ru

The energy efficiency of the transportation processes of Azerbaijan oil by pipelines on
Western routes has been assessed. It was shown that the surface facilities of oil pipelines in many
cases, the power supply is realized through autonomous energy sources. Pump stations, pigging
stations, valves, cathodic corrosion protection technics and other facilities are located away from
power electricity lines and energy supply is provided by use of diesel generators. The energy
supply of pumps are operated by turbogenerators. The energy capacity of these facilities are
changes very large-scale, so for example this quantity is 2-5 kW for valve stations and about 1
MW for pump stations. This energy by use of diesel fuel are produced in the power generators.
For example, in the pigging station of BTC oil pipeline about 278.7 MWh electricity are
produced by combustion of 1093,250 tonnes of diesel fuel, and in the pump station is produced
about 5278 MWh of electric energy by combustion of 1451 tons of diesel fuel and 23396 tons of
natural gas per year. During these processes about 80 thousand tons of harmful gases (excluding
greenhouse gases) are emissioned to the environment.

This report dedicated to analysis of organic fuel combustion processes in the autonomic
generators and turbogenerators, definition of energy efficiency of these facilities. The facilities
are grouped by energy capacity.

The opportunity of use of Solar energy as a power sources in the facilities with a total
capacity of less than 20 kW have been analyzed in this report. There are more than 100 such kind
of facilities in the BTC oil pipeline. It has been established the intensity of Solar energy, the
number of sunny days, topographic relief, as well as equipment and technical parameters of the
Solar panels energy sources.

The technical issues of installation of solar panels to energy supply of oil transportation
facilities also are discussed in this report.
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FERMION -PAIR SHELL MODEL AND COLLECTIVE STATES OF THE
SPHERICAL NUCLEI

K. Baktybayev
Al-Farabi Kazakh National University, Almaty
murat.baktybayev@yandex.ru

Several attempts have been made to calculate the interacting boson model (IBM)
parameters from a more detailed microscopic approach [1, 2]. An interesting and challenging
task in nuclear theory is to describe the collective modes of the exchanges in the medium — and
heavy — mass nuclei in terms of fermion degrees of freedom. Since truly large-space shell —
model calculations remain out of reach one has to evoke some type of truncation scheme. The
success of the IBM suggests that S and D pairs play a dominant role in the spectroscopy of low-
lying nuclear modes. Although the size of the S — D subspace is a little and therefore not difficult
to manage, the calculation of matrix elements in a “realistic” S- D subspace is not simple. This
renders the usual coefficient of fractional parentage technique inapplicable. To circumvent this
difficulty, in IBM the S and D fermion pair operators are treated apporoximately as s and d
bosons.

By using the generalized Wick theorem for fermion clusters, the nucleon-pair shell model
has been proposed for nuclear collective motion in which collective nucleon pairs with various
angular momenta serve as the building blocks [2].

Because the computational time increases dramatically with the size of the subspace, one
normally truncates this shell - model space to the collective S — D subspace.

The latter is called the SD-pair shell-model (SDPSM). In the SDPSM, the Hamiltonian is
diagonalized exactly in the S — D space. It is the aim of this paper to study whether the SDPSM
can reproduce the vibrational spectra corresponding to those of U(5) limits of the IBM. In this
paper the model apply to the structure of the isotopes of Pd nuclear. The spectrum and E2-
transitions, were find and compare with experimental quantities.
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THE STUDY OF NUCLEAR STRUCTURE ON THE REACTION COUPLED
CHANNELS ON COLLECTIVE BOSONIC STATES NUCLEAR SYSTEMS

!K.Baktybayev, 'A.Dalelchankyzy, *N.Koilyk, °M.K. Baktybayev
LAl-Farabi Kazakh National University, Almaty
2 Institute of Nuclear Physics, Almaty
murat.baktybayev@yandex.ru

The central problem of modern nuclear physics is to unite the theory of the structure of
nuclear systems with the processes of nuclear reactions. The connection of these two areas of
theoretical research will be advantageous not only to study the structure of these complex
systems, but also to identify the nature of time-dependent processes related to nuclear reaction.
Theoretical study of nuclear structure due to non-stationary processes by nuclear coupled
channels considered earlier [1, 2] abroad. But at the same time as the wave functions of the
nuclei of the target function were taken geometric model O.Bohr and B.Mottelson.

In the 80 years of the last century [3] proposed a method of theoretical studies of the
collective motion of the nucleons in the nucleus, which views such as the state of excitation of
interacting bosons. In this paper is proposed to combine these two theoretical approaches for a
unified description of nuclear reactions take place in the various particles and nuclei. At the same
time as the excited nuclear states will use the eigenfunctions of Hamiltonian of interacting
bosons.

Using a little change computer program ECIS [2] which was written following the above
formalism scattering cross sections for cases the scattering a-particles on the excitation states of
80 were obtained. Realistic calculations were also made in order to fit a large number of
existing in most cases which indicates that the coupled-channel method is a very powerful tool in
explaining various scattering data.
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THE AHARANOV-BOHM EFFECT IN HARMONIC
OSCILLATOR EXAMPLE

M.R. Rajabov, I.M. Nadzhafov
Baku State University, Azerbaijan
m_rajabov@mail.ru

Recently the problem of motion of microparticles in non-trivial topological space has
received a great interest. At this time, besides the change of boundary coordinate of quantum
theory, the form of external field in which particle propagate (move) plays an important role.
One of the problems in which this topological effect takes place is the Aharanov Bohm effect.

In this work the Aharanov-Bohm effect is studied theoretically in harmonic oscillator
example. Harmonic oscillator feels the electromagnetic field where the vector potential exist (
A= 0) but the magnetic field is zero (H =0).

The Schrodinger equation for the case where magnetic field is not present is written as
follow:

2 2 2 H 2 2¢2
h {13 or 1 8‘I’+8\I—’}+Ief(p)8_‘1’+ep F2(0) ¢y _ gy
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0
H, R
H(p)={o /p;R

K is the solenoid radius. The magnetic field outside of solenoid is zero but inside of
solenoid it is a homogenous field directed along z axis.

After solving Schrodinger equation we find that for regions where harmonic oscillator
can not move (evolve) the accumulated magnetic field can deform the energy spectrum i.e.
particle can feel the magnetic field.
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THE NA61/SHINE EXPERIMENT AT CERN

12 M. Gazdzicki
1Goethe-University Frankfurt, Frankfurt am Main, Germany
2Jan Kochanowski University, Kielce, Poland
marek.gazdzicki@cern.ch

NA61/SHINE (SPS Heavy lon and Neutrino Experiment) [1] is a multi-purpose facility
to study hadron production in hadron-proton, hadron-nucleus and nucleus-nucleus collisions at
the CERN Super Proton Synchrotron (SPS). The NA61/SHINE physics goals include: (i) study
the properties of the onset of deconfinement [2] and search for the critical point of strongly
interacting matter which is pursued by investigating p+p, p+Pb and nucleus-nucleus collisions
[3] and (ii) precise hadron production measurements for improving calculations of the initial
neutrino beam flux in the long-baseline neutrino oscillation experiments [4,5] as well as for
more reliable simulations of cosmic-ray air showers [6,7].

The experiment was proposed to CERN in November 2006. Based on this proposal pilot
data taking took place in September 2007. The Memorandum of Understanding between CERN
and the collaborating institutions was signed in October 2008. The first physics data with hadron
beams were recorded in 2009 and with ion beams (secondary ‘Be) in 2011. The first
experimental results were published in [8,9,10,11,12]
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Figure 1. Schematic layout of the NA61/SHINE experiment at the CERN SPS (horizontal cut in the beam
plane, not to scale). The beam and trigger counter configuration used for data taking on p+p interactions
in 2009 is presented. The chosen right-handed coordinate system is shown on the plot. The incoming
beam direction is along the z axis. The magnetic field bends charged particle trajectories in the x-z
(horizontal) plane. The drift direction in the TPCs is along the y (vertical) axis.

NAG61/SHINE has greatly profited from the long development of the CERN proton and
ion sources, the accelerator chain, as well as the H2 beamline of the CERN North Area. The
latter has recently been modified to also serve as a fragment separator as needed to produce the
Be beams for NA61/SHINE. Numerous components of the NA61/SHINE setup were inherited
from its predecessors, in particular, the last one, the NA49 experiment. The layout of the
NAG61/SHINE detector is sketched in Fig. 1. It consists of a large acceptance hadron
spectrometer with excellent capabilities in charged particle momentum measurements and
identification by a set of six Time Projection Chambers as well as Time-of-Flight detectors. The
high-resolution forward calorimeter, the Projectile Spectator Detector, measures energy flow
around the beam direction, which in nucleus-nucleus reactions is primarily a measure of the
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number of spectator (non-interacted) nucleons and thus related to the centrality of the collision.
For hadron-nucleus interactions, the collision centrality is determined by counting low
momentum particles emitted from the nuclear target with the LMPD detector (a small TPC)
surrounding the target.

In this report the NA61/SHINE facility, the beams and the detector system is introduced.
Special attention is paid to the presentation of the components, which were constructed
specifically for NA61/SHINE.
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EFFECT OF HEAT TREATMENT ON MICRO HARDNESS OF ELECTROLESS Ni-P
LAYER UNDER IRRADIATION AND NON IRRADIATION CONDITION

A.A. Garibov, M.Y. Hashemi, T.N. Agayev
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
agayevteymur@rambler.ru

The Ni-P alloys with phosphorus content of 7-15% in form of coating deposited on the
surfaces of different materials are used as anticorrosion protection as well as to increase hardness
of these surfaces. Heat treatment of Ni-P alloys can cause significant changes in properties and
structure. It is well known that heating of as deposited Ni-P layer to temperatures of 300-400 °C
for 1 hour causes a transformation from the amorphous to the crystalline phase. Crystallization of
the amorphous alloys Ni-P leads to various Meta stable phases, which are subsequently
transformed to stable phases. After this phase transformation, face-centered cubic (f.c.c) Ni
austenite and body- centered tetragonal (b.c.t) NisP are present. The hardness of Ni-P deposits
can be increased due to the precipitation hardening of crystalline NisP and Ni phases. This
indicates a possible high reactivity with respect to oxygen [1-3].

In this research the changes of phases and microhardness behavior of Ni-P coated
stainless steel 304 were made using a Vickers micro hardness tester under a load of 10- 200 gr
with loading time 10 s after gamma irradiation in room temperature(R), heat treated in 400°C
under gamma radiation(R/T) and heat treated without gamma irradiation (T) in 400 °C, in H20
environment for 5 hours.

Fig(1) and 2 shows the effect of radiation(R), radiation with thermal (RT) and heat
treatment with out irradiation(T) in H20 environment for 5 hours on the microhardness and
phase transformation of the Ni-P alloys deposits respectivly. Hardness of all samples increase
slightly with an increase in load indention untill 50 g , after this load the hardness of samples
decrease with increas of load indention. It is evident that the increase of hardness with the
increase of load, indicated that phases of top surface are softer than the sublayer phases. With
evalution of line scan , EDX and XRD analyses(fig 2 ) it is evident that top surfaces phases are
phousphor oxides and sublayer phases are Nikel phosphid(NisP) which these phosphid
phases(NisP) are hardness than oxide phases. With deeper indention, the substrate effect (294
HV) is induced by larger loads, and the contribution of the Ni-P coating decreases.

According to achieved results it can be concluded that the electroless Ni-P coatings were
hardened by the formation of the NisP phase and the crystallization of Ni after heat treatment
during the radiation- thermal and thermal process.
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Fig 1: The hardness of heat treated Ni-P coatings in irradiation and non irradiation condition under
various loads.

= infensity a.w.

I~
'

Mi-P {Amarphous)
45 65 ) ‘ ,
20(degree) b v L
a b c

Fig 2: XRD of Ni-P layer: a) before, b) after gamma radiation and c) after heat treatment in high
temperature water (400°C) in irradiation and non irradiation condition.
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EXCITED COLLECTIVE STATES OF "YRAST" AND
"NON-YRAST" BANDS WITH ALTERNATING PARITY
OF LANTHANIDE AND ACTINIDE NUCLEI

IM.S. Nadirbekov, 2N.Yu. Tursunboyev
Ynstitute of Nuclear Physics, Ulughbek, Tashkent, Uzbekistan,
2Chilonzor Medical College, Tashkent, Uzbekistan
nodirbekov@inp.uz

Excited collective states of even-even nuclei with quadrupole and octupole deformations
are studied in the frameworks on the nonadiabatic collective model with the Gauss shape of
potential energy. The rotational states of yrast-band and vibrational-rotational states of non-
yrast-band are considered in detail. The energies of excited states of alternating parity of the
yrast band of 146Ba, 1*4Sm, 184Er, 229Ra, 224Th nuclei; of the yrast- and the first-non-yrast bands of
10Nd, *Sm, %9Gd nuclei; and also of the yrast- and the first and second-non-yrast bands of
18Gd, 22°Ra, 24%Pu nuclei are well described in the framework of proposed model.
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THERMORADIOLYSIS OF THE ISOPRENE-NITRILE ELASTOMER

E.M. Aliyev, Sh.M. Mamedov, A.A. Garibov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
elvinchem01@mail.ru

It is known that irradiation of elastomers by high intense radiation is accompanied with
the significant increase of temperature of samples. In some cases for the acceleration of radiation
vulcanization’s processes, heating of the sample jointly radiation is recommended. However,
influence of thermal-radiation process on elastomers was poorly investigated up to present day.
There is a sketchy data which belongs to influence of temperature on crosslinking rate for BSR
up to 150°C, for NR up to 100°C.

Systematic investigations in accordance with radiation-chemical alterations (cross-
linking, destruction, alteration of double bonds) and especially, physical-chemical properties of
elastomers during thermal-radiation for INE have not carried out up to present days.

According to this problem was dedicated the present work.

As an investigated object isoprene nitrile elastomer which contains 78% cis-fragments
was used. Irradiation with y-beams at 20, 100, 150 and 200°C at 1,42 Gr/s was conducted. For
preventing oxidation of samples which are in plasticine shape (thickness 1 mm) were covered
with aluminium foil.

Investigation methods are the IR spectroscopy (Fourier) and sol-gel analysis. The number
of outputs of cross-linking (Gs) and destruction (Gx) were determined by Charlsby and Flori-
Renhar methods.

It is shown that at 300 kGr dose and 20° in INE significant alterations in double bonds
are not accompanied. At 150°C and at the same irradiation dose the increase of output of double
bonds, especially 1,2-bonds (at 20°C output of 1,2-bonds are absent) is accompanied. It shows
their high reaction abilities during irradiation. In accordance with it occurs the sharp increase of
cross-linking output which is explained by the increase of double bonds.

Acrylonitrile chains in emulsion elastomer which are static show a protective activity
with the decrease of cross-linking and destruction outputs.

It is shown that a difference in strength of emulsion elastomer vulcanizers refers to
increase of irradiation temperature, is decreased by increase of acrylonitrile content.
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INVESTIGATION OF RHEOLOGICAL PROPERTIES OF THE IRRADIATED
ISOPRENE-NITRILE ELASTOMERS

E.M. Aliyev, Sh.M. Mamedov, A.A. Garibov, J.Sh. Mamedov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
elvinchem0l@mail.ru

In rheology of polymers the methodology of viscous flow of diluted polymers has been
sufficiently elaborated. The complexity of the polymers’ flow process creates a problem in
development of flow theory of these materials. Notions about these processes are clear.
However, data about viscous flow process for elastomeric materials is not entire yet.

The aim of this work was the investigation of flow regularities both rubbers and the
irradiated blends on the basis of these rubbers in dependence of following factors: different
tensions and deformation shift rate, irradiation and low-molecular product degree. The flow
regularities of irradiated blends with flow of non-irradiated blends were correlated.

As a result of the investigation was investigated that the deformation shift rate in irradiated
rubbers an abnormal effect in binary blends on the basis of isoprene nitrile rubber is
accompanied in the shape of the decrease of shift tension after progress in some critical tensions
Px.

During investigation of the influence of second component on viscosity of INE during testing
them at irradiation regime (10-20 kGr) the flow is equal 1 sec™’. In accordance with conducted
work the relation was established between rheological properties and behavior of elastomeric
blends on the basis of INE in their formation process.
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THE INVESTIGATION OF DIPOLE EXCITATIONS IN DOUBLE-EVEN W AND
18\W NUCLEI AT THE SPECTROSCOPIC ENERGY REGION

IA.A. Kuliev, °E. Guliyev, 3F. Ertugral, ‘M. Giiner
!Azerbaijan National Academy of Aviation, Baku, Azerbaijan,
2State Agency on Nuclear and Radiological Activity Regulation, Ministry of Emergency
Situations, Baku, Azerbaijan
3Department of Physics, Faculty of Science and Art, Sakarya University, Turkey
“Department of Mathematics, Faculty of Science and Art, Sakarya University, Turkey

The dipole excitations of double-even 8W and'®wW nuclei are studied using the
rotational and translational invariant quasiparticle random phase approximation (QRPA) model
[1]. There, by the selection of suitable separable effective isoscalar and isovector forces, without
introducing additional parameters, rotational invariance is restored for the description of the M1
modes as well as translational invariance for the calculation of E1 excitations. This approach
gives an opportunity to test the validity of the present theory and interpret the experimental states
with unassigned spins and parity in less-deformed transitional nuclei. Theory predicts magnetic
dipole K* = 1" levels for the 24 MeV interval with a summed M1 widths
Brr Op p®&meVfor®wandB7 0Op uv&meV for 84w where our orbit-to-spin
ratio analysis shows most of the levels have a high orbit-to-spin ratio [Mi/Ms|>1 and belong to the
scissors mode states. The contribution of these states to the total dipole transition width is about
80% below 4 MeV. The experimental summed widths for the K™ = 1* states in the same energy
interval are g g (exp.)=7.13+1.26 meV [2] and g g (exp.)= 4.73+1.28 meV [2] for 182\ and-

183w, respectively. The calculated M1 summed width for scissors mode compares reasonably
with experimentally obtained summed width. Though the calculated summed M1 excitations
strength is higher than that of experimental data, possible reason for this discrepancy could be
that the strength in this nuclei is so fragmented that a part of it might have just escaped detection
in experiment [2].0n the other hand, several well pronounced electric dipole excitation with K=1
in spectroscopic region where mainly filled with M1 dipole states is predicted. The total E1

widths for K=1is B/~ ‘Qp  p& meV for W and £ §( B 12.62meV for #w, quite
close to the corresponding experimental value with K=1 Z {J* (exp.)=0.94+0.18 meV [2] and

Z § (exp.)= 2.05+0.59 meV [2]. The theory also indicates the presence of a few weekly

collectivized magnetic and electric dipole levels with K=0. The contributions of these states to
the summed magnetic and electric dipole decay widths are about %?7.
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NUCLEAR PROCESS AND THE HEAVIEST CHEMICAL
ELEMENTS IN THE MAGNETIC STARS

S.H. Alivev, V.M. Khalilov
Shamakhy Astrophysical Observatory named after N., TANAS
sabirshao@rambler.ru

In the base investigate isotopic shifts in the lines were obtained that, several lanthanides
(rare earths) and actinides (Thand U) is present in the atmosphere magnetic chemical peculiar
(MCP) stars. Isotopic shifts in the lines of the heavy elements (Z>74) in MCP stars point to the
fact that we are observing mainly the products of rapid neutron capture (r-process).

In the last time with much progress in the theory nucleosynthesis of chemical elements
and of stellar evolution, a new look at the magnetic stars very developed. Increase of data on the
abundances of heavy elements, especially those with Z>74, pointed to the relevance of the
magnetic stars to the r- process of nucleosynthesis (rapid neutron capture).

The characteristic overabundances in magnetic chemical peculiar (MCP) stars enable us
to treat these objects like show windows for the products of the rapid neutron capture (r-process).
It is therefore of an extreme impotance to have as much information as possible on the heaviest
chemical elements. Such information, for the very heavy elements with Z>74 (W), has
accumulated significantly during the last time. Many rare carth (RE) elements (74>Z<83Bi)
might have been produced essentially in the S-process (slow neutron capture) (Guthrie B.N.G
Astropys. Space Sci. 1972, 15, 24).

All these heavy elements, which are production of the r-process, there are chemically
anomaly (overabundance) in the atmosphere MCP-stars.

An important final decay made of actinides (U, Th) and especially of the transuranium
elements (Pu, Am and Cm) is spontaneous fission. The responsibility of this mechanism for
some abundance anomalies, then was considered as an explanation for the presence of Pm in the
MCP Stars (Kuchowicz B. Astrophys, Lett. 1971, 9, 83). Both the standard asymmetric fission of
U and light transuranium elements, have common feature which is of primordial interest for the
study of the main group MCP stars. The characteristic aspects of the magnetic stars as test
objects for the theory of nucleosynthesis and stellar evolution.

Isotopic shifts in the lines of the heavy elements in MCP stars, and the characteristic
abundance pattern of these elements point to the fact that that that we are observing mainly the
products of rapid neutron capture (Aliyev S.Q. Proceedings of the intern. konf “Physics-2005”,
p.485). In the final it is necessary to note that the large majority of heavy elements, which are the
production of r-process, there are chemically anomaly (overabundance) in the regions spots in
the surface of MCP-star.

It is known that large majority chemically elements (particularly heavy - Z>56) may be
generated by the nuclear reactions, in particular in a stars.

The results of the investigations showed that several heavy elements observed over the
surface of Magnetic Chemically Peculiar (MCP) stars. The large majority this elements (Si, Cr,
Eu, Pm, Os, U and another), which are the production of Nuclear reaction, there are chemically
anomaly (overabundance) in the atmosphere MCP-stars. In this work we present the results of
spektroscopial investigation several individuge magnetic stars, especially 6 Ori = HD37479 and
CU Vir. All the MCP stars spend the prevailing part of their active lifetime as main sequence
(MS) objects. The evolutionary models corresponding to MCP stars show the equatorial
rotational velocity remains practically constant during the MS epoch. However, the
investigations in this paper MCP stars shows. That they rotational periods changes, the origin of
which has not been completely understood get. This stars are rapidly rotating and host strong
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magnetic fields (Be>500Qs) that may be make up the rotating magnetospheres around the
ecuatorial parts this stars.

Individual stars.

1. The spectrum of very young star 6 Ori E = HD37479 is a hybrid of a classical He-
strong MCP-star and a B emission - line star. The presensez of the deep minimal, in the light
curves, cannot be explained in terms of magnetic spots on the surface only. A contribution of
“eclipses” by magnetospheric clouds must be alloved.

2. The famous very fast-rotating silicon MCP star Cu Vir . Amplituds of the light and
spectral variations (Hel, Sill, Crll, HI and other) are reliatively large CU Vir is among the most
freuently studied MCP stars. More over, CU Vir is a unique main sequence radio pulsar. Our
spectroscopic observations obtained in 2006-2010 indicate that the period is now constant.

The equatorial rotational velosity this star very large (Veq =~ 300 K/sen) which very near
to critical velosity as such stars.

The present tense there appear to be three major types of process which may play a role
in the production of very large abundance anomalies in the surface of MCP stars.

These include diffusion of elements in the stellar surface layers, surface nuclear reactions
and internal nuclear reactions. It seems to me that in some possible internal reactons which can
occur in advanced stages of stellar evolution.
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PERFORMANCE DEGRADATION STUDY OF THE ATLAS HADRONIC END-CAP
CALORIMETER

12N. Javadov, ?A. Cheplakov, 1?F. Ahmadov
Ynstitute of Physics, ANAS, Baku, Azerbaijan
2Joint Institute of Nuclear Research, Dubna, Russia

The readout electronics of the ATLAS Hadronic End-cap Calorimeter (HEC) will have to
withstand a demanding radiation environment at the future high-luminosity LHC (HL-LHC).
The heart of the HEC read-out electronics is the pre-amplifier and summing (PAS) system which
is realized in GaAs ASIC technology. The PAS devices are installed inside the LAr cryostat
directly on the detector. They have been proven to operate reliably in LHC conditions up to
luminosities of 1000 fb!, within safety margins. However, at the HL-LHC a total luminosity of
3000 fb?! is expected, which corresponds to radiation levels being increased by a factor 3-5.

The GaAs ASIC has therefore been tested to neutron and proton radiation with integrated
fluences, several factors above the levels corresponding to ten years of HL-LHC running
allowing evaluation of performance parameters, like gain, input impedance and non-linearity of
the ASIC response. This allows an improved estimation of expected degradation of the HEC
performance.

The measured gain and non-linearity of the ASIC response were finally applied to
Monte-Carlo simulations in order to understand their effect on jet measurements in HL-LHC
conditions. Results of the analysis will influence the selection of the future upgrade program for
the ATLAS end-cap regions, in particular, the important decision on the cryostat opening.
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STUDY OF RADIATION-THERMAL DECOMPOSITION OF WATER
ON NANO ZrO2BY IR SPECTROSCOPY METHOD

A.A. Garibov, T.N. Agayev, G.T. Imanova
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
gunel_ismayilova@rambler.ru

There have been studied radiation-thermal decomposition of water in nano-ZrO; in the
temperature range 300-673K by Fourier IR spectroscopymethod. By X-ray phase methodthere
were revealed that the used sample possess centre symmetrical monoclinic crystal structure. It is
shown that the adsorption of water in nanodioxide of zirconium occurs by the molecular and
dissociative mechanisms. There were registered intermediate productsof radiation-heterogeneous
decomposition of water: ion radicals of molecular oxygen, hydrogen peroxide, zirconium
hydride and hydroxyl groups. There were carried out a comparative analysis of changes of
absorption bands of molecular water and surface hydroxyl groups from the temperature and
detected the simulative role of radiation in the radiation-thermal decomposition process of water.

This paper presents the results of IR spectroscopic studies of radiation-thermal
decomposition of water in a heterogeneous system of nano ZrO, + H,O at T = 300-673 K and
impact of y-quantawith the aimto establish the role of intermediate particles and identify
regularities of adsorption-active hydroxyl groups in these processes.

In unirradiated heterosystem in the area of valency vibrations of hydroxyl (OH) groups
after adsorption of water on the surface of dioxide of zirconium there is appear absorption bands,
which indicates the flow of molecular and dissociative adsorption: molecular form of adsorption
(intense broad band with maximum at 3280 cm™ in the region 3500 3000 cm™) and dissociative
chemisorption (relatively narrow bands with maxima at 3580 and 3450 cm™) (Fig. 1, curve 2).
Occurrence of two types of adsorption also confirmed by the formation of PP in the area of
deformation vibrations of OH with maxima at 1630 and 1600 cm™.

Changes in the intensities of absorption bands of molecular water, H-connected and
isolated hydroxyl groups at a fixed dose of irradiation depending on the temperature of the
radiation-thermal decomposition process of the water shows that there is an anti basic
dependence between them.

Thus, an increase in temperature from 300 to 673 K is accompanied by full and partial
destruction of molecular water and H-connected OH groups, respectively formation of isolated
OH-groups.
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A COMPARATIVE STUDY ON NEUTRON-GAMMA DISCRIMINATION
WITH UGF AND UGAB SCINTILLATORS

N. Divani, M.M. Firoozabadi
Physics Department, Faculty of science, University of Birjand, Pardis, Shokatabad, Birjand,
South Khorasan, Iran
n_divani@birjand.ac.ir

Liquid scintillators are widely used for neutron-gamma discrimination in mixed field.
UGAB and UGF scintillators contain low toxic main solution and scintillation materials, the
UGAB in addition, contains a considerable amount of surfactants. UGAB and UGF are being
used in 4x alpha-beta radiation measurement as a liquid scintillation counting (LSC) vial. For
determining surfactant effect on neutron-gamma discrimination capability of these scintillators,
the figure-of-merit and peak-tovalley values factors were measured for them.
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RADIATION STABILITY OIL FRACTIONS FROM BITUMINOUS OIL

I.I. Mustafayev, L.Y. Jabbarova, N.Q. Guliyeva, S.F. Aliyeva-Cicek,
R.S. Rzayev, S.M. Aliyev
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
clala@mail.ru

The object of investigation used oil fractions Balakhany oil fields in Azerbaijan. The
regularities of radiation- chemical transformation lube oil. Laboratory studies were carried out at
intervals of 5-163 kGy absorbed dose and dose rate P = 0,27 Gy/s (y- radiation). Established a
concentration of radiation- chemical yield of gases absorbed in different doses.

Samples of has been analyzed by gas chromatography and IR spectroscopy, and their
radiation resistance has been evaluated. The results of the study allow for both assessment of the
feasibility of manufacturing petrochemicals for various applications by radiation processing.

Mineral oils, petroleum by-products of high boiling (300-600°C) oil fractions are liquid
mixtures of paraffinic, naphthenic, aromatic and naphthenic aromatic hydrocarbons and their
geteroproizvodnyh. Balakhany oil fields of Azerbaijan refers to the chemical naphthenic type,
because it is rich in naphthenic hydrocarbons (to 70%), mainly penta-and hexacyclic naphthenes
and contains iso-alkanes structure. N-alkanes structure absent. In oil fractions (350-450°S)
Balakhany (heavy) oil quantity is arenes (20-36%), represented homologues of benzene and
naphthalene and consist of 1-3 rings.

The aim of this work is to study the radiation resistance of the oil fraction oil fields of
Azerbaijan Balakhany. The results of these studies allow us to estimate the possibility of
radiation-resistant oil for various purposes of radiation-chemical method. We investigated the
heavy bituminous oil fields of Azerbaijan Balakhany, which included the amount of high-boiling
oil fractions boiling at 350-450°S-25, 9%..Experiments were carried out on the source ®°Co
gamma-y-MPX 30 when the power source of 0.27 Gy/s. Oil Fraction> 350 ° C initially freed
from the asphaltene precipitation in a large amount of n-heptane and filtered. To isolate the
mixed resin sample was adsorbed on silica gel. Desorption from the surface of silica gel resins
used solvents (alcohol-benzene 1:4) The resulting hydrocarbon fraction (oil), we were irradiated
at various doses absorbed within (5-163 kGy) to follow the kinetics of the processes. Studied the
effects of gamma radiation on the structural-group composition of the samples of oil fractions

Gas products were analyzed by gas chromatography. Below are the kinetic curves of
accumulation of gases in the gamma radiolysis of oil fraction Balakhany heavy oil (see Figure 1)
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Figure 1. Kinetics of gas (a-H2b.CoHs ) during the gamma radiolysis of heavy oil fractions Balakhany

For Balakhany heavy bituminous oil in oil fractions (350-450°S) present hybrid structures with a
high number of rings (1-4) - pyrene, chrysene, benzo-, dibenz, naftobenztiofeny. This oil has a
high content of paraffin wax, low-sulfur, tar does not exceed 9%, asphaltenes are very few. The
distribution of the saturated hydrocarbons in the oil to lighter fractions is high, and, in more
severe decreases. And this is due to condensed naphthene-aromatic hydrocarbons. With
increasing temperature, boiling fractions increases the concentration of polycyclic naphthenes. It
should be noted that the paraffinic and aromatic polycyclic hydrocarbons are relatively high
stability to radiation. However, the functional groups, especially oxygen, and olefins
radiatsionnoustoychivy less. The stability of these organic compounds to radiation depends on
the potential of excited states and ionization. More stable to radiation are polynuclear arena
consisting of 2-4 rings, which served as a basis to recommend this class of compounds for use as
hydraulic fluids and lubricants operating under relatively high temperatures and radiation action.
These compounds have shown high radiation resistance even under intense y- radiation. Studies
have shown that within the absorbed doses (5-163 kGy) oils have relatively low radiation
resistance compared with resins. This is due to the presence of the resin composition and
polinaftenoaromaticheskih politsiklanovyh compounds and found that when absorbed doses up
to 160 kGy polycondensation processes occur polyaromatic hydrocarbons, leading to an increase
in its radiation resistance. In the investigated concentration ranges of absorbed doses of other
hydrocarbons does not change significantly Balakhany bituminous oil.
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SEARCHING FOR INTRINSIC CHARM IN THE PROTON AT THE LHC

N. Huseynov, G. Lykasov
Institute of Physics, ANAS,

Joint Institute for Nuclear Research, Dubna, Russia
nguseynov@jinr.ru

Despite rather long-term theoretical and experimental study, the hypothesis of the non-
zero intrinsic (or valence-like) heavy quark component of the proton distribution functions has
not yet been confirmed or rejected. The LHC with pp-collisions at Vs = 7-14 TeV will obviously
supply extra unique information concerning the above-mentioned component of the proton. To
use the LHC potential, first of all, one should select the parton-level (sub) processes (and final-
state signatures) that are the most sensitive to the intrinsic heavy quark contributions. To this end
inclusive production of c(b)-jets accompanied by photons is considered. On the basis of
performed theoretical study it is demonstrated that investigation of the intrinsic heavy quark
contributions looks very promising at the LHC in processes like pp — y + c¢(b) + X.
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RESEARCH OF ACTIVITY OF BENTONITES FROM DIFFERENT DEPOSITS

1Z R. Agayeva, *A.N. Nuriyev, 'A.S. Yagubov, ?S.R. Hajiyeva,
3R.N. Mehdiyeva, 3J.A. Naghiyev
YInstitute of Catalysis and Inorganic Chemistry named after acad. M.F.Nagiyev of ANAS
2Baku State University
3Institute of Radiation Problems, ANAS, Baku, Azerbaijan

Environmental condition, pollution of atmosphere, water, soil, quality of products used
by population are basic ecological factors determining health of population. One of these factors
impacting negatively on environment is radioactivity. Radiation background of ecophere forms
precondition for diseases, weakens immune system, increases risk of vascular heart disease,
sensory organs and vision. Radionuclides spread in the body with blood and lymph and settles in
the lungs and accumulating in lymph nodes become the source of radiation.

A number of radionuclides of uranium, thorium and radon series are extracted with oil
during extraction of oil and gas on earth. Radon is 7.5 times harder than air and accumulates in
lower layers of atmosphere. Analysis of radiometric background shows that uranium, thorium
and radioactive potassium contribute its increase. In oil-gas development zone radiation level
usually reaches 69-450 mcR/h at norm 5.7-6.0 mcR/h. Resulting accumulation process on oil
extracting areas, radiation background is observed and this is induced by flow of stratal water
with radionuclides and heavy metals.

Uranium is also a part of multiple minerals and its mineralization is partially related with
clayish and oil-shale, conglomerates of bentonite. Bentonite dry mud is widely used in oil
extracting industry which covers walls of oil well with thick layer preventing oil and gas
penetration. One of the most in-demand is bentonite molding clay (glass-pot clay withstands
temperature up to 1580°C). Its form-holding power in raw and dry condition, gaspermeability,
high bonding properties and tackiness became widely used in metallurgy, introduction of 5%
mineral is enough to make the forms extra strong. In construction bentonite clay raw materials
are used as a hydro and heat-isolation. Solutions which are used in tunneling by HDD method
are prepared on the basis of bentonites. By this way bentonites have found wide application in
many fields of industry.

Considering the abovementioned the study of radioactivity level of bentonites is of
scientific and practical interest. Aim of the research was determination of radioactivity of
bentonite rocks of different samples taken from Gizil Daran and Dash Salahli depending on
occurrence depth. It should be noted that quantity of montmorillonite consisting of mainly
bentonites strongly changes depending on occurrence depth. Bentonite samples of Dash-Salahli
deposit with different quantity of montmorillonite were researched and therefore the study of
impact of montmorillonite concentration on intensification of radioactivity of bentonite rocks
was of main interest.

Activity of radionuclides in bentonite rock samples were determined using gamma-
spectrometer (Canberra) with gel detector HPGe, activity of uranium isotopes were detected by
a-spectrometer (Canberra) «Alfa Analist». The presence of uranium and radium isotopes was
determined on liquid chromatography (Perkin Elmler) TriCarb 3100 TR.
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Results of reseraches were presented in the table.

Radionuclides | Sample 1 | Sample2 | Sample 3 | Sample 4 | Sample 5
Activity of radionuclides, Bk/kg
Pb-210 17.1+£6.5 37.6 £ 6.6 74.6 +£9.1 41.8+ 109 64.6 +9.5
Cs-137 MDA=1.25 | MDA=1.32 MDA =2.2 MDA =28 MDA =3.9
Th-232 42.1+6.5 60+11 77 £ 12 58+£7 69 +12
U-235 1.2+0.3 1.6+03 2.1+0.5 1.9+04 1.6+0.5
U-238 204 +4.5 42+ 6 50.3+£10.6 414+ 9.6 345+ 6.5
Ra-226 203+1.5 33.6+2.1 579+ 14 33.7+1.8 445+2.2
Ra-228 37.0+ 1.8 41.5+2.8 504+1.9 475+2.8 549+ 3.8
K-40 155+ 14 325+ 21 139+ 15 198 £ 19 186 +£21
At 88.6 +11.2 | 139.8+18.3 | 170.6+18.4 | 126.5+12.6 | 150.7+19.7

Analysis of obtained results enabled to conclude that radioactivity degree of bentonite
clays depends not on occurrence depth, that is quantity of montmorillonite, but on location of
reservoir management.
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EVALUATION OF UNCERTAINTY IN 23Pu MEASUREMENT IN BILBERRY BY
ALPHA-PARTICLE SPECTROMETRY AND LOW-LEVEL LSS

N. Aslan, M. Seferinoglu, P.E. Erden, A. Kurt
Turkish Atomic Energy Authority, Saraykéy Nuclear Research and Training Center,
Ankara, Turkey
meryem.seferinoglu@taek.gov.tr, mseferinoglu@hotmail.com

This paper reports the qualification of measurement uncertainties associated with the
results of activity concentration of 2*°Pu in bilberry by a-particle spectrometry and low level
liquid scintillation spectrometry (LSS). The plutonium on earth is an anthropogenic element
being created within the past seven decades by human activities involving fissionable materials.
Determination of activity concentrations of plutonium isotopes in the environment at trace and
ultra-trace levels with high accuracy and high precision is very important for monitoring of the
human pollution especially following a nuclear accident [1].

The measurement of radioactivity via any radiometric techniques should be performed
with sufficient accuracy and realistic measurement uncertainty to obtain valid result with high
accuracy and high precision. The measurement uncertainty is an essential part of the assessment
of the measurement result [2]. Recently, more attention is given to the evaluation of the
measurement uncertainty and to the preparation of uncertainty budget. However, there is no
common procedure for the estimation of a realistic uncertainty.

In this study, a procedure for evaluation of the measurement uncertainties for 23°Pu
analysis by a-particle spectrometry and liquid scintillation spectrometry was investigated and the
steps in the analytical procedure that contribute considerably to the combined measurement
uncertainty were identified.
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THE USE OF POLYETHYLENE COMPOSITIONS WITH SPECIAL PROPERTIES

V.J. Jafarov
Institute of Polymer Materials, ANAS
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In the protection of ecological balance the efficient and purposeful use of natural mineral
resources is an actual problem. Ecological balance change in nature is a serious danger.

One of the main dangerous factors influencing environment is radioactive elements in
local sectors is in excessive norms.

Environmental purification from radioactive elements is an actual and important problem.
The various ways of solution of the problem are known. The creation of board coverings from
adequate polymer sorbents and efficient use is considered scientifically significant to obtain
partially solution of the problem. The use of polymer composition materials in radiation
condition is researched in limited scale. The main reason of this — during radiation process
material changes its property and its quality minimizes, as a result the exploitation indicators can
not respond to demand.

In introduced work mainly is meant modification of polymer-polyethylene with their
functionalizing make possibility to achieve enduring composition materials against radiation.

Along with it, the solution of the problem depends on structure, composition,
functionality of used polymer, also temperature, and destruction norm of ionizing factors.

So it is planned on the base of polyolefin (polyethylene) existing in Republic and systems
filled with local natural mineral fillings but also creation of new generation of polymer
composition materials with polymer appret synthesis and modification of obtained polymer
composition (PC) with different components, preparation of metal and metal oxide compositions,
definition of their resistance against radiation and continue research in this sector.

Lower Density Polyethylene (LDPE) in the creation of sustainable polymer compositions
against radiation rays and creation of filled system in various proportions with mineral fillings on
the basis of their waste is the main essence of the work.

In this regard:

e Preparation of new generation polymer compositions on the basis of polyolefins and
natural mineral resources.

eIn the creation of polymer composites, synthesis of selected polymer apprets with
functional compositions.

e Determination of the optimal amount in polymer apprets composites.

e Research in prepared samples getting composites with apprets and without apprets and
their resistance against radiation and explore comparative results of structure changes.

¢ Obtaining of polymers and oligomers keeping various functional (amine, chlorine,
anhydride, carboxyl. hydroxyl) groups and preparing of compositions on their basis.

o Study of properties of compositions, give adequate advices as a main purpose of research
work is considered efficiently both ecologically and economically.
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SEPARABLE POTENTIALS FOR BOUND STATE CALCULATIONS
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Separable potentials are very useful in the numerical solution of the many- body problem,
where they allows to decrease the dimension of the integral equations. So the separable
expansion schemes are extensively used in solving both scattering and bound states of a few -
body systems. There are a large amount of separable expansion schemes for the two body
potential which allows to make the transition operator t satisfying the Lippmann — Schwinger
(LS) equation

t=V+VGot

to be separable, where V is the potential and Go is the free Green’s Function. It was found that
using these schemes a rapid convergence could be obtained in numerical calculations.

In this work we use one of the separable expansion schemes proposed by Ernst, Shakin
and Thaler (EST) [1] for the nucleon-*He potential V.. This scheme enables to provide the
potential in a separable form which is equivalent to a given potential.

In the maximally simplified model that proposed in [2] for n interaction, the local part of
the potential is identical for all states, simulates the attrac-tion of the neutrons to the-particle
nucleons, and has a range in excess of 2 fm. The form of the potential in momentum space is

o A - Agp—— Agp—— |

where a = 0.431 fm™tand A = -50.208 MeV. This potential describes simultaneously the S-wave
¢ | phase shift and low-energy scattering parameters ao= 2.4641 fm and ro= 1.385 fm as well as
both P-wave phase shifts on average.

Generally, a rank N separable potential has the form

@ 00 60

h

In the EST scheme an object $QO ws Cis the solution of the LS equation for the angular-
momentum eigen-state § O ) ) )
$O0O 20 00w O

at energy E = En, where @ Oiis the incident plane wave and _ [ [ .Requiring the
equivalence at N energy points, the rank N form of the separable potential is derived by use of
the wave functions at the N energy points. The equivalence between separable potential and
original one at the N energy points is built in. However the equivalence of the t operators due to
each potential off energy shell is only approximate. The form factor of the separable potential for
the state with an angular momentum L is defined in momentum space by

hi(p) hgws a (1)
The right-hand side of Eq. (1) is parametrized as follows:
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The parameters Ciin and fLin in (2) were defined from the minimum of the following parameter

xn

2_,v00§h(b|— S
TR s 8

The parameters C.,fL and A for the N = 4 rank separable potential in all partial waves are (4x4)
dimension matrices. We displayed their matrix elements below for the S -wave case when L =0

at the energy points of 5,10, 15, 20 MeV:

CTHOO Y PAMT WWT @ WPLUWY Gp XK C QO TT
5 "O& C@ WWTM TP &Y UL WC @ PET U P VTR T C YT Q
PROLTPYWEBCXYP W XOUVTXBTYQPULOT

08 pWI MTWOH QX ¢ OTCROP P WYITP MAITO 0 p X
PRCPOPROT T PP QX MTPATOP G QT
PR CWWPRP X MK QP TIPH T P UL G

T QOePPHVCPIRNTOC FRDWT LY PT

T CPT OWUYPPXEX PP PR P QWP

TMIUTXTYMWIX QWOTWINCMOY@@Ioopp w

04 TBIX QWO T CPPTR UP GOV TBIP X X P U

= Tﬂrnqncpwu@umpommpwpcmwpucnn
TBIOOPPOWBIPXXPULUOID YPUCTBG CPTUT

Here inside the square brackets the units of the Cy, S and A are showed. By use of the orthogonal
pseudo potential method we constructed a new na- potential which takes into account the
forbidden state in n-o system. Three - body bound state calculation of the ®He nuclei using this

separable potential in the (*He + n + n) - channel is under way.
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A AE-E TELESCOPE BASED ON TIMEPIX PIXELATED SILICON DETECTOR FOR
REAR FISSION MODE PROCESSES
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New types of multi-parameter detectors can be effectively used to reinvestigate some
properties of the fission process. Silicon based Timepix pixelated detector is a multi-parameter
detector which gives simultaneously information about position, energy and time of arrival of a
particle hitting the detector. Applying AE-E method to these detectors makes it possible to
determine types of detected particles, separating them by charge.

A AE-E telescope which consists of thin silicon (12 um) and silicon based Timepix
pixelated detector (300 pm) is used for particle identification. The telescope provides
information about position, energy, time and type of registered particles.

A AE-E TELESCOPE
One side of the de-e telescope consists of 12 um thin silicon and 300 um Timepix

pixelated detector. The thin silicon detector is used for AE measurement and the Timepix
detector for E measurement. A simplified electronics scheme of the set-up is presented in Fig. 1.

e

-
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Fig.1. Schematic presentation of the detector configuration. One side of the set-up has a thin 4E-detector
(12 um) and the hybrid pixel detector Timepix as E detector (300 um).

TPX cuput trigger sigral

All signals from the AE detector are first pre-amplified. Signals from a charge-sensitive
preamplifier are split in two parts. One part of the signal is fed to a spectroscopic amplifier for
energy measurements and the second to a fast timing filter amplifier, then to constant fraction
discriminator for triggering the Timepix detector (E). A 250 MHz DT5720 CAEN digitizer is
used for pulse height spectrum measurements for the AE detector [1].
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Main part of the telescope is the hybrid pixel detector Timepix. It is used as E detector.
Timepix is equipped with a single discriminator per pixel and works either as a hit counter, as a
timer relative to the detection of the particle, or as a time over threshold counter. In summary,
each Timepix pixel is equipped with a counter operating in one of the three modes: Medipix
mode (the counter counts incoming particles), Timepix mode (the counter works as a timer and
measures time of the particle detection) and Time over threshold (TOT) mode. In this last mode
of operation, the Timepix is analogous to a Wilkinson type ADC, allowing direct energy
measurement in each pixel. From its time over threshold (TOT) mode of operation, the Timepix
device can count the amount of charge being deposited by a particle in a given pixel element.
Timepix consists of 256 x 256 square pixels with pitch of 55 um [2]. The total energy of the
particle is measured by summing over all pixels in the cluster of activated pixels. The measured
charge distributions can be fitted to a Gaussian shape, permitting the determination of the point
of interaction of the particle in the device with sub-pixel precision. Its spatial resolution can be
achieved down to few pm [3]. Timepix detector is controlled with the special readout interface
FITPix and plugged to PC via USB [4]. The interface can be controlled via Pixelman software

[5].
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KINETIC STUDY OF WATER RADIOLYSIS ON THE SURFACE
OF AL203 NANO-CATALYST
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Institute of Radiation Problems, ANAS, Baku, Azerbaijan
hokman.mahmudov@gmail.com

Nowadays there is a growing interest to scientific researches being carried out in the field
of a radiation-chemical transformation of water and hydrocarbons on the surface of nanocatalysts.
Extensive researches being conducted in this field might play a substantial role in finding
solutions to a lot of global problems and could lead to significant changes. Searching for an eco-
friendly, high-quality energy sources, the application of nanomaterials and alternative
technologies in an efficient use of them will bring to creation of new scientific directions and
strengthen scientific researches in this field. The research we are carrying out puts forward as a
main purpose to study the laws of the rise in hydrogen output during the formation of molecular
hydrogen at the result of radiolysis of Al,Os nanoparticles of different sizes in liquid solutions and
the use of Al,O3 nanoparticle catalysts.

Radiolysis process carried out under the influence of gamma rays at a room temperature
in the presence of nanoparticles of different sizes. Nanoparticles and bidistilled water in a ratio
of 1:100 were taken. The experiments were conducted under stationary conditions, samples were
irradiated by gamma rays at an isotope®®Co with dose rate P=1.04 kGy/h.

The dependence of H> concentration on adsorbed doses is given figure 1. From the
obtained Kinetic curves it seems that though in the range of 0 + 20 hours the formation of
molecular hydrogen rises linearly, in next interval of irradiation time t = 20 + 60 hours relatively it
goes down to approaching stationary state .

As can be seen from Figure 1 molecular H2 produced on the surface area of the catalyst
within 10 hours of at a linear kinetic region had the rate W = (2.78 + 3.89) * 10%* molecules/(g *
sec), and the radiation-chemical output as G (H2) = 13.8 + 19.8 molecule/100eV.

The main essence of radiation catalytic processes is transferring the unbalanced charges
formed by absorbed ionizing radiation energy on the surface of the catalyst to the adsorbent
adsorbed on the surface of the catalyst or the system.

40 =—5nm 20 nm =fe=40 NM

S 35

by

Zz 30

5

%— 25

S 8 5

c o

g e

8 15

2 10

8 5

(@]

F oo

0 50 100
Irradation time, hour

Fig. 1. The kinetic dependence (Mpar/water = 1:100, mparr = 0.01 gr., t = 24°C, P =1.04 kGy/h) of
molecular hydrogen produced from the radiolysis of water and d = 5,20,40, and 50 nm-sized
nanoparticles Al;Os.
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Volume of aluminum oxide catalysts and the transfer of the defects formed on their
surface, and a continuous transfer of them to the water system from the surface boost new
excitation, ionization, and steady transformation processes in environment, resulting in the
increase of hydrogen output. As a result of the influence of ionizing rays the number of active
centers on the surface of the catalysts varies depending on the specific surface of catalysts. Thus,
the more specific surface rises the more output of molecular hydrogen increases, at the same
time, as can be seen from Figure 1, the smaller sizes of nano-catalysts are, the more hydrogen
output goes up relatively (t = 40 h, NsnmNsonm = 1.64).

Depending on the size of the given nano-particle describes the investigation of molecular
hydrogen yield. The obtained schedule can be divided into two parts; the output from the 20nm-
sized nanoparticles is more than that from 40 nm-sized nanoparticles for 1.38-1.64.

One of the main reasons for higher transmission of ionizing beam energy to the water
system and the decomposition of the system under the influence of the radiation is more likely an
equal distribution of catalysts in the system and the system itself being homogenous. If the more
water molecules are in contact with the surface of the catalyst, the more rapidly the transmission
of the surface energy and water decomposition would take place.
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EXCITATION OF ISOMERIC STATES IN REACTIONS
(y,n) AND (n,2n) ON #Sc, Ge AND & Br
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This work presents results of investigation of the isomeric yield ratios n= Ym/(Ym +Y) of
the “°Sc(y,n)*m9Sc, 4°Sc(n,2n)*Mm9Sc, ®Ge(y,n)"™IGe, "°Ge(n,2n)"™9Ge, 8Br(y,n)*™9Br and
81Br(n,2n)®M9Br reactions. The isomeric yield ratios were measured by the induced radioactivity
method. Samples of natural Sc, Ge and Br have been irradiated in the bremsstrahlung beam of
the betatron SB-50 in the energy range of 10+-35 MeV with energy step of 1 MeV. For 14 MeV
neutron irradiation we used the NG-150 neutron generator.

The gamma spectra reactions products were measured with a spectroscopic system
consisting of HPGe detector CANBERRA with energy resolution of 1,8 keV at 1332 keV
gamma ray of 8°Co, amplifier 2022 and multichannel analyzer 8192 connected to computer for
data processing. The filling of the isomeric and ground levels was identified according to their y
lines. The results of calculation are given in the table below (28+30 MeV).

Reaction E i AdleV

28 29 30

453 A} #hedc( 0,18+0,02 | 0,17+0,02 | 0,17+0,02
6Ge( ,n)’>m9Ge| 0,56+0,01 | 0,56+0,02 | 0,55+0,02
81Br(y,n)8m.9Br | 0,31+0,02 | 0,32+0,02 | Thop M

In the range 26-35 MeV the isomeric yield ratios Ym/Yq of the reaction (y,n) on °Ge, 82Se and
81Br are obtained at first. Using the isomer yield ratio and the total cross section of the (y, n)
reaction on Sc, Ge and Br [1] we estimated the cross sections of (y, n)™ and (y, n)? reactions. The
cross section isomeric ratios at E,=En are estimated.

The experimental results have been discussed, compared with those of other authors as
well as considered by the statistical model [2]. Theoretical values of the isomeric yield ratios
have been calculated by using code TALYS-1.0.
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ASSOCIATIONS IN THE TWO-NUCLEON TRANSFER REACTIONS
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For explanation the mechanisms of processes with nucleon transfer is widely used
association model [1]. According to this model, transmitted neutrons in (t, p) reactions, exist in
the nucleus as association. Bineutron association in the triton is different from free nucleons, as
they are surrounded by other nucleons. This field leads to a change in the association properties
as compared with the free neutrons [2].

Consider the reaction process t+ A— B + p in the laboratory system and assume that

the momentum transfer to the nucleus B can be ignored.
Wave function of the initial state can be written as:

O, = TA('f)I:t(ﬁ)f S(F’/_j)lllz,mt , 1)
where (&) - wave function of the nuclei A, F, (ﬁ) distorted wave function of the triton, T,

radius vector of the center of mass of the triton, fs(F,,B)- wave function of internal motion of

r, —T

Ny

the triton, r = , p - distance from the proton to the center of gravity of the bineutron

association, S indicates the spin state of the captured neutrons - spin function of the triton. The
possible angular momenta were limited by the symmetry.

Association model neglect the internal structure of the associations and effects of the
Pauli principle between the nucleons in the associations are taken into account by introducing a
short range repulsion between the clusters. The orthogonality condition model and excluded state
model treat the associations as elementary particles, but include effects of the Pauli principle in a
more microscopic way.
The final-state function describes as state of the nucleus B, which consists of a nucleus A,
bineutron association and the free movement of the proton. It can be represented as:

D, = \Ps(é ﬁ)f (Fp )?(1/2,mp ) 2)
where f(Fp) distortion function of the proton, R - the radius vector bineutron association,
Xirzm, - spin function of the proton.

Matrix element of the transition from state i to state f can be written as follows:

My = [ £ )om Yal6R) V RO ) (F )om d&dpdFR — (3)

Expanding the plane waves F(IZt ) ﬁt) and f(IZp T ,) of spherical functions and taking into account
the orthogonally of the spin functions, for the transition matrix element we obtain the expression:

MS0 =6, S+ 1L+ D) [we (e, RI (W ()i (kR )i, (k RjadrdRdR,  (4)
I,L
A B
A+2
The overlap integral I‘P;S=°(§, Ii'){JA(g)dgg is a major factor of the matrix element. It takes into
account the structure of nuclei in the initial and final states. If the energy E1 and E of the first

where R’ =
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and second neutrons are close to each other, radial functions strongly overlap and then are
captured by
"correlated” pairs of nucleons.

Problem in solving such problems is the separation of variables, because it affects the
possibility of analytical calculation of integrals over the angular variables, as well as for those
variables that are not associated with the interaction of particles.

When associations overlap, resonating group wave functions and shell model wave
functions can be very similar after antisymmetrization. On the other hand, when associations are
somewhat separated then resonating group wave functions can include correlations which are not
naturally described by shell model wave functions. It has been suggested that bineutron
association is acceptable if the time during which the association maintains its structure, is large
compared with the time when neutrons are in a dissociated form, and there is no exchange of
nucleons between fragments associations. The best wave function was found by minimizing the
energy. A better wave function is obtained by projecting angular momentum and minimizing
after projection. A still better approximation is to take a linear combination of these wave
functions.

In the argument, that the radial wave function of two neutrons which form association
captured nuclei close to each other, this leads to the formation of bineutron association on the
nuclei surface. In this approach, the proton is emitted at the same point, which is captured
bineutron association. This approach gives a good description of the scattering at high energies.

In the work we used the zero radius approximation. If there is needs for a finite radius of
interaction for the calculation of exchange processes are more or less obvious, in order to
calculate the direct processes in reactions with light associations seemingly can restrict zero
interaction radius.
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ASSOCIATIONS IN THE NUCLEI PROCESSES WITH SPIN-ORBITAL
INTERACTION

S.G. Abdulvahabova, N.Sh. Barkhalova, T.O. Bayramova
Baku State University, Azerbaijan
sajida.gafar@gmail.com

In work [1] studied the scattering of protons by nuclei with knocking nucleon associations
excluding the spin- orbit interaction. In this paper we take into account the impact of this
interaction. Since we considered energy region lies below the threshold meson production, the
impulse approximation is used.

Let proton momentum [, falls into the nucleus with mass number A and the reaction takes place

A (p, pX )A- X, after that the proton momentum to become equal P, . Association ejected from the
nucleus acquires momentum p, .

For the calculation of the matrix elements of the process should be to determine the wave
function in the initial and final state. Wave function of the initial state we choose as

¥=e“"W, (IM, T M;)
1)
where ko = po/h-wave vector of the proton and w, is wave function of the nuclei A. The total
wave function is the antisymmetrized product:
\PA = \Pa\PbLP(Rab)’ (2)
where v, and , are inner antisymmetrized wave functions associations a and b. Wave

function w(r,,) of relative motion of the clusters can be found by a variational principle and

satisfies a Schrodinger equation with a non-local Hamiltonian.

The wave function of the nucleus A is characterized by the total angular momentum and its
projection Ji, M;,, total isotopic spin T and its projection M. A similar set of quantum numbers
(j, m;) and (t, m) characterize clusters a and b. In this case, the wave function of the nucleus A
has the form

lPA: ‘//(J i M J,Ti MT, ) = zii eiﬁu RIJ’ (qR(a’ b))YI:;n (dQ) C??niajbm Glfnr:]sms (dQRab) (3)
smsl,m,,j,mj

where q is the momentum of the relative motion of associations, Y,;I (dQ) - spherical function,
C®™ _ _odds on the Clebsch -Gordan coefficients, Gljnmsm (dQ,, ) spin - angular function.

Jamajbm
For the final state wave function, we have
P, =Mk xglihx (] M, TeM; )¢ M, T, ) (4)
Here ¢(JxM; Ty M; )the internal wave function of the association X, #(J;M; T; ) the wave

function of the final nucleus A-X, r, and r, . the coordinates of the centers of mass of these

nucleus, g the momentum of the relative motion of association X and the final nucleus.
In the plane wave approximation the matrix element of the reaction has the form

Fif :(le ’TpX\Pi)v (5)
1
T
> E —Ex —U+in P

Tox =Vx +V (6)
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where Vpx the potential interaction of the proton with all nucleons association X; U potential,

determines the interaction with other nucleons X nucleons; E; = pi2/2mp -¢&,, (€, binding

energy association in the initial nucleus A); Tpx the total kinetic energy of the proton and
particles of the association.

Choose the potentials Vpx and U in the following form:

V =V +Vj, (7)
where Vn the nuclear potential as Woods - Saxon:
-V
v, = : ; ®)
1+ep(r-R,)/
Vis the spin-orbit interaction:
av, -
V, =V, —2(5)- 9
Is 1 dr ( S) ( )

In the impulse approximation, the matrix element with the wave functions (1) and (4) has the
form:

A 1/2 )
F, = FO(XJ (27m)"*(A=X, 3 M, Ty XI, M, Ty @9 ) AJMT,) (10)

where F° the free - particle scattering amplitude p and X in the center of mass of the nucleus A
FO = (" pppy [Tox| €™ Pk ) - (12)

Factor [ ] takes into account the identity of nucleons, of which the association is formed [2].

The main feature of the integrals appearing in expressions (10) and (11) is that the interaction
potentials and wave function of the relative movement and distorted waves also depend on the
relative different combinations of variables. Furthermore, they are presented in nucleon
variables. The problem of separation of variables is very important because of its solution
depends on the possibility of analytical calculation of integrals over the angular variables, as well
as for those variables that are not associated with the interaction of particles.
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CENTRALITY DEPENDENCE OF PSEUDORAPIDITY SPECTRA
OF CHARGED PARTICLES PRODUCED
IN THE NUCLEUS-NUCLEUS COLLISIONS AT HIGH ENERGIES
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We have analyzed the pseudorapidity spectra of charged relativistic particles with B < 0.7
produced in Pb + Em (at energy 158 A GeV) reactions as a function of centrality. The relativistic
nucleus beams were obtained from SPS machine. The number of g-particles (particles with 0.23
< B <0.7) has been used to fix the centrality. We used maximum entropy method for analysis of
experimental data of 2%®Pb + Em at 158 A GeV/c (628 events) [1-3]. The data were analyzed in
the following steps: The pseudo rapidity spectrum for s-particles (at different values of g-
particles (Ng) too) was created using experimental data and data coming from the Cascade
model [4]; The MEM [5] was applied to define structure of the spectrum. The methods could
extract some peaks in the spectrum; the observed peaks were fitted using MATLAB.

Our special analyses as shown in Fig.1 demonstrate that the peak is not reasonable. So we
can say that IV peak exists only for experimental Pb + Em reactions at 158 A GeV and connects
with events with Ng = 15-20, most central events. The result is strange because of the peak
observed at nc ~ 6.5—forward particles area. We think that this result can be explained using
some collective nucleon effect in the most central events. It may be a signal on coherent prompt
particle production in heavy ion collisions at relativistic energies. The four-peak structure
behavior can be explained in the framework of two-cylinder model [5] as a contribution of a new
source connected with collective effects or shifts of different sources on centrality and energy.
The two-cylinder model is now renamed to the multisource thermal model [6-8]. In the model,
there are four sources, namely target cylinder, projectile cylinder, leading target nucleons, and
leading projectile nucleons, which appear as four peaks in the pseudorapidity distribution.
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Fig. 1 (a) The fitting results for the cases which contain the fourth peaks: PbEm (at 158 A GeV) for
experimental events with a number of g-particles Ng = 15-20 (right panel); (b) PbEm (at 158 A GeV) for
simulated events with a number of g particles Ng>20 (left panel)
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IMPROVED CAPACITY IN IONISING RADIATION METROLOGY
AT SANAEM

U. Yiicel
Turkish Atomic Energy Authority, Saraykéy Nuclear Research and Training Center,
Radiation Metrology, Ankara, Turkey
ulku.yucel @taek.gov.tr

Turkey is planning to build nuclear power plants in the south and north coasts to supply
the ever-increasing energy demand. The nuclear power plants based on old Soviet technology in
Armenia and Bulgaria close to Turkey’s borders also makes constant monitoring of
environmental radioactivity extremely important due to public health and environmental
contamination concerns. Increasing the number of radioactivity measurement laboratories and
supplying them with the required reference standards and the knowledge of how to use them for
getting accurate and traceable measurements, becomes a primary concern. Radiation Metrology
Division at SANAEM has been established in 2012 to provide uniformity and reliability of the
measurements in the field of ionising radiation metrology by R&D studies and by constituting,
developing, keeping and extending internationally accepted reference measurement standards
and techniques.

Turkish Atomic Energy Authority is the designated institute (DI) for ionising radiation
metrology in Turkey. Although there have been several individual studies in radionuclide
metrology at the TAEK-SANAEM in the past, metrology studies began formally in 2009 with
the EU project TR080209,*‘Improving Chemical and Ionizing Radiation Metrology in Turkey.”’
This three-year project, which allowed seven researchers be trained in radionuclide metrology at
the JRC-IRMM (Geel, Belgium), aimed to increase the institutional capacity of TAEK research
centers in ionizing radiation metrology. In addition, two national projects run parallel to this
project—one to establish a secondary standardization dosimetry laboratory and one to set up a
radionuclide metrology laboratory—at the TAEK-SANAEM. Construction of the radionuclide
metrology laboratory has been completed, and equipment has been installed. The laboratories
were equipped with a Compton suppression spectrometer (Canberra), different sizes of PIPS
detectors (Canberra), an ionization chamber (Southern Scientific) and source preparation
equipment for the secondary radionuclide standardization methods that are planned for the
radionuclide metrology laboratory, including HPGe detectors, high resolution alpha
spectrometers, ionization chambers and liquid scintillation counting systems. Some primary
activity standardization studies are also being conducted. A high resolution alpha spectrometric
system with accurate dimensions was designed and installed for primary standardisation. The
design and construction of alpha source preparation systems are ongoing. The CIEMAT-NIST
method using a Quantulus ultra low level liquid scintillation spectrometer is being used as a
primary standardization method. Other setups, such as 4 @ y—counting with a well type Nal (TI)
detector system was designed for primary standardisation. Detector was modelled in Penelope
and EGS4 Monte Carlo codes for total efficiency calculations. A commercial TDCR (triple-to-
double coincidence ratio) system was installed. Validation studies are ongoing. 4 m P—y
coincidence counting systems are still in the design phase.

TAEK-SANAEM participated in the Supplementary Comparison Test (CCRI(I1)-S8 on
radionuclide activity measurements (Radionuclides: K-40, Cs-137 and Sr-90) in reference
materials — Bilberry) which is conducted by CCRI (Consultative Committee for lonizing
Radiation) of BIPM, and submitted 3 CMC claims on Cs-137, K-40 and Sr-90 in foodstuffs to
EURAMET. These are under review.

In 2013, the first Proficiency Test “Determination of Activity Concentrations of
Naturally Occurring Radionuclides in Soil” has been organized following the workshop on
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“Environmental Radioactivity Measurements” held at SANAEM for the researchers and
academic staff from universities. Measuring and reporting Ra-226, Th-232 and K-40
radionuclides in soil sample have been asked from the 16 participant laboratory which TAEK
donated gamma spectrometers. Over 50% of the 12 laboratories who sent their results passed
the proficiency. Since the laboratories and the staff were new, the rate of success was not as
high as expected. Nevertheless, this PT was a valuable chance to show the general view of the
laboratories and to help them to increase the quality of their measurements.

SANAEM participated in EMRP (European Metrology Research Program)
coordinated joint research project “JRC-ENV57 — Metrology for Radiological Early Warning
Networks in Europe” and will exclusively take part in the work packet titled “WP2 — Airborne
Radioactivity Monitoring Networks”. This three-year project will start in the second half of
2014.

SANAEM proposed a Technical Cooperation (TC) project to IAEA with the objective
of strengthening the measurement and calibration infrastructure for radionuclide metrology in
Turkey by writing clear procedures for the production of radioactive reference materials,
establishing primary radionuclide standardization techniques and organizing comparison and
proficiency test exercises. The project is planned to start at 2016 collaboration with BIPM and
the experienced metrology institutions in Europe, such as PTB, IRMM, LNHB, NPL and CMI.

In addition to the radionuclide metrology laboratories, when the construction of
Secondary Standardization Dosimetry Laboratories (SSDL) is completed, SANAEM aims to
play a leading role in Turkey, in the Middle-East and among the Turkic Republics as reference
radioactivity and dosimetric measurements service and as reference material and PT provider
with the well-equipped ionising radiation metrology laboratories and experienced staff through
the international collaboration projects, by taking the needs of the region into account.
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THERMAL LUMINESCENCE OF PETROLEUM LUMINOPHORES
ACCUMULATING OF ENERGY OF y- RAYS, THE LIGHT OF SPARK AND
MERCURY-LAMP
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'E.1. Azizbeyli, *H.V. Mahmudov
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Many organic and inorganic compounds adsorbing in UV, visible and infrared range of
spectrum efficiently accumulate and create the solar energy. Recently the various variants of
adsorbed energy are investigated: heat engineering, photo- biological, photo-physical and
chemical (including thermo- and photo-chemical processes).

The conversion of solar light energy to the proper light energy to the defined part of
visible spectrum range is of great interest for the most of the scientific-technical issues. The oil
luminophores (OL) that have a series of specific features particularly possess these properties.
Oil luminophores accumulate and convert solar light in UV- range of spectrum to the visible
light severely defined wavelength. Fractions of catalytic cracking and pyrolysis with the boiling
temperatures of 200-300, 300-350, 350-400 and higher 400°C have blue-purple, bluish-blue,
green and yellow luminescences under the influence of UV-light, Al-spark and mercury lamp
(PRK). In all these cases under the influence of UV-light occurs the photo-physical processes
conversion of energy with molecules of aromatic hydrocarbons (AHC) of luminophore according
to the following scheme:

AHC (S) +hvi--- AHC* (S*)---AHC (S)+ hv 1)

It should be noted that under the influence of UV-light, Al-spark and mercury lamp in OL
occur not only energy conversion, but also it accumulation. The latter carried out by two-
guantum ionization of AHC:

AHC (S) +hvi-—- AHC* (S*)---AHC*(T)
AHC*(T)+ hva--- AHC**+¢" )

On the other hand, accumulation proceeds by the way of sensibilized decomposition of the
excited molecules of naphtheno-paraffinic hydrocarbons (HR) that are the parts of OL.:

AHC*(T)+hvz +RH --- AHC*(T*)+RH --- AHC(S) +RH* --- AHC(S)+R*+H* (3)

where S. S¥, T, T*—are respectively basic and excited singlet and triplet state of AHC molecules,
e — electron.

During irradiation of OL rays which have the high-energy along with reactions (2) and
(3) occur the direct excitation and ionization of molecules of naphtheno-paraffinic hydrocarbons
that are not inconvertible and in the result of ionic-radical reactions are converted to the

carbocation and radical R* :

RH™ +RH - RH, +R’ 4)

Thus, in the result of irradiation of OL with the quanta of various energies, as a whole, is
generated five kinds of paramagnetic particles: electron (e), alkyl radical (R*), atomic
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hydrogen, cation-radical (AHC"*), anion-radical (AHC *). These particles are stable at the
temperature of liquid nitrogen (-196°C), therefore irradiation of OL was conducted at this
temperature.

Accumulated energy releases during the heating of irradiated OL in the form of light
energy in recombination of ¢ (at -196°C), H* (-165°C), O2 (-108°C) R* (-75°C), AHC** (at the
temperature of solidification of OL — 26°C) according to the following scheme:

e +AHC*" ---AHC" -- AHC+ hv

H*+H + AHC*"--H; + AHC+ hv

O +R- + AHC*"---RO2 + AHC+ hv (5)
R*+R + AHC*"--- Ro+ AHC+ hv

AHC* +AH""--- 2 AHC"---2hv

As it seen from (5) in all variants of reactions recombination of the particles the same
quantum of light irradiates. This is because the released electron recombines with the cation
radical of AHC® * and causes the luminescence of AHC. Really, the investigation of
luminescence spectral composition in the range of all detected maximums of
photothermoluminescences (PTL) showed that they are identical.

For many organic and inorganic compounds, the most high-temperature release of
accumulated energy carries out at the temperature of their melting and devitrification (crystalline
and amorphous compounds). However, this process for OL occurs at the temperature exceeding
its temperature of solidification. Established that higher of these temperatures is observed
another three maximums PTL (at 52, 120, 140°C). However, these maximums unlike low-
temperature ones carry out not recombined, but monomolecular dissociative nature and

Y
—C—C—
conditioned according to the decomposition of tetraoxide (ROOOOR), dioxetanes ! | and
endoperoxides of AHC.

Analysis of experimental data showed that the ratio of accumulated energy before and
after the temperature of solidification of OL significantly depends on the energy of the quanta
radiation of energy source. This ratio for the radiation of Co>>Al-sparks>mercury lamp>glow
lamps relates to the efficiency of ionizing capability of these energy sources in average.

The efficiency of low-temperature as well as high-temperature PTL depends on the
quantum yield of luminescence AHC which increases the ratio of thermally luminescence energy
to the absorbed by its increasing.

The big coefficient of the aromatic hydrocarbons absorption and their significant quantity
in OL (to weight of 90 %) promotes increasing of efficiencies of solar energy absorption by
them. Therefore, it should be offered that they could be the components promoting the increase
of efficiency of synthetic luminophores of the long-time afterglows.
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ONE-QUANTUM PROCESSES OF PHOTOSENSITIZED DECOMPOSITION OF
ORGANIC COMPOUNDS UNDER THE INFLUENCE OF SOLAR RADIATION
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IN.R. Dadashova, IN.A. Rzayeva, U.J. Yolchiyeva
L Institute of Petrochemical Processes, ANAS, Baku, Azerbaijan
?Institute of Radiation Problems, ANAS, Baku, Azerbaijan
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It is known that the photochemical decompositions of organic compounds in a series of
courses involve by using of sensitizers for this purpose as the luminescent concentrate (LC) that
isolated from the catalytic cracking heavy gas oil (CCHG>400°C) was used in previous works.
The presence of polycyclic aromatic hydrocarbons (PAH) in composition LC, which are
characterized by the wide and intensive absorption bands, creates the favorable conditions in the
visible and UV range of spectrum for the more efficient light absorption and the energy
transmission in photochemical reactions. The process of decomposition of organic compound
(aliphatic alcohols and liquid paraffins) by using of photosensitizer LC involves by well-known
two-quantum mechanism with the forming of alkyl radicals and atomic hydrogen.

In this context by the methods of EPR and low-temperature photolysis was investigated
photodecomposition of aliphatic alcohols and liquid paraffins sensitized asphaltenes and resins
of pyrolysis heavy resin (PHR>400°C). By possessing high paramagnetism the resinous-
asphaltene substances (RAS) easily undergo the exposure of solar radiation which under its
influence occurs photochemical and photo-oxidation processes on free-radical mechanism.
Unfortunately, the information in literature about these questions is very scanty, but it is known
that the high-molecular compounds of petroleum in the composition of oil residues can be used
as the inhibitors of radical processes, stabilizers in thermo- and photo-oxidation processes.

The presence of free radicals in RAS as well as formation during photo-irradiation of
electron-excited states of the radicals may play a certain role in photochemical processes of
considered systems. The important role of electron-excited states of the RAS radicals is also
defined that these radicals in comparison with PAH have absorption spectra shifted to the long-
wave range which in its turn, extends the range of spectral sensitivity. Therefore during
photoexcitation of free radicals RAS (are usually inert, but stable) under the influence of photo-
irradiation with long-wave optical radiation occurs their activation that promotes the destruction
of investigated compounds on C-C and C-H bonds with the formation of alkyl radicals and
atomic hydrogen on one-quantum mechanism:

R'ras +RH M R™*pas+RH  _R"ras+ RH*  _Ryras+ R™+H

Conducted EPR investigations show that the diamagnetic molecules RAS with
heteroatomic fragments, as well as the electron-induced radicals which are characterized by high
(near to unit) quanta yields, play a big role in radical processes photodecompositions of organic
compounds.

The applying of RAS of PHR>400°C as the photosensitizers photodecompositions of
organic compounds is of great importance, as it doesn’t require special thorough cleaning, as in
the case of LC, which complicates the process and reduces the economic indices. The ability of
RAS to absorb in a wide spectrum range is also promising and from the view point of utilization
of solar energy.
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DESCRIPTION OF PECULARITIES OF PROMPT FISSION NEUTRON SPECTRUM
IN SPONTANEOUS FISSION OF 252Cf
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2%2Cf is the model object in theoretical and experimental studying of prompt fission
neuton spectrum in the both spontaneous and induced fission of heavy nuclei. However, the form
of spectrum observed has not been clearly undestood especially in the region of lower (M p0 ‘Q o
and higher (mp 1 ‘Q denergies. The last compiled data [1] are frequently used as a standart for
the test of theoretical prescriptions of the neutron spectrum in spontaneous fission of 2°2Cf . As
can seen from the related literature that even the most sophisticated calculations, for instance [2],
have tried to explain all the pecularities of the observed data by some difficulties through the
complex considerations in their work. Within this context the motivation behind the present
work, unlike the previous reports, is to clarify such pecularities in a simple but explicit manner
using the evaporation mechanism of neutron emission from fully accelereated two
complementary fission fragments having asymmetric mass distribution.

The laboratory spectrum of neutrons from average light (81  p m)yand average heavy
60 p 1)tfragment is expressed by

%
) « - Q-
0 O —
T -0

n
where - and Oare Kkinetic energies of neutron in the the center mass system of the fragment and
in the laboratory system, respectively, while « - is the center of mass neutron spectrum
together with ‘O being the fission fragment kinetic energy per nucleon. We use two different

model functions for e - | dictated with the effects of neutron cascade emission and the initial
excitation energy distribution of fission fragments on the emission spectrum [3]. These model
functions are

« H-Q1 R e - H- g Tql

where G are the normalisation constants defined by« - Q- pand _H'Y together with
| R'Y are the corresponding model parameters which are determiged (except _) by the observed
neutron average energy (-[ ) and energy dispertion (,, mix v[) through the theoretical
relations

- p Y oac¢’Y |, ofc Y

The exact values of -[ are taken from [4].Moreover, the _ values are used in two different
versions as in [5], namely _  vZp {@6] for the both fragments and the other values determined
in the experiment [7]. The necessary ‘O values are also taken from [8]. The table below
illustrates deduced parameter values used in the calculation of labaratory spectrum of neutrons
from the light and heavy fragments and description of curves of followed calculated total spectra.

96


mailto:ahmadov@gantep.edu.tr
mailto:gonul@gantep.edu.tr
mailto:kocak@gantep.edu.tr
mailto:aykutelmas@yahoo.com

VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

Eexm MeV ;T3 (MeV) [6] 4, T (MeV) [7] | @, MeV | T;, MeV | E:, MeV
Light fragment 1,42 5/11; 0.976 0.38; 1.029 0,086 1,004 0,984
Heavy fragment 1,3 5/11; 0,89 0.35; 0,963 0,079 0,919 0,553
Total spectrum Dashed curve Thin solid curve | Thick solid curve

Also, the calculated total neutron spectrum averaged over the the light and heavy
fragment spectra with equal weights are shown below in the figure in comparision with the
experimental data. The spectra are presented as ratio to the Maxwellian with 'Y pht © ‘Q @As
seen from the graph, the main pecularity of the observed spectrum in the energy range 0,5-3
MeV is well described by the model calculations reflecting the center of mass softening effect.
The excess of slow neutrons drifting with the fragments contributes to the regions @ v 0 Q ®
andx p0 ‘Q @f the observed spectrum.

005 0.10 0350 1.00 5.00 10.00

Ratio to Maxwell, T=1.42 MceV

005 010 0.50 1.00 5.00 1000
Neutron Energy (MeV)
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CLADDING TIGHTNESS CONTROL OF IRT-4M FUEL ASSEMBLIES

Sh.A. Alikulov, S.A. Baytelesov, F.R. Kungurov, A.F. Boltaboev
Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan
alikulov@inp.uz

Cladding tightness control of 12 IRT-4M fuel assemblies with different burnups, which
were unloaded from the active core of WWR-SM research reactor were performed during a
quarter. Activity of fission products were measured and compared. Activities of some fuel
assemblies were measured few times while their burnup increased and their behavior was
studied.

To ensure safe operation of reactor all fuel assemblies (FA) loaded into active core of
reactor must be leakage free. After some time of exploitation of fuel assemblies and as their
burnup grows micropores and microcracks appear on the surface of fuel elements and 2°U decay
elements come out from fuel elements and this process is called fuel leakage. Some part of 2°U
decay products come out of fuel assembly to reactor spent fuel assemblies (SFA) storage pool’s
water or primary loop water and some of it comes into upper reactor space. There are limits for
radioactive releases from fuel assemblies exceeding of which can show leakage of fuel.
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HIGGS BOSON DECAY CHANNELS

S.K. Abdullayev, M.Sh. Gojayev, F.A. Saddigh
Baku State University, Azerbaijan
s abdullayev@mail.ru, m gocayev@mail.ru, f seddig@yahoo.com

The Weinberg-Salam unified theory of electroweak interactions (standard model) has

achieved great success. That is neutral weak current has been observed in experiment, w*, z°-

gauge bosons are discovered and some of allegations are investigated successfully in experiment.
One of the important acclaim of standard model is the prediction for the existence of scalar
Higgs boson. Some experiments are carried out for the discovery of Higgs boson in different
experimental labs. Finally in Tevatron and CERN new information is getting achieved
concerning the existence of Higgs boson with mass of 125 GeV.

In this work we get to analyze Standard Model Higgs boson main decay channels:

Hof+f, (1)
HoZ+f+f, @)
HoW*+f+f, 3)
Hoy+y, Hoy+2Z% (4)

The transition amplitude of process (1) is given by:

M(H - ff)=%a<pl,A)u(pz,ﬂz)H(m. (5)

Here p,(1,) and p,(4,) are 4-momentum (helicity) for fermion and antifermion and p

stands for 4-momentum of Higgs boson.
The decay width of Higgs boson to fermion-antifermion pair is:

: M
F(H—)ﬁ):NC-Bm'; -m?, (6)

2

N c 1s the number of colors; it’s value is 1 for leptons and 3 for quarks.
We have the following amplitude for process (2):

M2 e u,(K)H(p) _
a(p,, 1 1- A,
7 sing, cos, qz_Mzg (p, /‘11)7;;[g|_( +75)+ 9 (L= 75)10(p,, 4,)

(7)

M(H —Zz°ff) =

where 8, — is the weak mixing angle:

g, =1¥-Q,sin*4,, g, =-Q, sin*4, .

The interaction between fermion and Z° has a vector and axial-vector components. This
achievement leads to the conservation of the helicity of the fermion at high energies. The

conservation of helicity requires the fermion and antifermion to have opposite helicities: fL fR

or fR f_L. Therefore, for the reaction (2) there will be only two independent helicity amplitudes:
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F.. and F, (here first and second indices show the helicity of fermion and antifermion). These
helicity amplitudes describe the following decay channels:

HoZ'+f +f, HoZ +f +f, .

We obtain the following decay widths:
e’N, M7 M 'K

c ‘M, -
7687° 1 Xy (1= Xy )
eNe M7, Jr

c ‘M, -
7687° 1 Xy (1= Xy )

T(H — Zf, f,) = R(X), 8

T(H - Zf, f, ) = R(X). 9)

2 6(20x> —8x +1) (3X 1)
Where  R(X)=47x?> —60x+15—=—3(4x> —6x+1)Inx+ arccos ,
®) - T e 27

x=M2/M? and x, =sin’4, .
We finally obtain for massless fermions
e’ M7 MyR(¥)
76872 772 Xy (@—%y)
We have the following values of g, and g,:

I'(H - zf_fy) =

Z(QHQR)NO (10)

Ve Vs Vs €T u; C d;s;b
. 1 S 12 1,1
- 2 2 v 2 3w 2 3™
2 1
Or 0 XW _EXW gXW

Performing the sum we obtain:

7 10 40
D (92 + 93N, = (Z—gxw szvj
f

Thus we find the following decay width:

4
= 1 M 7 10 40
'(H — zff) = —Z | M| --= —x2 R 11
(H— ) 6471'2(77J [4 3XW XW) () (1)
The decay width of the Higgs boson to two off-shell gauge boson ww ™ is given by:
. 3 (M, )
F'(H->WW)=I'(H >Wff)=——| —2 | -M,,.R(X)- (12)
64 n

The processes H — » +» and H —>}/+ZO take plase through loop diagrams, they have decay

rates: T'(H - ) :(%) Q4MM—7[E7'72n2|D(n)|2. (13)
oy_|[& ’ Qz (gL+gR) 3 .2 2
'H—>Z )_[7[) 217 s %) M n?|D(n)[" (14)
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HIGGS BOSON PRODUCTION CHANNELS

S.K. Abdullayev, M.Sh. Gojayev, F.A. Saddigh
Baku State University, Azerbaijan
s abdullayev@mail.ru, m gocayev@mail.ru, f seddig@yahoo.com

The standard model(SM) of strong and electroweak interaction is a gauge theory based

on the symmetry group SU.(3)xSU,(2) xU, (1) with massless particles. The mechanism that
provides mass for all the particles is called spontaneous symmetry breaking (SSB):

SU(3)xSU, (2)xU, (1) = SU () xU e (1) .

The SSB is generated by the non-zero expectation of a SU(2) doublet and is called Higgs
doublet. This doublet also gives rise to a scalar particle, the Higgs boson, which couples to all
massive fields in the theory. Some experiments are carried out for the discovery of Higgs boson
in different experimental labs. Finally at Tevatron and CERN new information are getting
achieved concerning the existence of Higgs boson with the mass of 125 GeV.

In this work we analyze one of the most important channels for Higgs boson production
at the electron-positron and proton-antiproton (proton-proton) collisions:

e +e =>H+Z°, (1)
p+p(p+p)=H+Z°+X, 2
p+p(p+p)=H+W+X. (3)

The process (1) that we shall analyze is the one corresponding to a Z° boson production
and radiated Higgs boson.

The total cross section of this process is given by:
2

2 2 1
efeJr Hzo — X . gL (e)+gR (e) .q_H(MZ = Zj- 4
ole’e” ~ Hz') X, (1-x,) (s=M2)*+TZM2 /s z T3 )

Here X, =sin’4,, gL(e)z_%erw, g:(6)=X,, 0, is the Weinberg angle and

1
B =m.(s2 +M} + M) —2sM/ —2sM?Z —2M/ M 2)"2,
At the energy scale \/E =500 GeV and Weinberg’s parameter X,,=0.232 the cross section

(4) reaches 0.05 pb for the 125 GeV Higgs mass.
The second process that we analyze is the Higgs-strahlung process p+p —H +2z°+ X .

The total hadronic cross section for the HZ® case takes this form:
1 1 1 1
o(pp —> HZ°X) = [dx, [dxu(x)u(,)éua = HZ%) + [dx, [dx,d(x)d(x,)é(dd = HZ°).

7o T0/% 7o 7o/%

M, +M,)?
Here 7, :¥ and x and x, are called momentum fractions, u(x,), u(x,), d(x,) and

d(x,) are the parton distribution functions for the quarks (they represent the probability density
of finding a quark with momentum  , inside a proton) and
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R e s i e ) S
Here N, =3 is the number of colours.
As for the HZ° process, we have the following:
o(pp = HWX) = Zjdxl .lfdxzu(xl)d(xz)&(uo_l = HWY), (7)
Ap T N TO mxT;/Xl cos’ 6, qH
é(ud = HW )— T G M2y \/— M7+ qH) 8

The following plot shows the dependence of o(pp =>HZ°X) and o(pp = HWX) with

the Higgs mass at the Tevatron energy JS =2TeV |
As expected the cross section o(pp = HWX) is the dominating one. It reaches 0,2 pb
for 100 GeV Higgs mass.
o, pb

0.20

0.15

0.10

0.05

-

- A bow A A a
100 110 120 130 140 150
M., GeV

Gluon fusion through a heavy-quark functions loop is the main production mechanism of
the Higgs boson at hadron colliders:

g+g=H.
The cross section in the parton center of mass frame looked like
. M2 ol .
6(99 = H)=—"-==n*| D(n) [ (5 -My,) 9)
64n° r«

Let’s express the Dirac delta function in term x,, x, and o =M2/S:

A 1 T
S(E-M7)=56(x,x,S—M}) :Xl_sg(xz _X_cl)j
The total integrated cross section is given by the expression:

a(gg:H>= j dx j dng(xl, 1)9(%, 1)6(gg = H) =

1 1)9(70 /Xy 14) (10)

2
where g(xi, ) are the parton distribution function for the gluons, n:%, M IS the parton
H

distribution functions energy scale.
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HIGGS BOSON PRODUCTION IN ELECTRON-POSITRON SCATTERING

S.K. Abdullayev, M.Sh. Gojayev, E.A. Saddigh
Baku State University, Azerbaijan
s abdullayev@mail.ru, m gocayev@mail.ru, f seddig@yahoo.com

The discovery of the mechanism for electroweak symmetry breaking is one of the goals of
the physics programme at the Large Hadron Collider (LHC). In the standard model (SM) this
symmetry breaking is achieved by introducing a complex scalar doublet, leading to the
prediction of the Higgs boson. There are four main mechanisms for Higgs boson production in
pp collisions. The gluon-gluon fusion mechanism has the largest cross section, followed in turn
by vector boson fusion, associated WH and ZH production, and production in association with
top quarks, ttH.

In this work the Higgs boson production is studied during electron-positron scattering:

e +e" =>H+e +e". 1)

The Feynman diagrams for the process (1) are shown in Fig.1.

/H(K) / ", Z(p)
e'(p. ) €'(q,h,) Hls*—" _H(k)

,J’ i

J\/‘w\/\fﬁf\m\/\/\/\
Z'lp) Z'(q) o Z(p -q,)

elp,iy) elqg.h,)

Fig. 1

The annihilation (s-channel) diagram a) correspond to four independent helicity
amplitudes, which describe the process € +€, =>H+e +e;, e +e;=>H+e;+e,
e;+e =>H+e +e;, e;+e = H+e;+e, where € (€z) —is an electron with helicity -1(+1).

The squared transition amplitudes of this processes are given by:

| M, (ecer = Heper) '~ T R [*.(pd,)(Po-th),
| M, (ecex = Hee! )~ T FR [ .(prch)(P20),
| M. (eze. = Heper) '~ | Fo [ (Pt (P20),
| M. (ezel = Hegel) P~ | Fg [ .(p0,)(P2.00),

(@)

Here
F =D, (s)D, (xs)g?,
FL(;) = FR(E) = Dz (S) Dz (XS)ngR! (3)
FR(FSe) = Dz (S) Dz (Xs)ngz

are the s-channel helicity amplitudes; D, (s) is the propagator of the Z-boson and

D,(s) = (s—=M7 +iM,[,)*", x=1-°2+ 8
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M,, and . the mass and energy of the Higgs boson.
The t-channel diagram b) also has four independent helicity amplitudes, which describe the
process

e +e;,=>H+e +eg,

e.+e =>H+e +e,

e +e =>H+e +e,

e, +e, > H+e +e;,

These processes correspond to the squared transition amplitudes:

| M, (ece; = Herer) [ ~ (FY)%.(p.a,)(P,y),
| M, (ezel = Hegel) F ~ (F)%.(poa,)(p,ah),
| M, (ecel = Hege!) F ~ (FR)%.(p.-P,)(6.,),
| M, (exez = Herer) [F ~ | RS P (P P,)(00,)-

(4)

Where
F% =D.D,gt,
F =D,D,g2, (5)
R =Fg =DiD,9, ¢
are the t-channel helicity amplitudes, and
D, =[(p,—)* -MZ17,

D2 = [(pz _q2)2 - Mzz:rl
Among the four s-channel and four t-channel helicity amplitudes there is interference between
only two amplitudes describing the process:

e +e; >H+e +e,, e,+e =>H+e +¢:

| M, (erex = Herer) [~ 2Re[F®FQ1.(py.0,) (P, ), ©)
| Mmt(eReL = HeReL)l ~2 Re[F*(S)F(I)] (pl qz)(pz ql)

e +e" = H +e +e" is characterized by just six independent helicity amplitudes, which

: - +
describe the processes e, +e. =H+e +e., e;+e =H+e,+e/, e +e — H +€ +¢€
ex+ei=H-+es+el, e +e,=H-+e,+e , ex+e =H+e +e;. The squared transition
amplitudes of these processes are given by:

|M(e ey = Hege )| ~[R® + RO (- a)(p, - ),
~IFR‘F?H:‘”I (P - %)(P; - ),
"~ (RO (p,- )G, Gy),
~(F“’) (P, P)(0 - Gy),
S~ (FY2(p-a)(P, - ),
"= (R (P (P, - O).

()

M (eze; = Hepe;
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THE SPECTRUM OF THERMALLY STIMULATED CURRENT
OF y- IRRADIATED IN POLYETHYLENE NANOCOMPOSITES

A.M. Maharramov, M.M. Kuliyev, R.S. Ismayilova, A.A. Nabiyev
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
musafir_g@rambler.ru, rafigaS5@rambler.ru

In this work by means of the method of thermo activation spectroscopy it has been
studied accumulation and charge relaxations in samples of composite system on the basis of the
high density polyethylene (HDPE) with a nanodisperse filler dioxide of silicon (SiO) it has been
studied in this work by means of the method of thermo activation spectroscopy.

For creation of composites it has been used the powder technology which consists in
mixing of powders of filler and of the dielectric matrix with the subsequent short-term pressing
of homogeneous mix at the temperature exceeding transition temperature of polymer in a plastic
state. This composite allows achieving close to random casual distribution of particles of
disperse phase. The size of particles of additives was 20um. The samples for studies were
prepared in the form of disks thickness 70-100mkm and diameter 40mm, they were subjected to
v - irradiation on installation ®°Co at room temperature. Electrization of samples from the side of
a nonmetllizied surface was carried out by negative corona at a voltage of 6xV, charging time
was 300s. Just after the polarization, the thermally stimulated current (TSC) was measured. The
volume content of filler in the studied composites was up to 5%, and the absorbed dose 5-10*Gy.
Among the studied samples of composites HDPE +1%vol.SiO> finds the greatest influence of vy -
radiation at a dose of 5-10*Gy. Therefore in figure it is depicted the spectra TSC for HDPE
+1%v0l.SiO> polarized in corona discharge (curve 1, coronaelectret), preliminarily irradiated by
Y - quanta in the air and then polarized corona discharge (curve 2), and also y-irradiated (curve
3, radio electret). From the figure, it is seen that after the corona discharge in the TSC spectrum
it is possible to see two peaks in HDPE +1%vol.SiO, - at 320K and 388 K, respectively (curve
1), and the maximal current value for the low-temperature and high-temperature peaks is
almost identical, but differs with peak width. The existence of the peak at 320K points to the fact
that, in the studied film it is mainly filled up with low-energy traps, which are localized in the
surface layers of the film. The charges carriers become free from these traps under at lower
temperatures. The second peak (curve 2) in the spectra of TSC of this sample at a temperature of
388K apparently, is related mainly with the release of charge carriers from deeper power traps at
limit of the section of phases. On the spectra of the TSC there is only one peak in HDPE
+1%vol.SiO2 at the range of 330K (curve 2).

We assume that the y - irradiation increases electric conductivity of the composite, owing
to that the charge carriers from the zone of corona discharge can't get into the sample volume
rather deeply and are captured under the surface traps. In this case there is no high-temperature
peak, and low-temperature will shift rather low-temperature peak of corona electret of
HDPE+1%vol.SiO2 approximately on 100 towards high temperatures.

After the influence of y-irradiation on preliminary corona discharge (curve 2) the films of
HDPE +1%vol.SiO2 on the spectra of TSC it is found one peak at a temperature of 330K. From
the figure (curve 3) it is seen that composite HDPE +1%vol.SiO2 subjected only to gamma
radiation finds a small peak at the temperature of 383K, absent low-temperature peak on spectra
TSC.

The characteristics of the electrets of composite HDPE +1%vol.SiO2 are presented in the
table.
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167 110"
14 ["aﬁ
12 | Y Figure. The curves of the TSC for the HDPE
+1%vo0l.SiO,, polarized in corona
10 discharge(1), preliminarily irradiated and
i then polarized in corona discharge (2) and
8 yirradiated (3).
6 -
4k
2+
0 -
2 -
-4 |
-6 1 1 1 1 I L
293 333 373 413 T,K
Temperature | Energy of | Charge Q,
Perfomances of the max., | activ.
Tm, K C
Material U, eVv
HDPE +1%vol.SiO; 320 (1 peak) 0,0085 3,63-108
(coronaelectret) 388 (Il peak ) 0,59 6,7-10°
HDPE +1%vol.SiO>
(charging in the corona discharge after 330 0,034 1,05-107
the
preliminary radiation)
HDPE +1%vol.SiO> 383 0,3 0,61-10°
(radioelectret)

106




VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

DETERMINATION OF THE ASYMPTOTIC NORMALIZATION COEFICIENTS
AND THE NEUTRON WIDTHS FOR 8200+n—19210 FROM
THE PERIPHERAL 80(d, p)°O AND 2°0(d, p)**!O REACTIONS

S.A. Turakulov, R. Yarmukhamedov
Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan
turakulov@inp.uz

Usually the differential cross sections (DCSs) of nucleon transfer reactions (NTR) are
analyzed within the conventional DWBA for determination of a nucleonic spectroscopic factor
S (SF) by normalization of the calculated DCS to the experimental data (see, e.g., [1] and
references therein). Even when the error bars in the experimental differential cross section are
small, the uncertainty of the SF is often large, regardless of whether it agrees with the shell-
model prediction. One of the main reasons for this fault is the strong dependence of the SF
values on the single-particle potential parameters. In contrast of the SF values found from the
DWBA analysis, the values of asymptotic normalization coefficients (ANCs) [2] found from
the analysis of the peripheral NTR are fairly weakly dependent on the single-particle potential
parameters. The modified DWBA [3] and the dispersion peripheral pole model (DPPM) [4] can
be used for determination of ANCs from the analysis of the DCSs of the peripheral NTR. In
both of these methods, the DCS is expressed in terms of the ANCs for the removed nucleon
from the residual nuclei. Nevertheless, the modified DWBA [3] can be applied when the residual
nucleus in the reaction under consideration is formed only in bound (nonresonance) states,
whereas the DPPM allows analyzing the DCS of the peripheral NTR populating to both bound
and unbound states of the residual nucleus

In the present work, the results of the analysis of the experimental DCSs for the 80(d,
p)°0 [5] and 2°0(d, p)?*O [6] reactions populating to the bound and  unbound (resonance)
states of the residual nuclei measured at the projectile deuteron and 2°O-ion energies 16.3 [5]
and 210 MeV [6], respectively, are presented. The analysis is performed within the framework
of the DPPM [4, 7] with correct taking into account the three-body Coulomb dynamics in the
transfer pole mechanism and Coulomb-nuclear distorted effects in the exit and entrance
channels [7, 8].

The analysis shows that the DCSs calculated within the DPPM are in a good agreement
with the experimental data. The results obtained by us for the ANC values for #2°0+n—1%21Q
and for the neutron widths for the resonance states of the residual nuclei are presented in table 1.
As a comparison, the ANC values for 0+n—°0 and 2°0+n—2'0 corresponding to the
bound
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Tablel. Estimations of the ANC and neutron width for °0+n—?'0 and **0+n—*°0 channels

*

Reaction = \K I cz, fm™ I, keV
AXY)B | Mev DPPM DWBA | MC | DPPM
0 | s/20 | 2 0.62 0.22[9] |0.25[9]
121 | 1/72* | 0 5.09 506[9] | 6.4[9]
?0(d, | 477 | 3/2- | 2 | 9.26x103 84.77 | 84[10]
)0 6.17 | @3/2, | 2.3 | 2.22x1072 317.93 | 330 [10]
712°) 5.28x10°3 75.69 | 19[10]
0 |s/20 | 2 2.3137 0.4223 [5]
1471 | 1727 | 0 5.7785 5.2562 [5]
3153 | 5/2* | 2 | 1.74x10° | 1.12x107[5)
®O(d, [3231 | 3/2° | 2 3.53x10° | 6.28x107[5]
PO 73944 | 3/2= | 1 | 6.516x107 | 9.81x107[5]
4109 | 3/2" | 2 0.35 |<15[11]

states of the *°0 and 2O nuclei and the neutron widths for the resonance states of these nuclei

obtained by other authors are also presented in table 1. Besides, the results for the ANC values

20+n—?0 obtained in [9] within the microscopic calculation (MC) are given in this table. As

is seen from table, there is some discrepancy between our results and those obtained in [5, 9].
The main reasons of the discrepancy are also discussed.
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THREE-BODY ASYMPTOTIC NORMALIZATION FUNCTIONS FOR HALO
NUCLIE AND THEIR DETERMINATION

R. Yarmukhamedov
Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
rakhim@inp.uz

The present review report is devoted to consideration of the asymptotic methods as a
tool of definition of the explicit forms of the proper asymptotics of the three-body radial
bound state wave functions of halo nuclei two both with loosely bound valence” neutrons and
with charged particles in different regions of the configuration space [1-6]. These asymptotical
formulas are expressed in terms of a new fundamental dynamic characteristics of the three-body
halo nucleus in the form of the three-body asymptotic normalization functions (FBANFS) being
as a function of the hyperangle [1]. It also contains a well-know exponential decrease as a
function of a hyperradius [1] and factors [2] that can influence noticeably the asymptotic values
of the three-body radial bound state wave functions for some directions in the configuration
space. The results of application of these asymptotic forms for testing the asymptotic behavior
of the approximate three-body wave functions, obtained by others authors within the different
three-body methods, are presented. The values of the three-body asymptotic normalization
functions for the °®He (ann) and Be(nao) nuclei are presented. A sensitivity of the FBANR
values to the two-body an- and ao- nuclear potentials is demonstrated. Besides, the some
specific experiments are also proposed which it makes it possible to get information about the
aforementioned TBANF values.
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MAGNETIC MOMENTS OF NEGATIVE-PARITY BARYONS IN QCD

T. Aliyev
Middle East Technical University, Ankara, Turkey

taliev@metu.edu.tr

Using the most general form of the interpolating current for the octet baryons, the
magnetic moments of the negative-parity baryons are calculated within the light-cone sum rules.
The contributions coming from diagonal transitions of the positive-parity baryons, and also from
non-diagonal transition between positive and negative-parity baryons are eliminated by
considering the combinations of different sum rules corresponding to the different Lorentz
structures. A comparison of our results on magnetic moments of the negative-parity baryons with
the other approaches existing in literature is presented.
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CALCULATION OF PRIMARY PRODUCTS OF RADIATION-CHEMICAL YIELD
FORMING INSIDE BeO UNDER GAMMA QUANTA

ly.D. Jafarov, 2S.R. Hajiyeva, ?°N.K. Ramazanova
YInstitute of Radiation Problems, ANAS, Baku, Azerbaijan
2Baku State University, Azerbaijan
azirp@rambler.ru

Beryllium and its compounds are widely used in various fields of nuclear energy. Under
influence the of ionizing radiation (  quantums, protons, neutrons, o-particles, etc.) within, on
the surface and the surrounding environment of them to predict the changes that may occur is
one of the main challenges in the science and technique./ quantums passing through of
substance are interacting with the atoms or molecules, the atomic nuclei and their electrons and
the impact of this interaction on the energy has following types: Coherent scattering, fotoeffekt,
Compton scattering (Compton-effect), the electron-positron pair formation and nuclear
fotoeffekt. Monochromatic quantum by O plip and plo @ ‘Q d@nergy (8°Co) passing through
the 6 'Q éffective cross section of compton scattering very large compared to other processes
and only compton scattering taken into account in the work.For this reason, the influence of

pT i W& quanta in the initial of the physical process for forming into 6 ‘Q Stuffing

electrons (Compton electrons) has been calculated the energy spectrum of electrons and in
subsequent physico-chemical stage p 1t p T sec. has been determined of radiation-
chemical yields of electron-hole pairs forming in interaction of electrons and medim and
electronic-excitation cases. It has used the Stabler [1] proposed polyclassical formula for the
effective cross-sections of ionization (electron-hole pair creation) and for various types of
electronic-excitation in model. On the electron-electron interaction the effective cross-sections of
electron-hole pair creation and electron-excitation calculated according to this formula:

9 Q6 rd o 4

- "Tof & ] P
Q . “Q6 . 1 O - , ,
= o - —~  0od- 0 ¢
Q -0d o-

where, O kinetic energy of the electron, O the first excitation cases of atom or molecule,
0 the number of electrons in unit volume (concentration), “O ionization potential, Q the

electron's electric charge, - electron energy loss, and O  constant for the system and
determine according to this formula:
. 0O . e o« P GO
0 ———h o0 “Qbh o6 —~ —
o 6 — O o0

The calculation has been determined by used Monte-Carlo single collisions and stride
methods, on the basis of MATHCAD program. By the of successive collisions method [1, 2, 3]
has been followed the amount of energy supplied to the system of the Compton electrons to
electronic speed up first 0 P p 1. This process occurs at high speed , and ends within
p Tl p 1t seconds. To find an effective cross section of the transition € pozition to need
to integrate the expressions of the transverse peak of p and ¢ formules.

d 0 ,
" ,—’Q - (0]
a Q-
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For to find an effective cross section of ionization that need to integrate the entire
spectrum of the expression of the p and ¢ formules:
Q "0
” d ’Q— T
Calculation for radiation-chemical yield that forming inside || g knder the influence of
gamma quanta of the excitation of electron (3) and electron-hole pair (4) in physical and

physico-chemical stages of the process given in the table.

Table. The radiation-chemical yield forming inside || m }ander the influence of (*°Co) -quanta of the
excitation of electron and electron-hole pair

" electronic excitation of Excitation o_f the Yield of eleptron-hole
energy, eV electron-yield pair

1 10.2 0.20

2 10,5 0,58

3 11,5 0.26

4 12,0 0.34 141

5 12,8 0,45

6 151 1,10

7 collective excitation 1,00

Electron excitation -12;0 12,8; 15,1 eV and collective excitation states & QU turn to
pair of electron 'Q and ion 6 QO by dissociating 6 ‘QU° 6 QU Q . Taking into
account the above-mentioned, inside BeO radiation-chemical yields of electron-ion pair and
electron-excitation states have got the values of tfp Tt ion pair/(100 eV) and pht @ Tt
excitation state/(100 eV), respectively.

By this program within the scope of application of ionizing radiation arising from the
influence of current density, the surface absorbed dose to the absorption of the power,
transmitted to the environment 6 ‘Q 0 that surrounds it is possible, to calculate the amount of
energy and the absorbed energy type. Calculations can be applied.
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SPECTRA OF d, t, o AT THE INTERACTION OF NUCLEI ?’Al, ¥Co AND '2Sn WITH
3He IONS OF ENERGY 50.5 Mev

A. Duisebayev, 1B.A. Duisebayev, T.K. Zholdybayev, 'B.M. Sadykov,
2K.M. Ismailov
L Institute of Nuclear Physics, Almaty, Kazakhstan;
2 Nazarbayev University, Astana, Kazakhstan
zholdybayev@inp.kz

This work is continuation of a cycle of researches of inclusive cross sections of reactions
initiated by ions *He on nuclei — candidates of constructional elements of projected nuclear
power plants. The development of the new generation of nuclear energy systems with a high
level of safety (Accelerator Driven System (ADS)), consisting of a proton accelerator, the
neutron production target and sub critical reactor is deployed in many countries. According to
the physical scenario of ADS, high-energy protons passing target assembly generate the neutron
flux once more complex nuclides such 2°H, **He etc initiating the reaction with the emission of
secondary neutrons. Of particular interest is the measurement of the inclusive spectra of the
reactions induced by 3He ions. Experimental information about these reactions is extremely
insufficient.

Double-differential cross sections of reactions (*He,xd), (*He,xt) and (*He,xor) formed by
the interaction of ions He with energy of 50.5 MeV with a nuclei ?’Al, *°Co and '?Sn are
received. The standard two-detector telescope has used for registration and identification of
product of nuclear reactions. The self-supporting foil with thickness of 2-4 mg/cm? has used in
these experiments. After integration on angels the integrated and partial cross sections of the
specified reactions are determined.

The analysis of experimental cross-sections of reactions is carried out in accordance with
exciton model for pre-equilibrium nuclear reactions that describes the emission of particles from
an equilibrating composite nucleus. Additional components are calculated semi-empirically to
account for direct nucleon transfer reactions and direct knockout processes involving cluster
degrees of freedom. A satisfactory agreement between experimental and calculated values has
been achieved.
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EXCITAION OF GIANT RESONANCES IN NUCLEI
BY INELASTIC SCATTERING OF PROTONS

M.M. Mirabutalybov
Azerbaijan State Oil Academy
mmmteymur@yahoo.com

On the basis of nonrelativistic scattering of nucleons in nuclei in the high-energy
distorted-wave approximation in three-dimensional form, the obtained form-factor for inelastic
scattering considering energy losses. By calculating the differential cross section of scattering
protons with incident energy of 800 MeV and the giant dipole resonance with the quadruple

resonance vibration surface of nuclear “*°Pb were investigated.

The increased interest in studying the structure of nuclei by elastic and inelastic scattering
of nucleons is due to the appearance of numerous precise experimental data on the number of
nuclei at different energies and the large transferred momentum. Getting a simple and accurate
analytical expression for the scattering amplitude of the processes a lot of important information
about the structure of nuclei can be drawn from these data.

To study the properties of highly excited states of nuclei by inelastic scattering of
protons, taking into account the energy loss, we use the scattering amplitude obtained in
analytical form by the distorted wave [1]. We write differential cross section in the form:

2 I’

do _ k_f 2J, +1Z |FLM (CI)| y 4 )

dQ  k, 2J,+1G 2L+l (E,-E)) +ry
4

Resonant excitation is considered as a form of the Breit-Wigner.
The form-factor F |, (q), of nucleus obtained in [1], has the following form:
-p5a’
Ko @L—igy )l 2 iar . s
Foa () = * P8I ey o (e, (Fy @

The impulse transmitted to the core (considering energy loss of the incident proton) is written:

[ =]k -k | = JkZ +k? —2kk, cos 9 = (i_T)%JEi +E, —2E?E/2 cos & (3)

To study the properties of highly excited states of nuclei in the area of energies where
giant resonances exist, we apply the quantum hydrodynamic model of the nucleus.

In the excited nucleus is taken into account the connection the giant resonance with the
vibrations of the nuclear surface. At that low-energy collective degrees of freedom are combined
with high-energy ones. Let’s present the proton density of the excited nucleus as the sum of the
equilibrium proton density  (r) and the density of fluctuations, responsible for the giant

resonances p, (r)nGr (r,t) extending from the center to the surface, and vibrations of the nucleus
surface p, (N)n"°(r,t) as:
Py = p, ORL+7% 1) +7" (1, 1)] 4)
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Nucleons density distribution in the ground state of the nucleus A(r) we choose in the form of
the Fermi — functions and to reveal the surface effect, the equilibrium density is expressed in the
form of two terms [2]:

2,2

Po (1) =P0,S(1 =Ro) =poy o8/ ~Ry) ®)

where § - a step function, S =1 with I <R, and S =0 under I > R,, and &’ -derivative of § -

function.

Low-energy spectra of spherical nuclei are often the typical spectra of almost harmonic
surface vibrations quadruple type [2]. Therefore, for the transition density, describing the
quadruple oscillations of the nuclear surface, we obtain:

Py = A [Tt i kPP, (1) (6)

2By w,

This theory has been applied to the inelastic scattering of protons with incident energy of
800 MeV on the nucleus*°®Pb . We have obtained that the giant dipole resonance appears at an
excitation energy a2, =13.18 MeV with width 7, =2.3 MeV and quadruple resonance -

nQ, =21.18MeV and 1, = 4.1MeV. The vibration of surface of the nucleus occurs at energy

he, = 4.09MeV and the width 17,_, =0.23MeV.
For the parameter characterizing the mean-square deformation of the excited nucleus was
obtained g =0,21.
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MANUFACTURING OF GAMMA-DEFECTOSCOPE GAMMARID-1920N THE BASIS
OF IONIZING RADIATION SOURCE OF IRIDIUM-192

U.T.Ashrapov, S.S.Khujaev, S.A.Baytelesov
Institute of Nuclear Physics Academy of Sciences, Tashkent, Uzbekistan
ashrapov@inp.uz

In Uzbekistan a new objects on extraction, transportation and processing of gas and oil
(Ustyurt Gas Chemical Complex, Talimarjan Thermal Power Plant, Mubarek Gas Processing
Plant, etc.) are build and put into operation, where are used radiating nondestructive control of
welded connections of pipelines, closed capacities, various installations and at present time sharp
need for gamma-defectoscopes with encapsulated radioactive sources of Iridium-192 is
observed.

Gamma-defectoscope of type «Gammarid-192» complete with radioactive ionizing
radiation source of Iridium-192 with activity 100-120 Ci is portable universal hose device,
intended for radiographic quality assurance of products with various manufacturing techniques
(cast welded, forged, pressed, etc.) without their destruction [1].

Importation foreign analogues devices (gamma-radiografy SIGMA 880, DELTA 880) to
Uzbekistan is connected with some difficulties on reception of licence for importation of
radioactive sources Iridium-192, purchase of production for currency, it's delivery from abroad,
and also recycling and burial of waste sources of Iridium-192.

In the Institute of Nuclear Physics by scientists and experts have been performed works
on creation of technological line of manufacture of Iridium-192 sources encapsulated and
acquisition gamma-defectoscopes «Gammarid-192» by pilot models of Iridium-192 sources
encapsulated with activity 120 Ci.

Radionuclide of Iridium-192 has been received by neutron irradiation of samples of
natural iridium disks on WWR-SM nuclear research reactor by nuclear reaction Ir-191 (n, y) Ir-
192.

In table 1 are shown calculated values resulted of maximal specific activity of
radionuclide of Iridium-192 and time of its achievement at irradiation of natural iridium in
various streams of nuclear reactor neutrons [2].

Table 1.
Calculated values of maximal specific activity of radionuclide of Iridium-912 and time of
its achievement at irradiation in neutrons various streams.

Neutrons stream,

neutron/(sm? x sek) 10%2 108 10% | 10% | 10% | 10%7 5
Maximal specific activity, 21 170 660 | 1010 | 1060 | 1060 | 1060
Ci/g Ir-192

Maximal specific activity 507 270 87 13 1,4 0,14 0
achievement time, days

Thermal neutrons stream density distribution along the irradiation channel of WWR-SM
reactor active core by small-sized thermo-neutron gauge [3] has shown, that the thermal neutrons
(E=0,025 eV) stream density maximal value is observed in distance 35-45 sm on down from the
along the lines of the top point of the vertical channel.

Iridiun-192 ionizing radiation source manufacturing process consists of 4 stages:

1) Samples of disks of natural iridium (&=3,0 mm, h=0,2 mm) pack into aluminium foil,
which place in block container aluminium EK-22 and load into the hollow center of fuel
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assemble type of IRT-4M in the vertical channel # 5-7 of reactor active core. 2) Samples of
disks of natural iridium irradiate in current 1680 hours at stream of thermal neutrons 1,0x10%
neutron / (sm?xsek); 3) In reactor «hot chamber» make pilot model of Iridium-192 source
encapsulated, for this purpose samples of radioactive disks of natural iridium with radionuclide
Iridium-192 wash out by alkali solution, than by water, after drying and than place in capsule
(2=5,5 mm, h=8,0 mm) from stainless steel, spent hermetic sealing of Iridium-192 source by
argon-arc welding, check of tightness of Iridium-192 source capsule by immersion method [4]
and measure Iridium-192 source activity. 4) In of Republican central isotope laboratory
complete gamma-defectoscope «Gammarid-192» with radioactive source of Iridium-192, for this
purpose in «hot chamber» Iridium-192 source capsule place in the holder with flexible shaft of
gamma-defectoscope, roll lid holder and install the holder with Iridium-192 source in radiating
head of gamma-defectoscope Gammarid-192.

Nondestructive control testing of metal pipe (coil) pieces (=219 mm, h=8,0 mm) with a
welded seam through two walls with grooving standards sensitivity Nell is lead by means of
gamma-defectoscope «Gammarid-192» with Iridium-192 source pilot model has shown that
received by radiography method x-ray pictures on sensitivity and quality, corresponding to
request of State Standard GOST-7512-82 «Control not destroying. Connections welded.
Radiographic method».

References
1. Gamma-degectoscope of «Gammarid-192». Description and Maintenance Instruction. 1988. P.51.
2. V.l Levin Radioactive Isotopes Preparation.-M.: Atomizdat.1972. P.25.

3. P.G.Afanasev, T.B.Ashrapov, N.Abdusalamov, etc. Research of Spatial Distribution of Thermal
Neutrons Stream in Active Zones of Research Nuclear Reactors by Means of Small-sized Thermo-
neutrone Gauges. 1V All-Union Meeting on Metrology of Neutron Radiation on Reactors and
Accelerators.-M.: 1985. P.67-68.

4. U.T.Ashrapov, Kh.A Ergashev., Sh.M. Makhkamov. Method of Leak Tightness Control of
lonization Radiation Source. Patent of Republic Uzbekistan #4943.1997.

117



VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

ELECTRON BEAM MODIFICATION OF BARIUM CERATES DOPED
BY Nd, Sm AND Gd
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The perovskite proton conductors are the perspective materials for application as the
working electrolyte in various electrochemical equipments: fuel cells, electrolyzers, hydrogen
sensors, pumps and etc. [1]. Currently it is proposed to apply the radiation modification to
improve the conductive properties of the perovskite proton conductors [2, 3]. The criterion of
particles selection for modification of barium cerates is primarily the conservation of the cationic
composition of these materials after irradiation and the following treatments, therefore the first
step of radiation modification is the selecting the type of perovskites radiation exposure. Based
on the analysis of literature data and the preliminary research activities performed by us we have
made the conclusion about the appropriateness of selecting protons, oxygen ions and electrons
for perovskites modification. This paper provides the results of studying the effect of electron
irradiation on the structure and the properties of ceramic barium cerate.

The samples of barium cerate, un-doped and doped with neodymium, samarium and
gadolinium (x=10%), were annealed in air at the temperature of 650°C and irradiated by
electrons with the energy of E = 1.3 MeV and the beam current 10 mA in the accelerator ELV-4
of the INP RK up to the doses 1, 5 and 10 MGy. Preliminary the calculations were made to
estimate the temperatures distribution in the samples of barium cerate under the irradiation by
electrons with the energy of 1.3 MeV.

The structure and the properties of the barium cerate with various dopants are studied by
the methods of X-ray phase analysis, scanning electron microscopy, atomic-force microscopy,
thermodesorption and infrared spectroscopy.

According to the data of X-ray phase analysis it was established that un-irradiated barium
cerate is characterized by the perovskite structure not depending on the dopant type. At the same
time the surface state of the un-irradiated doped cerates significantly depends on the dopant type
and characterized by the cellular structure, which develops to a considerable degree in the series
neodymium - samarium - gadolinium. The surface relief is the alternation of oval “granules” of
various heights.

The special attention is given to the study of the gas components state in this material,
since it is important from the point of protons transport mechanism clarification and for
assessing the chemical stability of the material and its activity with respect to carbon dioxide.
The method of thermodesorption spectroscopy was used to reveal the peculiarities of water,
oxygen and carbon dioxide molecular release from barium cerate depending on the dopant type.
It was established that all three dopants are characterized by water release and the amount of
water, desorbed from neodymium doped barium cerate is less nearly in 2 times than from cerates
doped by Sm and Gd. And the desorption of molecular oxygen was observed only on
neodymium doped barium cerate ( fig.1).

The detected decreasing of the desorbed water amount in case of Nd compared with Sm
and Gd points to decreasing of oxygen vacancies concentration, available for intercalation of
hydroxyl groups. The reducing of oxygen vacancies concentration below the expected one for
the fixed level of doping is possible in case of changing the valence state of dopant cation. The
analysis of literature data have shown that neodymium can have the mix valence 3+/4+ in certain
conditions, when samarium and gadolinium are characterized by stable valence 3+ [4]. Therefore
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in case of Sm and Gd cerate doping the dopant cations are introduced in the position «B» with
formation of defects Sm'ce and Gd'ce and formation of x/2 oxygen vacancies in the cerate, which
are filled with hydroxyl groups under annealing in air. In the process of thermodesorption
experiment the OH-groups are removed from the lattice in the form of water under heating of
barium cerate in the vacuum. In case of Nd, the latter is introduced in the position «B» in the
form of trivalent and tetravalent ions and forms, correspondingly, two types of defects Nd'ce and
Nd*ce (Kreger-Wink notations), with reducing of oxygen vacancies concentration. The value of
oxygen index exceeds the expected one. However in the course of thermodesorption experiment
under heating in the vacuum the Nd** can transfer in the state Nd**, and the oxygen would leave
the lattice, which can be observed in the thermo-desorption experiment. It is necessary to notice
that almost no oxygen release was found from irradiated by electrons and unirradiated the
undoped barium cerate (fig. 1,a) and only small amount of water was released from the samples
(fig.1,b).
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Figure 1 — Oxygen (a) and water molecules (b) release from barium cerate with different dopant,
annealed in air at the temperature 650°C: 1 —Nd; 2 — Sm; 3 — Gd; 4 — undoped; 5 — undoped + electron
beam irradiation (10 MGy).

The studies of the structure and properties of the irradiated barium cerate have shown that
electron irradiation does not significantly effect on the structure of barium cerate and does not
change its perovskite character. At the same time it is established that electron irradiation leads
to significant relief smoothing of the irradiated surface and stimulates the formation of acicular
structures on it. The size of the newly-formed structures (< 50 nm) allows us to make the
conclusion about nano-structuring of surface under electron irradiation. These effects are
displayed more clearly on the gadolinium doped cerate and strengthen with the irradiation dose
growth (fig.2). Alongside with the relief change, electron irradiation promotes the surface
cleansing from carbonate structures.

d
C

a b

Figure 2 — AFM images of barium cerate, un-doped (top) and doped with gadolinium (bottom):
a, ¢ —un-irradiated and b, d — electron irradiated cerates
The paper is prepared under the support of the grant No.0609/GF by the Ministry of
Education and Science of the Republic of Kazakhstan.
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FREQUENCY DISPERSION OF DIELECTRIC LOSSES IN THE HDPE/ZrO2
MICRO- AND NANOCOMPOSITES
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Achievements in the development of modern electronic equipment are determined by the
specific properties of composites containing organic polymer and its adition micro- and
nanosized particles (semiconductor, ferooelectric etc.). Currently, the issues associated with the
temperature-frequency dependences of dielectric characteristics, electric conductivity of
electroactive composite materials (EAC) and polarizing, and relaxation processes occurring in
them have been less investigated. In this regard in the presented work the purpose of the study
has been the research of frequency-temperature dispersion in variable electric field of dielectric
characteristics of the composites obtained on the base of high density polyethylene and ZrOa.
ZrO- as a material being distinguished by high strength is a promising material in terms of study
of dielectric properties and thermal insulation at a wide range of temperature, at the same time
obtain of microelectronics and nanocomposites [1]. Composite samples have been obtained
from homogeneous mixture of HDPE/ZrOz by thermal pressing method at a temperature of 433K
and 150 MPa pressure. In the obtained composite samples it has been used both nanosized (20-
30 nm) and microsized (50 mcm) particles of ZrO,. Volume share of ZrO; in the composition of
composite material has been taken up 20%. Temperature-frequency dispersion of permittivity (g)
and and dielectric loss angle (tgd) has been studied in E7-20 type immitance measuring device at
the frequency range of 25-106 Hz.

0,3 - : 0,4

N
=

Figure 1. tgt frequency dispersion of dielectric loss angle of the composite HDPE/ZrO,
a) microsized (50 um) b) nanosized (20-30 nm)

From figure 1, it is shown that the nano ZrO,/HDPE samples have higher dielectric losses. In
addition, in the frequency range 10%-10*Hz it is observed descend and then the values of tgd
exponentially decreases. Dependences e.=f(v) of HDPE/ZrO, nanocomposites are shown in
figure 2. It is seen that Shown that these relationships are characterized by power functions, and
with an increase in nanofiller content the degree of & rises.
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Figure 2. Frequency dispersion e=f(v) of permittivity in HDPE/ZrO, nanocomposite

Theoretical & and experimental . values of the permittivity of HDPE/ZrO, nanocomposites are
shown in table 1. Analysis of these data together with the results given in figure 2 show that the
dielectric properties of nanofilled LDPE are explained within the concept of fractals of filled
polymers developed by V. Novikov and G. Kozlov [4].

Table 1.
Theoretical & and experimental €. values of the permittivity at 103Hz micro- and nanocomposites
HDPE/ZrO; at various contents of ZrO-

Filler content, Theoretical values, Experiment, ee
vol. % by Tareeva by Lihtenekkera Mikro Nano
0 2,21 2,21
3 2,074 2,21 2,11 2,88
5 2,62 2,29 2,29 3,32
10 3,14 2,5 2,41 3,97
20 4,18 2,98 3,05 6,39
References
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THE ANALYSIS OF POTENTIAL ENERGY OF FISSIONABLE NUCLEUS
OF ISOTOPES OF URANIUM AND PLUTONIUM INDUCED BY THERMAL
NEUTRONS

V.P. Pikul
Institute of Nuclear Physics, Tashkent, Uzbekistan

At modeling process of fission always there is a question on a configuration of a
compound-nucleus in a scission point. But the form of a nucleus and the moment of scission are
not experimentally observable quantities. In scission-point model [1] prescission configuration is
represented as two coaxial spheroids, i.e. radius of neck Rn=0. For this configuration the
potential energy U(Ai, Zi) calculated with the account shell- and pairing-correction terms for
each spheroid whose tips are separated by a distance d. Minimizing potential energy it is possible
to define parameters of deformations of fragments and to find the most probable form of a
nucleus in a scission point for different pairs fragments. At the same time a condition of a
scission in the majority of models is Rn = 0.3 Ro (Ro — radius of a spherical nucleus). In work [2]
calculations U(Ai, Zi, Bi) in a scission point with different values Rn have been carried out for
fission 23U thermal-induced neutrons. For asymmetric mass area An= 137-142 the minimal
values U(Ai, Zi, Bi) are observed at Rn = 2,4-2,8 fm, and for super asymmetric mode S3 (An=154)
the minimal values are found at Rn = 1,8-2,0 fm. In our work calculations of potential energy
U(Ai, Zi, Bi, RN, Exi, TKE) in a scission point are executed at fission of nucleus 2*2**U and
239.241p by thermal neutrons within the framework of scission-point model [1]. The method of
calculation of parameters deformation of a fissionable nucleus with participation of the most
important collective coordinates - mass asymmetry, the neck sizes, curvature of a neck surface,
lengthening of a nucleus during descent from saddle point to a scission point is resulted in [2]. It
is established, that at fixed values TKE and Ex deformations B; and fn can change over a wide
range with formation of several minima on a contour plot of a potential energy surface. For the
most probable mode S2 there are two configurations - type | and type 1. One configuration will
consist of the deformed light and heavy fragments (type-1). Other configuration will consist of
the deformed light and spherical heavy fragment (type - 11). For super asymmetric mode S3 the
configuration with strongly deformed heavy fragment and small deformed light fragment (type
I11) is found out. The configuration type | corresponds to the minimal value of a potential energy
at deformations 1 = 0,60 - 0,75 and B» = 0,75 - 0,85. The configuration type Il corresponds i =
0,9 - 1,1 and Bn = Pon - 0,35 and is shown at the most probable Exu and is higher. The
configuration type Il corresponds B =B - 0,25 and is also shown at the most probable values
Exu and is higher. Deformation energy Eder is determined as in work [3]. The fissionable nucleus
at descent from saddle points to a scission point comes with more deformed light fragment and
can go down in three valleys corresponding type I, type Il or type 11l with different probability.
The high probability corresponds to smaller value U(Ai, Zi, Bi). Knowing Eqer it is possible to find
energy of excitation E*(Ai, Zi, Bi) and a relative yield of fragments Y (Ai, Zi, Bi) depending on
deformations B and pBr under formulas [4]

E*(Ai, Zi, Bi) = Q - TKE(A, Zi, i) + Eder (Ai, Zi, Bi) 1)
Y (Ai, Zi, Bi) = Yoexp ((FU{A;, Zi,Bi }, R, E*)IT) (2)

Where Q is the total energy release at scission, S= 8 MeV the excitation energy coming from the
thermal neutron in the neutron-induced fission, Yo is the normalization factor, T=(E*/a)%?
(a=A/12 MeV1) is the temperature at the scission configuration. We carried out measurements of
mass and kinetic energy distributions of the fission products of 2332%U and 23*?4'py thermal-
induced neutrons in super asymmetric area S3. Measurements were performed using the
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electromagnetic mass spectrometer for unslowed fission fragments [5]. The increasing mass
yield of fission fragments for 23U and #°Pu is observe near An=152-153 and TKE=145-150
MeV, for 235U and 2*'Pu near An=154 and TKE=140-145 MeV. Average nuclear charges of light
fragments is approximately the same, the rms widths of ones are increase for 2°U and *'Pu.
Calculations of U(Ai, Zi, Bi) in scission point for mode S3 are showed that the most probable
form of fissionable system correspond to near sizes of small axes of light and heavy fragments.
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RADIATION VULCANIZATION OF CHLOROPRENE RUBBER IN THE PRESENCE
OF POLYFUNCTIONAL MONOMERS

1Sh.M. Mammadov, *A.A. Asadova, *A.A. Garibov, 1J.S. Mammadov, 'S.Z. Malikova,
2S.V. Rzayeva, ?E.N. Ahmedov
YInstitute of Radiation Problems, ANAS, Baku, Azerbaijan
2Azerbaijan National Oil Academy
shiraz.mamedov@gmail.com

Application and technological aspects of radiation vulcanization process of the
chloroprene rubber (CR) and maleic acid in the presence of tri allyl cyanurate (TAETSK) diallil
ether and metal oxides were considered, respectively. The influence of different chemical bonds
on the optimal complex properties of the elastomers on the basis of new polyfunctional
monomers was approved by radiation vulcanization. The obtainment ways of the desired
structures and their influence on the rheological properties were shown.

Vulcanization of the samples were carried out in mold and in container in air condition at
ambient temperature and irradiation dose up to 1000 kGy.

It has been shown that with the increasing of irradiation dose between 100 and 500 kGy,
the pace of cross-linking increases simultaneously and it leads to increase of molecular weight of
rubber. It was found that during the vulcanization process in the presence of 0.2 wt of sulfur,
those that the radiation curing processes of chloroprene rubber leads to an additional
crosslinking, for the mixtures in the presence of PFM the high pace of properties’ alterations is
observed. The obtained elastomeric polymers contain connection of two types of C-C, C-S-C,
which provides a higher molecular weight than the radiation vulcanizers.

During the y-irradiation of CR + PFM + ZnO plate with the thickness of 1.0 mm in air at
an absorbed dose of 20-30kGr the cross-linking does not undergo. The maximum gel content is
8%, and irradiation at 500KkGr rises to 18-20%.

Introduction of PFM and epoxy value of the radiation-chemical yield of crosslinking increases
and reaches 5 + 105 moles/cm?®.
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RADIATION-CHEMICAL MODIFICATION OF ETHYLENE-PROPYLENE
ELASTOMER BY LOW-MOLECULAR REACTIVE COMPOSITION

1Sh.M. Mamedov, ?S.V. Rzayeva, ?A.M. Kuliyev, *A.A. Garibov, 2E.N. Ahmedov,
3E.O. Akperov, A.N. Alimova
YInstitute of Radiation Problems, ANAS, Baku, Azerbaijan
2Azerbaijan State Oil Academy
3Baku State University, Azerbaijan
shiraz.mamedov@gmail.com

One of the most effective ways of radiation-chemical modification properties and
increasing scope of ethylene-propylene rubber (EPR) are different categories of low-molecular
reactive compositions (LRC)

Synthetic rubber ethylene-propylene (EPSR) is one of the most advanced elostomer of
general purpose. Ethylene-propylene elostomer and based on elostomeric materials are stable for
different chemical agents and obtain resistance against weathering factors by good stress-strain
and insulating properties. On dynamic properties and gas permiation properties EPSR is closed
to crude rubber.

As EPSR is saturated elostomer and its cross-linking (patterning) is caused of known
difficulties. At the present time widely used patterning of these copolymer by peroxide
compound with small amount of sulphur. For obtaining samples with physical mechanics
properties is necessary to use more dosage of dicumyl peroxide (5,0 pts.wt. for 100 pts.wt.
elostomer) that is adverse in plant conditions because of hazards of degradation products of
peroxide. Besides, as known, the presence of peroxides has an adverse effect in the process of
heat ageing elostomeric materials.

With regard to radiation-chemical modifications of EPSR in the presence of LRC
(oligoephirakrilat — OEP, dichlorine dietilamin simmtriazin - DCDST), metal oxide, epoxy and
technical carbon, which allows to fully exclude from receipt, especially peroxide dikumil.

Target of research was commercialy pure EPSR with comonomer rating 1:1.Elastomer
mixtures had such composition in pts.wt as EPSR-100, OEC-5,0 , Diethylamine Dichloro-s-
Triazine -4,0, ZnO- 5,0 , ED-5-6,0 and carbon P324-60.

Irradiation of samples was hold on y-source Co® and radiation absorbed dose was 800
kGy. In case of irradiation of low-dose-rate elastomer without ingredients there isn't occur
formation of 3D grid, furthermore, if in the process of resorption the toluol of source elastomer,
not exposed irradiation, has gel skeleton then elastomer becomes soluble after irradiation in dose
150-300 kGy, that indicates about destruction of molecular chains.

Introduction of sensibilizator into elastomer leads to some increasing of cross-linking
spead, radiation-chemical output of crass-linking increases in 1,5 times. Testified that in case of
extension elastomer has capacity in 14 mPa.
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AUTOMATION DRYING UNIT MOLYBDENUM-ZIRCONIUM GEL RADIOIZOTOPE
PRODUCTION TECHNETIUM-99M FOR NUCLEAR MEDICINE

Y. Chakrova, I. Khromushin, Z. Medvedeva, I. Fettsov, V. Bannykh
Institute of Nuclear Physics, Almaty, Kazakhstan
e.chakrova@inp.kz

Since 2001 the Institute of Nuclear Physics of the Republic of Kazakhstan has began
production of radiopharmaceutical based on technetium-99m from irradiated reactor WWR-K of
natural molybdenum, which allows to obtain a solution of technetium-99m of the required
quality and high volume activity. In 2013 an automated system is started, which is unique and
urgent task is to develop algorithms and software in Python, as well as the manufacture of certain
elements of technological systems for automated production. The production process consists of
several process steps. Currently complete automation unit ®Mo-Zr-drying gel. To do this, the
installation process unit drying ®*Mo-Zr gel, which consists of the following main parts: the
filtering and drying column, valves and control equipment, compressors, vacuum pumps and
peristaltic, PID temperature, control unit thyristors and triacs and resistance furnace. A scheme
of automation of drying process **Mo-Zr gel in accordance with the process requirements and
assembled test rig, including USB-interface cards, board relays, solid state relay AC and DC
motors, electromagnetic relays and contactors, transformers, automatic RS-232 / RS-485 AS3-
220-M. Testbench paired with a PC via RS-485 ports and USB. The efficiency of the proposed
solution is confirmed by results of preliminary tests. Initially, to automate the process of drying
the planned use of OPC-server using OWEN protocol for communication with PID TPM210. As
a result of the experiments concluded not appropriate to use this server to automate. The reason
for this is the difficulty of debugging the application, due to the impossibility of simultaneous
connections to port two independent programs, for example, developed the program and
configuration program PID. In this regard, it was decided to implement the communication
protocol OWEN directly in the programming language Python. For this purpose carried out
possible solutions. As a result, we find necessary source code and made their modification to
ensure communications capabilities with PID TPM210 OWEN protocol without using any
servers using our developed appropriate software modules.

Work on the creation of the automated system is performed in the framework of the
budget program 055 Ministry of Education and Science of the Republic of Kazakhstan.
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LONG-PERIOD PULSATIONS OF THE SLOWLY VARYING S-COMPONENT OF
THE MICROWAVE RADIATION OF THE SUN

Sh.Sh. Huseynov
Shamakhy Astrophysical Observatory named after N.Tusi, ANAS
shirin.guseyn@gmail.com

On the surface of the Sun from time to time it occurs volcanoes, giant releases of energy -
called solar flares.

A solar flare occurs above the active group of sunspots; its geometry and dynamics are
determined by the magnetic fields.

It is known that the solar atmosphere is very inhomogeneous. This inhomogeneity has
both regular and chaotic components.

Currently, as a result of long-time studies a large amount of data on the existence of
quasi-periodic pulsations (CPP) in the "active" and "quiet" regions of the Sun has been collected.
The nature of the CPP has not yet been established, although to date a number of mechanisms to
explain this phenomenon has been proposed. Therefore, it is of great interest to determine the
characteristic parameters of the plasma turbulence, i.e. its prognosis.

In this paper to estimate the turbulence in temporal series the spectral-temporal and
fractal analysis were used. By applying the theory of deterministic chaos the entropy of the
analyzed temporal series was estimated. This series was obtained due to fluctuations of the S-
component of the radio emission, which is a measure of solar flare activity.

Observational data obtained in 1981-82 and 1989 yrs. was used as the input data.
Material was obtained with the radio telescope RT -12 at the lonosphere Institute of Academy of
Sciences of Kazakhstan Republic. Radio spectrographs operating at 1 -2 and 2 - 4 GHz bands
have been developed by A.M. Guseinov, in 1975 and 1978 yrs., respectively. The measuring
technique and results of preliminary processing of the spectra are given in [1]. The further
processing of the obtained radio spectra by using the methods of spectral-temporal and fractal
analysis are given in [2, 3].

The analysis shows that the radio emission of active regions at frequencies 1- 4 GHz,
begins to be observed for about 1- 2days before the appearance of the corresponding group of
sunspots on the solar disk and stop to be observed about ~ 2 days after the setting of a group of
spots on the edge of the disc. The increase of the brightness of the bursts is due to the fact that
the most powerful bursts are generated in the deeper layers of the solar atmosphere [4].

Let us consider one of the possible mechanisms of generation of long-period pulsations in
the region of the sunspot. The mechanism proposed in [5] is referred to as the model of small
sunspots. In this model, there are several types of proper oscillations. The first type of
oscillations is the swinging motions of the spot as a whole or as a part of its structure. The
second type is the quasi-periodical changes of the area occupied by the sunspot or of the radial
distance of its fragments. With the same type of quasi-periodical pulsations are related the
changes of the magnetic field of sunspots and variations in the intensity of microwave radiation.
The first and second types of oscillations are long-period pulsations with a period of 20-80 min.

There are sunspots on the relatively quiet surface of the Sun. In addition, one can observe
a group of sunspots with emerging activity. Our studies have shown that a power spectrum
obtained at a relatively quiescent state of sunspots shows numerous unstable peaks
corresponding to different periods ranging from 5 to 40 minutes. In the case when the sunspots
are developing (the areas of individual spots and the number of spots are increased ) it is
observed the power spectrum in which many small periods of oscillations ( from 5 to 15
minutes) disappear and only longer periods (> 25 minutes) are remaining. We suggest that the
cause of disappearance of a certain part of short-period pulsations are the new oscillations that
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are generated in the areas of sunspots, which becoming more active, and contribute to the
attenuation of old fluctuations. In consequence of this attenuation, the peaks, corresponding to
oscillations with tx > 25 min, appear in the power spectra.

Based on the above discussions and obtained quantitative estimates the following
conclusions can be drawn:

1. Flux ratio of the slowly changing S- component F7s/F1s is significantly more effective
sign of a powerful flare - activity than the ratio Fis/Fso.

2. In 17 cases of the 20 major flares, the flux ratio of the S- component F75/Fis for 1 -3
days before the powerful solar flares becomes more than 2 , i.e. more than average over the
month .

3. On the basis of 1-2 GHz and 2-4 GHz radio spectrograph measurements and the
F7s/F1s flux ratios of the S — component the temporal series were built. Basically these series
contain oscillations with a characteristic time greater than tx > 25 min for 1 - 3 days before a
powerful (> 2-point) flare.

Thus, the observed changes of the centimeter radio emission spectra with period tx > 25
min are associated with the development of solar flare activity which leads to a powerful (> 2
points) flares. This fact is an effective criterion for the quantitative forecasting of solar flares.
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STUDY OF NITROGEN IONS INTERACTION MECHANISMS WITH 12C, 16Q, 27Al
NUCLEI AT E=21 MeV
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13y. D. Alimov, 13Y. Mukhamejanov, “Sh. Hamada
Ynstitute of Nuclear Physics AEC MINT RK, Almaty, Kazakhstan
2Eurasian national university, Astana, Kazakhstan
3 al-Farabi Kazakh National University, Almaty, Kazakhstan
“Tanta University, Egypt
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Study of interaction of light ions with 1p-shell nuclei at energies below Coulomb barrier
is of interest from astrophysical point of view in order to understand burning processes of these
elements in stars. Study of cluster transfer mechanisms in scattering processes is also of big
interest and importance, because these nuclei have clearly expressed cluster structure.

In earlier papers 2C and °0 ions scattering from 2C, 10 [1] and !B [2], respectively,
were studied at energies below Coulomb barrier. It was found that the cross sections are formed
not only by potential scattering but also by transfer mechanisms due to cluster structure of these
nuclei. Alpha cluster transfer is clearly seen for 2C+%0 system, proton transfer — for 2C+''B
system. Experimentally it is shown by rapid cross section enhancement at backscattering angles.

The aim of this work is to obtain experimental data on elastic scattering of nitrogen ions
from 12C, %0, ?Al nuclei at energies below Coulomb barrier as well as analysis of obtained
cross sections taking into account all possible mechanisms which for the cross sections (potential
scattering, cluster transfer processes).

Differential cross sections were measured at DC-60 cyclotron INP AEC MINT RK
(Astana) at angles ranging from 20 to 140 degrees in center of mass system. Energy of
accelerated nitrogen ions beam was 1.5 MeV/nucleon. Scattered particles and recoils were
registered by silicon detectors with sensitive layer thickness of 100 pm. Thin film targets made
of 2C and Al,Os with thickness of 20-40 pg/cm? were used. Targets thicknesses were
determined with uncertainty no more than 5%. Energy resolution of registration system was 250-
300 keV, which mainly was due to primary beam energy spread. Overall absolute uncertainty of
obtained data did not exceed 10%.

We did not see any enhancements in obtained experimental cross sections at big
scattering angles region. It is probably due to the fact that cross section is formed by pure
potential scattering and there is no contribution of any transfer processes in systems under study.

The obtained data were analyzed within the framework of standard optical model using
SPIVAL computer code. Optimal values of interaction potentials for given systems were
determined.
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STUDY OF ELASTIC SCATTERING OF SULFUR IONS FROM *2C, %0, 2’ Al NUCLEI
AT ENERGIES NEAR THE COULOMB BARRIER
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Study of interaction of sulfur ions with *2C, %0, 2’Al nuclei at energies near the coulomb
barrier is interesting from the point of view of determining reliable values of heavy ions
internuclear interaction potentials which are necessary for understanding burning processes of
these elements in stars.

Similar processes have been studied in [1] and [2]. Cross sections in these papers have
been measured at backscattering angles range and significant difference between these cross
sections and Rutherford scattering cross sections has been shown.

The aim of this study is to obtain experimental data in full angular range as well as
analysis of obtained cross sections in framework of reliable, tested nuclear models.

Experiments were performed at DC-60 INP cyclotron (Astana). Energy of accelerated
beam was 1.75 MeV/nucleon. Scattering cross sections measurements were made in 10°-75°
angular range in laboratory system. Particles were registered by silicon detectors with sensitive
layer of 100 um. Thin film targets made of >C and AlO3 with thickness of 20-40 pg/cm? were
used. Targets thicknesses were determined with uncertainty no more than 5%. Energy resolution
of registration system was 250-300 keV, which mainly was due to primary beam energy spread.
Overall absolute uncertainty of obtained data did not exceed 10%.

We did not observe any significant oscillations and enhancements in obtained
experimental cross sections. It is probably due to the fact that cross section is formed by pure
potential scattering and there is no contribution of any transfer processes in systems under study.

Analysis of sulfur ions scattering from aluminium cross sections showed that they do not
differ from Rutherford scattering cross sections at given energy. 32S+1%0 and *?S+2C processes
were analyzed within the framework of standard optical model and double folding model using
FRESCO computer code. Optimal parameters of interaction potentials for given systems were
determined.

References

1. J. Raisdnen, E. Rauhala, J.M. Knox and J.F. Harmon. Non-Rutherford cross sections in heavy ion
elastic recoil spectrometry: 40-70 MeV *2S ions on carbon, nitrogen, and oxygen// Journal of Applied
Physics 75. — 1994, — P. 3273.

2. J. Riiséinen and E. Rauhala. Angular distributions of *2C, 1N, and 160 ion elastic scattering by sulfur
near the Coulomb barrier and the high energy limits of heavy ion Rutherford scattering// Journal of
Applied Physics 77. — 1995. — P. 1762-1765.

131


mailto:nburtebayev@yandex.ru
mailto:y.mukhamejanov@gmail.com

VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

STUDY OF °Be(®*He,d)!’B REACTION

IN. Burtebayev, *M.K. Baktybayev, 1J.T. Burtebayeva, V. Dzhazairov-Kakhramanov,
17h.K. Kerimkulov, 1A.Y. Baimukhanova, 12Y. Mukhamejanov, 2V.D. Dzhunushaliyev,
33S.V. Artemov, 3Y. Zaparov, “Sh. Hamada
Ynstitute of Nuclear Physics AEC MINT RK, Almaty, Kazakhstan
2al-Farabi Kazakh National University, Almaty, Kazakhstan
3 Institute of Nuclear Physics AS RU, Tashkent, Uzbekistan
“Tanta University, Egypt
nburtebayev@yandex.ru, y.mukhamejanov@gmail.com

Correct calculations on fusion of light nuclei such as ®’Li, °Be and 1°!B firstly need for
reliable information about interaction potential parameters and structure characteristics of the
nuclei taking part in these processes. The aim of this work is to obtain asymptotical
normalization coefficients (ANC) for (°Be+p)-configuration of 1°B nucleus from the analysis of
differential cross sections of proton transfer reaction °Be(*He,d)!°B at low energies.

Particularly, for correct calculations of differential cross sections of proton capture by °Be
nucleus one will need physically justified optical potential parameters for incoming (A+He) and
outgoing (B+ d) channels of °Be(®*He,d)'°B reactions. For this purpose we made reanalysis of
data on elastic scattering of *He ions from °Be nuclei (at energies 50, 60 MeV [1]) and deuterons
from °B (at energies 18, 25 MeV [2]), obtained at U-150-M cyclotron INP (Almaty) with the
involvement of literature data at different energies.

Analysis of differential cross sections of proton transfer reaction °Be(®*He,d)'°B was made
using DWUCKS5 computer code at energies 18, 25.2, 33.3 MeV [3-5]

In papers [3-5] the authors during the analysis of experimental data have obtained
spectroscopic factors which are generally energy dependence. Whereas the asymptotic
normalization coefficients for (°Be+p)-configuration of °B nucleus that we obtained in current
work do not have such dependence and may be used for calculating cross sections of proton
radiative capture by °Be nucleus.
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UV PHOTOLYSIS OF CROSS PCB-s CONTAMINATED
TRANSFORMER OILS

Z.1. Iskenderova, M.A. Gurbanov

Institute of Radiation Problems, ANAS, Baku, Azerbaijan

Treatment of cross contaminated transformer oils under physical factors-as y and UV
irradiation, plazma etc. was widly investigated [1]. UV-photolysis is one of more effective
methods due to selective adsorbtion of UV radiation by aromatic compounds, particulary by
polychlorined biphenylis (PCBs) leading to destruction and degradation of such kind of
molecules. Transformer oils with a complex structure contain saturated hydrocarbons,
naphthenes and aromatic compounds. As usual the content of fractions is following: saturated
hydrocarbons 10-15%, naphthenes 60-70%, aromatic compounds 15-20% [2]. Taking into

account the fraction composition of oils, it has been compared infrared spectra of 4 systems.
1. Standart mixture (benzol+hexane+cyclohexane).
2. Transformer oil containing 14 mg/kg polychlorinated biphenyl.
3. Technical transformer oil “Sovtol”.

4. Transformer oil containing 14mg/kg PCB and irradiated with UV rays for 20 minutes.

The characteric absorbtion ranges are given in table.

Bands

Standart mixture

Transformer oil with
14mg/kg concentration

Sovtol

Vibrations

2850-3000 sm'?

2850-3000 sm'?

Stretching,deformative

CH; —CHj5[3]
Deformative
- _1 - _1 - _l
1350-1550 sm 1350-1700 sm 1350-1700 sm CHa- CHs [3]
c=C
_ _ _ -1
900-1200 sm c—cl 3]

The obtained spektra are given in the figure.
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(benzol+hexane+cyclohexane).

Transformer oil with 14 mg/kg PCB.
Sovtol.
Transformer oil with 14mg/kg PCB, irradiated for 20 minutes.

As it is seen from figure under UV irradiation the decreasing of appropriate absorbtion
bands in the range (1350-1550 sm™) and completely disappear of absorbtion bands in (900-
1200 sm™) is observed.
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METHODS FOR %Sr IN SOIL BY CHERENKOV COUNTING AND LIQUID
SCINTILLATION SPECTROMETRY

N. Aslan
Turkish Atomic Energy Authority, Saraykéy Nuclear Research and Training Center, Radiation
Metrology Division, Ankara, Turkey
nazife.aslan@taek.gov.tr

A number of radionuclides have been released into the environment through various
sources, as a result of nuclear weapon testing, nuclear facilities and nuclear power plant
accidents. Among these radionuclides, strontium-90 (%°Sr) is one of the most toxic natural
radioisotopes because of its long half-life (28.80 (7) y) and high fission vyield; therefore, its
measurement in environmental solid samples especially in the food and soil is very important for
the control of the environmental contamination. However, measurement of activity concentration
of %°Sr in soil has many difficulties because of the presence of so many other radionuclides in
samples of interest. This problem can be dealth with dissolution of the soil and radiochemical
separation of ®°Sr from other radionuclides.

In this study, two different separation methods for the determination of ®Sr in soil were
described and results were compared. The first method is based on the separation of the daughter
yttrium-90 (*°Y) at sequliar equilibrium by using HDEHP solvent extraction and measurement of
Y by Cherenkov counting. The second method is based on the isolation of *°Sr from other
radionuclides using strontium resin and measurement with liquid scintillation spectrometry
(LSS). Count rates were measured using a Wallac1220 Quantulus ultra low-level liquid
scintillation counter.

The analytical quality of the methods checked by analyzing IAEA Soil-375 reference
material. The radiochemical recovery of the recommended methods ranged from 75 to 83% and
80 to 92% for the Cherenkov counting and liquid scintillation spectrometric methods (LSS),
respectively. Counting efficiency is 68% for Cherenkov counting and 98% for LSS methods.
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ANALYSIS OF DIFFERENTIAL CROSS SECTIONS OF THE PROCESS °Be(p,p)°Be
PROCEEDING AT LOW ENERGIES IN THE OPTICAL MODEL

N. Burtebayev, M.K. Baktybayev, Zh.K. Kerimkulov, D.M. Zazulin,
V. Jazairov-Kakhramanov, A.E. Baimukhanova, Yu.Zh. Tuleushev
Institute of Nuclear Physics, Almaty, Kazakhstan
murat.baktybayev@yandex.ru

Nuclear physics of low and ultralow energies is currently gaining increased fundamental
importance due to the rapid development of a number of areas for which the differential cross
sections play a decisive role.

In this work the experimental differential elastic scattering cross sections for protons
from °Be nuclei (which have been measured earlier with accurate of 10%) have been analyzed
for proton energies from 443 to 1378 keV. A set of parameters has been derived for a global
optical potential from elastic p-°Be scattering at incident proton energies of 443, 600, 700, 950,
995, 1036, 1215 and 1378 keV. The proton-nucleus potential used in the optical-model analysis
was of the usual Wood-Saxon form, consisting of a real central potential part of depth V and an
imaginary potential (surface absorption) part of depth W. The theoretical calculations performed
in the current work shows that the inclusion of spin orbit potential part doesn’t play a significant
role as in other previous studies. The coincidence between our experimental data and the
theoretical prediction is fairly good over all the whole angular and energy ranges.
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EXPERIMENTAL DETERMINATION OF THE DIFFERENTIAL CROSS SECTIONS
FOR ELASTIC SCATTERING OF PROTONS BY °Be AT LOW ENERGIES

N. Burtebayev, M.K. Baktybayev, Zh.K. Kerimkulov, D.M. Zazulin,
V. Jazairov-Kakhramanov, A.E. Baimukhanova, Yu.Zh. Tuleushev
Institute of Nuclear Physics, Almaty, Kazakhstan
murat.baktybayev@yandex.r

This work presents the results of measurements (with an accuracy of better than 10%) of
the differential cross sections of elastic scattering of protons by °Be nucleus at incident proton
energies of 443, 600, 700, 950, 995, 1036, 1215 and 1378 keV using thin Be target of natural
composition (°Be - 100%) with thickness of 50.75 £ 0.75 pg/cm? Experiments have been
conducted at the tandem electrostatic accelerator UKP-2-1 in Almaty.

The current beam value was limited by the resilience degree, the load characteristics of
electronic equipment and was in the range from 5 to 150 nA. The proton beam passed through
beam-defining collimator's system - two collimators (1.5 mm diameter) 42 cm downstream, and
was formed onto the target (10 cm distance from last collimator) into a spot of about 1.5 mm
diameter. The protons have been detected by means of solid-state detector, at a distance of 24 cm
from the beam spot on the target and angles from 20° to 160° in the laboratory, in steps of 10° -
20°. A second similar detector, placed at 160° with respect to the incident beam, was used as a
monitor. The energy resolution of the detectors was 15 keV. A great care in the definition and
collimation of the proton beam allowed us to obtain an angular indeterminacy less than 1% in
these experiments. The Faraday cup (cylinder: 1.5 cm diameter, 15 cm length) placed at a
distance of 12 cm from the target was connected to a current integrator which shut off the
counter recording circuits as soon as a predetermined charge (10 or 0.1 nanocoulombs) had been
collected. So, the beam current was integrated, to within an uncertainty of 1.5%.
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EFFECT OF ANNEALING TEMPERATURE ON THE ELECTRICAL PROPERTIES
SOLID SOLUTION SoFe204 SPINEL STRUCTURE

Sh.M. Hasanli, M.R. Allazov, A.K. Huseynova, U.F. Samedova, A.Y. Imanova
Institute of Physics, ANAS, Baku, Azerbaijan
hasanli_sh@rambler.ru; neytrino7@gmail.com

To protect equipment from the radiation and electromagnetic radiation are often used the
magnetic absorbent materials. From a practical point of view, the growing interest in magnetic
nanosystems driven by the prospect of using magnetic nanomaterials in modern high-tech
devices. By changing the size, shape, composition and structure of the nanoparticles can be
controlled magnetic properties of materials based on them. The present work is devoted to the
synthesis of crystalline nanoparticles of solid solutions CoFe204, CoGaz04, CoFezxGaxOa spinel
structure by low-temperature combustion (in this paper shows the results for CoFe20a,). As the
fuel component used alcoholic solution of malonic acid dihydrazide, a quantity which was mixed
nitrate solutions of cobalt and iron in a molar ratio of 1:2. The resulting solution was evaporated
to a dry residue, where the mineral substrate and the organic portions are mixed in a molecular
level, perhaps in the form of metal complexes.

When heated in air, the combustion takes place (about 350°C) dry residue of organic and
decomposition of the nitrates. Formed flake almost amorphous products with the bulk
composition of crystalline nanoparticles. Heating the samples to 500°C leads to the appearance
of crystals with sizes of 20-30 nm nanoparticles with a spinel structure with the inclusion of
some hematite phases. Improved crystals formed during heat treatment of the samples above
700°C for 2 hours (Samples subjected to heat treatment at 700, 1000 and 1200°C for 2 hours).
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Fig.1. X-ray spectrum dependence of the Fig.2. Dependence of the resistivity of the
resistivity of the percentage of filler percentage of filler

When discussing the results of the study, the synthesized samples used in the XRD data.
Powder diffractograms were recorded on a diffractometer XRD D8 company «Broker» on CuK,
radiation. Measurements of parameters of the investigated samples are shown at room
temperature. From a comparison of X-ray spectra can be seen that with increasing annealing
temperature intensity X-ray reflections change, namely, at the annealing temperature T = 1200°C
reflexes intensity increases. Additionally, narrowing the width of the spectra, indicating that the
increase in the degree of crystallinity of the samples. After annealing the powder at 700, 1000
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and 1200°C for 2 hours to give crystalline samples of black color with a highly developed
surface. 2-hour annealing at 1000°C affords a homogeneous powder with a spinel structure and
increase the heat treatment temperature is increased size crystallites of 10-20 nm (Fig. 1) [1].
Composites prepared from a homogeneous mixture of the components by hot pressing at a
temperature of 220°C and a pressure 15MPa. Component content varied over a wide range (15-
45% and 85-55% SS-PP, respectively). As the components have been used a solid solution-type
nanoparticles CoFe2O4 (SS) and PP (polypropylene) as a powder. The sample thickness was 150
um. All samples were tested CVC, resistivity and dielectric properties depending on the volume
of the filler content (SS), and the annealing temperature. Dielectric properties were measured
using a bridge E7-21 in the frequency range 25 Hz-1 MHz measurements were carried out at T =
293 K. Note that the dependence of the current (CVC) on the voltage applied on all samples
regardless of the percentage and the annealing temperature is nonlinear. Dependence of the
resistivity of the percentage of filler (SS), depending on the annealing temperature is complex
and can be divided into two sections (Fig. 2): the initial section of the magnitude of the
resistivity p large and is mainly determined by the resistance of the polymer to increase the
percentage of filler p value for the annealing temperature T=1200°C decreases exponentially
with further access to a constant value when the content of filler SS>25%. Established the
following features depending on the annealing temperature €: a) increasing the percentage of
filler increases the value of €, b) € value at an annealing temperature T=1200°C greater than at
T=700°C. Dependence of the resistivity of the percentage of filler (SS) (Fig. 2) can be explained
as follows: at low filler content due to the large thickness of the polymer layers between the filler
particles the potential barrier is high. In turn, due to the exponential dependence of the tunnel
resistance R on the potential barrier tunneling probability of charge carriers through a thick
barrier is small and the contribution of the tunneling conductance is negligible (Fig. 2). With
further increase in the percentage of filler, the thickness of polymer layers between the filler
particles and thus the average number of contacts between the particles increases. As a
consequence, reduces the magnitude of the potential barrier and ¢ tunnel resistance R. As a
result, the conductivity increases and decreases, respectively resistivity of the composite. With
further increase in the filler content of the filler particles begin to form a continuous chain, and
therefore the conductivity of the composite will be largely determined by the conductivity of the
filler particles.
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STRUCTURAL STUDIES OF SODIUM NIOBATE AT HIGH PRESSURES
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’R.E. Huseynov, “T.N. Dang
!Bayerisches Geoinstitut, University Bayreuth, Germany
2Institute of Physics, ANAS, Baku, Azerbaijan
3Joint Institute for Nuclear Research, Dubna, Russia
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sakin@jinr.ru

Among the materials that exhibit spontaneous electric polarization, sodium niobate
NaNbOs can undergo many different structural phase transitions with a change in the
thermodynamic parameters at an external electric field [1]. Both ferroelectric and
antiferroelectric phases can be formed in such material, as a result of which the structure and
physical properties of this compound are of great interest. According to the results of previous
studies [2, 3] by neutron and X-ray diffraction and Raman spectroscopy, at cooling of NaNbOs
leads to the following sequence of structural phase transitions: U (913 K) —T2 (848 K) —T1
(793 K) —S (753 K) —»R (633 K) —P (173 K) —N. The high pressure effect on the crystal
structure and physical properties of NaNbOs is studied less. The pressure effect on crystal
structure of NaNbOs is unexplored. In this work, in order to search for pressure induced phase
transformations, the crystal structure evolution of those compounds was studied by means of
angle-dispersive X-ray diffraction in the pressure 0 — 33.5 GPa at room temperature.

Angle-dispersive X-ray powder diffraction patterns at high pressures up to 33.5 GPa and
room temperature were obtained at the Extreme Conditions Beamline [4] (ECB) P02.2 at the 3rd
generation synchrotron radiation source PETRA-III located at the Deutsches Elektronen
Synchrotron (DESY), Hamburg, Germany. The diffraction images were collected with a
wavelength of 2=0.29118 A on the amorphous silicon flat panel detector bonded to a Scl
scintillator (XRD 1621) from Perkin Elmer and located at a distance of 402.33 mm from the
sample. The two-dimensional XRD images were converted to one-dimensional diffraction
patterns using the FIT2D program. Powder diffraction patterns were refined in the Fullprof
program.

The angle-dispersive X-ray diffraction patterns of NaNbOgz obtained at different pressures
are shown on Figure 1. At ambient conditions, the diffraction reflections are corresponded with
the orthorhombic crystal structure with space group Pbcm.

At pressure, increasing up to P~ 5.5 GPa and 11.8 GPa in NaNbO3 the some changes in
the X-ray diffraction patterns (Figure 1) have been observed. After analysis of diffraction data
we choose the structure model described by orthorhombic symmetry with space group Pbnm
(from 5.5 GPa to 11.8 GPa) and Cmcm (from 11.8 GPa) respectively.

The baric dependences of lattice parameters and unit cell volumes of NaNbO3z compound
have been obtained.
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Fig. 1. Angle-dispersive X-ray diffraction patterns of NaNbOs obtained at ambient and high pressure.
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INFLUENCE OF y-IRRADIATION ON PERCOLATION THRESHOLD IN
PE/a-Fe20s COMPOSITE SYSTEM

N.S. Aliyev, M.N. Bayramov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
eliyevnabi@mail.ru

Development of modern solid electronics and space industry requires the creation of new
polymer composite materials (PCM) for development of electroactive elements. PCM used in
development of space electronic devices and electronic device systems of accelerators in atomic
energy should be resistant to the influence of different type of irradiation. It is known that under
the influence of ionizing irradiation it is formed charges of different signs, electron and ion pair.
These charges (residual or returning) damage polymer composites by influencing their
electrophysical parameters and this radiational damage can result in failure and break of devices.
Creation of new radiation resistant PCM depends on electrophysical and chemical features of
polymers and its additives.

In this work it has been studied the change of specific volume resistance (pv) and also
percolation threshold shift of the samples exposed to initial and y-irradiation depending on
volume share (¢) of the filler a-Fe>O3 in PE/a-Fe.O3 composite.

For preparing the samples it has been used 20809-024 model high density polyethylene
(HDPE) (density-958 kg/m®, average molecule wight M=9500, crystallization rate-52%) as a
matrix and a-Fe>Ozas a filler. The amount of the filler in the composite has changed in the rate
(1-50 hacm %). Powder formed HDPE and homogeneous mixture of the filler have been kept in
hydraulic press heated in special form at 15 Mpa pressure 423+5K temperature for 5 minutes and
as a result it has been obtained samples with 140-250 mcm density, 20mm diameter. The
obtained samples have been cooled immediately at water-ice mixture. The studied composites
are 0-3 linked.

The specific volume resistance (pv) of the samples has been measured with E6-13A type
teraohmmeter at direct current for the samples exposed to initial and y-irradiation. The studied
composites were exposed to y-irradiation by Co® isotope at MPX-y-25M type device of which
absorbtion dose is 3.3-10° Gy/hour in air at room temperature. The irradiation dose has been
D=300kGy.

The achieved results have been given in figure 1. As it is seen that depending on volume
share of the filler, the pyvalue decreases (conductivity increases). Paying attention to diagram of
lgpv=1(¢) dependence we can see that from =1 volume.% up to ¢=7 volume.% in the value of
filler conductivity a very small reduction occurs and within the range of ¢=7 + 50 volume.% the
rate of this reduction significantly increases. Such a monotonous decrease can be related with
continuous infinite clusters generated after the value ¢=7 volume.% of the filler.

On the other hand while the volume share of the filler increases, the dimensions of
polymer layer decreases on the border between phases.
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Fig. 1. Dependence of specific electric resistance pv on volume share ¢ of the filler in PE/a-Fe;Os
composite: 1-initial, 2- »~irradiated samples at D=300kGy.

In Igpv=f(p) dependence there are 3 parts: 1) high-ohm part (0 <e< 7 volume.%). The
infinite clusters have not been completed yet in this part of the curve and the resistance is not
dependent on the concentration of disperse phase and defined with matrix resistance; 2) Sharp
decrease in specific resistance (7 <¢< 20 volume.%). Here the composite resistance is defined
with the capacity of the condenser generated by disperse filler (a-Fe2Oz3) particles and dielectric
matrix layer; 3) the part where the resistance is minimum (30 <@< 50 volume.%). Infinite
clusters have already been formed and it mainly consists of a-Fe;Os particles which are in
contact with each other by touching and there is no polymer layer between them. In this case the
composite resistance is defined by the filler resistance.

Decrease in pyvalue in Igpv=f(¢) dependence may be related to percolation (conductive)
clusters created by a-Fe>Os particles in the composite. The percolation clusters in PE/a-Fe>O3
composite consist of the arrangement of filling particles by covering all the system and which are
connected with each other, and of local electric conductivity compared regardless of being
situated at the same phase. Here the percolation rate is within the range of (9 << 10 volume.%)
and is defined by intersection of high-ohm tangent with low-ohm tangent of the curve shown in
figure 1.

It has been viewed Igpv=f(¢) dependence for the samples exposed to irradiation at 300
kGy dose. Here also it is observed three parts defined for the samples: 1) high-ohm part (0 <@<
10 volume.%); 2) the part in which the specific resistance sharply decreases (7 << 20
volume.%); 3) the part in which the resistance is minimum (30 <@< 50 volume.%).

As it is seen form figure 1 that after the y-irradiation the percolation rate is at the range of
(7 <p< 10 volume.%), i.e. a certain shift is observed compared to initial samples.
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RADIATIVE DECAY OF HEAVY HADRONS

V. Bashiry
Cyprus International University, Engineering Faculty, Turkey

bashiry@ciu.edu.tr

In this study we present the calculation of the form factor of ycO — J/yy and yb0 —
Jhyy in the frame work of QCD sum rules. We also find branching ratio By (yc0 (1P) —
Jhyy )=(1.07+ 0.34)x 10"~{-2} which is in agreement with the experimental data. Furthermore,
we estimate the I' goty( ¥bO(1P)) =5.5£1.5 MeV, where experimental bound for full width of b0

is T 1ot (b0 (1P)) <6 MeV.

144


mailto:bashiry@ciu.edu.tr

VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

PHYSICAL AND CHEMICAL REGULARITIES OF OBTAINING HEAT RESISTANT
AND RADIATION RESISTANT POLYMER MATERIALS BASED ON POLYBLEND

1S.A. Rzayeva, 'S.M. Mammadov, *A.A. Garibov, 'A.l. Azadaliyev, 20.H. Akperov,
1J.S. Mammadov, *A.M. Aleskerov
YInstitute of Radiation Problems, ANAS, Baku, Azerbaijan
2Baku State University, Baku, Azerbaijan
sehrana.talibova@gmail.com

One of the requirements to elastomer polymer materials, based on polyblend (mixture
NBR with PVC) is their resistance to heat and radiation. Elastomeric materials, based on NBR
are widely used in nuclear technology.

The main insufficiency of these elastomers is the high inclination to thermal cross-linking
that causes the accumulation of residual strain of material upon aging in a compressed state and a
rapid decrease in their rheological properties. For the protection of NBR from aging phenyl-f-
naphthylamine, N-phenylenediamine and other compounds are usually applied. However, such
low molecular weight compounds can be incorporated into the elastomer blend in a limited
amount because these additives have low solubility.

Nowadays, the destruction of elastomeric materials in exploitation conditions is actual,
despite the number of their investigations, which were carried out in last decades.

With the development of the oil, engineering and nuclear industries, novel elastomeric
materials are required.

In this paper, for the synthesis of heat-and radiation-resistant elastic-viscous materials,
the effect of chlorine-containing aromatic and maleimide compounds to the structural parameters
of the vulcanization network of polyblend were studied.

For the evaluation of the effectiveness of chlorine containing organic compounds
hexachloride p-xylol (HCPX), amino trimethyl sym-triazine (ATST) and dimethyl phenyl
maleimide (DMPM) have been used as the cross-linking and sensitizing agents. During the
choice of carbon black and naphthenic acid the following properties were taken in account:
structure, elemental composition, particle size and specific surface area.

The work was consisted of three stages: 1.The elaboration of structured systems for
polyblend (SKN-40-PVC-30); 2. The investigation of the structural parameters of synthesized
vulcanizers; 3. The investigation of temperature and radiation effects to the aging process of
elastomers in air and fuel.

It was determined that the observed alteration in the content of polar groups during aging
in fuel (150-200°C) depends on oxidation processes. The accumulation of the residual
deformation increases with the rising in air temperature. During the irradiation of thermo-
vulcanizers at 2000 kGy, the output of cross-links increases in the elastomer. At high doses
(more than 2000kGy) the radiation-chemical processes are increased and destruction of double
bonds is accompanied.

The application of HCPX and DMPM cross-linking agents allows obtaining elastomeric
materials which possess superior radiation resistance with regards to sulfur vulcanizers.
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STUDY OF THE HIGGS BOSON IN ASSOCIATE PRODUCTION WITH W BOSON

0. Abdinov, 1?F. Ahmadov, ?A. Cheplakov, 1?N. Javadov
YInstitute of Physics ANAS, Baku, Azerbaijan
2Joint Institute of Nuclear Research, Dubna ,Russia
fahmadov@cern.ch

The discovery of a new boson of mass around 125 GeV [1,2] compatible with the Higgs
boson predicted by the Standard Model (SM) is the starting point for the complete understanding
the origin of mass. One of predictions of the Standard Model is that the Higgs boson should
couple to all fundamental particles (fermions and bosons). As the Higgs boson was observed in
diboson decay channel, couplings to bosons and some properties could be measured with high
accuracy. The determination of the Higgs couplings to fermions is crucial to establish if the
properties of this particle are compatible with the prediction of the Standard Model.

The largest branching ratio of the SM Higgs boson of mass 125 GeV is a "O° cxodecay
channel (~58%) and the largest Higgs boson production cross section at the LHC is through
gluon-gluon fusion: "Q"@ "O[3]. But it is very difficult to distinguish signal from background
for the Higgs boson decays into the cxopair in gluon-gluon fusion, due to the huge background
from QCD production. More suitable for the 'O° ¢xd decay channel is an associative production
with a vector boson (ZH and WH) or &JQ, as the leptonic decay of the W or Z can significantly
reduce the QCD background. The cross section of the WH production is two and six times
greater than the ZH and odlOrespectively. Therefore the WH channel is more promising to search
for the Higgs which decay to cxa Despite the lepton from the W decay can decrease the QCD
background, other backgrounds as @ c&y 60 and direct diboson production are still huge for this
signal. Therefore, we have used some features of WH channel to reduce these backgrounds.

To deal with oolbackground the cuts on jet multiplicity and b-tagging are used. There are
four jets in semileptonic decay of odiprocess, two of them are coming from top quarks and other
two are from W decays. The requirement of exactly two b-jets in the event can reduce oof
background significantly. To reduce the diboson and & cidevents it is useful to apply cuts to the
invariant mass of b-quarks pair and some kinematic variables. But all these cuts do not allow to
reduce significantly the background [4]. Some of the angular variables might be very useful to
distinguish WH signal from WZ background, which is one of the irreducible backgrounds for
this channel. These angular variables are selected based on the spin information of decay
particles, W, Z and H bosons in this case. The variables are the following:

e — or— -the polar angle of the W-boson or the Higgs boson production in center-of-

mass system of the initial particles;

e The angles between leptons and W-boson in rest frame of the W,

e The angles between b or anti b-quark and Higgs boson in the rest frame of the Higgs

boson.
These angles are demonstrated in Fig.1.

These angles depend on the spin of the intermediate particles (W, Z or H). Due to the
difference between the spin of Z and Higgs bosons, the shape of their angular distribution for the
WH and WZ processes should be different. One of the most important problems in this analysis
is the uncertainty of the longitudinal momentum of the reconstructed W-boson, which is
associated with an unknown longitudinal momentum of the neutrino. It affects the calculation of
the spin angular correlations.

Prior to the use these angular variables, one needs to apply some standard cuts to select
the most "signal like" events. Some of the cuts are as follows:

e There should be one isolated lepton and two b-jets in the event;
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e The transverse momentum of the lepton and the b-jets should be more than 25 GeV;
e The pseudorapidity of the lepton and the b-jets should be lain in the interval [-2.5,
+2.5];
e Missing energy in the event must not be less than 25 GeV;
e The transverse mass of the lepton
and the transverse momentum of reconstructed neutrino should be more than 40
GeV;,
After selecting events with these cuts angular variables can improve the value of signal-to-
background ratio up to 10% if the W boson is reconstructed accurately.

Figure 1. Demonstration of some useful angles of the ¢ "0° & ’ cxprocess for the background rejection.
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INFLUENCE OF DENSITY ON RADIATION-CHEMICAL YIELD OF MOLECULAR
HYDROGEN FORMED AT RADIOLYSIS OF AQUEOUS SOLUTION OF NaOH

Y.D. Jafarov, S.R. Hajiyeva, N.K. Ramazanova, S.M. Aliyev, A.M. Alasgarov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
azirp@rambler.ru

In atom and nuclear energy the specialsts’ knowledge about radiation-chemical yield of
the initial products €,,, OH', H', H, and H,0 formed under the influence of ionizing rays on

water is of great importance from the point of security. In PWR and BWR nuclear reactors used
in atomic power plants it is utilized light water as an energy carrier and cooler, so it is exposed to
the joint influence of neutron and y-quanta. In this case inside the reactor it is obtained high
oxidizing products, so it becomes necessary to protect the reactor materials from corrosion. In
such situation for ensuring the safety of the reactor, the specialists can eliminate this threat by
knowing the concentration of oxidizing product. One of these safety methods is to add alkali
with different density to water [1].

In the submitted work it has been taken different agqueous solution of NaOH
(Cm = 0.1+-8mol/I) V =5ml, poured to ampoule of which volume is 20cm?®, closed after being
treated and irradiated by y-quanta (°°Co) with p = 26,1% dose rate at different doses. In figure
it has been depicted the dependence of formed molecular hydrogen on dose.

0] =" - o5
7 e e
oo‘-‘, v v - - - -
0 1 2 3 4 5 6 7 8
tahb‘l‘

Dependence (CuaOH:O.l (1); 0.5 (2); 1 (3); 5(4); 8 (5) mol/l) of molecular hydrogen
formed under y-quanta influence on aqueous solution of NaOH with different density on dose

(P - 26.1@j .
san

The radiation-chemical yields of molecular hydrogen have been defined according to the
graph and the obtained results have been given in table.
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rad
Table Radiation-chemical (P :26.1%} yield of molecular hydrogen formed during water

radiolysis at different density of aqueous solution of NaOH

Molecular density of NaOH, mol/I
0 0.1 0.5 1 5 8

G(H2),

molecule/100eV 0.426 0.674 0.412 0.342 0.270 0.138

As it seen from the table, the radiation-chemical yield of molecular hydrogen in clean

water gets the value G(H, )= 0.426 12U hile irradiating the solutions with different

density, the radiation-chemical yield, density of molecular hydrogen decreases within the range
of Cwm = 0.5+8mol/1, but within Cm < 0.5mol/l increases.

Reference

1. Elliot AJ (1994) Rate constants and G-values for the simulation of the radiolysis of light water over
the range 0-300°C. AECL Report, AECL-11073, COG-94-167-I

149



VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

INFLUENCE OF STRUCTURE OF VULCANIZATE GRID ON PROPERTIES
OF HNBR ELASTOMERS

IT.F. Gojayeva, 1S.M. Mammadov, A.A. Garibov, 1J.S. Mammadov, 'N.N. Gadzhieva
2A.A. Farajov, °R.R. Mammadova
YInstitute of Radiation Problems, ANAS, Baku, Azerbaijan
2 Azerbaijan Technical University, ANAS, Baku, Azerbaijan
tunzale.qocayeva@gmail.com

The results of the conducted work at the Institute of Radiation Problems of ANAS in the
field of radiation chemistry and technology of polymers cover data on structural parameters of
the grid vulcanizates and their physical-chemical properties, open a new way by radiation-
chemical technology of elasto-polymers for the obtainment of the desired properties. Study on
structuring abilities of highly saturated elastomers (HNBR) was performed in model systems
without activators in the presence of sensitizers (triazine) and by the influence of temperature,
gamma irradiation and the joint influence of both temperature and gamma radiation. Relative
position variation curves of vulcanizing structures of HNBR show that the physical-chemical and
technological properties of vulcanizates alter with the structural parameters of the vulcanization
grid, type and energy of cross-linking and chemical changes in the composition and structure of
the molecular chain of HNBR.

It is found that the increase in the molecular weight of the polymers provides a
sufficiently dense grid vulcanizing with a maximum content of active circuits with the minimal
degradation processes and modification of the structure of the molecular chains.

It is shown that, simultaneous interaction of temperature and gamma irradiation on model
systems, high static strength is achieved in the presence of a certain amount of vulcanizate weak
and stronger links providing high performance and durability of the elastomer. The efficiency of
the concentration of cross-linking was conducted in the studied elastomers. The change of cross-
links (nc’) in different elastomers for the C-C and C-S-C bonds was investigated.
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IDENTIFICATION OF THE NUCLEAR MATTER UNDER EXTREME CONDITIONS
OF HIGH TEMPERATURE AND/OR BARYON DENSITY

M.K. Suleymanov
COMSATS Institute of Information Technology, Islamabad Pakistan.
Institute of Physics, ANAS, Baku, Azerbaijan
mais_suleymanov@comsats.edu.pk

Large Hadron Collider (LHC) at the European Center for Nuclear Research (CERN),
Geneva Switzerland is the biggest Collider and Physics experiment in history. The LHC gives
possibility to get pp collisions at total energy \ssw =14 TeV with luminosity (Lo) = 10%; PbPb
collisions at 5.5 A TeV with Lo = 10%; pPb collisions at 8.8 A TeV with Lo = 10%; ArAr
collisions at 6.3 A TeV with Lo = 10%°. It means Physicists will be able to create and study new
states of strongly interacting matter with temperature 3-4 times greater than the critical
temperature (T¢) for formation of the quark-gluon plasma (QGP, T¢~150-200 MeV) and with

3

energy density & (GeV/fm ) 15-60 times greater than the density normal nuclear matter.

Over the last 30-35 years a lot of efforts have been made to search for QGP - new phases
of matter under extreme conditions of high temperature and/or baryon density, as predicted by
Quantum Chromodynamics. These phases are relevant for understanding the evolution of the
early Universe after Big Bang, the formation of neutron stars. Due to color confinement it is
impossible to get direct signal on QGP formation. Heavy lon Physics program was formed from
BEVALAC to RHIC, detected some effects which could be considered as signals on QGP
formation. They are: Dilepton production; Thermal Radiation; Strangeness Enhancement; J/¥
Suppression; The Hanbury-Brown-Twiss Effect; Jet Suppression; Observation of the Elliptic
Flow (v2).

In 2000 CERN announced [1] some evidence for the existence of a new state of matter: 20
times denser than normal nuclear matter, i.e. with a density of about 5 x10*® g cm™ and
temperatures over 100,000 times hotter than the center of the Sun, i.e. at about 2 trillion degrees
Kelvin. To characterize the observation, Physicists at CERN analyzed the results coming from
seven different experiments using SPS CERN data.

The RHIC [2] results on azimuthal anisotropy at ultra-relativistic heavy ion collisions
show a collective behavior. This is likely to be formed at an early parton stage of the space-time
evolution of the produced hot and dense matter. It is a strong evidence that newly created
matter/medium, QGP, under extreme conditions behaves like an ideal liquid rather than an ideal
gas of quarks and gluons. Scaling behavior, v2, as a function of pr provides the basis to assume,
for example, the collective behavior of the partons could define the dynamics of an expansion in
the longitudinal plane.

The first ALICE LHC measurement of elliptic flow of charged particles in Pb-Pb
collisions at the center of mass energy per nucleon pair 2.76 Tel [3] in comparison with RICH
and other such measurements demonstrated that the values of v> increases with increasing
energy. It means that the temperature and density of matter increases and the parton collective
behavior becomes stronger. So we can say that physicists believe the formation of new hot and
dense state of strongly interacting matter at RHIC and LHC, but the main problem still persists
which is its identification.

In this talk we discuss some possibility to identify the nuclear matter under extreme
conditions of high temperature and/or baryon density -newly created matter in ultra-relativistic
heavy ion collisions. We support that the parton collective behavior could lead to formation of
coherent parton system likes “Mini” Color Glass Condensate (M CGC). It means parton
collective behavior and interactions in the QGP could lead to increase locally the density of the
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matter due to, for example, parton percolation (decreasing the volume) [4] and fast growth of the
number of gluons (increasing the energy) lead to something likes M CGC formation [5].

As a result of coherent interaction with collective partons (s) within the M CGC could
emit the partons with limited high-transverse energy which would depend on the parameters of
the system, limited by the total energy of the mini M CGC only — could be obtained from the
parton Coherent Tube Model (CTM) [6]. Coherent particle production depends strongly on the
particular properties of the medium: density, temperature, entropy etc. Study of the coherent
particle production in region of QGP can give essential information on the particular properties
of the medium.
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THE 2%Pb(°Li,0 %®Pb COULOMB BREAKUP AND ASTROPHYSICAL S-FACTOR OF
THE d(U,y)°Li REACTION AT EXTREMELY LOW ENERGIES

S.B. Igamov, S.V. Artemov, R. Yarmukhamedov
Institute of Nuclear Physics, Tashkent, Uzbekistan
igamov@inp.uz

The 2°8Pb(®Li,Ud)?®®Pb Coulomb breakup experimental data from [1] is analyzed in the
framework of the distorted-wave approximation with using the correct three-body 2°®Pb-Ud
Coulomb wave function at the final state [2,3]. The triple differetial cross section of the process
was calculated by assuming the process is pure Coulomb breakup. The experimental values of
the asymptotic normalization coefficient (nuclear vertex constant) for the 8Li=(U d¥- channel
wave function is extracted by fitting the experimental triple differetial cross section data. The
values of the asymptotic normalization coefficient obtained in this way have been used to
calculate the astrophysical S — factor of the direct radiative capture Udy) 6Li reaction at
astrophysical relevant energies. In the figure the dependence of the triple — differential cross
section on the relative energy of the fragments Uand d is presented. The solid line is our
calculations, dashed line is result of the semiclassical calculations by [1] and  the dotted line
belongs to the distorted-wave approximation calculations by barely using an asymptotical part
three-body Coulomb wave function [4].
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Fig. 1. The triple differential cross section as a function of the o - d fragments relative energy for the
breakup of °Li on 2®Pb.
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PHASE TRANSITIONS IN THREE-DIMENSIONAL OPTICAL
LATTICES IN AUXILIARY FIELD APPROACH
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An optical lattice is formed by the interference of counter-propagating laser beams,
creating a spatially periodic polarization pattern. The resulting periodic potential may trap
neutral atoms via the Stark shift. Atoms are cooled and congregate in the locations of potential
minima. The resulting arrangement of trapped atoms resembles a crystal lattice [1].

Atoms trapped in the optical lattice may move due to quantum tunneling, even if the
potential well depth of the lattice points exceeds the kinetic energy of the atoms, which is similar
to the electrons in a conductor. However, Superfluid—Mott insulator transition may occur, if the
interaction energy between the atoms becomes larger than the hopping energy when the well
depth is very large. In the Mott insulator phase, atoms will be trapped in the potential minima
and cannot move freely, which is similar to the electrons in an insulator[2].

Finite-temperature phases of optical lattices have been studied by Monte Carlo
calculations as well as experimentally for d=3. As expected, the system behaves as a normal
fluid at T > Tc (T critical temperature). A most interesting observation was made in Ref. [3]. In
contrast to the system of dilute Bose gases, the critical temperature is downshifted at the
transition to the Mott insulator phase. The question about the ability of approximations, based on
mean field theory to describe phase diagrams of optical lattices adequately remains still open.
Therefore it is desirable to develop a nonperturbative approach which would be suitable for
dimensionsd =1, 2, 3.

We formulate the Collective Quantum Field Theory for three-dimensional bosonic optical
lattices and evaluate its consequences in a mean-field approximation to two collective fields,
proposed by F. Cooper et al., and in a lowest-order Variational Perturbation Theory. It is shown
that present mean-field approximation predicts some essential features of the experimentally
observed dependence of the critical temperature on the coupling strength and a second - order
quantum phase transition. In contrast to a recent prediction for atomic gases by Cooper et. al., we
find no superfluid state with zero condensate fraction.
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ON THE LANDAU POLE PROBLEM FOR QUANTUM FIELD FUNCTIONS
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!Department of Matter Structure and 2Institute for Physical Problems
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This is ancient history: an investigation in quantum field theory go4 a mathematical

apparatus of quantum particle physics, lead to appear the non-physical singularity in the
propagator in Euclidean region of momenta in some quantum field models [1]. Such singularities
in the Euclidean region violate general principles of quantum field theory and are a serious
problem for further investigations.

A next action in this investigations was made for removing these singularities in few
works [2]. This problem - the asymptotic behavior at large momenta (or, at short-distances) is
relevant today also. Promising method for solving of problems for large momenta (or, short
distances) demonstrated in new approximation in this direction and based on iteration scheme of

solution of the Schwinger-Dyson equation which has been developed in works [3]. In g04-theory

in the framework of a called as "two-particle approximation” is considered a first non-trivial
step, which give to non-linear Volterra equation for amplitude

— - 10 _ A0+ @O U0 h )
where
me | ma | < i —<IDI <

o | | |
L =2 —m- {7

. . 2 .
Here, d is coupling constant and t = p/2 - momenta, m -mass of particle.
m

This amplitude will contain Landau pole at all g >0 and its position will be displaced
towards small t with increasing 9 . For small g naturally use simple iterative solution with
zero approximation y, =g , where a simple calculation gives: at g=0.273: t, =100 at

g=0.611: t, =10. After point Landau function % becomes negative, which is physically

meaningless. It is evident that this iteration describes the asymptotic region of large t only for
small g, but to the area t >t, we can not describe not under any g >0. At g > 2 the situation
changes. In this case the existence of self-consistent solution with the asymptotic behavior
y~g-2 at g—2—oo. For definition of Landau points we discuss a solutions of the nonlinear
equation (1) using the numerical methods for extremal problems.
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EXISTENCE BOUNDARIES OF PERIODIC TABLE

A.A. Abiyev
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
askeraliabiev@hotmail.com

Using the algorithm for the compilation of any numbers, even of symbols, balanced
squares and cubes of any order, it is found an invariant table consisting of the integer numbers.
As in quantum mechanics, these numbers are correlated by regularities of the periodic table of
chemical elements. Analysis of the obtained results in this study led to the following conclusion:
the first period of the table begins with the neutron, and not from the aether, as suggested by
Mendeleev himself, and ends with the element with atomic number 218 of 10th period.
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THE INFLUENCE OF GAMMA IRRADIATION ON VOLT-AMPERE
CHARACTERISTIC OF LAYERED GeS MONOCRYSTAL

R.S. Madatov, A.S. Alakbarov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan

As it is known from the literature, germanium monosulfide is a complex compound with
a strongly expressed anisotropy of physical properties. Detection of the switching and electrical
memory effects, the ability to record holograms on natural surfaces of the crystal determines its
practical application in electronics, particularly in optoelectronics. Recently, American scientists
have created a unique device from germanium sulfide. The nanocolor obtained by them is a
special device for storing energy. This is possible because the layered GeS monocrystal is able to
hold a larger amount of lithium ions. Such material is suitable as a raw material within the
production of solar panels. Gamma irradiation at the given dose increases the efficiency of this
crystal.

We have studied the volt-ampere characteristics (VAC) of layered GeS monocrystal
before and after irradiation with gamma rays at room temperature. Studies have shown that after
irradiation of GeS sample it is observed firstly the optical site, then the quadratic, and finally, the
cubic site.

For the explanation of the obtained VAC of the irradiated samples it has been used the
model of injection currents, allowing us to obtain information about the local states in the band
gap and explain the form of the VAC. From this model it follows that in low-voltage range, VAC
is described by Ohm's law, in which the concentration of thermally generated equilibrium
charges becomes comparable to the concentration of the injected charges and it is not able to
have a material impact on the current flow mechanism. At high irradiation doses, the radiation
defects, taking on some of the carriers are beginning to play a significant role in the mechanism
of current flow.

At further increase of the voltage, VAC is described with airless square law. The
quadratic site of VAC is followed by the region of the vertical site, which is interpreted as
voltage range corresponding to limiting filling of traps.

Analysis of VAC of complex GeS monocrystal shows that the mechanism of current
flow is caused by monopolar injection.
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KINETICS OF PHENOL DEGRADATION IN WATER SOLUTIONS
UNDER #IRRADIATION

U.A. Guliyeva, M.A. Gurbanov, E.T. Abdullayev
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
ulviyegulieval3@gmail.com

There are systhemathic researches on phenol containing water solutions treatment under
ionizing irradiation [1,2],which shows a perspectives of radiation technology application. Phenol
removal process has a lot of stages, including the formation of dihydric phenols, organic acids
and etc. Therefore, it is important to study of Chemical Oxygen Demand (COD) changes at the
treatment processes.

In this work the COD and change of phenol concentration at the radiolysis of aqueous
solutions of phenol (deaerated solution) was studied. Irradiation conducted under[ -irradiation
of %0Co at static conditions and at room temperature.The initial concentration of phenol was 1072
M.

The phenol content was determined by standard method [3] by spectrophotometer UV-
Visible Spectrophotometre Cary-50, the COD measured by titrimetric methods [4].The results
are given in the following table.

Table. The kinetic parameters of aqueous phenol solutions irradiated at different doses

Absorbed C(phenot),M Degradation COD,mg/I
dose kGy degree| %)
0 0.01 - 2146
79 0.007 30 1260
100 0.006 40 -
158 0.005 50 980
200 0.0043 57 -
237 0.0042 58 746
300 0.0041 59

The main component is water, therefore the radiolysis process of water plays an
important role in radiolytic degradation of phenol.lt is known that, the irradiation of water
produces the active particles,as eq(2.6), 0 "@.7),0(0.6),H (0.45), H20 (0.7),H*(2.6) [5]. € aq,
I (, ( are the most important intermediate particles in the destruction of toxic pollutants in
water. Degradation of phenol mainly occures in reactions with OH radicals.

Radiation-chemical yield of phenol degradation calculated from data in table, is equal to
0.4 molecule/100eV, that is corresponds with 102 M aqueous phenol solution radiolysis
accordance to [6]. The degradation degree of phenol is equal to 60 % at 300 kGy.

Values of COD have been calculated and given in table.With increasing adsorbed dose
the COD decreases.By the dose increasing up to 237 kGy, the COD decreases up to 746 mg/l. At
higher doses the COD reduction rate is smaller. Obtained results on COD changes compared
with literature data [7].
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ORDER-DISORDER TRANSFORMATIONS, VACANCY BEHAVIORS AND DAMAGE
RECOVERY IN ELECTRON-IRRADIATED Ni- AND Fe-BASE ALLOYS

A.O. Mekhrabov
Novel Alloys Design and Development Laboratory (NOVALAB)
Department of Metallurgical and Materials Engineering, Middle East Technical University
Ankara, Turkey
amekh@metu.edu.tr

It is well-known that irradiation of metallic alloys by high-energy electrons, neutrons
and/or heavy ions can have profound effects on the formation or dissolution of phases by
alteration of the stability of those phases. Irradiation is known also to disorder alloys by the
creation of vacancies and interstitials and anti-site defects, in which the atoms are re-located to
the complementary site, disrupting the order in the alloy. But disordered alloys will return to
their equilibrium state as long as diffusion can occur. In fact, the high concentration of vacancies
and interstitials produced by irradiation can enhance the ordering process by radiation-enhanced
diffusion. Because the phase structure of an alloy can affect dramaticly the physical and
mechanical properties of the material, understanding the principles of irradiation effects on the
phase stability and/or phase transformations is of great importance for nuclear materials [1-4].

In this present study, effect of irradiation by 2 MeV electrons on order-disorder phase
transformation characteristics of NisFe alloys and the behavior of vacancies and damage
recovery after irradiation in a 316 stainless steel (SS) and NisFe ordered alloys have been
investigated by using positron annihilation (PA) and differential scanning calorimetry (DSC)
techniques. The following alloys were prepared for investigation: Ni-25 at.% Fe (disordered
state), Ni-25 at.% Fe (ordered state), Ni-25 at.% Fe (ordered and irradiated) and 316 stainless
steel having 100% austenitic phase. Polycrystalline samples were prepared by melting of
constituent high-purity elements. Disordered state was induced by dropping the encapculated
spesimens into water from 1000 °C. After quenching the spesimens of Ni-Fe alloys were
annealed at 450 °C for 1000 hr in the vacuum to get ordered state [1,2]. 316 SS were solution-
treated at 1100 °C for 1 hr followed by tempering at 700 °C for 1 hr. The specimens of about
1mm in thickness, soldered to a water-cooled target holder made of copper, were subjected to 2
MeV electrons. The electron beam was horizontally scanned with the frequency of 28 s so that
all samples were irradiated simultaneously with a dose rate of 2.6x 107 e/lcm? h. The total dose
was 1x 10'°e/cm? Calculation indicate that this irradiation has resulted about 2x1073
displacement per atom in specimens. During irradiation procedure the temperature of samples
never exceeded 60 °C [3,4].

For analysis of order-disorder phase transformation in Ni-Fe alloys and vacancy-related
annealing stages in irradiated samples, the Doppler broadening of the 511 keV annihilation
radiation was measured with an Ge intrinsic spectrometer. The lineshape of the radiation was
characterized with the S parameter which is defined as the fraction of total counts falling within
a central region of the spectrum. For Doppler broadening measurements of irradiated alloys, the
specimens was pulse annealed for 20 min at each annealing temperature up to 400 °C. To
measure the stored energy and the rate of its release in the irradiated samples, the thermograms
were produced by linearly scanning the temperature at 20 K/min from room temperature up to
about 400 °C under flowing helium gas.

PA investigation of Ni-Fe alloys reveals that initial state of specimens greatly influence
on the ordering characteristics and that irradiation tend to decrease order-disorder transformation
temperature leading to destabilization of initially ordered state of these alloys. The DSC results
of irradiated by 2 MeV electrons of ordered Ni-Fe alloys indicate that vacancy annealing starts
below 70 °C, followed by three DSC annealing stages between 120 °C and 400 °C temperatures.
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It was found that the activation enthalpy for the motion of a vacancies and stored energy are
about 1.00 eV and 1.7 J/g, recpectively. Variations of the S parameter and the energy release
(DSC) in 316 SS as a function of annealing temperature show that the vacancies disappear
around 150 °C, leading to the enhanced formation of precipitates. The activation enthalpy for the
motion of a vacancies and stored energy in 316 SS have been found to be about 1.20 eV and 1.2
J/g, recpectively [1-4].
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INFLUENCE OF RADIATION ON TAR FRACTION OF THE BITUMINOUS OIL
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The chromato-masspectrometric and IR-spectrometric copic studies of bituminous oil
samples irradiated in air and in vacuum are conducted. In the IR spectra of the y-rays-irradiated
BO samples, the optical density of some groups has been determined. The dependency of the
content of these groups on the irradiation time is shown in the Table 1 and Table 2.

Table 1
IR spectroscopic analysis of the air-irradiated samples
Name D1380(CH3) | D14so(CHz) D1610(C=C D1610(C=C | D1720(C=0)
benz.rings) unsat.H/C)
Initial 0.74 0.97 0.14 0.13 0.21
Air, 129,6 kGy 0.23 0.39 0.06 0.06 0.05
Air, 216 kGy 0.20 0.34 0.05 0.05 0.04
Table 2
IR spectroscopic analysis of the vacuum-irradiated samples
Name D1380(CH3) D1460(CH>) D1610(C=C Dis10(C=Cun | D1720(C=0
benz.rings) sat.H/C) |)
Initial 0.74 0.97 0.14 0.13 0.21
Vacuum 129,6 | 0.44 0.84 0.09 0.08 0.09
kGy
Vacuum 216 kGy | 0.32 0.60 0.07 0.05 0.06

Consequently, it can be assumed that as a result of irradiation of the samples both in air
and in vacuum, occurs a decrease of optical density both in aliphatic groups -CH2-CHs and the
double bonds C=C. This shows that the formation of hydrogen and hydrogen-containing gases is
the result of the decay in the -CH>-CHz groups, while the decrease in density of double bonds
occurs due to radiolytic breakdown. Depending on the absorbed dose, the high concentration of
broken double bonds may cause polycondensation processes. In these circumstances, the
bituminous oil obtains high radiation resistance and can be used as original stock in the
production of construction materials with specified properties to use in extreme conditions.

The 27 individual component of initial and irradiated bituminous oil samples identified
by mass-spectrometry.

As can be seen from the mass-spectra, both the air and vacuum irradiation, leads to
increase in the content of relatively low-molecular hydrocarbons C10-Ci3, while the content of
high-molecular-weight components of bituminous oil decreases under irradiation. This is
explained by the characteristics of the radiation effects on polycyclic aromatic compounds with
functional groups. At relatively low irradiation dosage (172.8 kGy), the destructive processes in
the polycyclic structures lead to the formation of low molecular weight compounds, which can
be observed in the mass spectra.

The tar fractions of bituminous oils are an important component of it, and this fraction
can generate in a large measure during thermal processing of crude oils. Therefore, the study of
radiation-chemical transformations of this fraction is of separate interest. The patterns of the

165



VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

conversion of the different hydrocarbon groups in radiation and chemical exposure have been
studied. Such oil groups are usually separated when considering the environmental impacts of
oils, as they have similar environmental effects. These groups are: total petroleum hydrocarbons,
non-resolvable systems of oil hydrocarbons, polycyclic aromatics compounds with the rings
number of 2-6, polycondensed systems, 16EPA polycyclic aromatic compounds, NFD-
naphthalene-phenanthrene-dibenzothiophene. The concentration changes patterns of these
compounds groups when exposed to radiation have been identified.

In ecological perspective, the occurrence of the polycyclic aromatic hydrocarbons in the
oil and its fractions and their conversion at the radiation and chemical exposure are of particular
interest. At the irradiation of 163 kGy (144 hours), the concentration decrease from 567 mg/g to
412 mg/g, which is apparently due to the behaviour of polycondensation processes.

Experimentally, the kinetics of changes in the concentration generated in fractions under
the influence of the irradiation of compounds - total hydrocarbons, polycyclic aromatics
compounds with the number of oscillations from 2 to 6, 16 PAH, naphthalen-phenanthrene-
dibenzothiophenesystems in the tar fraction. So, in the range of absorbed dose of gamma
irradiation up to 163 kGy, the following decrasing have been observed in concentrations of tar
compounds: general hydrocarbons - 27% , 16EPA - 64%, 2-6PAH - 59%, NPD -61%.

The difference in the concentrations changes in these fractions of the oil can be explained
by the peculiarities of radiation energy distribution in the composition of polycyclic aromatic
compounds

It has been established that for all groups of polycyclic aromatic hydrocarbons (PAH), the
reduction of the concentration on the irradiation time is observed. The preliminary estimates of
radiation-chemical yield of the degradation of individual PAHs have been made, which equals to
G (-) =0.00137 molec./100 eV for pyrene, G (-) = 0.0117 molec/100 eV for anthracene and G (-)
= 0.0037 molec./100 eV for naphthalene. This testifies the high radiation stability of PAHs
included in the tarry compound of the oil. The difference in radiation stability of PAH due to the
number of aromatic nuclei, as well as the structure of the compounds.

It’s been found that at the gamma-irradiation of petroleum fractions in bituminous oil the
value of up to 160 kGy absorbed radiation dose, in the tar fractions the decrease in the
concentrations of all PAHSs, i.e. 16EPA, 2-6-ring polycyclic aromatic compounds, NPD with
radiation yields of 10210 molec/100 eV is observed. This is due to ongoing polycondensation
processes that increase the radiation stability of the tarry fractions in the oil.

The high radiation stability of bituminous oils allows the use of it as a raw material for
water proofing material, applied in terms of radiation influence.
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In personal radiation dosimetry, BeO has been considered as an alternative
thermoluminescence (TL) dosimeter material in competition with LiF due to its near tissue
equivalence (Zest = 7.1) and high sensitivity, comparable to that of LiF [1, 2]. In addition, the
availability in robust and easily handled ceramic disc form, high thermal conductivity and low-
cost made it very attractive to many research groups.

Phototransferred thermoluminescence (PTTL) is a widely observed phenomenon in many
TL materials and is basically the TL induced by charge transfer from deeper traps to shallower
traps upon illumination [3]. The procedure for generating below room temperature PTTL in our
experiments contains the following steps: (i) irradiation of the material and thereby trapping of
created free charges at various localized trapping states at room temperature, (ii) illumination of
the sample, after cooling down to low temperature, with a light of proper energy to evict the
charges from deep traps to delocalized bands from where a proportion has the probability of
being trapped in shallow trap states, (iii) heating the sample to record the PTTL signal. During
the illumination phase a portion of the charges evicted from the deep traps are captured at
shallow traps.

BeO ceramic samples with 4 mm? in diameter and thickness of 1 mm were used in the
measurements. Irradiations were carried out at room temperature using a %°Sr/°°Y beta source.
PTTL measurements were carried out using a home-made set-up. The system is built around a
closed cycle helium gas cryostat (Advanced Research Systems, Model CSW-202). Sample
temperature was controlled using a LakeShore Model 331 temperature controller which is
connected to a personal computer via the GPIB bus. Temperature was measured using a
semiconductor diode detector. The temperature controller is able to adjust the sample
temperature between 10 and 300 K. For PTTL measurement, the sample was irradiated for 300
sec using the blue light at 10 K; after 120 sec of waiting, the sample was warmed up linearly at a
heating rate of 0.2 K/s and the emitted luminescence is recorded as a function of temperature.

Figure 1 shows the PTTL curve of BeO ceramics measured in the 10—300 K temperature
range.As seen from the figure, there exist three peaks with maximum temperatures of 92, 162
and 183 K. Experimental glow curves of BeO were analyzed using curve fitting and initial rise
methods.

Curve fitting method is based on the fitting of the glow curve using a software program
under the light of the analytical expression giving the temperature dependence of the PTTL
intensity [4]. The details of the curve fitting method were reported in our previous paper [5].
When the curves in the low and high temperature ranges were fitted under the case of slow
retapping, successful fitting results were obtained as represented with solid curves in Fig. 1.
Activation energies (E:) of the trapping centers were found as 0.20, 0.48 and 0.56 eV.

167



VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

. T T T T 10%F

; :

> ;‘ 10+

g B E,,=0.23eV

= £10°

. =

e -

o & 10'r E_=053eV E,=046eV

5 é % 1‘1 1‘2 13
Temperature (K) 1000/T (K™)

Fig. 1. Experimental PTTL spectrum of Fig. 2. PTTL intensity versus 1000/T for
BeO ceramics with heating rate of 0.2 K/s. BeO ceramics.

We have also used the initial rise method, which is independent of the recombination
Kinetics, to obtain the activation energies of the traps. The PTTL intensity is proportional to the
exp(—Et /KT) as the traps begin to empty as the temperature is increased [4]. When the initial
portion of the PTTL curve is analyzed, the plot of In (1) as a function of 1/T gives a straight line
with a slope of (—E:/ k). The plots for three PTTL peaks of BeO ceramics are given in Fig. 2. The
activation energies of the observed traps, calculated using initial rise method, were determined as
0.23,0.46 and 0.53 eV.
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INFLUENCE OF THIN SURFACE OXIDE LAYERS

IF.F. Komarov, 1L.A. Vlasukova, 20.V. Milchanin, 2M.A. Makhavikou,
11.N. Parkhomenko, 3R.S. Madatov, “E. Wendler, “W. Wesch
!Belarusian State University, Belarus, Minsk,
2A. N. Sevchenko Institute of Applied Physical Problems, Belarusian State University, Minsk,
3Institute of Radiation Problems, ANAS, Baku, Azerbaijan
“Friedrich-Schiller-Universitdt, Jena, Germany
komarovf@bsu.by

One of the most challenging problems of material research is creating of optoelectronic
devices based on silicon technology. Silicon is inefficient emitter of light. It is possible to
improve optical properties of silicon by forming of low-dimensional system in silicon bulk. The
synthesis of A®B® quantum dots (QDs) in crystalline Si is a promising approach in this way and
is of interest for applications in light emitting diodes and photodetectors operating in IR range.

In this paper we report alternative technique for fabricating of I11-V quantum dots: ion-
beam synthesis of nanocrystals by means of ion implantation followed by thermal treatment.
Modifying the regime of annealing or changing the order in which the different ion species are
implanted may provide a way to control the size and crystalline quality of the compound
precipitates formed. It was reported about the formation of InAs nanoclusters using this method
in SiO2and Si. The purpose of this report is to investigate the influence of thin surface SiO. layer
grown on Si wafer on embedded impurities (As and In) losses during post-implantation thermal
processing and to analyse the structural and optical properties of implanted samples.

The samples from the first set were cut from thermally oxidized n-type Si (100) wafer.
The thickness of thermal SiO2was equal 40 nm. The samples from the second set were cut from
p-type Si (111) wafer. After that two sets of samples were implanted with As™ (170 keV,
3.2x10%% cm) and then In* (250 keV, 2.8x10% cm) jons at 25 and 500 °C. After implantation a
part of Si (111) samples was electrochemically oxidized (thickness of oxide layer was 100+30
nm) in order to prevent impurity loss during subsequent annealing. Finally, a rapid thermal
annealing at 1050 °C for 3 min in an inert ambient was performed.

Rurtherford backscattering spectrometry in combination with the channelling technique
(RBS/C) with 1.5 MeV and 2.5 MeV He™ was used to analyse a depth distribution of the
implanted atoms as well as to evaluate a damage of implanted material. A structure of the
implanted samples was studied by means of TEM in plan-view (PV) geometry. The optical
properties of samples were investigated by low temperature photoluminescence (PL).

The “hot” conditions of implantation lead to depth profiles broadening and to reduction
of impurity concentration in comparison with the simulated data. This effect is weaker for In
than for As species. The calculated loss of As and In atoms during “hot” implantation is equal to
7 % and 5 % respectively. The TEM-images shows that “hot” implantation at the elevated
temperature results in narrower size distribution of nanocrystals from about 2 to 115-140 nm
(depends on presence of surface oxide film), the crystalline nature of the precipitates is proved
by the presence of Moiré fringe patterns. Our calculations show that only 16 % of implanted
impurity atoms are incorporated into silicon lattice sites in the case of a sample after “hot”
implantation and annealing. The oxidation of samples before thermal treatment results in an
impurity losses reducing, brings down a broadening of depth concentration profiles, increases
incorporation of impurity into silicon lattice sites and enhances photoluminescence vyield in PL
spectra. “Hot” implantation leads to more effective light emission in this spectral range PL
spectra in comparison with room temperature implantation. Oxidation of a sample before thermal
treatment results in increasing luminescence yield in the 1,15-1,6 um spectral range (Fig. 1).
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Figure 1. PL spectra of SiO/Si and Si samples after implantation at 25 and 500 °C and annealing
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Cd1xMnyTe (CMT) semimagnetic semiconductors are promising materials for X-ray- and
gamma-detectors, solar cells, optic insulator etc. [1-4]. For obtaining high-sensitive and
radiation-resistant materials, as well as creation of devices based on them it is necessary to know
the mechanism of defect formation in CMT. Defects in semiconductors not only influence on
electrical and optic properties of these materials, but also display their interesting physical
properties.

Relative stability and defect concentration is determined by their energy of defect
formation which primarily depends on the structure and electronic charge state of defects.
Kinetic properties of defects such as the mechanism of diffusion and energy of migration
strongly depend on charge states. Furthermore, chemical reactions involving bond formation and
dissociation can be also explained in terms of the energy of defect formation under the
conditions that the calculations should be accurate enough.

Systematical calculations of the energy of defect formation were carried out for several
semiconductors including Si, SiC, GaN and diamond [5-7].

In this work, we aimed to examine the formation energy of CdixMnxTe semimagnetic
semiconductors with supercells of 32-, 64-, 96-, 128-, 256 - and 512 atoms for the various charge
states for the Te vacancy, Cd vacancy, interstitial Te atom, and interstitial Cd atom. The
calculations are performed within the spin-polarized DFT and the LSDA+U on double zeta
double polarized (DZDP) basis with regard to Hubbard-U correction. The value Umn=3.59 eV for
3d states of Mn is the literature data, and the value Ue = 3.7 eV for 5p states of Te atoms [1].

Relative stability and concentration of defects are determined by their defect formation
energy, which primarily depends on the electronic structure and charge states of the defects.
Kinetic properties of defects, such as the mechanism of diffusion and migration energy strongly
depends on the charge states. In addition, chemical reactions involving bond formation and
dissociation can also be explained in terms of the defect formation energy, provided that the
calculations should be sufficiently accurate. Systematic calculations of the defect formation
energy were performed for several semiconductors, including Si, SiC, GaN and diamond [5-7].

Defect formation energy (DFE) Er with charge q is given by

Ef@) =Eq (@) -N u+q (Ev + L)
where Eq (q) is the total energy of defect -containing system consisting of N atoms, with atomic
chemical potential ..

The reservoir of the electrons is described by their chemical potential g, which is
measured relative to the valence band maximum Ey.

To calculate the DFE we calculated firstly the energy Eq (q) using first-principles density
functional theory, which is widely used for this purpose.

Another important physical parameter for the calculation of the defect formation energy
is the position of the valence band maximum of (VBM) Ev, which corresponds to the reference
energy level for the electron chemical potential. The position of the VBM of the defect-
containing supercell is different from that of the defect-free bulk supercell, and the magnitude of
this difference depends on the charge state. Several methods have been suggested to align the
VBM of a defect.
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One of the most frequently used methods is to correct the VBM of the bulk supercell by
an average potential difference, which shifts it by an amount equal to the difference in the
average effective potential, V" buk—V" 4 between bulk and defect-containing supercells. We used
another suggestion - the lowest energy level.

In our work, we have calculated DFE for Cdi.<MnsTe semimagnetic semiconductors
with supercells of 32-, 64-, 96-, 128-, 256 - and 512 atoms. Formation energies for the various
charge states for the Te vacancy, Cd vacancy, interstitial Te atom, interstitial Cd atom have been
defined (Table 1-5).

Table 1. DFE of the Vire, Ve, lte, Zca for Cdi.Mn,Te with supercell of 64 atoms for =0 charge state

Ne | Defect | Er, Ei, eV DFE, eV
eV
1 | Vre -2,99 | -65817.21 -1,52
2 | Vcd -4,14 | -64848.23 3,11
3 | It -2.94 | -66981.49 9,01
4 | lcg -3,67 | -67953,46 | 1.375

here E is the total energy, Er is the Fermi energy.

Calculated formation energies of Vcg, in Cdi-«Mn,Te for the various charge states as a
function of the Fermi energy are shown in Table 2 and Fig.1. The calculated transition energy
levels correspond to the values of Er at which the slope changes. The calculated transition
energy levelsare O (1/0)=0.75eV and O (0/-2)=1.0eV

Ne | g Er, eV | Ey, eV DFE,

eV 1/, 5 / _,_tr-;
1 ]2 -4,79 | -64837.76 | 13,58 g " SR
2 |1 -418 | -64843.91 |7,43 g . — g1
3 |0 -4,14  |-64848.23 | 3,11 5. S
4 |-1 -4,13 -64852.3 -0,95 &1
5 |-2 -3,36 -64856.37 | -5,02 9+

A Femu v;'ll;l av, eV

Table 2. The formation energy of Vg for Fig. 1. Dependence of -calculated
Cdi«Mn,Te consisting of 63 atoms formation energy of Vcq on charge

states as a function of the Fermi energy
for Cdi.Mn,Te consisting of 63 atoms

Calculated formation energies of Vre in CdixMnxTe for the various charge states as a
function of the Fermi energy are shown in Table 3 and Fig.2. The calculated transition energy
levelsare O (2/1)=1.25eVand O (1/0)=1.5¢eV.

Ne | g Er, Ei, eV DFE, eV

eV %
1 ]2 [-428 |-65810,1 |5,62 Pt e
2 |1 -3.58 | -65813,8 | 1,93 § ' - ‘-—_‘_;m__ 5 o
3 [0 [-299 [-65817,2-1,52 - — gl !
4 |-1 |-255 |-65819,8 | -4,12 e e
5 |-2 |-233 |-65822,3 | -6,63 D il

Fermi energy, eV

Table 3. The formation energy of Ve for Cdi..Mn,Te Fig. 2. Dependence of calculated formation energy
consisting of 63 atoms of Vre on charge states as a function of the Fermi

energy for Cd;«Mn,Te consisting of 63 atoms
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Calculated formation energies of Ite in CdixMnxTe for the various charge states as a
function of the Fermi energy are shown in Table 4 and Fig.3. There have no transitions of energy

levels.
Ne [q [E,eV [ DFE, eV
1 [2 [-66975,3 | 15,15 ey —
2 |1 |-669783 | 12,18 e =T
3 |0 [-669815 |9,01 e Bl 2
4 |-1 ]-66984,3 |62 E s
5 [-2 |-66987 |3,54

Table 4. The formation energy of I for
Cdi«Mn,Te consisting of 65 atoms

7 Femy enesgy, e\
Fig. 3. Dependence of the calculated formation
energy of lye on charge states as a function of the
Fermi energy for Cd...Mn,Te consisting of 65 atoms

Calculated formation energies of lca in CdixMnxTe for the various charge states as a
function of the Fermi energy are shown in Table 5 and Fig.4. The calculated transition energy
levels are O (2/1)=0.5eV

Ne | q | En, eV DFE, eV

1 |2 |-67946 8,86 % N 2
2 |1 [-679505 [4,35 § r——— -
3 |0 [-6795346 |1,38 g — a1
4 [-1]-679559 |-1,06 s : i
5 |-2]-679583 [-343 e |

Fermm energy, eV

Table 5. The formation energy of Icq for Cdi..Mn,Te
consisting of 65 atoms

Fig. 4. Dependence of the calculated formation
energy of Icq on charge states as a function of the
Fermi energy for CdiMn,Te consisting of 65
atoms

To define the DFE we extrapolated the formation energies for various supercell atoms (Fig. 5).

8

’  — e i i~ g~ W
—

5 T e - e e

———

Energy, eV
-

« E ,J-'rﬂl..ql

- Fm"—ll_ o

Fig.5. Ew(L,q) for the of 32-, 64-, 96-, 128-, 256 - and 512 atom supercells (blue rhombus) and the corrected
energies using the Makov-Payne scheme Eqet MP(L,q) (red squares) for q=2 charge state. Horizontal solid line are
the extrapolated values of Eqe(L,q) at 1/L=0 of linear fits (dashed lines) to the data (symbols). The total energies are
calculated with supercell relaxation.
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It was synthesized Cdi«MnTe solid solutions with the composition x = 0.01, 0.03, 0.05,
and obtained thin films of these materials on mica substrates. It has been found that the
synthesized samples and films obtained on mica substrates have a polycrystalline structure and
indicated on the base of cubic lattice with appropriate parameters.

From investigations of photoconductivity we defined that the spectral range spans the
wavelength region A=400nm —1200nm. The band gap calculated from maxima (A=720nm) of
photoconductivity is equal to Eg=1.72eV at the temperature T=300 K. We defined lifetime of
carries in Cd1xMn,Te thin films t=4.1 psec.

We have studied the dependence of defect formation energies on supercell size for
charged vacancy and interstitial defects as a function of the Fermi energy in Cd:i«MnxTe thin
films. Our study is focused on the total energy, electrostatic energy and on the alignment of the
valence band maximum. The electrostatic correction for charged systems is often using the
Makov-Payne scheme, within which the electrostatic energy is proportional to the square of the
charge on the defect, assuming that the defect charge is point like localized at the defect. We
have defined DFE by extrapolation of formation energies for various supercell atoms.
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INFLUENCE OF vy-IRRADITION ON ELECTROPHYSICAL
PROPERTIES OF CdMnTe
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Cdi1-xMnyTe thin films of various Mn content (with band gaps of 1.65 — 1.75 Ev) have
been obtained on mica substrates, in a vacuum 10*Pa in YBH-71 II3 by the molecular beam
condensation (MBC) method. The sputtering installation under a cap consists of the basic and
additional source which has been used for evaporation Cd1-xMnxTe (basis) and Te (additional)
materials, as well as substrate holder (Fig.1).

CdixMnyTe (x = 0.05) thin films were obtained on mica substrates at source
temperatures Ts =850°C and substrate temperature Tm=300C during t=10 min and t=15min.
Condensation rate is regulated by the temperature of primary source. The films obtained on
mica substrate differ from the films obtained on the glass substrates and has polycrystalline
structure, which indicated on the base of cubic lattice with a;=6.4785A°, a;=6.4775A°, as=
6.4745A°according to parameter of synthesized solid solutions of a similar composition (Fig.2)

N

[—— ———— ]

i

Fig.1. Vacuum assembly VBH-71 II3 Fig. 2. X-ray diffraction of Cdi.Mn,Te thin films
x=0.05 on mica substrate

The results of X-ray diffraction measurements showed that the crystals had a periodical
structure, as designed artificially. It has been found that the synthesized samples and films
obtained on mica substrates have a polycrystalline structure and indicated on the base of cubic
lattice with appropriate parameters.

It has been studied electrophysical properties of Cdi1xMnyTe thin films at T=300 K. We
have investigated Volt Ampere Characteristics (VAC) of Cdi«Mn,Te thin films at T=300 K
(Fig.3). The curve of VAC consists of 2 parts: ohmic part and part of violation of ohm’s low
(n=1.5). Ohm’s law is right till the voltage

Vy=enoL%e
In the case of traps absence the Ohm’s law has the following formula:

I=enouV/L
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Here L- is the length of sample, e- is the electron charge, ¢- is the dielectric permittivity, u- is the
mobility, no.is the concentration of the free charge carriers.

The results of investigations of spectral dependence of photoconductivity of Cdi«MnyTe
thin films at T=300 K is given in Fig. 4. The spectral range spans the wavelength region
A=400nm —1200nm. There is a broad band in the spectrum of photoconductivity. The band gap
calculated from maxima (A=720nm) of photoconductivity is equal to Eg=1.72eV at the
temperature T=300 K. This result is in a good agreement with our previous theoretical results
and with literature data.

We have investigated the influence of y-radiation on electrophysical properties of Cd;-
xMn,Te thin films at T=300 K. Samples were irradiated for 7 min by doses 10 krad, as a result
the VAC have changed, conductivity is decreased. After y-irradiation the photosensitivity is
increased.

Je10” A
lgJ
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5
l -
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0 T00 900 1100
Fig.3. VAC of Cdi.xMnTe (x = 0.05) thin Fig.4. Photoconductivity of Cdi.xMnyTe (x = 0.05)
films obtained on mica substrates: thin films obtained on mica substrate:
1-before irradiation, 2-after irradiation 1-before irradiation, 2-after irradiation

We have defined lifetime of carries in Cdi-«MnxTe thin films by the method of relaxation
of photoconductivity at lighting of the monocrystal with monochromatic light of wavelength
A=530nm at T=300 K (Fig.5). The value of lifetime is t=4.1 psec.
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Fig.5. Kinetics of photosignal changing at impulse lighting
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SPECTROSCOPIC STUDY OF DOSE DEPENDENCE
OF STRUCTURE AND PROPERTIES OF PROCESSED STRUCTURAL
ALLOYS SAV-1

I.Kh. Abdukadirova, A. Boltaboev, E. Rakhimov
Institute of Nuclear Physics Academy of Sciences of Uzbekistan Republic

izida@inp.uz

It is well known that aluminum alloys are used as structural materials in creating the
individual components and assemblies for nuclear reactors. For example, they are made of fuel
element claddings, fuel assemblies for research nuclear reactors. In this regard, the study
questions of radiation effects on their physical - mechanical properties are of some interest of
researchers working in the field of solid state physics and reactor engineering, and are today very
relevant. In this report attempt to conduct a spectroscopic study of the temporal and dose
dependence of the structure and some mechanical properties of radiation- treated structural
aluminum alloy SAV-1 type.

To this end, the new party of samples was investigated, selected in the works of
aluminum alloy before and after its processing by set doses of ionizing radiation. At the same
time to obtain the necessary information structure-sensitive spectroscopic methods were used.

In this study a set of bit-mapped pictures distribution of microinclusion and individual
elements in volume of alloy SAV-1, illustrating their content and condition of the raw material’s
structure. Spectrogram analysis show presence of a large volume of samples number of local
units in the form of dark spots and a small number of white spots caused by the presence of
insoluble phases and the basic elements.

In the micrographs, exposed from processed set of different doses of ionizing radiation
samples further modification of alloy structure and the concentration of the basic elements were
traced, depending on the dose. Also it was found that while suitably changing the number of
black and white spots and their size, which is observed nonlinear dynamics of radiation for the
content of most elements. Analyze of the possible cause’s detected experimentally
nonmonotonic dose dependence of the structure and elemental composition of the treated alloy
was carried out.

To obtain specific information on the mechanical parameters of the alloy - strain
hardening of the material internal friction (Q- 1) SAV-1 before and after irradiation with
ultrasonic resonator method [1] was measured by removing a series of ultrasonic spectra. In the
measurements disc samples were used with thickness to diameter ratio h / d = 0, 3, the natural
resonances of flexural vibrations of samples were in the range of 20 to 300 kHz. The numerical
values of the resonant frequency ratio were calculated by [1]. As a primary resonant frequency to
calculate the required parameters for the ultrasonic frequency most intense was used located in
the middle of the selected range (f = 149 kHz).

Irradiation of the samples by set of absorbed doses of ionizing radiation was carried out
in the range from zero to 10° rad. Analysis of the dose dependence of the internal friction of the
treated alloy shows the presence of a complex step process damage defined radiation defect,
depending on its structure and properties of dislocations and their interaction.

Further it was continued study of the dynamics of radiation damage to the mechanical
properties of aluminum alloy, where the focus on the influence of this process on the exposure
time of plates after termination of radiation, i.e. post effect. To this end, after irradiation the
sample was placed between the highly sensitive acoustic twin turbo setup. Subsequently
measurement of internal friction was started as a function of radiation dose and exposure time (t)
of the irradiated sample: Q-1 (D), and Q-1 (t).
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During the experiment, the real picture was picked for the post process effect damage of
the material treated in a wide dose range (from baseline to irradiated limit dose 109 rad). It was
detected that developed after radiation effect time dependence of mechanical characteristics of
the alloy Q-1 (t) is nonlinear , and the intensity of the signal at first increases to a certain value
and reaches a maximum , and further direction of the curve is reversed when the intensity
decreases . A possible mechanism is considered for the hardening process previously treated
alloy.

Detailed analysis of the experimentally obtained dose dependence of the investigated
parameter Q-1 (D) suggests that the main contribution to the strengthening of the alloy makes
abnormal spraying dispersed particles embedded in the structure. Besides, considering the
publications [2] it is concluded that the material during processing is not possible when a certain
dose and exposure time changing mechanism considered time and dose processes structural
damage to the mechanical characteristics of the alloy.

So, in general, possible causes of specific changes were discussed in the complex
kinetics of radiation considered physical parameters of the treated materials. It is assumed that
the main feature of which is the process of radiation defect formation in the irradiated sample
associated with the emergence of various point and extended defects and their subsequent
coagulation reaction with dispersed precipitates in the bulk alloy.
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DIELECTRIC FUNCTION OF In* -IMPLANTED NEAR-SURFACE GaAs LAYERS
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The ion implantation technique is widely used in fabrication of integrated circuits.
Different radiation defects are created in near-surface layers of ion-irradiated materials during
the implantation process. A presence of the implanted elements and formation of radiation
damage cause changes in dielectric functions of the near-surface layers.

In the presented studies GaAs single crystals were implanted with In* ions. In order to
obtain a quasi-rectangular distribution of indium atoms the ion energies were from 90 keV to 250
keV. The total fluence was 3x10'® cm. lon irradiated samples were annealed using the rapid
thermal annealing (RTA) method at temperatures: 500 °C, 600 °C and 700 °C. Thus prepared
samples were examined by Rutherford Backscattering Spectrometry (RBS) and Spectroscopic
Ellipsometry (SE). Using the measurement data the dielectric functions of implanted layers were
calculated in the 1 - 6 eV photon energy range. It was found that the depth distributions of
indium atoms do not change with the annealing temperature. This effect can be explained by the
absence of atomic diffusion. The refraction index and extinction coefficient spectral features
indicate a complete recovery of crystalline order in the implanted layers. In addition, some of
the observed changes in the spectra may be a proof of the InGaAs alloy formation.
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SWITCHING EFFECT IN TIGaSe2 AND TIInS2 SINGLE CRYSTALS
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Investigation of the switching phenomenon in single crystal TIInS; revealed that it is
typical for a memory switch. The switching process takes place with both polarities on the
crystal and have symmetrical shapes. Current-voltage characteristics (CVC) TlGaSe.and TIlInS;
crystals exhibit two distinct regions, high resistance OFF state and low-resistance ON state
having negative differential resistance (NDR). TIInS2 is a ternary semiconductor exhibiting S-
type i-v characteristics. The results strongly indicate that the phenomenon in our sample is very
sensitive to temperature, light intensity and y-irradiation. The switching parameters were
checked under the influence of different factors of the ambient condition.

For the last few years there have been considerable interest in the investigation of
physical properties of layered ternary crystal with chemical formula TIBX2, where B = Ga or In
and X = S or Se. The lattice of TIBX> type crystals consist of alternating two dimensional layers
arranged parallel to the (001) plane. Each successive layer is turned through a right angle relative
to the preceding one. TIGaSe; and TIInS2, which is a member of this class of crystals, is a
semiconductor with an indirect band gap of about 2.28 eV at room temperature. Some of the
physical properties of TIGaSe; and TIInSz, have been investigated by many authors. The aim of
this work is to study the switching phenomenon in TIGaSe, and TIInS; single crystals in wide
range of temperatures as well as y-irradiation. To the best of our knowledge, switching
investigation in this compound has not been reported before. The absence of data on the
characteristics of switching about the compound TlGaSe; and TIlInS, makes it difficult to
estimate potential application of this material.
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In classical THz time-domain spectroscopy (THz-TDS), one records the temporal
waveform impinging onto and transmitted by the sample. Then a numerical Fourier transform of
both signals is performed. The ratio of the transmitted fast Fourier Transform (FFT) and the
incident FFT spectra gives the transmission coefficient of the sample. If the origin of time is
preserved between the two requested measurements, then the FFT gives both modulus and phase
of the transmission coefficient. If the sample is a slab with parallel sides, the index of refraction
and the coefficient of absorption could be accurately determined using an inverse
electromagnetic method. This method as well as derived ones is based on the linearization of the
phase at low frequencies, and thus the knowledge of the phase at a lower frequency is necessary
to determine the sample parameters at the next frequency step. In materials exhibiting a high
absorption band, the transmitted signal within this band could be weaker than noise. In this case,
the transmission coefficient is almost zero in modulus, and its phase is unknown. The usual
solution to this problem is to perform THz-TDS in reflection.

Here we propose a combined technique, which takes benefit of both transmission and
reflection THz-TDS's. The basic idea is to derive a rough estimation of the index of refraction
from reflection data, while both index of refraction and absorption coefficient are also calculated
from transmission data. A Kramers-Kronig calculation allows us to determine the index of
refraction from the absorption spectrum measured in transmission. In the frequency regions of
transparencies, both indices of refraction determined from reflection and from the Kramers-
Kronig calculation should be superimposed.

We applied our method to determine the index of refraction of (TIGaSe2)1-x(TIInS2)x solid
solution before and after y-irradiation. The crystals of (T1GaSe2)1x(T1InS2)x solid solution show a
strong absorption band in the THz spectra after y-irradiation.
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INFLUENCE OF NEUTRON FLUX ON THE FREQUENCY - ELECTRICAL
CONDUCTIVITY DEPENDENCE OF NANO SiO2 COMPOUND AT LOW
TEMPERATURE
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As a research object it has been taken SiO, with 160m?/g specific surface area, 20nm
particle size and 99,5% purity [1-4, manufacturing company: SkySpring Nanomaterials, Inc.
Houston, USA]. Nano SiO; has been irradiated at full power mode (250 kW) by neutron flux
with 2x10%® cm™s flux density in central channel (channel A1) at TRIGA Mark Il light water
pool type research reactor in “Reactor Centre” of Jozef Stefan Institute (JSI) in the city of
Ljubljana of Slovenia. It is important to note that the JSI TRIGA reactor has been thoroughly
characterized [5-7] and the computational model used for computational characterization has
been thoroughly verified and validated [5-7] against several experiments. While working at full
power mode, the neutron flux has the following composition parts [5-7]: 5.107x10'? cm2s?
(1£0.0008, En < 625eV) for thermal neutrons, for epithermal neutrons — as 6.502x10'? cm2s*
(1£0.0008, En ~ 625e¢V + 0.1MeV), for fast neutrons - 7.585x10* cm?s™ (1+0.0007, E, > 0.1
MeV) and finally for all the neutrons in central channel flux density is as 1.920x10*® cm2s™
(1+0.0005).

Nano SiO. powder being pressed at 7kN/cm? pressure in special conditions at the
laboratory of “Physics of thin films and surface” of JSI, was made in the form of cylindrical
tablet with 550 pum height and 5.5mm diameter and then placed in aluminium container
according to the channels of the research reactor. The prepared samples have been continuously

Figure. Frequency dependencies of electric conductivity of SiO, nanoparticles exposed to neutron flux
influence at different periods and initial state at 100K and 200K values of temperatures

irradiated at central channel for 5, 10, 15 and 20 hours. Then the obtained samples have been
placed in between two platinum plates and measurements taken. The main parameters (capacity
and resistance) for calculation of electric properties of samples have been measured in
“Novocontrol Alpha High Resolution Dielectric Analyzer” device for alternative current (~0,5V)
at 0,09Hz - 2,3MHz range of frequency and 100-200 K temperature range. During the
measurements storage accuracy of temperature in any degree was up to 0,01K and the accuracy
was obtained with the method of bridge. All results obtained compatible with calculated values
have been depicted in the form of graphic in “OriginPro 9.0” program.
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Reviewing frequency dependencies of electric conductivity at low temperatures (100K
and 200K) it has been revealed that 3 sharp peaks are observed at 100K value of temperature at
frequency dependency of electric conductivity (Fig, 100 K). Considering that the generated
peaks are confirmed in other dependencies it can be explained with cluster theory developed in
the result of “high energy recoils” (PKA) of neutrons [1-2]. The clusters appearing in the sample
under neutron flux influence cause the device to record negative resistance states. From
temperature dependence of electric conductivity of nano SiO; at different frequencies it has been
revealed the increase of electric conductivity with the increase of irradiation period, frequency
and temperature.
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RADIATION INDUCED DEGRADATION OF ZINC DOPED SILICON SOLAR
ELEMENTS
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In is known, that degradation of silicon device characteristics at the irradiation influence
are due mainly to generation of different defect complexes in the crystal structure. These
radiation complexes cause formation of various recombination centers, which later essentially
affect on the current characteristics of silicon apparatus. For reducing the concentration of the
formed recombination centers, several technological methods are used. Doping of silicon by
chemical elements, generating deep levels, is the most effective for controlling the material
properties [1].

In this connection this work was aimed at studying the influence of y- irradiation on the
degradation of solar elements (SE), prepared from silicon of p—type conductivity doped by zinc.

Plates of silicon single crystals of p-type conductivity with thickness ~340 &m and

specific resistance 10 Ohm-cm were used as initial material. Formation of p-n-transition and
doping of silicon by zinc were realized simultaneously by means of phosphorus and zinc
diffusion at temperature 1050 + 1250 °C during 0.5 + 1.0 hour followed by passivation of
electrically active states of zinc. The degradation degree of SE after irradiation by ®°Co y- quanta
was determined from changes of the life time of minor charge carriers, short-circuit current (lsc)
and voltage of free running (Us) for SE. Type, parameters and concentration of the formed levels
related to radiation defects and Zn impurity were determined by DLTS method.

On the base of studying irradiation dose dependences of the photoelectric characteristics
of Isc and Us, it was found, that the characteristics of SE, prepared from silicon with larger Zn
content, practically do not change till fluencies 10'® cm. Meanwhile, the values of Isc and Us
are essentially smaller for the SE with less Zn content and the reference silicon. It is caused by
decrease of the generation efficiency of radiation induced recombination defects, forming deep
energetic levels in the doped silicon samples of p-type conductivity [2,3].

The table presents values of the generation efficiency of the radiation defect centers with
Ev+ 0.23 eV levels, related to divacancies, Ev+ 0.31 eV, attributed to complex vacancy — oxygen
— carbon and Ey+ 0.42 eV, ascribed to the complex vacancy — boron. It is seen, that the
efficiency for generation of V-O-C complex in 2+3 times, and divacancies vacancy — boron in
1+1.5 times is lower in the doped SE comparing with the reference samples and depends on the
zinc impurity content.

Table
Type of SE Zinc Efficiency of radiation defect generation,
Temperature )
concentration cm?
of diffusion
. Ev+ 0.23eV | E\+0.31eV | Ev+t 0.42¢eV
n
p- Si reference - - 1.1-10° 6.5-10° 6.2-10°
p-Si<Zn> 1100°C 2.0-10%cm’3 8.1.10° 2.6:10° 6.4-10°°
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p-Si<Zn> 1150°C 3.2:10%cm 7.8-10°® 8.1.10°® 6.0-10°°

Thus, basing on the obtained results, one might conclude, that the zinc concentration in
the volume of single crystal silicon allows to control the generation rate of radiation defects in
silicon SE. Increase of the zinc concentration leads to improving of stability of SE photoelectric
characteristics to the influence of ionizing radiation.

The work was performed in the frame of ®2-®A-®P121 grant from the Committee of
coordination and development of Science and Technology at the Ministry Council of Uzbekistan.
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RELAXATION CURRENTS IN HEXAGONAL TlInS2 MONOCRYSTALS
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TlInS; monocrystals belong to a layered-semiconductor class of A"B"'C,"Y compound
semiconductors. They have great electric resistance. The energy levels, appeared in the band gap
due to the defects in the structure have a strong influence on electric and photoelectric properties
of the crystals. Local levels in the band gap lead to some changes in the current flowing through
the crystal. The aim of the work is to study relaxation currents in hexagonal TIInS> monocrystal.

For the research work it has been grown hexagonal modification from monoclinic
modificational TlInS; monocrystals. The obtained crystals possessed n-type conductivity and
their special conductivity in the dark was 1-6:10° Om-cm. As an ohmic contact it has been used
indium. Distance between the electrodes was L=3,1 mm. measurements were carried out in the
direction perpendicular to C axis of the crystal. It has been revealed that when hexagonal TlInS;
sample is connected to constant voltage, the dark current changes relative to time. Change
character of the current depends on the applied voltage.

It has been researched volt-ampere characteristic (VAC) by providing constant voltages
at 300 K temperature and keeping for 5 minutes each time. By increasing the voltage up to a
certain value, current intensity increases as well. Then when it is kept at any voltage, the current
intensity decreases over time. When the voltage is increased again the current also increases and
when the voltage remains constant the current intensity again decreases. That is, relaxation of the
current occurs. But if it is kept in the same constant voltage, the relaxation of the current
becomes long-term. After keeping for such a long time when relatively large voltage is provided,
the value of the current intensity becomes smaller than in lower voltage. This is because the traps
(capture centers) existing in the crystal capture free charge carriers that lead to current. The area
created by the charges accumulated in these centers sows the charge carriers which move orderly
and relaxation of the current occurs. It proves the majority of concentration of the defects
existing in hexagonal TIlInS; monocrystal. It has been calculated the amount of charge
accumulated in local levels. When the sample is irradiated by gamma rays, the value of the dark
current in the given voltage increases, and the relaxation of the current again becomes long-term
and the inclination angle of the diagram rises. All this shows that the hexagonal TIInS;
monocrystals are defective crystals and these defects strongly influence on the electric and
photoelectric properties of the crystal.
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ELECTRIC CONDUCTIVITY OF TlInSe2 MONOCRYSTAL DURING
PHOTO- AND X-RAY EXCITATION
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TlInSe2, monocrystals are relatively more sensitive to X-ray irradiation among layered-
chain A®B3C®, compounds [1,2]. It was determined experimentally that the value of dark current
in TlInSe> crystals to be low is connected with the lattice to have special [3]. In the work it has
been researched the electric conductivity within photo- and X-ray excitation in order to study the
influence of defects existing in TlInSe> crystals on the electric properties.

TlInSe> monocrystals were obtained by directional crystallization method. The obtained
crystals had a tetragonal structure and p-type conductance. Concentration of the holes is 2,5-10!
cm3, specific resistance is p~107-108 Om-cm. Dimensions of the studied samples was 2x2x1
mm3. As an ohmic contact it was used indium.

Volt-ampere characteristic (VAC) has been studied within photo- and X-ray excitation of
TlInSe; crystals. At the temperature of 100 and 300 K in nonexcited samples VAC consists of
three parts: ohmic part, quadratic part and sharp increase part of the current. Within
photoexcitation of the samples the quadratic part is gradually covered with the ohmic part. As
the value of the temperature decreases the part where Ohm’s law is met is getting expanded. This
is due to the fact that the equilibrium carrier concentration decreases as the temperature
decreases. Within the photoexcitation the expansion of the ohmic part in VAC occurs due to the
increase of the concentration of free carriers with the influence of light. That is under the
influence of the light at local levels the photoionization is superior to thermal ionization.

Under the influence of X-rays and at different temperatures from VAC it is seen that
unlike photoexcitation at X-ray excitation there are three parts in VAC. Besides, within decrease
of temperature from 300K to 100K the X-ray conductivity slightly decreases, the value of
photoconductivity increases. The parameters of the traps have been determined according to [4]:
Ni=5-10' cm=, n= 4,5 102 cm= and AE; =0,42 eV (at 300 K temperature). Within irradiation
with X-rays it has been obtained N; = 3 -10'® cm™, n= 43,2:10' cm™. The obtained values’
being different is due to the fact that the irradiation both causes electron-hole pair to appear, and
stimulates annealing and re-distribution of genetic defects in crystal lattice.

From the dependence of the current appeared under the influence of photocurrent and X-
rays at TlInSe2 monocrystals on temperature it is seen that the photocurrent exponentially
increases at 140-285 K temperature range but at higher temperatures it is observed thermal
guenching of photocurrent. Thermal quenching of photocurrent at 285 K temperature range and
specific absorption range of light within weak excitement state is related with the occurrence of
re-loads with the influence of the light between r-centers and small acceptors [5]. When
excitation level is increased the thermal quenching of photocurrent slips towards high
temperatures.

When TlInSe, crystals were excited with X-rays, different results were obtained. When
X-rays is used at the temperature range of 120-350 K it is observed weak activation of the
current.

Thus, during the formation of electron-hole pair in the same number in the result of
absorption of photo- and X-ray quantum in TlInSe> monocrystal, it is observed that the
conductivity gets a different value.
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INFLUENCE OF GAMMA IRRADIATION ON GeS
NANOSTRUCTURED SOLAR CONVERTER

IR.S. Madatov, 2A.S.Alakbarov, 2G.S. Mikayilova
YInstitute of Radiation Problems, ANAS, Baku, Azerbaijan
2Azerbaijan State Pedagogical University

Recently interest in layered semiconductor crystals is increasing rapidly. This is because
the crystals are obtained by relatively easy technological method and its surface does not need
extra gloss. One of these layered crystals is GeS monocrystal.

As GeS monocrystal is a photosensitive subtance in visible and near-infrared region of
the spectrum, it is possible it to be used as an optical memory element, optical media converter
and also in hologram recording.

In recent years the scientists of North Cardin state of the United States have made a
nanostructure similar to the flower of carnation from GeS layered crystals. From these
nanostructures it is possible to make solar panels and batteries. In order to make such
nanostructures, GeS powder should be evaporated in high-temperature oven and then convect
that steam towards the cold side of the oven. Under the influence of cold the steam is
condensated in the form of thin layers (20-30 nm). The “petals” in a small amount but with a
very large surface, are capable to absorb solar energy in large amount. Advantages of the solar
panels obtained in this way over the others are their being ecologically clean and preparation
from cheap materials. The research works carried out by us show that in the case GeS layered
monocrystal is exposed to gamma irradaition at different doses, it is possible to increase its
photoconductivity by 30-40%. The practical importance of the event lies in the fact that high
photoconductivity state of the crystal remains unchanged for a long time (years).

All of the above-mentioned suggests that after gamma irradiation it will be possible to
create Solar cells with a larger efficiency from nanostructures made of GeS power.
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TRANSPORT PROPERTIES OF B-IRRADIATED ZEOLITE CATHODES
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The interesting properties of zeolites such as the ion-exchange selectivity is their ability
to sponta-neously generate a free electron and a hole in the zeolite by B-radiation that an electron
transfer from the guest to the zeolite can occur leading to the desired nuclear applications. The
zeolite-based alternatives, significant cost-savings result due to the smaller volume of material to
be stored [1]. Owing to the characteristics of zeolites (Ca,K2,Naz2,Mg)sAlgSis096.24H-0 such as,
framework and ion-exchange capacity depending on the nature of the cation species, size and
charge, they are used in the gas discharge electronic devices (GDED) acquiring the effective
electron drift and multiplica-tion in their pores under an external electric field. This effect can be
used in electron multipliers, IR converters, and possibly field emitters [2]. Zeolite nanopores [3]
are effective emitters of electrons and may come across the requirement of low power
consumption for building a plasma light source. Therefore, it is important to know the relation
between the discharge generation in nanopores and plasma characteristics for unirradiated and
irradiated cathode in terms of GDED optimization.

The diameter D of the zeolite plate is 22 mm and thickness is 1 mm. The plane-parallel
zeolite cathode (ZC) was separated from the anode by an insulating mica sheet with a circular
aperture at its center providing a 50 um thin gas discharge gap d between the ZC and the anode.
Measurements were performed in natural ZC irradiated with 1 kGy p radiation doses.
Irradiations were carried out at room temperature using a %Sr/°°Y beta source. Then, I-V
characteristics measured comparatively for the non- and irradiated ZC in the GDED (for details
see [3]). In order to study the charge trap-ping centers in the material and/or nanopores Time
Resolved-Optically Stimulated Luminescence (TR-OSL) measurements were conducted using a
home-made setup based on an IR laser module (852 nm) for stimulation. To establish the dose
response of the OSL signal, the OSL signal from a zeolite was monitored by irradiating the
samples in the dose range from 25 to 1000 Gy (25, 50, 100, 250, 500, 750 and 1000 Gy [ doses).
After the irradiation, the samples were preheated to 100 °C for 15 min to remove the unstable
radiation induced signals originating from shallow traps [4]. TR-OSL curves were measured at
room temperature using 20 us IR light stimulations with 1.28 us bin-widths. The measured TR-
OSL curves were analyzed by curve fitting with a double exponential de-cay function. The
component decay lifetimes were found to be around 2 and 12 us which are named as “fast” and
“slow” components repectively. In Fig.1, the amplitudes of the “fast” and “slow” com-ponents
are plotted against beta dose. As seen from the Fig.1, the TR-OSL signal amplitudes increa-se
monotonically in the dose range used in the experiment, i.e. 25-1000 Gy. Both components (am-
plitudes of the “fast” and the “slow” component) were observed to follow similar dose responses
indicating a linear dose response. Inset to Fig.1, the lifetimes determined are presented. Lifetime
of the “fast” and the “slow” component was not virtually changed at all by changing the radiation
dose.

The effect of B-radiation on the electrical conductivity of zeolites is shown in Fig. 2. The
I-V measurements were carried out with unirradiated and 1 kGy p irradiated ZCs. It is found
that, in the irradiated ZC the current was highly increased when compared with non-irradiated
ZC and accompanied by a significant reduction of the breakdown voltage. A possible
explanation of these observations can be connected to the enhancement of electron emission
from the ZC surface with the release of trapped electrons which are captured by the defect
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centers following beta irradiation. It was proposed that hydroxyl radicals, formed by the
radiolysis of water, might be able to break Si-O-Si or Si-O-Al bonds in the zeolite framework,
and that the radiolytic production of hydrated protons [H*(H20)n] can also induce the cleavage of
these bonds. Various charged defect centers are formed in ZC by exposure to 3-radiation, e.g. B-
centers, which are sites where an electron has been captured at an AI-O unit. More
comprehensive irradiation dose dependence measurements are necessary to determine the
highest possible enhancement the efficiency of the plasma light source.
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Fig.1. Dose response of the TR-OSL
from zeolite. Inset: Lifetimes of the
“fast” and “slow” components as

functions of radiation dose.
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ZnSnAs; is a ll-1V-V2 chalcopyrite semiconductor with direct energy gap between 0.6-
0.76 eV at 300K [1]. ZnSnAs2:Mn films grown on InP(001) substrate have been shown as
ferromagnetic at high Curie temperature (Tc=330K) [2,3]. Therefore, this material is considered
as a promising semiconductor host material to be doped with 3d-elements in order to obtain new
spintronic materials [4].

In this work, we study the structural, electronic and magnetic properties of bulk and
vacancy defected ZnSnAs;, using the first-principles calculations. To simulate the vacancy effect
we have studied bulk compound and its 96 atoms supercell. First-principles calculations based
on density functional theory are performed in the Spin Generalized Gradient Approximation
using licensed program software Atomistix Tool Kit (ATK, http//quantumwise.com). Electron-
ion interaction taken into account by pseudopotentials, where 3d electrons of Zn are treated as
valence electrons. All investigated structures have been relaxed. The obtained band structure and
density of states show that bulk ZnSnAs; is a direct band gap semiconductor material with the
valence band top and the conduction band bottom located at the center of the Brullouin zone.

Fig. a) Sn-, b) Zn-, ¢) As-vacancy in relaxed 96-atoms ZnSnAs2 supercell. (The vacant lattice sites are
shown by red circles, vacancy-induced magnetic moments of atoms - by white arrows.)

The optimized lattice constants for bulk ZnSnAs, a=>5.7%4 A’ ¢=11.700 A° and
chalcopyrite parameter for As atoms 0.231 are in a good agreement with experimental data [1,
5]. The calculated value of the energy gap 0.76 eV corresponds to experimentally measured one.
In so doing, we have been able to reproduce the experimental value of the energy gap only if
Hubbard_U corrections were accounted for. We have studied influence of vacancies on structural
and magnetic properties of ZnSnAs,. In the next subsections we give some of these results. The
simulations show, presence of Sn-vacancies in ZnSnAs; leads to that some of As atoms located
in the vicinity of vacancy acquire magnetic moment p(As)=1.1ugonr, Where pgonr is the Bohr
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magneton (Fig. a). Similar situations occur also for Zn- and As-vacancies. In these cases, the
magnetization of cell occurs also, due to As atoms closely located to the vacant sites, as in the
case of Sn-vacancies. In case of Zn-vacancy (Fig. b) induced magnetic moment of As atoms is
t(As)= 1.3 usonr. In the As-vacancy case (Fig. c¢) induced magnetic moment of As atoms:
H(AS): 0.9 WUBohr.

Thus, regardless of the vacancy position, compound ZnSnAs, acquires a induced
magnetic moment in all (i.e., Zn-, Sn- and As-vacancy) cases, mainly due to closely located to
the vacant sites As atoms. Effects from Zn- and Sn-atoms in acquiring induced magnetization are
small.
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In the world today it is synthesized a large number of polymer materials, which in one or
another way satisfy the requirements for plastic construction products used in the various
branches of industry and agriculture. However, with the improvement of technique and
technology, particularly in such areas as engineering, space, aviation, military equipment, the
more new and more rigid requirements for the quality of the construction plastic products are
made. It is quite obvious that it is not possible to create new types of polymers at the level of
industrial production series satisfying the each new requirement for the quality of plastics.
Therefore, the problems connected with modification of structure and properties, existing, for
example, for basic marks of polyolefins produced in industry become important. The large-
tonnage thermoplastic polyolefins include polyethylene of high density (HDPE), polyethylene of
low density (LDPE), isotactic polypropylene (PP), linear polyethylene of low density (LLDPE)
and random polypropylene (RPP) being a copolymer of propylene wit 15-20% ethylene.

In this work the main attention is paid to the investigation of influence of the radiative
irradiation dose on structural peculiarities and basic physical-mechanical characteristics of cross-
linked polyolefins. It should be in this case added that the properties of the irradiated polymer
depends not only on conditions of irradiation but also on content of the various ingredients:
stabilizers, structure-formers, fillers, plasticizers, sensitizers, etc, in it.

In spite of the available literature information on the properties of the irradiated
polymers, there are practically not the data regarding the influence of the radiative irradiation on
the molecular weight distribution (MWD) of polyolefins on which it is possible to predict the
interval of change of such physical-mechanical characteristics, as tensile strength, specific
elongation, bending strength, etc.

In particular, we have established that with the increase of irradiation dose of PP, HDPE,
LLDPE and RPP from 0.01 to 0.6 Mrad. a noticeable increase of carbonyl groups in the range of
1650-1740 cm™ is observed. The appearance pf oxygen-containing groups in the composition of
the irradiated polyolefin has been fixed by means of the IR-spectroscopy. It is characteristic that
with the increasing of irradiation dose the oxidation of the samples of polyolefin occurs
intensively, in this case the end and trans-viniylene double bonds are noticeably decreased.

It has been determined from the process of comparative analysis of MWD of the initial
and irradiated HDPE that on curves of MWD after irradiation the essential changes are detected.
If in the initial HDPE MW of high molecular fractions reached 700,000, after irradiation in a
soluble part the fractions with molecular weight higher 110,000 have not been revealed. At the
same time, we have detected the noticeable growth of the fraction with MW to 10000. The
obtained data definitely testified to the fact that in the irradiation process it takes place a
formation of net structure advantageously from high-molecular fractions of HDPE which as a
soluble part (gel) is derived from polymer mass. On the other hand, the intensive radiative
irradiation is accompanied by destruction of macrochains of high-molecular and middle fractions
with formation of the low-molecular fractions. As a result of this, a portion of the low-molecular
fractions in a soluble part is increased. In such cases a break of macroradicals takes place as a
result of oxidation of the low-molecular macroradicals with formation of the end carbonyl group.
The analogous results have been prepared during investigation of MWD of LLDPE.

The physical-mechanical properties of the initial and irradiated samples of polyolefins are
carried out. It has been found as a result of comparative analysis of results of investigations that
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the highest values of strength are observed in the samples of polyolefins with irradiation dose in
the ranges of 0.08-0.15Mrad. With increasing of the radiative irradiation dose simultaneously
with cross-linking of macrochains a characteristic decrease of the melt fluidity and strength of
the samples of polyolefins takes place.
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RECURRENT THERMO-LUMINESCENCE PHENOMENON
IN YTTRIUM-ALUMINUM GARNET CRYSTALS

'A.Kh. Islamov, I. Nuritdinov, 1Z.U. Esanov, ?B.Kh. Eshchanov, ?I.A. Khayitov
Ynstitute of Nuclear Physics AS RUz, pos, Ulugbek, Tashkent, Uzbekistan
2Uzbekistan National University, named after M. Ulugbek, Faculty of Physics, Tashkent.
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The crystals of yttrium-aluminum garnet (YAG) Y2Al2012 activated by cerium Ce and
praseodymium Pr ions by their thermal and chemical durability as well as fast response are
perspective scintillation materials. The thermo-luminescence method (TL) of pre-excited crystals
by gamma quanta or ultraviolet radiation (UV) is one of the basic for investigation of the
recombination centres of the scintillator luminescence. That is why in this work the capture
centres formed by action of the ionizing radiation on pure and doped by praseodymium and
cerium YAG crystals were investigated.

The samples were grown using Chokhralsky method. The activator concentration was 0.1
at%. The heating speed during registration of TL integral peaks and their spectral composition
was -15 K/min.  During investigations at low temperatures in the range of 77 -300 K the
temperature was controlled via copper - constantan thermocouple and at high temperatures in the
range of 300- 630 K via chromel - copel thermocouple. For registering of the spectral
composition of TL peaks the MCD — 1 monochromator was used. This monochromator has a
registration speed equal to 20 nm/s in the range of 200 — 800 nm wave length. For registering of
the optical radiation in the range of 200-800 nm the FEU — 39 photomultiplier tube was used. To
investigate the low temperature (LTL) and the high temperature (HTL) thermoluminescence
glow curves the samples were pre-irradiated by gamma quants with the dose of 2x10® Gy and
UV light within 30 min at 77 and 330 K. In pure YAG samples after irradiation by gamma rays
at 77 K with the dose of 2x10° Gy the well known LTL peaks at 150, 190 and 200 K (Fig.1, 1st
curve) were observed. The difference between pure and YAG crystals activated by Pr®* (Fig.1,
2nd curve) and by Ce® (Fig.1, 3d curve) is that the intensity is redistributed among the several
LTL peaks. In the first case the most intensive peak is at 150 K, and in the second case — the
peaks positioned at the temperatures higher than 150 K. After irradiation by gamma rays at the
channel temperatures about 330 K with the dose 2x10° Gy the following peaks in HTL curves
were observed: in the sample activated by Pr®* (380 and 580 K) and by Ce3" (380 and 540 K). It
is worth to note that the LTL peaks intensity are one order of magnitude higher than the HTL
ones. This indicates that the most light-sum stored by gamma irradiation is glowed during charge
recombination released from lower traps. During irradiation of Y2AlsO1+Pr¥* and
Y2Als012+Ce®" crystals by UV light the LTL and HTL peaks were observed too. The positions
of the peaks and maximums of gamma irradiated LTL peaks at 77 and 330 K are identical.
Obtained spectral composition of TL peaks has shown the characteristic for the activated
luminescence of Pré* in the visible spectral range of 400, 490, 550 and the luminescence of Ce3"
with 560 nm identical to the gamma luminescence thus indicating the same nature of
luminescence bands in both recombination processes. Observed LTL and HTL peaks after
influence by UV light with the energy less than the width of forbidden zone of YAG crystal
indicates that the ionization is occurred in the activator levels (Ce®* and Pr3*) located in the
crystal forbidden zone. In the YAG crystals Ce®** and Pr* the recurrent thermo-luminescence
phenomenon (RTL) is observed. This phenomenon allows to determine the signs of trapping
center charges existing in the crystal [1]. To investigate after gamma irradiation with the dose of
2x10° Gy at 330 K the RTL samples were held at liquid nitrogen temperature during 5 hours. At
further heating of the samples the LTL peaks were observed. The intensity of recurrent LTL was
several times less than the LTL registered after direct gamma irradiation at 77 K. It is worth to
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note that in the non- activated crystals recurrent LTLs reveals themselves very weakly. Obtained
results can be explained as following. As a result of gamma and UV irradiation at 77 and 330 K
electrons are captured by low (T<300 K) as well as by deep (T>300 K) levels. Further heating of
crystals from 77 up to 630 K reduces step-by-step releasing of electrons (with corresponding
their thermal energies) and as a result of recombination with the hole activator center (Pr* and
Ce?") gives the luminescence in the wide temperature region. Recurrent appearance of LTL
peaks occurs at tunneling of charge carriers from more deep level (the peak higher T > 300 K) to
smaller ones at T < 300 K. RTL phenomenon reveals also in the high temperature region which
connected with the tunneling of charge carriers from deep capture levels (with temperature peak
at 570 K) to lower ones. We suppose that observed luminescence corresponds to LTL and HTL
peaks due to the process of thermal releasing of electrons recombined with hole activator centers

(Pr3*and Ce*).
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Fig.1. Low temperature glow curves 1-YAG, 2-YAG+ Pr®* and 3-YAG Ce** (3)
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EFFECT OF B-RADIATION ON THE ZEOLITE CONDUCTIVITY
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At nuclear installations, zeolites have been considered as an alternative integral part of
radio-chemical process applications, the cleanup of circulating water and low level liquid wastes
because of high ion exchange selectivity [1]. In addition, the availability in applications of
nuclear radiation presumably their resistance of B-radiation [2] and high emissive characteristics
of pores and low supply voltage and power consumption make zeolites very attractive in Gas
Discharge Electronic Devices (GDED) [3]. Zeolite nanopores [3] are effective emitters of
electrons and may come across the requirement of low power consumption for building a plasma
light source. Therefore, it is important to know the relation between the discharge generation in
nanopores and plasma characteristics for unirradiated and irradiated cathode in terms of GDED
optimization.

Operating principle of the GDED is based on various types of zeolite cathodes (ZC) as a
non-equlibrium plasma source that creates a microplasma distribution under the external electric
field. Recently, Orbukh et. al. [3], gave preliminary results regarding plasma applications with
ZC and behavior of the discharge inside the micropores of zeolite, however they did not consider
the effect of B-radiation on electrical conductivity of ZC and stable operation at atmospheric
pressure  (AP). In  this study we used natural clinoptilolite  mineral,
(Ca,K2,Naz,MQ@)sAlgSis096.24H,0, with approxi-mately 95% purity. In the GDED the plane-
parallel cut ZC which is separated from the anode by an insulating mica sheet with a circular
aperture at its center providing a 50 um thin gas discharge gap d between the ZC and the anode.
The diameter (D) of the zeolite plate (ZP) is 22 mm and thickness is 1 mm (for details see [3]).
To reveal the conductivity properties of ZP we benefit from the Opti-cally Stimulated
Luminescence (OSL) techniques that can be helpful in characterizing and identify-ing the
luminescence emission centers. OSL induced by the recombination of trapped charges of
opposite signs upon illumination [4]. Measurements were performed with two sample of natural
ZP irradiated with 1 kGy g radiation doses. Irradiations were carried out at room temperature
using a %Sr/%°Y beta source. Then, I-V characteristics and discharge light emission intensity were
measured comparatively for the GDED with unirradiated and irradiated ZC. Time-Resolved OSL
(TR-OSL) from zeolite was measured using a home-made instrument which carries the sample
holder, photo-multiplier tube and stimulation light source. A typical TR-OSL curve of a 100 Gy
irradiated zeolite sample measured at room temperature after preheating at 100 °C for 15 min, is
given in Fig.1. TR-OSL was measured using a 20 us pulse width and 1.28 us wide data collection
intervals using a Schott BG 39 filter. As a result of analysis by curve fitting, the lifetimes are
accompanying the two component and the component lifetimes were determined as 0.88 ps and
11.86 ps for the two components shown in Fig.1. As seen in the Fig.1, while in the long
wavelength the luminescence signal consisted of "slow™ component, the "fast" component
corresponds to the shorter wavelengths.

To observe the effect of B-radiation on the electrical conductivity of ZC, the I-V
measurements were carried out comparatively with unirradiated and irradiated ZC at AP (Fig.2).
In the feed-back voltage, the electrons which captured by lattice point defects of zeolite provide
an important contribution the discharge current. With the forward increment and reverse
decrement voltages, results obtained from the effect of -radiation have led to the expansion of
the hysteresis window and accompanied by a dramatic increase in the current. It is likely that
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part of the conduction mechanism by which the cation-exchange capacity of clinoptilolite toward
B-radiation is so markedly improved by prior post electron-irradiation involves the radiolysis and
displacement of water molecules that are entrapped in the zeolite micropores, along with the
creation of other point-defects. Accordingly, we present an application, where the conductivity
of a ZC is substantially enhanced, by its exposure to B-radiation (~ 2 MeV).
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Fig. 1. TR-OSL signal from nanoporous Fig. 2. The hysterests of the GDED
zeolite samples with different irradiated at AP for unirradiated and
doses. irradiated ZC.
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NECESSARY CONDITIONS FOR CREATION
OF NANOCRYSTALS IN GaS COMPOUND
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In most studies it has been created nanosize structures by bringing together
semiconductive compounds with different energy structure.

The quantum dots with a diameter of 2-15 nanometer, presently applied in different
fields have been created on the basis of 1I-VI, 111-V and I11-VI group compounds of the periodic
table. However, the creation of semiconductors in A*B® compounds of A®B® nanocrystals has not
been studied. As A®B® compound layered semiconductive materials are of high photosensitivity,
their utilization in creation of optoelectronic devices is of great interest. For this purpose, in the
work it has been defined necessary conditions for creation of InAs nanocrystals in GaS
compounds.

GaS monocrystal offered by us has been obtained by Bridgman method in the Institute of
Radiation Problems of ANAS. The specific resistance of the obtained crystal at room
temperature is in the order of 2:10° Om-cm and 1:108 Om-cm in the directions of parallel and
perpendicular to layers, respectively.

In GaS monocrystal there are two acceptor levels of which energies are 0,65 eV and 0,90
eV and one donor level with 0,57 eV energy. lonizing energy of the acceptor level is 0,18-0,23
eV and its concentration is 10* cm. Capture cross sectional area of the holes is 10™° cm?.

In the submitted paper for defining the dimensions of the formed InAs quantum dots, Bor
radius of exiton has been calculated and the value of aex ~ 32nm obtained. It allows the quantum
dots formed within interim and strong confinement conditions, to be observed at the range of
1+32 nm. The obtained value complies with the other theoretical and experimental values.

Thus, it has been determined that In ion with the energy of 426 keV and dose of 4,1 -10
cm? together with As ion with the energy of 290 keV and dose of 4,8 -10® cm? has created InAs
guantum dot with the radius of 1+32 nm size at a depth of 150 nm in GaS monocrystal.
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NEUTRON DIFFRACTION STUDY OF THE FORMATION OF ORDERED
ANTIPHASE DOMAINS IN CUBIC TITANIUM CARBIDE TiCo.so
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The formation of ordered antiphase domains (APhDs) is a widespread and well-known
henomenon in substitutional solid solutions [1]. The formation of ordered APhDs in interstitial
alloys was found for the first time in [2, 3] when studying titanium carbohydride TiCHy. It is of
interest to find out if this phenomenon occurs in other interstitial alloys. It is more logical to
search for its manifestation in titanium carbide, which is widely used in technology, and
isostructural carbohydride titanium; therefore, we analyzed the composition of titanium carbide
TiCoeo by neutron powder diffraction in order to reveal APhD ordering. We chose this
composition because it was investigated previously and exhibited a series of phase transitions
[4]. However, the formation of ordered APhDs has not been observed yet. Splitting of
superstructural peaks in the neutron diffraction pattern of titanium carbide TiCo.eo Was found at a
temperature of 600 °C based on the ordered phase described by the space group (sp. gr.) Fd3m

(fig. 1, b).
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Fig. 1. Characteristic portions of the neutron diffraction pattern of titanium carbide TiCogo: (a)
initial disordered, (b) disordered after annealing at 600 °C for 240 h, and (c) disordered after annealing
at 780 °C for 240 h.

This phenomenon can be explained by the existence of a stacking fault in the ordered
arrangement of carbon atoms over octahedral interstitial sites 16 (¢) and 16 (d) of the fcc lattice
and APhD ordering. At relatively high temperatures (780 °C), randomly oriented large (450 A)
APhDs are formed at the partial ordering of carbon atoms, while at relatively low temperatures
(600 °C) both randomly oriented large APhDs and ordered small (290 A) APhDs are formed
with the stacking fault of carbon atoms. Upon step equilibrium annealing (1200 °C — 600 °C with
a step of 50 °C for 24 h), there is no stacking fault in the arrangement of carbon atoms over two
types of interstitial sites (16 (c¢) and 16 (d) ) within the sp. gr. Fd3m, and APhD ordering does not
occur (fig. 1, ¢). The model of ordered APhDs with stacking fault of C atoms over the 16 (c) and
16 (d) positions in the space group Fd3m was been offered (fig. 2, b).
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Fig. 2. Schematic diagrams of possible atomic distributions in the fcc titanium carbide lattice in
projection onto the xOy plane: (a) disordered phase (sp. gr. Fm3m), (b) partially ordered phase (sp. gr.
Fd3m) with ordered APhDs and stacking fault of C atoms over the 16 (¢) and 16 (d) positions, and (c)
hypothetical model with the degree of long-range order n = 1 within the sp. gr.

Fd3m without stacking fault of C atoms for stoichiometric Ti.C: (1) Ti atoms, (2) C
atoms statistically distributed over octahedral interstitial 4b sites (sp. gr. Fm3m) (panel a) and
octahedral interstitial 16 (c) sites (sp. gr. Fd3m) filled with carbon atoms (panels b, c), (3) carbon
atoms in octahedral interstitial 16 (d) sites (sp. gr. Fd3m), (4) carbon vacancies in octahedral
interstitial 16 (c) sites (sp. gr. Fd3m), and (5) carbon vacancies in octahedral interstitial 16 (d)
sites (sp. gr. Fd3m).
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COMPLEX IMPEDANCE SPECTRA OF
v-IRRADIATED TIInS2< 5%C > CRYSTALS
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Features spectra of complex impedance Z"(f) crystals T1InS; <5%C> subjected to various
doses of y - irradiations are investigated. Researches were carrying out by a digital measuring
instrument immittance E7-25 in the temperature range 100+450K. After preliminary
measurements Z"(f) samples were exposed to influence y-irradiations, from a standard source of
radiation Co®. Measurements are executed at frequencies of a measuring field 25 + 10° Hz for
initial samples and for samples subjected vy - irradiation. In the fig. 1(a) anomalies form of step
change real (Z'(f)) and a maximum of imaginary (Z"(f)) part specific impedance are visible.
Diagrams on a complex plane (Z'— Z") testify to presence of two basic processes, to one of
which there correspond semicircles, and to another — beams in low-frequency area (fig. 1(b)). It
seems, from fig. 1(a) with growth of a dose of irradiation the maximum of imaginary part of
impedance is displaced to lower frequencies, and the size in maximum of Z"(f) increases.
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Fig. 1. Spectra of complex impedance (Z"(f)) THInS, <5%C> crystals: a - frequency dependences of a real
and imaginary part of an impedance (1 and 2 for initial samples; 3 and 4 for samples to an irradiated -

20 Mrad); b - diagrams on a complex plane (Z—Z") (1 - for initial samples; 2 - for samples to irradiated
- 20 Mrad).

It is known, that degree of disordering can changed generally under influence of y -
irradiations, it leads to formation of radiating defects in the form of vacancies, atoms inter
vertices of a lattice, and also various type of complexes of the defects interact between
themselves and with chemical impurity. The dominating role in these processes is played by
ionizing defects (the charged defects), which result from an irradiation y - quanta. That is, it is
observed radiated -stimulated the curing of structural defects, that leading to growth impedance
of a crystals.
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X-RAY STUDY OF RESIDUAL MACROSTRESSES
IN IRRADIATED CARBIDE FUEL RODS
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It is known that the state of the shell-less rod carbide fuel elements that passed the tests in
flowing water-cooled technological channels of IVG.1 and IRGIT reactors on motor operation of
FTP reactor installation, to a large extent dependent on the specific test conditions. So, the fuel
rods when tested in modes markedly reduced compared with the nominal, the quite satisfactory
condition is detected: surface cracks and breakage in the fuel rods were isolated phenomena. And
fuel rods tested in regimes close to the nominal, on the contrary, there was a very significant
degradation of the initial state: the fuel elements of the input (low-temperature) heating sections
(HS) had numerous cracks and massive damage. It should be noted that the fuel elements of the
input NS were tested at temperatures below 1800 K, i.e. in the temperature range of macro-
crack-sensitive state of sintered carbide material.

It is important to note that fuel rods of the input NS had the most notable post-irradiation
hardening (measured on the intact rods) achieved in some cases nearly 100%. This simultaneous
existence of negative (breakage), and positive (hardening) moments of the post-irradiated state of
rods of input NS had a common cause — the fuel rod irradiated in the temperature region of the
brittle state, had a temperature difference AT over its cross section caused by the intense heat
removal with the surface of the rod pumped through NS with hydrogen. In the process of reactor
steady-state AT drop in each fuel rod increase from zero to maximum and remains at this
maximum for the entire startup. This difference creates the thermal macrostresses ot in the fuel
rod with tensile component on its surface. If tension ot exceed the tensile strength of the fuel
element material in tension the cracks will arise on the surface of a fuel rod. Later the final
breakage of fuel rod weakened with cracks will happen by bending, binding and vibration loads.
This is the essence of the negative points of post-irradiation condition of the fuel element. The
essence of the positive aspects of the fuel element is in hardening due to the formation of the
compressive residual radiation macrostresses cost On the surface. Tension cost Can arise again due
to the presence of temperature difference AT in the irradiated fuel rod, which will cause non-
uniform on the cross section radiation swelling of the rod of the fuel rod material: peripheral
(colder) fuel rod areas will swell more than the inner (hotter) areas. This ensures the appearance
of compressive residual stresses on the surface of a fuel rod and stretching inside. The purpose of
this paper is the experimental confirmation of the existence of residual radiation macrostresses in
the irradiated fuel rods after reactor tests and setting limits of the stresses cost.

To perform radiographic stress measurement the direct (without bending) and intact
(without surface cracks) fuel rods were selected among the low-temperature NS of different
channels. Measurements of the magnitudes and signs of axial macrostresses %t on the surfaces
of these rods was carried out using the developed nondestructive method with photorecording of
displacements of the diffraction lines in a specially re-equipped X-ray chamber. Three
overlapping diffractometric methods were also used: non-destructive multi-shooting method of
rotations (called sin®y- method), destructive method of sum of the principal stresses and
developed destructive method of determination of stresses on the results of measurements of the
lattice parameters only on powder samples.

The results of these measurements shown (see Fig. 1) that the continuous growth of the
dose of neutron irradiation of uranium burnup up to about 2¢108 del./cm?® are not accompanied
by a continuous increase in compressive c%st on the surface of the fuel element (and tensile 6%ost
inside) to excessively high values that could lead to the destruction of the rod into fragments.

204


mailto:tskhe@nnc.kz

VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

Increased heterogeneity of the fuel element material swelling (residual macrostresses increase)
stops after burning of uranium 3+10%" del./cm? (indicated with dashed lines), at that the level of
compressive macrostresses on the surface of the fuel element does not exceed 200 MPa, which
eliminates the risk of destruction of the fuel rod strain radiation macrostresses acting in its inner

areas.
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Fig. 1. Dose dependence of macrostresses growth on the surfaces of the fuel elements
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EFFECT OF REACTOR RADIATION ON STRENGTH
OF URANIUM-LESS CARBIDE PRODUCTS
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It is known that causes of hardening (about 20-40%) of shell-les rod carbide fuel
elements under irradiation are associated with intense exposure to fission fragments on the
structure of the sintered fuel material and due to the prevalence of hardening process of radiation
healing of the source technological defects above softening processes of radiation defects. It is
also known that in experiments on radiation healing deliberately created in the fuel elements of
surface cracks an effect of higher radiation hardening, reaching ~ 100%, is observed.

Experiments on irradiation in the heating sections (HS) of ampoule reactor RA of
uranium-less carbide rod products (carbide fuel rod simulators and carbide sealing semi-
cylindrical inserts NS) appeal the certain interest. In performed experiments, it was found a
complete lack of healing in sintered uranium-less carbide products as source technological
defects and intentionally created surface cracks (lack of radiation hardening of such products).
These experiments again indicated that the processes of healing of both the original and created
defects occur almost exclusively under the influence of fission fragments (at least the effect of
fast neutrons on healing of defects is not experimentally detected).

The experiments to determine the effect of implantation the fragments of division on the
strength of carbide inserts were also performed. For this purpose, ZrC inserts belonging to the
same batch of manufacture with the measured initial strength at bending were installed in HS of
two ampoules. Inserts were placed in each HS on the periphery of the cylindrical bundle of fuel
elements, at that the semi-cylindrical surfaces of the inserts were turned to fuel elements. In PTE
studies of inserts, the strength of which was measured at blending, showed a significant (50-60
%) reinforcement of all inserts loaded in accordance with the scheme, when the tension operated
on a semi-cylindrical surface, and compression — on a flat surface; in the opposite case it was
observed no radiation change in the inserts strength. High hardening was explained by the fact
that the introduction of fission fragments in a semi-cylindrical surface of the insert in a thin (a
few micrometers) layer, firstly, the level of the original defects in the structure is decreased, and
secondly, the compressive radiation macrostresses arise (due to larger swelling of the layer under
the influence of fission fragments, than average-weight swelling of the insert under the influence
of fast neutrons).

An inhomogeneity of material swelling over the cross section of irradiated ceramic rod
was determined in the measurements of lattice periods of inserts after their testing to fast neutron
fluence of about 1+10%m2. It was found that the three values of the lattice period (a period
measured on a flat surface of the insert; period measured on powder sawed with diamond needle
files from a flat surface; average-weight period measured on powder made of the insert
fragment) within the measurement errors are not distinguished and are ~ 0.46991nm, and the
period measured on powder sawed from semi-cylindrical surface is significantly higher than
these values and is 0.47012 nm.

Thus, these experiments have also pointed out the defining role of the impact of fission
fragments on change of the strength properties of ceramic materials and products under
irradiation.
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INFLUENCE OF ACCELERATED ELECTRONS ON TEMPERATURE DEPENDENCE
OF ELECTROCONDUCTIVITY OF Pb1.xMnxTe THIN FILMS

H.R. Nuriyev, M.A. Mehrabova, T.I. Kerimova
Institute of Physics, ANAS, Baku, Azerbaijan
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
mehrabova@mail.ru

Due to the growing interest in infrared technology and space exploration it becomes
relevant the study of radiation-resistant materials of various types and development of
optoelectronic devices based on them. Semiconductors are very sensitive to radiation and,
therefore, are suitable materials for the study of the formation processes of radiation defects.
High sensitivity to radiation of semiconductors allows studying the mechanism of radiation
defect formation. Therefore the issues, related to the influence of radiation on semiconductors
and identification of materials with high radiation resistance which can be used for creation of
various devices are always actual. Compounds of A'VBY! type and solid solutions based on them
are of special interest. The presence of the element of heavy atoms (such as lead, tin) in crystal
lattice of semiconductors of such type ensures high radiation resistance of devices produced
based on them. Semiconductors PbixMnxTe contains Mn ions which give them paramagnetic
properties. It enables them to be widely applied in electronics, used in devices of IR technology,
working in the wavelength range 3+5 and 8+14 mcm. It has been developed obtain technology of
epitaxial films of these materials with high crystalline perfection on various substrates [1,2].

In this work we have investigated the effect of accelerated electrons on temperature
dependence of electroconductivity of PbixMnxTe semimagnetic semiconductor thin films.
Pb1-xMnyTe thin films were obtained by the molecular beam condensation method on the BaF»
substrates. Their crystal structure and lattice parameters was studied by the X-ray diffractometer
(lattice parameter a. =6.19 A).

We investigated temperature dependence of electroconductivity of PbixMnxTe thin films
in dependence of Mn atoms concentration at room temperature before irradiation (Fig.1). The
values of electroconductivity and temperature dependences are differing in dependence of Mn
content. The electroconductivity is increasing with decrease of Mn content.
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Fig.1. Temperature dependence of electroconductivity of Pbi.Mn,Te thin films at room temperature
before irradiation: 1.x=0.00, 2.x=0.01, 3.x=0.02, 4.x=0.04, 5.x=0.05

Then Pb1.xMnxTe thin films were irradiated by accelerated electrons (@ =2x10'°cm™) in
the Linear Accelerator D2JIYV-6. We have investigated temperature dependence of
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electroconductivity of PbixMnyTe thin films in dependence of Mn atoms concentration at room
temperature after irradiation.
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Fig.2. Temperature dependence of electroconductivity of Pbi,.Mn,Te thin films after irradiation (@
=2x10"cn?): 1.x=0.00, 2.x=0.01, 3.x=0.02, 4.x=0.04, 5.x=0.05.

As it is shown from Figl and Fig.2 the irradiation almost does not change the character of
the o(T) dependence, only leads to insignificant changes of its values. The value of
electroconductivity is insignificantly reduced after irradiation.
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USE OF RADIOGRAPHY IN ARCHEOLOGY

M. Cetin, S. EKinci, M. Aksu
Turkish Atomic Energy Authority
Cekmece Nuclear Research and Training Centre, Department of Nuclear Techniques Istanbul,
Turkey
mucahit.cetin@taek.gov.tr, sinasi.ekinci@taek.gov.tr, mehmetaksu@taek.gov.tr

Radiography is a versatile technique with many applications to archaeological and art
historical artefacts. It can be used to assess the condition of objects before conservation
treatment, to gain insight into materials used and methods of construction, and to reveal the
secrets of the embalmer's art, hidden within mummified remains. The techniques can be applied
to materials as diverse as paper, wood, ceramic and metal, as well as to human and other animal
remains. Radiographic examination may provide images of objects concealed within a mass of
corrosion and may even reveal a previously unknown painting, hidden beneath a later work. All
of this can be carried out non-destructively, making radiography an invaluable tool for the study
of cultural materials.

Archeometric investigations of the archaeological objects at Cekmece Nuclear Research
and Training Centre are carried out basing on the collaboration with Archaeology Museum of
Istanbul and Directorate of Central Laboratory for Restoration and Conservation in Istanbul. This
work describes radiographic inspections of the ancient objects in order to support the
archaeological specialists for their restoration, conservation, dating, replica processes and
inventory or archiving purposes. The objects investigated cover anchors from 13 century of
Byzantine Empire, Chains used in Golden Horn by the Byzantine Empire against incoming of
Ottoman Ships and head of the Snaky Statue from Roman Period being situated in Sultan Ahmed
Square in Istanbul. The finds obtained from the examined materials were shared with the
specialists in order to carry out their processes on that objects and to assess their production
methods.

Introduction

The conservation of archaeological objects is a careful activity that requires the most
complete possible information about characteristics of the object to be conserved. In that sense,
the application of non-destructive testing to archaeological object conservation is relevant, since,
unlike others analyses (chemical, and so on) it allows to study the object without damage.

X-radiography is an invaluable investigative technique that is non-destructive, quick and
cost effective. It enables the form and structure of an object obscured beneath corrosion layers
and burial accretions to be viewed without any physical intervention to that object in some
circumstances, such as when an iron object is heavily or even completely mineralised, an X-
radiograph can provide information that can not be gained by any other method. Technological
details can be revealed without the need for interventions. In addition, the X-radiograph itself
provides a long-term visual record of inherently unstable and potentially deteriorating artefacts.
While much can be done to slow down the deterioration processes of metal artefacts following
their removal from burial, X-radiography should be initiated as soon after excavation as is
practicable. A good quality X-radiograph may provide the information necessary to identify,
classify, date and illustrate an object that has subsequently disintegrated beyond reconstruction
[1-3].
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The benefits of X-radiography may be summarised as follows:
visual record of shape, technology and condition

aid to identification

non-interventive

non-destructive

cost-effective

long-term record of deteriorating objects

The study described below covers the investigations of the archaeological artefacts in
order to determine their corrosion conditions and production histories which are important for
restoration, conservation, replica, dating and inventory Works.

Radiographic Applications on Archeological Objects

Radiographic examinations of the archaeological objects were performed by using X-rays
of an X-ray tube and gamma-rays of Co-60 source and Kodak AA400 film. The exposure
parameters were optimized experimentally depending on the object material and composition.
Some of the examined objects and their radiographs were illustrated in this work. Figure 1 show
the exposure position and combined radiographic image of an anchor which belongs to 13.
Century Byzantine Period and was excavated near to Marmara Island in Turkey. The radiograph
shows the metal content and the corrosion condition of that anchor. This imaging works has been
utilized as a supporting tool by the conservators of Istanbul University in the replica processes of
the anchors. One of replica works is shown in Figure 2.

Figure 1. Exposure position of an anchor and its radiographic image

Figure 2. Replica of the chain radiographed in Figure 1
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The chains used in Golden Horn by the Byzantine Empire against incoming of Ottoman
Ships are exhibited in various museums in Istanbul. Radiographic examination of these chains
aided to reveal the material defects and their production histories. Exposure position and the
related radiograph of a chain part are illustrated in Figure 3. Another exposure position and the
obtained radiograph are given in Figure 4. Indications of gas holes in the material and forging
laps under the surface can be recognized from the radiographs in Figure 3 and 4. This can be
attributed to the production of the metal bars by pouring liquid metal into a cylindrical die and
then forming the bars into chain rings by hot hammering.

Figure 4. Exposure position of a chain part and the obtained radiograph

Another investigation was performed on the head of the Snaky Statue from Roman Period
being situated in Sultan Ahmed Square in Istanbul. Figure 5 shows the exposure arrangement
and the radiograph the snaky head from copper metal. Casting porosities and support die metals
can be identified from that radiograph. These indications result in a casting process in making of
the snaky head.
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RS,

Figure 5. Exposure arrangement and the radiograph of the snaky head

Results and Conclusions

The use of non-destructive testing in the field of archaeology and conservation is
becoming a standard tool that allows scientists to accurately identify and conserve items that
would have been lost or damaged in the past. The results obtained from this study prove that
radiography is a very effective method in archeometry for the investigations of the
archaeological artefacts in terms of determining the internal structure and surface condition of
the objects before treatment for replica works, restoration, conservation and a lot of other
processes. Advanced radiographic techniques, e.g. flat panel and imaging plate radiographic
techniques can also be used to enhance the images on computer screen and maximize the
information recovery. When radiographic applications have to be carried out in the field, safety
requirements must be assured because of ionizing radiation.
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RADIATION-STIMULATED ADSORPTION OF N-HEXANE
ON THE SURFACE OF SILICON

N.N. Hajiyeva
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
nushabaé@mail.ru

The study of adsorption and radiation-chemical transformation processes of hydrocarbons
in heterogeneous systems of semiconductor-hydrocarbon is of particular interest in radiation-
heterogeneous catalysis, atomic hydrogen energy and is essential for solving a number of
environmental problems. In literature practically there is no data on the processes of adsorption
and chemical conversion of paraffins on a semiconductor surface, stimulated by gamma-
radiation.

This paper presents the results of studies of radiation-stimulated adsorption of n-hexane
on a silicon surface, obtained by infrared reflection-absorption spectroscopy method.

In the work it has been used monocrystal silicon plate with high reflectance coefficient of
the surface with R =0.95 + 0.05 in the mid-IR region. As an adsorbate served unsaturated vapors
of n-hexane (n-CgHa4). Irradiation of the samples was carried out on y-quantum source of ®°Co.
The absorbed dose was D,= 5-50 kGy. IR-spectra of reflection were measured angularly close to
the sliding at room temperature.

IR-spectra of reflection of pure silicon surface and Si-ads.n-hexane heterosystems (curve
1) at room temperature in the frequency range 3400-650 cm ~ ! are shown in Fig. Changes in the
IR reflection spectra of Si-ads.n-hexane heterosystems caused by the influence of gamma-
quantum after radiation-stimulated adsorption of n-hexane on the surface of the pre-irradiated
silicon were traced in the areas of both the valence (v = 3400-2000 cm™), so and deformation
vibrations of C-H groups (v = 2000 650cm™).
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Fig.1. IR reflection spectra of Si-ads.n-hexane systems.

Based on the comparative analysis of the IR spectra of n-hexane, adsorbed on the surface
of non-irradiated and y-irradiated silicon samples, it has been made the following conclusions:

1. Adsorption of n-hexane on the surface of non-irradiated silicon occurs on the
molecular (asymmetric broad absorption band with a maximum at 2650 cm™) and dissociation
(weak, relatively narrow absorption bands with maxima at 2870 and 2830 cm™) mechanisms.
Occurrence of two types of adsorption is also confirmed by the formation of absorption bands in
the range of deformation vibrations of C-H with maxima at 147, 1400 and 1370 cm™.

2. Radiation-stimulated adsorption of n-hexane on the silicon surface is also accompanied by
complexing with a strong perturbation of C-H (molecular form of adsorption) and the occurrence
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of dissociative chemisorption with formation of silicon alkyl and surface hydrides. It has been
studied the kinetics of the adsorption of n-hexane in the Si-n-hexane system at the range of 5 <D
v < 30KkGr of absorbed doses, found its activated dissociative chemisorption due to both an
increase in the number of surface-active centers formed under the influence of y - quantum in
silicon and destruction of the molecular complexes being transition state in adsorption processes.
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STRUCTURAL AND ENERGETIC PROPERTIES OF THE PHOSPHORUS
AND BORON ATOMS IN SILICON CLUSTER

N.T. Sulaymanov, A.B. Normurodov, Sh.M. Makhkamov, F.T. Umarova,
A.P. Mukhtarov, M.Yu. Tashmetov
Institute of Nuclear Physics AS RUz, Tashkent, Uzbekistan
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Recently Sin clusters with N atoms, where 20<N<100, formed on the silicon surface, are
attracting a big interest of researchers because of appealing a new surface properties differed
totally from base material. Thus, it becomes possible to control the properties and parameters of
nanoclusters by changing the surface passivation and replacing silicon atoms of the cluster by
other atoms. Substitution of Si atoms by other element atoms can be done in different ways (e.qg.,
ion implantation or bombardment Si cluster by thermal neutrons). In this paper, computer models
of the clusters such as Si29H36, Si28H36: P, Si28H36: B, Si27H36: (P, B) have been considered
and calculations on the structures and energetic parameters optimization within the ORCA
(Optimization Rationalized Calculations Approhimations by ab initio methods) software in the
frame of local density functional approximation by using BLYP (first order approximation)
exchange-correlation potential, which gives sufficiently correct results based on a good basis
functions set, have been provided.

As an object of research the hydrogenated Si29H36 silicon cluster, where dangling bonds
of the surface passivated by 36 hydrogen atoms is selected. Cluster has three coordination
spheres, which sufficient for correct simulation of changing dynamics of the basic parameters on
impurity atom motion from surface to geometric center.

Our results show that the surface passivation of dangling bonds of Si atoms by H leads to
a significant increase in the band gap Eg compared to the non-passivated cluster. Apparently,
this is due to a decrease in Si-Si bond structural strength and the elimination of the dangling
bonds levels from band gap [1]. To estimate a contribution of the interstitial impurity atoms of
phosphorus and boron in energy and structural parameters the Si28H36: P, Si28H36: B,
Si27H36: (P, B) clusters have been considered.

In this case, the substitution of one Si atom to P or B atoms, or two Si atoms to P and B
atoms gives energetically favorable structure of the cluster after reaching thermodynamic
balance. A migration of the impurity atom happens as a sequentially transition from tetrahedral
site to the nearest hexagonal interstitial position and further from there to the next tetrahedral
position: the energy of the interstitial impurity atom on the interstitial position in the cluster is
always more than is necessary to achieve a balance, so the impurity atom displaces the position
of the neighboring tetrahedral silicon atom. If phosphorus and boron simultaneously introduce
into cluster, both occupy the interstitial positions in the opposite sides of the tetrahedral one.
Consequently, on introduction of the impurity atoms into silicon cluster the energy of the
implanted atoms has a very significant value. Using well-known methods of atom introducing,
including the reactor irradiation by thermal neutrons, you can get as interstitial impurity centers,
and substitution of the silicon atoms by impurity atom by the control a transmitted energy of the
neutrons on nuclear transmutation. The residual energy is spent for the migration of the impurity
atom. If irremovable impurities (in this case boron) on the migration of the atom (in this case
phosphorus) crossed path, the stable P-Si-B impurity center formed. Our calculations showed an
energetically preference for the realization of such a mechanism.

Analysis of the cluster structures confirmed that the P or B substituents can migrate deep
into silicon without breaking the tetrahedral symmetry [2,3] and the interaction of the
phosphorus atoms to silicon atom and irremovable boron atom is more likely lead to the
formation of the defect complexes in cluster.
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ION CONDUCTIVITY OF TlInTe2 CRYSTALS SUBJECTED TO
v-RADIATION

R.M. Sardarly, O.A. Samedov, A.l. Nadjafov, Y.Q. Nurullaev, A.P. Abdullayev,
F.T. Salmanov, S.F. Samedov, X.Z. Fatalizade
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
sardarli@yahoo.com

It is known, that dots defect in crystalline lattices can be received by influence enough a
strong electromagnetic field or by an irradiation a particle flux.

Such defects are called as radiating defects. They, basically, define physical properties of
crystals. Now, practical use of radiating defects, in the solid state, is related to three directions.

The first, suitable for technical applications, to change physical properties of solids by
means of create of radiate defects (radiating materials technology). In the second, under the
influences of strong ionize radiation to eliminate undesirable properties of solids (nuclear
reactors, accelerators, etc.). In the third, the induced radiating defects in solids to use as elements
for record and information storage (dosimeters, memory cells).

In the present work TlInTe, crystals are investigated after y- irradiated. Measurements of
temperature dependence of conductivity in variable and constant electric fields in a temperature
interval 100-450 K were studies. On the fig.1 presents results of measurements kinetics of
conductivity. It seems from fig.1 conductivity of crystal TlIinTexfalls in the beginning
exponential and for some time remains invariable. Nonlinear recession of conductivity passes at
the most speed at more heats.

From the received experimental data follows, that for not irradiated crystals TlInTe,the
ionic contribution to conductivity makes 80 % (a Fig. 1a (6)), at an irradiation dose 50 Mpan the
ionic contribution to conductivity makes 90 % (Fig. 1b (3)).
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Fig.1. Kinetics of electric current for TlinTe, crystals: a-non irradiated (1-200 K; 2-240 K; 3-
270 K; 4-300 K; 5-340 K; 6-380 K), b-50 Mrad irradiated (1-270 K; 2-300 K; 3-340 K; 4-380 K).

217


mailto:sardarli@yahoo.com

VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

EFFECTS OF THE PSEUDOGAP AND DEFECTS ON THE SPECIFIC HEAT
PROPERTIES OF CUPRATE SUPERCONDUCTORS
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karimboev@inp.uz

The high-T. cuprate superconductors are complex polar materials and have unique
electronic properties. The usual band theory, Fermi-liquid and BCS pairing theories have been
quite successful in describing the normal and superconducting (SC) properties of low-T. metallic
superconductors but these theories have proven inadequate for the description of the electronic
properties of doped high-T. cuprates, which are very unusual in the normal state [1-3]. The
important normal state properties of high-Tc cuprates closely related to the mechanism of
superconductivity are their thermal properties, which are different from those of conventional
superconductors. One of the serious difficulties in understanding the mechanism of
superconductivity in cuprates is related to their unusual specific heat properties not encountered
before in low-T. superconductors. Specific heat anomalies observed in the normal-state of hole-
doped cuprates [1,3] are thought to arise from a pseudogap (PG) state that, depending on the
doping level, is realized below a characteristic temperature T >T.. Also, the linear term appears
in the low-temperature specific heat of cuprate superconductors in contrast to the exponentially
vanishing specific heat value expected for the most conventional superconductors. It seems
likely that this specific heat anomaly is not an intrinsic property of the SC state in the cuprates,
but due to the presence of some impurity or defect phases [2]. The origin of the PG and its
possible effect on the electronic specific heat Ce(T) have not been fully understood. High-T.
cuprate superconductors are doped materials and the expected jumps of Ce(T) near the PG
formation temperature T~ may be strongly influenced by the impurity or defect phases and
electronic inhomogeneities.

In this work, we study the effects of BCS-like PG (which opens below the mean-field
pairing temperature T~ at the Fermi surface) and defects or impurities on the normal-state
electronic specific heat Ce¢(T) of high-Tc cuprate superconductors within a multi-carrier model
taking into account the charge carrier inhomogeneity (i.e., the possible disbalance in the
distribution of doped charge carriers among two different regions, namely, impurity-free regions
or CuO; layers and impurity sites). We assume that the relevant charge carriers in doped high-T¢
cuprates are large intrinsic polarons and preformed bosonic Cooper pairs in the CuO layers
(with nonzero thickness) and large extrinsic polarons (i.e. polaronic carriers bound to impurities)
lying between the CuO. layers. We argue that in the unusual metallic state of underdoped to
overdoped cuprates the precursor Cooper pairing of charge carriers would occur in the polaronic
band and the BCS-like energy gap (or PG) exists above Tc in the electronic excitation spectra of
these materials, whereas the charge carriers in the impurity band remain unpaired (see also Ref.
[4]). We calculate the normal-state electronic specific heat of doped cuprates below and above
the PG formation temperature T~ contributed by the three and two types of charge carriers,
respectively. By considering the high-T. cuprate superconductor below T~ as a three-carrier
system, we calculate three contributions to the Ce(T) coming from the excited Fermi components
of Cooper pairs, the ideal Bose-gas of incoherent Cooper pairs and the unpaired charge carriers
localized near defects or impurities. We then considered the same high-T. material above T™ as a
two-carrier system and calculated two contributions to the Ce(T) coming from the intrinsic and
extrinsic large polarons within a two-component degenerate Fermi gas model. Our results show
that the jump-like anomaly of Ce(T) near T* changes strongly with the increasing of the fraction
of charge carriers in the impurity band, from the sharp second-order BCS-type transition to the
weakly or less pronounced BCS-type jump. When the impurity effects predominate over the PG
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effects on Ce(T), the specific heat jump associated with the BCS-type transition at T">Tc is
strongly depressed or becomes less visible. The calculated results for Ce(T) and Ce(T)/T are
compared with the experimental data obtained for Ce¢(T) and Ce(T)/T in LSCO and YBCO. The
obtained results are quite similar to those found for LSCO and YBCO, although the amount of
the BCS-type anomaly in the measured temperature dependences of Ce(T) and Ce(T)/T is weak
due to the experimental noises and large spread of experimental points. Our theoretical
predictions of the behaviors of Ce(T) and Ce(T)/T below, at and above T~ are strikingly similar to
the behaviors of these specific heat properties observed above T in LSCO and YBCO (see Fig.
1).
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Fig. 1. Electronic specific heat of LSCO with doping level 0.10 (solid line) calculated as a function of the

reduced temperature T/T" near T"=98 K compared with experimental data (dotted line) [5].
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DETERMINATION OF TOTAL HYDROCARBONS AND ALKYL PAHSs
IN SEDIMENTS FROM APSHERON PENINSULA IN CASPIAN SEA

N.A. Ibadov, B.A. Suleymanov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
navai@azecolab.com

Polynuclear aromatic hydrocarbons (PAHSs) are important environmental pollutants
because many of them are known or suspect carcinogens. In environmental studies, the extent of
PAH contamination as a group is often quantified by the concentrations of 16 of the
representative PAH species, which are included in the list of priority pollutants as defined by
USEPA. Gas chromatography with mass spectrometry (GC-MS) is presently the preferred
analytical technique for the analysis of both parent and alkylated PAHs and sum of
naphthalenes+phenanthrenes/anthracenes+dibenzotionenes (NPD) [1-2]. As is often the case in
environmental analysis, effective sample preparation and cleanup holds the key of success for
the analysis of trace PAHSs.

The total hydrocarbons (THC) are analyzed on a gas chromatograph with a flame
ionization detector (GC-FID, GC-450, Varian), and the THC are usually estimated by integrating
the areas of the resolved and unresolved complex mixture (UCM) [3].

Composite sediment samples (including the organic top layer) were taken between 10
july and 20 september 2013 from Apsheron Peninsula in Caspian Sea of the Azerbaijan areas for
50 points, collected in aluminium pans and transported to the laboratory under cool conditions.
Before analysis, the samples were air homogenized in ambient temperature. No losses of analyts
should occur under these conditions and potential contamination from laboratory air or other
samples is considered insignificant.

Samples are extracted by EPA-Method-3550C (Ultrasonic extraction) and cleaned by
EPA-Method-3660B (Sulfur clean-up) and EPA-Method-3630C (Silica-Gel Cleanup).
Concentrate extracts by Kuderna —Danish apparatus at 50-55°C till 2 ml and transfer extract into
volumetric tube. After place the volumetric tube in nitrogen blow-down apparatus. Evaporate the
extract till Iml and analyzed by GC-FID and by GC/MS (Thermo-Electron, Finnigan) SIM
modes.

Results received for 50 selected tests, are submitted in Table 1.

Table 1
Total 2-6 Total EPA
(EH/C) E“IJJC/M) % UCM ring PAH (’;IP/D) % NPD 16
99 99 (ng/g) 99 PAHSs(ng/g)
Min 1.9 1.2 45 42 26 49 9
Max 268 197 78 770 427 64 153

There are a few different types of correlations, but the one we will use is the Pearson
correlation. A correlation, r, is a single number that represents the degree of relationship between
two measures. The correlation coefficient is a value such that between from -1 to 1.

A positive correlation indicates a relationship between x and y measures such that as the
values of x increases, the values of y will also increase. A negative correlation indicates the
opposite as the values of x increase, the values of y will decrease. The closer the correlation, r, is
to -1 or 1, the stronger x and y are related. The negative sign does not indicate anything about
strength - it just signifies that correlation is negative. If r is close or equal to 0, it means there is a
weak or no relationship between the measures.
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The relationship between hydrocarbon concentrations was tested by a Pearson’s r
correlation analysis of replicate values. Pearson correlation coefficient, also known as Pearson's
r, a measure of the strength and direction of the linear relationship between two variables that is
defined as the (sample) covariance of the variables divided by the product of their (sample)
standard deviations.

High correlation coefficients have been given between THC & UCM and between all
PAH parameters given in Table 2

Table 2. Pearson correlation coefficient between parameters.

Total 2-6 Total EPA
THC UCM % UCM ring PAH NPD % NPD 16PAHSs
(ug/g) (ug/g) (ng/g) (ng/g) (ng/g)
THC (mkg/g) 1.00 - - - - - -
UCM (mkg/g) 1.00 1.00 - - - - -
% UCM 0.35 0.36 1.00 - - - -
Total 2-6 ring PAH
0.95 0.96 0.33 1.00 - - -
(mkg/g)
NPD (mkg/g) 0.93 0.93 0.32 1.00 1.00 - -
% NPD -0.73 -0.73 -0.56 -0.64 -0.59 1.00 -
Total EPA 16 (ng/g) 0.94 0.94 0.34 0.99 0.98 -0.69 1.00

THC concentration in the 50 points contained from 1.9 mg/kgdw -268 mg/kgdw and
UCM present in samples from 45%-78%. Total 2-6 rings PAHs were present in the sediments
observation sites in concentrations from 42 ug/kgdw to 770 ug/kgdw, 16EPA PAHSs
concentrations from 9.0 ug/kgdw to 153 ug/kgdw and NPD from 49 % to 64% (at 2-6 Total
PAHSs rings).
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THE EFFECT OF POST-IRRADIATION AGEING ON MICROSTRUCTURE
AND PROPERTIES OF MATERIALS IRRADIATED WITH NEUTRONS
TO 5dpa IN THE CORE OF WWR-K REACTOR

K.V. Tsay, O.P. Maksimkin, O.V. Rofman, N.V. Sherbinina
Institute of Nuclear Physics, Almaty, Kazakhstan
maksimkin@inp.kz , kira.tsai7@gmail.com

Irradiation of structural elements in the core of the WWR-K research nuclear reactor is
characterized by a relatively slow accumulation of damage doze at low temperatures (< 80°C)
and significant fluence of slow neutrons. Conditions of neutron irradiation determine
microstructural stabilization of reactor steels and alloys and their transition towards quasi
equilibrium state. As the result, post-irradiation ageing of materials will also have certain
peculiarities caused by a decrease of intensity for annealing of radiation defects.

The research objects are components of the rod of automatic regulation in the core of WWR-
K reactor:12Cr18Ni9Ti austenitic stainless steel and SAV-1 aluminium alloy (Al-Mg-Si). The
rod was in operation more than 20 years and its bottom end was exposed with neutrons to 5 dpa.

Characterization of microstructure and physical and mechanical properties of rod materials
was performed. Post irradiation isochronous 1 hr annealing in the temperature range of 450-
1050°C (steel) and 200-550°C (SAV-1) was carried out. To examine the microstructure
metallography, TEM and EDX analysis were used. The microhardness of the materials was
measured by Vickers method using PMT-3 device. To obtain mechanical properties of highly-
irradiated metallic materials the Shear Punch method was employed. The method made possible
to study the small samples comparable in size to 3mm TEM objects.

The studies have shown that the defect structure of the 12Cr18Ni9Ti steel after irradiation
contained a developed grid of Frank loops and black dots of high density. At different stages of
isochronal annealing of the steel there were observed a number of processes related to the
evolution of various radiation- and thermal-induced defects: growth and transformation of Frank
loops to prismatic full loops, the dissociation of black dots clusters, formation and re-dissolution
of fine TiC precipitates and secondary recrystallization, formation and coagulation of helium
bubbles and large carbide inclusions. At the same time, the processes of ageing and thermal
annealing of radiation defects in the steel irradiated for long time in the WWR-K reactor, occur
less intense than, for example, that in annealed austenitic steels irradiated in fast reactors.
Mechanical tests and microhardness measurements of 12Cr18Ni9Ti steel showed that its
radiation hardening increases with the absorbed neutron fluence and it decreases with the
increase of annealing temperature. The main contribution to the hardening of the material is
considered to be due to the presence of high density of black dots and Frank loops.

In the study of SAV-1 aluminum alloy, irradiated to 5 dpa at 80°C, it was observed the effect
of accelerating the ageing process, associated with the formation of Guinier-Preston zones of
high volume density. It is worth noting that the microstructure of the alloy does not contain the
radiation-induced defects in the form of voids or the Frank loops. Annealing at 200° C allowed to
identify a secondary precipitates as Mg2Si. It is shown that the strength properties of the
irradiated SAV-1 alloy depend little on the damage dose and mainly determined by the degree of
radiation-thermal ageing.

TEM data on the evolution of the microstructure of radiation-thermal defects obtained on
samples of 12Cr18Ni9Ti stainless steel and SAV-1 were in good agreement with the results of
microhardness and yield stress measurements of the material.

Acknowledgment: This work was supported by 0786/GF2 grant from the Ministry of
Education and Science of the Republic of Kazakhstan.
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CURRENT TRANSFER MECHANISM IN HETEROSTRUCTURES
nGe-p(Gez)1xy(GaAs)x(ZnSe)y

IA.Y. Boboev, S.Z. Zaynabidinov, 2M.U. Kalanov, ?D.A. Nishonova
!Andijan State University, Andijan, Uzbekistan
2 Institute of Nuclear Physics, Tashkent, Uzbekistan
aboboevscp@mail.ru , kalanov@inp.uz

Epitaxial layers (Ge2)1xy(GaAs).(ZnSe), grown on germanium substrates attract
researchers as a new semiconductor material, and the structures derived from them are
theoretical and practical interest for the micro - and optoelectronics.

We have studied the solid solutions (Gez)1xy(GaAs):(ZnSe), grown by liquid phase
epitaxy from a limited volume bismuth molten solution in an atmosphere of purified hydrogen
palladium. The substrate was Ge washer with diameter 20 mm and thickness 350 microns, with
the crystallographic orientation (111) n - type conductivity and with resistivity 1 ohm-cm.
Epitaxial layers were p - type conductivity and thickness of the layers was 20 microns.

To study the structure of the semiconductor contacts were created by vacuum deposition
of silver - solid on the back side and a rectangular with area of 8 mm? from the epitaxial layer.

To determine the mechanism of current transport were measured current-voltage
characteristics (CVC) of these structures at different temperatures (fig.1.). One can see from fig.1

CVC forward at temperatures of 298 - 398 K

< consists of two distinctive sections. Initial
= s exponential section of the CVC up to 1 V is well
— 100/ §//ﬁ)é? approximated by the well-known theory of V..
// Stafeev [1] and elaborated in [2] for p-i-n-
/v/7A/ K structures:
/AO/ —A— 348K av.
/ —v—373K Il = | _eckT
—o—398K o 1)
10 YAV where @- elementary charge, k - Boltzmann

constant, V - the bias voltage, T is the absolute

temperature. The value of "c" in the exponent
can be directly calculated from the experimental
points of the exponential section curves CVC
using the relation

Fig.1. Current-voltage characteristics of nGe-
p(Ge2)1xy(GaAs),(ZnSe),  structures in  the
forward direction in a logarithmic scale at
different temperatures

c= 94 Vo—Vi
kT Inl—2
L )

where in I3, I2 - current values of two voltages Vi, V2. Values "c" which calculated according to
this formula, at different temperatures are shown in table 1. As it seen from table 1 the "c"
decreases with increasing temperature from 298 K to 398 K.

Table 1. Characteristic parameters of the solid solution (Ge,)1x,(GaAs).(ZnSe),
T (K) 298 323 348 373 398
lo(A) 11.96:10°® 12.26:10° 14.5-10° 19-10® 16-10°
C 17.75 15 12.53 12.8 10.23
B 12.7 154 19.25 18.74 24.9
p (Ohm-cm) 46.35-10° 49.47-108 45.63-10° | 46.27-10% | 47-10°
T, 1.1-10® 1.08-10® 1.05-10® 9.9-10° 8.5:10°
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On the other hand, as it shown in [3] "c" given by the following expression:

2b + ch[d] +1
Lp

b+1

C =

©)
where d - thickness of the base, in our case d = 20 m, Lp-diffusion length of the major carriers -
holes defined by the formula:
& KT
TP (4)
where ¢ - dielectric constant determined from experimental data using the formula C = e£0S / d,
where & - dielectric constant, g and p - charge and majority carrier concentration: b = un/up ratio
of electron and hole mobilities. Using d = 20, and b = 12,7, from (4) one can find the value of
the diffusion length L, of major carriers, which is equal to 3,3-10® m. Mobility major carriers -
holes, determined by the method of Hall, was up = 378 cm?/ Vs, the value of the mobility of the
minority carriers (electrons) of the current defined from un = b-up = 4800 cm?/V-s. Then
calculates the product of the mobility on the lifetime of the majority carriers (pp-tp) by the
formula

L =

P

2
—_— —qu .
kT (5)
At room temperature the product iz is ~ 4,16-10° cm?/V; in turn, it is possible to determine

the lifetime of the majority carriers ~ 1, = 1,1 - 108 s. Exponential factor o in the formula (1) has
the form [1]:

HpTp

| _kT S-b-ch(d/L,)
° g 2(0+1-L,-p-tg(d/2L,) ©)

where S - the sample area, p - resistivity layer between the Ge substrate and the solid solution
(Ge2)1xy(GaAs)x(ZnSe)y (i.e, the p-n junction). Value lo, determined from the experimental
points of the curves CVC data table 1 and using equation (6) at room temperature was equal to
12:10° A. Also calculated resistivity p of transition layer of the substrate and the film, which
was 4,6 - 10" Ohm:cm at room temperature. It is shown in the table 1 that with increasing
temperature resistivity layer between the substrate and the epitaxial film is almost unchanged.
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CURRENT-VOLTAGE CHARACTERISTICS FEATURES OF HETEROSTRUCTURES
nGe-p(Ge2)1-xy(GaAs)x(ZnSe)y

1S.Z. Zaynabidinov, ?A.Yu. Leiderman, ?A.S. Saidov, 3M.U. Kalanov, *A.Y. Boboev,
3D.A. Nishonova
!Andijan State University, Andijan, Uzbekistan
2Physical Technical Institute NGO "Physics-Sun", Tashkent, Uzbekistan
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In this report results of experimental studies of continuous solid solution nGe-p(Ge2)1-x-
y(GaAs),(ZnSe), grown by liquid phase epitaxy using the technology described in [1] was given.
As substrates were used monocrystaline Ge washer with diameter 20 mm, thickness - 350
microns and n-type conductivity. Growth of the epitaxial layer was carried out a limited amount
of bismuth molten solution in an atmosphere of purified hydrogen palladium. Grown epitaxial
layers were n-type conductivity with a thickness ~ 20 microns.

The type of nGe-p(Ge2)1-xy(GaAs).(ZnSe), heterostructure were made for research CVC.
Current collector contacts with silver evaporated by the method vacuum evaporation. CVC in the
forward direction, shown in fig.1 in a semi-logarithmic scale, were recorded at different
temperatures.

_o=r s o
P =
3 AT < B —
o /é>/ i = /VA o a—
— 100 T = | e
T e C =
Z V —0—323K — 208 K
/O/ —a33K 1004 S
4 Sk o 348K
// —v— 373K
Sy / —0—398 K
10 : T T T T T T T T T 1
03 06 09 12 15 18 12 14 1,6 1,8
V.V Vv,V
a) ’ b)

Fig.1. Voltage characteristics of nGe-p(Gez)1-«y(GaAs).(ZnSe), structures in the forward direction in the
semi-logarithmic scale at different temperatures (a) and sublinear plots (b).

The initial section of the CVC (fig.1a) for all temperatures can be described by an

exponential dependence:
qVv
J=Jgexp| — |, (1)
0 p(ckTJ

with exponent ¢ ~ 17,75. This clearly shows that the structures have a sufficiently long base [2],
i.e. g/ L, >1, where d - length of the base, Lp- the diffusion length of minority carriers. At the
same time on all CVC traced sublinear areas. These plots are shown separately for the
investigated temperatures in fig.1, b. Clearly, these areas CVC can be well described by the
theory of the effect of the injection depletion, first theoretically predicted in [3]. According to the
theory, this effect can be observed in opposite directions of ambipolar diffusion and drift of

nonequilibrium carriers in not long diode structures under the condition Jad >2, the CVC is
described by:
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— . Jad
V =V, -e @

where J - the current density, a - parameter. It is known that this type of CVC implemented in
semiconductor structures containing high concentration of deep impurities in opposite directions
conditions of ambipolar diffusion and drift, in which case the parameter "a" is described by the
simple expression [4]:
a—_ T+

2quNt ’ (3)
depends only on the diffusion coefficient of the major carriers (i.e. their mobility -
D — k_Tﬂp) and the concentration of deep impurities Nt. For implementation of this regime,

p

which was later called the effect of the injection depletion, must be met in terms of Jad > 2. In
our case, at room temperature Jad =~ 9.26, that is, this requirement is satisfied.
Parameter “a” can easily be calculated from the relevant sections of sublinear CVC

(fig.1(b)): .
e "

(|2 - |1)' d ’

where S - the cross sectional area, (I1, V1), (I2, V2) — points, selected sites on the experimental
curves of the injection depletion. As follows from the theory, the emergence of such CVC is
possible only if the opposite directions of the ambipolar diffusion of nonequilibrium carriers and
ambipolar drift, which in this case is determined by the modulation of the charge injection of
deep impurities [5].

Since we have a set of different CVC corresponding to different temperatures, according
to the formula (4) we can calculate the value of the parameters "a" at different temperatures,
which are listed in Table 1.

Table 1. Values of parameter (a) and the diffusion coefficient of the majority carriers (Dp)
depending on the temperature.

T K 298 323 348 373 398
a, (CM/A) 104105 | 10,1610° | 9,87-10°5 | 9.3410° | 8,810°
D, (cm?/s) 9.9 10.1 10.37 11 128

1o (CM?/V/ ) 378 360 3436 339 333

tn( CZ/V/ ) 4800 5544 6614 6852 8391

A value of "a" allows from the formula (3) determine the concentration of deep
impurities, responsible for the appearance of a sublinear section (2), which at room temperature
is N = 310" cm™. From table 1, it is seen that zp of main carrier in the solid solution nGe-
p(Gez)1xy(GaAs)«(ZnSe), decreases and minority carrier un increases with increasing the
temperature. This apparently leads to the conclusion that in this solid solution the prevailing role
played the scattering mechanism of the mobility of carriers on deep impurity ions.
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INFLUENCE OF FRACTION COMPOSITION OF BITUMINOUS OIL ON THEIR
RADIATION STABILITY

N.G. Guliyeva, L.Y. Jabbarova, S.M. Aliyev, S.F. Aliyeva-Chichek, R.S. Rzayev
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
nguliyeva50@gmail.com

One of the most important characteristics of materials quality designed for use in the
industrial production is their radiation stability. From this point of view the study of the radiation
stability of bituminous oils and derived petroleum fractions used in the preparation of many
materials, including paints and varnish materials is important. This paper presents the results of a
study of radiation stability of tar fractions and mixtures of different ratios of tar and oil fractions
of Balakhany bituminous oil. As a source of ionizing radiation used isotopic gamma-ray source
"MRX-y-30" with the dose rate 0.25 Gy/sec, samples irradiated within absorbed doses 7,2-108.0
kGy. Gas products were analyzed by gas chromatography "Svet-102", liquid products were
identified by chromato-mass spectrometry GC/MS Trace DSQ (Thermo Electron, Finngan USA
2005). To determine the structural-group composition of the components used in the methods of
IR-spectroscopy using by spectrophotometer Varian 640 IR FT-IR. As the main indicators of
radiation stability were studied - kinetics of formation of gases in y-radiolysis of a mixture of
different ratios of oil and tar fractions of the heavy bituminous oil Balakhany field.

It was identified and the rate of formation of radiation-chemical yields of gases, resulting
from gamma radiolysis mixture of oil petroleum fractions with the addition of tar in an amount
of 5-50%. From the kinetics of formation of gases calculated values of radiation-chemical yields
of gases.

Average values of the radiation-chemical yields of gases at gamma radiolyses of mixtures
of fractions oil/tar

Oil/Tar G, molecule/100 eV
& H, CH, CzHs CoHs4 >Cs 2Cs 2Cs z
Oil -100 0,45 0,014 0,011 0,0028 | 0,0068 | 0,0027 0,00072 0.49
95/5 0,35 0,007 0,006 0,0020 | 0,0035 | 0,0022 0,00045 0,37
90/10 0,33 0,006 0,004 0,0017 | 0,0031 | 0,0019 0,00041 0,34
75125 0,30 0,005 0,0035 0,0015 0,0028 0,0017 0,00038 0,31
50/50 0,24 0,005 0,0034 0,0012 0,0020 0,0016 0,00034 0,25
Tar-100 0,09 0,005 0,0036 | 0,00082 | 0,0018 0,0015 0,0003 0.11

As seen from the table the values of the radiation-chemical yields of gases depend on the
concentration of added tar - with an increase in the concentration of a mixture of tar observed
increase its radiation stability. By IR spectroscopy investigated the effects of gamma irradiation
on the structural-group composition of the liquid products obtained by radiation-chemical
transformations of tar and oil fractions of bituminous oil, and mixtures of these fractions with the
addition of various concentrations of the tar.
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Fig. 1. IR spectrum of initial mixture oil-tar fractions
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Fig. 2. IR spectrum of irradiated (D=108 kGy) mixtures of oil-tar fractions

Analysis of infrared spectrum showed that the oil is a mixture of petroleum fractions
resin under the influence of y-radiation with dose 108 kGy absorbed in the wavelength region
3000-3115 cm™ decrease in intensity of the characteristic absorption bands corresponding
heterocyclic polyaromatic compounds. This is due to polycondensation processes occurring
when added to a mixture of tar fraction of 10-25 %. According studied the absorption spectra of
tar obvious that tar substances are characterized by high aromaticity and presence in their
structure of compounds with fused aromatic structure leads to an increase in the radiation
stability of oil about 50%. This allows the use of tar oil as a feedstock for materials used in the

conditions of radiation.
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LOCALIZED CORROSION IN NEUTRON-IRRADIATED AND DEFORMED AT
SUBZERO TEMPERATURES 12Cr18Nil10Ti STAINLESS STEEL

0O.P. Maksimkin, A.V. Yarovchuk, K.V. Tsay, S.V. Ruban
Institute of Nuclear Physics, Almaty, Kazakhstan
yarovchuk@mail.ru , maksimkin@inp.kz

Stainless austenitic steels under neutron exposure undergo significant structural and
phase changes at certain doses which lead not only to a significant decline in the mechanical
properties of the material, but also to a loss of corrosion resistance. In most cases, the local types
of corrosion appear, in particular, stress corrosion cracking, intergranular and pitting corrosion.

This paper presents the results of studies related to the effect of plastic deformation and
martensitic a-phase on susceptibility to localized corrosion in 12Cr18NilQTi reactor steel
irradiated with neutrons and deformed at subzero temperatures.

Flat samples of 10.0x5.0x0.3 mm after austenitization (777 K for 30 minutes) were
irradiated in the WWR-K reactor to neutron fluences of 4 - 108 and 1.9 - 10*® n/cm? (E>0.1
MeV). Unirradiated and irradiated samples were uniaxially deformed at strain rate of 0.5
mm/min to different strains at room and low (-20, -40, -60°C) temperatures using “Instron-1195”
tensile testing machine. During deformation the changes in working sample sizes and the amount
of the ferromagnetic a-phase were controlled. Weight measurements were performed with
KERN-700 electronic analytical scales. Steel microstructure after deformation and corrosion
tests was investigated using optical (MEF-2, Neophot-2) and electron (JEM 100CX)
microscopes. Corrosion studies have shown that the austenized and non-deformed non-irradiated
material resists least to pitting. It has been observed that large pits appear close to deformation
bands, where a-martensitic phase (bcc) is mainly formed and accumulated. The steel deformed
to 30 %, in addition to structural heterogeneity, is characterized by phase heterogeneity, which
defines its increased susceptibility to localized corrosion. Corrosion studies of neutron-irradiated
steel established its good resistance to pitting corrosion. Corrosion rate (mm/year) in irradiated
samples has decreased in two orders of magnitude compared to those in unirradiated samples. An
increase of fluence from 108 to10%° n/cm? resulted in resistance to corrosion in nearly an order of
magnitude.

Deformation of the irradiated samples at low temperatures resulted in formation of a large
amount of o-magnetic phase. Irradiated samples after tensile testing at -60°C contained ~ 40 +
45% martensite, while the value of a-phase after deformation at room temperature did not
exceed 24%. At the same fluence the irradiated samples (the content of martensite is higher)
showed an increased corrosion rate, which confirms the negative impact of the martensitic phase
on pitting corrosion resistance of 12Cr18Nil0Ti stainless steel.

Structural differences defining features for development of pitting corrosion on the
irradiated and deformed samples at subzero temperatures were established. The current studies of
irradiated and deformed samples showed a decrease in resistance of 12Cr18Nil0Ti stainless steel
to localized corrosion due to the formation and growth of deformation-induced a-martensite.
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INFLUENCE OF TESTING TEMPERATURE ON DEFORMATION
MICROSTRUCTURE AND PHYSICAL MECHANICAL PROPERTIES
OF CHROMIUM-NICKEL STAINLESS STEELS 12Cr18Ni10Ti, 12Cr18Ni9Ti
IRRADIATED WITH NEUTRONS IN THE WWR-K REACTOR

K.V. Tsay, O.P. Maksimkin, S.V. Ruban, O.V. Rofman
Institute of Nuclear Physics, Almaty, Kazakhstan
maksimkin@inp.kz , kira.tsai7@gmail.com

Metastable high-alloyed austenitic steels are characterized by their tendency to a direct
martensitic transformation induced by stress and temperature gradients. Development of bcc-
martensitic structure in the steel results in strong grain fragmentation, it also strengthens the
austenitic matrix while making it brittle by changing physical and mechanical properties
compared to those in initial material.

To study in detail the nature of direct y—>a’ martensitic transformations in austenitic
steels irradiated to different fluencies, flat samples of 300 microns in thickness were machined
from 12Cr18Ni9Ti and 12Cr18Nil0Ti steels. The samples were then irradiated in WWR-K
research reactor to fluencies of 8.8x10® and 1.3x10?° n/cm?. Non-irradiated and irradiated with
neutron steel samples undergone uniaxial tensile tests at different temperatures (20°C and -
100°C) resulting in o' martensitic phase development. It has been shown that irrespective of the
steel type, a decrease in temperature (towards the negative values) leads to an increase of oo, and
o values compared to those after testing at room temperature. A low temperature also stimulates
direct strain-induced y—a/ transformation. At the same temperature, neutron irradiation gives an
additional strengthening compared to that in non-irradiated material.

At different stages of tensile testing (different strains) magnetic properties of steel
samples were measured along their working parts. Kinetic stress-strain relationships for
accumulation of ferromagnetic martensitic o’-phase were determined. It has been shown that in
Cr-Ni steel samples deformed at -100°C and irradiated with neutrons the intensity of martensitic
o'-phase formation decreases compared to that in non-irradiated material. An increase in fluence
suppresses the development of martensitic transformations at the early stages of deformation, but
it has no effect on kinetics of phase development at large strains.
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PHOTOELECTRIC DATA STRUCTURES PtSi - Pt/Pt2Si QW

A.M. Maharramov, S.A. Huseynov, N.F. Kazimov, F.R. Samedov
Institute of Aerospace Informatics of NACA, Baku, Azaerbaijan

The paper deals with the results of the study of photovoltaic characteristics P* - i - n* of
structures, including, but not - eight alternating layers PiSi — Pt\Pt,Si thick 200 A ° undoped
layers grown by molecular beam epitaxy on n™ - PtSi . For measurement of the photoelectric
characteristics, on the protective layer P* - PtSi and the substrate, ohmic contacts were made.
Lighting was conducted by P™ - Pt Si. Register photoresponse spectra of small-signal was carried
out by synchronous detection at Us - <<kt\q in the entire investigated spectral range , at a
modulation frequency of the exciting light ~ 507 Pulse shape of the photoresponse at a given

frequency modulation almost repeated shape of the light pulse. Recording resolution was, a type
of the spectrum does not depend on the magnitude of the input impedance of the measuring
instrument. Obtained and studied depending photovoltage Us = It *R¢ ( It- photocurrent , Ry -
load resistance ;) bias voltage U , for fixed values of the exciting light .., quanta.

Dark current-voltage characteristics (CVC) of the samples had the usual form for non-
quantum p—i—n structures. It was found that the coverage resulted in the formation sample
breaks and sites with a negative differential conductance. Along with this, has been found
bistability dynamic CVC, especially strong in the area of resonant tunneling, which appears
when illuminated structures. The effect of resonance tunneling photoinjection detected at room
temperature. The dark current-voltage characteristic is typical rectifying character. At the same
time, when the specimen was clearly evident with a large local area differential conductivity
characteristic resonance tunneling photoinjection. Image scanning recording curves u, ()

resulted in a lower contribution to tunneling nonequilibrium carriers. The observed bistability
light characteristics can be explained as well as the situation with dark CVC quantum-well
structures that were investigated [1 , 2]. According to [ 1, 2], this is explained by the fact that
non-equilibrium carriers do not have time to spread the electric field and accumulate in the
guantum potential wells — layer.
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DETECTORS WITH SCHOTTKY'S BARRIER

A.F. Mamedova, D.I. Aliyeva, F.R. Samedov, T.A Qasanova
National Aerospace Agency of Azerbaijan

Recently for creation of detectors structures metal silicide — silicon are intensively
investigated.

Silicide of platinum (PtSi) is given in this message — silicon results of research of
detectors with Schottky's barrier on a basis.

As substrates p — Si with a specific resistance of 10 ~ 45 Ohms are used * cm, with
crystallographic orientation (100) and (111). For the purpose of electric isolation of separate
elements in the grown-up layer of SiO2 cells were opened, and on a new surface of silicon the
platinum 500A0 thick layer was besieged. Made Pt-p-Si of structure were exposed to annealing
in vacuum. Receiving silicide of platinum is confirmed and X-ray diffraction researches.

Existence of Pt2Si, PtSi of phases in some made structures showed identifications of
reflexes of diffraction patterns.

Spectral distribution of sensitivity is investigated at 80 K. It is shown that the main
contribution to a photoresponse belongs to carriers with energy E = 0,25 +~ 0,41 »B. Value of
coefficient of division of carriers and specific detective ability is defined. On the basis of set of
experimental data (electric, photo-electric) it is constructed the power zonal chart PtSi-p-Si,
structures, the explanation of the mechanism of passing of carriers of a charge is offered.

It is shown that the made detectors can also be used for detection o and p radiations.
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EFFECT OF GAMMA IRRADIATION ON ELECTROPHYSICAL AND
PHOTOELECTRIC PARAMETERS OF DOUBLE-BARRIER STRUCTURE
BASED ON SILICON

F.P. Abasov, Y.M. Mustafayev
Institute of Radiation Problems, ANAS, Baku, Azerbaijan

Developed a silicon-based photodetector with high sensitivity integrated in the short
range. The influence of gamma radiation on the mechanism of current flow in the structure type
Schottky barrier, and the p-n junctions. It is shown that the double-barrier structure can improve
the photoelectric parameters of conventional detectors.

Silicon photodetectors, still the most common type of photo-converters. One of the main
ways of increasing the speed and increase the spectral sensitivity of modern detectors with one
transition is the creation of a multi-barrier structures. Reliability of the resulting structures at
elevated conditions of radiation, as detectors of ionizing radiation is an important task is the
subject of our research.

Recently, to extend the
spectral sensitivity range commonly

used methods [1,2] leads to an i

increase of the photocurrent in the

wavelength region of the spectrum. @ MMM &
Examples are — Graded band gap L R *‘ﬂ“_
semiconductors structure; dragging + ) = — — -5 " N
fields, etc., based on the reduction of - stan.steel v

the surface recombination velocity.

In our case, such a possibility, but
you can create a planar version of
the field due to the p-n junction is Fig.1. Join scheme of the two barrier structures.
included in the opposite direction.
First obtained and
investigated  characteristics  of
double-barrier structures created on
the same plane. Shown advantages
over conventional structures. To
create photodetectors planar design
with internal amplification created
Schottky barrier Au-Si. The starting o
material used in the structure of p-n-
type on the silicon substrate. The
control of current conducted by the i
light selection voltage K-E so that
the collector junction is closed and
the open-emitter, with the free base.
Under the influence of light therein,

electrons and holes are generated. At

the collector transition — yes there is Fig.2. Spectral characteristic double-barrier structure after
a division of electron-dy- term irradiation with gamma rays:1-up irradiation, 2-dose 150
krad., 3) dose of 200 krad., 3 ') annealed at T =400 ° C for
30 min

J:10° A

couples reached after — consequence
diffusion boundary re — turn.

233



VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

Holes are moved to the collector field transition, increased — lichivaya own current and the
electrons remain in the database, reducing its potential. When this transition occurs at the emitter
additional direct voltage, which increases the injection of holes from the emitter into the base.
Injected hole, reaching the collector junction causes an additional increase in the collector
current. Since the total collector current is proportional to the ratio of internal amplification, we
have an increase of spectral sensitivity, reaching 0.65 A / watt.

The structure was irradiated at T = 300 K ®Co gamma rays. Isochronous annealing of
radiation defects was conducted in the temperature range Ta = 200-450 K.

Method photovoltage Voc = In + In = Vj + VB showed that the primary radiation defects
(RD) in the p-Si crystals at 300 K are positively charged. CVC analysis and spectral
characteristics showed that recombination currents increase with increasing irradiation dose.
Annealing diodes reduces recombination currents.

At a temperature Ta = 300°C annealing and rearrangement occurs to form complexes
divacancies V2 + O, and at Ta = 350°C annealed active A-centers (V + O) and complexes (V2 +
0).

Analysis of changes in current flow through the BS and the pn junction showed the
difference effect of annealing near the surface and inside the crystal. This can be explained by
the increase of the photoresponse BS associated with charge accumulation and improving the
collection coefficient.

Figure 2. shows the spectral dependence of photocurrent curves before and after gamma
irradiation at different doses and after annealing at T = 400°C for 30 min. Annealing affects the
spectral characteristics significantly. With increasing doses of gamma irradiation growth of the
photocurrent decreases.

Thus, it can be argued that the main role in the electrical losses studied silicon structures
play oxygen centers (V2 + O and V + O). With increasing irradiation dose, and the annealing
temperature increases, especially CVC and due to the change of spectral characteristics
resistance n-Si (the base region of the structure) caused by the accumulation (increasing dose)
and the disappearance or rearrangement (for annealing), radiation-induced defects. Known that
the defect capture rate electrons and (or) the hole in the first place depends on the capture cross
section and the position of the energy level in the forbidden band. These parameters are
essentially the characteristic defect [3,4]. Upon annealing, the structure is changing the point of
radiation defects and their disappearance. In this case mainly the accumulation of similar defects.
Comparison with literature data shows that the main role in the photovoltaic losses of these
structures play an oxygen centers (V2 + O and V + O). With further increase of radiation dose an
irreversible reduction of photosensitivity due to a significant increase in the resistance base.
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RESTORES IN THE PARAMETERS OF SILICON SOLAR CELLS DEGRADED
UNDER GAMMA RADIATION BY ULTRASONIC TREATMENT

!D.M. Tobnaghi, ?R. Madatov
!Department of Electrical Engineering, Parsabad Moghan Branch, Islamic Azad University,
Parsabad Moghan, Iran,
2Inistitute of Radiation Problems, ANAS Baku, Azerbaijan,
d.mostafa.t@gmail.com, msrahim@mail.ru

The current—voltage characteristics of mono-crystalline solar cells under AM1.5
illumination condition were studied before and after the gamma irradiation. The photoelectric
parameters of mono crystalline silicon solar cells degraded under gamma radiation can be
significant recovered by MHz-frequency ultrasonic treatment (UST). The restores of the silicon
solar cells parameters such as efficiency(n), open circuit voltage (\Voc), short circuit current (Isc)
etc. after ultrasonic treatment is related to amount of gamma doses and radiation defects as well
as time and frequency of UST.

Table 1
Properties of four samples of the experimental solar cells (before irradiation)
Voc Isc Pmmp n
Cells type [mv] mAcm?] | [mw/ cm?] FF [%]
St 570 34 14 0.72 13.95
monocrystalline

Notes: Condition for measurement: 1000 W/m?, AM 1.5, 25°C

I-V characteristics under gamma radiation
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Fig. 1. The I-V characteristics of silicon solar cell irradiated with various doses of gamma radiation
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Ultrasonic Treatment
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Fig. 2 The I-V characteristics of silicon solar cell before and after irradiation with 500 krad dose
of gamma radiation and each stage of subsequent ultrasonic treatment
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Fig. 3. The I-V characteristics of silicon solar cell before and after irradiation with 1000 krad dose of
gamma radiation and each stage of subsequent ultrasonic treatment
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Fig. 4. The restore in the efficiency of solar cells degraded under gamma radiation by ultrasonic
treatment, sample 1 irradiated with 500 krad and sample 2 irradiated with 1000 krad dose of gamma
radiation. Measurements were carried out at room temperature for a silicon solar cell in various states:
(1) initial (unirradiated) state; (2) upon gamma-irradiation to a; (3, 4) after UST-1 and UST-2,
respectively.
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RECOMBINATION GAMMA-LUMINESCENCE
AT THE Li -NANOMETAL - LiF-DIELECTRICS INTERFACE

M.A. Mussaeva, E.M. Ibragimova
Institute of Nuclear Physics Academy of sciences of Uzbekistan Republic
ibragimova@inp.uz , mussaeva@inp.uz.

Nanocrystalline  materials, including fluorites, are  prospective for the
thermoluminescence dosimetry of heavy charged particles due to high sensitivity and saturation
at much higher doses than crystals [1]. Under exposure of LiF crystals, containing neutral (F,
F2, F3) and ionized (F2*, F3™) electronic and Vi hole centers, to 20 ns pulses of 200 keV electrons
at 80-300 K, radioluminescence occurred at bands of 910nm (F>*) and 530 nm (Fs3*); the
intensity of band at 530 nm was found to be independent on temperature and decrease in the
fluence growth to 10! cm2, while the band at 910 nm enhanced at >140 K due to delocalization
of Vi hole centers [2]. It was shown, that LiF crystals doped with Li.O have cathode-
luminescence band at 413 nm owing to O% ions, and in case of other oxides of polyvalent cations
(W, Ti, Fe) the luminescence related with O2" molecular ions occurred at 430-460 nm [3]. The
authors suggested the mechanism of self-organization of preirradiation defects into nanosized
assemblies of impurity polyvalent cations with oxygen, where electronic color centers
accumulate. Thermo- and photo-stimulated processes of generation of metallic Li nanoparticles
due to F center aggregation in LiF:Mg,OH crystals under irradiation with ®°°Co gamma-quanta to
doses up to 5-108 R followed by annealing at 450-650 K were studied in [4]. The authors showed
that the absorption band wavelength of colloid nanoparticles increased with their size growing
from 10 to 80 nm; the intensive luminescence band at 614 nm excited in the region of 470 nm is
attributed to F>" centers stabilized by the impurities.

As we showed earlier [5], under irradiation of LiF:Cu crystals at 300 K with ®Co
gamma-quanta to doses > 107 R the concentration of electronic F centers becomes high enough
for forming unstable aggregates (F2, F3), and at the dose of 10° R one can see well narrow
reflections of Li nanocrystals having the orientation (200) coinciding with that of LiF matrix and
size of 8 nm in X-ray diffraction spectrum. Carrier transport in the temperature range of 190-400
K proceeds by means of hopping over localized states Ig(c-T¥?) ~ T-Y* with a kink near 270 K.

This work was aimed at studying recombination gamma-luminescence (GL) of LiF:Cu
crystals under ®°Co vy-irradiation at the dose rate of 406 R/s in the temperature range of 273-473
K, which were preirradiated to doses 107 and 10% R for generating F2*, Fs* centers and Li
nanoparticles.
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a) b) c)
Fig. 1 - GL spectra of LiF:Cu crystals: a) 295 K: 1- 10°R, 2- 10’ R, 3- 10°R;
b) 10" R: 1-285K,2-295K,3-348K,4-378K,5-394 K, 6 — 469 K;
¢) 107 R: 1- 350 nm, 2- 400 nm, 3- 570 nm.
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The GL spectrum of the preliminary non-irradiated sample contains intensive band at 417
nm (fig.1a curve 1) caused by recombination of mobile hole Vi centers with localized electronic
ones, containing impurity Cu ions, and looks like the spectrum of deformation luminescence of
LiF in [6]. It is worth taking into account possible contribution to this GL band from adsorbed
O? ions, and also in 430-460 nm from molecular O, ions near polyvalent cations [3]. Positive
vacancy Vi of lithium ion is very mobile — 240 jumps/second, that results in effective
recombination. After preliminary irradiation to 10’ R the GL intensity at 417 nm weakens in 5
times (curve 2) due to formation of F> centers absorbing emission at the band of 440 nm [2,5].
Here partly overlapping GL bands at 350 and 400 nm dominate, which are attributed to F3, R>
centers, and also a separate band at 570 nm related to F4, N2> centers and a wide band at 660 nm
coming from Fs* centers [2]. After the dose of 108 R only 350 and 570 nm bands remain (curve
3).

Fig. 1 b) shows GL spectra after the dose of 107 R taken in the temperature range of 285-
469 K (1-6 curves). Fig. 1 c) demonstrates temperature dependencies of the bands at 350 nm
(curve 1), 400 nm (curve 2) and 570 nm (curve 3). It is seen, when the temperature grows to 295
K, the GL intensities of bands at 350 and 400 nm attributed to F3 centers weaken noticeably,
while band at 570 nm related to F4 centers enhances fast, which is indicative of thermal and
radiation stimulated ionization of neutral centers to Fs* centers (660 nm) and aggregation of Fs +
F = F4. The higher the temperature, the more the part of aggregates of 4 fluorine vacancies (N)
and Vi centers is, that can be explained by thermal stimulated diffusion and trend to forming a
more stable flat configuration of 4 vacancies aggregate, where lithium colloid is assembled [4].
Therefore the GL intensity decreases by one order of magnitude due to emerging of metallic Li
nanoparticles having 8 nm sizes, scattering and absorbing efficiently the luminescence and
taking part in non-radiative recombination of carriers through hopping electric conductivity over
nanometal-dielectrics interfaces [5]. Among ionic crystals LiF has the maximal lattice energy of
10.56 eV per ion pair. The higher the lattice energy, the more free energy can be stored under
irradiation, which releases at higher temperatures.

Conclusions: Radiative recombination of mobile Vi charge carriers at Cu defect centers
in LiF:Cu crystals, causing intensive GL at 417 nm band at 300 K decreases in 5 times at the
dose of 10’ R due to emerging of metallic Li nanoparticles, which take part in non-radiative
charge carriers recombination at the metal-dielectrics interfaces. Therefore, for implementation
of these crystals as luminescent detectors of ionizing radiation at doses above 108 R and ~300 K,
it seems better to use stable broad band luminescence in the range of 530-800 nm.

The researches are supported by the grant F2-FA-F120 from State committee for
coordination and development of sciences and technologies of Uzbekistan Republics.
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STUDY OF RECOMBINATION CENTERS IN GaS ACCORDING TO
PHOTOCONDUCTIVITY RELAXATION

N.I. Huseynov, Y.M. Mustafayev, F.G. Asadov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
nizami@box.az

The investigation of recombination processes is a necessary essential stage in the study of
the physical properties of semiconductor materials and devices based on them. Namely a
mechanism of recombination of charge carriers determines the special features of the
photovoltaic, fluorescent and injection phenomena underlying most areas of the practical use of
semiconductors. GaS layered crystals are promising materials for various types of radiation
detectors, as well as for photovoltaic devices. The most important interesting, and the main area
of their application is the manufacturing of detectors based on their X-ray and gamma radiation,
operating at room temperature.

Many physical properties of semiconductors, including layered GaS are determined by
the nature, condition and location of the local levels in the band gap. Investigation of the volt-
ampere characteristics (VAC) and the spectra of thermally stimulated currents (TSC) do not fully
allow judging such important parameters of trapping centers, as the depth, concentration and
capture cross sections, as well as information about the distribution of localized levels in the
band gap of high-resistance materials.

To obtain the Kinetic characteristics, semiconductor is lighted by short pulses (t,~10° sec)
LEDs. Photoelectric signal due to a change in potential of the semiconductor under pulsed light
after pre-amplification broadband transistor amplifier was fed to an oscilloscope and recorded by
a computer-controlled. The time resolution of the electoral scheme was not worse 108sec that
allowed recording the signal in the time interval 10®--10-%sec.

The investigated single crystals of p-GaS were grown by the Bridgman method. When
growing GaS excess sulfur (1.5%) was used in order to determine the possibility of filling
vacancies of sulfur atoms. Er doping was carried out in the course of growth. The resistivity of
the samples obtained along and perpendicular to axis "C at room temperature were 2 « 10%and 3 »
107 Q-sm, respectively. To create an ohmic contact as a material it was used indium, which fused
to the surface of gallium sulfide at a temperature of 420K. Band gap determined from the decay
of long-wavelength photocurrent was 2,7eV that coincided with the literature data.

For the purpose of determination of the mechanism of recombination parameters of the
recombination centers, the scheme of electronic transitions in GaS crystals, we used a set of
stationary and kinetic methods. All of these studies clearly showed that for GaS high-crystals
major role in recombination processes play different types of recombination centers; fast (s-) and
slow (r -) sensors. Lifetime of the charge carriers was determined under pulsed irradiation of the
kinetic decay of the photocurrent. The study showed that the decline of the photocurrent is not
monoindex that shows the presence of several types of recombination. Depending on the energy
of the facilities, the effective lifetime was 10 - 10 seconds.
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TEMPERATURE DEPENDENCE OF THE POLARON HOPPING DRIFT MOBILITY
IN LAYERED CUPRATE SUPERCONDUCTORS

0O.K. Ganiev
Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Ulugbek, Tashkent,Uzbekistan
ganiev@inp.uz

The original discovery by Bednorz and Miiller [1] of high-temperature superconductivity
in the layered copper oxides (cuprates) has opened new perspectives in the condensed matter
physics. In particular, in high-T¢ cuprates anomalous charge transport behaviors in the normal
state have provided with many challenging issues and stimulated much interest [2-4]. In this
work, we have studied temperature dependence of the hopping drift mobility of polarons along
the c-axis in layered cuprate superconductors. The ground state energies of interlayer polarons

Ep and bipolarons g, can be calculated in the continuum model and adiabatic approximation by
using variational method [5,6]. The results of such calculations show [7] that the charge carriers
in the cuprates are large polarons and bipolarons with binding energies Ep >0.1eVv and

Eys =|Es —2E,|2(04-05)E, at 1=¢,/<002 and . =35 [8]. If we take . -4 and

p

5 =0.02-0.10, then the binding energies of large bipolarons are equal to Ey; =(0.01-0.04) ev

[7]. We will assume that the localized large bipolarons are formed in carrier-poor regions
between the L ul}, layers and the c-axis charge transport occurs through the thermal dissociation
of immobile bipolarons into two separate polarons and the subsequent thermally activated
hopping of such interlayer polarons. Accordingly, in carrier-poor regions between the i},
layers the hopping carrier must overcome an energy barrier of the height £, (in the absence of
an electric field E) and the c-axis conductivity would show activation behavior. In the case of
localized bipolarons, the activation energy E. (i.e. the barrier height) for a hop from the one
potential well to the other nearest-neighbor potential well is equal to the binding energy of
bipolarons £kn. We consider the one-dimensional case of charge transport and study the
hopping drift mobility of polarons along the c-axis in layered cuprates. In the absence of an
electric field (77 =11), the hopping probability at the phonon-assisted hopping of a carrier along

the one of the two relevant directions is given by
I

W= i exp| - Eyp/hpT], (2)
where -..., is the out-of-plane optical phonon mode frequency, which differs from ..., in the Tk
layers. At £ # {1 a potential energy of a carrier in an electric field is determined as work ¢ty
done by an electric force in a moving carrier through the displacement at a hopping distance -,
(which is of the order of the interlayer distance). In this case, reduction of the potential barrier is
given by #/“u; /2. Then the hopping drift mobility of polarons in the electric field is determined
from the expression for their drift velocity

ta = ag(wy — wa), ©)
where w = (1/2)wpexp[—(Ewg — (eBay/2)) kT and
wa = (1/2}wyexp|—(Eyg + (eEay /2))/ k5T are the hopping probabilities of polarons along and

opposite directions to the electric field E, respectively. At eFEuny, /2kgT << 1 (i.e. in the weak
electric field) we can expand the exponents in .,and -.., in powers of +(¢ Eay, /2k5T") and the
temperature dependence of the hopping drift mobility of polarons along the c-axis can be

determined from the equation
E'EJ:I::LL.'.”

pn () epT exp [~ Fup/lpT]. 4)
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Fig. Temperature dependence of the hopping drift mobility of polarons along the c-axis in layered
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We have demonstrated that the hopping drift mobility of polarons along the c-axis in the
layered cuprates, can be interpreted as a thermal dissociation of a localized bipolaron into two
separate polarons and a subsequent thermally activated hopping of polarons residing in the
localized state between the Lmf}, layers.

References

1. J.G. Bednorz, K.A. Miiller, Z. Phys. B 64 (1986) 189.

2. Y. Ando, J. Phys. Chem. Solids 69 (2008) 3195.

3. T.S. DeNobrega, J.P. Carbotte, Phys. Rev. B 83 (2011) 094504.

4. Y. Koike, T. Adachi, Physica C 481 (2012) 115.

5. S. Dzhumanov, A.A. Baratov, S. Abboudy, Phys. Rev. B 54 (1996) 13121.

6. N.l. Kashirina, V.D. Lakhno, V.V. Sychyov, Phys. Status Solidi B 239 (2003) 174.

7. S. Dzhumanov, P.J. Baimatov, O.K. Ganiev, Z.S. Khudayberdiev, B.V. Turimov, J. Phys. Chem.
Solids 73 (2012) 484.

8. D. Emin, M.S. Hillery, Phys. Rev. B 39 (1989) 6575.

241



VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

CHARGE STATE OF NANOCOMPOSITES PTFE / CdS FORMED ON THE BASIS OF
PRE-IRRADIATED POLYTETRAFLUOROETHYLENE

IM.A. Nuriyev, 2V.G. Nikolskiy, tA.M. Maharramov, *A.A. Shukurova
YInstitute of Radiation Problems, ANAS, Baku, Azerbaijan
2Institute of Chemical Physics RAS named after N.N. Semyonova, Russia
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Previously, we studied the electret properties and charge state of the nanocomposites
PTFE/CdS formed on the basis of uniaxially oriented films of polytetrafluoroethylene (PTFE) in
the adsorption-active medium (AAM) with the method of layerwise chemisorption [1,2]. In the
present work it has been studied the charge state of nanocomposites PTFE / CdS based on pre-y-
irradiated PTFE films. On the surface layers of the pre-y-irradiated films PTFE it is created
porous nanostructure by orientational drawing method followed by the formation of
nanoparticles CdS in these pores. These studies allow us to determine the changes in the
parameters of traps and trapping centers in nanocomposites of the pre-irradiated PTFE polymer
matrix and nanoparticles of CdS. Charge state has been studied by comparing the currents of
thermally stimulated depolarization (TSD) of the polymer and polymer composites based on pre-
irradiated PTFE.

Orientation of the films has been carried out after 10 days of irradiation for stabilization
of the structure. CdS nanoparticles in the oriented polymer matrix PTFE with thickness of 20
microns were formed using CdCl and Na2S solution with a certain concentration by the method
of layerwise chemisorption of ions. It has been obtained samples with three, six and nine cycles
of formation of CdS nanoparticles; each cycle lasting 30 minutes. After each cycle, the samples
of PTFE composites / CdS have been washed in distilled water and at the end dried in air bath.
Polarization has been carried out by the effect of the corona discharge in needle-plane system at
a voltage on the needle Ukor = 7kV, within t = 3minutes. Distance between electrodes was ~
1cm. Evaluation of the charge states of polarized samples has been carried out by comparing the
spectra of thermally stimulated depolarization currents (TSD). Spectra of TSD current were
removed after 15 minutes of polarization at the temperature range 293-473K using a charge
amplifier with a linear increase in temperature of the samples at ~ 5 K/ min.

It is known that PTFE is the most radiation - sensitive one among polymers and at even
small doses of radiation predominates destructive processes, and to the extent there appear
different kinds of polymer radicals and free charges. Radical formation rises with the increase of
irradiation dose and passes through a maximum at a dose of 5 + 6kGy and subsequently subsides
[3,4]. In polymers even after the cessation of irradiation the radical-formation continues. The
irradiated PTFE films hardly undergo mechanical orientation, but this small orientation (~ 10%)
allows to form PTFE / CdS nanocomposites by layerwise chemisorption method based on them.
It is shown that in all the composites formed on the basis of PTFE films irradiated at dose of 1.7
kGy, the maxima in the spectra of TSD currents are detected at ~ 383K temperature. In the
studied samples the values of accumulated charge rises with the increase of formation cycles.

As shown by the authors of [3], after the irradiation in PTFE it is formed macroradicals
that have a particular activity. We believe that the active radicals and formed nanoparticles
interacting between each other, form a layer of polymeric composition on the surface and a
polymer matrix at a certain depth. With the increase of the number of particles, the interphase
boundary and accumulated charge, increase respectively, as observed experimentally.

Comparing the spectra of the TSD current of the composites formed within three cycles
depending on the dose of preliminary irradiation implies that increase of the dose leads to mixing
of TSD current maxima towards lower temperatures.
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Fig.1. TSD current spectra of the samples of PTFE / CdS composites formed on the basis of the
pre-irradiated PTFE at different doses: 1 - D = 1.7kGy; 2 - D = 4,2 kGy; 3 - D = 8,4 kGy;

This trend continues for the samples of the composites crystallized within six formation
cycles. Polymer films irradiated at low doses are relatively better subjected to mechanical
orientation and a relatively highly porous structure is formed. As a result, the formation of the
nanoparticles occurs in a relatively deep regions of the polymer film. Increase of the irradaition
dose of PTFE leads to a reduction of the mechanical properties of the polymer matrix and
correspondingly reduction in the size of crazes. Reduction of the size of the craze leads to the
formation of nanoparticles on the surface of the polymer, which results in changing the location
of the maximum of current TSD curves toward lower temperatures.
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INFLUENCE OF GAMMA IRRADIATION ON CHARGE STATE OF
NANOCOMPOSITES PTFE/CdS
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It has been studied of the charge state and electret properties of nanocomposites based on
uniaxially oriented films of polytetrafluoroethylene (PTFE) and CdS nanoparticles obtained in
the adsorption-active liquid medium (AAM) by the method of layerwise chemisorption [1,2].
Modification of the properties by the external factors after formation is of great interest. The
presented work is devoted to the study of the influence of gamma irradiation on the charge state
of the nanocomposites PTFE/CdS formed on the basis of oriented PTFE films. First, on near-
surface layers of PTFE films by orientational drawing it is created nanoporous structure with
subsequent formation in these pores of CdS nanoparticles. The obtained samples of the
nanocomposites were exposed to y-irradiation (Co®® at T = 290K) up to doses of 1.7; 4.2 and 8.4
kGy, respectively.

Orientation of the films and obtain of nanocomposites from them has been carried out 15
+ 1 days after irradiation, in order to stabilize the structure relaxation. CdS nanoparticles in the
oriented polymer matrix PTFE with a thickness of 20 microns have been formed by layerwise
chemisorption of ions using CdCl and Na2S solutions with a certain concentration. It has been
obtained samples with three, six and nine formation cycles of CdS nanoparticles with each cycle
lasting 30 minutes. After each cycle, the samples of PTFE/ CdS composites were washed in
distilled water, dried in an air bath.

Polarization has been carried out by the action of a corona discharge in needle-plane
system at a voltage on the needle Ukor = 7 kV, for t = 3 minutes. Distance between electrodes
was ~ 1lcm. Evaluation of the charge states of polarized samples has been carried out by
comparing the spectra of thermally stimulated depolarization currents (TSD). TSD current
spectra were removed after 15 minutes of polarization in the temperature range of 293-473K
using a charge amplifier U5-11 with a linear increase in temperature of the sample at a speed of
~ 5K/ min.

Figure 1 shows the spectra of TSD currents of irradiated and non-irradiated samples
nanocomposites PTFE/CdS. From the spectra it is evident that a relatively high charge
accumulation is observed in samples exposed to a dose of 1.7 kGy.

"
ér Lo A [,w“,\ -

1.
Fig.1. TSD current spectra of the samples of PTFE/CdS composites crystallized during three cycles of
formation from solution and irradiated at different doses; 1 - initial PTFE / CdS; 2 - D = 1.7kGy; 3-D =
4,2 kGy; 4 - D = 8,4 kGy;

244


mailto:arifm50@yandex.ru

VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

This trend continues for PTFE/CdS composites as well with other filler content.

It is known [2-4], that among crystalline polymers PTFE is relatively radiation-sensitive,
and even a small dose of radiation leads to its degradation. Destruction is accompanied by
appearance of heterogeneous radicals and free charges in the volume of the polymer. Radical
formation under irradiation in air, rises with increase of irradiation dose, and passes through a
maximum at doses of 5.6 kGy and subsequently decreases. [4]

After gamma irradiation of the samples of PTFE/CdS nanocomposites in their volume
and near-surface layers it is formed radicals and free charges. In the irradiated polymers after
cessation of irradiation the macroradicals formed at a certain depth of the polymer
nanocomposite, should lead to a change in its charge state and modification of their electroactive
properties. The above assumption is confirmed by comparison.

As was shown in the work [4], the dependence of the concentration of the formed radicals
of PTFE after irradiation has an extreme character with a maximum at the range of absorbed
dose in 2 + 5kGy. Comparison of our results with the results of the authors [4] allows saying that
the concentration and the values of radiation defects in PTFE/CdS samples, irradiated at low
doses, are relatively high and with increase of radiation dose their concentration decreases. As a
result, relatively high values of the accumulated charges are observed for the samples in low
values of the irradiation dose. In conclusion we can say that the redistribution of concentration
and values of radiation defects and quasi-stable radicals in PTFE/CdS composites within vy-
irradiation may be important causes of change in their charge state and active electret properties.
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EFFECT OF STABILIZERS ON POLPROPILENOVYH COMPOSITION RESISTANCE
TO IONIZING RADIATION

Y.N. Khakimullin, E.R. Rakhmatullina, A.R. Ramazanova, A.S. Kuznetsov,
M.S. Lisanevich, R.Y. Galimzyanova
Kazan National Research Technological University

Polypropylene is widely used for the manufacture of medical devices (syringes,
disposable medical clothing and underwear) and pharmaceutical packaging (package bottles for
medicines, etc.), that is, in those areas where the products are usually sterilized.

Radiation emanation is used for sterilization of such products (y or B), as it is the most
efficient and environmentally friendly industrial method. [4]. Range of absorbed doses in
radiation sterilization ranges from 15 to 60 kGy.

lonizing radiation significantly affects the physical and mechanical properties of PP. It is
known that ionizing radiation initiates the degradation of polypropylene and its copolymers by a
radical mechanism [6]. The degradation manifests itself in a significant reduction of such
physical and mechanical properties of polypropylene as tensile strain and increase of yield melt
flow rate; . Stabilizers [6, 8, 9] are introduced to reduce radiation degradation of PP in the
polymer composition. Research to find stabilizers, effectively increasing the radiation resistance
of polypropylene are numerous and relevant over the years.

Study of the influence of stabilizers on radiation resistance of polypropylene-based
compositions was the aim of this work.

We investigated the composition of polypropylene-based brand PP 1562 R (producer of
«Nizhnekamskneftekhim»). As stabilizers there were selected: high molecular weight sterically
hindered phenol antioxidant - tetrakismetilen (3,5- di-t -butyl-4-hydroxyhydrocinnamate)
methane, mark Anox 20 (manufacturer Shellstone Chemicals) in an amount of 0.05 % , 0.15 %,
0.3% and concentrate light stabilizers based on PP, used for protection against the harmful
effects of polyolefins light and UV radiation, brand CESA-F/-light PPA0050293 ( manufacturer
Clariant Masterbatches) in an amount of 2%, 3 %, 4% . The samples were prepared by extrusion
method were irradiated by radiation- technical installation ILU- 10 , owned by LLC «SPS-Farm»
,by doses of 20 to 60 kGy . Yield melt flow rate (MFR) of samples of the PP was measured on
apparatus IIRT - 5M (2.16 kg, 190 °C).
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Figure 1. Dependence of compositions based on Figure 2. MFR compositions based on PP with
MFR PP with stabilizer CESA from the absorbed stabilizer Anox from the absorbed dose
dose
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A substantial increase MFR PP occurs without stabilizers (10 and 30 fold, respectively)
with an increase of the absorbed dose from 60 to 40 kGy that indicates the intensive degradation
of polypropylene (Figure 1). Introduction CESA regardless of its concentration in the studied
range, results in a decrease of MFR at dose of 60 kGy to 200 g/10 min. Using Anox 20 leads to a
significant reduction of MFR (Fig. 2). Thus, the high-molecula sterically-hindered phenolic

antioxidant Anox 20 effectively reduces degradation of PP and enhances its resistance to
radiation.
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DIELECTRIC IMPEDANCE OF COMPOSITES OF COPOLYMER
POLYVINYLIDENE FLUORIDE WITH SILICON NANOPARTICLES

A.M. Maharramov, I.M. Nuruyev, R.N. Mehdiyeva, M.A. Nuriyev
Institute of Radiation Problems, ANAS, Baku, Azerbaijan

Unlike bulk semiconductors and their oxides, the properties of nanoparticles and
polymer-based composites are still poorly understood. The study of the structure and
electroactive properties of nanocomposite materials is an urgent task. Silicon nanoscale fillers
are of particular interest which forming spatial grid of conductive chains in the matrix of the
polymer may lead to relatively high conductivity of the composite. Study of the electrophysical
properties of such conductive polymer composites is conveniently carried out by measuring the
complex impedance (impedance) Z = Z '- iZ ". Here, Z' and Z" is active (real) and reactive
(imaginary) components of the vector impedance, which allows to analyze both dielectric and
conductive properties of materials [1].

In this paper, it is conducted the results of the study of impedance (measurement of
complex impedance) of the samples of composite of polyvynildenafluoride copolymer with
tetrafluoroethylene P(VDF-TeFE) with nanoscale silicon particles (nano-Si), and the obtained
impedance spectra are analyzed at Nyquist coordinates.

The objects of study were composites based on a copolymer of polyvynildenafluoride
with tetrafluoroethylene P(VDF-TeFE). As a filler it was used Si nanoparticles with size d <
50nm. The content of the nano-Si didn’t exceed 1% vol. From the mixtures of powders P(VDF-
TeFE) and filler of nano-Si by therm compression it was obtained nanocomposites at the
temperature of 473K and pressure of 15MPa with a further rapid cooling in water — ice mixture.
Thickness of the samples was ~ 100 £ 10 microns.

Impedance measurements have been carried out on the immitance meter E7-20 in the
frequency range of f = 25Hz -1MHz. Determination of the value of dielectric constant £ has been
carried out on the standard ratio, taking into account the value of the container and the geometric
dimensions of the studied capacitor structure. Parts of the samples were irradiated by gamma
rays up to doses 300kGr in air.

According to the impedance spectra in Nyquist coordinates for initial and irradiated
samples of polymers and composites (Figure 1) it is shown that there is one arc of a semicircle
with a further inclined line segment corresponding to a single relaxation process and relaxation
time. We believe that the arc of the semicircle observed in dependence of Z "=1f (Z ") is the result
of the relaxation of charges in the interface of the filler with polymer matrix and between the
oxidized nanoparticles of the filler. It is shown that the frequency corresponding to the maximum
Z" in semicircle, with increasing filler content (F < 0,6% vol.), firstly is mixed towards lower
frequencies, and then (F > 0,6% vol.) comes back towards higher frequencies. We think that the
semicircle in the low frequency range of dependence Z"= f (Z"), corresponds to the relaxation of
the charge in the interface polymer-filler. Analysis of the hodograph shows that the peaks are in
the frequency range of 50-100 Hz, and are mixed into the lower frequencies under the radiation
influence. But the observed growth in the value of Z" at the maxima of the hodograph for the
composites of all contents after irradiation, is the result of intermolecular cross-linking of the
polymer matrix, accompanied by a decrease in the mobility of the polymer chains and increase
of the role of the interfacial interaction of polymer-filler.
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Fig.1 Impedance spectra in Nyquist coordinates for initial and irradiated samples P(VDF-TeFE)
and composite P(VDF-TeFE) /1% nano-Si

The study of the impedance spectra of composites P(VDF-TeFE)/Si in Nyquist
coordinates for initial and irradiated samples allows us to say that during polarization (an
alternating electric field) the occurring relaxation processes in the interphase layer of polymer-

filler determine their electrical properties.
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THE CONTRIBUTION OF A SURFACE ROUGHNESS
TO PHYSICAL SPUTTERING OF METALS

M.S. Kozyreva, A.N. Karpikov, S.B. Kislitsyn
Institute of Nuclear Physics, Almaty, Kazakhstan
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The sputtering of surface atoms by ion bombardment is a well-known process [1], which
for thermonuclear reactors has especially negative importance. It causes deterioration of
performance data of thermonuclear plasma, destruction constructional plasma-faced materials.
Therefore an important problem is research of all nuances of this process.

Sputtering is caused by collision cascades initiated by energetic ions incident on a solid
target. The sputtering yield, S, i.e., the average number of atoms removed from a target per
incident particle, is the most global value in sputtering. It depends on the target material, on the
species of projectiles and their energy Eo, the angle of incidence etc.

The surface microrelief also can make essential impact on average value of sputtering
yield. Roughness with the sizes equal or surpassing the linear size of the cascade of collisions
(~500 A) leads to increase of sputtering in comparison with a flat surface. There are some
channels of influence of a surface roughness on process of the sputtering [2, 3] one of them is
considered later.

Dependence of sputtering yield on a surface roughness is expressed that the hade
projectiles on a surface segment (a local hade) does not coincide with a hade of a stream of
particles on a base surface of a sprayed material (a global hade). As the sputtering yield has
strong angular dependence, it leads to increase in its average value for a rough surface in
comparison by a smooth surface.

If s(a) - dependence of sputtering yield on a local hade for a smooth surface of segments,
average value

"YO % i Oh guw
is a sputtering yield of rough surface long I.

In this paper we consider four types of 2-D surfaces: planar (smooth), two bi-segmental

with fixed tilt angles and poly-segmental (in this case 10) random surface. It present on figure 1.

planarsurface a, =30% a, = 60°
a b

a =a =45° a -random

Fig.1. Structural elements of the considered surfaces: planar surface (a), bi-segmental surface with
grade angles0, 60 (b) and 45° (c), 10- segmental random structure (d)
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The dashed lines show the base surface of material, the blue solid lines — local surfaces, |
— period of the roughness, green arrows - a ion flow direction, ni— local normal, ai — the angles
between n; and normal to basic surface (in this case it coincides with the ion flux direction). The
random surface was obtained by random simulation x-coordinate segments (after normalized on
I) and y-coordinates in the range 0 — I/2. Angles ai have been determined in terms of segments
orientations.

Calculations were carried by computer simulation of collision cascades incident ions by
using SRIM-2012 software. Energy dependence at normal incidence was determined by
approximation 28 model calculated values from researched interval.

For angular dependence has been used relationship [1]

"Y Y DE Qouphp piwé i ,

where So —the sputtering yield at normal incidence. The constants ¢, f and b are also energy
dependent, and were determined by approximation of simulated S for 13 a values for every one
of the 12 energy values.

As a result the program package has been created, which allows calculating S for any
values o and Eo from considered energetic interval. As input parameters, characterizing the
material and projectile were used literature data.

As an example to illustrate the outlined approach, figure 2 shows the results of the
calculations of the energy dependence of the sputtering yield of molybdenum by argon ions
irradiation with energies of 30 eV — 150 keV.

10

planar surface

a1=—300;a2=6(f

o, =-45% a, = 45° Fig. 2. Energy dependence of sputtering
yields Mo for bombardment in normal global

incidence Ar™ for surface types from fig. 1

o - random

Sputtering yield, atom/ion

Thus, taking into account of influence of a surface roughness owing to change of local
hades of bombarding ions on sputtering of a surface of metals leads to sputtering vyield
substantial growth. Simultaneously the effect magnitude is proportional to surface roughness
degree.
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In the present work was given the influense of gamma y-rays and also fast electron fluxes
on the electrical conductivity of the PbixMnxSe epitaxial films as well as the comparative
analyses.

The samples were prepared on BaF substrates by molecular beam condensation and their
crystal perfection was studied by electronographic, radiographic and surface morfology had also
studied by atomic-force microscope. By this method, in the same cases it was two n-Pho, 96Mno,
04Se thin films and after determined their initial electrical conductivity, one of them was
irradiated by y-rays and others by fast electron flux.

First sample was irradiated at room temperature, at linear electron amplifier and at a
device which E=4,5 MeV [1]. Second sample were exposed to a dose of D,=35kGr. With a %°Co
isotope source [2]. The results had compared and shown in the table.

Table
Pbo, 96Mno, 04Se ®-10*'sm o Aclc
Omism?) | (%)
n 0 0.137
1 n 1.5 0.0045 96.7
D,=35kGy
(dD,/dt=0,40Gy/s)
2
n 0 0.102
n 35 0.051 51

During the comparison was determined that after radiation in both cases the electrical
conductivity of samples decreases as the according to 96,7 and 51%.

Thus, the analyses of investigation shows that, in the n-type Pbi.xMnxSe samples
exposure to the electron and gamma-radiation the nature of acseptor-type defects are same.
Therefore, in both cases compensation goes from acseptor type point defects as a result of
irradiation the electrical conductivity is decreases.
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PSEUDOGAP STATES IN NUCLEAR MATTER
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The protons and neutrons, usually called nucleons, in nuclei just like electrons in metals
may be considered as a degenerate Fermi-gas [1,2,3]. In this work, we argue that the nuclear
matter can be divided into two parts, one (inter part) corresponding to the high-density nuclear
matter and the other one (outer part) corresponding to the low-density nuclear matter. In so
doing, we show that the low-and high-density regions of nuclear matter are strikingly similar to
the underdoped and overdoped cuprate superconductors. As argued in Refs. [4,5,6], the low-
density nuclear matter can be in a pseudogap (PG) state, which plays a crucial role in a variety of
nuclear many body problems, from finite nuclei to neutron stars. Actually, as a consequence of
precursor Cooper pairing, the low density nuclear matter just like underdoped cuprates exhibits
PG phenomena above the superfluid (SF) transition temperature T and cannot be described by
Bardeen-Cooper-Schrieffer (BCS) theory. Depending on the strength of the attractive interaction
between two nucleons, the physical contents of their pairing state could be distinguishably
altered. In high-density region of nuclear matter this pairing interaction is weak enough. In this
case, Cooper pairing and superfluidity of loosely correlated Cooper pairs of nucleons may occur
simultaneously at T. and the BCS gap serves as the SF gap. When the pairing interactions
become more stronger in the intermediate- and low-density regions of nuclear matter, the tightly
bound Cooper pairs could form, which may behave like composite bosons. In this situation, the
superfluidity of such bosons is due to their condensation into a SF Bose-liquid state at T, which
is different from the BCS condensation state, and the BCS-type gap opens at T* > T, and
becomes PG in the excitation spectrum of nuclear matter. For a degenerate Fermi-gas of
nucleons, the BCS-like gap equation is written as

- = on AK) E(K")
Ak)=-> V, (k,k')——=-tanh| ——= |, 1
(k) Ep- n ( )2E(k') (ZkBTj (1)
where E(K) =y¢2(K)+A%(K) , E(K) is the energy of nucleons measured relative to their Fermi

energy &g, Vy (IZ,IZ’) is the nucleon-nucleon interaction potential. Equation (1) can be solved

self-consistently in order to determine the pairing PG and the mean-field pairing temperature T*
for the intermediate-density regions of nuclear matter using the model interaction potential

vy (6 ) = {—VN for (K] |£(K)

0 otherwise,

<é,,

()

which is assumed to be constant within the energy layer (with the thickness 2&, ) near the Fermi
surface, where &, is the cut-off energy for V, (IZ, IZ’).

At the mean-field pairing temperature T*> T, A(T") =0, so that Eq. (1) becomes

S

x*T" @)

& dgg
1=V, D, (gp)lgtanh
For &, >4k, , this equation yields
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keT" 0 1.14s, exp[ -1/ 4y |, (4)

where 4", =V, Dy (&;).

This equation can be used to evaluate the PG formation temperature for nuclear matter in the
intermediate BCS-like coupling regime (i.e., 4 <0.7).

Clearly, the PG phase in nuclei looks like the PG phase in high-T¢ cuprates. One can
assume that in low-density regions of nuclear matter, all nucleons take part in Cooper pairing. In

this case, the cut-off energy &, in Eq. (4) should be replaced by & . If the nuclear matter is close

to the high-density limit, the PG formation temperature T"is somewhat higher than T.. Whereas
the PG formation temperature will be much higher than Tc in the intermediate-and low-density
regions of nuclear matter, where the PG persists both below T and above T.. We now evaluate
the magnitudes of the pairing PG and the PG formation temperature in nuclear matter. By taking

typical nuclear density n, =0.16 fm™® [7], we find »_ ~58.8MmeV . Further, if we use the values
of & =04¢.and A" =0.37, we obtainA(0) ~3.18Mev and kT~ ~1.8MeV . This result is in

close agreement on the 150 pairing gap value A(0) =~ 3MeV obtained by other authors (see
Ref.[7]).
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Since the discovery of high-T¢ copper oxide (cuprate) superconductors, understanding the
nature of the electronic states of doped carriers and the mechanisms of the metal-insulator
transitions (MITs) in these materials [1,2] remains one of the central issues in condensed matter
physics. The mechanisms of carrier localization and MITs in undoped and doped materials have
been central problems of the solid state physics for many decades [3-5]. Usually, the correlation-
and disorder-induced MITs called Mott and Anderson transitions are discussed as the basic
mechanisms of the carrier localization in crystalline and non-crystalline solids [1,3-5]. In the
undoped cuprates, the carrier localization is caused by the strong on-site Coulomb repulsion and
the Mott—Hubbard model is believed appropriate to describe the MITs in the cuprates [5,6]. As
the doping level increased towards the underdoped level, the hole-doped cuprates become
unusual metals and the importance of electron correlations diminishes [7] and other mechanisms
may play a major role in carrier localization and MITs in these systems. Actually, the electronic
properties of the doped copper oxide (cuprate) high-T¢ superconductors are very complex and
significantly different from those of conventional metals and semiconductors [1,5,6,8]. The
behavior of the high-T. cuprates as a function of doping remains one of the most intriguing and
controversial. In particular, the undoped cuprates are antiferromagnetic (AF) insulators and a
small level of doping results in the disappearance of AF order, but the material shows an
insulating behavior and remains non-conducting. With further doping, a metal-insulator
transition (MIT) occurs. It is widely believed that phenomena of high-T. superconductivity and
MIT in doped cuprates are closely related and the elucidation of the mechanisms of MITs in
these materials may shed important light on the origin of high-T. superconductivity [5,8,9].
Despite much theoretical and experimental efforts [5,6,9-11], the mechanisms of the MITs in the
doped cuprates still remain poorly understood. Therefore, the question of the applicability of the
Mott and Anderson MITs and other types MITs to doped cuprates requires further theoretical
studies using the new ideas. Especially, the study of the radiation effects on carrier localization,
MITs and high-T¢ superconductivity in doped cuprates may help to understand the unusual
properties of these materials.

In this work, we study the possible mechanisms leading to the carrier localization, MITs
and suppression of superconductivity in hole-doped cuprates and propose a unified theoretical
description of these interrelated phenomena. The quantitative theory of the extrinsic (impurity-
or defect- assisted) and intrinsic (phonon-assisted) self-trapping of hole carriers in these
materials is developed within the continuum model and adiabatic approximation. We
demonstrate the possibility of formation of polaronic and impurity states in the charge-transfer
gap of the cuprates. We show that the localized in-gap states develop into metallic states at some
critical doping level. We examine the quantitative criteria for the MITs caused by strong
Coulomb interaction on the same impurity center, disorder, carrier-defect- phonon and carrier-
phonon interactions. The newly derived criteria for the Mott and Anderson MITs predict the
Mott- and Anderson-like MITs in doped cuprates occur at low critical doping levels x.=0.020-
0.025. In contrast, the new MITs driven by the strong defect-carrier interactions are possible in
lightly doped, underdoped and even optimally doped cuprates. Our results show that the new
MITs in the cuprates are accompanied by the formation of static (insulating) stripes in carrier-
poor domains and dynamic (metallic) ones in carrier-rich domains. The insulating and metallic
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phases coexist in a wide range of doping x=0.02-0.20 (including also the ‘‘magic’’ doping 1/8)
in cuprates containing the small-radius dopants (e.g., Ca?* and Nd** ions in LSCO), while these
phases coexist in the range of doping x=0.02-0.13 in cuprates containing the large-radius dopants
(such as Sr?* and Ba?" ions in LSCO and LBCO, and O ions in YBCO and Bi-2212). We argue
that in these materials the hole concentration x=1/8 is particular doping level corresponding to
the formation of static stripes on a global scale and to a marked suppression of
superconductivity. We explain the existing experimental data on carrier localization, MITs and
suppression of superconductivity in different high-T. cuprate superconductors.
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Results of research complex impedance spectra of TlInTexcrystals to expose y—irradiation
are presented. Measurements are carrying out in a temperature interval 100-450 K.

For information acquisition on carriers of a charge, contact capacity, at the contact
phenomena conductivity researches in an alternating field are necessary. For real systems,
dielectric and impedance spectra can be described equivalent schemes. Complex impedance
spectra of TlInTe crystals in frequency domain 102-10° Hz are investigated. Having taken
advantage of equivalent scheme replacement, are analyzed diagrams on a complex plane (Z"-Z2")
and defined domain borders of high-frequency.

Experiments show, that the maximum value of the real part of impedance (Z'), with
growth of measuring frequency, is displaced to area of heats, and its peak value, decreases.
Temperature dependence of an imaginary part of impedance (Z") has a step form. With growth
of frequency of measurements, peak value of "steps" falls. The received results show that both in
irradiated, and in not irradiated samples TlInTezequivalent RC scheme is identical. However the
value of the frequency falling to the maximum value hodographs in irradiated crystals more
comparison with not irradiated samples. It, most likely, is connected with growth of radiating
defects. Also it is established, that both in irradiated, and in not irradiated crystals polarization
has is ionic-relaxation type. Experimental points on hodographs fall outside the limits a
semicircle. These deviations are connected with diffuse impedance, that is, at low frequencies
there is a gradient of carriers of a charge. Opposite drift leads to growth of the valid real part of
impedance. It, in turn leads to that the form hodographs appears deformed. For crystal TlInTe; in
a complex plane (Z"-Z") the high-frequency border of hodographs (for not irradiated samples is
defined: at 320 K — 10 kHz; 360 K - 12.5 kHz and 404 K — 50 kHz). For the irradiated crystals
the maximum value of hodographs fitted on 404K, and the high-frequency area of hodographs is
not observed.
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RADIATION STIMULATED COLOUR CENTERS IN CRYSTAL
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To the crystals with disordered by crystalline structure belong to the crystals of calcium-
niobium-gallium grenade (KNGG). Their typical characteristics are rather low (1430-1470 C)
than the melting temperature of the crystals of Y3Als012 (IAG), GdsSc:AlzO12 (GSAG),
GdsSc2Gaz012 (GSGG). This simplifies the process of the growing of these crystals and allows
applying for their syntheses none-iridium technology. Besides, significant inhomogeneous
broadening is characteristic because of the disorder of the crystalline structure for the absorption
and luminescence spectra of the ion activators in crystal KNGG.

Currently, there are enough rich experimental material on the study of spectral-
luminescent and laser properties of the ions Nd®*, Tm**, Yb%*, Sr3* in the crystals of KNGG.
However, the results of the systematic study of the influence ionizing radiations on the spectral-
optical and luminescent properties of the KNGG:Cr crystals with different concentration ion
Cr3* absent in literature.

In the present work the influences of gamma radiations on the optical characteristics of
KNGG crystals with the presence of the admixture of the chromium ion is explored. In the
crystals under investigation the concentration of the chromium strongly influences on the
formation of the coloration centers, connected with structured defects. In calcium-niobium-
gallium grenades about 12% cation nodes are occupied by vacancies. Two bands of the
absorption exist in the optical absorption spectrum of the KNGG-Cr3* with the maximums in 460
and 640 nm, corresponding to the transitions Cr®*. The directed absorption is observed under the
action of gamma radiation with the480 nm maximum. It increases proportionally to the
chromium concentration in the interval 10'° - 3.10'° sm™ which points they belong to the
activator centers.

In the crystals under investigation, KNGG, as in case of GSAG, with increasing of the
concentrations of chromium the intensities of the gamma directed absorption falls. If at the
concentrations of chromium Ccrs+ ~3.10'° sm™ the intensity of the directed absorption is
maximal then with the increase of the concentration up to Ccrs+ ~2.10%° sm™ intensities fall 3
times. Simultaneously decreases the intensity of the high-temperature peak of TV at 360 K. From
the analysis of TV curves of the none-activated KNGG crystals it is observed that in the
investigated temperature region 130, 170, and 380 K peaks are thermo-luminescent. The TV
curves strongly changes with the entering of the chromium ions. At concentrations of chromium
Ccra+ ~3.10%m-3 the TV peaks with 290 and 360K maximums are observed. With increase of
the chromium concentration peaks with maximum 240 and 360 K decrease. At concentration
Ccra+ ~3.10'° sm™ intensities of the high-temperature peak are less by a factor of ten than Ccrs+
~2.10% sm’®,

Therefore, it is possible to expect that at the time of ionizing radiation influence on the
investigated crystals for the Cr3* ions, oxidation process (seizure of the hole) with forming the
centre Cr**, responsible for the absorption band at 480 nm is typical.
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The field of using of composite materials covers a wide area, like as radio-, optic-,
acoustic-electronics, nonlinear optics, computing and photocopying facilities and etc. The
extension the field of using of composite materials is obtaining by modifying its dielectric
properties. The lack of detailed information on the process of electrotransfer in the structure at
the different intensities and frequencies of the applied field is making the limits in the using of
these materials.

As the conductivity of the material is uniquely related with its dielectric permittivity and
dielectric loss then, by studying regularities of the indicated characteristics of polymer composite
materials and the management of these characteristics is making possible to extend the field of
application of these materials.

It is achieved by an introduction, as fibrous reinforcing fillers, also as a finely dispersed
fillers, chopped glasses, aerosol and etc.

When creating a composite material with special properties, as usually, fillers are
introduced with purpose of appropriation to material of non-mechanical, but others, for example,
electrophysical properties.

In a dependence of the nature and concentration of fillers is possible to change the
molecular and supramolecular structure of polyolefins, such a way that, the subsequent process
of modification is leaking with a varying efficiency and directivity. That’s why, the actual task is
the obtaining of polymer composites and studying their dielectric, physico-chemical,
electrophysical and electroactive properties and establishment of the factors, which are
improving these properties.

The dielectric properties of composites with connection (0-3) on the base of
polypropylene of 04 IT brand with an oxide filler of the different amounts of Fe>Os have been
investigated.

The polypropylene (ITTI, &m=2.2, tgd:m=3*10", pvuin=10Om*Mm) has been chosen as a
matrix for the manufacture of composite materials, as one of inexpensive and frequently used
polymers, which is not making any difficulties.

The samples of composite material with a thickness of 80-100 microns have been
obtained by the method of hot-pressing of the powder mixture prepared in a ball mill at a
temperature of 465-470K. Pressing was conducted at a pressure of 10 MPa for 5 minutes in
accordance with TOCT 12019-66. After pressing the molten composite which is between two
aluminum foils have been cooled in ice water. The samples of polypropylene containing 0, 1, 3,
5 volume % the iron oxide in a form of filler (FexOs, ere03=2.4, tgdre20s=4*107%,
pvre203=1080M*M) were obtained. Measurement of the electric capacity - C and dielectric losses
of the tgd samples are measured by the immittance E7-20.

In Fig.1. is presented frequency dependence of dielectric permeability of the composites
of PP + Fe>Os with filler content of Fe.O3 0, 1, 3 and 5volume %.
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The figure shows that, the tendency of conducting of dependencies is almost not changed,
means dielectric permeability of the mentioned composite is not depend on the frequency factor.
Also it seems that, in a composite which filled 3 volume % of filler, the value of dielectric
permittivity in the whole frequency interval becomes larger than the initial sample and less
comparatively than composites which are containing the filler 1 and 5 volume %. Moreover the
largest increase of dielectric permittivity of 2 is 3.5 times observed in the composite filled 5
volume % of Fe;0s.

It is known that polypropylene has simultaneously two phases: an amorphous and
crystalline. By the relaxation spectrum can assume that, in such polymers in amorphous areas
compared to the crystalline areas and interphase boundaries the orientation processes show
themselves more clearly. Depending on the sort of dispersion, the amount of filler and exposure
of various rays which has a high energy in the polyolefin in the ratio of these phases, so the
character of the relaxation spectrum can be changed to one or another direction.

As the author notes [6], if the frequency dependence of the dielectric permittivity exhibits
a linear character, then composite is elongated with the conductive inclusions. In such a model
the molecules are rotated as a rigid rod therefore the energy of activation of the process of
orientation will be directly proportional to the length of the chain involved in the rotation. Also
the character of spectra of the dielectric relaxation of polymers related with the molecular
movement at the point of branching, as well as with the presence of crosslinks, which
significantly limit the molecular motion.

Proceeding from this model, can be assumed that in the composite with 3 volume %
filling in the amorphous part of polymer is happening a maximum crosslinking, due that the
value of dielectric permittivity is reduce concerning composites which are filled respectively 1
and 5 volume %.
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In the Fig.2 is presented dependence of dielectric losses of the initial sample and
composites.
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The results of researches show that the spectra of dielectric loss of the samples are
arranged in an order of tg61% ’ tg63% ’* tg05% > tgo0%. Also it shows that at a frequency of
2*10° Hz composites have maximum. According to the author [6], the intensity of the peak of
loss is proportional to the degree of crystallinity. It’s mean a small additions are more increases
the crystallinity of the polymer.

By this way, the results of an experimental research on dielectric properties of polymer
composites PP + Fe2Os depending on the frequency of the applied electric field can be useful for
determining patterns, which are describing the processes of dielectric polarization.

The investigation of the radiation effect showed that 7 kQr radiation dose is optimal, so,
this dose is improves the dialectical parameters of the samples.
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The lithium-containing materials are considered as materials, which can be used to solve
many pressing issues of creating fusion reactor. Each of these materials has its own specific
advantages and disadvantages, but they have in common the ability of realization of the nuclear
reactions on lithium isotopes to produce tritium and helium. In this regard, during the design of a
fusion reactor the problems related to the release of tritium and helium from lithium-containing
materials arise [1]. Within ten years, in the Institute of Atomic Energy the researches are carried
out on the generation and release of tritium and helium in the following materials: lead- lithium
eutectics, lithium ceramics, lithium, lithium capillary-porous systems (CPS) (Figure 1, 2, 3, 4).

iy

Figure 1 — Lithium CPS Figure 2 — Lead-lithium eutectics

Figure 3 — Lithium Figure 4 — Lithium ceramics

Moreover, data on the release of helium ions from liquid materials were analyzed only in
the liquid state. Release from the solid phase state of materials was not considered. Therefore,
the release of helium ions from lithium-containing materials in the solid phase state was the aim
of this work.

All the data on the release of helium ions from the surface layer of lithium-containing
materials under reactor irradiation were analyzed.

The effect of intensive release of helium ions was observed with the cooling of materials
below crystallization temperature under reactor irradiation conditions. In this state, the helium
release is only possible from the surface layer or by open pathways system (pores and cracks)
formed during crystallization.

For description of the mechanism of helium ions release from the surface layer, the
experiments on release of helium ions from lithium-containing materials under reactor irradiation
conditions were conducted. Then quantity of released helium ions from the surface layer of the
investigated materials was calculated.
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To explain the effect of the intensive release of helium ions the experiments with
different cooling rates of lead-lithium eutectics were performed. The microscopic metallography
of lead-lithium eutectics surface at different cooling rates was conducted (see Figure 5, 6).

30KV X100% 300 . 0866,,/50.60.SEI

: 081 et
Figure 5 — The surface of lead-lithium Figure 6 — The surface of lead-lithium
eutectics, formed at rapid cooling eutectics, formed at slow cooling

Based on microscopic metallography one may conclude that under reactor irradiation this
effect can be explained by the fact that at the transition to the solid phase on the surface of the
lead-lithium eutectics the pores and cracks are formed. Moreover, by increasing the cooling rate
the material porosity also increases. Consequently, during cooling of lithium-containing
materials helium ions release occurs by the system of open pathways (pores and cracks).
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DETERMINATION OF HYDROGEN ISOTOPES INTERACTION PARAMETERS
WITH MATERIALS PROPOSED FOR FUSION REACTORS UNDER REACTOR
IRRADIATION
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The tritium safety problem of fission and fusion facilities is related to the high diffusion
mobility of tritium in the structural materials of these facilities. Complex impact of operating
factors (neutron irradiation, temperature, and the interaction with hydrogen isotopes) on
structural materials initiates complex process of materials properties changes, which affects a
significant change in the parameters of tritium diffusion and solubility in these materials.

The permeability and diffusion parameters, which used to estimate the migration of
tritium in fusion reactor, must be defined in conditions close to real working conditions of fusion
reactors. Therefore, to justify the use of advanced structural materials in fission and fusion
facilities worth research task is to determine the parameters of the hydrogen isotopes interactions
with fusion reactor materials under reactor irradiation.

This paper presents the results of experiments to investigate the hydrogen isotopes
interaction with some promising materials of fusion reactors under fission reactor irradiation that
will be used at different positions in fusion reactor: plasma-facing material of the divertor -
tungsten; functional material - oxygen-free copper; construction material - steel SS3161G (ITER
Grade).

Investigations of the influence of reactor irradiation on the processes of hydrogen
isotopes interaction with fusion reactor materials were carried out at the reactor IVG1.M in
Institute of Atomic Energy (Kurchatov, Kazakhstan). Experiments were carried out by two
methods (thermal desorption and the hydrogen permeability) and allowed to define the basic
parameters of hydrogen isotopes interaction with the investigated materials in the temperature
range corresponding to the terms of their real work in fusion reactor facility.

The obtained results showed that under neutron irradiation the parameters of the
hydrogen isotopes interaction with the investigated materials changed, due to several different
effects: the radiation-stimulated processes of dissolution of impurities in the metal lattice,
decrease of capture activation energy and release of hydrogen isotopes from traps, changes of the
activation energy of dissolution and diffusion.
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MAGNETIC PHASE TRANSITIONS IN STRONGLY CHAINED SEMICONDUCTOR
COMPOUNDS TIFeS2 AND TIFeSe2
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3E.M. Kerimova
1 Joint Institute for Nuclear Research, Dubna, Russia
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Literature review on the magnetic properties of the strongly chained semiconductor
compounds with the general formula TIMX: (M-3d metal, X=S, Se, Te) shows that these
semiconductors are quasi-one antiferromagnetic, ferro-or ferrimagnetics. Each of them has two
Neel temperatures, characterized by long-range (Tnsp) and short-range (Tnip) magnetic order

[1].

The neutron powder diffraction patterns were measured using the time of flight
diffractometer DN-2, located at the IBR-2 (FLNP JINR, Dubna) [2-3].

Lots of neutron diffraction spectra and TIFeS, TIFeSe, obtained at different temperatures
are shown in figure 1.
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Fig. 1 Experimental neutron - diffraction spectra obtained from the samples at different temperatures
TIFeS; (normalized vanadium).

Analysis of the diffraction data was carried out by the Rietveld method using the
programs VMRIA [4] and FullProf [5], using as a starting model for the calculation of the
neutron diffraction profile of X-ray data [6].

Analysis of neutron data showed that over the entire temperature range of these
compounds have a monoclinic crystal structure symmetry C2/m. Calculated from the diffraction
data of the unit cell parameters under normal conditions up: a = 11.646 (1) A, b=15.308 (2) A, c
=6.831 3) A, p=116.7°,Z =4,V =377.14 (6) A% for TIFeSy; for TIFeSe,: a=11.998 (1) A; b
=5.498 (9)A;c=7.108 (8) A, p=118.2°,Z=4,V =413.22 (6) A3, which agrees well with the
results obtained earlier [7, 8] .

When lowering the temperature by neutron diffraction spectra observed occurrence of
magnetic reflections at dnd = 3.87 A and dna = 4.82 A for TIFeS, and dna = 4.00 A and dna =
499 A for TIFeSe, (Fig. 1). Data analysis showed that these changes are indicative of the

265


mailto:elmar@jinr.ru

VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

occurrence of the main antiferromagnetic phase, in which the magnetic moments of Fe ions are
oriented parallel to each other within the plane (ab) and change in the opposite direction in the
neighboring planes perpendicular to the ¢ axis of the crystal structure of the monoclinic.
Calculated ordered magnetic moments of Fe antiferromagnetic phase is 2.1 (2) us at T = 12 K
for TIFeS2 and 2.1 (7) us at T = 10 K for TIFeSe>.

In TIFeS2 dependence of the volume of the unit cell for each phase is linear. Coefficient
of thermal expansion a = 1/V(dV/dT), paramagnetic phase was a = 6.28 (1) x 10° K, for the
antiferromagnetic phase a = 2.65 (6) x 10 K. For TIFeSe, dependence of the volume of the
unit cell for each phase also is linear. Coefficient of thermal expansion for the paramagnetic
phase was o =1.64 (1) x 10 K™%, for the antiferromagnetic phase a = 1.18 (7) x 10* K.
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THE INFLUENCE OF THERMAL TREATMENT AND IRRADIATION ON SPECIFIC
RESISTANCE OF (SnSe)1 (PrSe), SOLID SOLUTIONS

J.l. Huseynov, M.1. Murquzov, Sh.S. Ismailov, T.A. Jafarov
Azerbaijan State Pedagogical University
tapd75@mail.ru

By its elektric characteristics praseodymium monoselenide belongs to metals becouse a
metallic link is formed among cation atoms in PrSe, at the expense of cohich praseodymium
atoms possess an oxidation degree equalling to 3*. Due to this an exchange reaction takes place
in solid solitions obtained in SnSe-PrSe systems based on stannum monoselenide in high
concentrations of PrSe and in a system among stannum and praseodymium monoselenides
(stannum is in Sn?* state).

We have studied some Kkinetic coeffcients in cluding specific resistans of

(SnSe)1 (PrSe) solid solutions as well. Special interest was caused by composetions of

(Snse)o.75‘(Prse)025 system for which the influence of irradiation and thermal treatment

following this irradiation was explored. The obtainedexperimental resultsare shown in the figure.
Values of resistance p(T) of a specimen depending on T within the studied temperature range
(77-120 K) before irradiation are given, pasing an extremum at the T=98K paint and diminishing
slightly ( curve -1 in the figure). p(T) noticeably rise after irradiation with quanta in D=35 kGCr,

A
doses (curve -2). Relative change in specifec resistance at T=98K was 7’0 = 34.1 while it was

A
2P =81.4 at 120K. Afterwards thermal treatment 2
Yo,

procedures had been conducted for 3 days at 620°C.
p was measured again at the end of the thermal
treatment. The obtained results are demonstrated in
the figure (curve - 3). As seen from the figure, 2 |-
reduction processes occur after thermal treatment of
the specimen and p(T) become as po(T) in the 08 09 10 11 12
specimens before irradiation bat as distinct from 102-T (K)

po(T small residual resistance appears after thermal  Fiqure. Dependence of Specfic Resistance

in the (S72.5¢, . —(PrSe), system on

temperature: 1- before irradiation
A 2- after irradiotion with y — quanta in 35
_p :182 at T:120K LrAe N afbav aminanli;ca At 200~

P

Ap
treatment of a crystal: at T=98K p 2P _136 and

The specimens had p-type conductoin and it is likely that under irradiation with y —
guanta new appearing defects are observed partially in primary recombination accompanied by
an increase in p(T) (curve -2). On heating the specimen, i.e. in the course of thermal treatment a

seemingly reversible process takes place and ,0—>k(,00) reduces. So, specific resistance of

(SnSe)l (PrSe), solid solutions can be altered by irradiating them with y — quanta and the
alterations can be reversible and aet as acceptors, donors or traps.
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DIELECTRIC LOSSES AND CHARGE TRANSFER IN ELECTRON-IRRADIATED
TIGaS2 SINGLE CRYSTAL

1S.N. Mustafaeva, 2M.M. Asadov, 1A.A. Ismailov, E.M. Karimova
Ynstitute of Physics, ANAS, Baku, Azerbaijan
2Institute of Chemical Problems, ANAS, Baku, Azerbaijan
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Layered TIGaS: single crystals belong to a class of wide-band high-resistivity
semiconductors and are prone to polytypism. In [1] the frequency dependence of dielectric
properties and conductivity of single crystals TIGaS, before and after y-irradiation were studied
and the main parameters of the localized states were evaluated.

This study presents the results of studying the frequency dependence of real (&) and
imaginary (¢"”) components of the complex dielectric permittivity, loss tangent (tan 5), ac-
conductivity across the layers of high-resistive of TIGaS:single crystals at frequencies from 50
kHz up to 35 MHz and the effect of electron-irradiation on them.

Samples from T1GaS, were made in sandwich form with electrodes of silver paste. The
thickness of the single-crystal samples of TIGaS. was ~300 microns. All measurements were
performed at 300 K by the resonance method [2].

Electron-irradiation of the samples was carried out on the linear accelerator. The energy
of electron-irradiation was 4 MeV. Measurements of samples were carried out after each
irradiation. It is shown that electron-irradiation of TIGaS; single crystal with doses of 2 x 10—
2.4x10" e/cm? resulted in a decrease in the real component (¢) of the complex dielectric
permittivity at high frequencies (f > 10° Hz), increase in its imaginary part (¢"), loss tangent (tan
d) and ac-conductivity (oac) across the layers at all studied frequencies.

The experimental frequency dependence of the dissipation factor tan 6 for TIGaS; single
crystal at f = 50 kHz —35 MHz is characterized with a monotonic descending before and after
electron-irradiation (Fig.1). The hyperbolic decrease of tan & with frequency is evidence of the
fact, that conductivity loss becomes the main dielectric loss mechanism in the TIGaS; single
crystal at studied frequency range.

The investigation of the frequency dependences of ac- conductivity of the electron-
irradiated T1GaS; single crystal (Fig.2) made it possible to elucidate the hopping charge-transfer
mechanism. We evaluated the density and energy spread of localized states near the Fermi level,
the average hopping time and the average hopping length in TIGaS: single crystal at various
doses of electron-irradiation (Table).
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Fig. 2. AC-conductivity of TIGaS, single
crystal vs. frequency before (1) and after e™ -
irradiation with doses e/cw?®: 2 — 2:10%: 3 —
6-10'%;,4 - 2.4.10"

Fig. 1. Frequency dependences of tan ¢ in TIGaS;
before (1) and after e™ - irradiation with doses
elem®: 2 —2-10'%; 3-6-10%; 4 — 2.4-10"%,
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Table
The parameters of localized states in forbidden gap of TIGaS: single crystal obtained from high-
frequency dielectric measurements

Dose of e'- irradiation, e/cm? Nf, eV tem™ AE, eV
0 5.9.10'8 0.15
2-10%? 8.4.10'8 0.106
6-1012 9.5.108 0.094
2.4-10%3 1.5.10%° 0.066
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THERMAL RESISTOR BASED ON THE COMPENSATED SILICON

1Sh. Makhkamov, *A.A. Sulaimanov, *A.K. Rafikov, 'F.S. Akramov, 2M.N. Alikulov,
IM. Karimov, 1Sh.A. Makhmudov, 1S.A. Bakiev
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It is known, that high resistance materials, such as compensated silicon single crystal, are
used in most cases for increasing the sensitivity of semiconductor detectors. Production of such
materials under industrial conditions require quite considerable expenditures due to difficulties in
achieving the homogeneous radial distribution of specific resistance values ¢ of a silicon boule.
To resolve this problem on practice, methods of silicon doping by various compensating
impurities and radiation defects (RD) are widely used [1, 2]. However, in several cases,
exploitation of the obtained compensated materials as thermal detectors have a temperature limit
about 100 °C above which the temperature dependence of resistance is not reproducible.

The aim of this work was to develop the method for obtaining of compensated silicon
single crystals with homogeneous radial distribution of specific resistance for making stable
thermal resistors with reproducible parameters including T > 100 °C.

Copper and gold impurities were chosen for ligature because of their high thermal
diffusion rates in Si. Silicon plates with initial pinit = (1-100) Ohm-cm were taken as a substrate,
and a layer of Cu or Au was deposited on the plate surface. Doping of silicon by these impurities
was carried out by means of thermal diffusion at the temperature 1200 °C during ~ 5 hours
followed by cooling at a rate within 200-250 degree/min in the quartz ampule. The reference
samples of Si compensated with RD were obtained by the known technique of irradiation in the
nuclear reactor [2]. All the doped samples and references made by the both methods had values
of the room temperature specific resistance ¢ within (0.6-1.0)-10° Ohm-cm.

Thermal characteristics of thermo-resistor is described by the following expression:

R/R, =exp[B(T ' —T, 1),
where B=Ey/k - coefficient of thermal sensitivity for pure silicon B, = 6500 K; R,— electrical
resistance at 7,=300 K, R — electrical resistance at 7; Eg— gap width, eV; k - Boltzmann
constant 8,625.10° eV/degree. Thermal resistor sensitivity B was determined by the following
ratio:

B=In(R/R)NT*-T,), K
For obtaining of B values and thermal cycling reproducibility of a thermo-resistor the
dependence of R ~ f(T) was investigated (see figure) and an isochronous anneal was carried out
for the resistors (n*-n-n* structure) prepared on the base of compensated silicon (see table).
Experiments on isochronous anneal up to 130°C showed, that the resistance-temperature
dependences for the resistors made from n-Si <P,Au> practically did not change after 1000
heating-cooling cycles. But in the case of thermo-resistors prepared from n-Si<P,RD> and n-
Si<P, Cu> the B values showed degradation (see table).

Implementation of the proposed thermal diffusion method of silicon doping with Au and
compensating for preparation of stable/reproducible thermo resistors in compare with the known
radiation doping method provides the following advantages: extreme simplicity at the
preparation and stability of B at >1000 heating-cooling cycles up to 130 °C (resistor on the base
of Si<P,Au>) and up to 80 °C (resistor on the base of Si<P,RD> and Si<P,Cu>), although
absence of necessity of separate calibration procedure for each thermo resistor.
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Figure. Temperature dependence of electrical resistance R of n*- n- n* - structure based on compen-
sated n-Si<P,Au>.

Table. Isochronous anneal of n™ - n — n™ structures based on various types of the compensated silicon
with ¢ ~ 8-10* Ohm-em

Coefficient of thermal
Ne Repeated Sensitivity for thermo resistor ( B ), K
thermal treatment With radiative With impurity defects
(anneal time 1 hour) defects
°C (n-Si<P, RD>) (n-Si<P, Cu>) (n-Si<P, Au>)
1 30 6300 5200 6300
2 100 6100 4974 6000
3 110 5700 3122 5900
4 130 4500 2000 5985
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INFLUENCE OF DISODERED FIELDS OF COMPENSATED SILICON ON
FORMATION OF RADIATION DEFECTS AT GAMMA - IRRADIATION
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Investigation of secondary radiation defects (RD) nature and its influence on the silicon
electrophysical properties is one of the mostly actual directions in solid state physics due to
necessity for developing the physical base for designing radiation hard and thermal stable
semiconductor materials and related apparatus. These problems in general are solved by means
of decreasing of the primary RD concentration (vacancies and interstitial atoms) either by
formation of disordered regions in the matrix volume or by doping with special impurities.

It is known, that doping with impurities and radiation defect generation result in
formation of deep energetic levels (DEL) in silicon and in enhancement of the initial micro
inhomogeneity of conductivity due to the inhomogeneous compensation of material [1]. The
micro inhomogeneity itself essentially effects on the electron — hole recombination rate in the
volume of compensated material at the thermal and radiation treatment [2-4]. Decrease of the
radiation defect concentration and stabilization of the compensated silicon parameters by doping
with special impurities are explained by simultaneous realization of the mechanisms: 1)
Transition of a part of electrically inactive impurity atoms into the active state under the
influence of radiation or temperature; 2) At the irradiation the initial potential barriers between
high ohmic - n™" and low ohmic - ™ regions increase in compensated materials, contained
more than two DEL; 3) Increase in the number of primary RD reaching different additional
sinks (which can be boundaries between impurity micro inclusions and matrix, dislocations,
disordered regions etc.) [3]. Analysis of the above mentioned mechanisms show, that they can be
realized both separately and synergetically depending on the type and kind of compensating
impurities and RD.

The work was aimed at clarification the role of mentioned mechanisms in semiconductor
crystals of partially compensated silicon with RD induced by neutron irradiation (I - type) and
samples irradiated by ®°°Co gamma quanta with the intensity ~ 980 R/s at temperature ~ 60 °C.
The rate of the charge carrier removal depending on the gamma-dose (F) was studied by the Hall
coefficient method at room temperature. The charge carrier concentration change in the I-type
samples was compared with the reference non-irradiated silicon samples (Il - type) with close
conductivity. The figure presents the dependences of 10 % - change of the charge carrier
removal rate (0.1-no (poy/ F) from the initial concentration values of n-type (a) and p-type (b) Si
samples:
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I-type is Si with RD, p = (4-33) Ohm-cm for n-Si<P> (1) and (3.1-9.1) Ohm-cm for p-
Si<B> (2); Il- type of reference Si with p = (4.6-32) Ohm-cm for n-Si<P> (3) and (2-5.8)
Ohm-cm for  p-Si<B> (4). It is seen, in both sample types the rate of the charge carrier
concentration change increases with charge carrier concentration growth. This effect can be
explained by decrease the micro inhomogeneity degree, i.e. the second mechanism is realized,
because increase of the charge carrier concentration causes the decrease of the conductivity
dispersion (potential barrier amplitude) in the silicon volume [3]. Essential growth of the charge
carrier removal rate for the I- type samples in compare with n- type samples can be explained by
decreasing in disordered region.

Thus, basing on the obtained results we can suggest, that in the compensated Si with DEL
more than two mechanisms realized, which explain stabilization of electrophysical parameters of
materials to the influence of penetrating radiation and allow to estimate contribution of the third
mechanism.

The work was performed in the frame of F2-FA-F121 grant from the Committee of
coordination and development of Science and Technology at the Ministry Council of RUz.
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DIELECTRIC PROPERTIES OF COMPOSITES OF NANO-Si/U3s0Os SYSTEM
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Compounds based on Si and uranium oxide of different modifications are of great
importance in the field of nuclear energy and material sciences. Alloys based on Si-U may be
used as nuclear fuel in different types of nuclear reactors. As a result of the interaction of
uranium oxide and silicon compounds it can be obtained a number of compounds which are of
great scientific and practical importance in the field of radiative study of materials. In this aspect
the presented work devoted to study of the electrophysical properties of the composite systems
of nano silicon (nano-Si) with uranium oxides (UsOg) is sufficiently relevant. Nano-Si powders
with a particle size of ~ 50 nm of the brand Silicon Nanoparticles Cubics and U3Og with a
certain content of components by volume are mixed and compressed at a pressure of 300 N/cm?.
The obtained tablets are sintered in deaerated quartz ampoules at the temperature of 1000-
1200°C for 100 hours.

The value of the capacitance C and dielectric loss tangent tgd of the studied sandwich-
structures was determined using immitance meter E7-20. The temperature dependence of the
capacitance C and tgd was performed on samples in an open atmosphere in the shielded
measuring cell with heating at a heating rate 2,5K/min. Measurement error did not exceed 5%.
Then, based on the measured capacitance C and by the geometry of the sample it was determined
the value of the modulus of the dielectric constant using the formula of a plane capacitor:

e=Ce+d/eS
where C - the measured capacitance of the sample; d and S - its thickness and area; €o - dielectric
constant. Measurements of the frequency dependence have been carried out in the range of 25 -
108 Hz.
Fig. la,b shows the temperature dependence of € and tgd composites of nano-Si/UsOg with
different volume content of U3Og, measured at a frequency of 1 kHz.
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Fig.1. Temperature dependence of ¢ and tgd composites of nano-SilU3Og at vmes. = 1kHz;
1-99% Si: 1% U308; 2-90% Si: 10% U308; 3 to 80% Si: 20% U308; 4 70% Si: 30% U308;

Temperature dependences of € and tgo for each sample were measured twice. After 30 minutes,
after the first heating-cooling of the sample it has been conducted the second measurement. As it
IS seen, in the studied temperature range of ¢ = f (T) dependence it is observed maximum
permittivity in the range of 313-353K. We consider that the appearance of this peak is mainly
due to moisture adsorbed from the environmental activities. Thus within the first measurement
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the maximum amplitude is high enough, which proves the correctness of the above-mentioned
assumption. In further at high temperatures, there are two maximum amplitudes of which
increase with increasing content of the radioactive component of UzOs. It is known that the solid
dielectrics of ionic structure possess ionic and electronic polarization. The increase in
temperature leads to a decrease of the interaction forces between ions and growth of their
degrees of freedom, which is accompanied by the increase in ion-relaxation polarization in nano-
Si/U30g system. Besides, the growth of € may occur due to the Maxwell-Wagner polarization, ie.
due to the accumulation of carriers at the interface Si - U3Os. Literary data and measurements of
temperature dependence of the resistivity of nano-Si/UsOsg system shows that the value of the
resistivity of the components differ in 4 + 5 order, which speaks in favor of the Maxwell-Wagner
polarization. This mechanism is confirmed by temperature dependences of dielectric loss tgd. At
relatively high contents of the observed three peaks in the temperature dependence of tgd are the
results of the relaxation of Maxwell-Wagner and ionic polarization. High value of dielectric loss
indicates the superiority of Maxwell-Wagner polarization in comparison with the ionic
polarization.

The study of the frequency dependences of & and tgd of nano-Si/U3Og system with
different volume content of U3Og (Figure 2 a and b), shows that the dielectric constant of the
samples after the peak or shoulder in the low frequency decreases monotonically with increase of
frequency of the measuring field.
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Fig.2. The frequency dependence of & and tgd of composites of nano-Si [ U308 at Tmes. = 300 K;
1- 99% Si: 1% U308; 2 - 90% Si: 10% U308; 3 - 80% Si: 20% U308; 4- 70% Si: 30% U308;

Leverage tgd and incident portion € (v) are the same by frequency, and this shows the relaxation
nature of the variation of dielectric constant.

As already mentioned earlier, at the interface of components in an alternating electric
field it occurs an accumulation and redistribution of free electric charges (volume polarization of
Maxwell-Wagner), which distort the original internal electric field. It is known that at low-
frequencies the changes in the polarization of composite materials are determined by their
conductivity, and at high frequencies — by dielectric constant. Therefore, the decrease of & within
the increase of the frequency of the measuring field can be explained by the appearance of a
relatively strong internal field in UzOs having semiconductor properties and leading to
polarization of Maxwell-Wagner. In conclusion we can say that the dielectric relaxation and
polarization processes in composites of nano-Si/UzOg system are defined by the ratio of values
of the dielectric constant and electro conductivity containing their components.
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INFLUENCE OF THE SPACER - LAYERS ON THE ELECTRICAL
CHARACTERISTICS OF TUNNELING - RESONANT DETECTORS

T.A. Gasimova, F.R. Samedov, S.G. Aliyeva, V.B. Aliyeva,
L.L. Azizova, G.G. Ibishova
Research Institute of Aerospace Information, Baku, Azerbaijan

Tunneling - resonant diodes (TRD) are a promising element base to create new photonics
devices. The purpose of this work, study the influence of the spacer - layers to form VAC TRD
in the negative differential conductivity. TRD were fabricated by molecular - beam epitaxy on
installing "NAIBE - 7UD". First subscription-grown layer n + - GaAs thickness of 1.5 microns.
As a barrier, it was used Pt / As thickness of 3 nm, wherein the impurity concentration was not
more than 1015 cm™. Next it was grown GaAs thickness of 4 nm and an impurity concentration
of not more than 1,5 - 1014 cm-3, which plays the role of the potential well. Then was grown
symmetrical barrier layer. Spacer — a layer from the side of the emitting contact had thickness of
12 nm. The emitter contact of n + - GaAs had a thickness of 0,6 microns. As ohmic contacts
system used Pt / Pd. TRD formed as a mesa structure with a radius of 6 microns emitter contact.
It should be noted that, on the VAC of some devices it was observed bistable areas, which in our
opinion, due to the great resistance ohmic contacts. In addition, in the act of direct inclusion on
the area of VAC with NDC (negative differential conductance) was observed stairs and even
increase current. However, for device parameters determined from experimental VAC, and
evaluation of their inductance of the criteria should be that in this case the goal of sustainability
was provided. Therefore we consider that features VAC are associated with the presence of a
spacer - layer and features of the charge accumulation in it. And also TRD can be used for
registration of radioactive radiations.
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OBTAINING OF NANOHETEROSTRUCTURE - BASED DETECTOR
TECHNOLOGY

N.F. Kazimov, G.T. Hamidova, A.G. Jamalova, S.A. Alasgarova, N.G. Babayeva
Institute of Aerospace Informatics of NACA, Azerbaijan

In modern times, the most promising method of conversion of solar energy to electrical
energy photoelectric method. It is expected that the amount of carbon dioxide emitted into the
atmosphere over the next 20 years will be decrease by 350 million tons, and in 2030 the power of
the sun photoenergy will exceed 650 QVt. The most important disadvantage of conventional
solar cells is their low energy efficiency. The main reason for the increase in the efficiency of
solar cells is provision of transformation of electrical energy in the more sunlight falling part of
element. You can accomplish this with only using nanotechnology.

Using by epitaction of gas phase method, has been developed multycascading
photoelectric converter on the basis of PtSi\GaAs\GaAs\Pt.Si on the lead "ANAD - AS". n and
p-type germanium has been used as a sole material. Thin sections of PtSi / GaAs and
GaAs\Pt2Si which  combined with each other’s by the tunnel heterostructures, has been used as
a light-sensitive element. The lower part is composed of the n - Ge and p — Ge and the width of
the forbidden zone equals 0.66 eV. Average element was organized with n - GaAs and p - GaAs
and Eg =1.24 eV . Itis provided tunnel links between the elements, which conductance is p -
GaAs / n - GaAs and p - PtSiGaAS / n - GaAsPt2Si. In technological processes it was formed
PtSi and Pt2Si based oxide layer thickness of 30 - 40 A® and in this reason there is no need for the
construction of an additional dielectric layer. We can deliver the total number of cascade to 8. In
the future it is expected that the efficiency of multiple cascading solar photoconverters can
increase to 30 % , it is almost 1.5 times higher than that of the traditional elements of the sun.
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DETECTOR WITH BARRIER OF SCHOTTKY BASED Pd2Si - p—Si

S.I. Huseynova, F.R. Samedov, S.E. Jalalova, A.F. Mamedova, D.I. Alieva, T.A. Hasanova
National Aerospace Agency, NASA, Baku, Azerbaijan

Detectors Schottky diodes based on noble metal silicides have the highest uniformity of
sensitivity of the receiving elements in the matrix.

We have made detectors based nanocontact palladium silicide - silicon (Pd2Si - p - Si).

Palladium silicide formed by thermal evaporation in vacuum palladium 6 * 10-6 Torr. On
the silicon wafer is chemically cleaned p - type with a resistivity of 10 ohm ¢ cm, followed by
thermal treatment under vacuum at a temperature of 373 - 733 K.

Structure of the silicide films were studied by electron diffraction eV - 100 method for
reflection.

The electrical and photovoltaic characteristics of the structures at 80-373 K. As shown by
studies, so due to the photoemission of holes in Pd2Si p - Si gets a theory Fowler. Spectral
sensitivity lies in the range 1.36 - 3.20 mm and dependent on the treatment time.

Built energy band diagram of the structure on the basis of Pd,Si - p - Si. Studies have
shown that the structure Pd>Si - p - Si except photodiodes can also be used for manufacturing
surface - barrier diodes and phototransistors working in NC — spectrum.

To optimize the parameters of photodetectors mathematical model was developed
contacts of this type. As a result of this model has been obtained experimentally increasing
ideality factor of 1.6.

Prior to this, the optimum thickness of the silicide for devices of this type was considered
~ 100 nm. However, of the proposed model follows that to increase the sensitivity of infrared
photodetector silicide film thickness should be about 60A0.
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RECEPTION AND RESEARCH OF MEDICAL AND BIOLOGIC PROPERTIES
LABELED TECHNETIUM-99M CIPROFLOXACIN OF THE HYDROCHLORIDE

IN.V. Varlamova, V.S. Skuridin, 1E.A. Nesterov, 1L.A. Larionova, 2S.l. Sazonova
Tomsk Polytechnic University, Tomsk, Russia,
?Institute of Cardiology, Tomsk, Russia
varlamova@tpu.ru

Are carried out researches on creation of a reagent (in the form of a standard set to the
generator technetium-99m) for reception labeled technetium-99m antimicrobial preparations. For
carrying out labeled in dry sterile mixes ciprofloxacin a hydrochloride with reducing agent -
chloride of tin (SnCly) with a various parity entered eluate from the generator technetium-99m
and incubated during 20 mines at a room temperature. An estimation of influence of components
of a reactionary mix on radiochemical cleanliness received preparations spent a method thin-
layer chromatography in various environments. Formation colloid the tin absorbing more of 70
% of a radioactive label is noted.
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Fig. 1. Change of radioactive colloid content in
radiopharmaceutical as a function of pH.

Ways of decrease formation of colloid by change pH a preparation, and also due to
reduction of concentration SnCl in an initial set are investigated. Optimization of structure of a
reagent is lead.
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Fig. 2. Change of radioactive colloid content in radiopharmaceutical as a function Sn(ll) content.

On experimental animal (rats and rabbits) with model of an inflammation of various
localization (joints, soft fabrics, easy, the belly cavity) is shown diagnostic suitability labeled
antibiotics for detection of inflammatory processes.
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Fig. 3. Scintigram of rabbit body with abscess produced at 1.5 h after i.v. injection of «Ciprofloxacin,
%mTey. The radiopharmaceutical accumulates at the septic site.

Fig. 4. Scintigram of rabbit body with aseptic inflammation near the right shoulder produced at 1.5 h
after i.v. injection of « Ciprofloxacin, ®"Tcy. The radiopharmaceutical does not accumulate at the
injured site.

At studying pharmacokinetics of the received preparations their primary accumulation in
kidneys and a liver is revealed, at insignificant accumulation in bodies mediastinum and a bone
brain that opens prospects of use of these radiopharmaceuticals in pulmonological, a
cardiological and orthopedic practice.

15%

4% 3% 1%

[0lungs @ intestines m blood = liver m Kidneys |

Fig.5. Results radiometry of organs and tissues of rats after intravenous introduction « Ciprofloxacin,
¥mTew (in % from the entered doze on 1 g tissue)
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PREPARATION OF NANOCOLLOIDS BASED ON MODIFIED DTPA
MOLECULE LABELED WITH TECHNETIUM-99M

E.A. Nesterov, V.S. Skuridin, M.L. Belyanin, N.V. Varlamova, V.L. Sadkin, A.S. Rogov,
E.S. Stasyuk, L.A. Larionova
Tomsk Polytechnic University, Tomsk, Russia
nesterov_evgeny@mail.ru

Optimal method of «sentinel» lymph node detection considers the use of colloid
nanomaterials labled with technetium-99m for scintigraphic or radiometric detection of node
localization. Extensive coordination chemistry of technetium provides us with various simple
and complex biologically active coordination compounds possessing the desired properties.

The method for preparation of new nanocolloid chemical systems based on modified
diethylene triamine pentaacetic acid (DTPA) molecule has been elaborated in this work . The
main advantage using DTPA as chelate agent for radioactive label, is the molecule or it’s
derivative ability to form sufficiently stable complexes with different radioactive metals
including technetium-99. The DTPA molecule is highly hydrophilic and that’s why being unable
to form colloidal particles. Hydrophobic functional group addition gave the ability to prepare
insoluble modified complex of DTPA. Nanocolloids called Nanotom.

H,, PdIC5 %

Figure 1. The scheme of synthesis nanopreparations Nanotom.

Technetium-99m was obtained from the generator technetium «99mTc-GT-TOM»
manufactured in Tomsk Polytechnical University of waste technology.

Preliminary research of compound transmission density, show’s that the middle diameter
of generated colloids is approx. 100 nanometers. But the middle radiochemical emission of
nanocolloid, which have the diameter less than 100 nanometers, is about 80%, and this is close to
foreign analogs rate. Radiochemical purity obtained nanopreparations is about 50%.
Radiochemical purity was determined by using the "GammaSkan-01A."
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Figure 2. Molecule nanopreparations Nanotom.

The result of dynamic scintigraphic research showed, that after being injected, the
substance is actively acumulated into lymphatic system. Eventually one can say that modified
nanocolloids are functionally suitable for lymphoscintigraphy and «sentinel» node visualization.

L
Figure 3. Scintigram rats performed 2 h after injection of the radioactive nanocolloids.

Amount of radioactivity at the injection (I) is 45,3% of the total administered dose, in the
inguinal lymph node (L) - 5,2%.
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ASTROPHYSICAL NEUTRON CAPTURE ON O

133,B. Dubovichenko, 13A.V. Dzhazairov-Kakhramanov, 1?N.V. Afanasyeva
LV. G. Fessenkov Astrophysical Institute “NCSRT” NSA RK, Almaty, Kazakhstan
2 Al-Farabi Kazakh National University, Almaty, Kazakhstan
3 Institute of Nuclear physics NNC RK, Almaty, Kazakhstan
dubovichenko@mail.ru; albert-j@yandex.ru

Continued interest in the study of processes of the radiative neutron capture on light
nuclei at low and ultra-low energies is due to the importance of this process in the study of many
fundamental properties of nuclear reactions and wide application of the data on the capture cross
sections in a various fields of nuclear physics and nuclear astrophysics, for example, in the
process of studying of primordial nucleosynthesis reactions Therefore, continuing the analysis of
the processes of radiative capture of neutrons by light atomic nuclei, which are included in the
main chain of primordial nucleosynthesis reactions [1]

- ZC(nY)RC () HC(p,y) PN(ny) °N(B) O ()70 ...
on the basis of the potential cluster model (PCM) with the forbidden states (FS) let's consider the
n*0—10y reaction at astrophysical energies, which apparently occurred at different stages of
the Universe evolution [2,3]. As the interaction potentials of clusters the Gaussian potentials with
the FS consistent with the characteristics of the ground state of 'O in n+'%0 channel and phases
of the elastic n+%°0 scattering at astrophysical energies have been used.
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Fig. Full cross-sections E1 and M1 p*®O-capture on the first excited 1/2*-state *’O. Experimental data:
e — from the works /4/, m — /5], A —[6].

The results of calculations of the total cross sections for the transition to the first excited
1/2* state of 7O with taking into account the M1 transition from the S scattering wave at 10
meV-1.0 MeV are shown in figure by the solid curve. The dashed curve in the figure shows the
results for the cross sections of M1 process only, but the dotted curve corresponds to the E1
transition. The last cross section have been obtained for the E1 transitions from the P32 and 2Py
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scattering waves at energies up to 1.3 MeV without the second resonance in the P, wave at

1312 keV, i.e. 2P1,2 +2 Ps/0 —? Sy/o . This figure shows that the E1 cross section drops

dramatically and at 100 eV is approximately three times less than the cross section of the M1
transition from the 2S scattering wave.

It should be made a special emphasis that only the 2Sy, scattering potential with the FS lets
to describe correctly the total capture cross section at energies 25 meV. If the potential without the
FS is used, so none of its parameters are not able to reproduce correctly the behavior of the total
cross sections at this energy. This behavior of the cross section is explained by shape of the wave
function of the 2Si,, scattering wave which in the presence of the FS oscillates at short distances,
even at energy 25 meV, and leads to a minimum value of the cross section [7].
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NEUTRON CAPTURE BY N AT ASTROPHYSICAL ENERGIES

133.B. Dubovichenko, 2N.V. Afanasyeva
Y. G. Fessenkov Astrophysical Institute “NCSRT” NSA RK, Almaty, Kazakhstan
Zal-Farabi Kazakh National University, Almaty, Kazakhstan
3Institute of Nuclear physics NNC RK, Almaty, Kazakhstan
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Continuing the study of neutron capture reactions on light nuclei, which come in various
thermonuclear processes [1], let us consider the n™®>N—®Ny reaction at low energies. To analyze
such processes we usually use the methods of calculations based on the potential cluster model
(PCM) of light atomic nuclei with the forbidden states (FS) [2,3]. The presence of the FS in the
wave functions (WF) is determined on the basis of the classification of the orbital states of
clusters according to the Young tableaux. This classification was described in Ref. [3,4]. In the
approach used the potentials of inter-cluster interactions for scattering processes are constructed
on the basis of the reproduction of the elastic scattering phase shifts taking into account their
resonance behavior [5]. For the bound states (BS) or ground states (GS) of nuclei generated in

Fig. The total cross sections of the n®>N—'°Ny process. Experimental data: e — [8]. The curves correspond
to the calculation of the total cross sections for the transitions to the ground and excited states in the energy
region from 1 eV to 1 MeV.

the reaction channel which coincides with the initial particles the intercluster potentials are
constructed according to the description of the binding energy of the particles in the final nucleus
and some of the main characteristics of these conditions [6,7].

The results of our calculation of the 3F’2 -’ D, total cross section of the E1 capture to the

ground state and of the [6(EL’P, —»° D,)+o(EL"R —"' D,)]/2 transitions to the GS are

shown in figure by the dotted curve. In addition the figure shows the total cross sections of the
five transitions to the first three excited state (ES) (the dashed line). The sum of all eight
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examined processes is shown in this figure by the solid line, which describes well enough the
experimental data [8]. It should be noted that due to the large width of the resonance of the phase
which is given by the Py potential, the width of the resonance of total cross sections is slightly
overestimated in these calculations that leads to a somewhat overestimated value of the cross
section at the energy 370 keV [8] near the resonance.

Thus, the inter-cluster potentials of the different bound states built on the basis of obvious
requirements on the description of the binding energy, root mean square radii of *®N nucleus and
values of the asymptotic constant (AK) in n+*N channel allow in whole to reproduce correctly
the available experimental data on the total cross sections of the radiative neutron capture in **N
at thermal (~ 1 eV), astrophysics (~ 1 keV) and low (~ 1 MeV) energies [9].
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NEUTRON CAPTURE ON °Be AT THERMAL AND ASTROPHYSICAL ENERGIES
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First note that within the approach used here, namely, the potential cluster model (PCM)
with the classification of the orbital states according to the Young tableaux and the forbidden
states (FS) [1,2] earlier 20 capture reactions of protons, neutrons, and light clusters on the 1p
shell nuclei at astrophysical energies have been considered in [1-5]. Therefore, continuing the
study of neutron capture reactions on light nuclei in the PCM with the FS [1,2,6] we consider
here the reaction n°Be—%Bey at thermal and astrophysical energies. As before assume that the
interaction potentials must correspond to the orbital symmetries classification of cluster states
[6], as was done in our previous works [1-5,7] for other nuclear systems involved in various
thermonuclear processes and primary nucleosynthesis reactions [1,2,8].
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Fig. The total cross-sections of the radiative neutron capture on °Be taking into account the resonance
at 622 keV. Points (®) are experimental data from work [9] at 25 meV and squares (m) are
experimental data from [10] at 25 keV.

The results of calculation of the total cross sections of the radiative neutron capture on
°Be are shown in Fig. Here the transitions from 3S scattering wave to the ground state (GS) of

10Bg, i.e. the 381 —3 Pol process, the 381 -3 P02 transition to the fourth excited state (ES) with
the same momentum as well as the transitions from 3S scattering wave to the first and second

excited states (ES) of °Be, i.e. °S; —>° Py and 3S; > P2, have been taken into account.

The total cross-section of these transitions is shown in Fig. by the dot-dashed curve. The
dashed and dotted curves shows the results for the transition from the D3 scattering wave to the

1%t and 2" ES of 1°Be, i.e. 3D3 -3 Pél and 3D3 -3 le. The solid curve corresponds to the total
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cross section of all considered above transitions [11]. The dash-dot-dotted curve shows the cross
sections for the transitions from all 3P scattering waves without the resonance in the 3P, wave at

0.812 MeV to the third ES of B, i.e. 3Po +° Pl+3 P, -3 S, which exceed the total cross

sections for the first four transitions from the 3S wave at energies above 200 keV. However,
these cross sections do not practically affect the total cross sections because the maximum values
of the cross sections for these transitions are in the region of 3Ds resonance, the cross sections of
which are greater by three orders of magnitude.

7.
8.

9.
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MICRO-PIXELS AVALANCHE PHOTODIODES AS RADIATION DETECTOR
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237. Sadygov, 1S. Suleymanov, F. Zerrouk, 3V. Zhezher
2 Institute of Radiation Problems, ANAS, Baku, Azerbaijan
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3 Joint Institute for Nuclear Research, Dubna, Russia
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Micro Pixels Avalanche Photodiode (MAPD) is a novel solid state photo detector with
high internal gain (10%-10%). MAPD has some distinguishing features, such as low operating
voltage, high gain, high sensitivity for single photons in wide spectral range, insensitivity to
magnetic field and compact sizes and all these successes allow using MAPD instead of
photomultiplier tubes in many experiments [1-6].

Two type MAPD devices were produced for different experiments. One of them consists
of an array of small pixels (p-n-junctions) with typical dimensions 10-100 pm created on the
surface of silicon substrate. Each pixel was connected with a common bias line by an individual
film resistor. Pixels gain was 10° -10° and density was 500-1000 pixel/mm?.

Second device consists of silicon substrate with n-type of conduction on the surface of
which two 4 um deep epitaxial layers with the same specific resistance of 7 Q-cm are grown. An
array of highly doped regions with n+-type of conduction with a step from 5 to 15 um,
depending on implementation, is formed between the epitaxial layers. This provides for increase
in pixel density up to 15000 channels per mm? and makes entire device surface sensitive. Pixels
gain range 10*-10°. Gains of MAPD diodes were 5.5x10% respectively at operating voltage.
Capacitance of the MAPD diodes reached up to 120 pF. Maximum photon detection efficiency
of the MAPD was more than 30% around 450-525 nm photon wavelengths. Dark currents of
MAPD diode was 50 nA respectively at operating voltage. The tested MAPD samples were
developed in collaboration with Zecotek Photonics Singapore Pte. Ltd. [7].

In this work, we report the results of gamma-ray, alpha particle and neutron detecting
measurements performed using LFS scintillation crystal by MAPD (15000 pixels/mm?). The
gamma ray detection performance investigated in the range of energy 59.6keV — 1.3MeV at
room temperature. Energy resolution was 11% and 6.35% for Cs-137 and Co-60. There is one
measurement we confirmed to see that, the separation of the gamma rays, where energies to
closed each other. For this measurement Am-241 and Cd-109 sources placed together in front of
the detector.

Obtained results showed these detectors could be used in many fields e.g. Geology
(monitoring and exploration of oil and gas fields), Medicine, Border Security and Monitoring of
Contamination areas.
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PORTABLE AND MICRO X-RAY FLOURESCENCE INVESTIGATIONS OF THE
WALL PAINTINGS BELONGING TO DIFFERENT PERIODS
OF ANATOLIAN HISTORY

A. Zararsiz, L. Ozen, Y. Kalayci
TAEA, Saraykéy Nuclear Research and Training Center
Museum of Anatolian Civilizations
TAEA, Saraykéy Nuclear Research and Training Center
abdullah@taek.gov.tr , latifozen@gmail.com, yakup.kalayci@taek.gov.tr

The communities which have lived in different periods of time have revealed different
cultures during the 12 thousand years old cultural heritage in our country, Turkey. Several wall
paintings were uncovered in the excavations between 1961 and 1964 at Catalhdyiik, which is the
location of the first inhabitant civilization in Anatolia. Similarly, Lydians who had lived on
Western Anatolia and Phrygians who had settled in the Middle Anatolia left remarkable cultural
assets to present that shedding light on those days.

In this study Portable X-Ray Fluorescence Spectrometer (p-XRF) and Micro X-Ray
Fluorescence Spectrometer (u-XRF) were used for investigating the pigments on the Catalhoyiik
wall paintings from the Neolithic Period which are located in Museum of Anatolian
Civilizations; the Lydian frescoes from Karun Treasure Group which are displayed in the Usak
Archaeology Museum and Phrygian Fresco pieces that were uncovered at Gordion, the capital of
Phrygian Kingdom (Figure 1).

P S

Figure 1. P_XRF and Micro_XRF Spectrometers

Totally 15 artifacts were investigated in this study and the elemental compositions of the
pigments were identified on this paintings (Figure 2).

S, et TR it

Figure 2. Cathalhoyiik, Lydian and Phrygian Wall Paintings

Interpretations were performed by comparing the spectrum obtained from the analysis of
pigmented areas with the background spectrum. From the results of the analysis of Catalhoyiik
wall paintings, it was determined and documented that there are subsequent interventions on
some painted areas. Also on Phrygian wall paintings, analysis have shown that red color is a
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treated type of cinnebar (HgS) named Vermillion and the Green color was made a copper
mineral probably malachite (CuCOs-Cu(OH)2 (Figure 3). The similarities and differences on the
wall paintings among different periods and cultures have also been revealed. Furthermore, the

results gained from this study provide important data and knowledge for the restoration and
conservation of these artifacts.
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Figure 3. XRF Spectrums of Phrygian Wall Paint
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ALTERNATIVE ENERGY IN OIL TRANSPORTATION

H.M. Mahmudov, P.F. Rzayev, F.A. Salmanova
Institute of Radiation Problems, ANAS, Baku, Azerbaijan

A few percent of the oil are used to cover own needs as an energy sources in the oil
transportation processes. In the terminals, pumping and pigging stations, valves for production of
electricity by the generators and Turbo-generators the organic fuel are used. The transportation,
storage and incineration of organic fuel facilities creates a number of environmental problems
and reduces the total energy efficiency of the oil transportation processes. In the presentation the
opportunity of application of solar cells as an energy source in the low—energy capacity (up to 25
kW) facilities will be reported. For this purpose, the inventory of energy use in the low-energy
capacity facilities of the Baku-Thilisi-Ceyhan and Baku-Supsa oil pipelines has been conducted.
It has been shown that there are 101 valve stations in the BTC pipe-lines, where solar panels can
be used as an energy source.

The changes of intensity of solar energy along the East-West energy corridor are listed in
the following table 1.

Table 1. Intensivity (W/m?) of Solar radiation along the East-West energy corridor

Territories Direct radiation Diffuse radiation Scaterred radiation
Summer Winter Summer | Winter Summer Winter
Baku-Kurdamir | 760-850 320-350 290-350 | 220-300 240 300
Ucar-Geranboy | 815-910 330-360 295-310 | 300-315 133 191
Genja-Gazakh 583-760 440-495 405-415 | 400-405 408 447

On the basis of the figures shown in table 2 for replacement of generators with capacity 5 -
20 kW the parameters of the solar-energy facilities have been estimated.
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LONG-RANGE TRANSBOUNDARY AIR POLLUTION STUDIED BY NUCLEAR AND
RELATED ANALYTICAL TECHNIQUES IN EUROPE

M.V. Frontasyeva
Sector of Neutron Activation Analysis and Applied Research, Division of Nuclear Physics Frank
Laboratory of Neutron Physics, Joint Institute for Nuclear Research
Dubna, Moscow Region, Russian Federation
marina@nf.jinr.ru

Since 1995 Sector of Neutron Activation Analysis and Applied Research of JINR
contributes to the UNECE International Cooperative Program «Atmospheric Heavy Metal
Deposition in Europe: — estimations based on moss analysisy». Terrestrial moss as a biomonitor
of air pollutants is widely used in the European moss surveys since the late 1970s. The data from
these surveys allow both spatial and temporal trends in trace metal deposition to be examined,
and the areas where deposition of heavy metals from long-range trans-boundary air pollution is
high to be identified. The results obtained at JINR, Dubna, were reported to the European Atlas
(edited under the auspices of the United Nations) from the moss surveys in 1995/1996,
2000/2001, 2005/2006, and 2010/2011 (H. Harmens et al.) in some selected areas of Russia
(Moscow, Tver, Yaroslavl, lvanovo, Kostroma, Tula, Leningrad regions; South Urals, Republic
of Udmurtia), and in some JINR member- and non-member states: Albania, Belarus, Bosnia,
Bulgaria, Croatia, Macedonia, Poland, Serbia, Slovakia, Romania, Ukraine, and Turkey (Thrace
Region). Similar biomonitoring projects were initiated by JINR in Asia: in Mongolia, Vietnam,
South Korea, and Thailand. A combination of instrumental epithermal activation analysis
(ENAA) at the reactor IBR-2, FLNP JINR in Dubna and atomic absorption spectrometry (AAS)
in participating countries provides data for concentrations of about 40 chemical elements (Al,
As, Au, Ba, Br, Ca, Cd, Ce, Cl, Co, Cr, Cs, Cu, Dy, Eu, Fe, Hf, Hg, I, In, La, Lu, Mg, Mn, Na,
Nd, Ni, Pb, Rb, Sb, Sc, Se, Sm, Ta, Ti, Tb, Th, V, W, Yb, Zn) that substantially exceeds the
requested number of elements (marked as bold) normally presented in the European Atlas. Not
all these trace elements are strictly relevant as air pollutants, but they come from the multi-
elemental analyses with insignificant extra costs, and most of them can be used as air-mass
tracers. The results of applying Multivariate Statistical Analysis to some datasets obtained are
demonstrated, as well as the examples of GIS (geographical information system) technology
used for the environmental monitoring — distribution of heavy metals over the sampled
territories. Since January 2014 the coordination of the moss surveys is transferred by the UN
Secretariat of Convention on Long-Range Transboundary Air Pollution in Europe to the Joint
Institute for Nuclear Research in Russia with intention to expand the UNECE ICP Vegetation to
the East and South, including such countries as Azerbaijan, Armenia, Georgia, Moldova,
Kazakhstan, Far East of RF, India, Pakistan, China and other south-eastern countries.
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INSTRUMENTAL NEUTRON-ACTIVATION ANALYSIS
OF GEOLOGICAL SAMPLES FOR RARE EARTHS
USING INTERNAL STANDARD METHOD

I.Yu. Silachyov
Institute of Nuclear Physics, Almaty, Republic of Kazakhstan
silachyov@inp.kz

Instrumental neutron-activation analysis (INAA) is one of a few modern analytical
techniques, being applied to solve difficult analytical tasks, such as mineral resources analysis
for rare earth element (REE) content. Being rather simple methodically and hence widely spread,
relative INAA needs the rock reference materials certified for REE content (CRMs) to be used as
calibration standards in the external standard method and to implement the analytical quality
control procedures. No other analytical technique can be used with the latter end in view, since
INAA is possessed of the highest precision among them.

Main disadvantages of the relative method are associated with high CRM expenditures to
carry out analysis, considerable cost and limited choice of the high-quality CRMs, characterized
by low uncertainties of the REE certified values not exceeding (8-10)% (such as the IRMM
CRMs).

Unlike the relative one, alternative Ko-method does not require the CRMs certified for
REE content and hence permits to half the number of the necessary SRMs which are used for the
analytical quality control only. Nevertheless, one can consider Ko-INAA to be more laborious
and less precise due to the effect of thermal and epithermal neutron self-shielding.

In this connection, an internal standard method makes possible both to simplify the Ko-
INAA analytical procedure and to improve analytical precision due to taking account of the
matrix effect in every sample. Substantial neutron flux gradient being revealed inside an
irradiation container, it can be considered automatically too.

Some REE’s neutron activation peculiarities (low values of resonance integral lo to
thermal neutron cross-section oo ratio, Qo = lo /o0, for majority of them) allow making the
procedure still simpler. Having the source of thermal neutrons, mainly, one can reduce the
number of neutron flux parameters used for element content calculation in Ko-INAA method.
Knowledge of thermal to epithermal neutron flux ratio @;/®e = f is necessary in this case only.

Practical implementation of the internal standard method is often based on isotope >®Fe
usage as an internal comparator since it rather suitable for INAA carrying out, and Fe is
characterized by high crustal abundance and is widely spread in all rock types. To calculate f
value in every sample, at least one more additional widely spread element is necessary with high
Qo value. Depending on its chemical content in the samples, it may be Rb, Sr, Ba, Cs, Th, or U.
These elements content of the samples must be analyzed by other independent analytical
technique, necessary precision being kept in mind. For example, EDXRFA makes possible to
analyze Fe content of the rocks, which are more than 2%, with the relative uncertainty (2-8)%,
and this is quite comparable with the REE certified values uncertainties of the high-quality
CRMs.

As the Ko-IAEA Program Manual reads [1], it can be assumed that f value do not vary at
all in an irradiation container, and not even from day to day. Hence, if the samples are irradiated
in one and the same position of a channel for which the flux parameters are known, and the
conditions of INAA carrying out not resulting in neutron flux degradation inside the sample
volume are observed, then there is no need to calculate the f value inside every sample. In this
case, to determine mass fractions of the analyzed elements using the internal standard method,
only element-comparator content of the every sample must be known.
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In order to check experimentally the stated approach to REE content calculation by the
internal standard method, relative bias values of this approach should be estimated.

The investigation was carried out using the light-water research reactor WWR-K as the
source of thermal neutrons with the flux density about n-10% neutrons/(cm?-s). First of all, one
needed to evaluate 1/f value and its time stability in any position of the selected irradiation
channel reserved for INAA implementation. Since the study was not planned in advance to enjoy
the benefit of flux monitors or Au cadmium ratio, it was decided to use with this end in view the
archival INAA measurement results on several SRMs (rocks), certified for Fe content and for
some other elements of interest. The CRM samples, 100 to 200 mg of the mass, were irradiated
for 1 or 2 hours in the same position of the channel number 8-9. After 1 week at first and then 3
weeks more of the decay time, gamma-spectrometric measurements were carried out with the
help of an extended range coaxial pure-Ge semiconductor detector GX-5019.

Solving the main equation of

::: { } . ne:utron-activation analysis for two eleme'nts

- ‘ S with respect to & /&, the corresponding
S oos | e, values were calculated using Fe and some
°'°’°i other elements as reference pairs. After
o % = e Z screening process, only Fe-Np(U) and Fe-
number of measurements Cs pairs were left as the most consistent

ones to estimate @. /¢ mean value. The

Fig. e /@1 values by CRM measuring. latter appeared to be 0.0275 (with one sigma

equals to 0.0015), which is a typical value for a light-water reactor. Scattering of @./®; separate
values based on 41 independent measurements, carried out within several months, is presented
here.

At the next step, using a great massif of archival data (from 50 to 70 CRM measurements
for every REE), correcting factors k; close to 1 were evaluated which are used to calculate any Fe
content into individual REE content by the internal standard method. Five to twelve different
types of CRM — rocks, soil, flying ash, bottom sediments, depending on specific REE, were used
to make this estimation. All these CRMs were used earlier to calculate REE content in rock
samples by INAA relative method.

To assess relative bias of the approach, three different CRMs certified for REE content,
but not for Fe content, were selected: BCR-667 (estuarine sediment, IRMM), CC-690
(calcareous soil, ERM), and SL-3 (river sediments, IAEA). Fe content of these CRMs was found
by EDXRFA method by the certified analytical technique, with the help of a spectrometer RLP-
21T (Kazakhstan). The samples were prepared, irradiated, and measured as described above.
Relative bias values of REE content measuring in these SRMs were estimated as (Cinaa/Ccrwm -
1)-100%, where Cinaa — is @ REE content by INAA internal standard method, Ccrm — REE
certified values. The rounded relative bias values are presented in the Table. "No" means absence
of a certified value.

Table. Rounded relative bias values of REE measuring in CRMs by INAA
internal standard method

Sc La Ce Nd Sm Eu Gd Tb Ho Tm Tb Lu
BCR-667 4 9 0 -4 9 8 -7 1 4 9 5 10
CC-690 0 1 -6 -1 1 No -3 -2 No 7 5 No
SL-3 -2 1 2 -3 6 -5 No -5 No No -7 -8

These preliminary results showed the possibility of REE analysis of geological samples by
a single-comparator INAA internal standard method with relative bias <10%, thus opening
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prospects to elaborating a full analytical technique with the pre-established precision factors.
This approach will be verified further with a number of different rock samples simultaneously

analyzed by an INAA certified analytical technique.
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CHARACTERIZATION OF THORIA PELLETS OBTAINED VIA SOL-GEL AND
POWDER METALLURGICAL ROUTES

A. Yayli, E. Kesaf, I. Ozdemir¢, A.S. Sokiicii, F. Can
Yarimburgaz Mah. Niikleer Arastirma Merkezi Yolu, Kiictikcekmece, Istanbul, Turkey
ahmet.yayli@taek.gov.tr, esra.kesaf@taek.gov.tr

Thorium, as well as uranium, can be used as a nuclear fuel. Although not fissile itself,
thorium-232 (Th-232) will absorb slow neutrons to produce uranium-233 (U-233), which is
fissile. Hence like uranium-238 (U-238) it is fertile. In one significant respect U-233 is better
than uranium-235 and plutonium-239, because of its higher neutron yield per neutron absorbed.
Given a start with some other fissile material (U-235 or Pu-239), a breeding cycle similar to but
more efficient than that with U-238 and plutonium (in slow-neutron reactors) can be set up. The
Th-232 absorbs a neutron to become Th-233 which normally decays to protactinium-233 and
then U-233. The irradiated fuel can then be unloaded from the reactor, the U-233 separated from
the thorium, and fed back into another reactor as part of a closed fuel cycle. Over the last 30
years there has been interest in utilising thorium as a nuclear fuel since it is more abundant in the
Earth's crust than uranium. Also, all of the mined thorium is potentially useable in a reactor,
compared with the 0.7% of natural uranium. Turkey has one of the most thorium resources of the
world and thorium is a nuclear fuel candidate for near future. Thoria is very stable and has
highest melting point in oxide ceramics. Conventional route is for thoria preparation oxalate
precipitation method. Thoria powders that obtained by oxalate route have some disadvantages
(not free flovable, not direct pressable etc.). Sol-gel route pellet production (SGMP) is an
alternative way to thoria pelet production. In this study at first thoria are obtained by thorium
oxalate route; adding of oxalic acid in to thorium nitrate solution and secondly thoria obtained by
external gelation methot. The both methods thoria powders were pressed in a cylindirical die at
100 MPa pressure. The densities of green pellets are measured by geometrical methods. The
green thoria pellets are sintered in air atmosphere at different temperetures for 4 hours. After
sintering, the densities of sintered thoria pellets are measured by immersion method.
Microstructural investigations of sintered pellets were carried out by ceramographical method in
scanning electron microscope. The results showed that the preparation methods of thoria
powders dramatically affect on end products. Sol-gel method gives higher green and sintered
densities at same conditions.
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ANALYSIS OF GOLD AND SILVER CONCENTRATION IN GOLD MINING
TAILINGS BY NEUTRON ACTIVATION ANALYSIS

I.I. Sadikov, M.I. Salimov, Z.0O. Sadykova
Institute of Nuclear Physics AS RUz, Ulugbek, Tashkent, Uzbekistan
ilkham@inp.uz

Instrumental neutron-activation analysis (NAA) without radiochemical separation is one
of most applicable and often used methods to analyze the concentration of gold, silver and other
rare and noble metals in gold ores. However, this method is not suitable for analyzing low
concentration of gold and silver in gold mining tailings due to rather high concentration of such
elements as Na, S, Mn, Fe, Cu, As, Sb which leads to interferences during gamma spectrum
measurement. Thus a radiochemical separation of Au and Ag from interfering elements is
required to allow a high sensitive analysis of their concentration in tailings. Neutron activation
analysis technique with radiochemical separation has been developed to analyze gold and silver
concentration in gold mining tailings.

Samples are dissolved by boiling in a mixture of concentrated hydrochloric and nitric
acids HCI:HNO:z (3:1) to extract Au and Ag into solution. It has been found that Au and Ag are
extracted into solution completely with a chemical yield more than 98%. During the digestion
other elements such as As, Sh, Fe, Na, K, Cu, Sc and some others also are transferred into
solution.

Though because of it’s very high partition coefficient (> 1000) gold can be effectively
separated by anion-exchange column chromatography from hydrochloric or nitric acid solution
using Dowex-1x8 or AV-17 resin but silver cannot be separated in such a way. Based on
partition coefficients of elements, TBP was selected as the most suitable resin for single-stage
separation of both gold and silver from 1 M hydrobromic acid solution. Partition coefficient of
gold is over 3000 and of silver is about 450 and most interfering elements have partition
coefficients less than 1. Chemical yield of gold and silver after dissolution of the sample and
further chromatographic separation is between 92% and 95%.

Analysis method. After irradiation in the WWR nuclear reactor the sample is transferred
into a glass flask, a mixture of concentrated HCI:HNO3 (3:1) is added and heated to boiling for
20 min. Then the solution is carefully separated from the residue by decantation. The procedure
is repeated three times. The obtained solution is evaporated and dissolved in 5ml of 1 M
solution of HBr acid which is put into a column containing TBP as a fixed phase (column
diameter — 0.5 cm, height of fixed phase — 5 cm). The solution is let to pass the column and
eluted by 20-25 ml of 1 M HBr solution. TBP is taken from the column and put into measuring
PE flask and gamma spectrum is measured.

The developed analytical method can be used to analyze gold and silver concentration
with Detection Limit 0.001 gram per ton (ppm) for gold and 0.1 g/t for silver. The developed
analytical method has been used to analyze the concentration of Au and Ag in different fractions
of over 50 processed tailing samples. Analyses results of some samples are given in table 1.

301


mailto:ilkham@inp.uz

VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

Table 1. Results of the analysis of gold mining tails.

Cau, O/t Cag, O/t
Sar:;ple Fractions Fractions
Initial | Medium Large Magnet | Initial | Medium | Large Magnet
1 1.25 |0.40 0.16 3.20 27.70 |9.40 <150 |33.60
2 0.70 ]0.80 0.40 2.40 17.40 |5.10 11.30 |32.50
3 0.13 |0.13 0.06 0.23 6.40 |3.90 0.65 5.60
4 0.30 [0.30 0.20 0.74 430 |210 0.57 | 15.00
5 021 |0.21 0.25 1.80 890 |0.80 20.30 | 20.50
6 0.70 |1.50 0.08 1.80 850 |6.90 7.70 | 34.40
7 0.16 |0.20 0.13 0.60 7.00 |4.40 3.90 9.70
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POWER NOISE ANALYSIS AT THE IBR-2M NUCLEAR REACTOR

12 .A. Tayibov, R.N. Mechtiyeva
1Joint Institute for Nuclear Research, Dubna, Russia
2 Institute of Radiation Problems, ANAS, Baku, Azerbaijan
taibov@jinr.ru

The IBR-2M pulsed fast research reactor with the nominal power of 2 MW is a
modernized version of the IBR-2 reactor which was shut down in 2006 because its service life
had come to the end [1]. The core and the shell, stationary reflectors, and control and emergency
protection elements were completely replaced in the course of modernizing. The IBR-2M core
differs from the IBR-2 core by a smaller size and absence of the central channel. The IBR-2M
fuel elements are identical to the IBR-2 fuel elements. They are PuO; pellets. The reactor
coolant is liquid sodium. Horizontal section of IBR-2M is shown in Fig. 1.

Fig. 1. Horizontal section of IBR-2M

1 - Water moderators; 2 - Emergency system; 3 - Stationary reflector; 4 - Fuel assemblies; 5
- Cold moderators; 6 - Control rods; 7 - Main moveable reflector; 8 - Auxiliary moveable
reflector.

Neutronic processes in nuclear reactors have a probabilistic character due to the quantum
mechanics of scattering and the stochastics of propagation in materials. Design is mostly
performed using the equations of neutron flux transport (in energy and space) and associated
effects (fission, thermal fluxes, etc). The statistical deviations from average quantities give
however the complete image of neutron physics in the reactor - the so termed Neutron Noise,
described using Markov-chain theories. The theories associated with the underlying stochasticity
that produces these fluctuations are actually century-old [2], stemming from population studies.
It was shown that (Alphonse) de Candolle's conjecture on the extinction of family names [3]
leads, if applied to neutron chains, to non-ergodic behavior. Such theories were picked up in
nuclear physics by Feynman, de Hoffmann and others to describe neutron processes in fission

[4].

For the IBR-2M pulsed nuclear reactor (JINR-Dubna) part is represented by the
reactivities induced by the two moving auxiliary reflectors and part by other sources that are
moderately stable. In the present study, we present real-time algorithms for detecting power
noise baseline and its advantages in the subsequent Fourier (DFFT) processing.

For low frequency power noise monitoring it is in certain contexts impossible to remove
aliasing frequency components, pre-sampling. Although aliasing collision is not present in the
high end of the spectrum, close to fny- this being a naturally free region, in the low region the
post DAQ processing method here presented of raw-baseline subtraction is the only effective
means of aliasing collision suppression. Such context appears for instance when the sensors
delivering the data have saturation and blind-times after high-pulses (for instance of radiation),
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acting as an effective sampling that is not avoidable through filters. Also, very-low pass filters
are difficult to design for 2.5 Hz in the case presented. Digital filters need high sampling rates to
avoid the exact condition that is being presented. Analog active filters have a high-Q, thus broad
band signals have components that bypass them. Passive very-low pass filters are extremely
bulky.

The method presented is feasible in real-time, via a flash updating procedure of the data
on the fly, allowing complex baseline polynomials that in long double precision rank in order up
to k = 40/In(z), where 2z is the number of time-bins of the fit interval.
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NONDESTRUCTIVE METHOD FOR DETERMINING ACTIVITY OF EXTENDED
GAMMA-RAY SOURCES

V.M. Kotov, M.K. Skakov, Yu.Yu. Baklanova, L.A. Yeryqgina, V.l. Suprunov
Branch «Institute of Atomic Energy» NNC RK, Kurchatov
kotovwm@nnc.kz, skakov@nnc.kz, basalai@nnc.kz, yerygina@nnc.kz, suprunov@nnc.kz

Activity measurements of extended sources using nondestructive method are necessary
for solving some practical problems.

In [1] the way to measure the activity of gamma-emitting radionuclides in a linear
extended source, taking into account the contributions of different parts of the source signal in
the detector collimator. Obtained the solution of the integral Fredholm equation of the first kind,
which defines the relationship of a line source activity with recorded intensity. Odds contribution
of each source area measured experimentally.

In this work gamma-ray source is a closed loop of four pipes (steel 12Cr18Nil0T
diameter 57x3,5 mm) with radionuclide deposits on the inner walls. Deposits are the result of the
interaction between chlorine and irradiated beryllium, located at the bottom of a horizontal pipe.
On the one of the vertical sections placed a fridge, on the other —heater.

The coefficients of the contribution of such structures may be calculated analytically.

To find the distribution of activity along the length of individual sections system of
equations solved:

K11-4A1+K12:42+K13-A3+... +Kin-An= P1-R-L/I"

Kn1'A1+Kn2:A2+Knz Az +... +KnnAn=PnR-L/I" (1)

where Kijj — coefficient of the interval j activity contribution on i interval exposure dose
measurement;

Aj —interval j activity, Bq;

Pi —interval i exposure dose, Zv/h;

I — gamma-constant, Zv-cm?h-Bq [2, p.40];

R — distance between source and detector, m;

L — interval length, m.

Algorithm for solving the system of equations (1) has been implemented using a
mathematical package MathCAD 2001.

Figure 1. (a) shows the measured dose rate near the walls, in Figure 1. (b) - the
distribution of radioactivity obtained by contribution method. Activity changes over the interval
length became more strident, but activity values of different sections at their junction closer to
each other than their counterparts — the dose rates.

Lerivaty. bibgom
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Figure 1. Distribution of dose rates («) and deposits activity on the walls (b)

Using the contribution method based on the analytically calculated values of the
contributions of various sites distribution of activity in a closed loop, and their total activity
identified with nondestructive method. The total activity of nuclide ®Co, **Cs and ®™Ag has
good agreement with the data obtained from independent measurements [3].
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CHARACTERISTICS OF GAS-COOLED REACTOR WITH WATER MODERATOR
AND RANKINE CYCLE

V.M. Kotov, M.K. Skakov, A.S. Surayev, L.A. Yerygina
Branch «Institute of Atomic Energy» NNC RK
kotovwm@nnc.kz, skakov@nnc.kz, suraev@nnc.kz, yerygina@nnc.kz

Nuclear energy with both, thermal and fast neutrons, despite on a number of potential
benefits, will economically lose energy on organic fuels, if innovative solutions won’t be found
[1]. In [2] indicates that the channel reactors have advantages because they achieve high steam
parameters and does not cause the need to increase the pressure in the reactor vessel.

In [3] presented a gas-cooled channel reactor with water-moderator, working based on a
piston Brayton cycle engine. Efficiency up to 45% is achieved.

In [4] contains the gas-cooled water-moderated reactor (Figure 1), powered by a turbine
in the Rankine cycle and provides the same high efficiency. This is achieved through the
moderator heat inclusion in cycle and the retarder pressure setting in the steam cycle up to 20,0
MPa and the involving of a three-stage turbine.
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Fig. 1. Gas-cooled reactor with water moderator working lines scheme

As a result of neutron-physical calculations of the reactor core, campaign characteristics
are obtained. Fuel burnup is 22 MW/dayxkg, the campaign is about 500 days. Concentration of
heavy water in a mixture of moderator and reflector water is reduced to 70%, while the fuel
assembly lattice spacing set to 12 cm.

CANDU reactor with the same rate of natural uranium use (fuel assembly spacing is 25
cm) spends much more highly enriched in deuterium heavy water, but achievable fuel burnup
four times less.

Thermophysical calculations of fuel assemblies show that the proposed reactor fuel
assemblies can be constructed in a simplified scheme without heat shield that reduces the
creation costs, the costs of coolant pumping, loss of neutrons and dimensions of the core.

Heat exchangers downsizing and their weight in comparison with the mass of the heat
exchangers of the VVVER-1000 reactor conducted in accordance with the thermal and structural
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calculations are shown in Table 1. Fuel element with a composite metal core, providing high
performance reproduction of fissile material in the reactor is designed.

Table 1. Comparison of heat exchangers parameters

Gas-cooled reactor with water moderator

VVER-1000 Water heater Steam Superheaters
generator 1st 2nd 3rd
Power, MWt 4x800 152,6 415,6 211,4 139,6 102,6
Pressure, MPa 16,0 1 20 5 1,5
Mass, kg 4x264 000 2 265 98597 | 51262 14417 26921
Total mass, kg 1056000 193462
Specific mass (rel. units), referred to:
heat power 1 0,6
electric power 1 0,4

Evaluating of the economic efficiency, carried out on the basis of comparison with the
VVER-1000 leads to the conclusion that the proposed nuclear power plant with gas-cooled
reactor will be competitive and profitable even at annual effective rates over 25%.
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RADIATION TECHNOLOGY FOR TREATMENT
OF PCB-s IN MARINE SEDIMENT

O. Kantoglu, E. Ergun
TAEA, Saraykoy Nuclear Research and Training Center, Ankara, Turkey

PCB is the shortened name for a group of chemical compounds called polychlorinated
biphenyls. PCBs (209 possible PCB compounds) are mixtures of synthetic organic chemicals
with the same basic chemical structure and similar physical properties ranging from oily liquids
to waxy solids. Due to their non-flammability, chemical stability, high boiling point and
electrical insulating properties, PCBs were used in hundreds of industrial and commercial
applications including electrical, heat transfer, and hydraulic equipment; as plasticizers in paints,
plastics and rubber products; in pigments, dyes and carbonless copy paper and many other
applications. Their chemical and physical stability has also been responsible for the PCBs
environmental contamination problem. For this reason, they were covered by the Environmental
Contaminant Act (TSCA). PCBs have entered the environment through both legal and illegal use
and disposal. Since PCBs do not readily degrade in the environment after disposal or
dissemination and are lipophilic, they are persistent and tend to bio-accumulate. PCBs have
been demonstrated to cause a variety of adverse health effects and have been shown to cause
cancer. PCBs have also been shown to cause a number of serious non-cancer health effects,
including effects on the immune system, reproductive system, nervous system, endocrine system
and other health effects. Several treatment process for PCBs are available such as dredging,
microwave-generated steam, incineration, base-catalyzed destruction (BCD), reductive
dechlorination by anaerobic bacteria, the Biotox process, electrochemical methods, thermal
desorption/dehalogenation, sequential anaerobic-aerobic reactions, photocatalytic remediation
and electrokinetic technology. None of these have proven to be completely satisfactory.

The primary objective of study is to achieve total dechlorination of marine sediment
containing PCBs and to convert those PCBs to the biphenyl molecules into benign low molecular
weight compounds by using ionizing radiation. In the current investigation, we examine the
radiation-induced degradation of PCBs in various aqueous surfactant combination solutions. The
radiolytic decay of PCBs in marine sediment in the presence of surfactants is evident in the
initial samples examined. The GC/MS response is diminished in both liquid and solid phases at
250 kGy relative to the mixture that was not irradiated (0 kGy) The compound is completely
eliminated in the liquid phase. On the other hand, application of radiation technology in the
preservation of environment and ecology will be discussed in terms of scientific and industrial
perspective.
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STERILITY AND PROPERTY OF NO RECOVERABLE MEDICAL ITEMS
FROM NON-WOVEN FABRIC

M.Yu. Tashmetov, N.B. Ismatov, Sh.M. Makhkamov, R.P. Saidov, R.G. Abdulmanov
Institute of Nuclear Physics of AS of Uzbekistan, Tashkent, Uzbekistan
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At present time non-woven materials applies in production of furniture, in medicine, in
clothing industry, in agriculture and in building. Utilizing non-woven materials in medicine is
caused by their hydrophilic nature, hydrophobicity, anti-static character and high shielding by
property to bacteria-permeability in comparison with cotton fabric. There are different forms of
non-woven materials namely Spanbond, Meltblown, Spanlace, Vuden Palp and others, which do
not form toxic connections in air medium. Non-woven materials are also used, for example, four-
layer air-permeable polypropylene SMMS (Spanbond - Meltblaun - Meltblaun - Spanbond)
material, which does not contain latex; it is not set on fire, resistant to the friction and to
abrasion. Medical items from non-woven materials which are intended for single application,
therefore here arises the question about conducting of their sterilization in large volumes. At
present time the sterilization of non-woven material items are realizing by gas (ethylene oxide)
and radiation methods with sterility degree 10 and 10, respectively. However, productivity of
gas method is a low in comparison with radiation method. Therefore, it is expedient to carry out
sterilization by radiation method. It is necessary to consider that the non-woven materials have
different (10 g/m? + 600 g/m?) density, which imposes requirements not only for determination
of the optimum dose sterilization, but also for retention of its property after sterilization.

Therefore, the purpose of present study is determination of the sterilization dose of surgery
coat and sheet from SMS (Spanbond-Meltbond-Spanbond) material with minimum deviation of
initial strength value.

All seams of this surgery coat are sewed by dual insertion and soldered by ultrasonic solder
for strengthening of the protective-barrier properties. Sheet’s material is laminated into two
layers that absorbs along entire surface. It is impenetrable for liquid-tight and bacteria. Upper
polypropylene non-woven, lower polyethylene barrier does not contain latex which will not be
teased and can sustain loads. The electron accelerator “Electronics U -003” was selected as
radiation source. The measurements of breaking load of surgery coats and sheets accomplished
according to GOST 3813-72. The air-tightly packed disposable surgery coats and sheets were
processed by electron beam at following doses: 9.9 kGy, 20 kGy, 23.7 kGy and 36.7 kGy. The
microbiological analysis of surgery coats and sheets showed that items processed at dose 9.9
kGy were not sterile, and the rest of them are sterilized, i.e., corresponds to SanPiN 9278. The
dependence of surgery coats breaking load from absorbed dose are given in Table 1, while the
dependence of sheets breaking load from absorbed dose are given in Fig.1.

Table 1. The breaking load of disposable surgery coat

Regime of processing Breaking load , N
Ne Length Width
1 Initial 72.8 27
2 9.9 kGy 65.3 24.2
3 20 kGy 57.9 21.8
4 23.7 kGy 52 19.1
5 36.7 kGy 44.4 16.1
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Fig.1. Dependence of sheet breaking load from radiation dose (A- length; B- width).

Conducted tests on air-tightness of packing testify about its retention. Fig. 1 shows that
with increasing of absorbed dose the material breaking load is reduced, but at doses 20 and 23.7
kGy the strength of material taking into account the experiment errors correspond to
requirements TSh 24254231-01:2013. Thus, with this dose material appears is sterile and
preserves the permissible breaking load. The medical designation production must preserve
sterility during entire period of storage. Therefore, for determination of breaking load
dependence and sterility from storage time, non-woven material (sheet) sterilized by dose 20 and
23.7 kGy was stored during 8 months at conditions which corresponds to GOST 7000 and
studies were conducted. The carried out of sheet microbiological analysis showed that retention
of the material sterility. The breaking load lengthwise of sheet is equal to 116 N, and on width 44
N, that testifies of the strength retention.

Thus, it is established that after the radiation sterilization of disposable surgery coat at
dose 20 kGy the breaking load of material lengthwise and width corresponds to permissible
standards. The established dependences of tensile strength on the radiation dose make are
possible to predict the optimum sterilization dose, at which the item strength corresponds to
normative requirements.

Work is performed within the framework of Grant A10-FA-F130 of Committee on
Coordination of Development of Science and Technologies at Cabinet of Ministers of
Uzbekistan.
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AUTOMATIC TRACKING SYSTEM FOR THE GUIDANCE
OF A PARABOLIC CONCENTRATOR IN THE SUN

O.M. Salamov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
oktay dae@mail.ru; osalamov@rambler.ru

Increasingly growing environmental problems, if on the one hand related to human
factors, but with the same extent they related and man-made factors. Therefore, although a
partial solution to this problem, there is a need for more widespread use of clean, inexhaustible
energy. Among such energy sources today, the real, according to available resources and
opportunities, are solar, wind and geothermal sources of energy as well as biomass energy. Since
Azerbaijan is one of the richest countries in the world for solar and wind energy resources, our
Republic is also of special importance to the widespread and effective use of these resources.

Solar energy is an environmentally friendly way can be converted both into electrical and
thermal energy.

This paper presents the results of a study on the creation of auto-tracking system (ATS)
for the guidance of the parabolic concentrator (PC) in the Sun, which was at the core of the high-
temperature solar installation. The work deals with Sun tracking increased accuracy, reliability
of the ATS and the efficiency of solar energy, as well as the security of the tracking system as a
whole.

For Sun tracking were developed some ass, among which the most interesting is the ATS
with four photosensors (PS) consisting of infrared phototransistors (PT). Each FS is associated
with a separate tracking channel (TC) consisting of a differential amplifier (DA), inverter, logical
elements (LE) "AND-NOT" azimuthal (AREM) and zenital (ZREM) electric motors for rotation
PC, as well as the shaper to manage processes on and off them, created on the basis of the type
of MOS field-effect transistor with relay output [1].

Use of this system of infrared FT, as light-sensitive elements, it is a disadvantage,
because they are low-sensitive to the visible spectrum of the Sun. In addition, all FT should have
the same optical performance. Otherwise, the accuracy of tracking is broken and the PC is not
the real coordinates of the Sun, but in the erroneous direction. Another drawback of the system is
not able to return the PC at the end of each working day to the geometry of the situation
necessary for the morning hours of the next day.

Previously ATS developed by us is of great interest, which consists of a precise and
search FS, photoamplifier (PA), threshold devices (TD), LE "AND-NOT", DA, voltage reference
generators (VRG), intermediate and basic polarized relays, AREM and ZREM, as well as the
trigger, managed from the extra search FS, installed in the front and back of the PC, which
serves as the return, at the end of each working day to the geometry of the situation necessary for
the morning hours of the next day [2].

In this system of tracking gear AREM has two ZREM and one transmission coefficients.
But, since the angular speed of the Sun in the direction of "Azimut" and "Zenith", depending on
the time of day and year vary widely, using electric motors with stable precision tracking speeds
are greatly reduced. In addition, small angular speed of the Sun when the PC is rotating at high
speed, it leads to vibration of his that was unacceptable from a security point of view, especially
for heavy PC with large diameters. In this system the return of PC to the geometric position of
the morning hours of the next day is carried out by turning the PC in the same direction, which is
turning the PC all day, which is also unacceptable, because this can break down the connective
elements of communication, and the PC can break. In addition, because in this system the
maximum angles capture search FS, in azimuth and zenith are 60° and 36°, respectively, possibly
with Sun cover massive clouds in the summer season of the year, for up to two hours
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continuously, in the best case, finding the real coordinates of the Sun becomes possible in the
morning hours of the next day, with the condition that, at that time, the sky was cloudless.
Finally, the use of multiple search FS in TC this system and the use of additional elements of
automation leads to complication as its functional design and principles of operation.

Given all the above, for precision-guided PC to the direction of the Sun we have
developed a more advanced version of the ATS. The system consists of four search and one
precision FS, double-circuit PA, TD and logical operation unit (LOU), single-circuit PA and TD,
command unit (KU), operating under the special program, analog-to-digital converter (ADC),
additional FS, contact time specifying the device (TSD), automatic control unit (ACU), the main
source of current (MSC), the source of positive and negative voltage reference, voltage current
sources mapping block, AREM and ZREM, the first and the second speed regulators, multi-stage
gearboxes AREM and ZREM, as well as first and second devices for changing the speed of
rotation.

FS accurate tracking provides tracking of the Sun PC to two angular minute, and in the
case of the exact direction of the focal axis of the PC to the direction of the Sun on its signal as
both AREM, and ZREM chain disconnects from the MSC. If the solar disk goes out of scope FS
accurate tracking more than 2 angular minutes, then it goes to the first search visibility FS, which
provides tracking in «azimuth-west». Through this the last login for both the double-circuit PA
receives electrical signals. These signals after amplification and passing through the double-
circuit TD and LOU, arrive at the entrance of the ADC. And at the other entrance ADC signals at
this time of the release of TSD and KU, which serve to distinguish night from day, time of day,
and to take into account the real coordinates of the Sun at any time of year and day. As a result,
ADC converts the signals coming to their inputs, and from the output signals to the ACU, and on
the final signal of the last AREM connects to the MSC and the chain rotates in the direction of
the PC «azimuth-west», until a partial entry into the zone of visibility FS accurate tracking.

Because of the long cloud of heaven, if the solar disk goes out of scope the first search FS
is more than 15°, then to determine the real coordinates of the Sun on an FS and TSD from the
KU output to the inputs of the ADC and the ACU team signals are received. Eventually, ACU on
the above sequence connects the AREM to the MSC, which rotates at high speed on the PC in
«azimuth-westy. This process continues until the solar disk is not included in the first search
visibility zone FS. As soon as the solar disk goes to the visibility of the first FS, processes
tracking again continue on signal of the FS on the above sequence.

Return the PC to the geometric position of the morning hours of the next day is also
carried out with high accuracy and safely within 30 minutes. Unlike some tracking system [2], in
this case a PC installed with a maximum speed of spinning in the opposite direction, on the
afternoon of day, i.e. in the direction of «azimuth-east» and in the process ZREM is not
involved. Therefore, the system does not have to release the connective elements of
communication, as well as damage the PC.

Tracking processes along the lines of «zenith-up» and «zenith-down» also on relevant
search FS are the same.

The ACC can be widely applied for precise and safe control to the Sun high temperature
PC’s designed for special purposes.
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ADAPTATION OF INAA METHOD AT THE IGR REACTOR

S.B. Kozhakhanov, Yu.V. Aleynikov, Yu.A. Popov, |.V. Prozorova
Branch "Institute of Atomic Energy” RSE " National Nuclear Center " Republic of Kazakhstan,
kozhakhanov@nnc.kz

The method of instrumental neutron activation analysis allows realizing into practice the
selective determination of the activity of radioisotopes and the definition of a considerable
number of elements in small samples (multielement analysis). The perspective of works
associated with the determination of the content of elements in samples of different nature
(geological, ecological, etc.), is provided by stable and fixed demand for its realization. Using of
research impulse graphite reactor IGR of NNC RK to performance of INAA allows extending
the area of application of this reactor [1, 2].

The standard samples of magmatic rocks GSJ: JA- 3 and JB- 1 [3] were used to
pursuance of the research for validation and development of INAA method at the IGR reactor.
Irradiation regimes (reactor power and irradiation time) were chosen based on the results of
preliminary conducted neutronic and thermophysical calculations. The two startups differing
duration and reactor power were performed during the researches at the IGR reactor.
Measurements of the energy spectrum of gamma radiation of the samples were performed using
of two multi gamma spectrometers [4].

The calculated and experimental researches of the possibility of radiation of samples of
different composition were performed during development of INAA method. In the test samples
identified 36 - elements analyte, determined by the INAA method. Among these are rock
constituent elements : Al, Ca, Fe, K, Mg, Mn, Na, Ti as well as trace elements As, Au, Ba, Br,
Ce, Co, Cr, Cs, Eu, Ga, Hf, Ho, La, Lu, Rb, Sb, Sc, Sm, Sr, Ta, Tbh, Th, U, V, W, Yb, Zn, Zr.

The sensitivity of INAA method on the IGR reactor and relative measurement errors of
peaks area of the total absorption in the gamma energy spectrums of samples for specific
conditions were determined. The sensitivity of the INAA method when using of semiconductor
detector for different elements is from 0.01 to 2300 mg/g, with an average weight of the rock
sample 60 mg. The analysis results show that the method is most sensitive at determining of
elements such as Eu, Co, Sc, Sm, Yb, and the least sensitive at determining of Fe, Mg, Mn, K.

Comparing of the results of neutronic calculations and experiments, it possible to note
that differences in the values of the rate of a reaction for isotopes are to 10%. Upon that good
convergence up to 30% was obtained for the rate of a reaction on isotopes **°Ba, '*3Cs, *Fe
165H0, 26Mg 121Sb 181-|-a 232Th 238U.

The research results will be used in the future for development of instrumental neutron
activation analysis method at the IGR reactor to determining of the ultimate composition of
mineral raw materials.
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IN-PILE EXPERIMENTS FOR SFR SEVERE ACCIDENTS AT NNC KAZAKHSTAN

V.K. Tskhe, Ye.V. Kozlovskiy
Institute of Atomic Energy, National Nuclear Center, Kazakhstan
tskhe@nnc.kz, kozlovskiy@nnc.kz

IGR reactor - a pulse nuclear research reactor on thermal neutron with homogeneous
uranium-graphite reactor core. The main operation modes of IGR - generation of programmable
power pulses and flashes of divisions.

IGR reactor achieved criticality in 1960 and started to operate in 1961. It was
reconstructed in 1966-1967 and still has a record neutronic characteristics of the radiation.

Table 1 - Main technical characteristics of IGR reactor.

Irradiation parameters in CEC:

The maximum thermal neutron flux density, cm?s? 7x1016

The maximum neutron fluence, thermal/fast, cm 3.7x10%/1.1x10%
The minimum half-width of the pulse, s 0.12
Experimental channel, diameter/length, m

Central experimental channel 0.228/3.825
Lateral experimental channel 0.082/3.44
Core:

Cross-section of the core, m 1.4x1.4

The maximum energy release, GJ 5.2

The maximum temperature, K 1400

Currently IGR is practically the only and unique reactor complex in the CIS and in the
world, where the representative research on security of energy reactors may conduct. It is
included in the list of top research reactors in the world compiled by the IAEA.

During the years of its operation a lot of the experimental information was obtained, the
vast experience in operation of the reactor, loop installations and stand equipment was
accumulated.

One of the activities of recent years is the work on EAGLE project at the experimental
basis of NNC RK (National Nuclear Center of the Republic of Kazakhstan). The works for the
out-of-pile and in-pile experiments in support of the core design of the perspective fast reactor
with sodium coolant (SFR) are completed. The main purpose of this study was to validate the
design technical solutions to avoid the risk of re-critical configuration of fuel at severe accident
with core fuel melting of fast reactor with sodium coolant (SFR). The studies were conducted
with NNC RK in conjunction with Japanese organizations JAPC (Japanese Atomic Power
Company as a representative of the Japanese electric power companies) and JAEA (Atomic
Energy Agency, Japan).

Several full-scale reactor experiments were successfully carried out within the project:
FD (the study of the processes accompanying the destruction of the walls of the inner tube of
model channels of fast reactor at interaction with the molten mixture of fuel and stainless steel.);
ID1, ID2 (the study of the processes accompanying the destruction of the walls of the inner tube
of fast reactor model channels by interaction with fuel melt, melt interaction with liquid sodium
and melt moving in the inner tube filled with liquid sodium); UP1 (the study of the processes on
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molten fuel movement upwardly through the short inner channel filled with sodium); ID3, 1D4
(definition of the heat flux from the steel melt to the unmelted steel wall, cooled with sodium).

The main stages of preparation and testing: design and assemblage of an experimental
device (ED); analysis of the conditions of safe testing; X-ray studies of EC after its assembly;
methodical research and preparation of ED and IGR reactor systems to conduct research startup;
research startup conduction; post-irradiation X-ray studies; post-irradiation destructive studies;
analysis of the direct and indirect measurements results of the experiment as a whole.

Key controlled test parameters: temperature; acoustic signals; the pressure of the liquid
and the gaseous medium; a pulse of pressure (molten sodium); the liquid level (the level gauge);
voids in boiling liquid (void sensors); neutron flux (neutron sensors); the energy release in the
test object.

Results: Experimental devices and technology of tests conduction were developed
according to the requirements of modeling the real CDA conditions in SFR reactors; in the
experiments simulating an accident with fuel melting the possibility of the directed movement of
the melt from the core through the inner pipes embedded in the fuel assembly was studied,
thereby the possibility of exclusion of a compact pool of molten fuel formation in the core was
confirmed, thereby forming its critical configuration; the unique experimental data on the
processes accompanying severe accidents with core melting in perspective fast reactors with
sodium coolant are obtained (SFR).
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NUCLEAR-PHYSICAL METHODS OF ANALYSIS FOR
MEETING THE CHALLENGES OF RARE-METAL AND
RARE-EARTH SECTORS OF KAZAKHSTAN

V.P. Solodukhin, I.Yu. Silachev, V.L. Poznyak, I.D. Gorlachev
Institute of Nuclear Physics CAE MINT RK, Almaty, Kazakhstan
solodukhin@inp.kz

In recent years, due to development of new sectors of science and technologies, the demand
for rare and rare-earth metals (RM and REM, respectively) has significantly increased in the
world. Kazakhstan has a large number of natural and anthropogenic deposits of these metals.
Thus, it should be noted, that the minerals of many of them are characterized by the significant
content of natural radionuclides (NR), i.e. with high radioactivity. The success of the industrial
development of these deposits, including geological exploration and developing the technologies
for complex processing of raw materials, depends to a considerable extent on the availability of
reliable analytical data for these processes on trace elemental and radionuclide composition both
for the mineral resources and for the products of all process conversion chain. The nuclear-
physical methods of analysis (NPMA) with high sensitivity, able to determine the large number
of elements, have recommended themselves as the reliable means to fulfill many scientific and
practical tasks in geological, technological and metallurgical studies. In this regard, we have
been focused to develop and to establish a specialized complex of NPMA for analytical support
of the works related to rare-metal and rare-earth industries in Kazakhstan. The basic methods of
this complex are the instrumental neutron-activation analysis (INAA), X-ray fluorescence
analysis (XRFA) and instrumental y-spectrometry (IGS).

The report presents the main results of current methodological and research activities for
establishing such analytical complex, including the following:

A Developed procedure No.KZ 07.00.01569-2012 «Determination of elemental composition
of the powder samples of various materials on the X-ray fluorescence energy dispersive
instrument with a semiconductor detector RLP- 21». The procedure provides determination
of 36 elements in the (n - n-10°) % range and can be used to analyze the objects of
geology, nonferrous metallurgy and other industries.

A The procedure No.KZ 07.00.01688-2013 «Determination of elemental composition of solid
samples by neutron-activation analysis”, developed and certified by the RK State
Standardization authorities. The procedure provides determination in the (n-102- n-10°) %
range of 34 elements, including the valuable metals such as Ru, Pd, Ir, Pt, Ag, Au and etc.
in geological bands, ores and their processing products. The method of internal standard
was used to calculate the concentration of the determined elements, represented as
information about the Fe content in the analyzed samples, preliminary obtained by the
XRFA method.

A The procedure "Determination of rare earth metals in geological samples using the
complex of nuclear-physical methods"”, developed and prepared for certification. The
procedure is based on INAA and XRFA, provides determination of 13 REM (Y, Sc, La,
Ce, Nd, Sm, Eu, Gd, Tb, Ho, Tm, Yb, Lu) in rocks, minerals and ores, it can be used for
searching, exploration and reserves estimation of these metals in various deposits.

A Using the INAA method and the IGS method adapted to the studied object we have studied
the elements and radionuclide composition of radioactive coal samples from one of the
deposits in Kazakhstan. The obtained data (including the results of process products
analysis) were used to develop the new technology of this coal plasma gasification.

A The IGS method was used to study the NR content in the waste samples of uranium-
phosphoric ore sulfate processing. The obtained data (including the results of process
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products analysis) were used to control the level of purification from NR in the process of
developing the technology of REM extraction from wastes of uranium industry.

The further prospects of expanding the abilities of the established analytical complex by
involvement and developing of other methods: MS-ICP and INAA for short-lived isotopes is
also reviewed.

The established analytical complex and the new data obtained on its basis will
undoubtedly contribute to process supporting and progress in development of rare-metal and
rare-earth industries in Kazakhstan. Increasing the recovery of RM and REM will naturally
provide its economic benefit and the expansion of production in these industries will provide the
social effect by increasing the jobs numbers and employment level in the country.

This work was financially supported in the form of grant funding from the Science
Committee of the Ministry of Education and Science of the Republic of Kazakhstan.
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RADIATION TECHNOLOGIES FOR INDUSTRIAL APPLICATIONS USING
ACCELERATORS OF THE ELECTRONS OF THE RADIOISOTOPE PRODUCTS FOR
POSITRONE EMISSION TOMOGRAPHS FOR THE CANCER DIAGNOSTICS

R. Babajanov
National University, Tashkent, Uzbekistan

rbabadjanov@mail.ru

Cancer is a disease of the century. This problem makes the mankind to resist against it
globally. For 2013 the World Health Organization registered fourteen millions around our planet.
Cancer terminates two millions annually. Survivors need the medical assistance. They suffer
from the awful and even infernal pains day by day. Moreover, we have a terrible forecast that in
forthcoming twenty years the cancer infection will grow seventy percentages and occupy twenty
millions. / 1 /.

This dramatic scenario initiates elaboration and introduction of the new methodologies of
the early diagnostics, chemotherapy and radiation treatment. Note that for the previous years the
scientists, engineers-physicists, oncologists and other professional specialists created the unique
equipments for the comprehensive and express cancer diagnostics. Those equipments are
Positrone Emission Tomographs or PET Systems.

We have industry of the radiopharmaceutical products or RPP to make PET Systems
operate without interruptions. Cyclotron RPP fluorine desoxy glucose or FDG is applied
thoroughly with PET Systems of all the oncologic institutions worldwide. Only for 2012 this
medicine was taken by two million and five hundred thousand Americans and the manufacturers
earned around milliard dollars.

This article is dedicated to the intensification of the cancer diagnostic processes in PET
Systems using RPP manufacture with the accelerators of the electrons located in all the large
oncologic institutions worldwide. Intensification is achieved with the realization of F-18 shorter
life nucleus and other significant advantages unavailable for RPP manufacture using cyclotrons.
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MANUFACTURE USING ACCELERATORS OF THE ELECTRONS
OF THE WIDE SPECTRAL PUNCTUAL STANDARD GAMMA ORIGIN

R. Babajanov
National University, Tashkent, Uzbekistan

rbabadjanov@mail.ru

Every day the search nuclear and physical laboratories, departments of the radiation
monitoring services, radiological centres for the diagnostics and treatment, other control
institutions applying radiological technologies for calibration of their equipments measuring
radiation utilize the standard gamma origins as an imprescriptible part of Standard Gamma
Origin or SGO (Co-57, Co-58, Co-60; Na-22 and other).

We offer a technology using the powerful accelerators of the electrons of the wide
spectral punctual standard gamma origin or WSP SGO comprising of the entire radiation
spectrum of SGO isotopes. Consequently, we have not a necessity to create a great numbers of
SGO individual origins.

Calibration of the measuring equipment does not take replacement and gradual
registration of the decay spectrum of the individual gamma origins. This improves the reliability
of the calibration.

Decay spectrum of WSP SGO has neighboring values of the energies identified as the
gamma lines in the wide energetic spectrum (from 14 KeV up to 1333 KeV). These values of the
energies correspond with the absolute values of WSP SGO original activity on moment of their
extractions from an irradiated target.
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INDUSTRIAL TECHNOLOGIES FOR Co-57 AND *’CoCL:
USING ACCELERATORS OF THE ELECTRONS

R. Babajanov
National University, Tashkent, Uzbekistan

rbabadjanov@mail.ru

Earlier we have described and patented Co-57 radioisotope technologies using the
accelerators of the electrons /1,2/. Later article third offered wrong Co-57 radioisotope
technologies using the photonuclear reactions and the fields of the applications.

This article describes Co-57 radioisotope industrial technologies using the powerful
accelerators of the electrons. You can read the detailed information to manufacture >’CoCL.
having the higher specific activity and volume. These characteristics are very attractive for the
medical customers.

Expectable annual income derived from the industrial manufacture and sales of pure Co-
57 having the general activity one hundred curie a year and pure *’CoCL having Co-57 general
activity in salt solution one hundred curie a year equals 5 000 000 (Five million) USA dollars.
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THE DEVICE FOR ULTRA-FILTRATION OF LIQUID RADIOACTIVE
WASTE USING THE TRACK MEMBRANES

V.N.Gluchshenko, L.D. Matiyenko, A.G. Mit’, A.N.Poleshko
RSE “Institute of Nuclear Physics”, Almaty, Kazakhstan
alexandr-mit@yandex.ru

The ultra-filtration device was designed and fabricated intended for consistent selective
treatment on the track membranes of radionuclide waste (LRW) from the WWR-K reactor from
the main radionuclide contaminants: *¥’Cs, ®°Co and *°Sr.

The main element of the device is the block of planar ultra-filtration modules containing
the track membranes of rectangular shape, which work surface equals 0.1 m. At the pressure of
the filtered liquid P = 0.03 MPa the capacity of each membrane is 30 liters/h at block input. The
device capacity is determined by the number of membrane modules in the block, which number
may reach twenty.

In order to maintain the productivity of the device for the long time, the device includes
the system of periodical short-term washing of membranes by the reverse flow of the purified
liquid. After filtration the purified liquid can be drained to the sewage system and the backwash
products (concentrate) are subject to additional filtration with the subsequent disposal.

The advantage of this device is the significant weight reduction of the products to be
disposed as compared with the known technologies of LRW purification.
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SECTION IV

Radiation Ecology,
Radiation Biology and Radiation Safety
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RECEIVING RADIOACTIVE DERIVATIVES GLUCOSE FOR DIAGNOSIS
ONCOLOGICAL DISEASE

V.S. Scuridin, E.S. Stasyuk, A.S. Rogov, V.L. Sadkin, E.A. llina
National Research Tomsk Polytechnic University, Tomsk, Russia
svs1946@rambler.ru

Timely diagnosis and detection of malignant tumors in the early stages of development
remains one of the most urgent problems of modern medicine. According to the Ministry of
Health and Social Development of the Russian Federation for the past 10 years, mortality from
cancer has increased to 13.8 % and became the second leading cause of death in our country.
Annually in Russia is first detected about 480 000 cases of malignant tumors. Unfortunately,
about 60 % of newly registered patients are identified at the third and fourth stages of the disease,
which significantly reduces the possibility of treatment. Effectiveness of medical care for
patients with cancer depends on the level of development and clinical introduction of modern
methods of nuclear medicine.

Glucose derivatives labeled with radioactive isotopes are promising radiopharmaceutical
for early diagnosis of malignant neoplasm. This is due to the fact that tumor cells have elevated
levels of glucose metabolism as compared with normal cells. Currently in Russia applies a
glucose-based radiopharmaceutical containing radionuclide fluorine-18, used in positron
emission tomography (PET). Despite the high diagnostic informative PET using 2 - [18F]-
fluoro-2- deoxy -D- glucose, the widespread use of this method is limited because of its high cost
and the lack in most regions of Russia PET centers. The main advantage of the RFP -based
glucose derivatives labeled with technetium - 99m and rhenium -188 is that visualization of
tumors using such radiopharmaceuticals may be produced by the method of single-photon
emission computed tomography (SPECT), which significantly reduces the cost of the diagnostic
procedure and makes it more accessible as now there are over 200 SPECT centers and the most
commonly used radionuclide SPECT is technetium- 99m. The aim of this work was to study the
possibility of producing technetium- 99m -labeled glucose derivatives, in particular D-
glucosamine hydrochloride for the subsequent creation of new radiopharmaceuticals based on it.

For the parent drug in the form of ®™Tc sodium pertechnetate, 99mTc generator used
sorption «*™Tc- GT- FRI» production Physico-Technical Institute of TPU. Radiolabeling of
%MTc in substance D- glucosamine hydrochloride was carried out by mixing in a different
sequence of solutions containing D- glucosamine hydrochloride and reducing agent SnCI2 with
technetium- 99m eluate from the generator . To determine the yield of *™Tc - complex of
glucosamine and free pertechnetate ion using thin layer chromatography on silica gel plates
«Sorbfily. Contents hydrolyzed technetium oxide (**"TcO,) was determined by paper
chromatography on Whatman Filtrak- 17 (Germany).

The studies were identified conditions radiolabeling technetium-99m in the structure of
substance D- glucosamine hydrochloride and quantitative compositions of selected reagents for
production of pilot batches of D- glucosamine radiopharmaceutical, 99mTc with low
radiochemical impurities for subsequent research on experimental animals.
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GROSS o/ ACTIVITIES MEASUREMENTS IN DRINKING WATER BY LSC

G. Kahraman
Turkish Atomic Energy Authority, Saraykdy Nuclear Research and Training Center,
Radiation Metrology Division, Ankara-Turkey
gulten.kahraman@taek.gov.tr

Radioactivity in water can reach humans and the environment through many different

mechanisms because it is a resource directly consumed, used in food processing and used in
many industries. Many countries have drinking their own water regulations.
Radioactivity monitoring requires adequate representative parameters that can be easily
determined and simple methods that are easy to apply to a wide range of samples. For many
applications, the determination of gross alpha and gross beta activity provides a rapid evaluation
of the radioactive content of a sample. Generally, water is considered adequate for human
consumption when the gross alpha and gross beta activity concentration below 0.5 Bg L™ and 1
Bg L?, respectively. When the values are higher, the determination of specific radionuclides
should be carried out.

The most widespread method for gross alpha and gross beta measurements is the gas
flow proportional detector counting (GFPC). Simultaneous measurement of gross alpha and
gross beta activities in water samples by Liquid Scintillation Counting, (LSC) has proven to be
an attractive alternative to GFPC. In the last years, LSC has played an important role in this
field. The existence of ultra-low level detectors equipped with pulse-shape discrimination
devices in LSC allows the simultaneous determination of alpha and beta emitters.

The aim of this study was to evaluate the procedure based on liquid scintillation
spectrometry, for determining gross alpha/beta activities for environmental monitoring of the
water samples in Turkey.

For this reason, the effect of total dissolved salt concentrations, type and volume of
scintillation cocktails, sample pH and vial type upon the gross alpha/beta values was firstly
investigated. Deionized water was used in order to determine optimum measurement conditions
and the lowest minimum detectable activities (MDA). Accuracy of the method was validated
using spike water samples at optimized measurement conditions. Two spike waters were
prepared by using TAI drinking water, NPL 2011 B2 (beta radionuclides) and NPL 2011 (AH-
alpha radionuclides) proficiency test solutions. TAI drinking water was obtained from a well in
Turkish Aerospace Industries, Inc. area. It has the lowest activity and a minimum residue
property at highest volume. ?!Am and °Sr/*°Y standard solutions were used in the
determination of optimum PSA value. Activity measurements were performed using Wallac
Quantulus 1220 low background liquid scintillation counter. Spectra were analyzed using EASY
View Spectrum Analysis Software. The counting windows were set to channels 500-750 in the
alpha spectrum and channels 50-900 in the beta spectrum.

As a result of these studies, we chosen the optimum measurement conditions as
cocktail:sample ratio=14:6, UG AB cocktail, plastic vial, preconcentration rate of water=1/25
and working pH=1.70+0.2 for the determination of gross alpha/beta activity in drinking waters.
The optimum PSA value was determined as 87 with 2**Am and %Sr/?°Y standard solutions. The
minimum detectable activity was calculated from the measurement of blank vials in the same
conditions as samples using the formula reported by Currie. The MDA values were calculated as
0.018 Bq L* for gross alpha and 0.189 Bq L™ for gross beta.

The validation tests of the procedure were performed using spiked TAI drinking water
samples. The obtained experimental results for gross alpha/beta measurements compared to the
reference values of activity in the added spike solutions. The percentage deviations of the
measured values with respect to the added values were within the range from 3.29 to 10.55 % for
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gross beta while those were from 3.79 to 4.19 % for gross alpha. It is clear that the experimental
values were consistent with the reference values. The obtained results indicate that the method is
an effective method and provided good accuracy and precision.

Liquid scintillation counting method can be successfully used to determine the gross
alpha/beta activity concentrations simultaneously in drinking water as an alternative procedure
instead of the conventional gas-flow proportional counting (GFPC) system.
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FUNCTIONALLY-ECOLOGICAL ROLE OF BIODIVERSITY OF SMALL RODENT’S
POPULATION TO IONIZING RADIATION RESPONSE

'E.B. Grigorkina, !G.V. Olenev, 20.V. Tarasov
YInstitute of Plant & Animal Ecology, RAS Ural Branch, Ekaterinburg, Russia,
2FGUP "Mayak", Ozersk, Russia
grigorkina@ipae.uran.ru

The Eastern Urals Radioactive Trace (EURT) was formed after the Kyshtym nuclear
accident 1957 at the Mayak Radiochemical Plant (Southern Urals, RUSSIA). Strontium-90 the
main radionuclide in the EURT zone, which accumulates in bone tissue of animals and is a
source of internal irradiation of organs and tissues. In radioecology, the problem of radiation
resistance and the closely related but poorly studied problem of adaptive biodiversity remain
highly relevant. Nowadays, the territory of EURT might be considered as a unique plot where
comprehensive studies of long-term biological consequences of low-dose irradiation could be
carried out, at least for small mammals inhabiting the zone of local radioactive contamination.
Small rodents — cyclomorphic mammals are characterized by rhythmical changes in most
biological parameters over a period of approximately one year, one-time serial reproduction, and
generation overlap in the presence of two alternative ontogenetic pathways [1]. Both types of
ontogeny fully manifest themselves in rodent populations inhabiting the temperate zone of the
Northern Hemisphere and its Arctic periphery, where the climate is sharply continental.

In the present work we aimed to show the results of investigations of radioresistance and
biological effects of acute irradiation (in laboratory experiment) and the specific rate of *°Sr
accumulation in the bone tissue of rodents (dwellers of the EURT zone) of alternative types of
ontogeny development. Here we used functional ontogeny approach [1], which supposes to
divide natural population of mice and voles into groups of individuals with the same functional
status, i.e. with the uniform patterns of growth and/or maturation rate as well as whether they
participate in reproduction.
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Figure. Scheme of two alternative types of small rodents’ ontogenetic development [1].

Mature young of the year (the | type of ontogeny) are individuals that continue their
growth and development (body mass — 25 g), take part in reproduction, characterized by both
high metabolic processes and rapid aging. Their function is increase in population numbers.
Immature young of the year (the 11 type of ontogeny, the first phase) are more resistant part of
population. These individuals have body mass 16-18 g, growth is suspended, do not mature,
characterized by both low metabolism and aging (two times). Their function is to preserve the
corresponding part of the population (a state of “preserved youth”) until the next spring with the
smallest possible losses and, in the status of overwintered adults (the Il type of ontogeny, the
second phase), to begin the cycle of population renewal. Special attention should be paid to the
group of juveniles — young animals (age no more than 30-45 days, body weight no more than 12
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g) that have not yet diverged with respect to the type of ontogeny. They continue growing and
have a high metabolic rate.

Objects of our investigation were wood mice (Sylvaemus uralensis Pallas, 1811), field
mice (Apodemus agrarius Pallas, 1771) and bank voles (Clethrionomys glareolus Pallas, 1779)
are terrestrial rodents with high migratory activity, which is exhibited all the year round.
Radioresistance, which considered as a characteristic determined by a species genotype, and
others biological effects were assessed experimentally in bank voles of alternative types of
ontogeny after acute irradiation (}*’Cs) of animals by different doses (dose rate — 1.24 cGy/sec).
Specific rate of *°Sr accumulation was estimated in mice which were captured at the EURT zone
(density of soil contamination by %Sr — 18.5MBg/m? = 500 Ci/km?).

It is proved that the response to acute and chronic radiation exposure refracts through
functional structuring of populations, i.e, through the specifics of the two types of ontogenetic
development (Fig). Specific patterns of response of specimens of alternative types of ontogeny
development of both: an acute and chronic radiation exposure were identified. Individuals of
similar chronological age, but different functional status differ significantly for the analyzed
parameters. After acute irradiation most resistant (LD50/30, mortality, average life span, degree
of damage and restoration of the hematopoietic system) are animals of the Il type of ontogeny
with low intensity of metabolic processes and aging [2]. The main question is how the specificity
of two alternative types of ontogeny could be protecting a population in the radiocontaminated
environment? we revealed higher (twice) intensity of °Sr accumulation in bone tissue of
immature young of the year (Il type) as compared to mature young of the year (I type), i.e. the
rate of °Sr deposition is determined by the functional status of animals. Accumulation of
osteotropic radionuclides, hence, exposure to chronic irradiation influence refracts through
functional structure of a population (through specificity of two alternative types of ontogenetic
development) [3].

Stability of a population, as a homeostatic system in the radiocontaminated environment,
is reached due to intensification of metabolism and population reproduction i.e. increase of
proportion of individuals of the I type of ontogeny [3]. We suppose that the mechanism of
switching to a certain type of ontogeny is mainly triggered by environmental factors of both
natural and man-made nature, including ionizing radiation, which is known to act as a stressor.
Radiation stress stimulates of reproductive activity and modifies life histories of rodents which
may provide to individual with some selective advantages in radioactively polluted environment.
Population of rodent in the EURT zone is compelled to include more energy-intensive way of
maintenance its ability to live — | type of ontogeny. It is important that these individuals have
small life span and lower radionuclide’s accumulation. There is positive correlation between the
individual allozyme’ heterozigosity and the intensity of basic metabolism, while the genetic
control of other attributes (rates of development and maturation, life span, body size) refracts
through this dependence [4].

Thus the preconditions for acceleration of evolutionary transformations of a population
are created, but this process is often restrained by both the local configuration of the polluted
territories and migration of murine rodents. As a consequence, the population decreases the
probability that certain changes will to be fixed and inherited in a series of generations. Thus,
chronic low-dose irradiation (radiation stress) can be considered as the mechanism of switching
of life history of cyclomorphic mammals. Ontogenetic multiversality of small mammals as an
important mechanism of radioadaptation at the population level and decreasing the damaging
action of biota in radiocontaminated environment is discussed.
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DEFINITION OF BAND GAP OF VENOM CRYSTALS OF
MACROVIPERA LEBETINA OBTUSA

IM.A.Mehrabova, H.A.Abiyev, 2Sh.A.Topchiyeva
YInstitute of Radiation Problems, ANAS, Baku, Azerbaijan
2Institute of Zoology, ANAS, Baku, Azerbaijan
mehrabova@mail.ru

23 kinds of snakes live in territory of Azerbaijan, 4 kinds of them are venomous.
Research of toxins of various kinds of snakes, and also huge attention to zootoxins is defined not
only by inquiries of medical practice, but their studying and use represents the big interest for
various branches of biology, physiology, bioorganic chemistry, biophysics, toxicology and other
areas of sciences.

Venom of Vipera Lebetina is a part of medical products. It is applied as a source of
reception of commercial preparations FGN, phosphorus distresses and oxygen gases L-amino
acids, and also as a diagnostic preparation at illnesses of curtailing system of blood [1].

On literary data snake venom in the dried up kind keeps pharmacological and toxic
properties till 22 years and even more. The basic component of venom responsible for its toxic
properties are biologically active components of the aluminous nature and including various
enzymes [2].

Snake venoms are a great value for medicine and biology. Venoms of snakes are used at
preparation of mono-and polyvalent whey. Venom of Vipera Lebetina is applied as blood the
stopping means in otoloringology at operations during removing of glands, at nasal bleedings
etc. [3-5].

Toxicity of snake venom have been studied. The comparative pharmacological and
biochemical characteristic of venom of snakes has been given.

Snake venom is thermostabile and in the sour environment, maintains heating to 120°C
without activity loss. There are literary dates on research of the snake, venoms, however many
questions still remain not mentioned and demand the deep analysis and studying [8].

In the literature data on research of the snake venom are cited, however many questions
still remain not mentioned and demand the deep analysis and studying. Influence of temperature
on electrophysical parameters of venom and photoconductivity of zootoxins is not studied.
Proceeding from the above-stated, research of electrophysical parameters of snake venom with a
research objective of a photo-and thermal stability of crystals of snake venom is represented
rather actual.

Material of researches was integral Transcaucasian Vipera Lebetina Obtuse venom, dried
up in exicator over steams of chloride calcium.

For studying of band gap of snake venom, researches of temperature dependence of
specific resistance p for crystal venom Macrovipera Lebetina Obtusa venom was carried out.

The band gap of crystals of viper venom has been determined from the temperature
dependence of conductivity (Fig.1)
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10 b Fig.1 Dependence of conductivity of viper
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The specific conductivity has the following form:
G=enuntepup= AT3/2+paEg/i2KT (l)

Here T2 varies slowly with temperature, Eq>>KT, where k- is the Boltzmann constant

k=1.38*10'16erg/grad=8822—==0.8625*10'4eV/grad 2
G:GOE-Eg/ZKT (3)
e FY2KT= 5/c

Eg/2kT=Inc/c0=1/0.43 Igc/co

_ Y .
Eg_ 8 S'/_ 8 y_ ) (4)

where: Y& "&|lg—
If we take into account (2) in (4), we get:

z g oz y

Eg=
8z ,
Eg= 4*10" - 8t = Ig2*10° =2*(-2.699) = -5.39794
Thus, Eg 5.4eV

Thus, band gap for standard samples of the poison was calculated. As a result of mathematical
calculations of venom crystals’ band gap, viper venom’ crystals have dielectric properties.
1. Calculated value of viper venoms’ crystal band gap is 5.4eV.
2. Obtained band gap confirm that viper venom is a dielectric material.

Reference

1. Topciyeva Sh.A., Yolciyev Y.Y., Tagiev B.G., Jabbarov H.B., Tagiev O.B., Mamedov O.G., The
influence of the environmental factors on chemical composition of Vipera’s venom. 7th International
Interdisciplinary Conference on the Environment,San Francisco. California, USA, 2001, pp. 25

2. Topchiyeva Sh.A. Chromatographic and spectral characteristics of snake venom, proteins and
products of metabolism of ones. J. Farmakom, Kharkov, N4. 2002, pp.75

3. Orlov B.N., Gelashvili D.B., Ibrahimov A.K, Venomous animals and plants of the USSR, The Higher
school, Moscow. The Higher school, Moscow. 1990, pp.271

4. Navarro J., Caraballo A., Sanchez E., Pérez J.C., Rodriguez-Acosta A.Venezuela. Epidemiological
and clinical aspects of snakebites in Monagas State. Revista de la Faculta de Medicina. 26, 2003,
pp.100

5. Samel M., Subbi Siigur J., Siigur E., Biochemical characterization of fibrinogenolytic serine
proteinases from Vipera lebetina snake venom. J.Toxicon. 40, N1, 2002, pp.51

6. Topchyieva S.A., Mehrabova E.T.Babayev. Photodetectors on the Base of Heterocontact
Semiconducto Snake VenomPolymer Networks Group 20" Conference, Germany, Gozlar, 2010,
pp.147.

332



VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

OPTIMIZATION WAYS OF OPERATING MODE OF SOLAR-PHOTOELECTRIC
ELECTROLYSIS DEVICE

0O.M. Salamov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
oktay dae@mail.ru

For converting solar energy directly into electric energy, it is mainly used photoelectric
current sources (PCS). However, use of solar energy at earth atmosphere has some diffucilties; it
is arbitrary change of solar radiation intensity (SRI) which causes the output parameters of PCS
to change in similar way. In this case operating modes of power installations fed from PCS are
subjected to disturbance and consumer demands are not met. For eliminating this defect it is used
different accumulation methods (electrochemical, chemical, thermal, hydraulic, pneumatic, etc.).
More efficient accumulation method for PCS with low power is electrochemical (use of
accumulator batteries operating at buffer mode) and for PCS with high power is chemical
method.

In the work we review the chemical accumulation method (accumulation of beam shaped
solar energy by being converted into chemical energy of hydrogen and oxygen gases) which has
a greater perspective. This method has some advantages. Firstly, as an energy source it is used
ecologically clean and inexhaustible solar energy and water of which sources are inexhaustable,
secondly, using the obtained hydrogen and oxygen gases in fuel cells, reobtain of electric energy
on ecologically clean closed circuit “-water-electrolysis-hydrogen and oxygen- fuel cell-water-
is of great importance. In this case, in the result of co-combustion of hydrogen and oxygen gases
in fuel cell it is obtained electric energy, as a combustion product it is separated pure water vapor
which re-enters electrolyte canal of electrolyzer and again decomposes to hydrogen and oxygen.

In order to realize the accumulation method, it has been developed an experimental solar
photoelectric electrolysis device (SPED) which consists of electrolyzer, PCS and commutation
switch automatically changing its agreement option with electrolyzer (ACS), gas scrubbers for
H> and O, drying and cooling chambers, fire extinguishers, receivers, differential pressure
control unit (DPCU), as well as control valves.

In the result of the experiments conducted under natural conditions it has been revealed
that the specific charge volt-ampere characteristic (VAC) of electrolyzer generally has non-linear
character and the process of electrolysis can be considered adequate for any point of linear part
of that VAC. While electrolyzer operating in non-linear part of charge VAC, its internal
resistance sharply increase due to filling with gas, so as a result it leads to significantly increase
of energy consumption necessary for obtain of gas in unit quantity (1 m® H, and 0,5 m® O;
gases). It has been established that in order to reach maximum efficiency with minimum energy
consumption in any case, it is necessary to do so that the operating mode of electrolyzer
correspond to optimal working area of linear part of charge VAC. For this purpose, operating
mode of SPED should be provided in its general charge VAC family at intersection point of PCS
with charge VAC of electrolyzer. If additional measures are not carried out, that condition can be
provided at only high values of SRI (at the range of 700+950 Vt/m?). In the case of using
accumulator battery connected to PCS output at buffer mode, this condition can be provided at
wider range of SRI (450+950 Vt/m?). However, this time as the process of energy conversion is
realized in a multi-stage form, extra energy losses occur and efficiency of the device decreases.
In this case at relatively low values of SRI, as well, normal operating mode of electrolyzer
cannot be provided. From additional researches it has been revealed that by automatically
changing electrolyzer’s agreement option with PCS according to SRI change, it can be provided
both of their operating at optimal mode at any time of the day. For optimization of operating
mode of SPED working at changeable climatic conditions, though almost at the same time in a
number of developed countries of the world as USA, Germany, Israel etc. there have been
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unanimous thoughts on this method to be the only method, the first automatic commutation
switches able to realize this process has been developed just by us and for some of them the
authorship certificates of former USSR have been got [1-4].

Two optimization methods for operating mode of SPED have been developed according
to the results of the conducted studies and practically applied: 1) in the case of arbitrary change
of SRI, the change of the number of connected holes of electrolyzer in accordance with output
parameters of PCS; 2) in the case of arbitrary change of SRI, the change of both connecting
modes (sequental and parallel) of PCS’s sections among one another at constant output power,
and of the number of operating holes of electrolyzer. For realizing these methods, as a study
object, that is as a gas generator it has been taken a multi-hole filter-press type electrolyzer of
which electrolytic holes are sequentally connected among one another on electric line, and on
gas and electrolytic lines are connected parallelly; besides monopolar (external) electrodes of the
electrolyzer, it has been taken additional outputs from bipolar electrodes as well, located between
neighbour holes. It has allowed to change the number of the connected holes of electrolyzer
according to the change of SRI, i.e. on the method of first optimization. For carrying out that
process we have called conditionally the developed ACS as ACS-1 [3] and ACS-2 [4]. From
experiment results it has been revealed that ACS-2 type automatic commutation switch is more
perfect than ACS-1 type. Thus, while using ACS-1 type commutation switch, in order to connect
each of the intermediate outputs of electrolyzer to PCS’s output it is needed to use a photorele
and contactor. In its turn, it both significantly complicates the scheme, and also restricts its usage
possibilities. In ACS-2 type switch it has been provided the connection possibility of each of 15
electrolytic holes of electrolyzer to PCS’s output in an ordinary number sequence and in this case
unlike ACS-1 switch, it has been used only 3 intermediate photorelays and 3 contactors.
However, for realization of ACS-2 the electrolyzer itself has been executed in quite different
way, i.e. in the form of electrolytic hole groups connected sequentally among themselves on
electric circuit by means of shunt diodes. In this case, the number of holes in each following hole
group must be twice more than the previous one. Though a separate photorelay was used for
connection of each hole in ACS-1 type switch, in ACS-2 type commutation switch it is used a
photosensor placed on the nut acting as a signal transmitter; and this photosensor acts by passing
through the bottom of glass plates with ability to transmit light in different levels. According to
signal of photosensor, the automatic switch connects the reversible microengine to supply circuit
with necessary polarity. The last one closes the necessary contact pairs, activates electrolyzer’s
electrolytic holes in quantity consistent with the current number of SRI and is very accurate in its
work. Unlike ACS-1 switch, ACS-2 switch is expedient for optimizing operating mode of SPED
with more power. We have carried out a number of works related with the second type of
optimizing method, as well and appropriate automatic devices have been developed [1,2].

Thus, in conclusion it can be said that the use of ACS-2 commutation switch allows to
ensure optimal operating mode of SPED at eny time of day, and it causes the switch to operate
with maximum productivity and high efficiency.
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CATALYTIC ACTIVITY OF FE (111) SPECIES IN HYDROGEN PEROXIDE
DECOMPOSITION REACTION

V. Labko
Joint Institute for Power and Nuclear Research — Sosny, National Academy of Sciences of
Belarus, Minsk, Belarus
verynl2@gmail.com

It’s well known that the rate of homogeneous catalytic reaction is pH dependent. Various
species of reagents and catalysts exist in solution. Fenton catalytic system (Fe?*Fe®*) is often
used in aqueous RedOx reactions. Fe (I11) forms various species in solution due to hydrolysis:
mono- and polynuclear hydroxo complexes, colloid and pseudo-colloid particles. With the
increasing of pH there is a transition from the hydrated cations of Fe** to monomeric Fe(OH),&
N*, polymeric FepOHyC®P9* and to colloidal species in solution. Species distribution is defined
mainly by Fe (I11) total concentration and pH value.

The solutions of mono- and polynuclear hydroxo complexes of Fe (111) were obtained and

species ratio for different pH and concentration values in solution was calculated. The catalytic
activity of different hydroxo complexes of Fe (I1l) was measured in hydrogen peroxide
decomposition reaction by barometric cell method.
It was found that Fe (111) dominant species in solutions with concentration of 1-10-3 mol/dm?
and pH=1.5, 2.5 and 3.0 are hydrated species, mononuclear and polynuclear hydroxo complexes
respectively. Analysing the obtained data on the rate of hydrogen peroxide decomposition
reaction vs. Fe (1) pH and concentration, we see that the fastest reaction rate coincides with the
highest fraction of Fe (I1l) mononuclear hydroxo complexes in solution. We consider that
mononuclear hydroxo complexes of Fe (111) show much higher catalytic activity at hydrogen
peroxide decomposition reaction comparing to hydrated and polynuclear hydrolyzed species.
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PURIFICATION OF OIL-CONTAMINATED SOILS FROM
HEAVY METALS USING PLANTS

A. Zamanova
Institute of Dendrology, ANAS, Baku, Azerbaijan

Purification of local areas of oil-contaminated soils with contamination degree of 5-8%
using plant resistant to salinity and high temperature and rehabilitation of these soils is the most
urgent task for Apsheron Peninsula which is the main territory of oil onshore in Azerbaijan. This
method is environmentally compatible and economically viable against other methods. Despite
the fact that in this area it has been carried out numerous scientific researches, for each level of
contamination, for each specific soil type, for each specific climatic conditions and the group of
plants requires more and more researches.

Purification of local areas of oil-contaminated soils under the conditions of Apsheron
Peninsula is aggravated by the fact that here it is typical moderate to severe soil salinity.

Table 1.

Elements, ppm 1 ppm = 0,0001% = mg/kr
Ne
Samples Cl K Ca Fe
1. Carboboks 1 L 3422 3436 22033 173
2. Carboboks 2 4342 4309 14116 173
3. Opuntia 1 1563 3717 36455 189
4, Opuntia 2 1226 3484 43886 180
Table 2.
Elements, ppm 1 ppm = 0,0001% = mg/kr
Ne
Samples Cr Mn Co Cu Zn Pb
1. Karbabrods 1 <LOD 32 <LOD | <LOD | <LOD <LOD
2. Karbabrods 2 <LOD 29 <LOD | <LOD | <LOD <LOD
3. Opuntia 1 <LOD 107 <LOD <LOD | <LOD <LOD
4, Opuntia 2 <LOD 108 <LOD <LOD | <LOD <LOD

Table 1 and 2 show the concentration of the “noble” elements and some heavy metals
accumulated in stems of plants karboboks and opuntia. Field experiments were carried out in the
area of oil industry Kala of Apsheron Peninsula. Plants of karboboks and opuntia were planted in
two different local areas of oil-contaminated soil in oil-industry zone Kala. Concentration of
elements shown in table 1 and 2 were determined by roentgen-fluorescent spectrometry (device
XRF-innoF). As it is seen from table 1, collection of the most important elements such as K, Ca,
Fe in stems of two plants is almost the same in the case of K and Fe, and for Ca the average
relative difference was 54,9% ((22033+14166)/2=18099,5; (36455+43886)/2=40170,5). From
table 2 it can be estimated the relative efficiency of the plant opuntia in relation with karboboks
in the example of Mn. As it is seen from table that “translocation effect” in relation Mn in the
plant opuntia is 3,52 times higher than the plant karboboks ((32+29)/2=30,5;
(107+108)/2=107,5; 107,5/30,5=3,52). The given calculations show the efficiency of the plant
opuntia in relation with Mn.
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ASSESSING THE POSSIBILITY OF DIRECT DETERMINATION OF #°u IN SOIL
ACID DIGESTION SOLUTIONS BY ICP-MS

AN. Bychenko, N.V. Guseva, D.A. Zheltov, L.A. Ryazanova, M.A. Edomskaya
Institute of Nuclear Physics, Almaty, Republic of Kazakhstan
zheltovda@gmail.com

Plutonium (particularly #°Pu isotope) is one of the most harmful environmental
contaminants [1, 2] among the trans-uranium elements. This paper provides the assessment of
the possibility to express determine 23°Pu in soils using ICP-MS method.

The quantitative determination of plutonium isotopes in soils, as the rule, implies the
production of acidic extraction with the subsequent extensive radiochemical preparation and
application of the tracer for calculating the plutonium yield. It is obvious, that it is more
efficiently to use the express procedure of direct measurement of plutonium in the acid extract
with acceptable level of sensitivity and accuracy combined with low labor and cost involvement
compared to the "classical™ methods (e.g. [3]) for the routine analysis of the large number of soil
samples. ICP MS method has been successfully used for determination of 2*Pu traces in soil
due to its high sensitivity.

An ELAN 9000 (PerkinElmer SCIEX) quadrupole-based ICP-MS instrument equipped
with cross-flow nebulizer and a ryton Scott spray chamber was used. ICP-MS acquisition
parameters have been chosen experimentally by criteria of maximum sensitivity and
measurement velocity.

The soil digestion solutions are highly mineralized and have a significant matrix effect
(suppression of the analytical signal) on the ICP-MS measurement of 2%Pu. In this paper, the
2% isotope internal standardization is used for correction of matrix influence and for
determination of the ICP-MS instrument response due to proximity of its atomic mass and the
value of the 1% jonization potential [4] to those of Z°Pu.

The estimation and comparison of the 228U and *°Pu matrix coefficients was made. For
this purpose we used 24 solution (100 mL) after digestion of various soil samples of 3 g weight
from the Semipalatinsk Test Site (STS) using the method [3]. The matrix coefficients ranged
from 3.5 to 9, for their calculation we used the results of the pair measurements of the stock
solution and the highly diluted solution, where the matrix influence is not significant due to low
salinity (less than 50 mg/l). The ratio of 23U and 2%*Pu matrix coefficients was calculated for
each of the 24 solutions, its average value was 0.97 with the variation coefficient of 8%. Thus, it
was found that the 2%U internal standardization makes it possible to determine the matrix
coefficient for the right correcting of the result of 2°Pu direct ICP-MS measurement in soil
digestion solution.

The developed ICP-MS procedure for evaluation of plutonium content in the soil is
shown in Fig. 1. Evaluation of the Z°Pu reliable determination limit (6c-criterion) equaled ~0,2
ng/l or =10 Bg/kg for the 100 ml digestion solution of the 3 g soil sample.

The estimation of 23Pu content in 27 samples of STS soil was made by developed
ICP-MS procedure. Comparison of the ICP-MS results with the results of alpha-measurements
(239+2400py according to [3], recalculated to 2°Pu mass concentration using the 2%°Pu/?*°Pu atomic
ratio 20.1 [5], have shown the satisfactory convergence (<30 %).

The developed ICP-MS procedure is used in INP for the express analysis of the
contaminated soil samples from the STS, sorting of soil samples by contamination level, for
«arbitrary» analysis in case of controversial alpha-spectrometric results and allows to obtain the
results of 2*°Pu content in the soil sample without using the tracer in 2.5 times faster than by the
method [3].
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Figure 1 — Procedure of plutonium direct determination in soil using ICP-MS.

In conclusion, the authors express their gratitude to the specialists of INP Matiyenko L.D.
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INFLUENCE OF EARTHQUAKE TO RADIOACTIVITY OF NATURAL WATER
SAMPLES, COLLECTED FROM SOUTH-WEST REGION OF AZERBAIJAN

F.Y. Humbatov, E.V. Lisanova, M.M. Ahmedov, B.A. Suleymanov,
V.S. Balayev, G.F. Aslanova, N. Ibadov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
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Radionuclide composition of natural waters of Azerbaijan varies in a very wide range and
depends on: the type of water (river, groundwater, spring water); litologopetrograficheskogo
complexes of rocks; circulation patterns of groundwater in areas of intensive and hindered water
exchange; composition of total mineralization (ion-salt composition); pH value and redox
potential. The main reason for defining the chemical composition of spring water is their
relationship with rocks. Exceptional variety of host rocks, different intensity of their dissolution
and leaching, as well as different duration of contact of water with them in the process of
emerging to the surface determine the radiochemical diversity of drinking water Azerbaijan.

The mineral composition of water springs and wells depends largely on
hydrogeochemical processes. Any changes such as lead changes in the composition of surface
and groundwater, including radionuclide composition. Determination of radionuclides,
depending on environmental conditions will provide for control over the situation
hydrogeoecological surface water and groundwater. In order to identify opportunities to
influence hydrogeochemical processes - in this case an earthquake occurring in the Western
regions of Azerbaijan on the quality of surface and groundwater, were taken from 10 water
sample sources are South-Western Azerbaijan. Radioactivity of natural waters is caused
primarily by the presence of uranium-238, thorium-232 and their daughter products as radium -
226, radium -228, radon-222, radon -220 (thoron), potassium —40 and technogenic cesium -134
and cesium -137.

In this research determination the concentration of radon and radionuclides in water were
carried out using the RAD — 7, Portable Radon Detector by DURRIDGE Company and High-
purity Germanium (HPGe) Detector Gamma spectrometry system Canberra Company
accordingly.

Isotopes W1 W2 W3 W4 W5 W6 W7 w8 W9 W10
Rn222 ( pCi/L) 091 |091 [055 |091 [073 |091 |037 |091 [109 |073
Ra226 (Bq/L) <04 [ <04 |<05 [<04 [<04 |<05 [<04 [<04 [<04 |[<04
Th232(Ra228) (Ba/L) 076 | 0.88 | 063 | 0.67 | 057 | 059 | 0.67 | 0.44 | 0.72 | 045
K40 (Bg/L) 4.1 43 22 | <2 | <36 | <3 24 | 562 | 483 | <37
Co60 (Bg/L) <0.2 | <02 <0.2 |<02 |<01 |<01 |<01 |<01 |<01 <0.1
Cs134 (Bg/L) <0.2 <0.2 <0.2 <0.2 | <0.2 |<0.2 <0.2 |<0.2 |<0.2 <0.2
Cs137 (Bg/L) <0.2 <0.2 <0.2 <0.2 | <0.2 |<0.1 <0.2 |<0.2 |<0.2 <0.2
Total activity (Bg/L) 4.84 5.16 2.8 0.67 | 0.57 0.59 3.05 6.06 5.55 0.45

The results of these research shows that ecarthquake isn’t essentially influence to
hydrogeochemical processes, radon gas and radinuclides in investigated samples are a low
concentration and there are not a serious hazard risk threaten the region.
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THE DISTRIBUTION OF URANIUM-234 EXCESS IN THE MAILUU-SUU RIVER DUE
TO URANIUM TAIL DEPOSITS LOCALIZATION

V.M. Alekhina, S. Mamatibraimov, A.l. Knyazkova, B.T. Zholboldiyev, S. Idrisova
National Academy of Science of Kyrgyzstan

It is shown in a series of papers [1-3] that for solution of a problem of technogenic (man-
caused) uranium component separation the phenomenon of natural separation of uranium-234
and uranium-238 can be used [4-6]. The consequence of this is a different degree of 2**U and
2381 fractioning in natural conditions during technological processes. There is a real opportunity
to distinguish the uranium of natural water (y>1) from technogenic uranium of tail deposits and
leaches from uranium dumps (y<1) by a value of activities ratio 2%*U/?28U = y. This, in turn,
allows revealing areas of technogenic uranium distribution in ground water. In table 1 the
description of sampling points in the Mailuu-Suu river basin is given.

Table 1. — Location of water sampling points in the Mailuu-Suu river basin

Sampling | Co-ordinates of Altitude, | Location of sampling points

points sampling points m

11 410°05,00' 72°21,22" | 662 The Mailuu-Suu river on a boundary with Uzbekistan

12 41°11,85' 72°23,93' | 819 The Mailuu-Suu river after the Mailuu-Suu town

13 41°16,22' 75028,22' | 948 The Mailuu-Suu river in Mailuu-Suu town in a district of
Transformer plant

14 41018,74' 72°29,61' | 1052 The right tributary of the Mailuu-Suu river

15 41°18,78' 72029,77' 1052 The Mailuu-Suu river

51 41017,96 7292903 | 1012 The Mailuu-Suu river opposite ruins of the former uranium
plant

69 41°19,76' | 72°31,73 | 1125 The upper Mailuu-Suu river near hydraulic works

70 41°19,65' | 72°31,11 | 1156 A spring 1.5km from point Kg -69

71 41°19,61' 72°29,49 | 1128 The Kok-Oi river — 2.0 km higher of point Kg -14

72 41°17,33" | 72°28,30 | 998 The Kara-Jygach river

73 41°14,86' | 72°26,83 | 933 Spring Bedrisai

74 41°16,07" | 72°27,35 | 1012 Spring Ashvaz after confluence with the mine drain

84 41°17,76' 72°28,58' 1036 Tail deposit Ne 5

85 41°17,73' 72°28,62' | 1004 The drain of tail deposit Ne 5 (pipe)

86 41°17,71' 72°28,61' | 1004 Spring near tail deposit Ne 5

87 41°14,32' 72°26,30" | 917 Spring Ishmisai

88 41°14,04' 72°26,01' | 899 Spring Alyampsai

The advantage of non-equilibrium uranium (y#1) for revealing space regularities of
thechnogenic uranium migration around the tail deposits and dumps is evident because there are
no any other indicators at present which would be able to solve the pointed problem.

In the upper Mailuu-Suu river in points 69, 70, 15, 71 the uranium content values and
activities ratio y=2**U/?®U can be assumed as “background”. These points are located upper than
the industrial complex of Mailuu-Suu town and tail deposits of this complex. The Kok-Oi river
water in points Kg -14, Kg -71 is washed by mountain rocks with increased uranium
concentration.

The main source of the Mailuu-Suu river pollution are drains from tail deposit Ne 5,
springs and rivers — Karajygach, Bedrisai, Ashvaz, Ishmisai, and Ailyampsai. Along the Mailuu-
Suu river flow before point 13 the landslide “Techonic” is, which slided in spring of 2005.

For monitoring points 13 and 12 a-activities ratio was established y=2*U/?*®U~1, the uranium
content increases 3-8 times compared to the “background” values.
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Drain water of tail deposit Ne 5 (points 85 and 86) have high uranium content 9790*10°
g/l at y=2*U/?8U=0.95. The Kara-Jygach river at falling into the Mailuu-Suu river brings
75.9*10°° g/l. At that, the ratio of a—activities y =0.96. Draining the dumps of mining production,
the Ishimsai spring water is enriching with uranium up to 642.6*10° g/l at y=1.005.

In different periods of samples selection in points 13 and 12 in the Mailuu-Suu river
water some technogenic component was marked. Alpha—activities ratio varies from 1.00 to 1.08,
and uranium content averagely increases 5.5 times.
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Touku ombopa npo6
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Oy, ocems 2005e. Oy, secra 2006e. Oy,eecha 2004 2 Oy,eecna 20052. Oy, ocems 20052. Oy, secna 2006
Fig.1. Uranium even isotopes ratio Fig.2. Uranium even isotopes ratio in
along the Mailuu-Suu river flow monitoring points

Space-temporal variations of uranium even isotopes alpha-activities (Fig. 2) show
equilibrium value y=1 in monitoring point 13 for all periods of observation. In spring 2005 the
value of y reaches background values in point 12. In spring 2006 on a boundary with
Uzbekistan (point 11) uranium even isotopes alpha-activities ratio was restored up to background
values.

On the basis of the uranium even isotopes fractioning mechanism it is possible to
conclude, that for monitoring points 13,12,11 a technogenic (man-caused) component of the
uranium is fixed, and it can be occurred only at the expense of mixing of drain water, carrying
away by springs and rivers, washing the tail deposits and dumps with the Mailuu-Suu river
water.

Space-temporal variations of uranium content (Fig.3) in monitoring points along the
Mailuu-Suu river flow are characterized by low values for all periods of observations in
background points.
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Fig.3. Space-temporal variations of uranium concentration in monitoring points of the Mailuu-Suu river
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In spring 2004, uranium concentration in points 13, 12, 11 was practically the same. In
spring 2005, it somewhat drops in points 12 and 11. In autumn 2005 uranium concentration
increases in point 11 on the boundary with Uzbekistan. For spring 2006 the uranium
concentration decrease is observed from point 13 to point 11. The uranium concentration
variation course does not contradict the variation course of alpha-activities ratio of uranium-234
to uranium-238 and confirms the conclusions concerning technogenic uranium presence in the
Mailuu-Suu river, though the uranium content in them does not exceed maximum permissible
concentration.

References

1. Chalov P.Il. Non-equilibrium uranium use for natural and technogenic processes indexes /
Radioecological and adjacent problems of uranium production. — P. 1. — Bishkek: Ilim. - 2000. — P.
36-47.

2. Vasiliev LA., Alekhina V.M.,Orozobakov T.,Mamatibraimov S. Isotope composition and uranium
content in the rivers Naryn and Mailuu-Suu// Eurasia, Nuclear Bulletin. - 2002. - No 1. - P. 99-102.

3. Vasiliev LLA., Barber D., Alekhina V.M., Mamatibraimov S., Betsill D., Passel H. Uranium levels in
the Naryn and Mailuu-Suu rivers of Kyrgyz Republic // Journal of Radioanalytical and Nuclear
Chemisrty. — Vol. 263. - No 1 (2005). — P.207-212.

4. Cherdyntsev V.V. Uranium-234. — M.: Atomizdat. - 1969. - 308 p.
5. Chalov P.I. Natural uranium isotopic fractioning. — Frunze: Ilim. - 1975. — 236 p.
6. Cherdyntsev V.V., Chalov P.l. Phenomenon of natural separation of uranium-234 and uranium-238.

Discoveries in the USSR. — M..: CNIIPI. 1977. — Pp. 28-34.

342



VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

ON THE RECOVERY OF OIL-POLLUTED SOILS
WITH MINERAL ZEOLITE

Z.Q. Rasulova, G.A. Huseynzade, S.A. Hajieva
Institute of Zoology, ANAS, Baku, Azerbaijan
quler2000@yahoo.com

The studies were conducted in 2011-2013 in locally contaminated areas of oilfields
Absheron Peninsula. Radiation background in the studied areas ranges from 50-600 mR/hr.

For cleaning of oil-contaminated soil cheap and available material — mineral carbon
sorbent - zeolite (a mixture of natural zeolite - clinoptilolite together with ammonium-
clinoptilolite in a 1:2 ratio) was used. As biological indicators soil invertebrates were selected,
which are more suitable for indicating the level of contamination areas, as their population
density is high, a component of over hundreds of thousands of individuals per 1 m? of soil. The
effects of radiation on the meso (large soil invertebrates, easily accounted for manual
disassembly of soil samples, such as earthworms, millipedes, mollusks, adults and larvae of
many insect orders) and microfauna was studied (Collembola, Oribatid mites) .

The purpose of this study - ecological analysis of soil invertebrates in the oil-polluted
soils and testing adsorbent for purification of such soils.In the study cenoses of Absheron 48
species of soil invertebrates belonging to 5 families, 13 orders, 24 families were revealed. The
similarity of the fauna and control of oil-polluted soil is 19.5%, which indicates a strong effect of
oil pollution on complex soil invertebrates Experiments on mechanical soil remediation were
carried out. For these purposes the local mineral — zeolite was applied. Experiments were carried
out in three replicates in the area of 1 m2. The species composition, abundance and biomass of
soil organisms before and after cleaning of contaminated soils sorbent (in 3,6,9,12 months , 1,5
and 2 years) was studied. In 3,6 months in the number and biomass are negligible , but after 9
and 12 months of making zeolite it was marked increase in species composition and abundance
of soil invertebrates (Chart 1,2).

Thus, results of experiments showed that refinement with zeolite makes positive impact
on development of fauna of soil invertebrates. And also zeolite enriches soil with trace elements,
detains moisture, sharply stimulates development of microorganisms, promotes decomposition of
organic substances. It proves, that the mineral zeolite is effective for recultivation, after its
application the content of humus, elements of nitrogen, phosphorus, potassium, and also number
and species of micro and mesofauna rises.
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STUDYING THE RADIONUCLIDE AND ELEMENTAL COMPOSITION OF WATER
OBJECTS IN THE RIVERS OF THE TASOTKEL WATER STORAGE RESERVOIR
BASIN

V.P. Solodukhin, V.L. Poznyak, G.M. Kabirova, V.M. Stepanov, L.A. Ryazanova,
S.G. Lennik, A.S. Liventsova, A.N. Bychenko, D.A. Zheltov
Institute of Nuclear Physics CAE MINT RK, Almaty, Kazakhstan
solodukhin@inp.kz

Considering the complicated radiation and ecological situation on the Shu and Karabalta
rivers areas located at the border with Kyrgyzstan, revealed as the result of monitoring trans-
boundary rivers in Kazakhstan [1, 2], we have assigned the task to perform the comprehensive
survey of the water basin at the Tasotkel water storage reservoir in Zhambyl region. The
radiation survey and sampling of water, bottom sediments, coastal and floodplain soils was
performed in accordance with the following scheme (Fig. 1).
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Fig. 1. Scheme of radiation survey and sampling of the environment objects in the rivers basin of the
Tasotkel water storage reservoir

We measured the equivalent dose (MED) at each checkpoint (CP) using the dosimeter-
radiometer MKS-RM1402M at 1 m above the ground. It was found that the radiation situation on
the territory of the water basin is normal: MED = (0.12-0.19) mSv/h.

Determination of radionuclide and elemental compositions of the environment objects
was made using the methods of instrumental gamma-ray spectrometry (IGS), NAA, XRF, ICP-
MS. The IGS method revealed that the content of natural radionuclides of the 23U and *2Th
families in soils and bottom sediments in the water basin of the Tasotkel water storage reservoir
watershed is evidently increased and exceeds the corresponding «clark’s» values in (2-3) times.
On the basis of new data obtained by XRF and NAA methods we revealed the increased content
of radiation- hazardous and toxic elements such as U, Th, As, Pb and all lanthanides in these
objects. Using the methods of IGS, XRF and NAA we studied the radionuclide and elemental
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composition of floodplain soils samples. The obtained new data show the significant content of
radionuclides of 28U and 22Th families, as well as lead and all the elements of rare-earth group
in the floodplain of the Tasotkel water storage reservoir. On the basis of new data obtained by
ICP- MS method, it was found that the water of the Tasotkel water reservoir basin contain the
toxic elements such as U, Li, Mo, Sr, B and Ba of large concentrations. The water of the studied
rivers and water reservoirs cannot be used for drinking, since the value of the hazard limiting
coefficient k,, for each of these water objects exceeds the sanitary standard 1.0 (Fig. 2).
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Fig. 2. The values of the hazard limiting indicator for water selected at the various checkpoints
in the basin of the Tasotkel water storage reservoir.

The detected anomalies in the composition of the environmental objects may have both
natural and anthropogenic origin. It is necessary to perform the additional studies to identify the
sources and the mechanisms of the Tasotkel water storage reservoir basin contamination.
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THE IMPACT OF OIL-GAS INDUSTRY ON RADIONUCLIDE POLLUTION OF THE
ENVIRONMENT

IH.Kh. Khalilova, 2V.A. Mamedov
! International Ecoenergy Academy
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It is a known fact that exploration, production and transportation of hydrocarbon
resources result in the pollution of ecosystem by various toxic chemicals including petroleum
compounds, heavy metals and radionuclides, etc. As other hydrocarbon-rich areas the territory of
the Absheron peninsula of Azerbaijan is also characterized by acute environmental situation due
to long-term oil field development.

The studies have shown that significant amount of radioactive elements accumulates in
the areas close to oil wells and transport pipelines. The main sources of radioactive pollution are:
crude oil, produced water and solid rocks. Radium (Ra), thorium (Th), strontium (Sr), uranium
(U) and potassium (K) are the most widespread pollutants among the naturally-occurring
radionuclides. During production of oil considerable amount of radioactive compounds are
carried into earth surface with produced water. According to the results of radiation studies
radioactivity in several sites of the Absheron oil fields varied within 400-1200 mkr/h against
maximum permissible concentration — 60 mkr/h.

Highly mineralized chloride, sodium and potassium containing produced waters are rich
in radium extracted from rocks due to the contact of water with rocks and oil. The concentration
of radium in produced waters is higher than in ocean waters. It should be noted that this is
observed only in highly mineralized suphate free waters. Generally, the character of radium
distribution in produced waters is very complicated. Radium pollution is mainly observed during
development of the upper productive layers of oil fields. Radium pollution is less likely during
extraction of oil from deep layers [1, 2].

Researches carried out to study radioactive elements’ distribution confirmed high
concentrations of U, Ra, Th and Sr in produced waters during offshore and onshore oil
production. Samples were collected from 9 on-shore and 6 off-shore stations. The results of
researches are presented in Table 1.

The observations also revealed intense radon (Rn) gas emmission around residental
houses located near the oil fields. 222Rn decayed from 226Ra and its respective short-life
daughters. 222Rn emanated fraction releases from the waste materials containing naturally
occurring radionuclides (e.g. 238U, 235U and 226Ra). 222 Rn causes serious danger for human
health, raising their risk of lung cancer. Risks evaluated for members of the public working or
residing within 100 meters of the site are similar to those of oil workers. They include: direct
gamma radiation, inhalation of contaminated dust, inhalation of downwind radon, ingestion of
contaminated water and food. Risks analyzed for the general population within a 50 mile radius
of the waste disposal site include exposures from the downwind transport of re-suspended
particulates and radon. Downwind exposures include inhalation of re-suspended particulates,
ingestion of food contaminated by deposition of re-suspended particulates, and inhalation of
radon gas [3].

All the above mentioned require attention and continuous monitoring during some
routine operation in oil industry.
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Table 1. Quantity of radioactive elements in produced waters

Sampling stations | U, g/l - 107 Ra, g/l - 10° | Th, g/1- 1073 Sr, g/l - 1073

On-shore fields
S1 1.55 2.40 2.48 3.17
S2 1.33 2.51 2.32 3.40
S3 1.40 2.55 2.55 3.68
S4 1.89 2.15 1.54 3.36
S5 2.33 2.18 2.05 3.43
S6 2.37 2.25 1.86 3.40
S7 4.25 1.95 3.45 3.65
S8 3.83 2.07 3.36 3.72
S9 3.70 2.20 3.33 3.17

Off-shore fields
S1 4.22 1.56 3.95 4.20
S2 4.31 1.63 4.46 3.54
S3 4.10 1.47 4.85 4.05
S4 2.30 1.90 4.27 4.85
S5 2.28 2.37 4.20 4.70
S6 2.32 2.49 4.15 3.97
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A STUDY OF POLLUTION OF SURFACE WATERS BY RADIOACTIVE ELEMENTS
IN THE ABSHERON INDUSTRIAL REGION

1V/.A. Mamedov, IM.S. Alosmanov, 2H.Kh. Khalilova
YInstitute of Geology, ANAS, Baku, Azerbaijan
2International Ecoenergy Academy
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Starting from the middle of XIX century, like other components of ecosystem, the lakes
of the Absheron peninsula were polluted by various toxic substances. That is caused by
development of oil-gas, petrochemical, chemical and other industries. The discharge of untreated
industrial, communal-domestic and agricultural sewage gradually changed the quantitative and
qualitative indices of these lakes. In the beginning of XX century the daily volume of the waste
water discharged to Boyukshore lake was 2-3 thousand m3. This figure increased to 30 thousand
m3/day by 1970-80 years. Majority of the Absheron lakes including Boyukshore, Siyanshore,
Girmizy, Zabrat, Puta, Ramana, Bulbula and Gala are heavily polluted by oil industrial and
domestic waste waters. A huge amount of oil products, phenols, surface active agents and other
pollutants have accumulated in surface wasters, bottom sediments and soils around the lakes.

One of the important issues to be taken into account during lake pollution studies is the
distribution of radionuclide pollution. Lake waters contain the same radioactive elements as
rivers and seas. The main radioactive elements available in natural water resources are: uranium
(U), radium (Ra), radon (Rn) and potassium (K) [1].

In order to study the Absheron lakes’ radioactivity water and sediment samples were

analyzed. Analyses were carried out in “Radiometry” laboratory of Geological Institute of
Azerbaijan National Academy of Sciences using gamma-spectrometry method. The results of
analyses showed the absence of Th, Ra, and Rn in water samples of the lakes. A little quantity
of Ra was found only in surface water sample of Hojahasan lake. Radioactivity of some
Absheron lakes is conditioned by potassium. The content of potassium varies from 0,0 to 1, 40
o/l not exceeding 0,2 g/l for majority of lakes. However, the content of potassium in the waters
of Pirshagy and Girmizy lakes was 0, 56 and 1,2-1,4 g/l, respectively that is the evidence of high
salt concentration in them [2]. As it was mentioned above, the Absheron lakes are polluted by oil
products that led to anomaly distribution of radionuclides, and it, most probably, results in their
accumulation in bottom sediments. From this viewpoint, the study of the radionuclide content of
bottom sediments of lakes is of great interest.
For this purpose, all gamma-ionizing radionuclides with energies over 0.300 MeV, i.e uranium
(on radium), thorium, potassium, cesium, cobalt and others were determined in bottom sediments
of 14 lakes. In should be mentioned that cesium- 137 and cobalt-60 (the products of nuclear test)
was not found in sediment samples of the studied lakes. All sediment samples (with except of
Gala-2) contained potassium. Despite the fact that the content of potassium was below the Clark
of sediment formations, it is the evidence that potassium is continuously entering these lakes
from the surrounding area. The results of radionuclide analysis of bottom sediments of the
Absheron lakes are presented in Table 1.
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Table 1. The content of radionuclides in bottom sediments of the Absheron lakes

Ne | Lakes Radionuclide content Contribution

> Bk/kg % to total

S gamma-

3] ionization,%

< [URa)[Th K |U10% [Th10°|K |U |Th |[K
1. | Siyanshore 17,5 nd* |n.d. 223,4 | n.d. n.d. 0,75 | 0 0 100
2. | Fatmai 38,1 20,9 n.d 220,1 | 1,69 n.d. 0,74 |60 |0 40
3. | Mirzaladi 12,5 n.d. 57 64,0 |n.d. 1,4 022 |0 63 | 37
4, Gala-2 564,6 |418,0 |111,9 | n.d. 33,8 27,47 nd. |75 |25 |0
5. | Ganligol 70,8 | 47,7 52 207,7 | 3,86 1,27 0,70 |71 |9 20
6. | Duzlu 11,9 n.d. n.d. 151,6 | n.d. n.d. 051 |0 0 100
7. | Boyukshore | 16,1 |26 n.d. 1719 | 0,21 n.d. 058 |19 |0 81
8. | Masazir 42,8 12,1 71 272,6 | 0,98 1,75 0,92 |47 |10 |43
9. | Pirshagi 53,3 21,6 7,3 2825 | 1,75 1,79 0,95 |45 |18 |37
10. | Zabrat 89,6 52,9 20,8 | 1205 | 4,28 5,29 041 |62 |29 |9
11. | Bulbula 30,8 13,2 n.d. 2241 | 1,07 n.d. 0,76 |49 |0 51
12. | Hojahasan 33,7 27,8 n.d. 76,2 | 2,24 n.d. 0,25 |85 |0 15
13. | Dashagil 81,2 39,1 125 |[329,0 | 3,17 3,05 1,11 |52 (20 |28
14. | Girmizi 43,7 29,8 n.d. 241,1 | 2,01 n.d. 0.81 |62 |0 38

* n.d.-compound not detected or below instrumental direction limits.
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ESTIMATION OF ANNUAL COMMITTED EFFECTIVE DOSE DUE TO
RADIOACTIVITY OF CURATIVE DRINKING THERMAL SPRING WATERS IN
TURKEY

A. Dirican, M. Sahin, M. Serefinoglu, P.E. Erden, N.K. Sahin
Turkish Atomic Energy Authority Saraykoy Nuclear Research and Training Center,
Ankara, Turkey
abdullah.dirican@taek.gov.tr

Spa customers protection against natural radioactivity in curative drinking thermal water
is not regulated in Europe and Turkey. For this reason, a technical cooperation project was
conducted to provide a report containing radioactivity measurement results, dosimetric
calculations and analysis of the radiation protection regulations to be applied in spas. The
curative drinking thermal water samples were collected from 30 spa facilities in Turkey.
Concentrations of naturally occurring radionuclides 28U, 2**U, ??°Ra, and ??®Ra were measured
in these waters for the estimation of annual committed effective dose to the adult spa customers.
The average activity concentration values of 28U, 2**U, ?°Ra and ??®Ra were calculated as 18
mBg/L, 23 mBqg/L, 1042 mBg/L and 3150 mBg/L respectively. The total annual committed
effective dose in the spas due to ingested curative drinking waters ranged between 7.36x107°
mSv/year and 1.4 mSv/year for adults. Water consumption rate was determined as 30 L/year by a
questionnaire performed at spas facilities. In the most extreme scenario all water samples except
KA-4 (0.3 mSv/year) and KA-44 (1.4 mSv/year) cause annual committed effective doses below
the reference level (0.1 mSv/year) recommended by World Health Organization (WHO).
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THE EFFECT OF SAFFRON EXTRACT ON ANTIOXIDANT SYSTEM OF RAT
BRAIN EXPOSED TO THE INFLUENCE OF »-IRRADIATION AT A LETHAL DOSE

'Kh.F. Babayev, !S.Z. Guliyeva, ?l.A.Rzayeva
YInstitute of Physiology n.a. A.l.Garaev, ANAS, Baku, Azerbaijan
?Institute of Radiation Problems, ANAS, Baku, Azerbaijan
ecolog84@rambler.ru

During the years of researching in the field of influence of ionizing rays on living
organisms have shown that the effect of this factor doesn't go past the antioxidant status, lipid
metabolism and membrane structure of cells and tissues [1-3]. Decrease in efficiency of the
antioxidant protective system or intensifying effect on the organism radical getter factors
(ionizing irradiation, xenobiotics, etc.) causes hyperfunction of reactive oxygen species (ROS)
[4]. By several scientists have shown a prophylactic and therapeutic effect of the administration
of natural, in particular plant antioxidants [5-7].

Nowadays finding safe antioxidants is one of the quite relevant scientific and practical
problem. That’s why, we studied the pharmacological effect of saffron extract to an antioxidant
system of rat brain exposed to the action of y-irradiation. This extract made from the dried
stigma of the flower of Crocus sativus L. In this experiment we investigate the dynamics of
changes in the activity of superoxide dismutase (SOD), which is one of the most important
enzymes of defense system from the damaging effect of ROS [8].

Experiments were conducted on albino rats weighing 180+20 g were studied various
structures of the brain (the medulla oblongata, cerebellum, visual and sensorimotor cortex).
Animals were divided into 3 groups: | group - control, Il group - y-irradiation, Il group - y-
irradiation + saffron extract. During 21 days animals has been previously introduced saffron
extract per os at a dose of 120 mg/kg before y-irradiation. Upon irradiation results were recorded
after 1 hour, 3 and 6 days. SOD activity (SOD; EC 1.15.1.1) was measured by the method of
Beauchamp C. and Fridovich J. [9].

The results showed that under the influence of y-irradiation at a dose of 6.9 Gy, SOD
activity in the brain is significantly reduced. At the 1% hour of irradiation enzyme activity was
164,8+16,8 units/mgprotein in the medulla oblongata. On 3™ and 6" days of experiments the level
of activity was equal to 120,8+13,4 units/mgprotein and 110,6+11,8 units/mgprotein respectively.
These indexes are below than control ones for the reference value (204,4+8,8 units/mgprotein) by
19% , 40% and 45%.

The animals which included into the 111 group of experiments were introduced saffron
extract for 21 days before irradiation. As can be seen from the fig.1, in the medulla oblongata of
animals receiving the extract of saffron change in SOD activity after hour of irradiation power
180,9+10,8 units/mgprotein, Which is higher from the index of Il group for 9.7%. On 3 and 6"
day of irradiation the results were equal to 148,6+9,4 units/mQprotein and 138,8+10,6
units/mgprotein. Compared with the Il group of animals, these values are above 23% and 25.5%
respectively. A similar pattern is also observed in other investigated brain structures. In the way,
the prior administration of saffron extract to the animal’s organism before irradiation leads to the
stabilization of the studied enzyme activity, which shows the antioxidant properties of this plant.
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Fig.1 The effect of saffron extract to the dynamics of changes in the activity of SOD in the medulla
oblongata under y-irradiation at a lethal dose (M=m), n=30.
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INTENSIFICATION OF THE INFLUENCE OF THE ANTINEOPLASTIC MEDICINES
OF THE LOCAL APPLICATION THROUGH THEIR CONCENTRATION WITH THE
GENERATORS OF THE ELECTRONS OF THE INTERNAL CONVERSION

R. Babajanov
National University, Tashkent,Uzbekistan

rbabadjanov@mail.ru

Nowadays oncologists and pharmacologists have developed and tested the clinical
researches over five hundred antineoplastic medicines including the licensed practice of some
fast treating medicines of the local applications introduced directly into the swelling region of
the vital organs of the human body.

This article offers a technology using the accelerators of the electrons for the generatorsof
the electrons of the internal conversion only with the lower kinetic energy but the higher degree
of the local ionization of the medium molecules particularly for the deep ionized destructions of
the biological activity of the cancerous growth tissues in the visible part of the human body.

Each generatorof the electrons of the internal conversion making emission the electrons
of the kinetic energy approximately 100 KeV is able to ionize locally 10° medium molecules
around in the distance of 100 — 200 microns from the generator. Radiation of the individual
electrons of the internal conversion forming the stable elements introduced into the
antineoplastic medicine of the local application using the bremsstrahlung beams of the
accelerators of the electrons originates 10° generatorsof the electrons of the internal conversion
at the least.

Consequently, we have a generatorof the electrons of the internal conversion ionizing 10°
molecules of the cancerous tissue. Mutual influence of the antineoplastic medicine and the
generatorsof the electrons of the internal conversion intensify a treatment of the irradiated
antineoplastic medicine double or even triple.

We have a plan to conduct clinical testing of this treatment at the special oncologic
institutions.
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WATER COLUMN DEPTH DEPENDENCE OF TRACE METALLS AND
HYDROCARBONS IN CASPIAN SEA WATER TAKEN FROM
AREAS OF AZERBAIJAN

M.M. Ahmadov, N.A. Ibadov, F.Y. Humbatov, V.S. Balayev and B.A. Suleymanov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
majid@azecolab.com, navai@azecolab.com

The present study was conducted to investigate the heavy metal contents (As, Ba, Co, Cr,
Cu, Mn, Pb, Cu and Ni), Total Hydrocarbons (THC) and 16EPA Polynuclear aromatic
hydrocarbons (16EPA PAHS) of seawater the Caspian sea were collected from 2 different sites at
different depth of water column, in Azerbaijan region. It is know the analysis of ultra trace
elements in sea water samples is one of the most difficult analytical tasks in the field of
environmental monitoring, as extremely low detection limits for elements buried in a highly
saline matrix is required. The use of Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
for direct sea water analysis is currently limited by spectral and non-spectral interferences caused
by the sea water matrix.

To avoid this problems the Agilent 7700x Series ICP-MS applied to analysis sea water.
The Agilent 7700x ICP-MS combines the simplicity of a single collision cell mode (helium
mode) for polyatomic interference removal with the superior matrix tolerance of its unique High
Matrix Introduction (HMI) system. In order to reduce salt deposition in the nebulizer the
humidifier is used. The humidifier humidifies the carrier gas and reduces salt deposition in the
nebulizer. Third generation Octopole Reaction System (ORS3) cell technology provides higher
sensitivity and more effective interference removal than ever before in complex, high matrix
samples, eliminating the need for reactive cell gases in routine analysis. Helium mode on the
ORSS3 is so effective that interference correction equations can also be eliminated. These two
factors redefine ease of use in ICP-MS, removing two of the most common causes of errors in
multi-element analysis of complex samples.

Polynuclear aromatic hydrocarbons (PAHs) are important environmental pollutants
because many of them are known or suspect carcinogens. In environmental studies, the extent of
PAH contamination as a group is often quantified by the concentrations of 16 of the
representative PAH species, which are included in the list of priority pollutants as defined by
USEPA. Gas chromatography with mass spectrometry (GC-MS) is presently the preferred
analytical technique for the analysis of PAHs. As is often the case in environmental analysis,
effective sample preparation and cleanup holds the key of success for the analysis of trace PAHs

Samples are extracted by EPA-Method-3510C (Separatory funnel Liquid-Liquid
Extraction) and cleaned by EPA-Method-3660B (Sulfur clean-up) and EPA-Method-3630C
(Silica-Gel Cleanup). Concentrate extracts by Kuderna —Danish apparatus at 50-55°C till 2 ml
and transfer extract into volumetric tube. After place the volumetric tube in nitrogen blow-down
apparatus. Evaporate the extract till 1ml and the total hydrocarbons (THC) are analyzed on a gas
chromatograph with a flame ionization detector (GC-FID, GC-450, Varian) and PAHSs analyzed
by GC/MS Trace DSQ (Thermo-Electron, Finnigan) SIM mode.

The results of analyses in water samples taken in two sites at a different depth of 5 m, 50
m, 100 m, 200 m and 350 m are presented in table 1. Dependence concentrations of analyses
elements from depth of water column are demonstrated that for both sites there were nearly
identical variation concentrations of As, Ba, Mn, Ni and V from depth of water column. Gradual
decrease concentration with increasing water column depth was observed for elements Co and
Cu in stationland in station2 respectively. Randomly variation concentrations with increasing
water column depth was observed for element Pb in both stations.
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For both stations concentrations of THC and 16EPA PAHSs less than respectively 20 ug/L
and 10 ng/L.
Table 1. Concentration of metals and hydrocarbons in different depth of water column

. 16
\/ Cr Mn Co Ni Cu As Ba Pb THC
Stations EPAPAHSs

ug/L | ug/L | ug/L | ug/L | ug/L | ug/L | ug/L ug/L ug/L | ug/L ng/L

Stl-5m 0.880 | 0.146 | 0.333 | 0.037 | 0.947 | 0.834 | 1.560 | 12.095 | 0.133 | <20 <10

St1-50 m 0.792 | 0.160 | 0.232 | 0.033 | 0.821 | 0.758 | 1.294 | 15.557 | 0.071 | <20 <10

St1-100 m 0.950 | 0.167 | 0.555 | 0.024 | 0.939 | 0.692 | 2.391 | 27.931 | 0.045 | <20 <10

St1-200 m 0.975 | 0.205 | 0.772 | 0.023 | 0.851 | 0.582 | 2.582 | 32.907 | 0.138 | <20 <10

St1-350 m 0.822 | 0.173 | 2.137 | 0.021 | 0.940 | 0.499 | 2.769 | 39.936 | 0.063 | <20 <10

ST2-5m 0.895 | 0.247 | 0.442 | 0.037 | 0.898 | 0.870 | 1.418 | 14.850 | 0.118 | <20 <10

ST2-50 m 0.899 | 0.243 | 0.371 | 0.033 | 0.795 | 0.678 | 1.260 | 13.916 | 0.125 | <20 <10

ST2-100m | 1.054 | 0.222 | 1.144 | 0.026 | 1.035 | 0.722 | 2.605 | 30.378 | 0.133 | <20 <10

ST2-200m | 1.024 | 0.361 | 1.109 | 0.021 | 0.968 | 0.715 | 2.694 | 32.979 | 0.101 | <20 <10

ST2-350m | 0.837 | 0.209 | 3.547 | 0.020 | 0.864 | 0.652 | 2.763 | 36.721 | 0.116 | <20 <10
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URANIUM AND THORIUM DETERMINATION
IN WATER SAMPLES TAKEN ALONG RIVER KURA

M.M. Ahmadov, N.A. Ibadov, K.S. Safarova, F.Y. Humbatov,
V.S. Balayev and B.A. Suleymanov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
majid@azecolab.com, navai@azecolab.com

Uranium occurs in a dispersed state in the Earth's crust reaching an average
concentration almost 4 - 10 percent by mass. Uranium of natural isotopic composition consists
of three isotopes: 238U, 235U and 234U, all of them are radioactive. Uranium present in the
Earth is transferred to water, plants, food supplements and then to human beings. Uranium
nuclides emit alpha rays of high ionization power and therefore it may be hazardous if inhaled or
ingested in higher quantity. Adverse health effects from natural uranium can be due to its
radioactive and chemical properties. Radioactive effects are very small from natural uranium;
chemically it can be harmful to the kidneys from large exposure. Uranium is a very reactive
element readily combining with many elements to form a variety of complexes. The need of
estimation of uranium concentration in water is multifold: it is an important fuel for nuclear
power reactors, the hydro geochemical prospecting for uranium is essential and the assessment
of risk of health hazards due to high concentration of uranium in water is most important.

Thorium is a naturally occurring radioactive metal that is found at low levels in soil,
rocks, water, plants and animals. Almost all naturally occurring thorium exists in the form of
either radioactive isotope thorium-232, thorium-230 and thorium-228. There are more than 10
other thorium isotopes that can be artificially produced. Smaller amounts of these isotopes are
usually produced as decay products of other radionuclides and as unwanted products of nuclear
reactions. Studies of workers have shown that inhaling thorium dust will cause an increased risk
of developing lung disease, including lung cancer, or pancreatic cancer. Liver disease and some
types of cancer have been found in people injected in the past with thorium in order to take
special X-rays. Bone cancer is also a potential health effect due to the storage of thorium in the
bone.

In the present investigations, uranium and thorium concentration in rivers water of
Azerbaijan has been measured using inductively coupled plasma mass spectrometry (ICP-MS).
The Agilent 7700x Series ICP-MS applied to analysis of water samples. The method is based
on the direct introduction of samples, without any chemical pre-treatment, into an inductively
coupled plasma mass spectrometer (ICP-MS). Uranium and thorium was determined at the mass
numbers of 238 and 232 respectively using Bi-209 as internal standard. The main purpose of the
study is to measure the level of uranium and thorium in water samples taken along river Kura.

A total of 15 water samples, have been analyzed for uranium and thorium concentration
using ICP-MS. The dissolved uranium and thorium were defined from samples filtered through
membranous the filter pore size 0, 45 um , without preliminary sample preparation. All plastic-
ware (sample bottles, pipette tips, filtration unit and flasks were soaked in 10% v/v HNO3 for 24
h and rinsed with ultra pure water before being used. Milli-Q ultra pure water (resistivity 18.2
MQ cm), was used throughout, and all laboratory operations. In the laboratory by adding an
appropriate volume of nitric acid the acid concentration of the samples are adjusted to
approximate at 1% (v/v) nitric acid solution.

The values of uranium and thorium in samples are presented in table 1. The values of
thorium on all sampling point less than 0.01pg/L. The values of uranium in samples ranges from
0.697 pg/L to 7.035 pg/L with an average value of 1.812 pg/LL . The EPA and WHO set a
Maximum Contaminant Level for uranium of 30 micrograms per liter based on the chemical
toxicity of uranium. The Canadian current guideline for uranium in drinking water is a
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Maximum Acceptable Concentration (MAC) of 20 pg/L. The Indian Atomic Energy Regulatory
Board has set a limit for uranium in drinking water of 60 pg/L.

Table 1. The measurement concentrations of Thorium and Uranium.

. . Th, U, . . Th, U,
NN Sampling Points ug/L | ug/L NN Sampling Points ug/L | ug/L

1 | Elinje River <0.01 | 1.410 | 9 | Jandargol Reservoir <0.01 | 1.409

Varvara Reservoir | <0.01 | 1.211 | 10 | RIver Kura, <0.01 | 0.697
2 Bridge Poylu

. . River Kura,

3 River Kura, Bridge | <0.01 | 1.209 | 11 Till of Araks River <0.01 | 1.815

Mingacheur <0.01 | 1216 | 12 | RiverArks, <0.01 | 7.035
4 | Reservoir Novruzlu village bridge, post

River Kura, Down of Araks

Yenikend Reservoir | <0.01 | 1.161 | 13 | Rive, <0.01 | 2.919
5 bridge
6 | Shemkir Reservoir | <0.01 | 1.481 | 14 | Duzdag lake <0.01 | 2.277

Rlyer Kura, <0.01 | 0.716 | 15 River Araks, Banka <0.01 | 1.914
7 | Girzan village settlement

River Khrami,
8 | Red Bridge <0.01 | 0.709

The measured uranium content in water samples has been found to be less than the limit
of 30 ug/L recommended by the World Health Organization (WHO) and US Environmental
Protection Agency.
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IMMOBILIZATION OF LONG-LIVED IODINE AFTER INCORPORATION INTO
APATITE AND LAYERED DOUBLE HYDROXIDE MATRICES

N. Torapava, C. Walther
The Institute for Radioecology and Radiation Protection, Leibniz University of Hanover,
Hanover, Germany
torapava@irs.uni-hannover.de

lodine-129 being long-lived (ti2 = 1.57-107 years) volatile fission product with yield of
0.7% per fission of ?®U, represents a challenge for the design of repository-suited matrices. The
present study investigates a possibility of iodine incorporation in the forms of iodide and iodate
into apatite and layered double hydroxide (LDH) matrices. The matrice should meet certain
requirements, i.e. being cheap, safe, easy to synthesize, stable and environmental friendly.
Optimization of coprecipitation method for synthesis of iodine containing apatite and LDHSs has
been done. It was shown that iodide practically does not incorporate in case of apatite and that
incorporation is lower in comparison to iodate in case of LDH. Inductively coupled plasma mass
spectroscopy, ICP-MS, and inductively coupled plasma optical emission spectroscopy, ICP-OES
analyses of digested apatite, as well as microprobe of solid apatite gave the following
composition: Caio(PO4)e(103)0.28(OH)1.72 and Ca10(PO4)s(103)0.37(OH)1.63 With 5 and 7 wt. % of
103", respectively. In case of LDH the highest amount of incorporated iodate was 40 and 20 wt.
% for [MQ291AI(OH)782](103)123 and [Cao47Mg1.75AI(OH)7.82](103)0.83, respectively. lodide
incorporation was only ca. 3 wt. % in case of [Mg2.95Al(OH)7.90]lo.0s.

Obtained matrices were strucutrally characterized by XRD and EXAFS methods. EXAFS
shows that the iodate-apatite obtained via coprecipitation has different structural iodine
environment in comparison to apatite with adsorbed iodate. The iodate release from the apatite
starts at heating > 500 °C, whereas LHD release > 80% of iodine already at t ~ 180 °C. Only ca.
5 — 6 % of the incorporated iodine is leached from apatite after 15 days, whereas more than 90 %
is leached by MilliQ water after one month and 40 % by brine (0.1 M Na2SOs and 1 M MgCly)
solution after one day from LDH. Therefore, apatite is a suitable matrix for immobilization of
radioactive iodine for a long-term storage, whereas LDH might be used for a short-term storage
only.

The project underlying this abstract was funded by the Federal Ministry of Education and
Research under the project number 02NUKO021G promoted. The responsibility for the content of
this publication lies with the authors. We are greatful to Luis Iglesias for preparation of LDHs.

Figure 1. Possible incorporation sites in the a) apatite structure with a formula Caig(PO4)s(X)., Where
X = OH, F, CI', Br, where oxygen — blue, calcium — green, phosphor — yellow, X — red and b) LDH
where iodate or iodide is incorporated into interlayer space through weak hydrogen bonds and van der
Waals’ interactions, respectively.
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MAGNETIC IRON OXIDE NANOPARTICLES IN
PHOTOSYNTHETIC SYSTEMS

'R.1. Khalilov, *A.N. Nasibova, ?G.B. Khomutov
YInstitute of Radiation Problems, ANAS, Baku, Azerbaijan
2L omonosov Moscow State University, fakulty of physics, Moscow Russia
hrovshan@hotmail.com

Magnetic nanoparticles of iron oxides are widespread in nature and are found in living
systems of various levels and types of organization - in bacteria, plants, insects, fish, birds,
animals and man. Mechanisms of biogenic processes of the formation nano-phase iron oxides is
now scarcely explored and at the same directly connected with the occurrence of important
physiological processes in living systems, including with the development of pathologies, for
example neurodegenerative diseases in humans. Study of the formation of magnetic
nanoparticles in living systems is also important to clarify the general mechanisms of
biomineralization processes and for developing new effective diagnostic tools and environmental
monitoring.

We have found and studied the effect of biogenic formation of magnetic inclusions in
photosynthetic systems - in various higher plants under the influence of some external stress
factors (radiation impact, moisture deficit) and in a model system - a suspension of chloroplasts.

For registration and characterization of magnetic nanoparticles in the samples used EPR
spectrometer because superparamagnetic and ferromagnetic nanoparticles have a characteristic
"broad" signals of electron magnetic resonance. For direct visualization of magnetic
nanoparticles used the method of transmission electron microscopy (fig.1).

S

Fig.1. Magnetic nanoparticles in chloroplasts.

In the polluted areas of Apsheron peninsula the existence of ferrum oxide nanoparticles
were found by us first using Electron Paramagnetic Resonance (EPR) method. In the large
interval of magnetic area the EPR signal characteristic to ferrum magnetic nanoparticles (g=2.38,
AH=320 Qs) were observed. The researches showed that the radiation influences the amplitude
of EPR signal characterizing the magnetic nanoparticles (fig.2).

For the clarifying which biologic process plays role in the plant-based magnetic
nanoparticles’ synthesis the wheat (Triticum L.) and the pea (Pisum L.) were used as a model.
These seeds were irradiated with different dozes of y radiation. The pea seeds were irradiated at
the 30, 60, 100 Gr and the wheat seeds were irradiated at 100, 200, 300 Gr dozes.

Control and irradiated seeds were sprouted during 10 days and then dried at the room
temperature. The amount of paramagnetic centres characterizing the magnetic nanoparticles were
studied using EPR method. It was found that the amplitude of EPR signal in the wheat shoots’
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magnetic nanoparticles irradiated at 100 Gr level is higher than in control sample. At the higher
level of radiation (300 Gr) the dynamics of paramagnetic centres were weakened. In the
investigations with pea seeds the similar results were found.
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Fig.2. EPR signal characterizing the magnetic nanoparticles.

Determined that the formation magnetic nanoparticles may be related with the work
photosynthetic aparata of plants and depends on the lighting conditions of the samples during
incubation. These data indicate that the processes of formation of the magnetic nanoparticles in
the plants may be associated with partial violation of intact chloroplasts and other components.

As a consequence ensured the availability of nanoparticle precursors (e.g., of iron ions) to
the chains electron transport chloroplast membranes, resulting in the photoinduced redox
reactions magnetic nanoparticle is formed, resulting in during the photoinduced redox reactions
occurs formation of magnetic nanoparticles.
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COMPARATIVE STUDY OF TECHNOGENIC CONTAMINATED SOIL AND
NATURAL VEGETATION OF AZERBAIJAN
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2Institute of Dendrology, ANAS, Baku, Azerbaijan
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There are soils contaminated with crude oil and oil products in some lands of Absheron,
as well as in the marine coastal zones along the shore of the sea. During the drilling and
exploitation of oil wells significant quantities of crude oil discharged into the land area.
Discharged oil from the surface of the land creates "screen™ cover in the surface of the earth, it
has a negative impact on germinating of the plant seeds, natural vegetation cover destroyed.
General area of these territories reaches 100 hectares. Total of land fund of Absheron had 585
hectares according to the known information, it involves for more attentions to the contaminated
areas in exploitation territories of the peninsula. If we add household and construction waste
here, it will not be impossible to pay attention to the contaminated areas. While the spread of
xerophytes in the land areas of the coast of the Caspian Sea contaminated with crude oil and
petroleum products, different species of trees and shrubs, ornamental plants have been grown in
culture conditions in homestead land, fully developed they have ability to produce fruits and
seeds. There are significantly formed also the orchards.

It is possible to make conclusion that if people living in these areas clearing their
technogenic polluted areas of their homestead land could made fully usable for planting, then it
is possible to make technogenic polluted land fully usable.

H.A.Aliyev and V.R.Volobuyev (1953), - Absheron soils were included in the little
humus types of semi-desert lands. Such areas are called less productive lands, in most cases the
natural vegetation cover has been ephemeroidal and ephemera, also significantly decreased their
species composition. Crude oil contaminated soil with high levels of radiation have been
severely reduced the natural vegetation cover.

There are observed in both decrease in species composition and sparse of bush, semi-
bush, shrubs and trees in contaminated land areas. Natural vegetation cover of Absheron
peninsula is generally similar. However, different technogenic reasons in some areas, it
significantly reduced the number of members of these or other species, it was impossible to
come across to some species, some are recorded in all areas. It should be noted that in contrast to
trees and shrubs in all areas, wild herbaceous plants - a lot of ephemeral and ephemeroidal
spread in.

In contaminated soil areas some of other species of chamomile, shepherd's purse,
primrose, camel’s-thorn, crow's feet grass, thistles, fodder continue their one-year life until the
end. Being brackish and saline of land area in bore water spreading area from halofit plants -
kermen (broom), petrosimonia (chickweed), solecorniya (saltwort) and others draw attention to
the spread of the other species. Based on the information from the literature should be noted that
in oil and other technogenic contaminated soil areas of Absheron peninsula, especially the
regions of the Caspian Sea and Pirallahi, from the microorganisms Clostridium pasterianum,
nitrobacterias, various funguses that break down domestic waste - Dematium, Chaetomtum,
Aspergillus and Penicillum, ephemeral and ephemeroidal, as well as from bush plants juzgun of
Baku (Calligonum bakuense Litw.), juzgun of Petunnikov (Calligonum petunnikowii Litw.), Iris
acutiloba C.A.M. Mardakan, Pirallahi, Shuvelan, Turkan, Gala, Zira and other territories of the
settlements spread in. (S.A.Aghajanov and others, Sh.M.Afendiyeva and S.A.Aliyev,
T.A.Babayeva and A.O.Asgerov, 1984).
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When there is less spilled oil waste in the ground, then get limited activity of nitrogen
bacteria. If oil viscosity will be high, the activity of the plants root system decreases sharply,
stops the life processes of plants, in some cases, the aboveground part of the plants dry up and
they are lost. Dominanted wind in the Absheron khazri (north wind) considerably increases a
natural distribution area of plants. Species of population dispersed to the wide-area. Naturally,
endemic species of tree come across very seldom in these areas. Most of the bushes are tamarisk,
elm and small-sized perennial shrubs. Juzgun and saxaul have not been recorded in contaminated
areas. However, small-sized, liquorice bushes and tall gavan sometimes (Gala) are found. There
were observed in contaminated land areas castor oil, agrimony and stramonium bushes, as well
as distinguished by yellowish flowers, small sized shrubs were very sustainable to hot and dry
climate of Absheron. Some of the different types of technological long-term contaminated areas
have ephemeroidal.

There are different species of long-term ephemeroidal in some technological
contaminated areas. In crude oil-contaminated land there are mostly waxes, closed-chain waxes,
closed-chain hexane and pentane, naphthenic acid salts, aromatic hydrocarbons, naphthenic
acids, phenols, organic sulfur compounds significantly increase the alkalinity of the soil.
Construction and household waste were chloride, sulfate and mineral compounds of carbonic
acids, creates a variety of combinations of salts, changes of anionic and cationic components of
the soil, bring about the emergence of salinity or salinization. Plant growth is limited in such
soils, most of them can not to give a seed.

Planting trees assumes a special importance in people's health. In modern times, for the
treatment of contaminated lands it is possible to prevent contamination relatively by using of
various species of trees and shrubs.

The purpose of the article is the treatment through the plants a variety of contaminants
that have accumulated in technological contaminated areas and consisting of the improvement of
the parameters of the land-water-air ecosystem.

It should be a goal for selection of actual technological contamination areas, it is one of
the main conditions conducting of preliminary measurements in selected areas, providing
cultural growing of plants in selected areas and choosing a comparable control area. In these
areas and in the comparable control area observations and measurements should be carried out
regularly, obtained experimental data must be systematized. It should be better if such results
will be discussed by internal and foreign scientists.
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MICROWAVE-ACID TREATED BENTONITE AS ADSORBENT FOR REMOVAL OF
RADIOCOBALT FROM LIQUID RADIOACTIVE WASTE

S. Egamediev, D. Nurbaeva, Z. Saidova, S. Khujaev
Institute of Nuclear Physics of AS RUz, Tashkent, Uzbekistan

serik@inp.uz

Development of new sorbents and study of its sorption properties is an important task for
nuclear waste management. The sorption of various radionuclides and heavy metals on different
clay minerals has been studied extensively in last decades because of the strong interaction of
radionuclides or metal ions with clay minerals. Among the clay minerals bentonite is a natural
clay mineral and is preferably chosen for making of sorbent for radionuclide removal [1]. The
use of bentonite for treatment of LRW (liquid radioactive waste) of low level is attractive
because of the fact that they are readily available and cheap and there are large and well-
developed deposits of these minerals in Uzbekistan. At present bentonite clay powder is
produced by plant “Bentonite Ltd” (Navoi region, Uzbekistan).

Modifications of bentonite has been the subject of interest by many researchers, as the
property of resulting materials, may enable them to be used in various application in science and
technology. Several methods have been proposed to increase the selectivity of natural minerals
towards radionuclides and heavy metals. Among these the most widely used methods are acid
and alkali treatment, salt and thermal treatment [2].

The adsorption properties of adsorbents based on bentonite are a function of the content
of montmorillonite and the nature and the number of interlayer cations. In order to remove
impurities and various exchangeable cations from bentonite and produce a homogeneous and
well-defined material for use as an adsorbent and a catalyst, different treatments have been used,
most frequently with inorganic acids. Activation proceeds with partial dissolution of bentonite,
described by pseudo first order kinetics and is characterized by the initial replacement of the
interlayer cations by H+, followed by dissolution of the tetrahedral and octahedral sheets and a
subsequent release of the structural cations. Octahedral cations, such as Al(3+), Fe(2+), Fe(3+)
and Mg(2+) can be depleted by treating the clay minerals with acids at elevated temperatures
with the rates of depletion generally following the order Mg(2+)> Fe(2+)> Fe(3+)> Al(3+).
Important physical changes in acid-activated bentonite are the increase of the specific surface
area and of the average pore volume, depending on the acid strength, time and temperature of the
treatment.

In this study we examined the ability of modified bentonite clays to sorb ®Co
radionuclide with aim to evaluate the possibility of using them as sorbents for treatment of
radioactively contaminated solutions. The radioactive tracer technique was used for
determination of the distribution coefficients and to monitor the modification processes of
bentonite. No-carrier-added Co-57 was obtained from “Tezlatgich” LTD company (Uzbekistan).
The adsorption properties of produced samples bentonites were studied by adsorption of the °’Co
radionuclide from distillation water for 24 hours.

The ¥Co distribution coefficients Kq on samples of modified bentonite clays are given in
Table 1. The obtained results show that the microwave heating power at 450 W and the
subsequent acid activation of bentonite with 3 M HCI and 1 M H3POs solutions improve
efficiently adsorption properties of natural bentonite for °’Co radionuclide removal.
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Tablel. Effect of microwave-acid treatment of Ca-bentonite on adsorption of Co-57 radionuclide

No Conditions of preliminary treatment Distribution Adsorption of Co-57,
sample of bentonite coefficient Kq, ml/g %

1 Microwave heating at 450 W 8653 99.7
2 Microwave heating at 450 W and

then acid treatment with 3 M HCI 24218 99.97

solution and washing with distilled

water until pH 6

3 Microwave heating at 450 W and

then subsequent acid treatment with

3 M HCl and 1 M H3POg4 solutions 75960 99.97

and washing with distilled water
until pH 6

High ability of microwave-acid treated bentonite to sorb Co radionuclides allows the
application of this material as sorbent for decontamination of nuclear waste water effluents
containing low concentrations of >Co and %°Co radionuclides. The testing of our sorbent for
purification of real liquid radioactive waste of our institute showed that the decontamination
factors were from 10 to 20 for 8°Co radionuclide.
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ATOM-HYDROGEN ENERGY AND INFLUENCE OF TRANSPORT POLLUTION TO
THE ENVIRONMENT
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The justification of feasibility of Atomic-hydrogen energy it is important to take into
consideration of the results of comparative analysis of environmental impact of combustion of
organic fuels and hydrogen. The use of gasoline, natural gas and hydrogen in the transport sector
lead to various impact to the environment. The assessment of environmental impact of transport
sector based on organic fuels has been evaluated in this work.

As a statistics of 2014 there are 1.214 million transports in Azerbaijan (1.037 million of
them are light cars). Moreover, amount wastes by only transports to atmosphere reached 900
thousand tones and it took 80% of total pollution. In the big cities of Azerbaijan, especially, in
Baku the amount of emission from transport sector is 60-80 % of total. Purpose of this survey is
to indicate effective functions of transport by ecological and economical aspects which improved
by theoretical and practical works: methodical principles and numerical models.

Main goal and analyzing of problems requests to do below mentioned directives:

- Structural investigations, functional conditions, objects and types of ecological
effectiveness, goals, directives, modeling of the main legislation, preparing practical and
theoretical works - including methodical principles, provide ecological security during the
operating term of transports;

- To prepare conceptual and complex solutions for bus companies to make ecological
security;

- Fundamental —practical forecasting of defining pollution prognosis and ecological
security of buses routes.

Formation of ecological security principles during operation terms of public transports
that are object of survey.

Methodical and theoretical base of the investigation to optimize movement to reduce
ecological dangers, increase social , environmental and economical efficiency, steady
transportation , systematic approach, statistic analysing, mathematical modeling evaluation and
predictions on fundamental-technical methods.

As an information database reports and analyses of Statistical Committee of Azerbaijan
Republic and Ministry of Ecological and Natural Sources, in addition, our private observations,
surveys, published articles and monographs were used.

Academic innovation of the survey is investigating of methodical and theoretical
approaches mentioned above and determining of ecological security methods and models of
transport system, which is presented in this work.

As a results of modeling of transport sector impact to the environment by mathematical
program “COPERT-4” has been obtained calculation results of emissions NOx, CO, dust and
also fuels used. The various scenarios have been considered.
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CALCULATION OF DEGRADATION SPECTRUM OF GAMMA-QUANTA IN
INFINITE HOMOGENEOUS ENVIRONMENT

Y.D. Jafarov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
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Silica and its various compounds are widely used in different fields of atomic and nuclear
energy. Prediction of the changes that may occur with the influence of ionizing rays (y-quanta,
protons, neutrons, a-particles, etc.) on silica and its different compounds inside, on the surface
and in the environment surrounding them, is one of the main problems in science and
technology. While passing through the substance, | quanta are interacting with its constituent
atoms or molecules, atomic nuclei and its electrons and depending on their energies this
interaction has the following types: coherent scattering, photo effect, Compton scattering
(Compton Effect), electron-positron pair formation and nuclear photo effect. Monochromatic
' quanta with the energy of O  plp @nd pfo @ ‘Q df°Co) while passing through SiO; the
effective cross section of Compton scattering becomes larger than the other processes, and so
only Compton scattering has been considered in the work. Therefore firstly it has been calculated
the energy spectrum of the stuffing electrons (compton electrons) generated inside SiO2 with the
influence of [ -quanta at physical stage (10*° sec) of the process and at the subsequent physical-
chemical p 1 p Tt i @ &tage it has been defined radiation-chemical yields of electron-
excitation states and of electron-hole pair generated from the interaction of| -electrons with the
environment on the basis of that spectrum. In the model it has been used a polyclassic empirical
formula offered by Shtabler [1] for effective cross-sections of different type of electron-
excitation states and of ionization (electron-hole pair formation). According to this formula,
within electron-electron interaction the effective cross-sections of electron-excitation states and
ionization are calculated based on these formulas:

Q, ., Q0 Td
0

. "Tof sy 9 0 P
Q, ., "Q0 — 1 O - . .

— U -MMo - —— O d - © G
Q- . 0od o-

here, O Kkinetic energy of falling electron, O initial excitation states of atom or molecule,
0 number of electrons in unit volume (concentration), d ionization potential, ‘Q electric
charge of electron, - energy loss of falling electron and O constant for the given system are
defined with the following formulas:
. 0O S Y &
0 ————h o0 “Q¢h 0 —=— ——
0 6 — O o0
The calculation has been carried out on the basis of MATHCAD program using Monte-Karlo,
onefold collision and stepping methods. Using sequential collision method [2, 3, 4] the amount
of the energy transferred by compton electrons to the system has been followed by till electron
becomes slower (0 g p p 1. This process occurs very rapidly and terminates in the period
of pm p Tt sec. For defining the effective cross-section of transition to n state it should
be integrated the formulas (1) and (2) according to the width of the peak
d (0) )
" —Q- o
a Q-
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For defining the effective cross-section of ionization it should be integrated the formulas (1) and
(2) on the whole spectrum
0 o
” Q- - T
The values obtained from the calculation of radiation-chemical yields of electron-excitation
states and electron-hole pair formed inside SiO2 under the influence of y-quanta at the physical

and physical-chemical stages of the process have been given in the table.

Table. Radiation-chemical yields of electron-hole pair and electron-excitation states formed inside SiO»
under the influence of y-quanta (°°Co) at physical and physical-chemical stages

No Energy of electron excitation states, eV Yield of electron-excitation states Yield of electron-hole pair
1 105 0.67
2 11.6 11
1.75
3 143 0.62
4 Collective excitation 0.95

Electron-excitation 14,3 eV and collective excitation "Y"QUstates are turned to electron
‘Q and ion "Y'QO pair "Y'Q® "YQO Q due to dissociation. Taking into account the
above-mentioned, radiation-chemical yields of electron-ion pair and electron-excitation states
inside SiO, get the values of ion pair/(100eV) ofw ¢ it and excitation state/(100eV) pkx X
it 1,77, respectively. So it coincides with the results obtained by other authors [5, 6]. By means
of this program it is possible to calculate the density of the current formed inside the substance
under the influence of ionizing rays, extra dose rate absorbed by the adsorbed substances, the
amount of extra energy transferred from SiO> to the surrounding environment and the type of
absorbed energy.

References

1. Stabler A., Phys. Rev. A133, 1268 (164)

Anxazos I'. JI. Texuuueckas ¢pusuka 1971, 1.41, B2, ¢.2513-2523

3. Kamnan U. I',, ITonosa JI. B., Xamxubekosa JI. M. Xumust Beicokux sHepruii 1973, 1.7, Ne3, ¢.241-
245

4. Jafarov Y.D. Problems of Atomic Science and Technoloqy, 2011, N5, Series: Nuclear Physics
Investigations (56), p.42-47.

5. Benedetto J.M., Bocsch H.E. IEEE Trans. Nucl. Sci., 1986, NS-33, p.1318

6. Aosman G.A., McLean F.B. Appl. Phys. Lett., 1975, N26, p.173

N

367



VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

181Cs MICRO-SOURCES WITH BIOPOLYMER COVER
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Introduction: Method of brachytherapy works without operative intervention, where
some tens of X-ray microsources with radiation energy at 2040 keV are injected directly into
the tumor tissues of prostate by medic needles. The modern micro-sources are *'Cs radionuclide
grains inside titanic capsules of the small size.

The repopulation rate of the prostate cancer cells is 1.5 % in a day, and in 67 days it
doubles. For absorption of 90% of radiation doze to cancer cells will require three times of half-
life periods of radionuclides. Therefore the destruction rate of cancer cells by *!Cs (T12= 9.6 d)
essential higher than repopulation rate, and practically does not give chance of their survival, as
opposed to 1%Pd (17 d) and %1 (59.9 d) [1].

The aim of this work was coating biopolymer covers for radionuclide **'Cs granules.

Experimental: To obtain *'Cs, the most useful nuclear reaction with thermal neutrons is:
10Ba (n, ) ¥'Ba — ¥Cs. (1)

Parent radionuclide !3'Ba with T1, = 11.8 days decays to daughter radionuclide **!Cs
which decays to stable 3! Xe.

In scientific literature and patents some radiochemical methods of extraction of *3!Cs
from irradiated BaCO3, Ba(NOg)2 are described [2]. In our case, barium oxide has been
taken as a target material, because, a percent share of natural barium in compounds consists of
89.5 % in BaO, 52 % in Ba(NOs3),, 69 % in BaCOz and 65 % in BaCl>2H20. Therefore,
irradiation of BaO yields higher radioactivity of *'Ba than irradiation with identical mass of Ba
compounds. It is irradiated at a thermal neutron flux of 5-10* cm?s* for 5 days at the WWR SM
reactor of INP AS RUz.

After 10 days, irradiated samples of BaO were full dissolution in HCI and then Cs is extracted by
adding of 1M NaCO solution to sedimentation ions of Ba?*, as a carbonate form, in the
alkalescent medium according to reaction:

BaCl,+Na,CO3z; —BaCO3z+2NaCl 2

The obtained solution of 3!Cs was extracted from the precipitate of BaCOs3 by filtration and was
rinsed with with 0.1 M ammonium hydrate solution. Because the ®Cs (T12=9.7 days) is
daughter radionuclide of the 3!Ba (T1.=11.8 days), the equilibrium radioactivity between is
established in 10-15 days. In our experiments, 4-cycles of branching of *3!Cs from 3'Ba or the
“milking” process were held every 10 days by dissolution of the precipitate of BaCO in HCI
each time [2].

Biopolymering method: For further using of a *!Cs, it is necessary to precipitation of
the '3!Cs on granule sorbents and then a coating with polymer layers of a surface of radioactive
granules or grains. For full extraction ions of Cs*! has been chosen natural polymer of chitozan
(chitozan “Evalar”) in solution micro-cellulose in ratio 1:4. The precipitation processing of *3'Cs
on mixing of micro-cellulose-chitozan to granules were spending precipitation of a mix of
polymers in the form of drops from high-viscous (n > 5 Pa‘s) 2 + 6 % of an acetic solution on
1M NaOH of !Cs. The obtained of the polymer sorbent granules were drying at room
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temperature. The granulated sorbent possessing high stability and very small desorption and
swelling factor in neutral mediums.
The sorption factor of the granulated sorbents was reached ~ 95 % for '3!Cs,

Conclusion: It is established that processing of a polymeric sorbent by a solution both
polyvinyl spirit or/and formaldehyde leads to significant reduction of desorption and will formed
the granules that keeping tightness within 2+2,5 weeks at a room temperature. The results
allowed us as perspective technology at obtaining the micro seeds for nuclear medicine.
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ACTIVATION AND TRACK ANALYSIS OF THE BONE REMAINS FOUND IN THE
TERRITORY UZBEKISTAN

IA. Vasidov, 2¢p .Akhmadshaey, 'B.J. Saidullaev
!Institute of Nuclear Physics, Tashkent, Uzbekistan
2Geology museum of StateGeolCom of Uzbekistan
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Introduction. As a rule bones of animals and person, are plentiful enough in archeology
monuments and frequently are also the most numerous materials [1]. Therefore the research of
the components and microelements in bones can give the valuable information on age and life
style of the prehistoric relicts on Earth.

To ancient bone remains bear and archantrope (home sapience) concern from ancient
settlement of Selungur located in the territory of Southern Fergana, and was found out by
Institute of archeology of AS RUz in 1980. Fragments of femoral joints of dinosaurs and the
elephant (skull, tooth, ivory and soil) were taken from a geology museum of Republic
Uzbekistan. The bones of dinosaurs have been found Tashkent and Fergana and other areas in
1960-1970 [2]. Remains of the elephant have been found out in 2013 in mountain district of
Angren [3]. Conservation condition of all bones is average and consequently as it seems to us, on
natural safety of bone tissue answers two and three points [1].

Whereas in the scientific literature there is very poor information about element
composition variation in bones during ground bedding.

Therefore the purpose of the given work was — the determination of element composition

of prehistoric and ancient bones of animals and arcantrope by instrumental neutron activation
(INAA) and track analysis, and study of mobility of the uranium and radon in system "bone/soil"
at long contact of skeletons with Earth ground.
Experimental. On 300-400 mg from each samples and standards that similar on a chemical
compound and physical properties with analyzed test were taken for INAA. The samples in an
aluminum containers were irradiated at a thermal neutron flux of 5-10® cm?-s at the WWR SM
nuclear reactor of INP AS RUz for interval 10 sec + 15 hours. The irradiated samples were aged
from 4 min to 60 days on demands of radionuclide half-life. The content of elements was found
by comparative method, after measurements induced activity of samples and standards on HPGe
detector.

Crushed in powders (m=10 gram) bones of: dinosaur, elephant, bear, archantrope,
standard and its soils have been exposed with detectors CR-39 within 30-35 days at tightly
closed plastic chambers. After exposure ending, CR-39 detectors were removed from chambers
for chemical etching and count tracks of a-particles. After counting radon volume activity and
exhalation rate from test samples were determined.

Results and conclusion. Content of uranium in bones of dinosaurs, elephant, bear are 102+122,
220, 24, 1.5 mg/kg, accordingly to its contents in soils 4+20 mg/kg, and in standard bones of
0.01 mg/kg. The radon activity are found in 300+18000 Bq/ m* at m=10 g of bone remains.

In anthropological researches, as opposed to biological study we introduced so-called

“conditional accumulation factor of element” - CAFE [4]:

CAFE = [My]/[M{] (1)

where [My] concentration or activity of an isotope in a bone (mg/kg) and [Ms] concentration or
activity of an isotope in soil (mg/kg).

As a result there were estimated CAFE for uranium and radon in system "bone/soil" and
established that are direct correlation in values of CAFE depending on skeleton age in ground
underlay.
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INFLUENCE PHOTOSTIMULETED PROCESSES OF METHANE TO OZONE OF
FORMATIONS AND DECOMPOSITION IN THE AIR MEDIUM
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Institute of Radiation Problems, ANAS, Baku, Azerbaijan
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Introduction: It is known that the ozone layer of the atmosphere protects the biosphere from the
harmful effects of ultraviolet radiation. Absorbing UV radiation, ozone determines the thermal
regime of the stratosphere at altitudes of 30-60 km, and its concentration at these altitudes is 1.3
10%? +5 10 ¢m?

Change in the concentration of ozone leads to diverse harmful consequences. Major
sources of emissions, leading to changes in ozone concentrations are energy, road and air
transport, ferrous and non-ferrous metallurgy, chemical and petrochemical industries.
Since the generation and destruction of ozone in the atmosphere play significant role
photochemical processes of interest to study the effect of impurities in the atmosphere ozone
photochemical transformation processes, as well as its stationary concentration.
Experimental Methods: In this paper we present an experimental study of the kinetics of the
photochemical conversion of methane in its mixtures with air in the range of composition change
[CH4-air]=0-100%, reaction time of irradiation up to 6 hours and at two wavelengths of the
vacuum ultraviolet ( VUV - radiation ) .31 = 123nm and )2 =147 nm: In two series of
experiments, the initial partial pressure of methane was: P1 = 0.13 kPa and P, = 22.5 kPa. Thus
the partial pressure of air containing 2% of water vapor was varied from 0.13 kPa to 99.8 kPa.
Thus, VUV - photolysis of a complex mixture of N2-CHs-O2-H20 was investigated in the
[air]/[CH4]=0-750 range of ratios of the components air Feed VUV - radiation 1 = 4,1 + 4,4
-10'° quanta / s.

To improve reliability, determine the velocity and quantum yields of the products in all

the cases investigated the time dependence of changes in the concentration of products in the
reaction mixture and the reaction rate is determined from the initial linear portions of the kinetic
curves: [N]=f[x]
Experimental Results: The problems of establishing the kinetics of methane conversion, as well
as oxygen and water vapor in the air composition. Kinetic study of the photolysis of these
mixtures obtained sufficient experimental data on education laws H,, CO and Oz and other
substances used in the formulation that the mechanism of the reactions, Here, as an example in
Fig. 1 shows the kinetic curves of the formation of Hz, CO and Os in the VUV photolysis of
mixtures containing 0.7% methane.
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Fig.1. Kinetics of formation of H, (1) ,CO (2), Oz and (3) at VUV (1 = 147 nm) - photolysis of air
containing 0.7% methane

When calculating the quantum yields obtained in such mixtures comprise: p(Hz2) = 0,012
+ 0,003 (molec/kvant), ¢(CO) = 0,012 = 0,045 (molec/kvant), at ozone ¢(Os) = 0,012 = 0,05
(molec/kvant). Wonderful fact that with increasing irradiation time ranging from 10 = 120 min
quantum vyields of hydrogen decreases drastically by 15 times.

These complex dependencies H2 O, CO, Os, NO concentration and irradiation time
components show difficulty photostimulated chemical reactions occurring in methane-air
mixtures.

Conclusions: As a result of our studies, it was found that the methane role in these processes,
mainly manifested in its relative concentration [CHa4] / [O2] > 0,1%. At these concentrations,
methane can stimulate processes reduce the concentration of ozone in two ways:
- Firstly, when A <130 nm methane absorbs radiation more efficiently than oxygen, i.e. part of
the radiation absorbed predominantly methane begins, thereby reducing the generation of ozone
precursors.

- Secondly, at A> 130 nm, where the radiation is preferentially absorbed oxygen, methane is
actively involved in the secondary reaction with ozone precursors - O (°P) and O (*D).
Thus, in both instances methane emissions affect the rate of ozone generation, which eventually
may lead to a decrease in the equilibrium concentration in the ozone layer of the atmosphere.

Therefore, the study of patterns of photostimulated reactions of methane in air is
important for atmospheric chemistry and the protection of the ozone layer.
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TO QUESTION NECESSITY OF MONITORING AND REHABILITATION OF
SOME OBJECTS OF UNDERGROUND NUCLEAR EXPLOSIONS
FOR PEACEFUL PURPOSES IN KAZAKHSTAN

Ye.Z. Akhmetov
Institute of Nuclear Physics, Almaty, Republic of Kazakhstan
akhmet-erby@mail.ru

Thirty nine peaceful underground nuclear explosions were performed in Kazakhstan [1,
2] in different geological environments, see table, here also are pointed places and number of
explosions.

Geological environment Sites of explosions Number of
explosions
granite massifes Semipalatinsk test site 7
galit Azgirand Lira test site 23
chegan sea clays Mangyshlak test site 3
low-perm, quaternary sedimentary In five regions of 6
rocks Kazakhstan

All above test sites are actually the mortuaries of nuclear reaction products and the
induced activity, radioactive wastes, therefore the test sites, wells and underground cavities are
considered as radiation hazardous objects. The explosions at the Batolite, Meridian, Region sites
were made for deep seismic sounding of the Earth's crust to search the minerals products. The
explosions at the Mangyshlak were made to make the storage water in the failure hollows in the
clay rock massif. Filling of the hollows by water from the underground water-bearing horizons
was not made, but the melting and rain waters, filled in the bottom, rapidly evaporated. The
underground cavities Azgir and Lira were intended for the storage of radioactive wastes and gas
condensate. The radiation background and radionuclide contamination of the surface ground
around the sites Batolite, Meridian, Region did not exceed the levels of global radioactive
fallout. The explosions Al, A8 and A9 at the Azgir test site are referred to emergency situations.
The unexpected outflow of radioactive inert gases occurred in the wells A1 and A8. The
explosion at the A9 site resulted in unstable cavity and the hollow of 350 — 400 m size and 17 —
20 m deep was formed after its failure. The bottom was filled with rain, melted and underground
water and turned into the artificial lake with the diameter of the mirror of 1220 m, fig 1, 2. The
territory of the disturbed lands of Azgir and Lira test sites are recorded in the Register of the
regions reserve, monitoring is performed by INP. The radiation situation and the soil fall-downs
(Fig.3) have been surveyed at the Azgir, Lira and Mangyshlak test sites. The revealed points had
the PED>1 uSv/h, and the areas directly near the wells had 20 pSv/h. The local plots with the
increased content of radionuclides **’Cs and ?**Am in the soil compared with the global fallouts
have been registered. To the present time the plots with the raised radiation background and the
content of radionuclides are rehabilitated.

The post-explosion radiation developing and changes in the sites relief point to the
hardly-predictable consequences of nuclear explosions application. The Batolite, Meridian,
Region sites surveyed just once shall not be forgotten and wait for the following visits of the
expedition research teams. The mentioned objects are state property, but there are no users and
organizations with control and monitoring functions. The plots of geological formations, where
explosions occurred, are actually the burials of radioactive wastes and the depositories of
unremovable content. The absence of the normative documents considering specifics of these
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radiation dangerous objects doesn’t create prerequisites to their regular monitoring. These
documents would be the normative basis for the required measures to reduce the doses of
irradiation of population in possible emergency cases.

Fig.1. Lake 49 (from Google earth: view
at 900 m height)

B

Fig.3. Typical soil downfalls at AZGIR test site

Fig.2. View of lake 49 at the day surface

p

no

In summary | adduce opinions of experts in radiation safety relatively expounded above
roblems:
«...the ecological rehabilitation of underground nuclear explosions objects is referred to the so
called category of “accumulated problems” and “suspended solution”. The uniqueness of the
situation is that the limit of further delaying of solving this and other “accumulated problems
with suspended solutionsy is already exhausted. The situation is significantly aggravated by the
fact that the problems of underground peaceful nuclear explosions objects are still not
supported legally, regulatory and technologically...» [3].
«...further delaying of solving the accumulated problems is unacceptable, since the threat of
substantial growth of anthropogenic risks and the expenses of future periods becomes real...»

[4].
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STUDY OF TECHNOGENIC RADIATION CONTAMINATED TERRITORIES
BACKGROUND AND ENVIRONMENTAL PLANTS SUSTAINABILITY

G.G. Asadov, P.U. Nagiyev, A.P. Zamanova., 1.B. Mirjalalli,
R.R. Efendiyeva, N.Z. Mamedova
Institute of Dendrology, ANAS, Baku, Azerbaijan

The areas of Caspian, Pirallahi, Sabunchu and Surachani districts are concerned to the
technogen soiled areas of the Absheron peninsula, form 2,5% of general land area. A certain
amount of radioactive elements are spread in the land, water and air in these regions. In the raw
oil-polluted areas radioactive elements are rich with various metal oxides and non-metal
elements increasing the radiation background in the water and in the air. The radioactive
elements in the composition of the air are spread as the last product of the fuel of the transport
facilities (Mehdiyev A.M. and others. 2006; A.Nelson — Smit, 1977).

Radiation background of the technogen polluted areas was defined with the radiometer
with the stamp “SPER” and with the radiometer typed “SOEKS”. Radioactivity is defined to the
1m?3air and 1m? land territory as mR/air and mkP/hour. Purchased information was given in the
tables.

Unlike all other creatures plants respond against ecological environmental factors with
the special adaptation. As in medicine it is used from roentgen rays to find out complications in
the human body, in the field of biology and agriculture it is used from the isotopes of the
radioactive elements in the formation of seeds embryo and elements movement in individual
(separate) tissues during metabolism or gathering.

Soil-climate conditions of the Absheron peninsula are known to the researchers.

Saline and sandy lands of this peninsula, the lack of relative moisture formed special
mechanisms to adapt to the drought, salinization and hot temperature in plants. In our research it
was studied tree and bush plants radioactive radiation and theirs sensitivity gradient. So that, in
the technogen polluted areas of the shore zones was opportunity to gather information on the
ecological stableness of plants.

Radioactive elements are radiation background forming elements in the water, soil and
weather of the Absheron peninsula.

They in the oil fields and in the fields where oil products are floated and also as the last
product of transport facilities of internal fuel engine are spread to the ecosystem.

From the results of recent studies it was found that addition with the crude oil-polluted
zones along the central transport roads and in the airport area radioactivity changes between
0,06-0,11mr/h. This factor is registered quiet clearly (evidently) in the olive field in the areas of
Ramani and Bina districts. In this field airplanes using fuel much while rising into the air and
landing increases radioactivity very significantly.

It was known from the experience that we lead, the sensity of the different trees and
bushes to the radioactive elements is variable significantly. Radioactive elements in the soil are
usually accepted with the root system of plants, are gathered (stored) in the body and leaves.
Radioactive elements fallen to the soil from the fuel products change the quality of the soil
significantly and reduces its productivity.

Radioactive elements existing in the water, air and land influence more to the plants
growing rapidly and plants with high photosynthesis prosess.

Ordinary almond, ordinary jasmine (lily), kinds of fir-tree chestnut leaved oak may be
example to this. Once there were Absherons almond gardens and the state farm (sovkhoz).
Intense exploitation of the peninsula from the technological point of view destroyed the almond
gardens, all kinds of alive were thin out significantly.
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In Ramana district in the territory of the past iodine plant radiation background being
significantly high morphological inconstancy is observed in the tress and bushes.

As being durable significantly to the dry climate and salty lands of Absheron and in the
radiation background existing in the environment, it is recommended to use them in the greening
process. In the greening processes it may be effective to plant coniferous tree sorts with the rows,
undersized tree sorts and bushes in the group with the purpose of design. Carrying out the mixed
seeding - pine-olive-pine-cypress rows is not on purpose.

Results:

1.  Tree and bush plants in the polluted areas of Absheron peninsula undergo to the radiation
background of the area seriously.

2. Metals creating radiation background influence more highly in the spring and summer
seasons.

3. In the areas where the radiation background is high in the tree and bushes leaves fall
early, and after some period plants get dry.

4.  Although radiation background is nearby to the sanitary standards there is some
morphological variability in some degree.
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THE RADIOPOTECTOR PROPERTIES OF FRUIT NEW-PERSPECTIVE FORM OF
SEA-BUCKTHORN

N.R. Rzayev
Institute of Radiation Problems, ANAS, Baku, Azerbaijan

rzayevnr@rambler.ru

Recently in order to protect organisms from the radiation effect, radio protectors have
been applied principally concerning to sulfur compounds, aminothioles and indolilalkins.
Although the achievements obtained in the direction of synthetic medicines reveal that they
cannot completely replace the medicinal preparation of natural origin. That is why the study of
natural biological active substances with radio protector property is of special importance.

Azerbaijan is considered one of the richest countries for its flora species' richness. There
are plant varieties for producing radio protector substances (essence-oil, lipid, lipoid, phenol
compounds, pigment substances, proteins, vitamins and various amino acids). We have
cultivated new varieties and forms of sea buckthorn, black caraway, basil, tarragons which are
richer with their radio protector substances among these plants. Our aim in producing new
varieties and forms is to get new varieties rich with protector property substances, by conducting
selection in condition of the cultivation without touching the balance of natural biodiversity and
to protect the species with few natural resources.

The plants with essence oil are potential radio protectors. A technology will be worked
out for the produce of cream, protecting surrounding tissues during radiation therapy; for
producing radio protector propertied oils from these plant, fruits and seeds in order to treat
radioactive burns of digestive system and skin; balsam producing for prophylactic purposes;
hygienic remedies such as shampoo, soap and etc, in order to clean organism affected by
radiation.

The advantages of Sea-buckthorn:
3-4 years old ( plant)trees produce a normal product.
Each year it provides a stable product.
As trees are resistant to disease and pests, their being stained is not required. Ecologically
clean product is produced.
Resistant to various stress and abiotic factors.
It develops well in dry and wet soils.
As there is nitrifying bacterium in its roots, there is no need for fertilizer, and it enriches the
soil with nitrogen. Each year it forms 2-4cm humus in soil.
It is highly productive, its output per hectare is more than 60 tons.
Fruit remains fresh on tree for a long time, and so it makes enable the fruit to be collected. It
produces high biomass by developing rapidly.
Production of medical aimed products:

- Production of pure (100%) sea-buckthorn oil (for curing infarction, carcinogen and

ulcers of digestive system)

- Surgical-purpose (after eye, cardiovascular and other operations as ulcer-curing,

sedative and disinfectant), production of oils without oil acid composition.

- Obtainment of ointments, which are used for preventing extremity tissue damages in

radiotherapy.

- Preparation of ointments with radioprotector properties together with other plant

extracts against radioactive radiation burns.

- Preparation of liquid soaps in order to wash and neutralize radioactive substances on

external surface.
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- Preparation of aerosol for curing respiratory system burns and for disposal of
radionuclides from the respiratory system.
- Preparation of pills (tablets) and syrups that develop immunity.(6;7)
- Preparation of medicated suppository and tampons (against piles).
- Production of vulnerary cosmetic remedies for restoring skin elasticity, for healing and
smoothing out wrinkles and scars on face.

- Preparation of medically useful pomades (lipsticks).

- Production of aromatic balsams, which develop immunity.

- Preparation of medically useful liqueur. Usage technology from 6 kinds of plants as an
aromatizing and dye has been developed for its production.(4)

- Preparation of polyvitaminous and immunity developing food products (cheese, yogurt,
etc.) for soldiers and officers to use in extreme conditions.

- Preparation of substances with radioprotector properties and which quench thirst of
soldiers and officers in extreme conditions (during war).

- From its leaves it has been obtained and applied the oil with fat+carotene+chlorophyill.

- It has been studied the methods of use from its leaves as galena preparation against
dysentery.

- It has been studied the use of its leaves with other plant mixtures as blood-stopping and
wound-healing in stomach-intestinal and internal wounds.

- In folk medicine its dried fruit is used to cure infarction. It has been developed fast
drying technology, which doesn’t lose its quality for 3 years and without loss of biologically
active substances in its content.

- Fruit juice is used as polyvitamine to treat more than 50 diseases.

- A substance with alcoloid property, which is in its roots, is used against rodents.

- Balsams, which are prepared with essential oils of sea-buckthorn and tarragon, basil,
mountain mint, thyme and etc., give a positive result in deseases like tuberculosis, influenza and
etc.

- The biologically active matter (BAM), prepared with sea-buckthorn oil and extract
togetther with other oils, has been dental initially tested and has given positive results.

- Oil fraction has been obtained to treat highmorities. Treatment period of the most serious
patients is 5 days.

- A special substance has been produced from its leaves in order to stop bleeding in teeth.

- Furokumarin in leaves and fruit is used in treatment of albinism (pellagra) in skin.

- Pills for reducing blood pressure.

Appllcatlon in industry
Production of different colors for dying food products in confectionery.

- Production technology of alcohol-free soft drinks has been prepared.

- It has been developed production technology of natural colors (yellow, green, gold, black

and etc.) for dying cloth.

- Pure sea-buckthorn liqueur is obtained.It has been developed production technology of

vodka and liqueur from its mixture with hawtorn, dog-rose and mulberry.
Application in Food:
- Pasteurized thick juice;
- Jam, compote, fruit jelly, candy, etc.
- It is added to more than 70 polyvitaminous and aromatic food products, like biscuit, cake and
etc.

- Its dried fruits are used in plov, soup instead of barbery.

- Production of tinned food and polyvitaminous drink (by water dilution) for tourists.

- Pills (polyvitamins) for cosmonauts.
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Ecological Importance:

- The afforestment of alternative forest-belt in river’s bank and river basin, prevents both landslip
and erosion during floods.It develops well in contaminated air territories. It enriches air with
oxygen more than other plants. Selection of beautiful decorative plants has been carried out for
parks’ and avenues’ decoration. Wood forms may be used to make shadow. As fruits and leaves
are rich with essential oils, it has disinfectant effect. Hybrid forms have been created to establish
natural alternative forests. As fruits remain on trees for a long time, it is source of polyvitamin
for birds’ feeding. The leaves are fodder source for animals.

Product for cosmetic:

- Natural cosmetics and food colors

- Leaves and young shoots may be used as natural colour against hair-loss and for dying them in
black.

- Natural lipsticks (pomades) of different colors (5)

- Nourishing creams and masks for wrinkles to be smoothed

- Soaps, used in shaving

Nachcivan -1, o Sara o \ | Zaferani
Fig. 1. New perspektive form of Sea-buckthorn.

Economic importance

It has been tested in the territory of the Nakhichevan Autonomous Republic and in Saray,
Ramana zones of Absheron region in an area of 2 hectares. The saffron-colored sort in Absheron
territory gives 30kg products on average from each tree 25-40kg. It is possible to plant 50 male
and 1200 female plants in one hectare territory. If the area is square and large, pollination
probability of plants increases and productivity rises. The amount of oil is 8.2% in fruit in
Absheron conditions.(1;2;3)

The highest productivity in Nakhchivan is 50-60tons per hectare, and it has not been
observed in either of world countries. The existing sorts and forms have been tested in different
areas of Nakhchivan, Ordubad, Shahbuz, Sharur and plants, suitable for each climatic zone and
with different maturing period have been selected. Quantity of oil in the content of forms,
selected for Nakhchivan’s mountainous areas, is 5-6,8%, but for lower zones is 12%.

In Nakhchivan from per hectare is obtained minimum 60 tons fruit, from it 88% clot and
juice, 10-12% seeds and bark, that is there is 35-40% fatty oil in the content of seeds and bark,
and by press suppression oil is obtained from seed and bark.

Net income per hectare on the basis of wasteless technology is more than 500 000
manats.

In the article it is intended to prepare aerosol, consisted of essence oils and lipid mixtures,
for respiratory system treatment in extreme conditions having radiation threat. The plants with
essence oil are potential radio protectors.

A technology will be worked out for the produce of cream, protecting surrounding tissues
during radiation therapy; for producing radio protector propertied oils from these plant, fruits and
seeds in order to treat radioactive burns of digestive system and skin; balsam producing for

380



VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

prophylactic purposes; hygienic remedies such as shampoo, soap and etc, in order to clean
organism affected by radiation.
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SPREADING INTENSIVE PLANE WAVE IN SOFT SOIL

R.N. Khaydarov
Samarkand State Architectural and Civil Engineering Institute, Uzbekistan

In this work is considered semi-space of the soft soil by simulated by a plastic gas. The
density of this gas is a function of depth of the soft soil and defined by law of propagation of
intense compression wave front when exposed to intense boundary of the half falling pressure. It
is assumed that this law does not change with load by a increasing or a decreasing of the depth.
Behind the shock front the entire array of soil in the vertical force (hard) unloading moves as a
rigid body, the particles of which all have the same speed equal to the speed of the mass of soil
on the front. Mass of soil behind the shock front, enclosed in a vertical cylinder is equal to unity.

An ordinary differential equation of the first order to determine the law front propagation
intense compression wave in the soft soil simulated by a plastic gas is obtained.

It is shown that near the half of soil depth (so-called the diurnal surface), the density of
natural soil foundation is increased. However, in the case of artificial compaction of the surface
of the soft soil rammer or after compaction as a result of previous exposure to the explosive
density decreases.

When considering specific applications, depending on the density of the depth can be
considered, for example, by an expression

po(X)=po(0)(1+ax)
or

po(X)= po(0)exp(Bx)
where po(0) - the density of soil on the surface, and the coefficients o and f may be positive,
negative or zero. In the case of soft soil, the density of which does not change with the depth of
the coefficients o and [ are zero.
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POLLUTION RELEASE AND TRANSFER REGISTER AS AN EFFECTIVE TOOL
FOR MONITORING OF ECOLOGICAL SAFETY OF SOIL IN AREAS OF OIL
PRODUCTION

!Ch.M. Shabanova, R.M. Kasimov, 'R.M. Rzayeva, 2A.A. Mammadov
YInstitute of Catalysis and Inorganic Chemistry, ANAS, Baku, Azerbaijan
2“HAYAJAN” ngo
shabanovacm@mail.ru

The oil production process is accompanied by an increased level of radiation. The main

sources of radiation hazard to oil and gas fields are the sludge of produced waters, radioactive
salt’s sediments on equipment, previously buried (or banked) sludge and salt [1]. Radionuclide’s
release from the produced water is occurred due to the fact that the produced water retain radium
well, so it can be accumulated in concentrations exceeding the permissible limits [2]. During the
produced water’s extraction it is extracted also the sludge, specific activity of which is increased
up to 1000 kBq / kg [1]. Radioactive salts and sludge are deposited in the oil and gas equipment
(pumps, pipes, compressors, etc.). In Azerbaijan, a number of scientific organizations conduct
researches aimed at studying the artificial contamination with radioactive elements, their
accumulation in the soil as a result of human impact. In the paper [3] it was discussed the
necessity of monitoring the degree of contamination of land around the oil-gas processing
industry and along the BTC pipeline by the strontium-90 and cesium-137 durable radionuclides
and levels of their accumulation in the agricultural products. In the paper [4] it is presented the
results of studies on the impact of major types of pollutants in the area of oil production in the
reproductive potential of earthworms, as earthworms are often one of the last representatives of
the soil fauna in the technogenic landscapes. Experiments were carried out in the areas of oil
production on the 3 main types of pollutants, which are: petroleum derivatives, particularly
benzo(a)pyrene, which has high carcinogenic activity; radiation due to the increased levels of
radionuclides in the sludge of produced water [1]; heavy metals, as the oil production process is
accompanied by input of large amounts of heavy metals [2].
Earthworms are of a great import in forming of quality and fertility of soil due to their trophic
activity. As they have a high quantity in most of biocenoses and ability to reach deep levels of
soil and to move large amounts of earth during their life, earthworms play an important role in
processes of biogenic migration of chemical elements and pollutants. Data obtained from studies
of the effect of irradiation on the reproductive potential of earthworms showed that among all the
studied pollutants, radiation has the greatest negative impact on the reproduction potential of
earthworms. Least strong negative impact on the study parameters has the presence of
benzo(a)pyrene in soil.

Consequently, for the control of radiation safety the subject of the operational inspection
and monitoring are the treatment facilities, wells, drilling platforms, surface and produced water
and spills, sladges, storage tank for produced water, installation for methanol regeneration, oil-
gas separation plant, flare platforms, pipe, drilling and processing equipment [1].

With the purposes for implementation of the above activities Pollution Release and
Transfer Register/PRTR can serve as an effective tool of monitoring and forecasting of pollution
[5]. In Azerbaijan, in order to perform an effective environmental policy and implementation of
an effective system for collecting and processing of data on pollutants released into the
environment, it has been carried out the pilot project "Strengthening the capacity for
development the PRTR and support implementation of the strategic approach to international
chemicals management in Azerbaijan, "under the auspices of the Ministry of Ecology and
Natural Resources of Azerbaijan by a number of scientific and social action groups. The project
aims to identify the necessary capability to assess infrastructure, key features for building a
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national PRTR system. PRTR is a database containing information on the number and properties
of potentially hazardous chemicals and pollutants emitted and / or transported to various
environmental media (air, water, soil). Reports will be available on 86 substances, which
include: heavy metals, greenhouse gases, ozone-depleting substances, persistent organic
pollutants, carcinogens and substances that cause acid rain. Although PRTR doesn’t include
major radioactive elements, register will provide the necessary data for monitoring of radioactive
sludge. In this case it is necessary to record the time of the sludge formation and to determine the
concentration of the phosphorus, barium, lead, strontium, cerium, lanthanum in it [1].

The scientific researches play the main role in analyzing the PRTR data, for example to
meet the challenges in forecasting of emission trends, pollution from specific activities; to assess
the risks to health and the environment in a particular region; to provide timely control of
lifecycle of specific chemical compounds. Moreover, given the experience of the European
PRTR included 92 chemical elements, as well as registers of waste inventory of USEPA, that
included hundreds of chemical elements, we can recommend the development of a national
PRTR with inclusion in the list of priority substances, requiring reporting under the PRTR, the
main radioactive elements as mentioned above.

Finally it would be worth to mention the national legislation regulated the radiation safety
in Azerbaijan. Law of the Azerbaijan Republic on Public Radiation Safety No. 423-1Q,
30/12/1997 includes requirements for ensuring radiation safety in industrial entities. The Law
establishes the main principles of government policy on radiation safety, as well as
environmental norms protecting the safety of employees and populations in areas potentially
affected by the use of radioactive sources. The Law provides also the tools for compensation for
damage to health, property and life due to accidents.
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NUCLEAR-PHYSICAL METHODS OF RESEARCHING DYNAMICS OF WATER
DISTRIBUTION IN THE ACTIVE LAYER OF THE SOIL

IB.1. Kurbanov, A A. Kist, 2S.K. Urinbayev, °F.A. Barayev
YInstitute of Nuclear Physics of AS R.Uz.,
2Tashkent Institute of Irrigation and Melioration
z.int_@mail.ru

The disastrous outcome of Aral Sea disaster poses problem for the agricultural sector
specialists that requires science-based approach and the development of appropriate and effective
methods of soil cultivation by realistic assessment of the existing system " soil-water - climate™
in the region. This requires a thorough study of the existing irrigation methods: traditional, i.e.
irrigation through the beds, irrigation by sprinkler and drip irrigation, and to organize crops
based on them by using the most efficient and resource-saving options taking into account water
irrigation, soil and climatic conditions as well.

In its analytical capabilities nuclear-physical methods are of great interest to study the
properties of soil and water resources. The authors of this study set out to explore the laws of
dynamics for the distribution of water in the soil when using existing irrigation methods and
evaluate the effectiveness of current irrigation methods. For this particular experimental plots of
land have been allocated and three irrigation methods were conducted wherein the aqueous
solutions of radioactive isotopes relatively short half-lives (T ) such as Na- 24; Cu- 64 were used
and the dynamics of the distribution of water in the soil was studied. Analytical signals were
typical of these radioactive isotopes of gamma radiation , recorded with the help of modern
nuclear physics instruments gamma spectrometers based scintillation (Nal) - and semiconductor
(GeL.i)- detectors and portable dosimeters brand " SRP -1- 65 " .

In the experiments, an aqueous solution of radioactive isotopes of the same volume (0.1
cubic m) and the concentration of radioactive isotopes on the basis of norms and radiation safety
measures taken when working with sources of ionizing radiation (SIR) is selected in an amount
of not more than minimum significant activity (MSA) radionuclide Na-24 and Cu-64.

Creation of radioactive isotopes of sodium and copper was carried out by irradiation of
natural stable isotopes of sodium -23 and copper -63 in the thermal neutron flux in a horizontal
channel type nuclear reactor WWR-SM Institute of Nuclear Physics, Academy of Sciences of
Uzbekistan. The resulting radioisotopes then diluted with water to the desired concentration.
Natural stable isotopes of chemical elements - copper - 63 in nuclear reaction is converted into a
radioactive isotope: Cu 63 (n, y) Cu 64. folowing a thermal neutron flux. Radioactive isotope 64
Cu has a half-life T = 12.7 h and emits intense gamma rays with energy 514 keV and 1039 keV.
A natural stable isotope of sodium -23 during irradiation in a thermal neutron flux is converted
into a radioactive isotope of the following nuclear reaction: Na 23 (n, y) Na 24. Radioactive
isotope Na- 24 has a half-life T = 15hours and emits intense gamma radiation energy E = 1368.6
keV. These gamma rays are the main analytical signals to determine the location of an aqueous
solution of the radioactive isotope and to calculate the amount of absorbed aqueous solution of
the active layer of the soil.

Key features of the soil of the experimental site - heavy soil, brown, whose share - 2.65 -
2.85 g / cubic sm. Maximum moisture content of the soil is 0.9 g / cubic sm. There are fine
pebble grains, fine-grained layers in the composition of the soil layers and they are characterized
by a low degree of salinity. A low degree of acidity of the soil (pH = 6.5).

In the course of experimental work, dependence of the dynamics of water uptake was
studied in the condition of traditional irrigation methods on the mechanical properties of the soil,
i.e. on the quality of soil for sowing, size lumps relations fines to major soil, compacted soil, and
the content of living organisms, including earthworms, soil microorganisms and simple living
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beings. Part of the study was devoted to the dynamics of water uptake in soils where there is
plant roots and where they are not available.

Results of experimental work in the study of the dynamics of water distribution in the
active layer of the soil under the existing agriculture of Uzbekistan ( through irrigation beds,
irrigation and drip irrigation ) in soils with different degrees of mechanical treatment and the
untreated soil allowed to conclude that the preferred method is drip irrigation. With this method,
the mechanical preparedness of soil plays virtually no role.

The use of the method of drip irrigation in soils with different mechanical properties of
the water distribution pattern is given in Figure 1. Where the line 1 corresponds to the absorption
of water in the untreated soil; Line 2 corresponds to the absorption of water in poorly treated soil
and line 3 corresponds to the absorption of water in fine-grained soils and the treated soil quality.

The pattern of water absorption in the depth of soil through

the use of drip irrigation
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As seen in Figure 1, with a method of drip irrigation in mechanically untreated soil, water
absorption pattern obeys an exponential law. Due to the fact that water is served with moderately
and evenly drops, water use efficiency is relatively high. In the experiments, the depth of
penetration of water reached 35cm, and most importantly aqueous solutions of radioactive
isotopes of copper and sodium in the soil were distributed relatively evenly. Despite the fact that
the soil has not been machined, water penetrated deeply and evenly over the soil volume, and
this proves its effectiveness.
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STUDY OF THE INFLUENCE OF IONIZING RADIATION ON THE DYNAMICS OF
ACCUMULATION OF ANTHOCYANINS, FLAVONOIDS AND CAROTENOIDS IN
INDIVIDUAL ORGANS ALHAGI PSEUDALHAGI

!G.A. Qojayeva, M.Z. Huseynova, ?Q.Q. Babayev, ‘E.S. Jafarov
Ynstitute of Radiation Problems, ANAS, Baku, Azerbaijan
2 Institute of Botany, ANAS, Baku, Azerbaijan
e_dzhafarov@rambler.ru

It is known that the formation and accumulation of biologically active substances is a
dynamic process. Their content varies in ontogeny plants, and depending on environmental
factors. It should be noted that is ambiguous data and the dynamics of their accumulation. As the
maximal quantity in different plant species accounted for budding, beginning of flowering, mass
flowering or fruiting period. Our previous studies have shown that the maximum amount of
biologically active components in Alhagi Pseudalhag is accounted for budding stage.
Considering this, in the presented work we have studied the dynamics of accumulation of
anthocyanins, flavonoids and carotenoids in certain organs of the plant in the budding phase.

Our results are presented in the form of diagrams
in figures 1-3. As it is seen from the figures the pigments
studied by us are found in all plant organs. However,
different organs of the plant in relation with the
accumulation of pigments exhibit different abilities.
Study of features of accumulation of flavonoids in
different organs of Alhagi Pseudalhagi (fig.1) showed
that the leaves of this plant are showing the highest
storage capacity.

On the ability to accumulate flavonoids second
place is occupied by the stem andflowers of the plant. In
a certain amount of flavonoids are present in plant seeds.

In this case the roots of the plant show the least
ability to accumulation of flavonoids.

Regarding the role of radiation in the process, it
should be noted that it plays a minor role in the
accumulation of flavonoids. The exceptions are the
leaves, for which flavonoid content increased by ~ 30%
under radiation influence.

The other figure of accumulation is characteristic
for anthocyanin (fig.2). Moreover, among the various
organs the flowers of the plant exhibit the greatest ability
to accumulate anthocyanins. Anthocyanins are also
accumulated in the leaves, seeds and stems of plants.
Also in this case, as in the case of flavonoids, storage
capacity of the roots was negligible. The role of radiation
in the process of accumulation of anthocyanins was also
insignificant.

Storage capacity of individual plants with respect
to carotenoids differed from previous ones (fig.3).

As the all organs showed a relatively large storage
capacity of carotenoids. In stems and leaves of the plant
carotenoids accumulate predominantly. On carotenoid
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accumulation in roots, flowers and seeds the radioactive phase o o _
radiation has negligible influence. However, under the influence of ionizing radiation their
content stems and leaves increase by ~ 25-30%.
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STUDY OF CONTAMINATION DEGREE OF SOIL OF INDUSTRIAL SECTOR OF
SUMGAIT WITH HEAVY AND RADIOACTIVE METALS

R.C. Iskandarli, R.R. Ahmadova, E.S. Jafarov
Sumgait State University, Azerbaijan
rehime.isgenderli.90@mail.ru

As it is known, there are two ways of ingress of heavy metal to soil. These ways are
natural and technological. It can be included erosion of rocks and volcanic activity to natural
way. The technological way includes the production and use of minerals, fuel burning, the use of
motor vehicles and fertilizers.

As a result of industrial activities the territorial areas are most contaminated by elements
such as mercury, lead, cobalt, cadmium and copper. In the case when self-cleaning process
occurs in low rate, whereas different metal ions are accumulated in soil. Intensity of the process
depends on the absorption capacity of soil for metal ions, number of exchange capable cations,
water regime, composition of soil solution, amount of organic matter contained therein, and
mechanical composition of the soil.

The aim of our research was to study the environmental situation in the territory of some
industrial plants in Sumgait city. Considering that heavy metals going into the environment,
mainly (90%), accumulate in the soil, we selected the most contaminated soil in some industrial
enterprises. They were Compressor Plant, Plant of Surface-Active Materials and Steelworks.

Our results showed that the main chemical elements polluting the territory of Compressor
Plant are Ca, Fe and K. The greatest quantity belongs to Ca. The second place on the content
occupies Fe, and the third - K. The results show that the soil of the plant also comprises a minor
amount of Ti, Cr, Mn, Cu, Zn, Sr, Zr, Ba and Pb.

Soil of Plant of Surface-Active Materials are contaminated, generally, with Cl, K, Ca, Ti,
Cr, Mn, Fe, Zn, As, Rb, Sr, Zr, and Ba. Thus, in order of reduction, the largest amount present
the elements such as Ca, Fe and K. Interestingly, these elements were the main pollutants of soil
of Compressor plant. The soil of the plant, unlike soil of Compressor plant has Cl as well.
Furthermore, the content of Cu and Pb was below the allowable.

Soil of Steelworks had nearly identical microelement composition. It consisted of those
elements which were in the soil of Compressor plant and of Surface-Active Materials. In this
case, there were Ca, Fe and K in big amount.

Note that according to the scale of impact on biological objects the heavy metals have a
special place among pollutants. Despite the important role in the life of a living organism, at
certain concentrations in the biosphere, atmosphere and in soil heavy metals are dangerous for
biota.

Lead is one of the highly toxic metals that has been included in the list of priority
pollutants by a number of international organizations, including the World Health Organization
(WHO) and the United Nations. Lead goes into the environment with emissions of combustion
of leaded gasoline, waste of metallurgical, machine-building plants, as well as a result of
companies producing batteries and other lead-containing products. This list can include also
printing and publishing work. Allowable concentration of lead in soil, depending on the type
hesitates in the range of 32 to 130 mg/kg. The concentration of lead in soils of the city, which
produces non-ferrous metals, can reach up to 1000-2000 mg/kg. The maximum level of lead
pollution is observed in cities having plants of lead melting and producing lead-acid batteries.

Another most toxic metal is mercury. It is widely distributed in the environment and has
the ability to accumulate and move through the food chain. Mercury enters the environment as a
result of extraction and smelting of mercury-containing ore and also during the production of
nonferrous metals (including gold) from sulfidic ores. Bleaching of paper pulp, production of
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cement , medicines containing mercury, chlorine, caustic soda, vinyl chloride, electrical
equipment (lamps, various voltage sources), measuring and control devices (thermometers,
monometers), burning of coal and oil, as well as the use of mercury-containing pesticides are the
sources of income of mercury into the environment. Allowable concentration of mercury in soil
is 2.1 mg/kg.

Dissemination of cadmium in the environment has a local character. The metal goes into
the environment, mainly in the composition of metallurgical production waste and as a part of
sewage of galvanic production. Production of cadmium-containing stabilizers, pigments, paints
and the use of phosphorus fertilizers is also accompanied by the release of cadmium in the
environment. Cadmium can also go into the atmosphere within tire wear, erosion of plastic
products, paints and adhesives.

The greatest amount of nickel in soil (on average 350 mg/kg and the maximum up to
1000 mg/kg) was found in a manufacturing area of nickel casting plant.

It is known that iron, copper, zinc, selenium, manganese, molybdenum and other
elements in trace amounts are useful for living organisms. However, at high doses, they become
too dangerous for the individual organs. In contrast, the chemical elements such as lead,
cadmium, arsenic, mercury and its compounds at any concentration are dangerous.

The results of scientific-research works carried out in different years show that when the
concentration of heavy metals in soil exceeds a certain limit, then there is its degradation. This
case decreases the biological activity of soil. The process is accompanied by a decrease in the
diversity of vegetation. As well as number of microorganisms, providing ground fertility
decreases.

With regard to soil pollution by radioactive elements, it should be noted that the studied
soils, are mainly contaminated by natural isotopes K-40, U-238, Ra-226, Ra-228 and U-235. All
soil samples had more K-40. According to distribution in soil the second place takes U-238. The
studied soil also had a certain amount of Ra-228 and Ra-226. It should be noted that contents of
all of these radioisotopes is within acceptable norms. Comparison of radionuclide composition
showed that in comparison with other plants the soil of Plant of surface-active materials is
characterized by highest content of radioisotopes.

Interestingly, the soil of all plants in the structure has a certain amount of Cs-137. It
should be noted that this is not a natural radioisotope. It is formed as a result of nuclear tests, or
in the process of accidents at various nuclear power plants. Its presence in the soil of plants is
associated with global atmospheric confluence.
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STUDY OF THE INFLUENCE OF IONIZING RADIATION ON
BIOMETRICAL PARAMETERS OF EGGPLANT AND
TOMATO AT DIFFERENT DOSES

!L.M. Guliyeva, N.M. Eminova, >’G.G. Babayev, 'E.S. Jafarov
Ynstitute of Radiation Problems, ANAS, Baku, Azerbaijan
2 Institute of Botany ANAS, Baku, Azerbaijan
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The problem of influence of low-dose ionizing radiation on plants for a long time
attracted the attention of researchers. Increasing interest in this issue is caused by many
circumstances, especially by global radiation contamination of the environment. By this time in
radiobiology it has been gained great data about the negative effects of ionizing radiation on
plants. Furthermore, for many years in several studies it has also been reported positive incentive
effects of ionizing radiation at low doses. However, the question that whether the stimulatory
effect of this type of radiation is common to all plants, or whether it is characteristic only for the
plants grown under special conditions, still have not found an answer.

It is well known that at the time of germination seed is very susceptible to a variety of
physical and chemical agents which are capable of impacting their development. It is the basis
for such well-known methods of treatment, such as yarovization, stratification, heating UHF,
soaking in solutions of growth substances, trace elements, leading to the acceleration of the
development and improvement of the crop. Under favorable conditions, any of the above-
mentioned effects gives earlier flowering, i.e. acceleration of development, 12-20% increase in
crop yield, increase of content of protein and other valuable components. However, in contrast to
traditional methods gamma stimulation is associated with the use of radioactive sources of
gamma radiation. Gamma radiation has extremely high penetrating ability and biological activity
and is able to cause in living organisms not only rapidly advancing abnormalities, but also long-
term consequences. This pattern is the basis for increasing yields, earlier flowering and ripening
plants developing from irradiated seeds.

Regarding the above-mentioned, we considered it appropriate to conduct studies
reflecting changes in biometrical parameters of agricultural plants importance for our Republic.

As the objects of study it was selected eggplant and tomato, of which seeds were exposed
to y-radiation doses of 1, 5, 10, 50, 100, 200, 300 and 400 Gr on the installation "RUXUND".
Within irradiation the dose rate was -0.048 Gr/sec. The irradiated seeds together with their
control samples were placed in the test area. In order to identify the changes occurring in the
second generation, at the end of the season the seeds were collected and planted in the same area.

The results obtained by the biometrical parameters of plants are presented in the form of
diagrams. To compare the changes occurring in both the first and second generation plants, their
results are presented in pictures nearby. On the basis of the measurements of grown fetuses it has
been identified obvious differences in biometric parameters compared with control samples.

It has been found that stimulation of eggplant size is observed at a dose of 50 Gr (fig.1).
Irradiation dose above 50 Gr for plants of eggplant can be considered an inhibitory field.
Interestingly, at dose ranges 1-400 Gr the ionizing radiation almost has no effect on biometrical
parameters of tomato. It has been revealed that the character of the dose-dependent changes in
biometrical parameters of the second and first generation of eggplant are almost identical. As in
this case in the first generation also the eggplant, showing a high sensitivity to low doses of
irradiation, changes biometrical parameters. The only difference is that the fruits in the second
generation were smaller compared to the first one. Interestingly, in the second-generation the
plant has a high sensitivity to irradiation dose of 50-100 Gr, as well as in the first generation.
Reaction of tomato seeds to radioactive irradiation is slightly different. Recall that the first-
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generation seeds of this plant do not have sensitivity to ionizing radiation. As compared with the
first, the second generation seeds, have a high response to exposure and this leads to the
stimulation of the growth and development of plants and its fruits. Second generation seeds of
tomatoes have high sensitivity to irradiation dose of 10-50 Gr, as plants of eggplant.

We have seen that radiation influence increases the productivity of the plants, the size of
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RISK FACTORS AND SAFETY IN CASE OF ACCIDENTS AND
DISASTERS AT RADIATION HAZARDOUS OBJECTS

H. Ojagov
Azerbaijan University of Architecture and Construction, Baku, Azerbaijan

The given article deals with the accidents in the objects with the risk of radiation
and how to provide their security.

The assessment of protection the workers and inhabitants of the objects with
objects with the risk of radiation from radiation is a very complicated task.

According to the world experience of AES and enter objects, relation with technology
proves that the problem of their safety is connected with the rare crasher happening
because of the disability of technical systemsand safety measures.

Radiation disorders means going out of order or damages of separate mechanisms
of the object during its exploitation causing radioactive pollution of the objects in our
environment.
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DISINFECTION BY IONIZING RADIATION OF THE VEGETABLE PRODUCTS
INFECTED WITH MICROSCOPIC FUNGI

Kh.F. Mammadov
Institute of Radiation Problems, ANAS, Baku, Azerbaijan
xaganio6@mail.ru

There are cases of human infection with microorganisms via direct contact with soil,
water and air, and also through plants and animals. Contaminating foods the bacterial toxins lead
to severe food poisoning. Microscopic fungi are stored in soil and on plants for a long time. In
the life process the microscopic fungi use the nutrients of crops affected by them and produce
mycotoxins. Feeding of animals with contaminated feed leads to reduction of feed conversion
and increase of susceptibility of these animals to disease [1].

lonizing radiation of ®°Co sources is successfully used to increase the shelf life of fruits,
vegetables, and grains, for disinfection, disinsection, pasteurization, sterilization, food
preservation of food industry and also for wastewater treatment [2].

Determination of the types and numbers of microorganisms in infected plant raw
materials, in the products was carried out using various selective culture media companies Hi-
media (India) and Condalab (Spain), the system RABIT (England), colony counter.

The absorbed gamma-radiation dose rate from ®Co source of Steady Radiation Research
Units K-25 in the irradiated plant foods was 0.33 Gy/s (2,06-1015 eV/g's). The absorbed dose
rate in the irradiated systems was measured with methane and ferrosulfate dosimetry based on
electron densities.

Qualitative and quantitative determination of the initial and final components (natural
toxins in water-alcohol extracts of contaminated plant products) was carried out using HPLC,
GC, GC/MS, LC/MS/MS, GC/MS/MS, IFA (chromatograph LC-10AVP , LCMS-8040, GC-
2010, GCMS-QP 2010, GCMS-TQ8030 Shimadzu, IFA-analyzer of the firms R-Biopharm and
Teknopol) [3].

In this paper, it has been carried out the following studies on study of the optimal
parameters of disinfection and detoxification of crop products infected by microscopic fungi:

- it has been studied the dependence of the number of different microscopic fungi that
affected herbal products, on the absorbed dose of ionizing radiation;

- radiolytic disinfection of feed, plant products infected with coliform bacteria
(Escherichia coli, Citrobacter) and fungi (Aspergillus flavus, Aspergillus ochraceus), as well as
the definition of formation of natural toxins, produced by fungi in granular, as well as in wet
mixed fodders;

- radiolytic disinfection of pumpkin seeds affected by coliform bacteria (Escherichia coli)
and fungi Fusarium nivale, as well as the definition of formation of nivalenol, produced by fungi
in pumpkin seeds;

- radiolytic sterilization of corn kernels affected by chopsticks Citrobacter and fungi
Aspergillus ochraceus, as well as the determination of formation of ochratoxin produced by
fungi in corn grain;

In the result of the conducted researches we have installed:

- weight of plant products, each gram of which is infected with numerous (300-1200
bacteria in 1g of plant mass) Citrobacter and E¢ E. coli were exposed to ionizing radiation doses
up to 0.5 kGy 60Co. Upon irradiation dose of 0.5 kGy of ionizing radiation it is provided
completeness of disinfection (complete extermination of all bacteria) in all infected samples of
plant products.

Taking into account the statistical nature of the ionizing radiation and the microbiological
method for detection of microorganisms, the absorbed dose of ionizing radiation equal to 10
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kGy, provides complete disinfection and sterilization of samples of feed, pumpkin seeds, barley
and corn, mix apple slices and feed silage infected intestinal chopsticks Ec and microscopic
fungi (from 100 to 3500 fungi in 1 g of the product), i.e. reduces the number of microorganisms
in many samples of herbal products to almost zero.

Disinfection and sterilization of feed, various herbal products infected with microscopic
fungi by ionizing radiation dose ®Co equal to 10 kGy, ensures their long-term storage (more
than 6 months) and does not cause negative changes in their organoleptic, physico-chemical and
consumer properties.

References

1. B.M.Maiictpenko, P.3.XamuroB, [I'.K.ByanukoB,  DKOJOro-sKOHOMHYECKHA  MOHHMTOPHHT
CYTIePIKOTOKCUKAHTOB, Xumusi, MockBa, P®, 1996, 320 c.

2. Ilukaece A.K. CoBpemeHHas paaualldOHHAs XHMHUsA. TBEpHOE Tea0 W MHOAMMEpHL. IIpHKiIamgHbIE
acriektel. M, Hayka. — 1987, 1.3., 448c.

3. Mameno X.®. MexaHU3MbI paAHOIUTHYECKOTO Pa3I0KEeHUs] MUKOTOKCHHOB B BOJHBIX pacTBOpax,
KoMOmKopMax U 3epHax. // EcrectBennbie 1 Texamueckue Hayku. 2012, Ne 5 (61), c. 93-102

396



VI Eurasian Conference “NUCLEAR SCIENCE AND ITS APPLICATION”
21-24 October, 2014, Baku, Azerbijan

DETERMINATION OF RADIONUCLIDES IN DRINKING ARTESIAN WATER
IN THE SHAKI-ZAGATALA REGION

Garibov A.A., Safarov T.M., Naghiyev J.A.
Institute of Radiation Problems of ANAS, Radiochemistry Department
tural-seferov@mail.ru

Radioactive isotope nature of artesian water which is used as drinkable water in Shaki
and Zagatala has been studied by using the alpha and gamma spectrometry in this work. The
changing dynamics of artesian water in which amount of radioactive isotope is more than normal
has been studied. The radionuclide nature of clay, suspension and other disperse components
which appear with water that are contaminated during the process of operation has been
investigated in this paper . However sorbent syntez for cleaning water from radionuclids and
their sorption dependence has been studied in this work.

The objective of this chapter is to provide criteria with which to assess the safety of
drinking-water with respect to its radionuclide content. The Guidelines do not differentiate
between naturally occurring and artificial or human-made radionuclides.

Drinkable water and its nature of south parts of Caucasus mountain is always very
important. Because of the Mountains in this part are geologically young mineralization in this
part has not finished so absence of iodium in this water appears clearly. For this reason,
investigation of radioactive elements in water sources in this region is very important. When
people think of ground and artesian water, a common reaction is that it is clean, refreshing, sweet
water.

Radioactive isotope nature of the artesian waters which are used as drinkable water in
Shaki-Zagatala has been studied in this paper.

The samples which are taken from artesians and water springs in Shaki-Zagatala region
has been studied by using radiospectrometry. U8 U?® U?* vo Th?® isotopes in water
samples have been studied with o-spectrometry and others with HPGe gamma spectromtry

Results of studing in Shaki- Zagatala region shows that some radioactive matters which
their radioactivity concentration is (0.12+50 pg/L) such as U3, UZ°and U%* exist in drinkable
water in some villages. Using this water very long time is very dangerous for human organism
and can cause some diseases.

Concentrations of natural radionuclides (Ra?%%, U?® | U?® U%* and Th®?) in ground and
drinking artesian waters of some areas in the Shaki-Zaqatala region were determined by gamma
ray spectrometry with a HPGe detector and alpha spectrometry. The investigated waters differed
in Qakh radioactivity content depending on their origin and place. In drinking artesian water in
Shotavar and Qoragan the mean Ra??® concentration was 0.06 + 0.35 Bg/l. In ground and water
in Qakh, Ra??® and Th?*2 mean values were 0.05 £ 0.62 and 0.09 =+ 0.26 Bg/I.

The drinking water standard for uranium is no more than 30 pg/l. Exposure to elevated
levels of uranium in drinking water may affect your health. Some people who drink water with
uranium in excess of 30 pg/l over many years may have an increased risk of kidney damage or
getting cancer [2].

The guidance levels for radionuclides in drinking-water were calculated by the following
equation:
GL=IDC/h;,-q

where:
GL = guidance level of radionuclide in drinking-water (Bg/litre),
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IDC = individual dose criterion, equal to 0.1 mSv/year for this calculation,
hing = dose coefficient for ingestion by adults (mSv/Bq),
g = annual ingested volume of drinking-water, assumed to be 730 litres/year.

A mean annual effective dose taken into the body by the population some drinking
artesian waters has been 0.009-0.125 mSv interval, as well as some samples was higher than the
recommended limit by the WHO.

Radionuclides can be effectively removed from drinking artesian water. There are
different processes for different radionuclides. In general these removal processes concentrate
the radioactivity, thus creating the need for proper disposal.

Treating of such waters by sorption method using organic and inorganic sorbents is a
widely applicable method. Here the main difficulty consists in choosing sorbent possessing high
absorption capacity and multi-stage usage. In the given work sorption law of radionuclids by
phosphoprous-containing sorbent was investigated. Wood sawdust, which is waste of
woodworking industry, was used as raw material in synthesis of the sorbets. Phosphorilation of
wood sawdust and injection of phosphoprous-containing groups into sorbent were shown in the
published work [4].
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