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RECENT RESULTS OF EXPERIMENTS AT SHIP

S. Hofmann

GSI, D-64 220 Darmstadt, Germany

1. Status of Experiments
In two series of experiments at GSI, Darmstadt, the elements from bohrium (Z = 107) to

the so far unnamed element 112 were synthesised. The results were summarised in [1, 2]. The
elements were produced via fusion reactions using lead 6r bismuth targets and In-deexcitation
channels. The isotopes were unambiguously identified after in-flight separation using SHIP
by means of a-a correlations to known daughter nuclei. Not fission, but alpha decay is the
dominant decay mode. Cross-sections decrease by two orders of magnitude from bohrium to
element 112, for which a cross-section of 1 pb was measured. Systematic studies of the
reaction cross-sections indicate that the transfer of nucleons is an important process for the
initiation of fusion. The data allow for the fixing of a narrow energy window for the
production of SHEs using In-emission channels. The likelihood of broadening the energy
window by investigation of radiative capture reactions and use of neutron deficient projectile
isotopes will be discussed.

Another approach to the synthesis of SHEs is the use of hot fusion with actinide targets.
Experiments with a 48Ca beam and targets of 238U and 242>244pu w e re recently performed at
JTNR, Dubna, and will be reported at this conference by A. Yeremin in more detail.

2. Decay Properties of SHEs
In order to estimate the decay properties of nuclei, whose production may eventually

become possible, some extrapolation into the region of SHEs is necessary. The predictions set
forth by the macroscopic-microscopic models are extremely useful for the extrapolation into
this region, because they well reproduce the measured data. In Fig. 1 the results of the
calculations by Smolanczuk and Sobiczewski [3], Smolanczuk [4, 5], and M oiler et al. [6] are
presented.

The two regions of deformed heavy nuclei near N = 162 and spherical SHEs merge and
form a region of an emitters surrounded by fissioning nuclei. The longest half-lives are 1000 s
for deformed heavy nuclei and 30 y for spherical SHEs.

3. Synthesis of SHEs
A comparison of excitation energies at the barrier for cold and hot fusion reactions over

a wide range of SHEs is shown in Fig. 2. A remarkable transition is observed from a region of
high excitation energies (> 40 MeV) for reactions with 238U target resulting in elements up to
«114 into a region of low excitation energies, down to 6 MeV for element 126. This reflects a
change from hot fusion to cold fusion with regard to the excitation energy. It is however
likely, that the excitation energy is not the most important quality parameter for distinguishing
the two types of reaction. Another possibly more important difference could be that 208Pb is a
spherical closed shell nucleus with empty shells above the closure, and 238U is well deformed
and midshell.
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Fig. 2: Diagrams of excitation energies at
the interaction barrier according the
model of Bass [7]. The upper cluster
shows the trend for hot fusion reactions
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2. Hofmann S., Rep. Prog. Phys., 61, 639 (1998).
3. Smolanczuk R. and Sobiczewski, A., Proc. XV. Nucl. Phys. Conf. on Low
4. Energy Nuclear Dynamics, St.Petersburg, Russia, 1995, p. 313.
5. Smolanczuk R., Phys. Rev. C, 56, 812 (1997).
6. Smolanczuk R., pivate communication (1998).

7. Moller P. et al., Atomic Data and Nucl. Data Tables, 59, 185 (1995).
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THE CMS EXPERIMENT AT LHC, DESIGN
AND PHYSICS POTENTIAL, CMS COLLABORATION

Massimiliano Fierro

Institutfur Hochenergiephysik Vienna, Austria

Abstract: This review outlines the physics motivation and the project status of the CMS

(Compact Muon Solenoid) experiment. CMS is one of the two omni-purpose experiments at
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CERN Large Hadron Collider (LHC). LHC is a hadron-hadron collider under construction at
the CERN Laboratories of Geneva, Switzerland. LHC design will allow accelerating proton
beams as well as heavy-ion beams. Proton-proton collisions will take place at a centre-of-

mass energy of Vs = 14 TeV, with a maximum designed Luminosity of L= 1034cm2 s"1.

TofcdVVeighl : 12.5001
Overall Dainelef: ] 5.00m
Overall Lengti : 21.60m
Magnetic Held

The CMS solenoidal magnetic field of 4T will permit high resolution for charged
particle moments. The detector design will especially provide precise measurements of
physics parameter of muons, electrons and photons produced in hadron-hadron collisions at
LHC.

A cylindrical inner tracker will provide precise measurement of position and momentum
of charged tracks. It will be made up of three sub-systems, an innermost silicon pixel detector,
a silicon strip tracker and an outermost micro-strip gas chamber detector. An Electromagnetic
Calorimeter, consisting of scintillating lead tungstate crystals, will measure precisely electron
and photon energies. The Hadron Calorimeter will consist of sandwiches of copper plates and
plastic scintillator tiles with embedded WLS fibres. These three subdectors will be placed
inside the magnetic field provided by a solenoidal magnet. Outside the magnet a muon-
dedicated system will be placed, made up of "tracking chambers and special trigger chambers.
The muon system will be embedded in the iron return yoke of the magnetic field. In order to
cover a solid angle portion larger as much as possible, a forward calorimeter is foreseen.

The CMS potential in discovering signals from new physics is also described, focusing
attention on search capabilities of the Standard Model Higgs, SUSY Higgs and other
supersymmetric particles.
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THE COSMIC GAMMA RAY DETECTOR CELESTE

P.Aguer, D.Dumora, RXegallou J.Quebert, Th.Reposeur, D.A.Smith

CENBG (IN2P3- CNRS and Bordeaux 1 University) and the Celeste collaboration a)

The observation of cosmic gamma rays in the full range of frequencies, from eV up to
TeV is a challenge addressing basic problems of modern physics such as:
- the origin of cosmic rays

- the origin and the process of electromagnetic emission in galactic and extragalactic
objects such as AGN, blazers, quasars...

- the process of gamma rays acceleration at large energies
- TeV gamma ray absorption as a probe for the extragalactic infrared density
The aim of the Celeste experiment is to build a link between the last measurement

obtained with satellites (CGRO-EGRET), and the ground observations from telescopes such
as CAT and WHIPPLE. The upper limit of detection for detectors on satellites is about 10
GeV, the lower limit obtained with ground observatories is 200 GeV. Celeste operates in the
range 30 to 200 GeV, filling the window between previous detectors. In that range of energies
the main scientific topic concerns gamma ray acceleration. Two processes explain the gamma
cosmic ray spectra. Synchrotron radiation leads to an energy distribution ending at few MeV.
The inverse Compton process lead to an energy distribution ranging from a few GeV to a few
TeV. Therefore, the Celeste telescope should observe the lower energy rays arising from the
inverse Compton process.

The Celeste telescope ^ was built using an old solar energy plant. The 40 7x8 m2
mirrors reflect the Cherenkov light generated by cosmic rays high in the earth's atmosphere to
as many photomultipliers. They are clustered in 5 sets of 8 mirrors each, and the trigger
requires three groups to fire in order to maintain an acquisition rate lower than 25 Hz.
Observations of the Crab nebula are being used to evaluate the detector performance,
a) The CELESTE collaboration involves the following laboratories and institutions:
LPNHE-EcolePolytechnique, LAL, PCC-College de France, CENBG (CNRS-IN2P3)
CESR (CNRS-INSU)

GIATHE (IUT- Paul Sabatier Universit Toulousey)
GPF (Perpignan University)
J.L. Optics (Academy of Sciences), Nuclear centre (Charles University) Czech Republic

1. B. Giebels^a/NIM A412 (329) 1998
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SYNTHESIS OF THE HEAVIEST ELEMENTS AND STUDY OF THEIR
CHEMICAL PROPERTIES AT PSI-PHILIPS CYCLOTRON

H.W.Gaggeler

Paul Scherrer Institut, 5232 VilligenPSI, Switzerland and

University of Bern, 3012 Bern, Switzerland

Since 1994 the K = 120 PHILIPS cyclotron of the Paul Scherrer Institute (PSI) is
equipped with a CAPRICE (10 GHz) electron cyclotron resonance (ECR) ion source. This
opened up new perspectives in the field of heavy element research.

An overview will be given on the research achievements in this field over the past five
years. They may be summarised as follows:

1. Reaction studies were performed to investigate production of neutron rich isotopes of

heaviest elements in asymmetric fusion reactions from xn and axn channels. Examples

are 248Cm (19F, 5n) 262Db or 244Pu (22Ne, a3n) 259No. The latter reaction type was used to

search for 263Rf from the 248Cm (22Ne, a3n) reaction.
2. An on-line chemical separator was developed (OLGA III) which is able to isolate volatile

species within a few seconds and to detect decaying nuclides at a level of about one atom
per day of beam time.

3. OLGA III was used to chemically isolate short-lived isotopes of Hf and W and then used
to investigate chemical properties of the transactinide elements Rf (at FLNR, Dubna) and
Sg (at GSI Darmstadt).

4. An outline will be given on ongoing experiments to search for the new isotopes (266>267Bh
from the 249BkNe; 4,5n) reactions and to perform first ever-chemical studies of the
element Bh at PSI (in collaboration with LBNL, ORNL, GSI, FLNR).

SPIN PHYSICS AT RHIC UZ9901122

D. Wolfe

Department of Physics & Astronomy, University of New Mexico
Albuquerque NM 87131 U.S.A

PHENIX Spin is an approved experiment at the Relativistic Heavy Ion Collider (RHIC)

at Brookhaven National Laboratory (BNL). The major goal of this experiment is a study of

the spin structure of the proton and precision tests of the symmetries involved. RHIC offers a

unique opportunity because of its ability to accelerate polarized protons up to Vs = 500 GeV

and a high luminosity of 2 x 1032 cm"2 sec"1 with polarizations as high as 70%. This will probe

the frontier of polarized proton-proton collisions. This talk will describe the experiment and

its present status as it prepares to take its first data next year.
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Measurements of the polarization, both absolute and relative, will be necessary.

Preliminary work has been done on making a polarimeter and data have been taken (AGS

E950). Results of this work will be presented.

UNITARITY IN HIGH ENERGY PHYSICS

Enrico Predazzi

Department of Theoretical Physics, University of Torino, Italy

Sezione INFN di Torino, Italy

The central role of unitary in high energy physics could not be emphasised with
sufficient strength as it can be argued that it dictates the main properties exhibited by the data.

STATUS OF LOW ENERGY NUCLEAR PHYSICS IN INP AS RU

ill G. K i m
UZ9901123

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Over the last few years, low-energy nuclear physics has become an object of very intent
attention both of nuclear physicist and astrophysicist in relation to discovering large spatial
extended halo nuclei.

The rich experimental material for the radioactive beams processes accumulated, which
is an excellent platform for theoretical reflections and ideas, as a new view on the nature of
the exotic nuclear system is needed.

In the report the researches of our institute scientists working in the considered field are
presented. These investigations are reviewed in the light of the new tendencies, which are
characteristic in present time for the nuclear physics with the second beams and for
astrophysics.

UZ9901124

SPIN PHYSICS OF NUCLEON AND LIGHT NUCLEI

W.X.Ma 1>2>3'4), B.Liu 12)3'4), P.N.Shen ^ ^ H.C.Chiang 1 A W > , A.W.Thomas5)

; ; CCAST (WorldLab.) P. O. Box 8730, China
2) CTNP, National Laboratory of Heavy Ion Accelerator, China

3* ITP, The Chinese Academy of Sciences, China
4) 1HEP, the Chinese academy of Sciences, China

5) SRCSSM, University of Adelaide, Australia
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Deep Inelastic Scattering of electron off nucleon and light nuclei has been playing a
crucial role in advancing our understanding of the subnucleon structure of matter [1] and the
fundamental theory of strong interaction QCD. Therefore, it has been attracting an extensive
study both experimentally and theoretically [2].

As nucleon spin is 1/2, it had been assumed that only the valence quarks are responsible
for the nucleon spin, analogous to the baryon number or nucleon charge, and that sea quarks
and gluons were not polarized in the nucleon. However, the EMC experiment [3] on the spin

dependent structure function g? (x,Q2 ) of the proton has given rise to a lively debate about

the composition and the spin structure of the proton. Together with early SLAC data for
electron scattering [4], the experimental measurement led to the following conclusion that
only a small fraction of the proton spin is carried by the quarks and a large portion of the
proton spin is missing. This is so-called the spin crisis of the proton.

The spin crisis of the proton has led several experiments to measure spin structure

functions of light nuclei such as deuteron and H 3 f° r the secrecy of spin physics. All the

measurements of Lepton deep inelastic scattering on light nuclei produce a same conclusion
as that obtained from the proton.

In this talk, we will discuss the spin problems of the nucleon and light nuclei. We
propose a theory to describe electron deep inelastic scattering off the nucleon and light nuclei.
We work at the [SUsf(6) <S> 0(3)] ® SUC(3) quark model and use the information given by
virtual photon absorption on nucleon and light nuclei to analyse the corresponding spin
structure functions at low momentum transfers where perturbative QCD is invalid and we face
a serious difficulty in solving non-perturbative QCD problems.

The spin structure functions in our theory are expressed in terms of total absorption
cross sections of virtual photon on targets, which are determined from the helicity amplitudes
A1/2 and A2/3 with an improved electromagnetic interaction. The method avoids the difficulty
for solving non-perturbative QCD problem which is impossible at present.

Under this theory, the Gerasimov- Drell - Hearn sum rule is tested , and the first
moments of spin dependent structure functions for the proton and deuteron are then
calculated. Based on our present results for the first moments, the quark polarizations are
deduced with a good fitting to existing experimental data.

Our findings here are that the up quarks are polarized along target spin but down and
strange quarks are polarized opposite with respect to the spin of target, and the sea quarks are
also polarized significantly. Therefore, by our present results, the assumption [5] that sea
quarks are not polarized is incorrect. Our predictions also show that quarks carry only small
fraction of target spin which is consistent with experimental data. We have to learn about the
contributions to spin of the nucleon and light nuclei from gluons and the orbital motion of
gluons and quarks.

We would like to emphase that the 17 baryon resonances including in the present
calculations saturate Gerasimov-Drell-Hearn sum rule at 94% level. Therefore, our
conclusions stemmed from this work are reliable.

1. M. Kuriki, SLAC- Report - 482, March, 1996.

2. H. Y. Cheng, Status of the Proton Spin Problems, IP- ASTP - 03 - 06.

37



3. J. Ashuman et al., EMC Experiment, Phys. Lett. B206 ( 1988) 364; Nucl. Phys. B328

(1989) 1.
4. K. Abe et al., Phys. Rev. Lett. Col.75 (1995); M. Kuriki, preprint SLAC-482, UC-414.

5. J. Ellis and R. L. Jaffe, Phys. Rev. D9 (1974) 1444

This work was supported in part by Natioual Natural Science Foundation of China

ISOSPIN INVARIANCE AND THE SPIN STRUCTURE OF THE
AMPLITUDE FOR 3H+3HE->d 2H+4He PROCESS

Cengiz Yalcin
UZ9901125

Turkish Atomic Energy Authority, Ankara

We analyzed the general form of all polarization effects in the 3H+3He —> d2 H+4He

reaction. For this aim, we parameterized the spin structure of the fall amplitude in terms of the
transverse amplitudes which describe the different transitions between initial and final states,
which in turn are differed by projections of nuclei spins along the normal to the reaction
plane. The isospin invariance of the strong interaction generates definite symmetry properties
of the transverse amplitudes relative to the change cos 8—> - cos 9, where 0 is the deuteron
production angle in the c.m.s We found all symmetry relations for the polarization
observables in 3H+sHe —> d2 H+4He reaction, which are the generalized form of the well-
known Barshay -Temmer theorem. We consider the one-, two-, and triple-spin correlations in
3H+3He —> d2 H+4He. For analysis of the triple-spin correlations, we focus on the structure
functions formalism and show that a set of 41 structure functions describes all such
correlations. Isospin invariance simplifies the spin structure of the fall amplitude at 6 = 90°;
therefore, we calculated all polarization observable for this special kinematics. [S0556-
2813(96)02106-1]

PACS number(s): 24.70.+ s,21.45.+v,24.50.+ g,25.10.+s

MACROSCOPIC EQUATIONS OF CLASSICAL GRAVITATION AND
ELECTRODYNAMICS IN ASTROPHYSICS AND COSMOLOGY

R.ZalaIetdinov1>2), B.Ahmedov^

^Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
2)ICRA, Universita di Roma "La Sapienza", Italy

Modern standard cosmology aims to understand and describe the structure and
evolution of our universe assuming that general relativity (GR) adequately represents it in the
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classical regime (at least since the decoupling of matter and radiation). To derive an
appropriate cosmological model one looks for a solution to Einstein's equations subject to
conditions describing the matter and/or radiation distribution in the universe and the
symmetries we believe characterise space-time on the largest scales, isotropy and spatial
homogeneity on average. The results obtained are then compared with the observational data.
Two main and interrelated questions can then be answered: first, are the predictions
reasonable and how well do the observations fit them? And, secondly, are the observations
reliable and do they really represent measurements of the geometrical and physical parameters
defined in the theory? Such a comparison between the cosmological model and the universe
as we observe it is the central problem of cosmology (it is called the fitting problem for the
case of Friedmann-Lemaitre-Robertson-Walker (FLRW) cosmological models). What is
tacitly assumed in this standard approach is that GR is a reliable basis for cosmology - for
describing and interpreting cosmological observations and for providing us with a unique set
of parameters and quantities to fix an adequate theoretical cosmological model.

When we use certain solutions of Einstein's equations as models of our observable
universe - referring to them as 'cosmological solutions' - we imply that the real complex
lumpy universe with a discrete matter distribution (stars, galaxies, clusters of galaxies, etc.)
can be adequately approximated by a «smoothed», or hydrodynamic, stress tensor, usually
taken to be that of a perfect fluid. Such an approximation automatically assumes an effective
averaging over the discrete matter distribution. We tacitly assume at the same time, and this is
of the essence of the application of GR to modern cosmology, that the structure of the
operators in the Einstein field equations remain unchanged under such an implicit averaging.
Apart from the question of whether or not a hydrodynamic picture is satisfactory for the
matter distribution in the universe, such a procedure of employing Einstein's equations in
cosmology raises questions of principle which constitute the so-called averaging problem in
cosmology. Indeed, a correct statement of the problem requires the averaging out of Einstein's
equations on both sides, in the mass-energy source terms (the stress-energy tensor) and in the
field operator. Granted that GR is the best theory of gravity we have on small scales - it is
very well tested in solar system and binary pulsar experiments and measurements - is it the
best theory of gravity on cosmological scales, considering that we really have to average over
hierarchies of local inhomogeneities

to obtain the mass-energy distribution and the geometry on those scales? It is not at all
obvious that it would be. Can the Einstein equations themselves be considered as the correct
averaged equations? There are very strong indications that they are not. Some, while
conceding that they are not, maintain that they are nevertheless adequate descriptions of
cosmological space-time to a good approximation on very large length scales. And this
important issue also not at all clear.

Strictly speaking, then, it is really the averaged equations which should be solved to
find the relevant cosmological models. The results of averaging are far from trivial, since
Einstein's equations are highly non-linear, and the averaging is likely to alter their structure.
Thus, finding the correct averaged field equations, or adequate approximations thereof, given
that GR provides a good description of the gravitational field in local situations, and solving
them may therefore be expected to bring about a new view of cosmology, which could in turn
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alter our understanding of the global structure of space-time and modify cosmological
predictions which are heavily based on the solutions of Einstein's equations.

Investigation of the general relativistic electromagnetics effects is interesting not only
from theoretical point of view, but also from practical one, since they can give us new
possibilities to test the basic principles of general relativity. On the other hand,
electromagnetic phenomena play important role in pulsar and black hole astrophysics. For
instance, radio pulsars, which are rotation-powered neutron stars with spin periods ranging
from 1.57 milliseconds to 5 seconds, are characterised by surface magnetic fields of order
1012 Gauss, radii of about 10 km and central densities in excess of 1014 gr cm"3 and so they are
purely general relativistic objects. In this respect the electric and magnetic field distribution,
especially its general relativistic part, around and inside supermassive stars is an extremely
significant component in the recent models of pulsars and neutron stars.

Recent observation of pulsars and their statistical analysis seem to imply that isolated
pulsars do not undergo significant magnetic field decay. It is a dynamo mechanism that
appears to be physically relevant when the motions of a conducting fluid are able to sustain or
increase the magnetic field. However, it is known that for a number of simple geometries no
dynamo is possible and according to the famous Cowling's antidynamo theorem the stationary
axial-symmetric magnetic field can not be self maintained.

It appears that the situation is different in the framework of general-relativistic
description. As we show the general-relativistic Ohm's law for a two-component plasma
includes the gravitomagnetic and Coriolis force terms even in the case of quasi-neutrality. The
equations that describe the electromagnetic processes in the plasma surrounding a neutron star
are obtained by using the general relativistic form of Maxwell equations in a slow Ken-
geometry. The generation of an azimuthal current under the gravitomagnetic and Coriolis
effect on radial current in plasma around neutron star is predicted. The azimuthal current
being proportional to plasma's temperature can substantially exceed the generating radial
current for high temperature plasma and highly spinning neutron star. Thus a rotating neutron
star, embedded in plasma, can in principle generate axial-symmetric magnetic fields even in
axisymmetry. Therefore, classical Cowling's antidynamo theorem, according to which a
stationary axial-symmetric magnetic field can not be sustained against ohmic diffusion, may
not be hold in the Kerr geometry.

The influence of general-relativistic effects on charge distribution inside a neutron star
is investigated. The qualitative distinction of space charge distribution inside a conducting
crust from that inside a superconducting core allows us to propose a possible mechanism of
radio-wave radiation produced in intermediate medium inside a pulsar.

The general-relativistic electromagnetic effects which take place when a current
carrying conductor is placed in a gravitational field are investigated. Then we explore the
possibility of using them for detecting the Lense-Thirring field of the Earth.

The averaging problem in general relativity and cosmology and general-relativistic
axisymmetric electrodynamics of (superconducting media are briefly reviewed. An account
of proposed approaches and results is given.
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QUASI-ELASTIC pn SCATTERING IN 6LiD AND 6LiH
TARGETS FROM 1.1 TO 2.4 GeV

A. de Lesquen1}, C.E.AHgower2), J.Ball1>3), M.Beddo2), J.BystrickyX), M.Combetl1'^,
P.Demierre4), G.Durand^ J.-M.Fontaine1'3), D.Grosnick\ R.Hess48), Z.Janout5>6),
Z.F.Janout4), V.A.Kalinnikov5*, T.E.Kasprzyk3), B.A.Khachaturov^, R.Kunne3),

F.Lehar1}, D.Lopiano2), V.N.Matafonov^, LL.Pisarev^, A.A.Popov^, A.N.Prokofiev7),
D.Rapin4), J.-L.Sans3), H.M.Spinka2), Yu.A.Usov^, V.V.Vikhrov^, B.Vuaridel4),

A.A.Zhdanov7)

I}DAPNIA, CEA/Saclay, France, 2) ANL, HEP Division, Argonne, USA, 3) Laboratoire

NationalSATURNE, France, 4>DPNC, Univ. Geneva, Switzerland, 5)LNPJINR, 141980

Dubna, Russia, 6)FJFI OVUT, Czech Republic, 7)PetersburgNuclear Physics Institute,

Russia, 8*Deceased.

The aim of these measurements at Saturne II was to compare the elastic and quasi-
elastic spin-dependent observables in order to extend the pn data energy region. The beam

polarisation Pg and target polarisation Pj were oriented vertically. The new polarizable

target materials 6LiD and 6LiH were used. An unpolaxized CH2 target was positioned behind

the main target, and/? ->p(C) scattering was measured.

We use the nucleon-nucleon formalism and the four-index observable notation given in
Ref.[l]. The subscripts of any observable Xsrbt refer to the polarisation states of the scattered,
recoil, beam, and target particles, respectively.

The apparatus consisted of a two-arm spectrometer with an analyzing magnet and a
neutron counter (NC) hodoscope in the right-hand side (RS) arm. The NC hodoscope was
made from 15 horizontal scintillation bars 300 cm long, 8 cm high, and 20 cm width. Either
only one, or two contiguous NC counters were accepted for the events. The detection
efficiency of NC was about 20 %. On the left-hand side (LS) arm was positioned a 6 cm thick
carbon plate. Each arm was equipped with single scintillation counters and counter
hodoscopes. The counter signals, including those of the NC triggered eight multi-wire
proportional chambers (MWPC's) with three wire planes each.

Three different triggers were simultaneously used:
1. pp trigger: An outgoing charged particle was detected in each arm.
2. /wi?-trigger: A neutral particle was detected by NC hodoscope in the RS arm and a

charged particle was seen in the conjugate arm.

3. prcZ-trigger: A charge particle in the RS arm was detected by counters and NC hodoscope
and analysed by the magnet. A neutral particles in the LS arm was converted by charge-
exchange in the carbon plate.

The scintillation counters also measured time-of-flight (TOF). For /?«R-trigger no
magnetic analysis existed and the TOF measurement was crucial. The "start" signal was
defined by the outgoing proton. The "stop" signal was always provided by the NC hodoscope.

41



At high energies the simultaneous signals from the two NC counters considerably decreased

the background contribution from y-rays.

At each energy the pn scattering was measured either on 6Li in 6LiH (V) or on 6Li + D

(•). In addition to these independent results the scattering on D was deduced (A). The
analysing power Aoono and the depolarization Dmno were obtained between 1.1 and 2.4 GeV,
whereas the spin correlation parameter Aoonn was measured at 1.1 and 1.6 GeV only. The
values of quasi-elastic observables were compared with previous elastic scattering data and at
1.1 GeV with the two phase shift analyses [2,3] predictions.

At 1.095 GeV the Aoono data are plotted in Fig. 1 together with the previous Saclay
results (o), along with ANL-ZGS results at 1.030 GeV (x) and KEK data at 1.109 GeV (open
squares). Our results were included into the SG-PSA [2], but are absent in the VPI-PSA [3].
The PSA predictions differ for 0CM > 140°, as previously observed, when the new data were
not introduced in the SG-PSA [2].

Our Dmno(pn) results at 1.095 GeV are plotted in Fig. 2 using the same symbols. Data
are in excellent agreement with the PSA predictions in this very sensitive region. These data
above 1.1 GeV represent the first measurements ever.
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Pig. 1. Fig. 2.

Our new quasi-elastic np results for protons scattered on weakly bound neutrons in deuterons
and in 6Li nuclei show good agreement with np elastic scattering data. The comparison
suggests that a 6LiD target, a polarised deuteron jet, or polarised deuteron beams may be
successfully used for pn spin dependent experiments.

1. J.Bystricky, F.Lehar, and P.Winternitz, J.Physique (Paris) 39 (1978) 1.

2. Ball et al., Nuovo Cimento AM (1998) 13.
3. R.A.Arndt, et al., Phys.Rev. C56 (1997) 3005, SAID solution SP99.
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MICROSCOPIC APPROACH OF VIBRATIONAL-ROTATIONAL
MOTION IN NUCLEI: ISOMERIC SHAPES AND TRANSITIONS

J. Libert1^ M. Girod2), J.P. Delaroche2), P. Romain2)

1} Centre d 'Etudes Nucleaires de Bordeaux Gradignan, CNRS-IN2P3 and Universite-

Bordeaux I, BP 120, 33175 Gradignan Cedex, France.
2) Service de Physique Nucleaire - DPT A, Commissariat a I'Energie Atomique,

BP 12, 91680 Bruyeres-le-Chdtel, France

A quantal Hamiltonian expressed in terms of the five collective quadrupole coordinates
is built for various heavy nuclei displaying secondary minima at large elongation in their
potential energy surface. These surfaces as well as the tensor of inertia entering this collective
Hamiltonian are deduced from constrained Hartree-Fock-Bogoliubov (CHFB) calculations
based on Gogny force. In this tensor of inertia, vibrational mass parameter surfaces are
obtained at perturbative order (i.e. with Inglis Cranking type formulas). Dynamical
calculations for rotation (Cranked CHFB) have allowed us to go one step further in the
evaluation of the input moments of inertia: Inglis-Belyaev Cranking expressions for these
moments have been here corrected by a scale factor directly connected with rotational
Thouless -Valatin contributions.

In the frame of a shape isomerism study, the derivation of collective wave function (i.e.
solving the collective Hamiltonian which has the Bohr's general form) has to overcross two
difficulties:

The collective space covering both Normal and Superdeformed shapes is large as
compared with the characteristic width of solutions. The symmetrized two-centre basis
method which has been developed for this reason will be presented and explained.

As well known, E2 isomeric transition rates and lifetimes depend strongly upon
amplitudes under the first barrier. These amplitudes are there specially weak and subject to
spurious numerical oscillations. To solve this problem in a multidimensional space, specific
numerical methods have been developed. They will be also briefly described.

As it will be shown in A-190 region, yrast and vibrational superdeformed (SD) positive
parity bands are predicted together with collective bands at Normal Deformation (ND). The
predicted yrast SD bands at low spin display properties which favourably compare with
experimental information. Quite good agreements are in particular obtained for the isomeric
energies of nuclei of A-190 region for which the link between SD and ND levels is
experimentally known. Comparison of the predicted yrast SD sequences with those deduced
from Cranked-CHFB calculations allows us to size in such bands the rotation-vibration
coupling effect. A good agreement is also obtained for the fission isomer of 238U in which,
moreover, the £S SD vibrational band is known and compare favourably with our predictions.
These satisfactorying description of SD and ND energy spectra open the way to the
microscopical evaluation of isomeric E2 lifetimes which is currently underway.
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EXOTIC MODES IN NUCLEI
FROM HARTREE-FOCK-BOGOLIUBOV APPROACH

M. Girod1}, J.F.Berger1}, H.Dancer1}, J.Decharge1},
J.P.Delaroche^, S.Peru1}, J. Libert2) *

J/> Service de Physique Nucleaire - DPT A, Commissariat a I'Energie Atomique,

BP 12, 91680 Bruyeres-le-Chdtel, France
^ Centre d'Etudes Nucleaires de Bordeaux Gradignan, CNRS-IN2P3 and Universite

Bordeaux I, BP 120, 33175 Gradignan Cedex, France.

For twenty years, the Hartree-Fock-Bogoliubov (HFB) approximation has been used in
our laboratory to study nuclear structure properties. The self-consistent HFB equations have
been solved in the oscillator basis where the spherical, axial, left-right and z-signature space-
symmetries have been successively broken, as well as time reversal symmetry, in order to
describe a wide class of collective modes in nuclei. The effective interaction entering the HFB
equations is the D1S Gogny force. This finite range density-dependent force has been
parameterised in such a way that both the nuclear average field and the nuclear pairing field
are calculated on the same footing.

The good overall agreement with experimental information obtained in this context for
« standard » nuclei (binding energies, nuclear radii, deformations...) gives some confidence in
HFB predictions for various exotic modes in nuclei :
1. Exotic isospin : predicted drip-lines obtained from HFB calculations with the pairing and

deformation properties.
2. Exotic spin isomers : quasi-particle description of high spin states in K-isomers.

3. Exotic shapes :
a) clustering in light nuclei, 20Ne, 24Mg,
b) oblate super-deformations and prolate hyper-deformations,
c) scissor mode and hexadecapole isoscalar Y41 deformations.

4. Exotic densities: prediction of semi-bubble configuration in superheavy nuclei near Z=120.
The above examples illustrate the predictive ability of a microscopic theory. Hopefully

these predictions will also prompt new experimental studies.
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MASS PARAMETERS
FOR LARGE AMPLITUDE COLLECTIVE MOTION:
TOWARDS A FULL SELF-CONSISTENT APPROACH

E.Kh. Yuldashbaeva1'^ J. Libert2), P. Quentin2), M. Girod3

1} Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
2) Centre d"Etudes Nucleaires de Bordeaux Gradignan, France

The Adiabatic limit of the Time-Dependent Hartree-Fock-Bogoliubov approximation is
studied in the canonical basis for a rather wide class of collective modes. As a first step
towards a fully selfconsistent solution, we study mass parameters where the effects due to the
time-odd part of the mean fields are neglected, but where the static rearrangement of the
generalized cranking operator is taken into account. Corresponding inertia parameters are
compared with those resulting from currently used ansatz in microscopic accounts of the low
energy nuclear collective dynamics.

For the particular case of the axial quadrupole motion and using the Gogny DIS effective
interaction, we show that our mass parameters exhibit strong variations as functions of the
deformation whose origins are traced back to the rearrangement of both the Hartree-Fock and
pairing fields.

The physical consequences of these variations depend of the time scales of the studied
collective motions and are illustrated in the context of superdeformed states in the 150Gd
region and of the lifetime of a fission isomer in the actinide region.

UZ9901130

TESTING THE PAULI EXCLUSION PRINCIPLE
WITH NEMO-2 DETECTOR
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The NEMO-2 detector experimental data from measurements with Cd, Se and Zr foils
were used to estimate limits on «nonpaulian» transitions in 12C witch was in the plastic
scintillators. Total mass of 12C under study was 170 kg.

The NEMO-2 detector [1] was designed for (3p decay studies and operated in the Frejus
Underground Laboratory (4800 m w.e.) from 1991 to 1997. During this period the (3(3v decays
of 100Mo [2], 116Cd [3], 82Se [4] and 96Zr [5] were investigated in detail through the
measurements of the summed electron energy spectra, angular distributions and single
electron spectra.

Table presents the NEMO-2 results on «nonpaulian» transitions in 12C. Due to good
time-of-flight selection and enough large mass of plastic scintillators of the NEMO-2 detector
the result for the 20 MeV gamma emission is higher by four orders of magnitude than the
previous one [6]. Limits on the (3* «nonpaulian» transitions are lower than in [7], because of
smaller mass and low efficiency of the crossing electron detection.

Table Limits on the «nonpaulian» transitions in 12C.

feattsskm § decay {3* decay

Window (MeV) [4,20] [4,20] [4,20]
Number of events O i l

Efficiency 1.3-10"4 8.5-10~3 7.2-10~3

\n (90% CL) present >4.2.1024y >3.M0 2 4 y >2.6-1024y

T i a(^0%)[7] >Bt

New detector NEMO-3, which is under construction now [8], will help to improve those

limits. The amount of 12C will be ~40 times greater, efficiency of registration will be 10 times

higher and also a magnetic field will be applied to differ e+e~ events from e~e~. So expected

limits which will be obtained with the NEMO-3 detector, will be by 3 or 4 orders of

magnitude higher or such transitions will be observed.

The portions of this work conducted in Russia were supported by RFBI grant number

97-02-17344 and by INT AS grant 96-0589.
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MAGNETIC MOMENTS AND STRUCTURE OF HIGH-SPIN
ISOMERS IN 190192194pt

A.I. Levon ia\ 3. de Boer2), I.B. Kovgar^, R.S. Pozdnyak^

** Institute for Nuclear Research, Kiev, Ukraine
^ Section Physic, University of Munich, Germany

The integral perturbed angular distribution (IPAD) method in an external magnetic

field has been used to measure the g-factors of isomers in the 190>192>194pt nuclei, populated in

the (a,2n)}-reaction. The results are as follows: 190Pt, g(12+) < 0, g(10~) = 0.009(8), g(7""

) = 0.45(35); 192Pt, g(12+) = —0.17(8), g(10~) = 0.010(6), g(7~) - 0.39(16); 194Pt,

g(12+, new assignment) = — 0.13(5), g(7~) = 0.37(15). The A2 and A4 coefficients from [1,2]

were used in analysis of experimental data. The intrinsic structure of the isomers is discussed.

The 12+ states have the rotational-aligned ( v i ^ ) structure. The missing rotation-aligned

(vi j ^ 2 ) 12+ state is suggested to be isomeric in 194Pt (instead of the 10+ state) and to which the

g = — 0.13(5) value has to be attributed. From previous work this isomeric state was believed

to be 10+. From the g-factors of the 10~ state in 190Pt and 192Pt with the configuration v9/2~

[505] <S> vll/2+[615] the anomalous gi-factor for neutrons has been derived as 5gi = —

0.032(6). The positive values of the g-factors of the 1~ states indicate a change in the

intrinsic structure of the negative-parity bands from mainly (vi13/2) to mainly (7th11/2) in

going from the Hg isotopes to those of Pt.
This work was supported by Minnauki of Ukraine, grant O5/1931-98; WTZ grant

UKR-036-96.
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THE STRUCTURE OF COLLECTIVE BANDS IN ^ P a LYING
ON BOUNDARY OF OCTUPOLE DEFORMATION

A.I.Levon U ) , J. de Boer X), MXoewe x), H.Steffens 1}, JVLWurkner 1}, E.Maier 3), J.Kvasil
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Section Physic, University of Munich, Germany; 2 Institute for Nuclear Research, Kiev,

Ukraine; 3 Technical University, Munich, Germany; 4 Charles University, Prague, Czech
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Republic; 5 Institute of Experimental Physics, University of Warsaw, Poland; 6 Heavy-Ion
Laboratory, University of Warsaw, Poland; 7 Institute for Radiation and Nuclear Physics,
University of Bonn; 8 Fac. ofEdu., Chiba Univ., Japan; 9 Fac. ofSci. Dep. ofPhys., Kyushu
Univ., Japan; 10 Chiba Inst. ofTechn., Japan; u Coll. oflndu. Techn., Amagasaki, Japan; u

The Niels Bohr Institute, Tandem Accelerator Laboratory, Denmark.

An extended study of 231Pa located near the boundary of octupole correlation was

carried out by Coulomb excitation. The investigation of the side bands occurred to be possible

because strong K-mixing of the bands enables their excitation. A 105 ug/cm2 231Pa oxide

target on a 15 jj.g/cm2 carbon backing was bombarded by 148 MeV 32S and 255,260,261 MeV
58Ni projectiles. The p-yy coincidences of 20 Compton-suppressed germanium detectors of the

NORDBALL array were read out in coincidence with either a PSD-silicon detector [1] or a

multi-PIN-diode detector array [2] for the backscattered projectiles. The last one was specially

designed for this experiment. The Radware97 computer code [3] was installed and used for

evaluating 400k-events of p-yy coincidences stored on magnetic tape. Energy and efficiency

calibrated fits of the data were done using the GASP AN [4] computer code.

The l/2[530] 3/2~ g.s. rotational band [5] was extended up to spin 39/2~. All
assignments concerning the l/2[660] band were confirmed. A new band with some indication
to continue the known part of the 3/2[651] 5/2+ band was identified up to spin 37/2+.

Calculations of the depopulation process following Coulomb excitation are on the way
using the GOSIA computer code [6] to fit simultaneously the matrix elements for all
transitions and all experiments. Structure calculations are done in the quasiparticle-phonon-
model [7]. A comparison gives interesting information about the 3/2[651] band or a close
lying neighbour, its depopulation and a possible structure change at high spins in the l/2[530]
band, as well as new insight into the nature of the weakly excited l/2[660] band. Comparing

Pa to Pa at the boundary of octupole correlations the influence of these correlations on
the nuclear structure is tested.

This work was supported by Tandem-Accelerator Laboratory, LMU and TUM, Munich;
DFG, grant Bo 1109/1-5; Volkswagen-Stiftung, grant 1/70 407; WTZ grant UKR-036-96.
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DEPOPULATION OF K* = 9~ ISOMER IN 180Ta
VIA COULOMB EXCITATION

A.I. Levon la\ J. Besserer1}, J. de Boer x\ M. Loewe 1}, H.J. Maier r>, M.Wurkner l \
P. von Neumann-Cosel3), A. Richter 3), C. Schlegel3), J. Srebrny 4), T. Czosnyka5),

J. Iwanicki % P. J. Napiorkowski3), S. Karamian 6), G. Sletten 7)

IJSektion Physik, University of Munich, Germany; 2) Institute for Nuclear Research, Kiev,

Ukraine; 3) Technical University of Darmstadt, Germany;4)Institute of Experimental Physics,

University of Warsaw, Poland; s')Heavy-Ion Laboratory, University of Warsaw, Poland;
6) FLNR, JINR, Dubna, Russia; 7) The Niels Bohr Institute, Tandem Accelerator Laboratory,

Denmark.

Only 0.012% of natural Tantalum consists of 180Ta, while the rest being 181Ta. The
isotope 180Ta survives in nature in an isomeric state (K*=9~~, E*=75.3 keV, T\n > 1.2xl0I5y).
The ground state is unstable and decays with a half-life of 8.lh either by EC to 180Hf or by P~~
-decay to 180W. The direct decay of the K"=9~ isomer to the K M 4 ground state is highly K-
forbidden. The study of 180Ta is interesting from an astrophysical point of view because
neither the production of the isomer nor its survival during the nucleosynthesis is still
unknown. Should the isomer be exposed to an intense photon bath under stellar s-process
conditions, it might be depopulated to the ground state through intermediate states. Therefore
yet unknown intermediate states, connecting the isomer to the ground state would hinder a s-
process production of 180Ta. To find these intermediate states, several photoexcitation [1,2]
and Coulomb excitation [3-6] experiments were carried out.

In our activation experiments we bombarded two Tantalum oxide targets: one 5.6%
enriched in 180Ta and for comparison a similar natural target with 36S (65 - 115 MeV) and 64Ni
(130 and 150 MeV). All beam energies were well below the Coulomb barrier to minimise
possible transfer reactions on 181Ta. The scattered Ta-recoils were cached in thin plastic foils
mounted in an Al cylinder around the beam axis. After irradiation times of 9h these foils were
placed in front of planar Ge-detectors to look for the characteristic gammas of 180Ta ground
state decay (the Hf K X-rays, the 2+ -> 0+ E2 transition in 180Hf and the 2+ -> 0+ E2 transition
in 180W).

To find the multipolarity of a possible Coulomb excitation of intermediate state
connecting the isomer to the ground state, the catcher foils were cut in different slices
corresponding to different recoil scattering angles. We were able to observe the ground state
decay of 180Ta for all used beam energies.

Preliminary analysis of the 36S energy dependence of the characteristic gammas
intensity and analysis of the angular distribution of the recoiled I80Ta in the ground state
indicate on the intermediate state at about 1.2 MeV and on the multipolarity of its Coulomb
excitation > E3. The detailed analysis of the comprehensive new data material is in progress.

This work was supported by Tandem-Accelerator Laboratory, LMU and TUM, Munich;
DFG, grant Bo 1109/1-5; Volkswagen-Stiftung, grant 1/70 407; WTZ grant UKR-036-96.
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SPIN GENERATION IN FRAGMENTATION PUMPING MECHANISM

LN.Mikhailov, P.Quentin

Centre d'Etudes Nucleaires de Bordeaux Gradignan, CNRS-IN2P3

and Universite Bordeaux I, BP120, 33175 Gradignan Cedex, France

A new mechanism able to explain the data on low energy fission fragment spins is
proposed. It is based on the well known quantum mechanical result that whereas the angular
orientation of a quantal object is rather well fixed its canonically conjugated quantity is
distributed. The average of this distribution is shown to correspond to observed average spins
and more generally our explanation is consistent with most of the relevant experimental
knowledge (like angular distribution of emitted gammas). In particular such quantal
fluctuations does not need to resort to unlikely high temperature excitation mechanisms of
spin carrying modes as in other currently advocated models like the so-called bending modes.

NUCLEAR STRUCTURE PHYSICS
AT GSI-CHALLENGES AND PERSPECTIVES

G. Munzenberg
II Illl Illl

UZ9901135
GSI, D-64220 Darmstadt, Germany

Universitat Mainz, Institutfur Physik, D-55099 Mainz

The availability of exotic nuclei far from stability, in some regions of the nuclear chart
even close to the driplines, over large energy ranges as well as developments of new efficient
detector systems gave new impacts on nuclear structure research. The studies of halo nuclei,
the mapping of extended areas of the nuclear mass surface, systematic studies of fission
fragment distributions, and the creation of new elements beyond the limit of macroscopic
stability provided new insights into nuclear matter at the limits of stability, nuclear shells, and
structure effects in low-energy reaction dynamics.
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High-current accelerators and detector systems of highest efficiency for decay studies
and for reaction experiments of relativistic nuclei in complete cinematic will extend our
studies to hitherto unknown regions of nuclei, the structure of which is expected to be
different from the known species. Challenges are reaction studies with non-stable nuclei in
heavy-ion storage rings.

The new perspectives with second generation in-flight facilities for the investigation of
relativistic beams of exotic nuclei will be discussed: structure research near 78Ni, and 100Sn,
break-up studies of light halo nuclei, and experiments for the determination of nuclear charge
radii in storage-ring experiments with colliding beams of electrons and radioactive nuclei.

UZ9901136

EXPERIMENTAL ASPECTS OF SUPER-HEAVY
ELEMENT SYNTHESIS

A.G. Popeko

Flerov Laboratory of Nuclear Reactions, JINR, Dubna, Russia

Following the well known shells with Z = 82 and EVI = 126, the next closed neutron
shell is expected at N = 184, forming the "island of stability" of the superheavy nuclei for
isotopes with Z = 104 to 120. The closest approach to the predicted spherical neutron shell
with N =184 provides the use of very neutron reach projectiles 36S or 48Ca.

New elements with Z=l 10, 111 and 112 were synthesized and identified at GSI in "cold
fusion" reactions [1] after all possible improvements in accelerator, separator and detector
systems had been made and as a result the total sensitivity could be increased by an order of
magnitude.
Simultaneously, also after a long-term preparation, "hot fusion" reactions were used for the
synthesis of heavy isotopes of elements with atomic numbers Z=106, 108 and 110 [2].

The systematic investigation of "warm" fusion reactions with a 48Ca beam was started in
Dubna at the U400 cyclotron in 1998 [3].

For the both cold and hot fusion reactions a very sharp decrease in cross-sections with
increasing element's number was measured. For the element with Z=113, extrapolation of
these curves yields the production cross section acoid & 150 fb and ow^O.7 fb. These cross-
sections are far below the capability of existing experimental set-ups, and the improvement of
experimental methods sensitivity by at least one order of magnitude is necessary.

The first experiments showed that the half-lives of neutron reach superheavy nuclei can
be as high as 1 min and there is no dramatic decrease in the production cross-section
compared with the rough extrapolation of existing data.

Parameters affecting the total experiment sensitivity are illustrated in the Table.
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Beam intensities delivered by aa accelerator

Beam intensities accepted by a target

Effective target thickness-

Source material consumption

Aettieroi values
" hot fusion"

1 • I013 pps

0,1 mgfcm2

0.3 mg/h

0.5

0.85

"cold
fusion1'

6*lQi2p|JS

3 - 1012pps

0.2 mg/esf

3 mg/h

G+£

0.S5

JN>s«tbIe
limits

4 « 1 0 t 4 f>ps

I«10 j4pps

0 3 isg/cm2

0.3 mg/h

0,9

1.0Detection efficiency

From the Table one can see that the highest contribution to the elevation of the
experiment's efficiency is provided by production of intense ion beams and by the design of a
target system, which can accept these beams.

Modern accelerators equipped with ECR ion sources produce beam currents of up to 1-
1013 pps. At present, the Penning source under increased discharge power and the MEVVA
source are considered as the most promising ion source concept [4]'. For example, at the
UNILAC accelerator complex, beams of up to 3 • 1014 will be available after an up-grade.

R&D of a special accelerator for low energy nuclear physics are very desirable. A DC
linear accelerator with superconducting structures for ions from C to Xe with energies of up to
10 MeV/nucleon would an optimal accelerator. Optimization of an accelerator aiming at the
minimal ion source material consumption and direct connection to an isotope separator are of
great importance.

For the study of short-lived (T]/2 < 1 s) heavy nuclei one uses on-line recoil separators,
i.e., gas-filled and velocity (energy) filters. From the technical point of view actinide targets
for "hot" and "warm" fusion reactions are preferred due to the high melting point. Stagnant
actinide targets on Be or Ti backing foils can accept beam currents corresponding to « 10
W/cm2. The use of rotating targets and the high frequency beam wobbling (/"» >1 kHz)
allowed one to elevate the limiting beam intensity by factor of« 10. Another factor of 10 -s- 20
allows placement of the target in a cooling gas - hydrogen or helium.

The limiting temperature of Pb and Bi metallic targets for "cold" fusion reactions is
about 200°C and even at this temperature the recrystallization of target material can occur.
The use of Pb or Bi compounds like PbSe, PbS, BiO, BiF3 with sufficiently higher melting
temperatures is not examined. A further increase of the acceptable beam intensity can be
achieved by the introduction of the target gas cooling [5]. There are many problems to be
solved on this way.

For beam intensities higher than 5 pps a gaseous or cluster Pb or Bi target in an open
volume without entrance and exit windows should be designed for the use at a recoil
separator.

The analysis of the published data shows, that transmission of all existing recoil

separators is very identical. For the reactions such as Mg + U - s « 10 •*• 20 %, topt « 200

mg/cm2; for Ca + Pb - s » 20 -s-35%, topt» 350 mg/cm2 and for Zn + Pb - s « 40 •*- 50 %, topt«
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450 mg/cm2. The use of thicker targets does not elevate the yield, but the background from
transfer reaction products raises as a square of the target thickness.

With a specially designed Monte-Carlo program for the optimization of the separator
settings [6] it is possible to improve the transport efficiency up to 30%, also better
background conditions can be achieved in comparison to traditional methods.

Very interesting possibilities may be realized if the first results obtained with a Ca
beam really indicate half-lives of superheavy nuclei longer than Is. In this case quasi-on-line
mass separation or chemical separation can be employed. One can win a factor of about 15 at
the same beam intensity. The elevation of the projectile current in these experiments is not
limited.

While preparing this report I had interesting and fruitful discussions with my colleagues
Yu.Oganessian, A.V.Yeremin, S.Hofmann and G.Miinzenberg. I would like to express my
deepest gratitude to them.

This work was supported in part by the Russian Foundation for Basic Research under
contract no. 99-02-16447 and INT AS contract no 96-662.
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MODIFICATION OF NUCLEAR LIFE-TIME

E-Tong Cheon

Department of Physics, Yonsei University, Seoul, Korea

A series of investigations were carried out for effects of the vacuum fluctuation on
nuclear energy levels [1-4]. These works explored actually energy level shifts due to the
vacuum fluctuation in a finite space. Can the nuclear level width be also modified? There are
a few reports on spontaneous emission of Rydberg atom [5, 6] and cyclotron radiation
inhibited by a cavity [7]. This paper will show the result of Moessbauer experiment on
cesium-133 nucleus, decay of which is delayed by 49 percents.
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EXPERIMENTS ON SYNTHESIS OF SUPERHEAVY
ELEMENTS USING 48Ca BEAM AT FLNR JINR

Yu.Ts.Oganessian, A.V.Yeremin

Flerov Laboratory of Nuclear Reactions, JINR, Dubna, Russia

According to macro-microscopic nuclear theory the stability of heavy nuclides, under-
going mainly a-decay and spontaneous fission, is determined by the structural properties of
nuclear matter. Their binding energy and lifetime increase most prominently in the vicinity of
closed shells, corresponding to the spherical nuclear shape in the ground state. Following the
well-known shells with Z = 82 and N = 126 in the stable spherical nucleus 208Pb, the next
closed neutron shell is expected at N=184. Calculations by R.Smolanczuk et al. [1,2] who
successfully reproduced the decay properties of the known most neutron-rich heavy nuclei,
and P.Moller et al. [3] have shown that the stabilising effect of the spherical shell starts
already at N > 168 for a broad region of isotopes with Z = 104 - 120. Such neutron-rich nuclei
can be synthesised, as we have shown earlier (see for e.g. [4]), in fusion reactions using the
heaviest isotopes of U, Pu and Cm as targets and a 48Ca ion beam. As a result of the
significant mass excess of the doubly magic 48Ca nucleus, the excitation energy of the
compound nucleus at the Coulomb barrier only amounts to about 30 MeV. The deexcitation
of this nucleus should proceed by the emission of 3 neutrons and y-rays [5]. This circumstance
should increase the survival probability of the evaporation residues (ER) as compared with the
case of "hot" fusion reactions (Ex > 50 MeV), which were used for the synthesis of heavy
isotopes of elements with atomic numbers Z=IO6, 108 and 110 [6]. On the other hand, the
high asymmetry of the interacting nuclei in the entrance channel (AiJAr = 0.2; Zp- Zj= 1880)
should decrease possible dynamical limitations on the fusion of massive nuclei as compared
with more symmetrical cold fusion reactions [7].

To produce heavy isotopes of element 112 in the reaction 48Ca + 238U, two experiments
at beam energies 231 MeV (E* = 31 MeV) and 238 MeV (E* = 39 MeV) were performed. In
the first experiment, in a 25 - day irradiation of a 238U target with a beam dose of 3.5 x 1018 at
the focal plane of the recoil separator VASSILISSA [8] two spontaneous fission events were
detected. The most probable explanation of the data obtained in this experiment is that
spontaneous fission is caused just by the decay of an even - odd isotope (N = 171) of element
112 produced in the reaction 238U(48Ca,3n)283112 with a cross section of about 5 pb [9]. The
half-life of the new nuclide is 180 sec. In the second experiment the beam energy was 238
MeV (E* = 39 MeV). The total beam dose in that case was 2.2 x 1018. No events were
detected.

The only so far known isotope of element 112, 277112, was synthesised in the "cold"
fusion reaction [10]. This isotope is an a. emitter with a half-life Tm = 0.24 ms. The obtained
experimental data show that with an increase in the neutron number by 6 units, the half-life of
element 112 increases by more than of 5 orders of magnitude. This is proof of existence of
long-lived superheavy elements predicted theoretically in the region of the neutron shell N =
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184. The production cross-section for element 112 is higher (5.0 pb) when using the "hot"

fusion reaction and a 48Ca beam than the value obtained by using the "cold" fusion reaction

and a70Zn beam (1.0 pb) [10].

The reaction 48Ca + 242Pu was investigated with the aim to synthesise a new isotope of

the heaviest element Z = 114 [11]. The experiment was performed at beam energy resulting in

excitation energy of the compound nucleus of 33.5 MeV. For the collected beam dose of

7.5xl018, we observed two decay chains both consisting of an implanted heavy nucleus, a

subsequent a-decay and a spontaneous fission (SF). For the first sequence the measured a

particle energy and the corresponding time interval were: Ea =10.29 ± 0.02 MeV and At =

1.32s; for the spontaneous fission At = 559.6 s. For the second sequence a signal was

registered from an a particle, which had escaped the detector, AEa = 2.31 MeV, At = 14.45 s;

for the spontaneous fission At = 228.6 s. The decay chains originated from the a-decay of the

new isotope Z = 114 with mass number 287 and was terminated by the SF of the previously

investigated isotope 112. The new nuclide 114 was produced in the fusion reaction in the

3n-evaporation channel with a cross section of about 2.5 pb. The observed radioactive

properties of the synthesised nuclei 287114 together with the data obtained earlier for the

isotope 114 and the products of its a decay, viz the isotopes ' 112, may be considered

as a direct proof of the existence of the "island of stability" of superheavy elements predicted

by theory more than 30 years ago.

This work has been performed with a support of the Russian Foundation for Basic

Research under grant N 99-02-17447 and the INT AS grant N 96-662.
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CALCULATION OF ELASTIC PROTON-DEUTERON
SCATTERING WITH INTEGRAL EQUATIONS

E.O.Alt^, A.M.Mukhamedzhanov2), A.LSattarov3)

1} Institutfur Physik, Universitet Mainz, D-5'5099Mainz, Germany
2) Cyclotron Institute, Texas A&M University, College Station, TX77843, USA

3) Physics Department, Texas A&M University, College Station, TX 77843, USA

During the past decade, calculations of neutron-deuteron (nd) scattering observables
have become feasible using the most up-to-date models of the nucleon-nucleon (NN)
interaction including 3N forces. The goal is to get a better understanding of interesting
physical phenomena such as 3N forces and off-shell behavior of the NN interaction; but also
signatures of the quark substructure may be obtainable. Furthermore, extraction of NN on-
shell information which is difficult to deduce from NN scattering experiments could be
possible. Such expectations are, however, to be confronted with the experimental situation
which for neutrons as projectiles is rather unsatisfactory: despite great efforts the available
data are sparse and of an accuracy which as yet does not allow to meaningfully differentiate
between all the various theoretical assumptions entering the calculations.

For the proton-induced (pd) reaction, on the other hand, a rich body of accurate data is
available and is still being continuously expanded. There, however, the theoretical situation
has been unsatisfactory up to now. Either when being of similar sophistication as in the nd
case, reliable calculations had to be confined to energies below the deuteron break-up
threshold or, when performed at positive energies, had to resort to simple unseats for the
nuclear interaction. But experimental comparison of nd with pd observables clearly show that
the Coulomb force in the latter case in general leads to appreciable modifications. Hence, the
standard procedure of comparing "realistic1 nd calculations with pd data must be considered
unsatisfactory in that the expected (smaller) effects of the physically interesting topics might
be more or less veiled by the neglected Coulomb effects.

Recently, we have published the first results for pd differential cross section and
polarization observables obtained in the screening and renormalisation approach, for a
realistic (the Paris) potential, at an energy above the break-up threshold (at 10 MeV) [1]. In
fact, we used a separable representation of the Paris potential which is known to provide an
excellent approximation to the original local potential. The NN interaction was taken into
account in the states 3S1 - 3D1, ISO and in all P waves. The only partial agreement indicates
that some aspects of the nuclear force are not yet fully accounted for in our calculation
although the general trends suggested by the data, in particular concerning the relation
between neutron and proton data, are well reproduced. Possibilities for further improvement
consist in considering more modern potentials, and in taking into account still higher NN
partial wave contributions and three-body forces. New results for other proton bombarding
energies will be presented.

1. E.O.Alt, A.M.Mukhamedzhanov, A.I.Sattarov, Phys. Rev. Lett. 81, 4820 (1998).
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ASYMPTOTIC NORMALIZATION
COEFFICIENTS AND 7Be(p, y) 8B
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A.Sattarov1}, X.Tang1}, L.Trache^, R. E.Tribble^, J.Vincour2)

'Cyclotron Institute, Texas A&M University, College Station, TX USA
^Institute for Nuclear Physics, Czech Academy of Sciences, Prague-Rez, Czech Republic

^Institute of Physics and Nuclear Engineering, Bucharest, Romania

8B produced via the 7Be(p, y)8B reaction is the source of most or, in some cases, all
neutrinos observed in several existing and planned solar neutrino experiments. There have
been five direct measurements of this cross section using radioactive 7Be targets. When the
measured S factors are extrapolated to Ecm = 0, each experiment gives a determination of
Si7(0) to approximately 10%, but two of the results are near 25 eV-b, while the other three are
near 18 eVb. All experiments are consistent with the predicted energy dependence, indicating
the discrepancy is due to unresolved problems in absolute normalizations. This makes a
determination of Sn(0) via indirect means crucial, as it will have completely different
systematic effects. We have developed a technique to measure direct capture rates via
determinations of the corresponding asymptotic normalization coefficients (ANC) in
peripheral transfer reactions. We have tested this technique by comparing the measured S
factors for 16O(p, y)17F and 9Be(p, y)10B to the values inferred from their ANCs found in
16O(3He,d)17F and 9Be(10B,9Be)10B. The agreement indicates that the technique is reliable to
better than 9%. Subsequently, we have measured the ANC for 7Be+p <-» 8B with the reactions
10B(7Be,8B)9Be and 14N(7Be,8B)13C and used the results to calculate Si?(0). We find Si7(0) =
17.8 ± 2.8 eV-b from the former reaction and 16.6 ± 2.2 eV-b from the latter. These results are
in excellent agreement with the three smaller values of Si7(0) that have been obtained in direct
measurements and over 3a below the two larger values. This represents strong evidence that
the smaller values of Si7(0) should be used in fixture solar model calculations of neutrino
rates.

UZ9901141

MESON NUCLEAR VERTEX FORM FACTORS AT FINITE
TEMPPERATURE AND DENSITY

F.C.Khanna1^ A.Rakhimov2), U.Yakhshiev2)

7/1 University of Alberta, Edmonton, Canada
2) Theoretical Physics Laboratory, Institute of Applied Physics,

Tashkent State University, Uzbekistan
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The meson exchange picture of nuclear physics remains the natural picture for the NN
interaction in almost all situations. Quarks and gluons are certainly present in all NN
interactions, but it is not always necessary to take them explicitly into account especially
below a critical temperature Tc, when the transition into quark gluon phase takes place. On the
other hand, the parameters of NN potential may be modified by the medium.
In the present report we investigate temperature dependence of meson nucleon vertex from
factors, defined in usual way:

(N(p'%\N(p)) =

N(p<)\Ta\N(p)) = = F°\t)u(p')u(p)
0)

= u(p')
2M

u(p)

(N(p')\rp\N(p)) =

where , F°(t), and

u(p)

are formfactors of 7t, a, co, p NN vertices

respectively; t-q -q^-q = (p-p') Using Feynman rules we may write [1]:

were a, P, denote mesons, and Sp (p) and Da (p ) are propagators of a nucleon and a

meson respectively. It is well known that, Feynman rules at zero temperature can be extended
to finite temperature directly means of thermo field dynamics formalism (TFD) [2]. So, using
TFD, we studied the temperature dependence of monopole form factors of Bonn potential and
that of form factors given by npcoo model [3].
The calculations show that at some T=TC meson nucleon coupling constant decrease rapidly,

while an appropriate < r2 > diverges. For % NN vertex this occurs at T =TQ = 236 MeV,

whereas for that of vector mesons at TQ = 63 MeV. This means that, at T<Tc meson

exchange picture is valid for all mesons. In the region T^ < T < T™ quark degrees of freedom

should de included at small distances instead of vector mesons, while at large separations the

pion exchange is still valid. At higher temperatures T > TQ OBE model works no longer.

1. Yi-Jun Zhang, Song Gao and Ru-Keng Su, Phys. Rev. C 56 (1997) 3336

2. H.Umezawa, "Advanced Field Theory" (American Institute of Physics, New York, 1993).
3. Ulf-G.Meisner, A.Rakhimova and U.Yakhkiev, nucl-th/9901067
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THE NUCLEON-NUCLEON INTERACTION AND PROPERTIES OF
THE NUCLEON IN Ttpco SOLITON MODEL INCLUDING A DILATON

FIELD WITH ANOMALOUS DIMENSION
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2) Theoretical Physics Laboratory, Institute of Applied Physics,
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Recently Furnstahl, Tang and Serot (FTS) [1] have proposed a new model for nuclear

matter and finite nuclei that realizes QCD symmetries such as chiral symmetry, broken scale

invariance and the phenomenology of vector meson dominance. An important feature of this

approach is the inclusion of light scalar degrees of freedom, which are given an anomalous

scale dimension. The application of the model to the properties of nuclear matter as well as

finite nuclei gave a satisfactory description. The aim of the present report is to study that what

is the role of these light scalar degrees of freedom in description of the properties of a nucleon

in free space. For this purpose we include a dilaton field (a) with an anomalous dimension

into the 7cpro-model [2] and construct a lagrangian of the form L[K,P,(O,G] (its explicit form

can be found in [3]. The model assumes the masses of p and co mesons to be equal, mp = m^

= m. The mass of the a is related to the gluon condensate in the usual way [1]

fflo = LAC^ /JC and Ja = Clf^, where d is the scale dimension of scalar field (d> 1).

For Cg (300 - 40OMeV)4mc, is about 550 - 75OMeV. Being "mapped" onto the states of a

nucleon, the 7ipcoa Lagrangian will be similar to the FTS effective Lagrangian. Nucleons arise

as solitons from this Lagrangian. We have calculated static and electromagnetic properties of

nucleon. The calculations show that 7rpco and Ttpcoa lagrangians give nearly the same values

/ 2\V2

for static and electromagnetic properties of the nucleon e.g. (rg) = 0.92fm and

?\V2

) = 0.93fm for npco and Ttpcoa lagrangians respectively. We also find an
I p

improvement in the descriptionOf gA compared to the Tip© model.

The inclusion of a dilaton allows to calculate the form factor of oNN vertex. We find a

monopole with a the cut off parameter Ao = 250 MeV which is in line with recent coupled-

channel calculations vertex in boson-exchange models [4], Using the various meson-nucleon

form factors we investigated the NN interaction within OBE picture and found a good

description, in particular the intermediate central attraction, which has been a long-standing

problem in Skyrme like models, can be well described.

In summary, we have developed a topological chiral soliton model with an explicit light

scalar-isoscalar meson field, based on the chiral symmetry and broken scale invariance of
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QCD. We have shown that for the single nucleon properties, the successful description of the

electromagnetic observables of the Tip© model is not modified and even the value for the

axial-vector coupling is improved. In the two-nucleon sector, this extended Ttpcoa Lagrangian

leads to the correct intermediate range attraction in the central potential and a hard aNN

formfactor.

1. RJ.Furnstahl, H. Tang and B. Serot, Phys. Rev. C52, (1995) 1368.

2. Ulf-G. Meipner, Phys. Rep. 161 (1988) 213.

3. Ulf-G. Meipner, A. Rakhimov and U. Yakhshiev, nucl-th/9901067

4. G. Jangen, K. Holinde and J. Speth, Phys. Rev. C54 (1996) 2218.
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THE LARGE TRANSFER OF ENERGY IN INTERACTIONS
OF Au197 (11,7 AGeV/c) - NUCLEI WITH PHOTOEMULSION NUCLEI

M.I. Adamovich, LJa.Chasnikov, etal.

EMU01 - Collaboration (Almaty-Beijing-Bucharest-Chandigarh-Changsha-Dubna-

Gatchina-Jaipur-Jamrnu-KoSice-Linfen-Lund-Marburg-Mokalla-Moscow-Seattle-

St.Peterburg-Sydney-Tashkent-Wuhan-Yerevan)

There are presented results of analysis of events, relating to interactions of a heavy
nucleus (Au) with easy (H, C, N, O) and heavy (Ag, Br) nuclei of nuclear photoemulsion,
with nb=0. The experimental data are compared with calculations on cascade - evaporative
model (CEM).

The stack of a nuclear photoemulsion was irradiated by the beam of nuclei of 79AU197

with the momentum of 11.6 AGeV/c in AGS BNL (E 863). All secondary particles were
divided by: shower (s-particle with |3>0.7), mainly pions, and having-been-interacted protons
of the nucleus-projectile; g-particles of protons of recoil with momentum of 26MeV < p <
400MeV; b-particles - single-charge and multicharge fragments of the nucleus - target.
Charges of all fragments of the nucleus - projectile were determined. Among 1127 inelastic
interactions, processed without any discrimination, 363 turned out to be with nb=0. The
analysis of these events has shown, that besides usual criterion for selection of interactions
with different groups of nuclei of the photoemulsion on meanings of value Nh= nb + ng (in our
case - on n& as nb=0) it is necessary additionally to use a distribution of events on ns, in
which, as it turned out to be, three groups of events (see the Table and Fig. 1.) were selected
good enough.
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141 ?&£±0.6 U.9 ±0.6 ^ 43,6 ±1.9 819 ±12 »
24& 7A Q^f}-^ 7l-fi]^i 9 48. 4 4-1? 9*5 ^4-78 - ~
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<

ng>8
(exp) 1 72.0 ±0.0 24.0+ 0.0 -
ng>8

(CEM)

18 15.1+2.1 277+14

10 21.5 + 2.8 316.9 ±17.2
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100 200 300

Events with 0 < ng < 7 and with 30 < ns < 150
were referred to (Au + C, N, 0) - interactions.
Such events turned out to be 162 (44,6 % of
total number of events with nb=0). Events with
ng >2 and with ns >150 were referred to (Au +
Ag, Br) - interactions, the number of which
turned out to be 26 (7,2 %). The confirmation of
large transfer of energy, besides nb=0 and large
ns, is also meanings of the value Q = EZf (total

%i charge of fragments of the nucleus-projectile),

which characterizes a degree of overlapping of
nuclei - targets by the nucleus of Au. From data of the Table it follows, that there are the
complete overlappings both of easy and heavy nuclei - targets by the nucleus - projectile: (Zo

*> 7
"^ '-' target-

The calculation data, obtained in result of
drawing of 1090 events on (CEM) [1], are
essentially differed from experimental ones.
The model twice underestimates a fraction of
events, Ns, in case of a target (C, N, O) and
in 2.6 times - in a case of (Ag, Br). Especially
the large difference (in 5.7 times) takes place
for events, in which there are observed only
shower particles, or shower plus one g-
particle (nb=0, ng=0;l). The latter also is well
illustrated in Fig.2: by the model the 344

events (94%) belong to interactions with free hydrogen (or with target of quasi-nucleon type)
and only 23 events (6%) - to interactions with large transfers of energy (30 < ns < 150),

proj

5 0 1OO

Fig. 2
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whereas by experimental data these values are 161 (63 %) and 93 (39 %) accordingly. At the

same time, the mean values of <ns> and <Q> by the model and the experiment are

qualitatively comparable.
Thus, it turns out to be, that in nucleus - nuclear interactions, when mass of the nucleus

- projectile noticeably (or essentially) exceeds mass of nuclei - targets, in extreme processes
(large transfers of energy) calculations on model, in a basis of which NN-interactions are put,
will not be agreed with experiment on one of the main parameters - a cross-section.

1. V.S. Barashenkov, F.G. Zheregi, Zh.Zh. Musul'manbekov. Nucl.Physics, v.39, 1984,

p. 1133 (in Russian).
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ATLAS BARREL HADRON TILE CALORIMETER:
SPACERS PLATES MASS PRODUCTION

A.M.Artikov, J.A.Budagov, J.Khubua, A.LLebedev, M.VXyablin, Yu.F.Lomakin,
N.A.Russakovich, D.E.Shabalin, A.S.Shchelchkov,

A.N.Sissakian, N.D.Topilin

Joint Institute for Nuclear Research, Dubrta, Russia

In this article we would like to expound the experience we have accumulated in
connection with mass production of so-called "spacer absorber plates" for the ATLAS Barrel
Hadron Tile Calorimeter.

We remind that original task was to manufacture 20400 full sets of spacer plates or
totally - 244800 plates of 12 types which differ by their dimensions. All the plates are flat.
Production material is cold-rolled steel of Fe-360 type, 4.05 ± 0.03mm thickness. Typical
spacers manufacturing precision is ± 100 microns. We were limited (for plates production) by
not more than 20400 steel sheets (1620mm long, 400-410 mm wide).

By the moment we began to search for the firm for spacers mass production and to the
manufacturing technology we already had the experience of spacer plates production in 1996
by laser cutting for the MODULE-0 [1].

Because of some unstable of work of relatively cheap laser cutting machines and due to
high production price on the high precision laser set-ups, we have decided to consider another
option of spacer plates manufacturing, - by blanking stamping technology.

We signed contracts with Minsk Tractor Plant (Minsk, Belarus) and with ZTS-plant
(Dubnica n/V, Slovakia) to produce experimental dies. Both stamping dies produced have
demonstrated satisfactory results when experimental stamping [2].
Fig. 6 gives the measurement scheme for the spacers.

All the measurement data entered to the protocol and after that one calculated the
corresponding parameters:

A= (a!+a2-di) x 1,0012-1,57;

B= (bi+b2-d2) x 1,0012-1,57;
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(Gi-G2)/2 is the non-symmetry of the positioning of the of the "E" dimension relative to
the "H" dimension;

(ai-a2)/2 is the non-symmetry of the hole axis positioning "di" relative to the "A"
dimension;

[(ai-a2)/2 ± F ] is the non-symmetry of hole axis positioning "d2" relative to the "A"
dimension;

[(ai-a2)/2±F-(bi-b2)/2] is the non-symmetry of the positioning "B" relative to the "A"
dimension;

The sign "+" or"-" in front of "F" is determined by plotting of the real location scheme
of the axis of holes di and d2 relative to sides A and B of the spacer under measurement.
For informing we present on the Fig.22 the calculated values of the deviations from nominal
figures for A and B dimensions of all the spacers.
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Fig. 6 The scheme of spacers measurements.

viat'n nas measured da1a { ram rramirBl cLlnMsnsianacCbr space rat 1-12»

38
35
34
32
30
28
2©
24
22
20
ia
16
14
12
10
S
6
4
2

300-200-10a 0 100 -300 —ZOO - 1 00 0 10D
, , miorono

63



1. B.Alikov et al. Recent advances in precision laser cutting for the ATLAS Hadron

Calorimeter absorbers production.
Preprint of the Joint Institute for Nuclear Research. Dubna, 1995. El 3-95-515.

2. B.Alikov et al. ATLAS BARREL HADRON CALORIMETER: General manufacturing
concepts for 300000 absorber plates mass production. Communication of the Joint
Institute for Nuclear Research. Dubna, 1998. E13-98-135.

UZ9901145

BIRTH OF TWO-JET EVENTS IN ATMOSPHERE , V/J

IN 1-10 PEV ENERGY REGION

M.K.Babaev, A.S.Baigybekov, T.H.Sadykov, KKHodjahmetov

Almaty, IPTMS & HE PK

In 1977 we reported about registration in X- ray emulsion chamber (XREC) two-jet
event with E = 24TeV. The interaction has happened in solid target situated 2 metres higher
than XREC. Later in 1979 events of such kind were described in Japan-Brazil study and
called binoculries. Subsequently we studied the same events, using ionisation colorimeter
data.

Experimental instalment, covering 44m was situated 3340m sea-le-vel and included
ionization colorimeter with XREC on it. The colorimeter kept 6 rows of ionization chambers
with iron layers between them. Their common thickness is 1033 g/cm. XREC was situated on
the colorimeter and completely covered its size. Photolayers contained two X-ray films RT-6
and one coat of nuclear emulsion R-2T was under 3 and 4 cm. leaden layers. During analysis
of the events a comparison of showers founded in XREC and those registered in ionization
chamber were perfumed. Accounted percent of pseudo-comparison is 1-2. In instalment the
event with total energy 4.4 PeV was watched. In XREC it was the event with GALO with
blackening density 400 mm2. In colorimeter except the main showers within 1.4m from them
accompanying showers with total energy 23TeV were watched. They corresponded to usual
gamma-quanta family. Both these showers with corresponding to them gamma-quanta family
origin out of the same interaction, inasmuch as a hit probability of two different showers with
indicated energy on the indicated area with the same angle and in the given time moment is
10. It is necessary noticed that an integration at such distance to one interaction gamma-
quanta families is possible only using colorimeter. The interaction high was evaluated
according to the central family (multitude gamma-quanta 500) and was 1000m. If formation
of two-jet showers was interpreted as a result of disintegration of some intermediate system it
should definite mass of the hypothetical object according to kinematics formula

M = R-yjE\E2 JHC , where R- distance between showers, Ei, E2 -energy of showers, El-

high of interaction. Resulted value of mass is M = 450 GeV/c. According to supposition of

Japan physicists it is super super H-quanta.
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SEARCH FOR SCALAR INTERACTION IN OMC
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3) Universite Cathoalique de Louvain, Belgium
4) Poul Scherrer Institut, Switzerland

Some scenarios of leptoquark exchange beyond the Standard Model imply the presence
of a genuine scalar coupling Cs which would contribute to observables in ordinary muon
(OMC) summed with the induced scalar coupling gs (expected to be small): Cs + gs-
Experimental limits on the scalar coupling deduced from OMC rates on Hydrogen and 3He
are rather crude and depend, moreover, on the value for the induced pseudoscalar form-factor
gp. Therefore, experiments insensitive to this assumption are called for.

Instead of absolute capture rates, our experiment observes the angular correlation in the
first forbidden transition of OMC on oxygen nuclei and is independent of the gp.

>L- y- transition (1)

16N(QT ,\2QkeV\ + y(211keV)

The experimental approach [1] is the precise measurement of the shape of the Doppler

broadened 277 keV y-line. Since this Doppler shift of y-quantum with the momentum k

depends on the relative direction of the neutrino momentum q, the shape of the y-line is

determine by the convolution of the correlation function [2]

(2)

and the detector response function (calibrated continuously using a reference 169Yb y-source),
taking into account the recoil slowing-down in the target material. Since the lifetime of the
397 keV level in 16N is long (4,5 ps), a low density target-oxygen gas at 3-16 bar - was used.
The final 3-week measurement was done at 1 bar with 3 independent detector.

Fitting the experimental line (Fig.l) with the theoretical shape allows to extract the
correlation coefficient a which does not depend on gpj at all, depends weakly on the values of
the form-factor gA,v,M, and is rather sensitive to the parameter (Cs + gs)-

The effect of the recoil slowing-down in the target matter (Fig.2) can be taken into
account by extrapolation to zero density or by correlation of the line shape using L&S'-method
[3]. Finally, both approaches lead to the same result which gives a new experimental limit for
presence of Scalar interaction in the ordinary muon capture by light nuclei.
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ELASTIC PROTONS AND TT-MESONS SCATTERING
FROM 7Li NUCLEUS

M.A.Zhusupov, E.T.Ibraeva, B.Prmantayeva

Al'Farabi Kazakh State National University Science Research Institute of Experimental and

Theoretical Physics, Alma-Ata

Elastic scattering from 7Li nucleus protons at incident energies 0.2 and 1.0 GeV and %-

mesons at incident energies 0.164 and 1.0 GeV have been shown within the framework of the
Glauber multiple scattering theory. The wave function nucleus 7Li was used in the cluster at-
model. The sensitivity of the obtained results to the parameters of the wave functions of the
target nucleus and clusters which formed it was investigated.

Fig.l shows dependence proton differential cross-section (DCS) from the different
model wave functions nucleus 7Li. Fig.2 indicates the essential role of effects due to the
multiple scattering from the clusters target nucleus: curves 1, 2, 3 and 4 are DCS of scattering
re-mesons on a-cluster, t-cluster, rescattering both ones and their sum correspondingly. The
theoretical calculation is in reasonable agreement with the experimental data from [1] (fig. 1)
at 0.2 GeV and [2] (fig.2) at 0.164 GeV.
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Fig 1. DCS p 7Li scattering depends on Fig. 2. DCS 7t7Li depends on multiplicity of
different model wave functions 7Li scattering by different clusters

1. Glover C.W. et al.//Phys.Rev.C. 1991. V.43. N4. P.1664
2. Meier R. et al.// Phys.Rev.C. 1990. V.42. N5. P.2222
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MODEL STRONG COUPLING LIMIT EFFECTIVE
ACTION FOR V MODEL

B.A.Fayzullaev

Theoretical Physics Department, Institute of Applied Physics

Tashkent State University, Uzbekistan

Investigation of concrete models in QFT always gives us much concrete and important
information about both the models and the mathematical structure of the QFT itself.
Unfortunately the usual methods of the investigation are perturbative methods.
Nonperturbative treatment of any QFT model is one of our main goals. One of the powerful
methods of the investigation is the effective action method. For example, in the approach of
[1] we have for the effective action in any model some systems of variational-differential
equations. Due to non-linearity of these equations we can not solve they exactly but our rich
experience intreatment of differential equations allows us to try to solve some of them in the
most interesting limiting cases. In this article the leading contribution to the effective action
functional for the simplest but nevertheless full relativistic Xcp3 model will be computed in the
limit x-+o. The result has an unexpected form and treatment of the result is not so easy.

Let us begin with the following bare action (we will use so called condensed notations)

1 i i j ! ' 2 a ii . .
S = -~<p K <p +-!{? ) - — hG , (1)

2 2 2

where K = (32 +m1)^?>(x,y). Using the method of [1] we can write out the equation for the

effective action in this model:

<ST _i j 1 ,• 2 tf- a
Ky <pJ +-X(cp ) -—ftG ,

y

8cp 2 2

ii
G

2
r

where r = T[<pj is the effective action functional and G" =- is the two-point connected

Green's function and >/, are sources.

From (2) we can obtain

GH(-K~l + X9j5jk -~~-Gkk) = -Sik. (3)

For our purposes the next transformation of Eq. (3) is more convenient. Using
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G.. =
V

(p^j - exp -~W UDqxpjp . exp ~S+ Jq> (4)

and taking the limit u o w e get (after rescaling of the integration variables tp-»(s/x.)I/3<pin

the integrand)
,2/3

So the expansion of G with respect to inverse X is an expansion in A71/3 not in x~l. From (5) it

follows that the zero order term in G is Gtj = (p^j /(in). The equations for B are

(6)

where s = (n/x) . Rewriting they as

8(pj
V

in the limit e -» o (A, -»o) we have (leaving only two first terms)

(8)

The second term in Eq.(8) is just that one which contributes to zero order term (in x) in r .
After some manipulations we find

(9)

Due to

X 0 ft
(10)

we have

2s 9 q>K~l<f (11)

Thus the effective action in the (leading + next-to-leading) approximation is
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U29901149

BREAK-UP OF RELATIVISTIC NUCLEI OF OXYGEN ON
MULTICHARGE AND MULTINUCLEON FRAGMENTS IN

INTERACTIONS WITH A PROTON

V.V.Glagolev^, K.G.Gulamov2), V.D.Lipin2), S.L.LutpulIaev2), K.01imov2),
A.A.Yuldashev2), B.S.Yuldashev^

^ Joint Institute for Nuclear Research, Dubna
2) Physical-technical institution of SI A «Phisics-Sun»,

Uzbekistan Academy of Sciences, Tashkent
3) Institute of Nuclear Physics, Tashkent

The results of study of a break up of a nucleus of oxygen on multicharge fragments with
a total charge equal to charge of an initial nucleus, and also only on multinucleons including
and one-charge nuclei are considered. Such channels of a break up being a corollary of the
extremely peripheral impacts and flowing past at small numbers of degrees of excitation, will
be sensing to a structure of an initial nucleus, mechanism clusterization of nucleons of light
excited fragmenting nucleus.

The experimental material is obtained with the help of one-meter hydrogen of bubble
chamber LVE JINR, irradiated by nuclei of oxygen with momentum 3.25 A GeV/c. The
methodical problems connected to processing of stereophotographs, are covered in our
previous work [1.2].

For want of break up on multicharge fragments the channels with an even charge are
observed only: (224), (26) and (2222) (in brackets the charge structure of fragments is
indicated). The isotope structure of two-charge fragments within the limits of statistical errors
is identical to all three topology. Overwhelming part of two charged particles in this channels
makes the a-particles (> 84 %). A main the contribution among six-charge fragments makes
12C. The analysis of isotope structure of four-charge fragments shows, that in the channel
(224) all of them consist of 7Be nuclei.

In channels (2222) and (26) in about 2/3 events the process of shaping of fragments
happens to preservation of nucleons of an initial nucleus. In such events the fragments consist
only of a-particles or a-particles and 12C, i.e. in structure of multicharge fragments all
nucleons of an initial nucleus are saved. Except for these channels, break-up of an initial
nucleus on multinucleons fragments including of one-charge fragments basically can happen.

In the table the cross-sections of different channels of a break-up on multinucleons of a
nucleus are indicated. Outcomes of account on cascade - fragmentation-evaporation model
(CFEM) there represented also [3], the main mechanism of formation of fragments in which is
the Fermi break-up.
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Table
€ « m sections $ti lab)

Channel of break up Experiment CFEM

4He4He4He4He 2.10±0.38 0.015 ±0.015

1,47 40,29 QM ± 0. IS

0.27 ±0.12 0.015 ±0.015

O &015 £0,015

The cross sections of events in all channels in experiment exceeds in 2 and more time of
a prediction CFEM, and in some partial channels it is much more. Especially it is visible
visually in the channel of a break up on four a-particles.

The obtained results once again confirm the conclusions, made by us earlier [1,2], that
in models of fragmentation the account of a-clusters structure of light nuclei is necessary and
specify the limited applicability of a model of a Fermi break-up for the description of
fragmentation of a oxygen nucleus at weak excitations.

1. Botvina A.S. Chasnikov I.Ya., Gaitinov A.Sh. et al.// Z.Phys. 1993,v.A345, p.413.
2. V.V.Glagolev, K.G.Gulamov, M.Y.Kratenko et.,al. // Letter in JETP. 1993. V.58. P.497;

1994. V.59, P.316; //NP. 1995. V.58. P.2005.
3. Botvina A.S., Iljinov A.S., Mishustin I.N. // Nucl. Phys. 1990. V.A507. P.649. Preprint

INI AS USSR. - M , 1989, Jfe 626. P.37.

UZ9901150

EMISSION OF LIGHT FRAGMENTS IN
16Op -INTERACTIONS AT HIGH ENERGIES

V.V.Glagolev i\ K.G.Gulamov2), V.D.Lipin2), SX.Lutpullaev2), K.OHmov2),
A.A.Yuldashev2), B.S.Yuldashev 3)

1} Joint Institute for Nuclear Research, Dubna, Russia
2) Physical-Technical Institute ofSIA «Physics-Sun»,

Uzbekistan Academy of Sciences, Tashkent, Uzbekistan
3) Institute of Nuclear Physics, Tashkent

Within the framework of modern theoretical models of hadron-nuclear collision at high
energies the light nucleus can be produced at all stages of this complicated process. At the
first non-equilibrium stage during the development of intronuclear cascade the nucleons and
nucleons associations, as 3H, 3H and 3He nuclei can be basically knocked out from nucleus. At
the above and consequent non-equilibrium stage the light nuclei can also be formed as a result
of reactions of pick-up and coalescence. And at last, residual compound nuclei can be sources
of light fragments by the fission or «evaporation». At excitation energies of a nucleus
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comparable to binding one of nucleon of light nuclei can break up via an explosive character
mechanism - Fermi break-up.

The work is a prolongation of a cycle of researches on 16Op-interactions at 3.25 A
GeV/c [1,2], and is devoted to study of characteristics of light fragments of oxygen - nuclei
with A<3. The experimental material was obtained with the help of one-meter hydrogen
bubble chamber of LVE JTNR and is based on more than 11000 measured events.

The energy and angular characteristics of fragments were studied in the antilaboratory
system, i.e. in the system of rest of nucleus of oxygen. In the system the kinetic energy of
nuclei with A=2 and 3 does not exceed 200 MeV. The same boundary was established for
protons.

The distributions of invariant structural function f (T) =Ed3p/dp3 are investigated and
their comparison with the predictions of cascade - fragmentation-evaporation model (CFEM)
[3], according to which the fragments will be produced via the Fermi break-up.

The distribution for protons at Tp < 10 MeV sharply falls down with growth of energy
and at Tp > 50 MeV the shape of distribution comes nearer to exponential. As a whole CFEM
is in general agreement with the experimental data on multinucleon nuclei up to Tp « 25 MeV
, further with growth of kinetic energy is observed enhancement of discrepancy.

The probability of formation of fast light fragments through the mechanism of the Fermi
break-up with growth of energy decreases faster than in experiment. This range of the
spectrum is well described within the framework of simulations by a model of coalescence.
Thus, two sources for forming of light fragments are observed at least.

For two and three nucleon nuclei the effects of angular momentum with fragmenting
residual nucleus are obviously manifested themselves.

1. Botvina AS., Chasnikov, I.Ya.,Gaitinov A. Sh. et al. // Z. Phys. 1993. V.A345. P.413.
2. Glagolev V.V., Gulamov K.G., Kratenko M.U. at.,al..// Letter to JETP.1993. v.58. p.497;

1994. v.59. p.316;//NP. 1995. v.58.p.2005; (in Russia)
3. Botvina AS., Iljinov A.S., Mishustin IN. // Nucl. Phys. 1990. V.A507. P.649; //Preprint

INI AS USSR. - M., 1989, tt° 626. p.37.
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FORMATION OF SHORT-LIVED NUCLEUS OF LITHIUM - 5
IN l6Op - INTERACTIONS AT HIGH ENERGIES

KG.Gulamov^, V.D.Lipin13, S.L.Lutpullaev^, ICOlimov^,
A.A.YuldashevX), B.S.Yuldashev 2)

1} Physical-Technical Institute of SI A «Physics-Sun»,

Uzbekistan Academy of Sciences, Tashkent
2) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
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The data on isotope structure of nuclei deviated in collisions with hadrons and nuclei at
high energies bear in themselves a valuable information about the mechanism of forming of
fragments. The structure of secondary stabile isotopes has been studied for a long time and the
number of regularities of their formation has been established [1].

In studying the fragmentation of oxygen nucleus in interactions with proton at 3.25 A
GeV/c the data on isotope structures of stabile and long-lived fragments were obtained [2-4].

The present work is devoted to study of formation of a unstable 5Li isotope in 1 Op-
interactions at momentum of 3.25 A GeV/c. As, in main and excited states the nucleus of
lithium - 5 breaks up into a-particle and proton [5], the search for its formation was
conducted by the analysis of correlations in products of its break-up. The below presented
data are based on 11098 measured events obtained with the help of one-meter hydrogen
bubble chamber of LVE JINR.

As the fragments of a nucleus basically have the limited transferred transversal
momentum, and accordingly in the laboratory frame, a small angle of emission (some angular
degrees), the individual channelling of disintegration of 5Li + p is impossible. Therefore the
output of 5Li nuclei was studied by a comparison of distributions of the angle between a-
particle and proton (&ap) with the background distribution.

The results obtained show, that at small values of @ap there is a noticeable exceeding of
an experimental spectrum above background, i.e. in the region, where ap correlation are
expected in the case of formation of 5Li nucleus in the ground state.

The correlations connected to the formation of excited 5Li nucleus at level 16.6 MeV
with breadth 0.2 MeV in both distributions are not observed (on ®p and Qap).

The production cross section of nuclei of lithium - 5 turns out to equal to (5Li) = 8.40.5
mb, what not hardly differs from significance of the excitation function obtained by us earlier
for stable isotopes:

(6Li) =12.0 ±1.1 and (7Li) = 9.6 ±1.0. mb [2].

As to the problem of the mechanism of forming of unstable nuclei of lithium - 5, a
rather high cross sections of output appear to show their formation through the process of
coalescence of a cluster of the initial nucleus with proton-fragment, as the dominant part
multinucleons of fragments in 16Op-interaction consists of a nucleus 4He.

1. Y.P.Ykovlev. // EPAN. 1983. v.14. p 1285.(in Russia)

2. V.V.Glagolev, K.G.Gulamov, M.Yu.Kratenko at.al. // Letter in JETP. 1993. v.58. p. 497;
1994. v.59. p. 316.

3. V.V.Glagolev, K.G.Gulamov, M.Yu.Kratenko at.al. //NP. 1995. v.58. p. 2005.
4. V.V.Glagolev, K.G.Gulamov, S.L.Lutpullaevat.al.. //NP 1997. V.60. p. 575.
5. F.Ajzenberg - Selove. //Nucl. Phys. 1988. A490. P.I.
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ELASTIC AND INELASTIC DIFFRACTION INTERECTIONS
OF HADRONS AND NUCLEI AT THE INTERMEDIATE AND HIGH

ENERGIES

Sh.Kh.Dj uraev UZ9901152

Termez State University, Termez, Uzbekistan

The diffraction theory of elastic and inelastic scattering of hadron-hadron and hadron-
nucleus processes is developed/ The description of experimental data on differential cross-
section of elastic scattering PP, pp in wide range of transferred momentum is made in the
frames of the developed inelastic overlap function model. The investigation of nuclei elastic
scattering at the low, middle and high energies is carried out, that allowed to execute
quantitative control of the efficiency of quantum-field and phenomenological theories and
make critical analysis of their utility. The principle of construction of realistic amplitudes of
the elastic scattering is confirmed on the basic of the s-and t channel approaches both
conditions stationary of amplitudes. For a wide range of models the comparative analysis of
amplitude of inelastic scattering in representation of aim parameter is executed. Are received
and the expressions for effective radius of interaction, effective trajectory Regge and slope of
inelastic function of overlapping are analysed. In diffraction approximation the satisfactory
description of the data on hadrons interaction with the energy of tens GeV with proton and
deuterons is received. The features of spectra of fast particles are analysed. The theory of
collective variables S, T, P is which characterise a degree of a deviation of angular
distribution of particles from spherical symmetry, the general formula for dispersion of any
density of distribution angles is obtained, the particles decays are investigated.

The solution of the Lippman-Schwinger equation is investigated within the frameworks
of high-energy approximation. It is proved that the solution of the Lippman-Schwinger
equation in high-energy approximation satisfies the generalised Huegeness principle used in
the diffraction theory nuclear processes. The diffraction emission is considered at the
interaction of charged hadrons one with another and the nuclei.

1. Ye.I.Ismatov, Sh.Kh.Djuraev «The scattering of nuclei and particles in the theory of
multiple diffraction» // Abstracts XV Nuclear Physics Divisional Conference «Low
Energy Nuclear Dynamics)), St.Peterburg, 1996, p.45.

2. Ye.I.Ismatov, Sh.Kh.Djuraev, A.V.Khugaev «The scattering of nuclei and particles in the
theory of multiple diffraction interaction)) // Prog. «Low Energy Nuclear Dynamics,
World Scientific, p. 451-453.

3. Sh.Kh.Djuraev, Ye.I.Ismatov, Mannanov D/E/ «New methods of determination of
collective veriales in the energy physics // Y36. <J>H3.5Kyp., 1996 JNe 5-6, c.22-29.

4. Begzhanov R/B/, Djuraev Sh.Kh., Ismatov Ye.I. «On partial wave packets))// Y36.
<DH3.)Kyp., 1994 JV° 5, c. 19-29.

5. Sh.Kh.Djuraev «Differential cross-section in the physical region of momentum transfer
for given and» // Ukr.Jour. of Phys. 1998, v.43, JNs 2.
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INTEGRAL REPRESENTATION OF SCATTERING
AMPLITUDE UNDER HIGH ENERGIES

YcLIsmatov, Sh.Kh.Djuraev, B.K.Paluanov, D.E.Mannanov, Sh.P.Esaniazov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Scattering amplitude of nuclei and hadrons as a rule is expanded in the series of Foxan -
Holtsmark (on Legandre polynomials). In this formula the scattering amplitude and the
corresponding observable physical quantities are expressed as infinite series and each term of
which is either partial amplitude or cross - section of scattering with the given orbital
momentum. However, in a number of cases, in particular under high energies and large
transfers of impulse, integral representations are more effective and convenient, since instead
of infinite sum on discrete value of the orbital number we have integral on continuous
variable. The exact integral Fourier - Bessel representation being valid for all physical
energies and the scattering angles 0 < 6 < n can be written for the scattering amplitude. The
scattering amplitude in unphysical area of transferred moments is assumed to be equal to zero.
In general case integral representation of amplitude/fx^ is defined by the expression [1-3]

F(a) = \b
aK(a,x)f(x)dx,

where K(a ,x) is nucleus of integral transformation. In the limiting cases this equation is
supposed to have a solution

f{x) = \b
a\Kl(a,x)F(a)da.

if a = -I, b = 1, a = i, K(l,x} = Pi (x), x = cos 6,f(x) is the scattering amplitude.

A number of integral representations of amplitude and overlap functions: the main one on
Hobson formula, on Sheler-Dirichlet integral, on the integral couple of Legandre and
Hermitian polynomials, on Fourier transformation as well as representation of the impact
parameter have been considered in the paper. The questions as the unitarity condition, the
couple of the spectral functions with the scattering amplitude and the partial quantities, some
limiting conditions (very large energies, large transferred moments and large arguments of
spectral functions) and contribution of unphysical area of transferred moments are also
considered. It is shown that the unitarity condition written in the terms of spectral functions is
more complicated with that written in the terms of the partial amplitudes. The couple of the
partial amplitude a (k) with the amplitude of the impact parameter (p (p, k) with the accuracy
on inverse powers is obtained.
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ON CONTRIBUTION OF STATISTIC PROCESSES IN ELASTIC
DIFFRACTION SCATTERING

II Illl Illl

UZ9901154
YcLIsmatov, Sh.Kh.Djuraev, B.K.Paluanov, Sh.P.Esaniazov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Experimental data on angular distribution have two main properties. One is the presence
of peaks in front and back. Secondly, angular distribution around 90° is nearly isotropic and
has strong energetic dependence. The cross section of elastic statistical scattering is [1-4]

]e£st (1)

where atst is full cross-section of the statistical processes. W2 is the probability of the decay of
compound nucleus into two particles which strongly depends from energy. Due to the
unitarity with help of (1) we get for the partial amplitudes [1-2]

a< de (2)

Since the amplitude of the diffraction scattering all Q are the real then the quantities Q,

are complex and, according to the scheme of the production and decay of the compound
nucleus, have the stochastic phases. Due to it there is no the interference between them. Thus
the cross section of the elastic scattering in big angles in the framework of statistical model
can be written as

where

da
da

da

1
4k2

1
dQ. At e=o

(3)

(4)

(cosb)
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Furthermore we considered the various models for the partial amplitudes &dH of diffraction

statistical scattering in particular the optical model with the Gauss and exponential

distribution of the density. The experimental data on/^-scattering are annualised with help of

the discussed models.

1. Ye.I. Ismatov, Theory of diffraction nuclear processes, Tashkent, 1978, FAN, 176p., in
Russian.

2. Ye.I. Ismatov, Sh.Kh. Juraev, A.V. Khugaev and A.I. Ergashev, Phenomenological theory
of interaction of nucleons and nuclei, Tashkent, FAN, 1994, 296p., in Russian.

3. Sisakyan and D.S. Chernavskiy, Yad. Fiz., 1966, V.4, 653; Izv. Akad. Nauk, ser. fiz.,
1968, V.32, 46, in Russian.

4. Sisakyan, E.L. Feinberg and D.S. Chernavskiy, Pis'ma v ZhETF, 1966, V.4, 412, in
Russian.
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ABOUT SUMMING THE SERIES OF THE SCATTERING

AMPLITUDES

Ye.I.Ismatov, D.E.Mannanov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

For summing the series of the scattering amplitude usually is used the Eyler-Macloren's
method [1]. This method gives good results in the case of forward and back scatterings.
However, the worse agreement with the experiment data, the differential cross-section of
scattering shows in the scattering case of 90° area. Really, as the experiment show, the
scattering cross-section is a little and quickly goes to the zero with rising energy.

In this case, Eyler-Macloren's method is not quite enough, because the sum of all series
is more less than member of series. When use Eyler-Macloren's method for summing the
amplitude series is not clear two question: 1) what a errors is taken from exchanges Segendler
polinom and asymptotic formula; 2) and taken off the extra member in formula

0
0)

t ^+ t m
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The view of this extra member:

(2)

where B2n(t), B2n - polinoms and Bernuli figures.
In total case, make resume about extra member hardly [2, 3].
For getting good formula for amplitude and extra member is taken by us different cases.

In this article (paper) we show that summing method is present by us more effective in
scattering of 180° and 90° areas then the Eyler-Macloren's method.

1. Sh.Ye.Mikoladze «Numeral methods of mathematical analyse»// GITTL, Moscow, 1953.
2. G.G.Arushanov, Ye.I.Ismatov «Elastic and inelastic nuclear interactions))// Tashkent,

«FAN», 1988, 283 p.

3. Ye.I.Ismatov, Sh.Kh.Djuraev, A.V.Khugaev, A.I.Ergashev «Phenomenological theory of
interactions of nucleons and nuclei)) Tashkent, «FAN», 1994, 295 p.

FLUCTUATION PHENOMENA IN COSMIC RAYS DURING
HIGH - SPEED STREAMS OF THE SOLAR WIND

B.M.Makhmudov, T.A.Alimov

Samarkand State University, Uzbekistan

Cosmic ray (CR) fluctuations are determined by the nature of solar wind propagation in
the magnetic field and it is important for practical purposes which give information on the
processes occurring in the interplanetary space (IPS).

The fluctuation power spectrum depends on the spectrum of the interplanetary magnetic
field and contains resonant multiplier depending on the solar wind speed and IPS tensity [1,

2].
In the work [2] we have shown comparative results of the dependence of the resonant

multiplier upon the evolution of the geomagnetic hardness in comparison with the data of the
power spectra of CR and the power spectra of IPS [2]. In this work cosmic ray fluctuations for
various registered periods with known values of the solar wind and the interplanetary
magnetic field tensity have been studied.

The calculated results of some selective power spectra of CR and of IPS spectra are
listed. The fluctuation spectra of the solar wind speed and the tensity of IPS have been
considered. For the analyses of the intensity of CR registered by various neutron monitors of
several stations have been taken (Moscow, Alma-Ata, Apatiti, Deepriver, Podchofrstrum,
Tokio and Samarkand); with due regard for the barometer effect and also the satellite data of
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EPS tensity. The power spectra have been calculated by the method described in [3]. The
analyses of the estimated results showed that the power spectra of CR fluctuations and the
interplanetary magnetic field in the periods when high - speed streams of the same frequency
proving the dependence of the power CR spectra upon the power spectra of EPS.

1. A.I.Owens., I.Geoph. Res., 1974, v. 79, 7, p. 895.
2. B.Makhmudov et. al., In Proc. of II Uzbekistan conf; 1997, part II, pp. 12 - 14.
3. Dorman L.I., Pimenov LA., Satsuk V.V. Mathematical ensuring of geophysical laws in

the example of cosmic rays. M.: Nauka, 1978.

UZ9901156

DECAY IN THE BILOCAL MESON MODEL

T.Z.Nasyrov, N.A.Sarikov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

In the framework of the bilocal relativistic potential model the hadronic decay of the
vector meson to two pseudoscalar mesons is investigated. The choice of this process
conditioned by that it is basic decay channel and investigation one gives a unique information
about p and TC mesons structure and interactions dynamics quarks inside mesons and also their
colors.

Within the framework of this model the description of the vector and pseudoscalar
mesons and their decays leads to solution of the Schwinger-Dyson and Salpeter equations.
Their first equation describes the quark phase function and single-particle energy inside of the
meson and seconds one the mass spectra and wave functions of mesons themselves.

The matrix element of the p —> mi process and the representation for decay constant fpnn

which expresses via solutions of the Schwinger-Dyson equation for the "up" and "down"
quarks phase function and Salpeter equation for wave functions of p and % mesons are
obtained.

Using the shape of the interquark interaction potential as sum of the Coulomb and
oscillator terms the numerical solutions of the Schwinger-Dyson equation for the "up" and
"down" quarks phase functions and single-particle energies and Salpeter equation for the
masses and wave functions of p and % mesons are obtained.

Using these solutions the value of constant fpnn is calculated. The carried out analysis
shows that our estimates are in the good agreement with the results of other models and
experimental data.
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SEMILEPTONIC DECAYS OF CHARMED MESONS

WITH PRODUCTION OF TI-, TI1-, CO-, (J> - MESONS

KR-Nasriddinov^, B.N.Kuranov^, T.A.Merkulova2), U.A.KhalikovX)

1} Institute of Nuclear Physics, Uzbekistan Academy of Sciences Tashkent
2)JINR, Dubna, Russia

The semileptonic decays of D mesons are intensively studied in present-day

experiments. Such decay channels are not described satisfactorily in the framework of various

approaches [1]. In this study, the semileptonic D -^(•n>r]',Q),^)lvi decays of D mesons are

studied using the method of phenomenological chiral Lagrangians (PCL). Note that this

method was employed to describe D —>P(V)lvi decays of D mesons [2]. And it was shown

that the calculated partial widths and ratios of the partial widths for these decays are in a good

agreement with experimental data.

Here we studied these decay channels with taking into account rj- rj' - and co— <b -

mixings. The obtained partial widths in the PCL (see Table) are in fairly consistent with the

available experiments [1]:

r(D~->rf vi) = 0.755,1"* < 0.473;
=3.33, rxp= 4.28±1.07.

In these calculations we take for the mixing angles ®p = - 20° and 0V =39.3°. Note that partial

widths for the decay channels with production T| - and TI' mesons are very sensitive to ®p. For

instance, at ©p = - 20° we obtained

r(Ds-->rifr vi) = 0.0056, rxp= 1.88±0.73;

r(pr->(n + rf)r n̂  = 16.125, rxp = 7.28 ±2.14;

r(Ds~ -+tjr vi) = 15.5, rxp = 5.35± 1.5.

In case when we take 0P = - (20 + 3.3)° [3] the obtained values for these decay channels are

close to experimental data. In summary, these decay modes, probably, allow us to define TJ-

?]' mixing angle more satisfactorily.
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Table I. Partial widths of decays (in 1010 sec"1)

&£<%$ P O L

D~~» t] if vH 0,075

D™ —> %|'ti" v» 0:<Q02--&

D s "^Tin"vu 7.5

D~->co jx" Vn 0068

ST->4a." vtt 0+&i3

Ds^"> o> jj,* V|i L62

D - ^ ^ e - Ve 0,083

Ds~->rje~ ve 8 0

Ds"~^^™ v<j 0,33

D~->co ê" ve O.073

D"~>#e"v t. 0.014

Ds~->co e~ ve 1.71

1. Particle Data Group.// The European Physical Journal C3 (1998)1.
2. Nasriddinov K.R., Merkulova T.A.// Phys.Rev.D57 (1998) 6860. iiiraiiuiniiiiBwraiiii™

3. Venugopal E.P., Holstein B.R.// Phys.Rev.D57 (1998) 4397.

WEAK HADRON CURRENTS BETWEEN AXIAL-VECTOR
AND PSEUDOSCALAR MESON STATES

ICRNasriddinov^, B.N.Kuranov^, T.A.Merkulova2), U.A.KhalikovJ)

^Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
2)JINR, Dubna, Russia

At present some T -> (aih)~vT and T ->fin~vr decays of the r-lepton are available from
experiments [1]. These decay channels are unique "laboratory" for verification of weak
hadron currents between axial-vector and pseudoscalar meson states. Main uncertainty in
study of these decays is connected with this weak hadron current and so investigation of these
decays is of interest.

Weak hadron currents between axial - vector and pseudoscalar meson states are

obtained by including the gauge fields of these mesons in covariant derivatives [2]:
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dM^>dM + igalxA, (l)

where g2 /4 n & 3.2 is the "universal" coupling constant, a j represent the fields of the 1+ -

mesons, and At = A,- 1/2 ys - axial - vector generators of the SU(3) x SU(3) - group.

The weak hadron currents we obtained for the first time in this way have the form

Jj = 1/2 Fnga^y5(p
 cfbch (2)

where Fn= 93 MeV, <pc represent the fields of the 0" - mesons.

Thus, this obtained expression for the weak hadron currents between axial- vector and

pseudoscalar mesons allow us to study abovementioned rare decays of the x lepton.

1. Particle Data Group // The European Physical Journal C3 (1998)1.
2. Nasriddinov K.R., Merkulova T.A.// Phys.Rev.D.-1998.-57.-P.686O.

UZ9901159 ON x - LEPTON RARE DECAYS

K.R.Nasriddinov1*, B.N.Kuranov1^ T.A.Merkulova2), U.A.Khalikov1}

'^Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
2) JINR, Dubna, Russia

The rare T~ —> (ajh)~vT , fi7fvr, decays of the r lepton are intensively studied in
present-day experiments [1]. In order to study such decay channels we have obtained in the
PCL for the first time the expression of weak hadron currents between axial-vector and
pseudoscalar meson states

JJ = 1/2 Fnga*Y5<p Jbcu (i)
where Fn= 93 MeV, ab and <pc represent the fields of the 1+ - and 0~ - mesons, respectively.

In this study, the semileptonic rare x~ —> (aih)~vr, fin~vr decays are studied using these weak

hadron currents. Here we studied such r~ —> (aj° if, a® K~, af K° ,f %~) vT decay channels

of the T lepton and obtained

r(x -> a}° (1260)K vM) = 0.39 x 1010 s1,

r(r ->af (1260)K~ vM) =7.3 x 104 s1,

F(T ->af (1260)7? vMJ = 0.40x 1010 s1,

r(x~ -> af (1260) K? V = 9.2 x W4 s'1,

~>fi (1285) F v^) =0.40x 1010 s1.

The calculated partial widths are in good agreement with available experimental data [1]:
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r(f (1260)h) 6.9 xlO10 s1,
10s1r(f ->fi (1285) K vfi)= (0.2 ±0.08) xlO10s1.

Note that according to Eq. (1) the partial widths of the r~ ->af rjvr and f~ ->a{~ rfvt

decays are equal to zero, and, as in the [2], these decay channels can be studied via n°' -TJ

mixing.

Thus, the expression (1) obtained in the PCL allow us to describe the rare decays of the

x lepton in satisfactory agreement with available experimental data.

1. Particle Data Group.// The European Physical Journal C3 (1998) 1.

2. Nasriddinov K.R.// Phys. of Atomic Nuclei V.57 (1994) 1141.
UZ9901160

HE PRODUCTION IN 158 A GEV/C PB ON PB INTERACTIONS

V.Navotny, M.Sodikov

Physical-Technical Institute, Tashkent, Uzbekistan

The angular spectra of He particles emitted in Pb+Pb collisions at 158 A GeV/c appear
to have two components (see fig). The main component with small width might be explained
by the Fermi motion among the nucleons and additional Coulomb repulsion among the
projectile and target prior to break-up. The second component might indicate collective
effects since a correlation is present in relative azimuthal angle of the emitted He particles
pairs. If it is assumed that the He particles move with the velocity of the beam the Pt spectra
of the He particles appears similar for Pb+Pb at 158 A GeV/c and Au+Au at 11.6 A GeV/c.

Sf

x t... .;.•-,••£,.... i . .t...,,..,i,-...,.s;,.

"*:«
$•>•.<&

Fig. 1 dPi as a function of t (GeV/c)2 for Pb+Pb and Au+Au interactions at 158 A and 11.6

A GeV/c, respectively.
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ABOUT STRONG INTERACTION CHANGE AT
ENERGIES ABOVE 10 PEV

1179901161
u " T.S.YuIdashbaev, Kh.Nuritdinov, A.N.Nosov.

Physical-Technical Institute, Uzbekistan Academy of Science, Tashkent

The experiments carried out by Pamir and Chacaltaya collaborations give an evidence

for an appearance at the energies E>10 PeV number of unusual phenomena. These

phenomena were not observed in experiments with modern accelerators and cannot be

described by any theoretical model up to now.

Our group was proposed a new azimuthal parameter of families (group of gamma-rays

and hadron related by common region): a = 2 cos2eij / nY(ny-l), (where nY is the particle

number, 8y- is the angle between projections of i-th and j-th particles, 0<ey<7c, i=l, 2, ..., nY;

j=l, 2,..., ny; i^j) which reaches a value of amax~l for coplanar events and equals ocmin~O for

the isotropic distribution. Another interesting problem, that has not been explained yet, is the

phenomenon of alignment of the most energetic particles. An alignment parameter is defined

by Xn= Scoscpkij / n(n-l)(n-2), where (py the angle between two straight lines connecting the k-

th centre with i-th and j-th, n is the number of centres, n >3. Parameter Xn =1 for the case of n

centres aligned along the straight line, while X« —l/ (n- l ) corresponds to the isotropic

distribution.

The experiment results are compared with Quark-Gluon Strings MCO-model. In that

model "normal" composition of primary particles consisting of 36% protons p and 66%

nucleus A at the energies Eo=l PeV and enriched by heavy nucleus above 10 PeV is assumed.

It is analysed N=798 y-families registered by Pamir Collaboration with observed energy

ZEY=100-2000 TeV, number of particles nY>4 and EY
min>4 TeV selected within a circle of

radius Ro=30 cm. All family particles satisfied the condition Zjk < Zo =10 TeV-mm, (where

Zjk=Rik'(l/Ei+l/Ek)~1, R'k ' s a distance in mm between the particles, Ei, Ek-their energies),

were united into initial quantum. After that initial families were further subjected to

"rejuvenation" procedure: the quanta satisfied the condition / '= E^ /Z£Yi > /'mm = 0.04, i.e.

particles with energy EY
min > 0.04-£EY, were included in the family. Estimation of primary

energy Eest was founded on using correlation relation with n;n initial particles: lg Eest =A+B lg

nin, where the coefficients A and B were derived from comparison with simulation data of the

MCO model.

Fig. 1 present correlation relations between anisotropy parameter a'm and family leteral

spread Rin=ZRin /rim normalised on their average values <a'in>,<Rin>- According to this fig.

azimuthal correlation increasing effect appears for "wide" families at the ultra high energies

Eest>10 PeV (crosses) in the PA-interactions and is absent for AA-interactions (squares). Fig.2

present family lateral spread Rm distribution normalised on average value <Rin>. It is

observed the considerable excess of the number of "wide" families (15±2%) is not described

by MCO-model at the energies above 10 PeV. According to table fraction of "anizotropic"

families (i.e. events with azimuthal parameter a'm > 0,26) Pa = AN (a'm>0,26) / N and aligned
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events P*, = AN (A4XX8) / N (a'm > 0,26) between "anizotropic" families essentially grows for

the "wide" families with Rin >1.6<Rin>.

Thus, "Pamir" experimental data point to changing of strong interaction, that leads to

the appearance of the "wide", coplanar and aligned events at the superhigh energies above 10

PeV.

Pa Pa ?a

Experiment %Q$±%Q4 CU$±<MH q,flS±<U& 0^27Jfc0^3 0,20 + 0,0? 0^6 ±0,06

MCO model 0,08 ±0,05 0,20 ±0,03 0,09 ±0,03 0,21 ±0,02 0,04 ±0,02 0,25 ±0,04
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7Lid CLUSTER CHANNEL IN 9Be

A.A.Amirkhanov, K.A.Zhaksybekova, S.G.Lennik, N.A.Burkova

Kazakhstan State University, Almaty

P-shell nuclei have a strongly marked cluster structure, one that cannot be explained in

its most common case by standard and well-elaborated shell model. The reason is that there

already is experimental indication on the fact that such nuclei as 6Be, 6Li, 6He both in ground

and low exited states and in particular 9Be have cluster configuration like a-cluster or d which

geometric and statistical characteristics do strongly differ from ones of free particles.

The first step to examine a deuteron or NN emission from 9Be consists in projection of

2aN- cluster wave function onto 7Lid-cluster channel. This task was realised in a present

work. We chose for projection three dominant components of the ground state of 9Be with the
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following set of corresponding orbital moments marked on Fig. 1 /UL = {Oil}, {211}, {212},

where L = X + I is the total moment of 9Be ground state.

yJ
n6

Fig.l Geometrical 2otN-configuration of 9Be

The obtained results look extremely attractive as from one side they do not contradict to
the shell model design of 7Lid relative motion but what is more promising that the relative
ratio of spherical and the quadrupole deformed components are comparable, so as we found
while our investigation of (y, NN) and (y, d) processes on 6Li there are a lot of exotic and
informative applications for using of this own cluster channel within wide range of energies
starting from astrophysical applications and then up to the mesonic nature of electromagnetic
probings. The evaluated scale of applications and analytical presentations 7Lid wave function
projection are available by e-mail: abdildin@kaznet.kz.

UZ9901163

COULOMB CONTRIBUTION TO THE RATE OF

p + p->d + e+ +Ve ASTROPHYSICAL REACTION

L.D.Blokhintsev^ G.V.Avakov^, A.M.Mukhamedzhanov2), E.N.Voronina1}

}) Institute of Nuclear Physics, Moscow State University, Russia
2) Cyclotron Institute, Texas A&M University, USA

The reactionp + p —> d +e+ + ve (A) is the primary process of the astrophysical

hydrogen cycle. It supplies the major part of the solar neutrino flux. Owing to the small value

of its cross section, the information on its rate at astrophysical energies cannot be obtained by

extrapolation of laboratory data taken at higher energies. In view of the importance of reaction

(A) for the astrophysics in general and for the solar neutrino problem in particular, it has been

studied theoretically since 1938. The most comprehensive analysis of this reaction has been

done in a series of papers by J.N.Bahcall and co-authors (see [1,2] and references therein). In

these papers, besides the main mechanism of reaction (A), various corrections have been

considered and uncertainties of the astrophysical factor S(E « 0) have been evaluated, E being

the energy of colliding protons in cm. system. The subject of the given work is a correction

term to S(E « 0) which has not been considered before.

It is a common practice in |3 decay theory to allow for the Coulomb interaction of the
electron or the positron in the final state by introducing the wave function which describes the
Coulomb scattering of the electron (the positron) off a residual nucleus A (in our case, off the
deuteron). In actual practice, it is done by including the corresponding correction factor into
the final state space volume. That Coulomb correction corresponds to the mechanism when
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deuteron). In actual practice, it is done by including the corresponding correction factor into
the final state space volume. That Coulomb correction corresponds to the mechanism wnen
first the neutron interacts with the proton forming the deuteron and then the positron scatters
off the proton. But there is a possibility that the positron first scatters off the proton and only
thereafter the proton interacts with the neutron forming the deuteron. Denote the matrix
element corresponding to the latter mechanism by Mi and that for the basic mechanism by Mo.
Mi, which has not been considered before, can be called the intermediate state Coulomb
correction.

In the given work the contribution of Mi to S(E) was evaluated in two ways. First, in

certain approximations, it was shown that the ratio Mi(E)/Mo(E) does not depend on the NN

interaction and is of the form

Mx (E)IMo (E) = -g(ke,kv) = ~(2aIK ) arctan (ke IX) (1)

where <x=l/137, X = 2me(mn - mp + me + kv - E), m, is the mass of the

particle i and ke(kv) is the momentum of the positron (the neutrino). Within the range E = 0

'4-IOO keV g(ke,kv) is practically independent of E and keand equals 0.0049-0.0050. Thus

the corresponding relative correction to S(E) due to Mi is 2 g «1 %.

Second, we calculated S(E) which is proportional to | Mo+Mi|2, and So(E) proportional

to I Mo|2 using the rather simple model. The one-term separable potential describing the low-

energy pp scattering parameters was taken as the nuclear pp interaction in the single S state.

We used the Hulthen form with the correct asymptotic normalisation as the deuteron wave

function. In this approach we were able to obtain the closed expressions both for Mo and M\.

Within the range E = 0+100 keV the relative correction factor y(E) = [S0(E) - S(E)] / S0(E)

proves to be independent of £ and equal to 1.07% which agrees with what follows from

Eq.(l). Moreover, unlike S(E), y(E) is insensitive to the details of the nuclear pp interaction. If

one completely neglects that interaction, then S(E) decreases by about a factor 4 whereas y(E)

is practically unchanged (y = 1.07% -> y = 1.06%). We note that the considered correction to

the S factor is negative and comparable in magnitude to other corrections considered earlier.

The calculated values of S(E«0)=3.76-10"25 MeV-barn and [l/S(E)][dS(E)/dE]=l 1.0-11.3

MeV"1 are close to those obtained in [1,2].

In conclusion it is worth noting that the Coulomb correction under study should

manifest itself in other P processes as well.

(J Supported by Russian Foundation for Basic Research, Grant 98-02-16725
1 Supported by DOE Grant DE-FG05-93ER40773)

1. J.N.Bahcall and M.Kamionkowski, Nucl. Phys. A625, 983 (1997).
2. E.G.Adelberger et al, Rev. Mod. Phys. 70, 1265 (1998).
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NATURE OF ALFA-CLASTER STATES OF
ATOMIC NUCLEI FOR ID, 2S, IF SHELLS

K.B.Baktybaev, A.B.KabuIov. G.S.KabuIova

UZ9901164 Almaty State University, Kazakhstan

Nucleonic associations in atomic nuclei can be of the very various kinds: alpha-particle,
deuteron, fruition etc. We would like to discuss this problem on the example of alpha-
association. An algebraic description of cluster motion includes a vectorial boson, i.e. the
cluster states are generated by means of the scalar (J* = 0+) and the vectorial (J* =1") -bosons.

In a real situation one of fragments can be distorted, and the clasterization can turn out
to be not hard, but soft, corresponding to oscillation of one of clusters relatively the other.
These problems are taken into account by a construction of the boson model of U (6) 0 U(4) -
symmetry [1].

We have calculated alpha-cluster states." 28Si, 32S, 44Ti and have compared our results
with experimental data on (^Li, d) - reactions. The parameters of the theory are given as
following:

28Si 13 0J9 0 0.13
a2S 5 OM £ 0.22
44Ti 11 0.10 0 0.15

1. K.B.Baktybaev et all "Izv.RAN", ser of Phys.,1996,v.60,is.5,p.l 18 (in Russian).
2. K.P.Artemov et all "N.Ph.",1990,v.51,is.5,p.ll20;

' ' 'Jr * ? I )||(| mif f nut rim urn •(,.! „.., „.„ „„ A.

"N.Ph.",1995,v.58,is.2,p.219 (all in Russian).
UZ9901165

DYNAMICAL SYMMETRICAL AND SUPERSYMMETRICAL
PROPERTIES OF NUCLEAR STATES

K.Baktybaev

Almaty State University, Kazakhstan

If the system is possessed of dynamical symmetries then its hamiltonian can be expressed by
polynomial which composed from elements X of Lee-algebra:
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The total problem with such hamiltonian can be decided, if own function and own meaning of
algebra's elements X are found. The interacting boson model (IBM) is an example of the
dynamical symmetry problem. It has achieved a significant success in the phenomenological
description of collective motion in medium and heavy nuclei at low excitation energies. The
interacting boson model for description of nuclear states structure in which collective
configurations strongly mixed with a quasiparticle ones has been generalised in this work. In
this work we also studied [1] in more detail whether the structure of the whole energy
spectrum including yrast, /? and y bands and the observed backbanding phenomena of the
deformed nuclei can be described in terms of the whole basic states of the IBM-1 plus two-
quasiparticale pairs.

1. K.Baktybaev, Proceedings of 47-Conference of Nuclear spectroscopy and Nuclear
Structure, St-Petersburg, 1997, p.273.

UZ9901166

SUPERSYMMETRICAL PROPERTIES OF NUCLEAR
STATES AND STUCTURE OF EVEN-EVEN DY NUCLEI

K.Baktybaev, G.Migitova, D.P.Strygin, K.RamankuIov

Almaty State University, Kazakhstan

In this work we have investigated the structure of energy spectra and hackbending
phenomena of the isotope string of Dy with mass number between 154 and 164. We extend the
SU(3)-limits of Interacting boson model to allow a boson to break to form a quasiparticle pair,
which can occupy hi 1/2 u inn orbitals. The calculated energy levels, intensity of the
electromagnetic transitions, including the ground state, (3, and y band are in satisfactory
agreement with observed values for the whole string of Dy isotopes. Backbending of the
moment of inertia of the yrast and /? states can be reproduced reasonably.

Recently, very high spin states up to I~40 and a double backbending have been
observed in some nuclei in rare-earth region [1]. These phenomena might hopefully be
interpreted by considering two or more bosons to break to form more quasiporticle pairs and
make more bands crossings to form the double backbending. Our calculation suggests a very
easily to handle the recently observed very-high-spin states in some rare-earth nuclei. •

2. M.N.Raoet.al., Phys.Rev., Lett.57,667(1986)

3. K.Baktybaev, D.P.Strygin. Izvestya RAN, serya phys., 1997, u 61, p.2141.
4. D.S.Chun, S.T.Hsieh, Phys.Rev. C.38, p.960(1988)
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DOUBLE BETA DECAY OF 48Ca IN TGV EXPERIMENT

V.B. Brudanin^, N.I. Rukhadze1}, Ch.Briancon2), V.G. Egorov1}, V.E. Kovalenko1^
A.Kovalik^, A.V.Revenko1}, A.V. Salamatin^, V.G.Sandukovsky^,

V.V.Tsoupko-Sitnikov1^ Ts.Vyiov^, I. Stekl3)

1} Joint Institute for Nuclear Research (JINR), Dubna, Russia
2) CSNSM, Orsay, Prance

3) FNSPE, Prague, Czech Republic

The double beta decay of 48Ca (abundance 0.187%, Qpp= 4271(4) keV) was investigated
with the low-background spectrometer TGV (Telescope Germanium Vertical) [1,2] in the
Modane Underground Laboratory, France (4000 m w.e.).

Fifteen square shaped sources (32.5 mm x 32.5 mm) were placed into the cryostat
between the neighboring pairs of 16 planar HPGe detectors with sensitive volume 1200 mn2 x
6 mm each and energy resolution of about 3 keV (60Co, 1332 keV) mounted vertically one
over another. Eight of the sources contained 48Ca (enrichment 77.8%), while the other seven -
natural Ca (for estimation of source contributions to the registered background). The sources
were prepared by the same way from a mixture of 80% of calcium carbonate and 20% of
poly(vinyl formal) on a mylar support. The total weight of the 48Ca sources was 3.5(1) g, the
total sources area was about 84.5 cm2 , the sources thickness 41(2) mg/cm2 and the total
amount of 48Ca was about 1.355 x 1022 atoms. Seven sources from natural Ca had the total
weight 3.2(1) g, and their thickness was 45(1) mg/cm2. For the correct accounting of the
background events (originated from the natural background and pollutions of the sources and
surrounding materials) several additional runs (with eight sources from natural Ca, without
any sources, with sources from natural Ca containing admixtures of J3 - 90Sr and a -148Gd,
241 Am activity) was also carried out in this investigation.

The preliminary processing of experimental data accumulated in one year measurements
was made applying a method to distinguish beta-particles from gamma-rays by detector
pulses rise time [1,2] and Monte Carlo simulations performed for efficiency of spectrometer
for double electron events and sources pollutions. An estimation of Ti/2 > 1.5 x 1021 years
(90% CL) for the neutrinoless double beta decay mode of 48Ca and a value of T\n = 4.2(24) x
1019 years for the two neutrino double beta decay mode were obtained from the analysis of the
high energy events ( > 2 MeV ) of final spectrum.

Using the experience from application of the spectrometer TGV for studying double
beta decay of 48Ca, a development of a new low-background spectrometer TGV-2 has been
started. TGV-2 will consist from 32 planar HPGe detectors with sensitive volume of 2000
mm2 x 6 mm each. In a new experiment TGV-2 we will be able to use up to 20 g of enriched
48Ca.

1. Briancon Ch. et al., Nucl.Instr.and Meth., 1996, A 372, 222.
2. Brudanin V.B. et.aL, Izv. RAN, Ser. Phys., v.60, 1,1996, p. 137
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BETA-NEUTRINO ANGULAR CORRELATIONS
IN DECAY OF 140,18Ne, r

V.Egorov1), H.Borner2), Ch.Brianigon3), V.Brudanin1^ J.Deutscht4),
M.Jentschel2), R.Prieelst4), N.Severijns4>5), Yu.Shitov1^
V.Vorobel^, Ts.Vylov^, LYutlandov^, Sh.Zaparov^

^Joint Institute for Nuclear Research, Dubna, Russia
2)InstitutMax von Laue - Paul Langevin, Grenoble, France

3)Centre de Spectrometrie Nucleaire et de Spectrometrie de Masse, Orsay, France
4)Universite Catholique de Louvain, Belgium

5^Katholieke Universiteit Leuven, Belgium
® Charles University, Prague, Czech Republic

By definition, V-, A-, S-, T- and P-interactions have different space symmetry

properties, and therefore the most sensitive to their relative contribution are angular

correlation measurements. This work presents the status of such an experiment, AnCor,
devoted to the search for a scalar interaction in p-decay through the measurement of angular

correlations by means of high precision semiconductor y-spectroscopy.

The idea of the experiment is the investigation of the (P-v) angular correlation based on

the precise measurement of the y-ray Doppler shift which is caused by the recoil of the

daughter nucleus after (P, v) emission and thus depends on the relative angular distribution of

the momenta of the neutrino (q) and the p-particle (p). The principle of the measurement is

illustrated in Figure:
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In pure Fermi transitions the correlation coefficient a depends only on the V and S

coupling constants and is thus sensitive to a possible presence of S-type component in the

interaction. Similarly, Gamov-Teller transitions are T-sensitive.

In order to control over the perturbations of the recoiling nucleus due to the inter-atomic

forces, several nuclei in different surroundings have been investigated using a set-up

(NPA621 (97)745) composed of a mini-ball of 14 Si P-detectors and 2 Ge y-detectors. These

investigations are in progress with the analysis of the slowing down processes which are the

object of complementary experimental studies.
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KYa.Gromov^, Zh.KSamatov^, V.P.VoInykh^, Sh.R.Malikov^, T.M.Muminov2),
Zh.Sereeter^, V.LFominykh^, V.V.Tsupko-Sitnikov^, V.G.Chumin^

!^ Joint Institute for Nuclear Research, Dubna, Russia
2) NIIPF Tashkent State University, Tashkent, Uzbekistan

Beta-decay 209Tl explored for the reason to get the new experimental data on the

characteristics of 209Tl and 209Pb, distinguishing from the twice magic nucleus 208Pb on one

missing proton and one spare neutron, respectively. Spectra of y-rays, (y-y)- and (P-y)-

coincidences have been studied. For registration y-rays HPGe-detectors, 200 cm3 and 2 cm3 in

volume were used. The HPGe-detector 2 cm3 was used as well for registration fT-particles.
225,The radiation spectra of Tl were studied using the sources Ac (T1/2=10 day) separated

225,from Th (7340 years). Tl was contained in sources, as one of the members of the Ac

decay chain.

In the table, the information on the y-ray spectrum of 209Tl is

presented. New in contrast with [1] y-transitions, noted by

symbol (*), y-rays are observed in y-spectrum of the source 213Bi

which was obtained at collecting of a-recoil nuclei from the
225Ac source, i.e. these y-rays can arise only at the decay of 213Bi

EykeV

117.2(3)
465.10(4)
537.9(3)*

540.1(2)*
550.1(2)*
582.1(2)*
748.5(5)
920.7(5)
1239.4(5)
1329(1)

1566.8(5)
1652.2(2)*

2032.0(3)

2149(1)*
2315.7(5)*

Jy%

74(2)
93(2)
0.20(10)
0.40(20)

0.07(2)
0.28(10)
0.07(3)
0.64(2)
0.50(10)
0.11(2)

100(1)
0.12(3)

<0.07
0.015(5)

0.030(5)

209.an Tl. Beta decay energy of 213Bi is equal Q 1420 keV
209nand therefore y-rays with Ey >1420 keV arises at the Tl decay.

Gamma rays: 537.9 keV, 540.1 keV and 550.1 keV can appear at
thedecayof209Tlor213Bi.

The decay scheme of 209Tl favours an observing of peaks of

summation of cascade transition in y-spectra. This obstructs an

observation of corresponding direct transition. Analysis of y-

spectra measured under different source-detector distances has

allowed to establish intensities of y-rays of the direct transition

582.1 keV, 2149 keV, and 2316 keV and estimate an upper limit

of intensity of y-rays 2032 keV.
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In experiments on (P"-y)-coincidences a difference of masses 209Tl -209Pb is determined.

The obtained value g( 2 0 9 Tl)=(3 980+30) keV complies with one provided in

Nucl.Data.Sheets. Values of ak for the transition 117.2 keV (El), 465.1 keV (E2), and 1566.8

keV (E2) measured for the first time. Multipolarity of these y-rays have been established.

Decay scheme of 209Tl proposed by us is presented on the figure. The levels, which

were confirmed by y-y-coincidence, are marked by the open cycles. We give the another in

contrast with [1] placement of y-transition 1239 keV (level 3271 keV is introduced, instead of

3389 keV). New y-transitions 582.1 keV, 2149 keV and 2316 keV are placed in the level

scheme of 209Pb. At quantitative analysis of (y-y)-coincidences there was determined that an

population of the levels 1567 keV and 2032 keV at P'-decay less than 5% from population of

a level 2149 keV. Thus the prediction of the shell model is confirmed on forbideness by radial

quantum number of the P"-transition p3si/2 —> n4si/2 from the ground state of 209Tl to the 2032

keV level of 209Pb, allowed by spin and parity. The experimental data are agreed with

interpreting of the levels 1567 keV, 2032 keV and 2149 keV as states, structure of which is

connected with the states of shell models 3ds/2, 4s 1/2 and 3pv
x
2, respectively. Determination of

probability of P"-decay (logft) on the other levels of 209Pb limits spin values of these levels by
values which are specified on the decay scheme.

1. G.Ardisson, V.Barci, O.E1 Samad et al NEM A 339(1994) 168.

209 *

1/2+
^. =3975 keVN. p"

0.IJ 6.4 (1/2,3/2)

0.5 6.2 (1/2,3/2)

0.64 6.2 (1/2,3/2)

>0.07 8.0 (1/2.3I2.SI2)

>0.03 8.4 (XI2.VZ.St9

>015 7.8 QJ2-.5/2-^

100 516 1/2- 396 ns

< 0.1 > 8.3 1/2+ 0 .16 M

<0.1>8.6 5/2+ 0.33 pt

9/2+

/ % log ft I"

1329

1239.4

9207

375.5

n

3I1-S

2315.7 748.5 284.0

3361

3271

3070

2525

2461

2316

2149 582.1 1173 El 2149

,r 485.1 E2 2032

., 15668 E2 1566.8

2 0 9 3.25 h E, keV
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221Fr nuclide is one of the acthynoid nuclei, structure of which shows properties,

pointing to the presence of octupole deformation [1,2]. The 221Fr levels are excited at the
225Ac a-decay (Ti/2= 10 days) . Alpha spectrum at 225Ac decay was investigated by Bastin-

Scoffier [3] and Dzhelepov et al. [4]; the internal conversion spectrum by Dzhelepov et al.

[5,6] and y-spectrum by Leang [7], Dzhelepov, et al. [8] and Kouassi et al. [9,10]. The

structure of the 221 Fr excited states have been discussed in [2,5,8,10]. In this paper the main

attention is paid for study (ot-y) - coincidence spectra at the 225Ac decay.

For study (a-y)- coincidences the facility, described in [12], was used. (Ea, E,,,t)- events

of coincidences (4096 - 4096 - 4096 channels) were registrated in list - mode. Conventional

semiconductor a- and y- detectors was used.

The 225Ac was extracted from 229 Th sample ( Tm = 7340 years) and vacuum evaporated to

aluminium foil. The activity of sources was about 25 uKu. The 225Ac short-lived daughter

nuclei accumulated in the sources. The presence of their y- rays in the spectrum makes

difficult the observation the y- ray of low intensity and their identification with the 225 Ac

decay. Therefore, together with study y- spectrum of the 225 Ac sources, we have investigated

spectrum of y- rays coinciding with a- particles in wide energy interval Ea= 4,9 -s- 5,8 MeV,

which covers full225 Ac a- spectrum. Thus we had a possibility to obtain more reliable data

on the y- rays of Ac . In the table the data on the energies and intensities of Ac y- rays

are presented.

36.5 1.6(2) 103.5 0.24(12) 179.8 0.8(1) 327.0 0.13(5)

MA 3,9(2) J 0 O 24,5(12) 183,0*1 0.53(14)1 348J& O2S(6)

46.1 0.6(2) 111.51 31.1(16) 86.1 9(2) 354.4 0.23(4)

49,0. 7(2) $.8 7.0(4) 187$ 40(2) 356.6* 0.07(3)

57.8 0,6(2) 123.7 7.5(4) 193.2* 0.18(6) 362.5 0.44(6)

62$ 46(3} 124$ 2,4(1) 1$5,7 IO,${6) 3711 0,15(5)
64.3 4.2(4) 126.1 0.75(8) 197,5 4.5(3) 406.2 0.64(7)

66,S* &5(2) 1293 0,23(4) 198.4 L5(2) 4i8J 0.44(1)

68,8 0.6(2) 133.6 1.6(2) 216.8 24(2) 435.0* 0.26(7)

?L6 2,0(2) 134.8 2.6(2) 224.6 8.9(5) 452.5 0 84(4}

73.8 29(2) 137.6* 0.23(6) 228.1* 0.28(8) 481.2 2,6(2)

74.6 0,011(3) 145,13 IJL8($) 23L2
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83.18

mm
87,34

94>9

96.7

97A

99.8

100,8

83(4)

• 135(7}

23.0(12)

12.8(6)

16.0(8)

0,35

136(7)

6.3(7}

150,00

152.6

153.9

157.2

169.2

170,9

173.4

1713

55(3)

1.7(2)

16.1(8)

8 0(14)

.67(25)

1-4(2)

1.0(2)

1.3(1)

236 0*

240.6

242.8*

249.6

253.4

279,1

284 7

321.8*

0.23(5)

0.90(9)

0 25(5)

1 16(9)

10.9(6)

2,5(2)

0 59(9)

0 32(7)

517,9

522.4

526 3

530 4

531.5

552,4

571 2

1.2(1)

0.12(3)

2.5(3)

0,59(8)

0.33(6)

0,48(3)

0.25(4)

* - new y- transitions
The study is carried under financial support RFFI (94-02-04828a and 98-02-16451

projects) and MO and PORF (97- 6.1-17 project.)
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EFFECT OF SHELL STRUCTURE ON MASS-YIELD DISTRIBUTIONS
OF THE BINARY COLLISION PRODUCTS

R.V.JoIos1^ A.K.Nasirov1'2), A.I.Muminov2)

!) Joint Institute for Nuclear Research, Dubna, Russia
2) Institute of Nuclear Physics, Tashkent, Uzbekistan

The effect of shell structure on the yield of deep-inelastic (DIC) and quasi-fission
products can be established from the observed experimental data. The obtained know-ledge
used to estimate the yield of the exotic isotopes or superheavy elements. The total kinetic
energy (TKE) seems to be determined by the shape of fragments on the scission point. The
correlation between the mass- and charge-yield distributions for 19 < Z < 84 and excitation
energy division were determined for the binary collision products of 51V + 197Au collisions at
a bombarding energy corresponding exactly to the Bass-model barrier, Ec.m=B, and at
Ec_m=B+25 MeV in GSI [2]. The measured data shown the strong dependence of the
excitation energy division and ratio of the DIC, quasi-fission, and fusion-fission components
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of the element yields 48 238.- The mass-yield of the 48Ca+238U reaction products measured at
the three values of bombarding energy near the Bass barrier in experiments performed in
FLNR revealed the effect of shell structure on the quasi-fission components [3]. The influence
of the shell structure on the origination of the observed mass- and charge-yield distributions
for the binary collision products at the different excitation energies will be analysed in the
microscopic approach based on [4], [5] and [6]. The bumps, which were observed in the
experiment on 48Ca+238U [3], in the mass distribution of reaction fragments around the mass
values ,4=80 and A=200, shown the effect of shell structure in the reaction. These are
connected with the closed proton Z=82 and neutron N=\26 shells in the heavy partner and
with the proton shell Z=50 in the light fragment. The experimental yields can be explained by
the minima of the potential energy surface (Fig. 1) which was calculated as a function of the
mass number and distance between of the fragments. We shown that symmetrical yield and
the bumps observed in the experiments can be formed in the quasi-fission process as in the
fusion-fission one. To demonstrate the possibility of the symmetrical yield of products in the
quasi-fission processes, the evolution of the di-nuclear system was analysed as a diffusion
process in the transport theory, namely, by solution of the master equation [6].

The mass yield distribution were calculated for the different life-time of the dinuclear
system shown extended up to symmetric mass of fragments which are alike to the fission
products of compound nucleus. The yield curve has a bump around A=200
where potential energy surface has deep valley connected with shell structure.

Fig.l. Potential energy surface for the compound nucleus 286112 against the relative
distance R and fragment mass number. The arrow indicates an initial value of

mass (charge) asymmetry for the Ca+ U reaction.
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POPULATION AND SPINS OF 134Ba LEVELS IN (n, n'y) REACTION

Ju.G.Kosyak, L.V.Chekushina, A.S.Yermatov

INP NNC, Republic Kazakhstan

In works [1,2] the results of research population of levels of transitional nucleus with
A=72-82 and 100 in (n, n'y)-reaction with fast reactor neutrons were submitted from which
follows, that the mechanism of inelastic scattering of fast reactor neutrons on these nucleus
can be described by the statistical compound nucleus theory within the Hauser-Feshbach-
Moldauer (H-F-M) formalism without the account of connection entrance and exit channels
[3]. In the given work the similar researches for a heavier nucleus 134Ba are carried out.

0.0

604,7

1167,9

1643.3

1760.6

1969.9

ima
2029.3

211&.2

2I59.S

2164.6

2211-4

0"

It
2h

4*

3+

4'

5*

2*

2+

4+

0"
4+

47
14,7

1A

3,6

1,35

2.7

• L72

2.6

2.5
1.82

&50
1.49

0,70

44

14,6

5,3

4.8

1.35

1.9

to
2.3

2,2
1.47

0.56

1.37

0.40

2244.9

2254,7

227LI

2279.9

2285 3

2300.0

2334.8

233S.9

2370.9

2376,9

2379.2

(2+)

(t)
r
T

r
5("

(4+)

2+

2+

m
0+

1.14

1,62

0.18

1.13

0SO

0.84
-

0.88

0.31
0.84

0,45

0.26

1.54

1.29

OJt
1.39

D8O

1.10

1.27

<D7

1.2

&2&

0,34

97



Calculated by the (H-F-M) model population of 134Ba levels in 134Ba(n, n'y)134Ba

reaction, Ps(Ji"), were compared with values Pexp, received on the fast reactor neutron beams

IR-8 IAE (Moscow) [4].

As it is visible from the table, the (H-F-M) model satisfactorily predicts values of level

populations with known spins. This fact has allowed to specify spins of levels 134Ba with

energies 2244,2300 and 2376 keV accordingly as l+,2+ and 6-, identified in [4] is

ambiguously.
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THE ROLE OF NUCLEAR ISOMERIC STATES DECAY ON ATOMIC
CLOUD FORMATION OF FUSION AND FISSION PRODUCTS

V.Maidikov
UZ9901173

Flerov Laboratory of Nuclear Reactions, JINR, Dubna, Russia
Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The "nuclear-induced" enhanced ionisation of heavy recoils from nuclear
transformations (the perturbation in their electron clouds with many electrons shake-off
caused by the decay of nuclear excited states via an internal conversion) was widely studied
among the heavy products of the radioactive decay [1,2], (-induced reactions [3,4] and light
fraction of fission fragments [5,6] from the thermal neutron fission. This phenomena is
attractive to study both the nuclear and atomic effects and their interplay in free isolated
atoms and is interesting for some fundamental, applied and practical purposes. Among the last
very important is the effect of continuous autoionisation of recoils in vacuum during their
separation or analysis in electric or magnetic fields. Therefore it is important to obtain the
systematic data on the ionisation probability of heavy fission fragments and HI reactions
products, heaving high excitation energy. Experiments on the ionisation study of HI fusion
products were performed using the "charge-plunger technique" [3,4] with the broad-range
magnetic spectrograph MSP-144 [7] on the beam from U-300 and U-400 cyclotrons at FLNR,
JINR and U-240 cyclotron at the Institute for Nuclear Research of the National Academy of
Sciences of Ukraine. Heavy fraction of fission fragments was investigated with the fission-
fragment spectrometer at the reactor of the Institute of Nuclear Physics of the Academy of
Sciences of Uzbekistan.

Heavy ion fusion products were measured through the periodic table from V to Po
obtained in different reactions [8-11] with recoil energy ranging from 3 MeV up to 60 MeV.
Heavy fragments of 241Pu(nth,f) fission were measured in the mass number region A = 131 -
145 at three values of its kinetic energy 67, 70 and 73 MeV. [12]. The overwhelming majority
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of investigated recoils reveal the significant divergence of their charge-state distributions from
the equilibrium value. The ionic charge-state distributions of investigated nuclear reaction
products strongly depend on the atomic number Z and mass number A of investigated nuclei,
(see for example the isotopic dependence of the ionisation time of Dy isotopes [10]) that
indicates on the nuclear structure influence on atomic effects in their electron clouds. Similar
results obtained in outer groups for Er and Pt isotopes [13,14].

At this energy region the mean time of the recoil products movement in the production
target thickness in both the fusion and fission cases is of about 10-14 s. This time is enough
for the atomic processes of electron shells of nuclear reactions products filling to the
equilibrium stage. Therefore all cases of observed enhanced ionisation of nuclear reactions
products have their origin from the decay of nuclear isomeric states with lifetimes longer than
10-14 s after their emergence from the target. A lot of investigated recoil atoms suffer from
the continuous delayed nuclear-induced enhanced ionisation in much longer time interval
according to the life-time of nuclear isomeric states. Observed experimental lower limit of the
time delay of nuclear-induced ionisation ranges from 10-10 s for fission fragments up to 10-7
s for 173Hf fusion recoils [11,12].

Though the recoil energy of fusion recoils is considerably less than that of fission
fragments, in both cases the main contribution to the formation of electron shells both the
fusion and the fission products is determined by the decay of their isomeric states, which may
be populated with the 100% probability in both kinds of reactions.

The (-transition from isomeric states are forbidden by the energy or spin difference,
therefore the main way of its decay is the internal conversion that give rise to theenhanced
ionisation of the decay products. The degree of ionisation and charge-state distribution spectra
depend only on the nuclear isomeric states population probability, their life-times and on the
internal conversion coefficients of transitions from these states. Heavy ion fusion reaction
products obtain higher excitation energy in comparison with fission fragments; therefore they
have higher isomeric states population probability including high spin isomeric states. This is
the reason of higher enhanced ionisation yield of fusion reaction products then of fission
fragments.

As a result we may conclude that the nuclear structure effects on the atomic properties
of the nuclear reaction products is very common phenomena in the nature. The role of nuclear
state decay in the atomic cloud formation of nuclear reaction products is out of importance.
They determine atomic physical and chemical properties of reaction products all the time
during the nuclear exited states living up to the moment of the ground state of the nucleus
population and its atomic electron shells filling processes completion.
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MULTICOMPONENT VARIATIONAL FUNCTIONS IN
MICROSCOPIC DESCRIPTION OF THE LIGHT NUCLEI

A.LSteshenko, A.L.Savchenko

Bogolyubov Institute of Theoretical Physics, Kyev, Ukraine

UZ9901174

Theoretical consideration of essentially many-particle systems such as atomic nuclei has
a number of serious difficulties, one of which is a choice of the trial wave function capable
adequately describe both compact and "friable" (weak-bound) states. Significant interest to
this problem is caused by the recent research of the unusual nuclei with anomalous N/Z
values. In the present report the problem of construction of the nuclear wave function is
considered within the framework of the microscopic approach based on the many-body
Hamiltonian with two-particle central exchange NN-potential as well as on the variational
principle for the total nuclear energy functional. The A-nucleon system is represented by a
small number of fragments, where the interaction between nucleons inside each of fragments
a priory is more than appropriate interaction of nucleons from different subsystems. For
example, the two-fragment fission (A = Ai + A2) accords to asymptotic Hamiltonian taken as
a sum of the internal subsystem Hamiltonians plus Coulomb repulsion between them due to
the short-range feature of the nucl eon forces

• v y\ / \ .

HA => / /P l + Hp2 R=Rl+R2

Note that it is necessary to choose concrete dependency of the operator Tc m on the distance

R at different stages of the fission. We simulated this dependency by using of the parameter

as(R) according to the formula:

Tc.m\as)-~
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In the concrete formulas the value of the parameter as is determined by completeness of

action of the Pauli principle on A-nucleon system. Thus, if antisymmetrization deals with

variables of all A nucleons then as = 0. In the other limiting case, when the fragments are

separated enough and the Pauli principle acts only on the nucleons inside them, we have

a s = l .
To adequate description of the bound states structure and the reaction mechanism it is

necessary to choose appropriate set of basis functions. The chosen set should be, on the one
hand, convenient in work and, on the other hand, be rather flexible. It is important that the
number of the used variational parameters is not too large and these parameters have simple
and univalent treatment, which allows to estimate their approximated range even before
numerical calculations. On our sight, the enumerated requirements can be satisfied if the total
nuclear wave function will be taken as the superposition of the Slater determinants

v
where every component-function depending on a small number of the non-linear variational
parameters {ai, Ri} represents some characteristic structure or configuration of the considered
system, that reflects the specific type of nucleon motion.

The realisation algorithm of the numerical calculations is organized as follows: at first,
overlap matrixes with the Hamiltonian (||HVH.||) and with unity (||SVnl|) are obtained, and then
the eigenvalues of the Hamiltonian matrix with taking into account nonorthogonality of the
basic wave functions are calculated with the help of the traditional methods of the linear
algebra. Thus the lowest root represents ground state energy. Further, moving in hyperspace
of the variational parameters {ai, Ri}, we obtain their optimal values, which accord to the
global minimum of the total nuclear energy functional

fE{ai,Ri\ =< V

For these optimal parameters, in additional to the eigenvalues of the Hamiltonian
matrix, it is necessary to calculate the appropriate eigenvector {cv}. As the result we have the
ground state energy and the microscopic wave function in the explicit form, that further
allows to calculate any nuclear feature. The represented microscopic approach was tested by
accounts of the basic spectroscopic characteristics of the nucleus 8Be.

1. P.Ring and P.Schuck, The Nuclear Many-Body Problem, (Springer-Verlag, 1980) p.458
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THREE CLUSTER MODELS FOR NUCLEUS WITH A=8,10 AND 11

M.A.Zhusupov, S.K.Sakhiev, Sh.Sh.Sagindykov

UZ9901175 A / _ Farabi Kazakhstan State National University

In last years the appreciable progress in understanding of nuclei structure was achieved
in three-cluster a+2N and 2a +N models of nuclei with A = 6 and 9 [1]. The simple analytical
form of model wave functions makes them convenient for account of various nuclear
processes and allows to consider two freedom degrees both of its cluster and one-nucleon [2].
In particular, we have calculated spectroscopic factors for neutron separation from 8Be ground
state with formation of ground and excited states of 8Be. The spectroscopic factors for proton
separation represent significant interest for the theory. In this case, taking into account 2a +N-
of model of 9Be, the nucleus 8Li should be formed with atn- structure. Really, 97 % of ground
state shell wave function form components with the Young scheme [431], compatible with
atn- decay [3].

We have calculated an energy spectrum and wave functions of well- known low-lying
levels of Li within the framework of this multicluster model with the projecting in which
forbidden states being in relative motion of fragment pairs [1] are consistently excluded. The
configurations, which were taken into account in calculation of the ground state with J71, T=2+,
1 are shown in a table. Here, L and S are total orbit and spin moments of the state. Other
designations are obvious. As the calculations show, that the model gives well relative energies
of four low- lying states of 8Li. Thus the ground state seemed to be overbinded for 0.5 MeV.
The result is quite satisfactory, as we failed to make the adjusting procedure of parameter
values: simple pair potentials of Gaussian form reproduced the low-energy scattering phases
[1] have been used as a pair interaction. The statistical characteristics of Li are also
reproduced quite well: root mean square radius, magnetic and quadrupole moments. We
carried out the similar calculations for mirror nucleus 8Be in three-body (atp-model) and for
nuclei with A=10,l 1 in 2a+d, 2a +t(t) models, correspondingly.

M
1

i
i

i
1

l
I

I

2
2

$

1

0

1

1. Kukulin et. al. //Nucl. Phys. 1984, V.A 417, P. 128; Few-Body Systems, 1995, v.18,
P.191.

2. Zhusupov et al. // Izv. RAN, ser.phys. T.62, N5, P. 985.

3. Boyarkina A.N. Structure of nuclei of the Ip-shell. MSU, 1973.
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MULTICLUSTER MODEL OF NUCLEI WITH A = 5

M.A.Zhusupov, O.Imambekov
v UZ9901176

Al'Farabi Kazakhstan State National University, Science Research

Institute of Experimental and Theoretical Physics, Almaty, Kazakhstan

The stable nuclei with A=5 represent significant interest for the theory of nucleus. So,

high-excited states with quantum numbers Jn, T=3/2+, 1/2 in nuclei 5He and 5Li define the

basic reactions of thermonuclear synthesis t + d —>• ot+ n and x + d —> ot+p.

In III it has been assumed that the given level in nucleus 5He has three-particle t+n+p

structure. Using a variational method authors have received the basic characteristics of this

state. In this paper the similar variational method has been used for account of mirror levels of

nuclei 5H, 5B and levels with isospin 1=312 in nuclei 5He and 5Li. In a spectrum of 5He these

levels begin with energy >22 MeV 121. The special interest represents nucleus 5H having

excess of neutrons. In literature 121 there are mentions of observation of this nucleus in

reactions (% ', np) on 7Li and (n ', pt) on 5Be. We calculated levels with isospin T=3/2 in

nucleus 5H in t+n+n-model and in nucleus 5Be in x+p+p model (x = 3He). The simple

Gaussian parametrization reproducing low-energy of experimental scattering phases has been

taken out as Nt and Nx interactions. The basic characteristics of nuclei with A=5 are

considered.

1. Voronchev V.T.et al. Sov. Joum. of Nuclear Phys, 1983, V.37, N2, P. 271.
2. Ajzenberg-Selove F. Nucl. Phys. 1988, v. A 490, N 12, P.I.

UZ9901177

THE RATIO OF DIPOLE FORCES OF
El-TRANSITIONS FOR 49Ti

R.B. Begzhanov, G.A.KulabdulIaev, A.Muhammadiev, Sh.A.Mirahmedov

Institute of Nuclear Physics, Uzbekistan Academy of Science, Tashkent

For studying fragmentation and fine structure of dipole forces of electric and magnetic
type we have continued investigations [1] of highly excited nuclear levels decay. In the work
[2] like investigation was carried out for even-even nucleus. In the present work, highly
excited nuclear levels of 49Ti are investigated using y-rays from (n,y)-reaction. The ratio of
dipole forces (S1/S2) of El-transitions for 8884 keV levels of 49Ti was determined. Here - Si
and S2- are dipole forces of transitions to the band of ground and another states. How as in the
work [3] was observed doublet states? Our results are in agreement with the results of the
work [3] for 3786 keV and 3439 keV states.
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keV

7260

7124
6620
6412
6367

5443
5374
5264

0,02

0,16
0,01
0,04

0,06

0,04
0,01
0,01

Transition,
keV

5182
5100
5040
4940
4805

4739
4640
4522
4375

0,10
0,07
0,02
0,06
0,03

0,01
0,09
0,03
0.04

1. R.B.Begzhanov, O.Sh.Kobilov and G.A.Kulabdullaev. //Nation. Conf. ofNucl. Spectr.
and Nucl. Phys., Baku, 1998, 51.

2. R.B.Begzhanov, K.Sh.Azimov, G.A.Kulabdullaev. //International Nucl. Phys.
Conference. UNESCO, Paris, France, 24-29 April, 1998, 271. - «,--„---

3. I.Berant, Y Birenbaum, R.Moreh. //Nucl.Phys, 1981, A 368, 201-20', lllllllIIIIlUIIIUIUIIIII
UZ9901178

FRAGMENTATION OF DIPOLE FORCES FOR 139La

R.B.Begzhanov, K.Sh.Azimov, G.A.Kulabdullaev, N.Rassokova

Institute of Nuclear Physics, Uzbekistan Academy of Science, Tashkent

In the present work, the fragmentation of dipole forces of El-transitions was
investigated using consideration [1]. How was noted in [1], similar investigations are one of
sensitive test to nuclear models. In nuclei 139La were simultaneously excited several highly
excited levels which has decay of dipole transitions. From that the levels with energy 6018
keV and 6418 keV are more strongly but levels with energies 7632 keV, 7279 keV, 6760 keV
very weakly. Therefore we can study fragmentation of dipole forces of El-transitions for
6018 keV and 6418 keV levels of 139La. Experimental results are presented in table.

Trassitkt^fce
V (641S)

5034

4999
4882
4838
4704

0,02

0f03
0,05

0,04
0,02

fratisitka.

5852

4798
4538

4481
4438

0,21

0,14
0,48

0,06
0,28
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4661
4580

4498
4459

4356

4186

0,01
0,01

-
. 0,1

0,1
0,03

4334
4062
3895

0,13
0,01

0,01

Where Si and S2 are dipole force of transition to the ground and excited states

l. D.J.Rose and F.Jachello // Phys.Lett.,1983, DOB, p.231.

STUDY OF HIGLY EXCITED LEVELS of 62Ni

UZ9901179

R.B. Begzhanov, K.Sh.Azimov, G.A.KulabdulIaev, RMagrupov

Institute of Nuclear Physics, Uzbekistan Academy of Science, Tashkent

Extending early investigation [1] for highly excited nuclear levels (5-10 MeV) we have
been studied 7646 keV levels in 62Ni. Scattering y-spectrs was measured using experimental
arrangement [2]. Obtained our results are in agreement with date another work [3] for 7646
keV level in 62Ni.

Our experimental results show [4], that - such levels of even-even nucleus with A>100

mainly has decay with transitions to very low-lying levels, of bands - quantity of the ratio of

dipole forces decreases with increasing bands number of nuclei. Founding this results we

assert that 7646 keV levels in 62Ni has decay with transitions to very low-lying levels of K;" =

0i+, 2x+, 02
+ and 22

+ bands. For these transitions we determined the ratio of dipole forces S2/S1

where Si and S2 - dipole forces of transitions to the bands of ground and another states.

Transition,
I»V

6473
597

4487

4375
4273

Sb/St

0,07
0,27
0,03

0,04
0,03

fceV

4129
3798
3783

3671

3585
3416

0,025
0,008
0,037

0,051
0,036
0.022

2. R.B.Begzhanov et.all.// International. Nucl.Phys. Conference UNESCO, Paris, France,
1998, p.271.
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3. R.B.Begzhanov at.all.//Preprint INP Uzb.SSR, p-5-203, Tashkent, 1986.
4. R.Moreh, AWolf et.allV/Nucl.Phys, 1974, A224, 86-92.

5. R.B.Begzhanov at.all.// International Nucl.Phys. Conference. Moscau, Dubna, 1999,
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THE BINDING ENERGY AND THE NUCLEAR VERTEX
CONSTANT FOR THE VIRTUAL DECAY OF 6Li ->a+d IN

THREE- BODY (a-n-p) MODEL

L.D.Blokhintsev1, B.F.Irgaziev2, M.Kamimura3, M.M.Nishonov4,
A.LSattarov4, R.Yarmukhamedov4

^Institute of Nuclear Physics of Moscow State University, Moscow, Russia
2) Tashkent State University, Tashkent, Uzbekistan

3> Department of Physics, Kyushu University, Fukuoka 812, Japan
4) Institute of Nuclear Physics, 702132 Tashkent, Uzbekistan

In this work on the base of the three- body (a-n-p) Faddeev approach a method of

calculation of the binding energy and the nuclear vertex constant (NVC) for the virtual decay
6Li —» ct+ d has been developed. The calculations have been carried out for two different sets

of aN- and NN-potentials. The first of them has the Yamaguchi form both for the aN- and

NN-potentials (set a ) and the second one has the Sack- Bidenharn- Breit (SBB) form for the

aN-potential and the Malfliet-Tjon form for the (NN)- potential (set b). The SBB potential is

characterized by the existence of the forbidden bound (a+N) state with the binding energy

11.6 MeV and J"= Vi. The developed method has also been applied to the calculation of the

binding energy of the 6 He nucleus within the three-body (a+2n)-approach.

As a result the following estimation for the value of the binding energy e g , . (s g „ )

of 6Li (6He) in the (a-n-p) ((a-n-n))- channel has been obtained: s g r • = 4.290 MeV

(s g ^ = 0.555 MeV) for the potentials of the set a and s §^ = 4.149 MeV (s §He = 0.377

MeV) for the potentials of the set b. For the set a the calculated value of the modulus squared

d |2) of the NVC of the virtual decay 6Li -» a+ d corresponding to the S- state (or,

equivalently, dimensionless asymptotic normalization coefficient Cacj) is I G ^ I 2 = 0-45 fm

(d-ad =3.07). These values are in close agreement with the phenomenological estimation

lGadl2 = °-4 2 ± 0 0 2 f m ( c a d =2.93+0.15) which has been obtained in [1] by the

extrapolation of the experimental S-wave da-scattering phase shift.

This work was supported by the Japan Society for the Promotion of Science.

1. L.D.Blokhintsev et al. Phys.Rev. C 48(1998) 2390
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THEORETICAL DESCRIPTION OF E2-TRANSITION
OF TUNGSTEN NUCLEI

B. Choriev, M. Korjovov, M. Yuldashev

UZ9901181 KmsJn State University, Uzbekistan

The observed empirical deviations of the braching ratios of interband transition [1] from

the rotational values can be discussed in the context of Mikhailov plot formalism which

provide one of the most crucial tests of collective models of deformed nuclei. Taking into

account the P -and y -band interaction and differences in quadrupole moments of intrinsic

states the structure part of B(E2; Iv—» Ig) values can be expressed by [2]:

Fv (A/) = M\ + Mv
2 A/ + Ml A/2

where MY -parameters (i=l,2,3 and v=y,J3) are discussed in ref. [2] and AI=Ig (Ig +1)-IV (Iv

+1)-
On the other band, nonlinearity of the function Fv (AI) may be due either to first-order

perturbation theory, or to the inclusion of the last tupe term in the E2-transition operator:

M'(E2) =

The present theoretical studies are devoted to the description of the spectral and
electromagnetic properties of tungsten nuclei in the framework of the three-band mixing
model. In numerical calculations the parameters of the model Hamiltonian are fitted by taking
into account energies of states (3,y and ground bands which recently studied using heavy-ion
induced Coulomb excitation [1]. The values of the matrix elements of the E2-transition
operator have been chosen so as correctly (within experimental errors) to describe intra- and
interband transitions. The results of defference versions of numerical calculations of
electromagnetic properties are discussed.

1. C.Y.Wu et al, Nucl.Phys., A533(1991), 359
2. B.Choriev, Nucl.Phys., A523 (1991), 313
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67

EXCLUSION OF FORBIDDEN STATES
IN THE COMPOSITE SYSTEMS

B.F.Irgaziev
UZ9901182

Tashkent State University, Uzbekistan

It is known that successful descriptions of light nuclei are based on a clusterization idea

[1,2]. There is a simple method using a clusterization approach, which is named multicluster

dynamic model with the Pauli projector (MDMP) [3]. This model was applied to various

strong-, weak- and electromagnetic-interaction processes with^=<5 and A=9 nuclei [2]. The

few-cluster wave function can be fully antisymmetrized over all nucleus. The cluster-cluster

potential containing the forbidden states by the Pauli principle is used to solve the

Schreodinger equation. Therefore we have problems with unphysical states and the

antisymmetrization of the composite system wave function.

In the beginning we consider the simple proof of the validity of the MDMP for two-

body system when its hamiltonian H has forbidden states. It is clear that the forbidden states

must be excluded. We determine the projector to the forbidden states of the two-body system

as Ff= Z | nf > <n f |, where | nf> is a wave function of the forbidden state. To exclude these

forbidden states we add to the hamiltonian H this projector multiplied to ju:

HG=H+jurf.

The Green function G(E) = (E - H + iO)'1 has poles corresponding to unphysical states,
because H contains the forbidden states. Therefore we consider the Green function GG(E) =

(E - HG + iO)";. If we use the procedure from ref. [4] GG(E) can be rewritten as

GG(E) = G(E)(1-I) + G(E-fi) r.

It is easy to see that FGG(E) = 0 If/j. goes to infinity.

Now using the such procedure it is possible to show how to exclude two-body forbidden

states from three-body system in the case when the system consists from a heavy nucleus and

two nucleons if we put the mass of the heavy nucleus to be infinity.

Let us write the hamiltonian

HG = HJ + H2+ VJ2 + JUJFJ + ju2 F2,

where Hi (Ft) is hamiltonian (projector to the forbidden states) of the nucleon / in the field of

the heavy nucleus, and Vn is a potential of the interaction between nucleons. If JUJJ —^^ we

obtain for the Green function the following result
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GG(E) = Gn(E)(i-r1)(i-r2) + (i-r1)(i-r2)G12 TG13GI2(E) (i-

where

G12(E) = (E-Hj + H2) -1

and

TG12 = Vl2 [(1- V12 (l-FjXl-rz) G12(E)] ~J.

1. K.Wildermuth and Y.C.Tang, A unified theory of the nucleus (Vieweg, Braunscweig,
1977).

2. V.I.Kukulin et al., Nucl. Phys. A586(1995)151.
3. V.T.Voronchev, V.M.Krasnopolsky, and V.I.Kukulin, J. of Phys. G8(1982)649, 667.
4. V.B.Belyaev, J.Wrzecionko, Preprint JINR E2-10668, 1977.

UZ9901183

RADIUS OF MIRROR NUCLEI

A.Karahodjaev, Y.Yodgorov

Tashkent State University, Uzbekistan

It is well known that in mirror nuclei had the same number of neutron-proton links and
neutron-neutron links replaced by proton-proton links. Hence, the difference of mass of those
nuclei depends only on Kullon energy of those nuclei. The constant "ro" defined from the
following ratio:

AE = (3/5)-(ke2/ro)-A
2/3

In the work, on the base of known mass of nuclei defined radiuses of 19l mirror nuclei.

I*j*re»t nucleus
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SOME APPROACH FOR HALO-LIKE
NUCLEI INVESTIGATION

UZ99011184 A.V.Khugaev, Yu.N.Koblik

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

One of the more interesting fields of nuclear physics is the halo - like nuclei and its
properties investigation [1], In our paper will be presented consideration for halo-like nuclei
collision in the framework of two- and three - body approaches. In the two- body approach we
developed shell model representation with the combination of the "Core + nucleon" model for
last valence nucleon. Some results for the matrix elements are obtained [2] and its application
to the nuclear reaction are used. We compare these results with three-body approach,
especially for the boundary states near the drip - line [3]. Comparison for these approaches are
discussed and some proposal for the halo - like nuclei at low energies are considered.

1. Khugaev A.V., G.Kim , in the proceedings book of the International Symposium on
Innovative Computational Methods in Nucleir Many - Body Problems, November 10 - 15,
1997, Osaka, Japan, p. 147-149.

2. Khugaev A.V., G.Kim, Izvestiya RAN, seriya fizicheskaya, vol.61, Nl, 1997, p.84-86. (In
Russian).

3. Cobis, D. V. Fedorov, A.S. Jensen, Phys. Letters B, 424, (1998), p. 1 - 7

DIPOLE AJVD QUADRUPOLE MOMENTS
OF MIRROR NUCLEI 8B AND 8Li

G. Kim, R.R. Khaydarov
UZ9901185

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Magnetic dipole and electric quadrupole moments of the mirror nuclei Li and B are
analyzed in the framework of the multiparticle shell model by using two approaches:

i. the one-particle spectroscopic factors and
ii. the one-particle fractional parentage coefficients.

These two approaches are compared both each to other and with a microscopic
multicluster model. The one-particle nucleon states are calculated taking into account the
continuum by the method of the expansion of the Sturm - Liouville functions. The
experimental magnetic and quadrupole moments of 8Li and 8B are reproduced well by using
fractional parentage coefficient technique. The root mean-square radii and the radial density
distributions are obtained for these nuclei.
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PRECISE STUDY OF THE NUCLEAR AND THE
COULOMB FEW-BODY SYSTEMS

LV.Simenog
UZ9901186

Bogolyubov Institute of Theoretical Physics, Kyiv, Ukraine

Nowadays a promising progress is observed in a few-nucleon and a few-body Coulomb
problem in both qualitative understanding of the specific properties of quantum systems with
considerable number of degrees of freedom and in obtaining numerical results for such
systems with high accuracy. We are close to such a stage of study when the analysis of three-,
four- and even more body systems in a real three- dimensional space with the use of the
variational method can be carried out with rather high and controlled accuracy. In this
connection there appears a possibility to solve the problem of substantiation of the area of
validity of traditional approximate approaches (mean field approximation and the Jastrow
correlation factors method, hyperspherical-function method and the cluster-basis one,
variational schemes with limited bases etc.) commonly used for the few-body systems of
various nature like a few-nucleon nuclei, multiquark, atomic and simplest molecular systems.
In a certain sense, three- and four-particle bound state problems can be studied completely
and may serve to be (together with two-particle ones) the ground for profound understanding
of specific few-particle properties of the many-body systems.

In Ihis work we present our systematic results obtained by variational method with die
use of complete Gaussian bases with special optimization giving high precision for stationary
states of the nuclear and the Coulomb systems of various nature, in particular, for a few-
nucleon systems T, 3He, 4He and hypernuclei, Coulomb systems like mesomolecules, various
XYZ trions and the four-body Coulomb systems, and some three-particle model systems with
abnormal properties. We have paid great attention to the achievement of high precision in
calculations of energy and of other physical parameters, as well as to the analysis of the
specific properties of wave functions by detailed study of the mass and charge distributions of
formfactors, of two-particle correlation functions and momentum distributions. Special
optimization schemes for each of the systems of different nature are elaborated to get the most
rapid convergence of the basis with the least number of the components involved when
calculating the ground and the excited states of the systems under consideration. The
efficiency of the ussage of the Gaussian basis is compared with that of the exponential and the
oscillator ones. The analysis of the efficiency of different variational bases is carried out for
the few-body problems with different classes of the interaction potentials.

For few-nucleon systems of triton, 3He and 4He, all the necessary elements of the energy
matrix are obtained for the internal wave functions using the complete Gaussian basis in the
case of the central NN Interaction potentials. New optimization approaches are developed
combining the determined, regular and stochastic schemes of the variational method. The
study of all main physical values of the systems is carried out for a wide set of commonly
used potentials (like Volkov, Brink-Boeker, Minnesota and others), as well as for the new
proposed by ourselves potentials, and a real convergence of the method is found with a small

111



number of the basis components. Variational schemes for complete solution, for cluster and
correlation approximations are developed. Comparison of the obtained analytical results in the
cluster and the gas approximations as well as the strong coupling approximation with that in
exact variational approach enabled us to found the accuracy of the above approximations The
analysis of the uniqueness of the ground states expansions is carried out and the convergence
of the variational calculations with respect to the expanding of the basis is achieved. The
wave functions of three- and four-nucleon systems are presented with high accuracy in the
form sutable for further ussage to describe various nuclear regularities, in particular, the
diffraction processes. A possibility of simultaneous description of energies, radii and
formfactors of three- and four-particle nuclei is analyzed. New variants of the nuclear
interaction potentials are constructed for satisfactory description of the basic low-energy few-
nucleon data. Regularities of the nuclei description in the three- and four-cluster
approximations are discussed.

Precise calculations of the ground and the excited states of various Coulomb systems
with three and four particles are systematized. Series of low-energy levels of different
symmetry are obtained for three gravitating particles with record accuracy, and the qualitative
analysis is carried out for the optimum methods of obtaining the precise results. A comparison
of the accuracy and the rapidity of convergence of the energy states calculations is given for
variational approaches with the oscillator, the optimized oscillator, the exponential and the
Gaussian bases. Efficient optimization schemes for variational calculations of the basic
physical values of three gravitating particles are developed in the Gaussian representation.
New optimization schemes are developed for variational calculations with high accuracy, and
complete results are obtained for the energy levels, charge distributions and correlation
functions for the e e e+ system, dtju and some other XYZ-trions. Different optimization
schemes are analyzed for the systems of three and four Coulomb particles.

Peculiarities of the energy spectra structum of some exotic model systems are studied
with high precision using the variational method. For a three-particle semirelativistic system
with the Yukawa potential a critical coupling constant of collapse is determined, the Efimov
effect appearance is analyzed, a new anomalous effect of coexistance of short-range and long-
range collapse is found, and the general properties as well as the details of the energy
spectrum structure are described on the ground of the variational method with the Gaussian
basis. Conditions of the collapse appearance in a three-particle system, are studied for the
interaction potential - gl'^.2 , and the value of the critical coupling constant is determined

with the use of various variational bases with consistent account of correlations at short
distances. The general dependence of the collapse coupling constant on the number of
particles is found. The study of the S-oscillator problem is carried out with the account of the
interaction in partial orbital states of two particles, and three aeries of the energy levels are
found being the nondegenerate equidistant spectrum, the normal continuous and an abnormal
ones. Conditions of the appearance of the new series of levels for more general S-interaction
potentials are discussed.
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THE CHARGE AND THE MATTER DISTRIBUTIONS
IN LIGHT NUCLEI

UZ9901187 G.K.Nie

INF of Academy of Sciences, Tashkent, Uzbekistan

Charge and matter distributions of the nuclei have been calculated according single
particle model representation with occupation numbers of consisting shells equal to 2j+l. The
potential parameters for single particle states have been found by a method based on the
principle of equivalence of nuclear potentials of protons and neutrons in symmetrical nuclei.
The main advantage of the method is quite stable values of root mean squares (rms) of
consisting shells obtained. The method has been carefully tested for 12C for which the
experimental charge distribution is known from electron scattering data [1]. In such approach
the radius of Coulomb potential is crucial value to reach good agreement with experimental
data. For 12C the whole family of potential parameters for both lsl/2 and lp3/2 shells as well
as bound energy of nucleons of Is shell have been found to produce distribution with
remarkable agreement with experimental one. The rms of completed lsl/2 shell in 12C
obtained is larger than the rms of 4He on 0.4 fm.

The parameters of single particle bound sate potential as well as charge and matter
distributions of 4He, 6Li, 12C, 13N, 14N and 160 have been calculated.

The rms of charge distribution of protons of lp3/2 shell in 160 is larger than rms of
charge distribution of the shell in 12C on 0.4 fm.

Might be that is a common rule of construction of new shells in a nucleus: the size of
last but one shell significantly increases with completed last shell, which can be explained as
forces between nucleons of those shells become stronger. As for deeper shells, with adding
new shells their size stays unchangeable.

I thank the Royal Society for a Visiting Fellowship that enabled me to work in Oxford,
the Nuclear Physics Laboratory for their hospitality and Dr. P. E. Hodgson for many
discussions of this work.

1. I. Sick, Nucl.Phys. A218, 509(1974)
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WEAKLY INTENSIVE TRANSITIONS IN THE DECAY OF 147Gd

Sh.Omanov, E.Isakulov, Sh.Hasanova, G.Akhmedova, U.Usarov

Samarkand State University, Uzbekistan

In the decay 147Gd is excited the great amount of gamma-transitions. Energies and

relative intensities of gamma-transitions and conversion electrons in detail studied by us in

[1,2].
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In present work the spectra of gamma rays and IEC have been analysed in the decay
147Gd. The row of weakly intensive gamma-transitions and IEC has been discovered. On the
grounds of obtained results the internal conversion factors (ak) have been calculated and also
the multipole order of the number of weakly intensive gamma-transitions was found. The
majority of discovered weakly intensive transitions were placed in the decay scheme ofx Gd.

In the table given energies, relative intensities of y-transitions and multipole order of the
transition in the decay 147Gd. The intensity of transition Ey= 229,29 keV it is taken as 100
units.

In work the decay scheme of 147Gd is discussed.

in relative anils Ik{Mk) m relative »»lts
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1. Ts.Bylov, Sh.Omanov et.al. «Issledovania raspada 147Gd -^ 147Eu. Izv.AN SSSR. Ser.
Phys.. 1980, t.44, Nl, p.67-78

2. Ts.Bylov, Sh.Omanov et.al. «Raspad yader 147'149<151Gd i svoistva yader 147'149'151Eu.
Izv.RAN. Ser. Phys. 1996, t.60, N.I, p.67-78.
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ISOMER RATIOS IN (y,2n) PHOTONEUTRON

REACTIONS ON 113In NUCLEI Hill!
UZ9901189

S.R.PaIvanov, O.Raiabov, A.KhJnoyatov, B.U.Siddikov

Research Institute of Applied Physics Tashkent State University

Isomeric yield ratios and cross section ratios of the (y,2n) reaction on nuclei 113In are

measured using the activation method in the energy interval 20-35 MeV with a step

DE=lMeV. Samples of In were irradiated by Bremsstrahlung beam of the betatron SB-50 of

Institute of Applied Physics of Tashkent State University [1].

The residual activities were measured by Ge(Li) gamma-spectrometer, its efficiency

was determined by standard calibration sources in the correspond energy range. Isomer ratios

in l u In was determined by measuring the rate of decay of the 536 keV (T1/2 = 7,6 mm)

isomeric transition and of the 254 keV (Ti/2= 2,83d) gamma-ray which is emitted in the decay

of the m I n ground state. Isomeric (y, 2n) cross section ratios and yield ratios amount are

composed 0,14 ± 0,04 at Ey = 23MeV, respectively.

The experimental results compared with statistical model calculation according to the

method of Huizenga and Vandenbosch [2]. The experimental results agree with the calculated

ratios for values of spin cut-off parameter 5 between 2 and 3.

1. Babadjanov R.D., Palvanov S.R., Radjabov 0., Shelemetev G.L.// NucI.Exper. Tech-
niques, JVo 2, 1997,p. 10-11.

2. Huizenga J.R, Vandenbosch I IK- Phys.Rev.,Vol. 120, X<> 4, 1960, p.1305-1312.

t/y'O
ISOMERIC YIELD RATIOS AND CROSS SECTION

RATIOS OF 89Y(y, 2n) 87mgY REACTIONS

ML n
S.R.Palvanov, O.Radjabov, A.Kh.Inoyatov UZ9901190

Research Institute of Applied Physics Tashkent State University

Isomeric yield ratios Ym/Yg and cross section ratios 5m/5g of the photonuclear

reactions 87Y(y,2n)87Y on Bremsstrahlung beam of the heavy-current betatron SB-50 have

been measured by induced activity method in the 23-35 MeV energy range with 1 MeV

energy step.

The induced activities were examined by a 63 cm3 Ge(Li) semiconductor spectrometer

equipped with a 4096 channel pulse height analyzer, which is detecting and analyzing of y-

rays spectra. The isomer ratio in 87Y was determined by the 381 keV isomeric transition and

of the 485 keV y-ray, which were emitted from the decay of the 87Y ground state. The

resolution of the detector was sufficiently high to separate completely the 3 8 IkeV y-line from
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the 388 keV y-line which is emitted in the isomeric transition of 87Sr. This nuclide is the

product of the 87Y decay, but it is also the product of the (y, pn) reaction in 89Y isotope. The

obtained Ey max dependence of the isomeric ratio, Ym/Yg looks like a saturation curve. In the

saturation region Ym/Yg are equal 0,45 ± 0,02 at Ey max =30 MeV. Our results are in good

agreement with the data of ref. [1].

The isomeric ratios have been analyzed using the statistical calculations of Huizenga
and Vandenbosch [2] and the acquired parameters characterizing the spin dependence of the
nuclear level density has been estimated.

1. Watson J.W., Medicus H.A., Turner R.E. // Physical review C, Vol.6, N2, 1972, p.497-
505.

2. Hyzenga J.R, Vandenbosch R. //Phys.Rev.,Vol.l20, N4,1960, p.1305-1312.

THE COLLECTIVE EXCITED STATES OF DEFORMED
NON-AXIAL EVEN-EVEN NUCLEI

„ _ . . nA Sh. Sharipov, M.S. Nadyrbekov
UZ9901191 ** J

Institute of Nuclear Physics, Uzbekistan Academy of Science, Tashkent

The eigenvalues and eigenfunctions of Hamiltonian of deformed non-axial even- even
nuclei are obtained for potential energy

V(J))=Voe * ,

where Vo is parameter of the theory; p0 is deformation of nuclei at the ground state. The

eigenvalues in the relative units have the form

9 2 ?9
If ^ {y\ W f n W

=(y+7)hgQ'PiT-l~PiT~7>—> IT +g(Pir-PiT+v>e lT

2 \ 2pIr

where v is the quantum numbers of the rotational P-vibrations; I is the spin of excited

states of even-even nucleus; T numbers eigenvalues which belong to the same I; 8ix(y) are the

eigenvalues of rigid asymmetric rotator; y is the non-axial parameter; g is the non dimensional

parameter of theory; PIT=PIT/J3O define the increase of the equilibrium deformation po during the
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transition of nuclei to vlx states. Formulae for the calculation reduced probabilities of cascade

E2-transitions in non-axial even-even nuclei are derived. The result of the calculations is that

at the fixed values of parameter y the energy levels and distances between the levels of ground

and anomalous rotational and rotational P-vibrations bands increase with growing of

parameter g.

The comparison between theoretical calculations and experimental data shows the

model describes the energy levels of the excited states and the ratios of reduced probabilities

of E2-transitions inside the ground and anomalous rotational and the rotational P-vibrations

bands of deformed non-axial even-even nuclei including high spin states.

THE EXCITED STATES OF DEFORMED ODD-ODD NUCLEI

Sh.Sharipov, M.S.Nadyrbekov, S.K.Nuriev

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

The eigenvalues and eigenfunctions of Hamilton operator of deformed odd-odd nuclei are
obtained. The eigenvalues in the relative units for odd-odd nuclei with small non-axial have
the form

where \m\ - 0,1,...;np- and ny-are the quantum numbers of p-and y-vibrations respectively; I is

the spin of odd-odd nucleus; Io is the spin of ground states of nuclei; x numbers eigenvalues

which belong to the same I; j p and j n are the spins of odd proton and of odd neutron

respectively; s1}< jnT(4p>4n>£Pn) a r e t n e eigenvalues of rotational single particle

operator; Sjj^^p,4,%pn)is eigenvalue of rotational single particle operator at the ground

state; ^p and E,n are the binding parameters of rotations with single particle motion for odd

proton and odd neutron respectively; £pn is the binding parameter of odd proton with odd

neutron; 8JPNIP and s
nmn

 a r e the eigenvalues of spherical part of Hamilton operator for odd

proton and odd neutron respectively; F is the parameter of deformation of longitudinal

vibrations; gpo is the nondimensional parameter of theory. According to the expression that

energies of rotational single particle and rotational single particle P-vibrations bands depend

on four parameters £p,£n,£pn and gpo do not depend on parameter of deformation T at

ny=\n\-Q. Levels of energy of anomalous rotational single particle and rotational single
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particle y-vibrations bands depend on five parameters <^,4» %pn,gp0^
 and at F -» 0 go to

infinity.

It follows from the results of calculation of energy levels for above-mentioned bands of
deformed odd-odd nuclei that energy levels and the distance between levels at fixed values of

parameters ^ , ,4 ,^ ,K , r increase with growing of parameter gpo .The analysis shows that the

model describes on the qualitative level the spectra of deformed odd-odd nuclei including
high spin states.

ABOUT EXCITED STATES OF DEFORMABLE ^
NONAXIAL ODD NUCLEI

UZ9901 "193"""""" Sh.Sharipov, M.Ermamatov

Institute of Nuclear Physics, Uzbekistan Academy of Science, Tashkent

The eigenvalue and eigenfunction of Hamiltonian deformed non-axial odd nucleus

which is rotating and making p and y vibration are found. The energy of excited states for the

potential

(D

have a form

AE

\ne +0.5 +

{0.5 + [2.25

2g^ (2)

Y'

where npis a quantum number of P vibration, nr is that of y vibration, I is a spin of odd

nuclei, Io is that of in normal state, T is the number of eigenvalues concerning to the same I,

eiT(£, yo) is the eigenvalues of rigid asymmetrical rotator sloTy^,yo )is that of in normal state, t,

is a parameter which connects the vibration with the rotation, y o is a parameter of non-

axiality, g^ and g7(> are nondimensional parameters of theory. It is seen from the results of

calculation that the ratio of excitation energies to the first excited state's energy of the basic,
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anomaly rotation singleparticle p and y vibration band of the deformed odd nuclei and

distance between the levels of above nuclei are increased when gp increases at fixed £,, yo and

gn (or when gn increases at fixed £, yo and g^ ). The results of comparison of theoretical

calculations with experimental ones show that the model satisfactorily describes the spectrum
of deformed non-axial odd nuclei including states up to high spins.

VARIATION CALCULATIONS OF 12C NUCLEUS
STRUCTURE IN 3a MODEL USING DEEP POTENTIAL

WITH FORBIDDEN STATES

E T» v ^^^ milH MINI HHKIH IHI1V IHIII HHIII Hal l III IB II

.M.Tursunov UZ9901194

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

We present the results of our calculations of the 12C structure in the framework of a
high-accuracy variation method [1] using a deep oc-a potential of Buck, Friedrich and
Wheatley [2] (BFW) with forbidden states in the S and D waves. We employed the method of
orthogonalizing pseudo-potentials (OPP) for the elimination of forbidden states (see [3,4]),
where a term

XG=X(Pi +P2 + P3)

is added to the hamiltonian. Pj, P2, P3 are projectors on the forbidden states for the (2+3),

(1+3) and (1+2) subsystems, respectively).

We found that the energy of the 0+ ground and 2+ first excited states display a high

sensitivity to the two-body forbidden states wave functions in the region of the projecting

constant X > 104 MeV.. Moreover, an admixture of forbidden states in the energies of the 0+i

and 2+i states always was significant (>10'2 MeV) even at very large values of/l~107 MeV.

Thus, the first approach G=Pj+P2+P3 for the full three-body projector

used in the method of OPP and corresponding only to two-body exchange forces is not

enough for detailed investigations of the 12C structure. We should take into account

contributions of three-cluster exchange forces, which begin to play a role, as resulting from

our calculations, for a value of the projecting constant A>104 MeV.

We note also that the binding energies of the 0+2 and 0+3 excited states are shown less

sensitive to the forbidden states wave functions. And the experimental binding energy

difference of these levels is described with a good precise in our approach.

We suggest that this is connected with the fact that the excitation energies of the 0+2 and

0+3 levels lie above the threshold of the break-up of 12C to the 8Be and a, whereas the

excitation energies of g.s. and 2i+ level lies below threshold.
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1. E.M. Tursunov, et al. Russian J. of Nucl. Phys., 1994, V.57, N.12, p.2155
2. B. Buck, H. Friedrich and C. Wheatley, Nucl. Phys., 1977, A275, p. 246
3. V.I.Kukulin, V.N.Pomerantsev, A.Faessler, A.Buchmann, E.M.Tursunov, Phys. Rev.C,

1998, V.57, N.2,p.535
4. E.M.Tursunov. Investigation of a three-body problem with the Moscow NN-potential.

Ph.D. thesis, Institute of Nuclear Physicsof Uzbekistan Academy of Sciences, Tashkent,
1997, 129 pp. (in Russian)

UZ9901195 r~~
/ , - 0

(a,d) AND (a,t) REACTIONS ON n B NUCLEI
40 AND 50 MeV AT ENERGIES

MLKJBaktybaev 1}, K.B.Basybekov i), A.M.Blechman 1}, N.Burtebaev 1},
A.Duysebaev r>, B.A.Duysebaev 1}, S.B.Sakuta 2), R.J.Peterson 3)

!) Institute of Nuclear Physics of National Centre of the Republic of Kazakhstan,
2)RFC "KurchatovInstitute", Russia

3-* Colorado University, USA

The measurements of the differential cross-sections of reactions (a,d) and (a,t)
reactions on nuclei n B induced with beam of a-particles at energies 40 and 50 MeV on
isochronous cyclotron of INP NNC RK have been made. Experiment was performed in
angular range 10°-170° (c.m.s.) on self-supporting n B target with thickness 150?g/cm2 and
with isotopic abundant 99%. Registration and identification of secondary particles was made
with use of E-dE method in line with IBM PC/AT computer.

Angular distributions of emitted tritons were measured for ground state and for first four
excited states of residual 12C nuclei - 4.43(2+), 7.655(0+), 9.64(30 and 14.08 (4+) MeV.
Measured cross-sections of excited states are characterized by significant growth at backward
angles, as in the same time for ground state the cross-section at incident energy 50 MeV one
can occurs only at extremely large backward angles.

Angular distributions of reaction (a,d) are characterized by such growth of cross-section
in backward hemisphere.

From the our preliminary analysis of experimental data it is follows that observed
growth of cross-section at back-ward angles can be connected with specific mechanisms,
based on cluster features of n B nucleus.
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THE ENERGY DEPENDENCE OF OPTICAL POTENTIAL OF
INTERACTION OF a-PARTICLES WITH 12C AND 58Ni NUCLEI

K.B.Basybekov, A.Duisebaev
U29901196

Institute of Nuclear Physics of National Nuclear Centre of the Republic of Kazakhstan

The energy dependence of optical potential's (OP) real part value with use experimental
data on elastic scattering of a-particles, received in wide energy (Ea =18-^-166MeV) and
angular (? ~ 10^-165°) ranges [1-10] was investigated. The measurements at incident energy
50.5 MeV were carried out on the isochronous cyclotron of Institute of Nuclear Physics of
Republic of Kazakhstan.

The analysis was performed within the framework of optical model with Woods-Saxon
potential. The parameters of OP at E a= 104, 139, 166 MeV [4,5] are used as starting values
for these calculation. Parameters of the optical potentials for a-particle elastic scattering from
12C and 58Ni, which give good agreement with the experimental angular distributions, are
listed in the table. The energy dependence of depth of the real part Vo of optical potential
from Ea is presented. This dependence has linear character and its parameters are in good
agreement with results of works [5,11].

The work was carried out with support of Fund of Science of Republic of Kazakhstan
(contract 157-98 FM).
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THE MECHANISM OF TWO-NUCLEON PHOTOEMISSION
FROM 6Li AT INTERMEDIATE ENERGIES

N.A.Burkova, S.G.Lennik H I P I P B W J I I ™

Kazakhstan State University, Almaty

The two-nucleon photoemission has been proposed for a long time and now is still
actual to examine, first of all, short-range correlations in nuclear-media, but also as a good
tool to look for confirmations of very attractive and physical quasi-deuteron mechanism
suggested many years ago by Levinger.

What is important the most calculations have been done within the shell model. The
reason is that the shell model allows the exact analytical factorization of differential cross

section of A (y - NN) A-2 reaction onto d (y,p)n cross section and, so called,

spectroscopic factor of mutual motion of A-2 core and a deuteron regarding it equals to the
2N-pair in initial nuclei.

Information about elementary process is taken usually from the experimental

data or may be calculated very precisely.
The model approach to description of structure of light nuclei is based on cluster and

multicluster dynamic models, for example, a2N for A-6, 2aN for A=9 and etc. developed in
group of V.I.Kukulin and co-workers. Comparing the shell model cluster approach
illuminated many new qualitative and quantitative features of nuclear structure.

In present work on example of 6Li(y,np)a process we showed analytically that for a2N-
presentation of 6Li it is impossible to factorize the cross section according to the quasi-
deuteron scheme. That is why we included in calculations both one-nucleon (spin and
convective) and meson exchange currents (MEC). The goal was to estimate the corresponding
degrees of freedom in this process.

The second, we looked for the different kinematical sets in order to investigate the
possibilities to "enhance" the interesting dynamical effects. Both symmetric complanar and
nonsymmetrical kinematics have been treated.

According to Fig. 1 one can see the dominating input of MEC both at forward and
backward hemispheres of outgoing particles.

We regard this result of great interest for experimental investigations as it i clear that
meson exchanges occur at short and medium ranges of nuclear matter an' what is also
important photoprocesses are the volume phenomena comparing to pion absorption.

We should also remark that regularization procedure was done in strong vertices, but the
cut-off parameters Arc, Ap for %-, p- currents were regarded as free ones.
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We found that starting from 0.3 GeV p-currents are much less sensitive ti variations of

A comparing Ti-currents and this is consistent with the investigations o d(y,p)n reaction.

In conclusion we would like to state that in case of strongly clusterized systems the

mechanism of (y,NN) absorption may be in principle treated as quasi deuteron one, but only

in a sense of meson exchanges.

UZ9901198

PRE-EQUILIBRIUM COMPLEX PARTICLE EMISSION IN
REACTIONS INDUCED BY HELIUM IONS ON 197Au AND 208Pb

NUCLEI

A.Duysebaev, A.M.BIechman

Institute of Nuclear Physics of National Nuclear Centre, Kazakhstan

Study of dynamical aspects of determination of secondary particles yield has high

actuality in projects for development of hybrid electrical-nuclear engineering and trans-

mutational systems (C.Rubbia). On isochronous cyclotron U-150 of INP NNC RK the double-

differential cross-sections of reactions 197Au(3He,x), 197Au ( a,x) at energy of incident

particles 50,l±0,5 MeV, also as of reactions 20Tb(cc,x) at E a = 49,6 ± 0,5MeV, and 208Pb

( He,x) at E3He = 34,8 ± 0,3MeV (x = p, d, t, h, a), with forming composite nuclei Po
212Po respectively, at equal excitation energy E* = 39.7 ± 0.7.
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As it is follows from our analysis,
experimental double-differential cross-sections
data on tritium and of 3He emission in reactions
with incident a-particles may be successfully
described also in framework of FKK formalism
[1] of multi-step direct (MSD) and compound
processes (MSC) with use of hierarchy of
multiple-unbound states (MUS) [2]. It was
assumed here that emission may occurs only
from virtual unbound states and that complex
particle formation probabilities have different
values for different classes of MUS. In the same
time the similar calculations in framework
formalism without multiple-unbound states
formalism result in indefinable strong
dependencies of clusterization factors from
energy and type of incident particles. Values of
factors of clusterization, which were derived to
get best, agree with experimental double
differential cross-sections for Pb systems are
shown in Table 1.

Table 1
Experimental values of factors clusterisation of complex particles

Jgtuisswm d

2.50 2.30

050
4.10 3.90

0,95

On fig. 1 are shown experimental spectra Au ( ot,3He) in comparison with calculation
on models [2] (dashed) and [3] (dotted) based on Seeger-Howard scheme. Thus, MUS
approach allows to connect these dependencies with realistic MUS density and, in the same
time, to reduce number of varying parameters for describing of complex particle emission in
framework of exciton model.

In conclusion, some computational aspects of including in exciton model of MUS
formalism are discussed.

2. Feshbach H., Kerman A., Koonin S., Ann.Phys, v. 125, p.429-476, 1980.

3. A.Duysebaev, A.M.Blechman, Kanashevich V.I. Abstracts of conf. "Sience", C.-II6., p.
242, 1996.

4. Oblojinsky P., Ribansky I , Izvestiya AN SSSR, seria fiz., 39, N 10, p.2073-2075, 1975.
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PHOTOPRODUCTION OF RELATIVISTIC POSITRONIUM
ATOMS ON EXTENDED TARGETS

UZ9901199 S-RGevorkyan^, S.Grigoryan2)

1} Laboratory of Nuclear Problems, Joint Institute for Nuclear Research, Dubna, Russia;
2) Yerevan Physics Institute, Armenia

Long ago it has been predicted [1,2] that probability for observing the relativistic
positronium in the bound state after its passage through a thin layer of matter is inversely
proportional to layer thickness L. This effect known as superpenetrability take place, when L
is much smaller than characteristic internal positronium time Lorentz dilated in laboratory
system

ry»L. (1)

Here y = E/(2m) is positronium Lorentz factor; E, m - positronium energy and electron mass;

ct=l/137 fine structure constant (throughout we use units for which c = h = 1).
Such dependence considerable deviate from canonical (exponential) law, which are

usual for the survival probabilities in matter. The physical reason of such difference is
possibility for positronium atom to fluctuate in different exited states during its passage
through the slab of matter [3,4]. The similar effect in quantum chromodynamics (QCD) is
known as colour transparency, which is a case of colour neutrality of hadrons. At certain
conditions (deep inelastic scattering, hard processes) the created complex system will have a
substantional smaller absorption traversing nucleus then usual hadron. This is one of the most
salient QCD predictions, which is widely investigated last years. Unfortunately up to now
there is no unique conclusion about existence of this effect and only future efforts in this
direction can shed light on this fundamental property of QCD.WA11 this allows one to affirm
that investigation the passage of relativistic positronium atoms through the matter is actual
and in some sense fundamental task. Unfortunately at present time the beams of positronium
atoms are absent. The exciting possibility to create enough intensive beams of relativistic
positronium atoms open the photo production of e V in the Coulomb field of target atoms
(Bethe-Heitler process). The simple estimates [5,6] shown that the photo production processes
can be the real sources of relativistic positronium atoms. Such investigations can be done
using TJNAF or HERA facilities. The processes of positronium photo and electrical
production in the Coulomb field were calculated in all orders in fine structure constant and for
any momentum transfer [7]. The goal of the present work is to investigate the photo
production of positronium atoms on extended targets and effects appearing during it's passage
through the medium. This is interesting not only from theoretical point of view but may be
useful for further possible experimental investigations. Thus, in the framework of the eikonal
approach, which is valid when the condition (1) is fulfilled, we obtained the analytical
expression for positronium atoms yield in its photo production on extended targets. It has
been predicted that the relative yield of ortopositronium (S = 1) to parapositronium (S = 0)
rise with increasing the target thickness L. The numerical calculations were done and it has
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shown that it is a quite real task to investigate this process using existing accelerators

facilities.

1. Nemenov L.L. Yad.Fiz. 34 (1981) 1308
2. Lyuboshits V.L. and Podgoretsky M.I. JETP 81 (1981) 1556
3. Zakharov B.G. Yad.Fiz.46 (1987) 148
4. Pak AS. and Tarasov A.V. Yad.Fiz. 45 (1987) 145

5. Lyuboshits V.L. Yad.Fiz. 45 (1987) 1099
6. Nemenov L.L. Yad.Phys. 51 (1990) 444 _

7. Gevoricyan S.R.et a,. Phys.Rev. 58A (.998) 4556 IHimH|
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SEARCH OF ISOSPIN CHARACTER OF TRANSITIONS OF LOWER
STATES OF LIGHT AND MIDDLE NUCLEI IN THE REACTIONS

WITH THE CHARGED PARTICLES AND RADIOACTIVE NUCLEI

KA.Kuterbekov, A.M.Blechman, L.N.Evseeva, B.M.Sadykov

Institute of Nuclear Physics of National Nuclear Centre, Kazakhstan

The fundamental properties (reaction mechanisms and nuclear structure) of nuclear

matter are very interdependent, and understanding of this one can get only under joint

examination of macro-

and microscopic models and using different types of incident particles such

as:«ordinary»(e.g. a-particles), intermediate (heavy ions), till «exotic»(radioactive nuclei).

The elastic and inelastic scattering of 40 - 50 Mev alpha particles by 90'94Zr, 92'94Mo, 120>124Sn

have been measured to investigate the isospin mixing of transitions into the 2\ and 3~ states.

Data was analyzed in framework of quasi-classical approach models, optic model with

deformed potential including coupled channel method and distorted wave approximation, and

by microscopic folding model. The phase shifts between measured and calculated oscillated

cross-sections of inelastic scattering were founded. The comprehension of these phenomena

has been made with taking into account the already known experiments with different

energies and types of incident particles (e.g. [1,2,3] and other sources). Values of parameters

of deformation lengths ^ 2 N , ^ 3 N of low-lying states for studied nuclei were determined, the

ratios Mn / Mp of multipole matrix elements were also received. The comparison of our data

with results of other authors [2,3] for different type (p, ^ , 6Li ) of incident particles has been

made.

The work is partly supported by Fundamental Research Foundation of Ministry of
Science and High Education of the Republic of Kazakhstan.
1. N.T.Burtebaev, K.A.Kuterbekov, I.N.Kuchtina//NPh,1990, v.51, p.1301-1313
2. D. Rychel et al. // Z. Phys., 1987, v.A 326, p.455
3. B.J. Lund et al. // Phys. Rev., 1995, v. C51, X° 2, p. 635-650.
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ON THE POSSIBILITY OF OBSERVATION OF
GAMMA-RADIATION RELATED WITH THE

FORMATION AND EMISSION OF
PRE-EQUILIBRIUM PARTICLES IN

NUCLEUS-NUCLUS COLLISIONS

LV.Kuznetsov, V.A.Maslov, L.MikhailovH Yu.G.Sobolev

^ Institute of Nuclear Physics, Czech Republic

The coalescence model currently accounts for the emission of complex pre-equilibrium

particles in nucleus-nucleus interactions at intermediate and high energies. Those particles are

supposed to form before leaving the heated nucleus (or the interaction zone) from quasi-free

nucleons or less complex clusters whose speeds in the direction of the emission of the particle

are close to each other.

Observation of y-quanta with energy equal to the binding energy of the pre-equilibrium

particle observed would be direct experimental evidence for complex particles being formed

owing to such a mechanism. This paper proposes an experiment on searching for y-quanta

with the energy corresponding to the possible formation channels of a-particles. It is proposed

that in interaction reactions of heavy ions y-radiation should be measured in coincidence with

the a-particles emitted both in the direction of the y-detector and in the opposite direction.

a-particles can be formed in the following processes:

p + p + n + n ->J He + y (28.3 MeV)

d + d-» \RQ +y (23.85 MeV)

n + 3He -> \ He + y (20.6 MeV)

p + T - > 2 He + y (19.8 MeV)

So the emission of a-particle formed from protons and neutrons can be accompanied by

emission of y-quanta with the energy E = 28.3 MeV. For the coalescence: of deuterons E =

23.85 MeV, of a neutron and 3He E = 20.6 MeV, of a proton and a triton E = 1 9.8 MeV.

The noticeable Doppler shift at the energy of a-particles equal to 100 - 150 MeV will

directly testify that the moving a-particle emits y-radiation, and also assist in eliminating the

background due to y-radiation of different origin. The detection of y-radiation with energy

equal to the binding energy of a-particles will indicate the availability of a new instrument for

experimentally studying the mechanism of the deexcitation of strongly heated nuclear

systems.
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ENERGY DEPENDENCE OF TOTAL REACTION CROSS-
SECTIONS OF 6Li, 7Be, 8B AND 12C ON 28Si

I.V.Kuznetsov, M.P.Ivanov, R.Kalpakchieva, O.M.Knyazkov11,1.N.Kukhtina2)

V.F.Kushniruk, S.V.Lapushkin^, S.MXukyanov, V.A.Maslov, L.VJMikhailov,
Yu.E.Penionzhkevich, N.O.Poroshin3), N.K.Skobelev, Yu.G.Sobolev, O.B.Tarasov,

A.V.Shishkov^, Yu.B.Gurov2,

!) St.Petersburg State University
2)LCTA, JINR

3* Moscow State Physical-Engineering Institute

The total reaction cross sections, OR, of stable nuclei have for a long time been an
efficient tool for obtaining information on the nuclear size, transparency and structure. With
the advent of radioactive nuclear beams, such measurements have attained even greater
importance, since due to the low intensity of the secondary beams total reaction cross sections
remain one of the few measurable quantities sensitive to the reaction mechanism and to the
matter distribution of the interacting nuclei. The total reaction cross sections measured for 8B
on 28Si at 20 -=- 60 MeV/A have led to the conclusion that an extended proton skin exists in

In the present work, we have measured the energy dependence of CJR for the weakly
bound radioactive nuclides 7Be and 8B, as well as for the stable nuclei 6Li and 12C interacting
with a 28Si-target in the formerly not studied energy range 5 + 20 MeV/A. The secondary
beams were produced with an energy < 30 MeV/A by bombarding a thick Beryllium target
with a primary 12C-beam of ~ 42 MeV/A. For separation of the primary beam and focusing
the secondary beam on the target, standard dipole and quadrupole elements of the ion-optical
system of the main beamtransport line of the U400M accelerator were used. The total reaction
cross sections were derived using the method described in3).

The measured total reaction cross sections are presented in the Figure as a function of
the projectile energy. The obtained data were analyzed within the framework of a semi-
microscopic approach, which has fonnerly been used ^ for the analysis of total reaction cross
section of light exotic nuclei. In this approach, the total potential is of the type

a dR

where U(R) includes the direct and exchange parts and is calculated in the double-folding

model, while the imaginary part contains two parameters N<o and a.

In the Figure, the symbols denote the experimental values (1 - !), 2 - 2) and 3 - 3), the

lines - the total reaction cross sections calculated with different parameters. As can be seen,
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only the data on the 12C + 28S reaction are described in the whole energy range with fixed,
energy independent values of the parameters N^ and a.

For a satisfactory description in the whole energy range of the data for the other
isotopes, it was necessary to introduce an energy dependence of the absorption parameters.
The analysis has shown that for the 8B nucleus this energy dependence is strongest. The
observed energy dependence of the absorption potential possibly is connected with the cluster
structure of the 6Li, 7Be and 8B nuclei and with their low break-up thresholds.
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1. Warner R.E. et al., Phys. Rev., v.C52, 1995, p. Rl 166.
2. Negoita F. et al., Phys. Rev., V.C54, 1996, p. 1787.
3. Kuznetsov IV. et al., Izv. RAN, in print.
4. Knyazkov O.M. et al., Yad. Fiz., v.61, 1998, p. 827
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THE STUDY OF 6He STRUCTURE BY ELASTIC
SCATTERING AT SUBBARRIER ENERGIES

V.A.Kyva1}, O.F.Nemets^, Yu.N.Pavlenko^, K.O.Terenetsky^, V.P.Verbitsky1},

Th.DeIbar2), P.LeIeux2), E.Lienard2), C.Marche2), J.Vervier2)

!) Nuclear Research Institute, National Academy of Sciences of Ukraine, Kiev

^ Catholic University, Louvain-la-Neuve, Belgium

Elastic scattering of radioactive beams represents an important tool for nuclear structure
studies. The sensitivity of weekly bound nuclei scattering to the projectile structure was
considered in [1]. To test this model the subbarrier elastic scattering of 6He-radioactive beam
on 208Pb nuclei was for the first time experimentally studied [2].

The experiment was performed at the Radioactive Nuclear Beam facility in Louvain-la-
Neuve [3]. Pure 6He secondary beam with intensity (2-6)-10"6 was obtained by coupling two
cyclotrons (CYCLONE-30 and CYCLONE) with ECR source. 6He nuclei scattered by
1.2mg/cm2 208Pb target were detected by 2 large position sensitive detectors produced by
Hamamatsu Photonics and annular strip detector [4] produced by "Detector" Ltd. (Kiev) using
planar technology. The detector consists of 40 strips arranged into 10 concentric rings and 4
azimuth sectors. The placing of the detector at 0° and 180° angles relatively to the beam
direction is possible due to the central hole. The fig. 1 shows a schematic view of designed
detector. Its characteristics are presented in the Table. The using of accuracy of differential
cross section measurements at backward angles despite relative low intensity of 6He beam.
The application of the detector in many other experiments is also possible.

Fig. 1 annular detector provided quite appropriate statistic

Active Unt&4femfit$t MM mm
Active outer diameter 66.9 mm Physical bole 27x27 mm

Radial pitch 5.0ram Energy resolution (Ea=5.5 MeV) 40keV

Raetialmdtli ©I strips 4,^ BUS 3Sfte3rgyr6sd8tk)ii^Hji.p,) 2Qke¥

Cross sections of elastic scattering were measured in a wide angular range at the beam
energies of 14 and 16 MeV (see fig. 2). The difference between Rutherford scattering cross-
sections

and the measured ones are observed due to the Coulomb dissociation of 6He. This effect
grows with increase of beam energy as predicted in [1]. Structure of 6He nucleus as a (a+2n)
system was assumed in calculation presented by solid line in the fig.2. Non-monotonous
behaviour of measured cross sections is the subject of more detailed analysis.
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Fig.2.

1. V.P.Verbitsky, K.O.Terenetsky //Journ.of Nucl.Phys.(Russ ia), 1992, V.55, N2, p.362.
2. V.P.Verbitsky et al.// Ukrainian Phys. Journ., 1998, V43, N3, p.268.

3. P.Decrock et al.// Proc. Sec. Intern. Conf on Radioactive Nuclear Beams, Louvain-la-
Neuve, Belgium, August 19-21, 1991, p. 121.

4. O.F.Nemets et al.//Proc. 48 Conference on nuclear spectroscopy and nuclear structure,
Moscow, June 16-19, 1998, p.346.

IDENTIFICATION REPULSIVE-CORE OF NN- POTENTIAL
IN A (e, e'p) A-l REACTIONS

UZ9901204 A.A.Pasichny, AJ.Steshenko

Bogolyubov Institute of Theoretical Physics, Ukraine

The experiments on a research of elastic and non-elastic relativistic electron scattering
by atomic nuclei are reliable source yielding information about nuclear structure. Studying,
for example, the cross section of one-proton knock-out A(e, e'p) A-l -reactions can be received
a detailed information about momentum distributions of protons in different nuclear shells.
Such momentum distributions depend on parameters of an average nuclear field, defining
dynamics of the knockout proton in a bound state and in a state of continuum spectra.

In present-day in the literature there is a number of various NN-potentials, some of them
have on small distances a rather large repulsion. It is shown (see Fig. I below), that the
repulsion in NN-potential "is transformed" under certain conditions in repulsive core of an
average nuclear field. Within the framework of the microscopic approach the self-consistent
field in nuclei can be determined proceeding from a variation functional for a total energy of
A-nucleons system

and Hartree-Fock equation

h2
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and known relation between a total energy EAand one-partial energies s% [1].

The local self-consistent potential V^(?),

Fig.l

r, fin

2 3 4 5 6 7 8 9 10 U

for the nucleus 4He in case of NN-potential [2] is reported in Fig. I (curve 1 - variant Bl,
curve 2 - variant B4 of the potential).
It is of interest to study the effect of the repulsive core of the local self-consistent potential in
processes inelastic electron scattering at high energies. It is obvious, that for a case with the
orbital angular momentum 1 ^ 0 the repulsion is screened by centrifugal potential. The
repulsive core effect search in the cross section of scattering for the process of one-proton
knock-out from nuclear s-shell (light nuclei) in this connection. Such effect is really observed.
The results of our calculations for 4He electrodisintegration cross section are shown in Fig.2.
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The curve 3 in Fig.2 is corresponding one-proton knock-out cross section aoo as a
function of proton's momentum Q. It is obtained by using Born plane wave approximation for
the repulsive-core potential (see Fig. 1, curve2). The curve 1 is the same result as in the curve
3, but for the potential which have not repulsive core (see Fig. 1, curve 1). The curve 2
represent aoo obtained for repulsive core potential with the final-states taken into account.

Thus, repulsive core in local self-consistent potential is resulted in appearing noticeable
growth in the cross section of A(e, e'p)A-l-reaction at large Q (Q>250 MeV/c). This effect
can be revealed in experiments on coincidences (e, e'p).

1. B.I.Barrts, Yu.L.Bolotin, E.V.Inopin, V.Yu.Gonchar, Hartree-Fock method in nuclear
theory, Kiev, "Naukova dumka", 1982 (in Russian).

2. D.M.Brink, E.Boeker, Nucl.Phys., vol.A91, pp. 1-26,(1967).
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THE CALCULATION OF PHENOMENOLOGICAL AND CLUSTER
FOLDING POTENTIALS FOR a- PARTICLE ELASTIC

SCATTERING FROM nB NUCLEUS

S.K.Sakhiev 1}, Sh.Sh.Sagindykov1}, N.Burtebaev2), M.K.Baktybaev2), B.A.Duysebaev2)

!) AI - Farabi Kazakhstan State National University,
2) Institute of Nuclear Physics of National Nuclear Centre RK

The real part of optical interaction potential between a-particle and nucleus n B has

been calculated within the framework of cluster folding-model where nucleus UB has been

considered in cluster a-a-t model. The interaction potentials between a-ot, and a-t fragments

has been averaged on the internal wave functions of n B . The deep attractive potentials with

the forbidden states in Gaussian form with the next parameters

Vo = 122.6225MeV, r\= 0.22 fm2 for a-a-system and

Vo = 75.885 + Pm*8.4145, r| = 0.15747fm"2 for a-t - system have been taken out as an
interaction.

For the first time experimental data for 40 and 50 MeV a- particle elastic scattering
from nucleus UB have been analyzed within the framework of the optical model with the
phenomenological potential. Differential cross section calculations with folding potential are
in agreement with experiment data. Moreover folding potential describes experimental data
for forward angles as good as phenomenological potential. However difference of
experimental data in the backward angle region for folding-potential is more than for
phenomenological potential and it may be connected with the quick abatement of folding-
potential in peripheral region of the nucleus. The volume integral values of folding and
phenomenological potentials are equal 324 and 360 MeV/fm3 correspondingly and it is in
agreement with the volume integral values calculated with NN-interactions.
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NEW EQUATIONS FOR SOLVING OF THREE - BODY
SCATTERING PROBLEM ABOVE BREAK-UP THRESHOLD

UZ9901206
Institute of Nuclear Physics,

National Nuclear Centre, Republic of Kazakhstan

For solving the three-body scattering problem, provided the system total energy is
positive, the integral equations with the kernels without logarithmic singularities at the
integration contour are derived.

The singularities existing in the primary integral equations are eliminated by means of a
shift of a part of the integration contour from the real axis to the complex region. This shift is
produced only for special auxiliary solution r(y), being an analytical function within upper

semicircle of unit radius (here, all impulses are scaled on kz, which is connected with total

energy E - 3k z
214 if all masses are equal 1).

So, new system of equations for scattering amplitude can be written as following.

1. In region y^ = ft; I K^ > 1 the equation has nearly ordinary from:

?k I r Ik °2 f

ft =~V,o +^\ ^ ^] A
3

^ ] s s u s
ws 3n \ 0)s

Here all impulses are real.

2.In region \yt | < 1 we have two equations:

A) for 7l. =exp(£) (0<£ <x)

2 r r

_! cos

B) and for -1 < yi < 1 (yt is real) we come to equation:

r r
<&*&!* — ; (2)

where A have not singularities at the integration contour.

A function Q ; is connected with amplitude by:

2 r, TS 2kZ
I) I/ i ^
ib,- V •

00 />

]ys
2dysvhs-—,

1 <»S
uo^^-j ys^sy^s---, (4)

And there are expressions for Ic :

a)ifl/2<j ;<l,

h = 0 (5)
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21 \dt7 V<

J MZ^ ~ (6)
c) and if-!<;/,. < - l / 2

where Z is analytical function.
The system of equations derived with the applied technique possesses, as one of

solutions, proper physical amplitude. As a result, additional analysis needed within ordinary
considerations is not required, and numerical solving can be performed in the frame of the
standard computational schemes.

1. Takibayev N.Zh., Liventsova, A.S. "Solution of integral equations with nuclei having
'moving' peculiarities", Preprint INP NNC RK JV° 7, Almaty, 1998.

2. Takibayev N.Zh. "About the solution of integral equations of three-body problem at
positive energies", Nuclear Physics (will be published), Preprint INP NNC RK JVs 11,
Almaty, 1998.
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ON (p, pn) AND (p, pnn) REACTION CROSS-SECTIONS
FOR ^NUCLEUS IN EIKONAL APPROXIMATION

V.K.Tartakovsky, A.V.Fursayev, B.I.Sidorenko

Taras Shevchenko University, Kiev, Ukraine

In the eikonal approximation [1] the amplitudes (Ti = c = 1) of reactions 3H(p, pn)2H and
3H(p, pnn) JH have a form (we neglected with spin variables)

4f(<l) ̂ fdr ds dp Wf* (r, s) o)% (r, s) exp (ikp) (l)

where r, s are the nucleon Jacobi co-ordinates (3 -vectors) for BH; p, k are the components (2-

vectors) of centre of mass radius vector of 3H and momentum transfer q = k -k' ((p • k) = (k •

k)= 0); k (k1) is wave vector of incident (scattered) proton. The wave function (WF) of triton

Im a form ¥^(r, s) = q>d (s) <po (r), where

<pd (s) = (2X2/nf4 exp (- X2 s2), <p0 (r) = (2c?/nf4 exp (-c?r2), (2)
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are the simplest WT of relative motion bound states, correspondingly, of proton and neutron

inside deuteron and deuteron and neutron in triton. Parameters X = 0. 267 fm"7, a = 0.375 fm"

are from f 2,3 1. For (p, p n) reaction W F of final states Wf(r, s) = Ww (r, s) = <pd (s) <pw.(r)

and

(pw(r) = exp(iwr) -81/2 exp(-w2/(4o^)- o?r2), (3)

where cpw(r) is a model WF ((<pw • cpo) = 0), which corresponds to unbounded motion with

relative momentum w of liberated neutron and final nucleus (deuteron). In a case of (p, pnn)

reaction Wf (r,s) = TUtW(r, s) = <pu(s) <pw(r), where u is the momentum vector of relative

motion of unbounded neutron and proton which were constituents of deuteron, (<pu -cpd) = 0.

The WF (pu(s) has the same properties as (3).

<Pu(s) = exp(ius)-81/2 exp(-u2/ (4c?)- X2 s2) (4)

The proposed in [4] profile function co takes into account both twofold and threefold

scattering of proton by nucleons of 3H and used by us with nucleon-nucleon profile functions

[5].

fyfPj) = (ai ~ ia2) exp(-bp/)>j = h 2, 3, (5)

where pj is a coplanar to p component of vector r,, which defines the position with respect to

incident deuteron ofjth nucleon of triton; a,- = Re cij, j= 1, 2.

In Fig. I one can see the cross section (f a/dQp,dQn dEp for (p, pn) reaction at a} = 2.52, a2 =

4.93, b = 0.65 fm"2 and incident proton energy Eo = 70 MeV, as a function in (<p, Ep) plane

where cp is azimuth angle in the reference frame

k X ky \,ey =\kx\kxk'\,ez = k. Polar angles are 9n = Bp = %/4. In Fig.2 for

Eo =72 MeV and Ep = 35 MeV one can see the analogical relief for d^a/dQp dQn dEp dEn. In
Fig. 3, 4 curves are the traces of sections of relieves from Fig. 1, 2 with planes at cp = n/2.

InouropinionFigs. 1 - 4 show the fairly well agreement for simplest WF used by us with
experimental data from [6,7]. Let us note that we did not use the fitting parameters. Our
calculations reveal that (p, pnn) disintegration channel of 3H gives less than an order in
magnitude contribution to experimental cross sections [6,7] in comparison with that (p, pn)

reaction.

1. Sitenko A.G. Theory of Nuclear Reactions. - M.: Energoatomizdat, 1983,
2. Koziovskiy I.V., Tartakovsky V.K., Foursat A.D. //Yad. Fiz. - 1972.-V. 1 6, P.497.

3. Sitenko A.G., Koziovskiy I.V., Tartakovsky V.K. //Yad. Fiz. - 1972.-V. 15, P.725.
4. Lyovshin E.B., Foursat A.D. H Yad. Fiz.- 1976. - V.24, P. 111 5.

5. Ismatov E., Sailer K., Tartakovsky V.K., Cherednichenko V. A. H Vestnik Kievskogo
Universiteta. Fizika. - 1982. - V.23, P.53.
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QUASI-CLASSIC APPROXIMATION WITH PHASE USING
IN NUCLEON-NUCLEUS DIFFRACTION SCATTERING

CROSS-SECTIONS CALCULATION

K.K.Tartakovsky, A.V.Fursayev, V.L.Kovalchuk

Kiev University, Ukraine

The differential nucleon-nucleus elastic scattering cross-sections have been calculated

within diffraction black nucleus model for heavy nuclei and incident nucleon energies from

tens to hundreds MeV. These cross sections have been fitted only for the first (main)

maximum neighbourhood at scattering angle & « 0, while the secondary maxima fitting may

be differ for several times. One can get the good agreement with the experimental data at .S =£

0, for that purpose we used the quasi-classic phase expression [1] in the profile function co(p)

= 1 - exp[2iS3 (p)], where p is the impact parameter:

5(p) = T drJk2 - (kpf/r2 - 2MV(r)/h - 7 drJk2-(kpf/r2,
r{V) r(0)

where r(V) and r(0) = p are corresponding integrands roots, V(r) is the neutron-nucleus
interaction potential (for example, optical one), M is the neutron-nucleus reduced mass, k is
the relative wave number. One can describe the similar numerous experiments for elastic
proton-nucleus scattering at medium energies too. In that case it is necessary to take into
account the Coulomb interaction in the proton-nucleus profile function [2]. Such method
allows to get good secondary maximal fitting for observing proton-nucleus elastic scattering
cross sections at 185 MeV for Fe-56, Zr-90, In-115, Au-197 [3].

1. L.D.Landau, E.M.Lifshitc. Quantum Mechanics, Moscow, Nauka, 1989, (in Russian).

2. A.G.Sitenko. Theory of Nuclear Reactions, Moscow, Energoatomizdat, 1983, (in
Russian).

3. A.Ingemarsson, G.Tibell // Physica Scripta, 1971, 4, N° 6, 235.
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PROCESS OF COMPLETE FUSION OF NUCLEI WITHIN THE
FRAMEWORK OF THE DINUCLEAR SYSTEM CONCEPT

V.V.Volkov
UZ9901209

Joint Institute for Nuclear Research, Dubna, Russia

For many years the liquid drop model was the only basis for theoretical models of the
complete fusion process. A principally new approach to this process was proposed in [1,2].
The similarity of complete fusion and deep inelastic transfer reactions (DITK) was used to
elucidate the mechanism of the compound nucleus formation. The new approach received the
name of "The Dinuclear System Concept (DNSC)".

The DNSC reveals two important peculiarities of complete fusion of massive nuclei: the

existence of the inner fusion barrier B fus and competition between the complete fusion and

quasi-fission channels in the DNS. The DNSC was applied to the analysis of the reactions
used for the synthesis of transfermium (TFE) and superheavy elements (SHE). The excitation
energies of compound nuclei produced in the cold fusion reactions were calculated. The
predominant role of quasi-fission in decreasing the production cross section with increasing
the atomic number of an element was revealed. The cross sections of TFE and SHE
synthesized in cold and warm fusion reactions were calculated [3j. The advantage of using
warm fusion reactions for the synthesis of element 114 is discussed [3]. The prospect of using
symmetric nuclear reactions for the synthesis of SHE is considered.

1. V.V.Volkov, Izv. AN SSSR, ser. fiz. 50 (1986) 1879; in Proc. Int. Conf on Nuclear
Reaction Mechanisms, Varenna, 1991, ed. E.Gadioli (Ricerca Scientifica).

2. N.V.Antonenko, E.A.Cherepanov, A.K.Nasirov, V.B.Permjakov and V.V.Volkov, Phys.
Lett. B319 (1993) 425; Phys. Rev. C51 (1995) 2635.

3. E.A.Cherepanov, Int. Workshop on Rare Nuclear Process in Low Energy Heavy Ion
Physics, New Delhi India, November 16-20, 1998 (in press).
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NEW PRACTICAL TRENDS IN FISSION PHYSICS

N.LZaika, Yu.V.Kibkalo, V.P.Tokarev, A.LUstinov

Scientific Centre "Institute for Nuclear Research ", Kiev, Ukraine

One of the greatest obstacles facing nuclear energy is how to properly handle the highly
radioactive waste. It is carried out investigations on development of the strategy of a
radioactive waste transmutation in the various countries and at an international level. The
conceptions of systems used for transmutation of long living isotopes are necessary for this
purpose. The systems developed in the various countries for a period of more than 30 years to
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create new prospects for transmutation of highly fissile nuclear waste. It should convert
highly radioactive materials with a half-life period of one million years or more in non-
radioactive materials or in materials with shorter half-life periods. Besides such systems can
generate electricity converting a transuranium waste.

Large volume of nuclear data including fission products yields is necessary for system
development for transmutation of a nuclear waste of any fissioning nuclides and at any
excitation energy up to 150 MeV. However, in many cases the direct measurements of fission
product yields for some isotopes are impossible or it is difficult at high energies. Therefore it
is necessary to develop, using only few measurements, a systematic of fission yields to
estimate fission products yields for major number of nuclides and for an energy interval from
neutrons thermal energy up to 150 MeV excitation energy.

For study of peculiarities of interaction of charged particles with actinide nuclei and
formation of fissioning system we have measurements and analysis of total fission cross-
sections and elastic differential cross-sections for interaction of a-particles with nuclei Th,
235U and 236U in an energy range 20-140 MeV. The results of this work have allowed to state a
relation between cross-sections of reactions with formation of a compound nucleus and cross-
sections of all remaining reactions, needed for the analysis of experimental data for fission of
heavy nuclei.

no/'

The measurements and analysis of angular fission fragment distributions of nuclei U,
239Pu, 240Pu, 242Pu and 243Cm, formed in reactions with a-particles are carried out in the range
of excitation energies up to 140 MeV. The results of the analysis have allowed to include that
in an excitation energy range 40 - 45 MeV there is a decreasing of shell effects and the saddle
shape of a fissioning nucleus is shifted from the shape of a double-humped fission barrier to
the liquid-drop saddle shape.

The measurements of mass fission fragment distributions of nuclei 235U and 236U by ot-
particles with energies 20 - 80 MeV are carried out for investigation of the mechanism of
fission fragments formation of heavy nuclei. The energy dependence of the relation of
fragments yields and difference in height of barriers for symmetric and asymmetric modes of
fission is obtained from the analysis these data. The difference in height of fission barriers
correlates with behaviour of shell effects obtained from the analysis of angular fission
fragment distributions.

The new approach to the analysis of mass fission fragment distributions is offered to
account a total angular momentum of a fissioning nucleus. The analysis of mass fission
fragment distributions of nuclei 236U formed in reactions with monochromatic neutrons and a-
particles in an excitation energy range up to 25 MeV is carried out within the framework of
the offered method. It is shown that the process of fragments formation is influenced not only
by temperature but as well by total angular momentum of a fissioning nucleus.
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SPECTROSCOPIC INFORMATION FOR LIGHT
NUCLEI FROM (d, t) AND (3He, d) REACTIONS

S.V.Artemov, I.R.Gulamov, E.A.Zaparov, G.K.Nie, M.A.Kayumov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

It is well known, the conventional way of the direct stripping and pick-up reaction
analysis is Distorted Wave Born Approximation (DWBA) method. It allows one to obtain the
spectroscopic factors, however, this multiparameter approach leads to essential discrepancy in
the extracted values at many cases.

Introducing such a value as Vertex Constant (VC) in the analysis, which is the scale
factor of asymptotic part of overlap function, allows one to obtain the value from analysis of
experimental cross sections without using particular values of geometrical parameters of
bound state potential of transferred nucleon if the reaction is peripheral [1]. Therefore VC
values are practically independent of bound state model parameters.

The last years, the investigation of the reactions (d, t) and (3He,d) have been carried out
on a set of light nuclei by using beams of INP (Uzbekistan), INP NNC (Kazakhstan) and INP
MGU (Russia) cyclotrons. A precise experimental method has been developed and cross-
sections of these reactions on target nuclei from lithium to magnesium with energies Ed= 18
MeV and E3He= 22^-42 MeV have been measured [2]. The analysis of these and other data
given in literature shows that (d, t) and (3He, d) reactions are mostly pure peripheral ones with
domination of pole diagram mechanism for nucleon transferring. The values of proton and
neutron separation VC for ground and few excited (one-particle) states under studying have
been obtained. The practical independence of obtained values of geometry parameters of
bound state potential as well as low dependence on optical potential parameters is
demonstrated. The table of phenomenological VC values for the lowest one-particle nuclear
states has been formed. For the standard geometry parameters of r0 = 1.25 fm and a = 0.65 fm
the spectroscopic factors have been calculated too.

A possibility to take into account the three bodies Coulomb interaction in post DWBA
version is discussed. The importance of VC value for NN potential investigation as well as for
other problems, such as estimation of cross sections of proton radiation capture in
astrophysics reactions is considered.

1. S.E.Goncharov et al., Yad. Fis. 35 (1982) 662.
2. S.V.Artemov et al. Phys. At. Nucl. 59 (1996) 428.
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ON THE ASTROPHYSICAL S-FACTOR OF D(a,y)6Li DIRECT
RADIATIVE CAPTURE AT EXTREMELY LOW ENERGIES

S.B.Igamov, R.Yarmukhamedov

Institute of Nuclear Physics, Uzbekistan Academy of Science, Tashkent

In this work a problem of the extraction of the "indirect measured" astrophysical S-

factor Sexp(E) for the direct radiative capture d(a ,y)6Li at extremely low energies (E < 250

keV) from analysis of the experimental triple-differential cross-section (TDCS) of the

Coulomb break up 208Pb(6Li, ad)208Pb [1] has been discussed. For this the results of

calculations of the TDCS of the 208Pb(6Li, ad )208Pb Coulomb break up taking into account

accurately the three-body Coulomb effects, which were obtained in the Ref. [2], have been

used. The analysis has been carried out taking into account the contributions from the El-and

E2- multipoles. It is shown that due to the interference term the influence of the El-multipole

is noticeable for the "indirect measured" values of the Sexp(E) and reaches more than 25% at E

< 100 keV. The results obtained by us for the Sexp(E) confirm a theoretical prediction Sth(E)

[3] in the energy range E < 250 keV in the contrast to the results for the Sexp(E) of Ref. [1].

Possible reasons of the discrepancy between our results and those of Ref.[l] are being

discussed.

1. J.Kiener et al. Phys. Rev. C44 (1991) 2195

2. S.B.Igamov, B.F.Irgaziev, R.Yarmukhamedov. Phys. of Atomic Nuclei, vol.60, (1997)
2012

3. S.B.Igamov, R.Yarmukhamedov. Phys. of Atomic Nuclei.vol.58 (1995) 1317;
4. A.M.Mukhamedzhanov et al, Phys.Rev. C52 (1995)383

THE ASTROPHYSICAL S - FACTOR

FOR 13C(oc, n)16O REACTION

G. Kim, R.R. Khaydarov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

S-factor for the 13C(oc,n)160 reaction is studied. In the framework of the simple

phenomenological model this reaction is analysed as the neutron knocked-out by a-particle

exchange process. The performed analysis demonstrates the importance of taking into account

2p-state in 13C. The 13C(a,n)16O cross section is considered both as the knock-out exchange

process and as a combination of it with the process through a compound nucleus. It was

shown that for E a < 0.25 MeVthe knock-out exchange process dominates. And the S-factor's
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value extrapolated to low energies is found to be noticeably larger than that of R-matrix

analysis. Different ways of improving the proposed model are discussed. Following figure let

us to compare theoretical S- factors for the 13C(a,n)16O reaction with the experimental data.

Our results are presented by solid curve, and results accepted using R-matrix theory are

presented by dashed curve.

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

Fig.l. S- factors of the l C(a, n)lbO reaction

UZ9901214

POSSIBILITIES OF FLIGHT TIME BETA SPECTROMETER WITH
POSITION SENSITIVE DETECTORS IN INVESTIGATIONS OF
ELECTRONIC EMISSION WITH ENERGY FROM 10 TO 50 EV

V.S.Zhdanov, V.K.Petukhov, L.M.Nazarenko, S.K.Lubov, T.S.Lubova

Nuclear Physics Institute of National Nuclear Center of Kazakhstan

The flight time beta spectrometer is intended for the investigations of electronic
structures at the points of hydrogen adsorption on material surface by means of the measuring
of spectra of Auger relaxation electrons emitted by the system of helium positive ion -
investigated surface, forming after beta decay of hydrogen isotope tritium adsorbed by the
surface [1]. Compared to the "traditional" devices this spectrometer has considerably bigger
measuring efficiency with momentum resolution 0,1 - 0,2 % [2],

The role of radioactive source of big area (tritium - surface system), placed on entrance
window of position sensitive start detector is important. The process of radioactive decay has
a statistical nature, therefore the following condition is usually kept for reliable measuring of
flight time of Auger relaxation electron from start detector to stop detector. The number of
electrons flying from radioactive source in unit time depends on the number of decays in
source in the same time, therefore it is necessary to limit the tritium activity N, so that the
average number of decays in unit time would be less than lit, where / - flight time of the
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slowest electron from radioactive source to stop detector. Thus, we have the limit on the
tritium activity N < 107 decays/sec. Limitation condition 7VmaX & 106 decays/sec is considered
as sufficient.

The keeping obtained condition when use the flight time beta spectrometer results to
significant decrease in the number of false registration by stop detector and hence to
significant improvement of effect/background ratio in registration of Auger relaxation
electron spectrum. With the assumption of the lack of correlation between the direction of
electron flight from decay and Auger electron and the angular distribution isotropy for
electrons from decay and Auger electrons we obtained assessment of effect amount

and assessment of the magnitude of the ratio effect/background

Neff 1
1Nbac N(2-estCLst)Ax

where est, ssp - registration efficiencies of start and stop detectors, respectively; Ost, Osp -

efficient solid angles (in units of 4TI steradians) at which start and stop detectors are "visible"

from the source, respectively; - time interval appropriate to spectrum energy interval

measured simultaneously.

Let's make numerical estimates for our case, namely for the time flight basis / = 20 cm,

Emin = 10 eV, £max = 50 eV, N= 106 decays/sec, 8*= esp = 0,6; Q^ = 0.5; fisp = 0,25-10"2 at

detector diameter d = 4 cm. Then, from (2) we get numerical estimate of the ratio

effect/background Neff/Nbac = 9. This ratio can be improved by decreasing of Ax, i.e. by

narrowing of simultaneously studied spectrum interval. Finally, from (1) we have numerical

estimate of effect Neff= 450 pulse/sec.
This is evident from above presentation that the process of preparation of tritium-

surface system is to be controlled sufficiently. Such system is prepared in a special block of
beta spectrometer devise which allows to get the tritium layer of subatomic thickness with
specified range of coat on investigated surface. The limitation on the tritium activity can result
to the decreasing of radioactive source area, but in this case too the measurements on flight
time beta spectrometer are possible with sufficient efficiency owing to the use of position
sensitive stop detector.

1. Babenkov M.I. et al. Method of Investigation of Solid Surface. Author's Certificate of the
USSR. N1550389. 1989.

2. Zhdanov V.S. et al. Abstracts of the Second Uzbekistan Conference "Modem Problems of
Nuclear Physics". Samarkand. 1997. p.55.

145



NERD METHOD MODIFICATION FOR THE STUDY OF THIN
HYDROGEN CONTENTS OF LAYERS

A.Kh.Abdurakhmanov, S.V.Artemov, E.V.Zhukovsf"""
G.A.Radyuk, V.G.Ulanov !,„,„„

UZ9901215

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, lashkent

The NERD (Neutron-induced Elastic Recoil Detection) method developed for any last
years destines to determination of deep-dependent hydrogen isotopes concentration [1]. It is
based in own conventional form on the neutron elastic interaction with hydrogen and
recording of recoil H, D or T nuclei energy spectra under small angles (9k ^ 10°) to axis:
"neutron target - working target" centres. First of all the proposed modification of the NERD
method design for obtaining of the H, D or T concentration profile in thin layers of the
plasma-facing components in the thermonuclear reactors. The aim of such modification is to
replace of low intensive neutron-generating reaction D(d, n) by more intensive (~ by factor
100) T(d, n) reaction. For this purpose the construction of reaction chamber have been altered
for the rotation possibility to the large angles 9k (till ~70°) both the recording system
(telescope of semi-conducting Si-detectors) and investigated sample (target). The necessity of
sample rotation is to keep the normality of the telescope axis to the sample surface. In
accordance with the reaction kinematics the increasing of 9k value leads to sharp decreasing of
the energy of detected recoil nuclei. Thereby one can analyse sufficiently thinner hydrogen
contents layers with the same relative depth resolution.

At the same time the essential advantage of this new approach is the possibility of
establishing of stipulated before maximum probing depth, in particular, within 20 -e- 1000 um
for protium in carbon. The proposed variants of the measurement geometry have been
analysed by the developed DRIN (Distribution Recoil Induced Neutron) code. Fig.l illustrate
the idea of the method. This picture demonstrates calculated elastic scattering protons energy
spectra on dT neutrons for (n, p) reaction from 100 um polyethylene CH2 sample. The
comparison fig. la and fig.lb point to increasing in 20 time of energy interval, corresponding
CH2 films. This leads to improvement absolute depth resolution in about 8 time while relative
depth resolution is invariable ~ 10%.

The experiments are carried out on INP neutron generator NG-150. The previous
experimental results, which received by using model and imitating samples as well as
research perspectives, are discussed. The analytical features of the modified method are
evaluated. The work is supported by IAEA grant N2IOIOO «Development of the NERD
method for the study of hydrogen isotope retention in plasma-facing components of a
thermonuclear reactor».

1. B.G. Skorodumov, O.I. Buzhinsky, W.P. West, V.G. Ulanov. J. Nucl. Mater. 233 - 237
(1996)1107.

146



oo

6 8 10 12 14
ENERGY, MeV

16 18

oo

b)

3 4
ENERGY, MeV

Fig. 1 a) 0k — 0°, b) 6k = 60°
lilllll

UZ9901216

THE UNIVERSAL DETECTION CHAMBER FOR MASS-
SPECTROMETER OF UNSLOWED FISSION PRODUCTS

RB.Begzhanov, D.A.Gladyshev, T.G.Kazantseva, V.P.Pikul

Institute of Nuclear Physics, Academy of Science, Republic Uzbekistan

Many of the nuclear physics experiments, including experimental research into nuclear
fragmentation processes, need the flexible, multigoal detection system.

The chamber, containing some one and two dimension detectors, is designed and
carried out.

It is assigned to work in common with electromagnetic mass-spectrometer had installed
at horizontal channel of the atomic reactor of the Nuclear Physics Institute Uzbekistan
Academy of Science. But the chamber may be utilizated for other experiments. Specifically to
register secondary electrons knocked out from the thin film surface.

Special vacuum system is designed to reach vacuum ~ 10"3 Pa in the chamber by oilless

way. It makes possible to eliminate the precipitation of oil vapour onto detectors surface.
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Owing to such a system and vacuum lock at the chamber input the measurements and samples
replacement are possible without any vacuum deterioration in the mass-spectrometer's
volume.

The chevron array of microchannal plates is used for two-dimension detection. One's
co-ordinate sensitivity is realizated by special anode unit operating on time basis. Besides
semiconductor and scintillation detectors are placed in the chamber to spectrometry fission
fragments and attendant radiation.

Electronic circuits and software to register information from one and two dimension
detectors are developed.

The detector's characteristics are investigated by electrons, alpha particles and fission
fragments irradiation. On basis of this investigation optimization of the operating regime is
created. Co-ordinate sensitivity of two-dimension detector is equal to + 100 mkM.

The chamber is put into operation and tested together with electromagnetic mass-
spectrometer by alpha- particles of238 Pu and fission fragments of252 Cf.

THE UNIVERSAL CALCULATION OF ION OPTICAL SYSTEM

RB.Bekghanov, A.G.Nazarov, V.P.Pikul
UZ9901217

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Ulugbek, Tashkent

The development of the ion optical theory has allowed in 80-th years to develop a
number of new recoil spectrometers. Ion optical system (IOS) of each such device is
determined by frameworks of the put physical task and cannot be rather simply and
operatively changed. This circumstance essentially limits a circle of carried out researches.
The parameters of physical installations are desirable for optimizing practically for each task
without essential constructive changes of elements of IOS.

The analysis, carried out by us, of the existing computer programs TRANSPORT,
HAMILTON and TRIO has shown, that it is possible to create the universal program of
account of IOS with easy reconstruction by mass resolution and intensity. We on the basis of
the program TRIO developed the program TRANS VOL (Transfer of Phase Volume), which
allows to calculate complete transmission of the IOS in view of the aperture of elements and
diaphragms of a beam. It is necessary to note that the method of transportation of all phase
contours of a beam from a source up to the image gives the complete information on
behaviour of a beam along the whole way of transportation.

The program allows to decade the following tasks.
1. Optimization of the IOS on permitting and passing ability.
2. Minimization of aberrational factors strongly influencing to resolution with best

transmission.

3. The coordination of meaning of mass resolution in the chosen IOS.
4. Optimal diaphragming of a beam.
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For the complete analysis of opportunities of the chosen IOS the software package was
complemented by the program IMAGE allowing to calculate a two-dimensional item
spectrum in the final focus of the device.

This software package was test on IOS of a number of working devices. With its help
was designed two-arm mass spectrometer for nuclear reactor PIK and the accounts for
essential increase of efficiency of Tashkent mass spectrometer are made.

SEARCH FOR T-INVARIANCY VIOLATION
WITH ATOMIC CLUSTER FORMATION

V.M.Kartashov, A.G Troitskaya UZ9901218

Nuclear Physics Institute of National Nuclear Centre of Kazakhstan

The small violation of CP-invariancy was experimentally revealed in K-meson decay.
The same phenomenon followed also from the analysis of baryon asymmetry of the universe.
The mechanism of CP-invariancy violation is not established till now, electromagnetic
character of violation of the combined inversion only is supposed. It was not revealed of any
case of violation of the CPT theorem on experience, by virtue of what it is logical to assume
the T-invariancy violation from the CP-invariancy violation.

All particles with spin distinct from of zero should have the small on size toroid
moments of odd ranks, and with T-invariancy violation and the toroid moments of even ranks
are permitted. For this reason the study of toroid quadrupoles of any type of particles
aggregation is interesting to revealing a nature of discrete symmetry violations. As the
attempts of experimental definition of the toroid quadrupole moment of the deuteron' and
supervision of effects of T-invariancy violation in nuclear reactions while had not success.

The cluster physics is engaged by study of features of a structure and properties of
isolated nanoparticles (the size of grains < 40 nm) - clusters. In it, in particular, case is
considered, when formation of structures with the closed magnetic flow and total magnetic
moment, equal to zero, energetically becomes favourable. For the description of properties of
such formation it is necessary to enter the toroid moment. Outside these structures the
magnetic field is absent, but vector potential is different from zero and the amplitude of a
missing wave appears dependent from a flow of a magnetic field. We investigate process of
formation and subsequent transformations nuclear clusters of this type in a lutetium oxide
radioactive film by thickness « 1 micron on a platinum substrate .by the methods of nuclear
and electronic spectroscopy.

As a result of research on the high resolution beta-spectrometer of a spectrum of internal
conversion electron (ICE) of lutetium isotopes (with periods of half-disintegration from 2-nd
days till 3,3 years) the complex structure of ICE peaks and its dependence on time was found
out /I/. The satellite peaks were observed both on forward, and on back fronts of the basic
line. Thus the satellite peaks on forward fronts of all ICE lines have defended from basic
down to 2 keV, and little bit narrower peaks on back fronts - up to 1,5 keV. After some time
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(from several days about several months) the basic lines were narrowed, the peaks - satellites
- disappeared, and then they occurred again, grew together with widening of the basic peak,
rather sharply disappeared etc. With current of time the period of such cycle grew. We assume
that it is structure relaxation of film system through auto oscillatory processes. The auto
emission spectrum of electron states on M4- and Ms-subshell of Yb atoms testifies to
reduction of their energy of coupling approximately on 300 eV as a result of inclusion of
atoms into cluster and splitting of the appropriate nuclear levels of energy in a magnetic field
with an induction B « 5x 1010 Gs. The so strong magnetic field is caused, apparently, complete
"by destruction" N-subshell, to what auto emission spectrum testifies.

The study of ICE, auto emission and Auger electron spectra specifies formation of
toroid structures pulled together with the opposite directed vectors - toroid moments, i.e
toroid quadrupoles, which existence is caused by forces breaking invariancy in time. Our data
testify to an essential role of electromagnetic interactions in this process. Overlapped with

—> -> ->
toroid rapprochement under influence of the mechanical moments K =\i[ txj], where u. -

—> —>
magnetic constant, t - the dipole toroid moment, j - density of an external current, the
opposite directed fields form an electrostatic mirror, braking or accelerating electrons,
included in it, and directing them on atom chains of matrix of a source of a radio-activity, that
follows from characteristic displays of effect of electron channel. The received result causes
necessity of careful comparison of this phenomenon with topological Chern-Simons
interaction effect, shown, for example, in fractional quantum Hall effect. It is known that this
effect is observed in very pure samples placed in a strong magnetic field, with low
temperatures and is caused by strong interelectronic interaction. The detailed analysis of two
these phenomena can result in deeper understanding of the mechanism of infringement of T-
invariancy.

1. Kartashov V.M., Troitskaya A.G. // Accurate Measureme"^ in nuclear Spetroscopy. St.
Petersburg. PNPI. 1994. p. 35.

UZ990T2T9

ABOUT SOLUTION OF THE EQUATION OF QUANTUM FIELD
THEORY WITH FUNDAMENTAL MASS

R.R.Adjimambetov, U.RJbodova, E.V.Kravchenko,
M.A.Sattarov, Sh.U.Umidullaev

Samarkand State University, Uzbekistan

The purpose of the present work is to show one of the variants of a solution of "The
Fundamental equation" (F.E.)
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dxMdx, h
j

O(X,JC 5 )=0

obtained by V.G.Kadyshevsky and R.M.Ibodov under formulating of Quantum Field Theory

with fundamental mass (QFT with FM).

Let's emphasise, that fundamental mass M - is a new hypothetical Parameter of

dimensionality of mass, which should be so universal as ft, c or Newtonian gravitational

constant k, and represent itself as a characteristic scale in superhigh energy region.

Passing to the mixed (p, x5 - repress p2 + M2 < 0 entation, we obtain a new equation,

having a solution with all p2, including the area. Hence, p =\p +M accepts as

material, and totally imaginary values. Defining this magnitude as a generalised function of a
common solution of the new equation easily can be noted as:

, x5) = cos(x5

ao(/?,o)
where "initial data <t>(p, 0) and — are defined with all values of 4momentums.5Ox
Producing Fourier's transformation, we discover the formal solution of F.E.

x<
sin(x5^p2+M:

dx

dO(pfi)
Satisfying to the specified criterion <t>(p, 0) and form a class of functions, in limits

dx5

of which the correct statement of Cauchy's problem for F.E. on variable x5 is admissible.

1. Ibodov R.M., Kadyshevsky V.G. Proc.5th Int. Symp. On Selected Topics in Statistical

Mechanics, Dubna-1989, World Scientific p. 131-156, (1989);

2. Ibodov R.M. "A Quantum field theory with, new universal scale in the superhigh energies

region", Tashkent 1994;
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3. Ibodov R.M., Kadyshevsky V.G. Abstract of the Second Uzbekistan Conference" Modem
problems of Nuclear Physics ", Samarkand, 1997, p. 187;

4. Ibodov R.M. Proc. Int. Conf. " Probl. of Theor. and Solid State Phys. ", Buchara 1997,
p.22-23

UZ9901220

SPONTANEOUS BREAKING OF SYMMETRY IN QFT
WITH FUNDAMENTAL MASS

R.J.Artikov, U.RJbodova, D.R.Ravshanova

Samarkand State University, Uzbekistan

The construction of a sequential Quantum Field Theory (QFT) with a new, universal
scale in the superhigh energy region - Fundamental Mass M emanates to V.G. Kadi she vkiy's
work [1]. This Fundamental Mass and corresponding to it fundamental length, probably,
called to play the same key role in physical theory, as Planck's constant, the speed of light or
Newtonian gravitational constant do, and of a sequential quantum field theory (QFT) with,
new, appear as a characteristic scale in the superhigh energy region.

The simple examples of spontaneous breaking of various symmetries for the scalar
theory with fundamental mass have been considered [1]. Higgs' generalizations on
fundamental mass have been found.

With the application of the concept of Markov's "Maximon" [2] shown, that the account
of the spontaneous breaking of a symmetry results in the appearance of Goldstone scalar non-
mass particle and material scalar particle, having defined mass, and this particle can be
identified with Markov's "Maximon".

As we know, the local fields are referred to the lowest representations of appropriate compact
groups of symmetry. As to particles' mass, this magnitude is Kazimir's operator of Poincare's
noncompact group, and in those representations of the given group, which are being used in
QFT, can take any values. In 1965 M. A. Markov put forward the hypothesis [2], according to
that the spectrum of masses of elementary particles must break on "Planck's mass"

= I (G - gravitational constant) M <mpianic Particles with the limit mass m = nipiank
V Cr

M.A.Markov has defined as "maximons". "Maximon's" concept has been put in the basis of

Markov's script of the early Universe. In this work has been proved, that because of the

spontaneous breaking of the symmetry both Goldstone scalar non - mass particle and material

scalar particle appear, that, if we accept it for maximun, then maximun will has the mass:

2M
mMax -

1. Kadyshevsky V.G, FERMILAB-Pub 78/70 THY, September, 1978.

152



IbodovR. M., Kadyshevsky V. G. Proc. 5th Int. Symp. Selected Topics In Statistical
Mechanics, Dubna-1989, World Scien. p. 131-156 (1989).

2. Markov M. A. JETF 1966, v. 51, p. 878; Markov M. A. Preprint INR, P-0207,1981, P-
0286,1983;
Kadyshevsky V.G. The Quantum Field Theory and Markov's "maximon". Preprint
JINRD2-84-753, JINR, Dubna, 1984, 11.
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STOCHASTIC QUANTIZATION AND FUNDAMENTAL MASS

R.M.Ibodov, D.R.Ravshanova

Samarkand State University, Uzbekistan.

The method of stochastic quantization of scalar field theory with fundamental mass M

has been developed [1]. The stochastic differential equation for 0(p,r) fields is postulated:

S0+(-p)

where S fs -Euclidean operation for scalar field [1]. The equation for a free case can be
\E )

noted in the form of two equations for fields q>\(p) and ^>i(p). The appropriate correlation
functions have been found:

x exp

- exp
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In the limit x —> <x>, by virtue of a condition \pj ±Mcos\i > 0simultaneously the correlation

functions will coincide with the expressions for Shvinger's functions. With the passage in

pseudoeuclidean area/?—» ipo only one propagator for cpip fields has a pole on mass surface

pl - P1 =
In the flat limitM—> oo we obtain:

hm <<pl{p)<pl(q)>o=
In

lim <cp2(p)<p2(q)>0=0.
M->oo

Thus, on the mass surface only one component of a new field <p(p, ps), namely q>i(p), is

different from zero, which has appeared to be identical to a field q>(p) of the usual theory [2].

By other words q>i(p) with pfiP
M = m2 describes a free scalar particle with mass m <M, and

the component (?i(p) is exhibited only outside of the mass surface, i.e. in the interaction of

fields.

1. Ibodov R.M., Kadyshevsky V.G. Int. Symp. On Selected Topics in Statistical Mechanics.
Dubna-1989, World Scientific, p. 131-156 (1989);

2. R.M.Ibodov, U.RIbodova, D.R.Ravshanova, Sh.U.Umidullaev. On Quantum Field Theory
with Fundamental Mass. In Proc. Int. School-Seminar " Structure of Particles and Nuclei
and their Interactions ", Dubna, 1998, pp. 139-142.
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THE CONCEPTUAL BASIS OF THE GAUGE FIELD THEORIES
THE STANDARD MODEL IS IN NEED OF NEW CONCEPTS

i l l l l i l l l i L.Sh.Khodjaev
UZ9901222

Institute of Nuclear Physics, Tashkent, Uzbekistan

Gauge field theories which underlye modern high energy physics as well as the theory
of gravity, and hence all of physics as we know it today, is itself based on a few fundamental
concepts such as: all fundamental forces of nature such as strong, electroweak and gravitation
are gauge forces, exact symmetry in nature are always local, gauge symmetry may be broken
only spontaneously, gauge field theory is renormalizable. Consequences of these concepts are
often as beautiful as they are deep.

Gauge field theories possess of power and sufficiently effective explanatory and also
foretell forces. On the new solid study foundation of the gauge quantum field theory is
constructed the Standard model of Particle Physics.
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A very novel feature of the Standard Model involving Quantum Chromodynamics
(QCD) and Electroweak theory of Salam and Weinberg on gauge theories is that it is of Yang-
Mills type, i.e. is based on non-Abelion gauge group

S U ( 3 ) colour x S U ( 2 ) Left x U ( 1) hypercharge

The Standard Model which contains fundamental particles of matter such as 6 quarks: u,
d, s, c, b, t, and 6 leptons: e\ v^, [i, VM, T', VT and gauge particles such as gluons (y), W*, z°, y
particles except one Higgs particle (H°) have been discovered, and their masses and spins
determined. Higgs particle should be discovered. The success of the Standard Model is
stunning. Until now, no cracks have been found. There is no any experiments that contradicts
the Standard Model. Moreover there is nothing observed beyond the Standard Model.

The Standard Model is constructed by extension of the global non-Abelian
SU(3)C*SU(2)|*U(1) v symmetry to the local gauge SU(3)C*SU(2),*U(1)V symmetry under
which the Lagrangian of the Standard Model is invariant. This full symmetry has to be broken
by the Higgs mechanism down to the electromagnetic gauge symmetry.

One of the most important tasks of contemporary high-energy physics is to gain insight
into the mechanism that gives masses to W and Z bozons (also to the quarks and leptons).
One of the most challenging problems in theoretical high-energy physics is to compute the
bound-state structure of the proton and other hadrons from quantum chromodynamics (QCD),
the field theory of quarks and gluons. The goal is to not only calculate the spectrum of hadron
masses from first principal, but also to derive the momentum and spin distributions of quarks
and gluons which control high energy hadron interactions.

The Standard Model in its form is not the ultimate theory. The concept of the
fundamental particles does not exist. The concept of the fundamental particle means: of what
does matter consist and what are the geometrical or dynamical configurations of smaller
particles in the matter? The concept of the fundamental particles is an error. Therefore the
Standard Model is in need of new concepts. We think that we have to replace this concept by
the concept of fundamental symmetries! The fundamental symmetry defines the underlying
law which determines the spectrum of elementary particles.

UZ9901223

INELASTIC PROCESSES IN COLLISIONS OF FAST
HEAVY NUCLEI WITH HYDROGEN MOLECULE

V.I.Matveev, V.A.Pazdzerskiy, Kh.Yu.Rakhimov

Heat Physics Department of the Uzbekistan Academy of Sciences, Tashkent

Investigation of the inelastic processes in the interaction of atomic systems with the fast
charged particles (nuclei, highly charged ions) has been subject of a great interest last years
(see, e.g. monograph [1] and references therein). Particular interest is given to the collisions
of atoms and molecules with highly charged projectiles (Z » 1). From the theoretical
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viewpoint investigation of such processes have various difficulties. Since for Z > v (where v-
projectile velocity, in the atomic units) Born approximation is not applicable, one should
apply for such processes nonperturbative methods.
In this work the total inelastic cross section of collisions of fast highly charged particles
(nuclei, ions) with hydrogen molecule in the range of velocities Z > v » 1 is obtained
analytically. Note that up to now such processes are considered only for the collisions of fast
projectiles with atoms (see e.g. [2]). It is assumed, that fast projectiles move a long a straight
trajectory with the impact parameter b (with regards to the origin of coordinates which lies in
the center of mass of molecule). Specificity of collisions large charge Z particle with atoms
and molecule is the fact that the cross sections of inelastic processes of such collisions are
large. Therefore the main contribution to the cross section comes from the region of large
impact parameters. In this case, as show estimations, collisions with nuclei of molecule (with
protons) give small contribution to the inelastic cross sections, therefore we neglect of them in
our calculations. The total cross sections of considered processes obtained by the following

way. In the case of impact parameters b<VZ for the calculations for we use eikonal
approximation. First we calculate amplitude and probability of processes of this collisions
when the impact parameter b is fixed and molecule remains in the ground state. Then using
unitary condition the probability of reaction is obtained. Total cross section obtained in the
eikonal approximation at the large b logarithmical diverges. However for the collisions with
large b projectile field is small. Therefor for the calculation cross section we can use Born
approximation. Then the expression for the cross section (for large b) obtained in the Born
approximation matched with one that obtained in the eikonal approximation. In this case the
dependence from the matching parameter bo vanishes (see [2]). The final expression for total
inelastic cross section has

= STT
V

f 9

In—-

where p = v/c, T)=1.781 and constants X,r, ar and w calculate according to [2].

Obtained total cross section are compared with usual approximation ar = 2<TH, where <7H

- inelastic cross-section for hydrogen atom.

1. J.Eichler and W.E.Meyrhof Relativistic atomic collisions. N.-Y.: Acad. Press Inc., 1995.

275 p.

2. Matveev V.I., Rakhimov Kh.Yu. // Jour. Exp. Theor. Phys. 1998. Vol. 87. No 5. P. 891-

898.
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ON THE RELATIVISTIC TWO-CENTER PROBLEM FOR
COULOMB PLUS LINEAR POTENTIAL

V.I.Matveev, D.U.Matrasulov, Kh.Yu.Rakhimov

Heat Physics Department of the Uzbekistan Academy of Sciences, Tashkent

The Dirac equation with two-center potentials is of considerable interest in various
problems related with few body systems treating in Born-Oppenheimer approximation. It
describes the bound states of light relativistic particle in the field of two heavy particles.
Usually such systems arise in nuclear physics (slow heavy ion collision problem) and
quantum chemistry. However last years there is a considerable interest to another systems
modelling by two-center Dirac equations, namely baryons containing two heavy quarks
(QQq- baryons) [2] are becoming subject of extensive investigation now.

The investigation of properties of hadrons containing one or more heavy quarks is very
important for understanding the dynamics of quark and gluon interactions. Presently at the
LHC, B-fatories and the Tevatron with high luminosity, several experiments have been
proposed, in which a detailed study of baryons containing two heavy quarks can be
performed. Theoretical predictions of properties of doubly heavy baryons acquire a big
significance for the forthcoming experimental study of these particles. In this Report we
calculate the ground-state energy term of the relativistic light quark in the field of two heavy
quarks by the method which is the relativistic analogue of the well known method linear
combination of atomic orbitals (LCAO) widely applying in nonrelativistic quantum
mechanics. The potential, which we take as quark-quark interaction, is the Coulomb plus
linear potential. Then light quarks interacts with two heavy quarks via the following two-
center potential [2]:

v =2
3

ac gr2 ~
 2Ao

where, as is the strong coupling constant and g, Ao is the parameters of the quark-quark
potential,

f±R

2R is the distance between heavy quarks, $r$ is the distance between the light quark and
center of mass of two heavy quarks.

The wave equation describing the motion of q in the field of QQ in the Born-
Oppenheimer approximation is the following one:
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Hy/ = Ey/,

where H = ap + j3 + V Dirac Hamiltonian, a and (3 usual (4 x 4) Dirac matrices.

We choose the wave function in the form

= dxy/x + d2y/2,

where v¥\,2 = ^(ri^) are the wave functions of light quark in the fields of single heavy quark.

Since ground state doesn't have nodes d=di=d2. From normalization conditions one has OF|v|/)

=1, and 0F/Fj>= 1,0=1,2), we have

d =
1

where S = <*Fi|vF2> = (^il^i) overlap integral.
Energy can be found as the matrix element

E = U\H\¥),
where

(1)

w = [<PX\
X

As a functions ^ i and ^2 we take the ground state eigenfunctions of the Dirac equation
for the central-symmetric Coulomb plus linear potential, which were found in [3]:

(2Z)

(2Z): \ - r

0

~zn cos 6

ei(psin0

where Z is the variational parameter and y = V1
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Calculating this matrix element we have the following expression for the energy term:

E =
(h+Wi) 3~R

1A
9 a2

4

3

where integrals Ii , . . . , I5 are defined as

h =

!-> = a
3(27-i)

T{2y,a)-

Ay-
2a2y

3(2/-1)

/.
- + ^^-\a2re-a,

\
3 3(2/-1)

-1)
a2re~a.

J

2

/<; = -y(6a2 -(2y + l)(l5a-13(y + l))))r(2y,2a)t

((2/ a - 1))- 2a2 - 26a(y ~2a

where a = 2ZR, F(x) and F(x,y) are the completed and uncompleted gamma-functions,
respectively.

Obtained results on the calculation of the energy term of the light quark in the field of
two heavy quarks should have further applications for the calculation of energy and mass
spectra of QQq baryons.

1. J.M.Richard, Phys.Rep. 212 (1992)1.

2. S.N.Mukherjee, R.Nag, S.Sanyal, T.Morii, J.Morishita and M.Tsuge,' Phys.Rep.231
(1993)203.

3. L.Chatterjee, S.Battacharyya and T.Roy, Indian J. Pure & Appl. Phys. 20 (1982) 57.
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THE SOLUTION OF CHAIN OF BOGOLIUBOV QUANTUM KINETIC
EQUATIONS FOR A SYSTEM OF FERMI PARTICLES WITH
DIFFERENT MASS INTERACTING BY DELTA POTENTIAL

M.Yu.Rasulova, T.T.Muratov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

A quantum system of Fermi particles with different mass interacting by attractive

potential in the form of delta function is considered. The spin of one fermion is believed to be

directed down and the spins of remainder N- 1 fermions directed up. Dynamics of such

quantum system is described via the hierarchy of Bogoliubov quantum kinetic equations.

The problem is to find the solution of Bogoliubov quantum kinetic equations with the

help of non-linear Schredinger's equations with provision for the orientation of their spins.

The solution of the problem is obtained in the analytical form. The results obtained can be

applied to the theory of superconductivity as well as to an investigation of thermodynamical

properties of Fermi gas under given density N/V, N —» -oo, V -» +00.

1. Bogoliubov N.N ; Selected papers 2, Naukova Dumka, Kiev 1970.

2. Sklianin E.K; Zapiski LOMI 95 (1980).

3. Rasulova M.Yu., Muratov T.T Uzb. Phys. J, N 2, 19, (1998).
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UZ9901226
NEUTRON ACTIVATION ANALYSIS

AT THE PIERRE SUE LABORATORY

B.Berthier

Laboratoire Pierre Sue, Saclay, France

Neutron activation analysis deals with radio-isotopes production through neutron
irradiation and identification of the element produced thanks to their nuclear properties
(lifetime, emitted radiation). The technique can be applied for the identification of about sixty
elements and allows to measure weak contents ranging from few percent to ppm. The
Laboratoire Pierre Sue is the only one in France to use that method using the large neutron
flux of the two French reactors Orphee and Osiris located at Saclay. The research domain
covers two main directions, the first one in Earth Science, the second one in Environment; but
many other domains are also examined. The talk covers a description of the Pierre Sue
facility. Five examples of applications are presented in the fields of physics, historical
criminology, water pollution, long life radio-isotopes research and vulcanology.

J1 9
/>cCE-

TERA PROJECT, FACILITY FOR TREATMENT OF TUMORS
WITH HADRONIC RADIATION

f*t • . # TT* • * I l l l l Mill I l l l l l Illll IllLI 1BIII Illll Jlllfl HI

Cnstiana Peroni UZ9901227

University of Torino and INFN, Torino, Italy

The Hadrontherapy Project, lead by U.Almadi, has the purpose of introducing in Italy
the most modern radiotherapeutical techniques which use beams of protons, neutrons and
carbon ions. In modern radiotherapy, a radiation beam produced by external source is directed
to the body of the patients so as to depose a large amount of energy (dose) to the tumor
volume and kill the malignant cells. To spare the healthy tissues, which are either traversed by
beam or surround the tumor, the patient is irradiated from different directions by means of a
rotating gantry. Such devices are part of the radiation sources which produce photons or
electrons therapeutic beams of energies of 20-25 MeV.

Hadrons are advantageous with respect to electrons and photons because they have little
scattering when penetrating in matter and give the highest dose near the end of their range just
before coming the rest (Bragg peak).

This behavior of the hadronic beam allows a «conformal treatment)) of the target, so
that its contours can be followed with millimetric precision sparing the healthy tissues and
improving what is done today with conventional therapy in the way of local control of the
tumor.

Over 20 centers for hadrontherapy exist presently in the world, 10 more will come into
operation in the next few years. Over 23000 patients have been treated. In Italy, where no
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such center exists, it has been estimated that about 4500 patients every year have a tumor
which would profit from treatment with hadron beams.

C13 APPLICATION IN MEDICAL DIAGNOSTICS

Herbert Hegener "><>«" mum ummm
5 U29901228

Chemotrade GmbH & Co.KG Isonics Corp.Dusseldorf, Germany, Denver, USA

Healthcare consumes a large amount of resources in the U.S. and worldwide. There are
believes that substantial changes are taking place to control reduction of the high costs of
health maintenance. A significant trend is a general shift from therapy to cost-effective
prevention. Early diagnosis of condition which otherwise could require expensive therapies,
such as surgical and diagnostic gastrointestinal procedures, could help diminish the risks and
expense of such subsequent procedures. We have elected to pursue what it believes is a
promising segment of this market: Diagnostic Breath Tests ("DBTs").
Breath tests are all based on the same principle and use a common instrument to measure the
result:

• a small amount of a carbon-13 SILC (referred to as substrate) is swallowed by the
patient;

• breath samples are collected at regular intervals; and

• breath samples are analyzed for their carbon-13 content.
Most DBTe are intended to replace unpleasant, costly and sometimes riskly procedures such
as endoscopies and biopsies of the digestive system. There are believes that DBTs may
become a widely used and accepted diagnostic tool. Certain DBTs are currently being sold in
certain European countries. Their ease of administration may allow medical internists and
general practitioners to use them resulting in lower cost, earlier diagnosis and broader
application.

The following table provides breath test which are at various stages of clinical research
and pre-clinical and clinical trials by various third parties.

test ^>ndiiknt dlagaosed
n C-Urea Helicobacter pylori

13C-Galactose Liver function

^ Stft&ll B<*wel Bacterial Overgrowth (the-major

of chrosic diarrhea)
13C-Ammopyrine Liver function

J 3C«Calfeitie Liver fuaetioti
13C-Erythromycrn Ceclosporin dosage following transplantation

13 Genotype of MSUD (Maple Syrup Urine Disease)
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'V-Phenykilanine Genotype of Pk.1) {Phenvlkeioiuiria)
1 "T-Sucro.se Sucrose niLikibsorplion (sucraso-isomalui^c complex

deficiency)

'V-Starch Pancreas amvlase function
uC-C'hoIestei> I Pancreas csierasc funciion

Oetunoaie

APPLIED RESEARCH IN UZBEKISTAN INSTITUTE OF
NUCLEAR PHYSICS (METHODS OF NUCLEAR PHYSICS

IN OTHER SCIENTIFIC DISCIPLINES)

i » ~%pr • J 1 Hill 1 III Hllii mi* mi' • " * ' " • • • •••"• «•

A.A.Kist UZ9901229

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Division of science on basic and applied, in opinion of many well-known scientists is
not correct and real life knows only scientific and non-scientific works. In the Uzbekistan
Institute of Nuclear Physics are carried out various researches in analytical chemistry,
radiochemistry, environment sciences, agriculture, medicine, biology and many other fields
which, of course, belong to basic ones, despite meaning of some nuclear physicists. It is not
easy to replace term "applied science" (which sounds as a second choice science) by another
term. For our conference we would like to propose term "focused researches" which means
really basic researches having certain clear aims.

Traditionally in the Institute of Nuclear Physics (Uzbekistan) is carried out a huge
number of researches in various fields of modem sciences using methods of nuclear physics.

The present paper gives a very brief overview and some examples of applications of
nuclear methods in other fields of modem science which includes:

- Activation analysis (beside bulk analysis determination of elements spatial distribution
and speciations) in environmental sciences, medicine, technology, geochemistry, biology,
agriculture, metals refining and metals by-production, etc.

- Radiochemistry (elements separation for analytical purposes, waste treatment) and it's
application for labeled compounds production and application of labeled compounds in
medicine, biology, environmental sciences, technology, etc.

- Radiotracers technique (water cleaning, monitoring of technological processes,
environmental sciences, etc.).

- Detection of radionuclides (environmental impact contamination and long distance
fransport).

- Instrument-making for various fields of science, medicine, and industry. The present
paper illustrates an idea that nuclear methods are very important (and in many cases
irreplaceable) for many fields of modem life.

165



PRODUCTION OF RADIOACTIVE ISOTOPES AT
THE INSTITUTE OF NUCLEAR PHYSICS OF UZBEKISTAN

ACADEMY OF SCIENCES AND ITS INTERPRISES

M.Abdukayumov, N. Abdusalyamov, T.B.Ashrapov, P.G.Chistyakov,
S.Kh.Egamediev, I.R.Gulamov, S.Khujaev, A.A. Rylov, B.S.Yuldashev

"Radiopreparat"at the Institute of Nuclear Physics,
Uzbekistan Academy of Sciences, Tashkent

Radioactive isotopes are used extensively in different areas of medicine, sciences and
technologies. Chemical compounds labeled with isotopes are efficient and a number of cases
irreplaceable instruments for solving scientific and industrial problems. Practically all
technically developed countries in the world are giving the growing attention to questions of
production and use of radioisotopes.

In the Institute of Nuclear Physics AS RU, on the base of the acting nuclear reactor
WWR-SM and cyclotron U-150 and Enterprises "Radiopreparat" and "Tezlatgich", modern
technologies are designed for preparing and purification of radioactive isotopes and labeled
compounds on their base.

The nuclear reactions that are used herewith allow producing radionuclides both with
theoretically possible specific activity and with the carrier.

Reconstruction of nuclear reactor in 1980 has allowed increase of its power to 10 MW
and creation of the irradiation channels with flux of neutrons up to 1014 n ' cm2 ' s'1. This
modernisation has enlarged the possibilities of reactor for production of majority of known
radionuclides considerably.

At present the isotopes: 32P, 33P, 35S, 55Fe, 125I, 131I, 198Au, 57Co, 103Pd, 109Cd, 99Mo, 68Ge
and 188W for generators of 99mTc, 68Ga and 188Re, accordingly, are produced on the base of the
nuclear reactor and of the U-150 cyclotron in industrial scale. The irradiation of the targets is
realized in special containers in the vertical reactor channels. All starting-up work for
preparing the targets and following operations connected with the isolation and purification of
labeled compounds are realized by the "Radiopreparat" Enterprise in special protective cells.
All production and checking quality procedures are executed according to the original
methods developed by the employees of "Radiopreparat" Enterprise and INP AS RU.

The list of the radioisotopes products for general purposes is presented below with the
indication of the main qualitative features.
P-32/Orthophosphoric acid carrier free, in 0.04 M HC1. Specific radioactivity is 8500-9000

Ci/mmol, radionuclide purity is more than 99%.

P-33/Orthophosphoric acid, carrier free, in 0.04 M HC1 or in water solution. Specific
radioactivity is 4500-5000 Ci/mmol, radionuclide purity is more than 99% (P-32 less than
0.5%).

Ammonium /35S/Sulphate or 35S/Sulphuric acid, in water solution. Specific radioactivity is
1200-1600 Ci/mmol, radionuclide purity is more than 99%.
Iron-55, in 0.5 M HC1.
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Specific radioactivity is not less than 2 Ci/g, radioactivity concentration: 200-500 mCi/ml,

radionuclide purity is higher than 99%.
Sodium /125I/iodide, labeling solution, in 0.02-0.5 M NaOH, reductant free, pH 8-1. Specific
radioactivity: 13.0 - 17.4 Ci/mg I, radionuclide purity: more than 99,99% (I26I less than

0.005%).
Sodium /131I/iodide, labeling solution, in 0.02-0.5 M NaOH, reductant free, pH 8-11. Specific
radioactivity is not less than 600 Ci/mmol, radionuclide purity is higher than 99,99%.
Sodium /I31I/iodide, in isotonic solution, for injections, pH 6.0-7.0. Radioactivity
concentration is 37-1850 MBq/ml, radiochemical purity is not less than 95%,
Comysol, Gold-198, colloidal solution for injections, pH 5.2-8.0. Specific radioactivity is
750-1000 MBq/mg, radionuclide purity is more than 95% (Au-199 less than 5%).
Technetium-99m generator.
99Mo activity: 3700 MBk, HOOOMBk, 18500 MBk Specifications of/Tc-99m/Pertechnetate
solutions. Colourless, transparent solution; Radioactivity concentration 74-1480 MBq/ml; pH
4.0 - 7.0; Radiochemical purity not less than 99.0%, Mo-99 radionuclide contamination not
more than 0.002% of total Tc-99m radioactivity.

In addition to the above mentioned radioactive products more than 30 labelled
compounds with 32P, 33P, 35S, 131I radionuclides, five kits for 99mTc - generator and six
radioimmunological kits with I25I are being produced.

The targets irradiated on cyclotron were present the copper bexking target on which a
variety of stsrting isotopes was deposited by means of electrochemistry. The targets are
bombarded with internel beam of protons in U-150cyclotron. The radiochemical processing of
irradiated targets are carried out at radichemical department of «Tezlatgich» enterprize.

Below we present some of other cyclotron isotopes that can be produced at the U-150
INP AS RU cyclotron in industrial volume.
Cobalt-57, carrier free in 0,1 M HC1.

Specific activity 7500 Ci/g, radionuclide purity not more than 99,85%, chemical purity (as a
content of Fe, Ni, Cu) 0,02 mg/Ci.
Cadmium-109, in 0,1 M HC1.
Specific activity 250-300mCi/mg, radionuclide purity not less 99,99, chemical purity (as
content of Ag, Cu, Fe and Zn) 0,2 mg/Ci.
PaIIadium-103 in 1,0 M HC1.

Specific activity 150 mCi/mg, radionuclide mixture (as of 11OmAg and other y-emittes) 10"4 %,
chemical purity (as a content of Rh) 0,5 mg/Ci.

At present a new method for production and application of perspective radionuclides
have been developed in the INP. These include:

- the reactor-produced method of production of source based on 60Co for radiotheraphy;

- the reactor-produced method of production of W for radionuclide generators of Re;

- the cyclotron-produced method of production of 68Ge for radionuclide generators of 68Ga;

- a new method of preparation of the photon source for X-Ray fluorescence analysis based
on 55Fe, 57Co, 109Cd radioisotopes.
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ADVANCED RADIOGRAPHY WITH ETCHED
TRACK DETECTORS

UZ9901232
}) Faculty of Civil Enginnering, University of Maribor, Slovenia

2) J.Stefan Institute, Slovenia

A brief review of the advanced radiographic techniques based on utilisation of etched
track detectors will be presented. Recently a new technique of selective enhancement and
evaluation of radiographic images in etched track detectors was developed. It is based on the
image processing of individual image element units - etched tracks by a track analysis
system. A selective radiograph is obtained on the basis of the assessment of the size and
optical properties of individual tracks. The computer-generated image, in addition to its
selectivity, which enables for instance, multi-elemental analysis from an autoradiograph, also
offers a contrast enhancement for better visual observation and/or evaluation. The spatial
resolution of a digital radiograph amounts to about 200 jam.

A method called radonography (radon autoradiography), based on difference of
adsorption and diffusion coefficients of radon for different solids was developed. The
specimen to be imaged is first exposed to a radon atmosphere for a few days to collect radon
in the near surface layer. The specimen is then left in a radon free atmosphere for some hours
to allow decay of the radon daughters plated out on the specimen surface during the exposure.
Finally the specimen is placed in tight contact with a track etch detectors for some days to
register alpha particles in the specimen. It was found that image contrast associated with the
interfacial region of two materials characterised by adsorption coefficients ka and kb was
estimated by a simple model to be proportional to l-kt,/ka. The spatial resolution of the
technique is about 30(im.

A high sensitive autoradiographic technique which enables detection of deposited radon
decay products of 100 atoms /cm2 with position precision of deposited radon decay product of
+ 2 urn was developed and applied to understand the basic phenomena of the interaction of
radon adsorption and deposition of its decay products with solid surfaces. ^ ^

INVESTIGATION OF RADIO-ECOLOGICAL SITUATION AT
THE FORMER SEMIPALATINSK NUCLEAR TEST SITE BY

NUCLEAR-PHYSICAL METHODS OF ANALYSIS

LV. Kazachevskiy, V.P. Solodukhin, S.Khazhekber, S.N. Lukashenko,
G.N. Chumikov, N.M. Berdinova , L.N. Smirin and B.B. Knjazev

Institute of Nuclear Physics, Kazakhstan National Nuclear Centre, Almaty

In the report results of research of element and radionuclides composition
environmental objects from different locations of the SNTS are presented. As method of
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determination of elemental composition there were used neutron activation analysis (NAA),
roentgen-fluorescent analysis (RFA), PIXE. Radionuclides composition was determined by
both gamma-spectrometer and radiochemical methods. The main object of researches was
soil, in which there were determined radionuclides 60Co, 90Sr, 137Cs, 152Eu, 154Eu, 239+240Pu,
241 Am and others. For study of distribution of radionuclides on granulometrical fractions a
radiochemical technique of determination of 90Sr, plutonium isotopes and 241Am in one
sample was developed.

The technique of preparation of soil sample and radiochemical separation is described in
[1,2]. The determination (of y-radiating of radionuclides (60Co, 137Cs, 152'154Eu, 241Am and
etc.) in soil samples was carried out on y-spectrometers with high resolution solid state Ge-
detectors (ORTEC model GEM-2018 and CANBERRA GX-1520). The energy resolution of
the spectrometers was 1.8 keV for thel332.2keV peak of 60Co. In many samples there was
carried out the instrumental determination of Pu with the detector CANBERRA GL-1010
with the resolution 230keV for 5.9 keV peak of 55Fe. For X-ray fluorescent analysis there
was used the spectrometer with the detector ORTEC SLP-10180, with energy resolution 180
eV for the peak 5.9 keV of 55Fe and sources of 109Cd. Measurements of a-spectra of
plutonium samples after radiochemical separation were carried out on a-spectrometer
"CANBERRA" model 7401. The energy resolution was 20keV for 5.3 MeV of 210Po.

The soil samples of weight 0.2 -0.5 g were irradiated in channels of the reactor "WWR-
K" during 3 hours by a flow of neutrons of 2-1013-n-cm'2-sec"1. Measurements of irradiated
samples was carried out on the same gamma-spectrometers after 3 days of cooling.

Results and discussion

The results of distribution of concentration of radionuclides in surface layers of soil of

the S-E plum of the SNTS are presented in Fig. 1.
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Fig. 1. Distribution of radionuclides along S-E plum SNTS

It is seen that the course of change of concentration of 90Sr and 137Cs are differed from
distributions of Pu and Am. It is possible, that the radionuclides of soil composition of this
location of the S-E plum was generated not only in result of explosions, carried out in the
centre, but also nuclear tests carried out near to this place. This specifies the increased
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concentrations of 60Co and 152>154Eu. A research of radionuclides distribution on
granulometrical fractions has shown, that for the most contaminated places the main activity
of 137Cs is in rather large fractions (< 0.3mm), and contents of 137Cs in a fine faction (<
0.05mm - "clay") in all investigated samples is about constant (~ 70 Bq/kg), i.e. this district is
not a significant secondary contamination by 137Cs owing to a wind erosion. The more
difficult picture is observed for distribution of Am and Pu. In many cases the their main part
is in fine fractions (< 0.1mm), however in rather large number of samples an activity of Am
and Pu in large fractions (> 0.3mm) is (70-90) % of all activity of a sample. An inspection of
large fractions in microscope has shown, that finer "hot" particles of the spherical form are
introduced into large particles of soil minerals (quartz, granite and etc.). As was shown earlier
[3] a leachebility of Pu, even from the finest fractions, is insignificant (~ 0.3 %), however the
significant contents of Am and Pu in the fine fractions increases a risk of its redistribution
owing to wind transferring.

The determination of elemental composition of soil samples of the S-E plum by
methods of INAA and RFA has not shown large difference from usual composition of
sedimentary rocks except sharp (10-20 times) increase of concentrations of As and Sb in
region of 30 km from the Centre.

The distribution of radionuclides on the territory in the place of realization excavational
explosion "Balapan" is investigated rather in detail. For this places there is characteristic a fast
reduction of concentration of radionuclides in accordance with distance from the ridge of
inrush. The characteristic feature is a presence of large concentration of 60Co and 152>I54Eu,
formed due to activation. A study of distribution of radionuclides concentration on
granulometrical fractions has shown, that as against of the majority of places of the territory
of the "Opytnoe pole" the main part of radionuclides is in fine (< 0.3mm) fractions. The
radiochemical determination of Pu in these samples has shown a large value of the activity
ratio of Pu/ Pu ~ 0.5, while for the majority samples, selected in other places of the SNTS
territory this value has a few percents.

The study of radionuclides composition along beds of grooves at the mountain massif
"Degelen", where the tests were carried out in tunnels, has shown a significant migration
mobility of radionuclides. In Fig.2 distribution of concentration of radionuclides along the bed
of groove depending on distance from tunnel portal is shown.

It is seen, what even at the significant distances (~2km) a concentration of radionuclides
is rather large. A study of distribution of radionuclides at different distance from one source
shows, that by migration capacity radionuclides are stacked in a set; Sr > Cs > Pu. A study of
elemental composition of samples of bottom deposits has shown, that there is the certain
difference in elemental composition of bottom deposits and soil samples at the "Opytnoe
pole".

The conclusion
Results of work show, that the species of radionuclides and composition of soil

samples from various locations of the SNTS strongly are differed. It is shown that the risk
from the wind transfer of 137Cs from the contamination of the (S-E) plum is small. This
conclusion under relation of Am and Pu is less probable. The determination of elemental
composition has not revealed significant deviations from composition of bottom rocks. There
is noted a large migration capacity of radionuclides in the region "Degelen".
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Lukashenko, "Some aspects of determination of radionuclides at the former Semipalatinsk
Nuclear Test Site", J. of Radioanal. and Nucl. Chem., Vol.235, Nos 1-2(1998) 145-149

2. V. Kazachevskiy, S. N. Lukashenko, G. N. Chumikov, E. T. Chakrova, L. N. Smirin,
V.P.Solodukhin, S. Khajekber, N. M. Berdinova, L. A. Ryazanova, V. I. Bannyh,
V.M.Muratova Combined radiochemical procedure for determination of plutonium,
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CHARACTERIZATION OF RADIONUCLIDE CONTAMINATION OF
THE SEMIPALATINSK NUCLEAR TEST SITE

K.K.Kadyrzhanov, S.Khazhekber, LV.Kazachevskiy,
S.N.Lukashenko, V.P.Solodukhin

Institute of Nuclear Physics, Kazakhstan National Nuclear Centre, Almaty

After prohibition of nuclear tests at the SNTS before a scientific public of Kazakhstan
with the special sharpness there were questions about study of a radioecological situation both
at the Test Site and at territories adjoining to it, as well as about liquidation of negative
consequences of this activity. Taking into account the huge area (18500 km2) of the SNTS
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and significant variety of carried out tests (as on power and by form) the traditional approach
area inspection for these purposes is rather labour-consuming and requires large financial
expenses. In this connection in the INP NNC RK the new methodological approach for an
inspection of radioecological situation at the SNTS is developed. The essence of this
methodology is stated in the paper "the Methodological approach for the research of
radionuclide contamination of the SNTS", presented in this collection. In the present work the
results of researches executed according to this methodology on the basis of nuclear-physical
methods, advanced in the INP and adapted to radioecological researches are resulted.
By the form of carried out tests it is possible to divide the SNTS into following "zones":

1. An "Opytnoe pole" and traces of radioactive falls out - air and ground tests.
2. "Balapan" - underground tests in wells (excepting the territory of nuclear lake

"Chagan").

3. "Degelen" - underground tests in tunnels.
4. The plots, at which there were carried out hydronuclear and other kinds of tests.

The obtained results allow one to characterize the listed zones on a radioecological
condition as follows.

The air and underground tests at the "Opytnoe pole" have resulted into contamination of
the significant area of the SNTS. Main contaminants are 137Cs and 90Sr - the products of
fission. For the greater part of this area the concentration of these radionuclides is within the
limits of 100 Bq/kg. At the same time in the Southern-Eastern (the trace of ground test of the
first thermo-nuclear charge, W = 400 kt; 12.08.53) and the Southern-Western (the trace of
ground test of the plutonium charge, W = 38 kt; 24.09.51) directions from epicentres of tests
their concentration reaches 1000 Bq/kg. It is established also, that this part of the Test Site
does not represent a significant threat as the source of the further transfer of 137Cs, as this
radionuclide is concentrated, basically, in large (> 0.5mm) soil fraction.

At the "Opytnoe pole" and its surroundings the local plots with the significant contents
of 239Pu and 241Am - up to 105 and 104 Bq/kg, respectively, are found out. A ratio of
concentrations of plutonium and americium vary over a wide range - from 0.8 up to 70, that
testifies about a different nature of their origin: consequences of tests of uranium, plutonium
charges, hydronuclear and other kinds of tests. Besides there is established, that these
radionuclides are concentrated, mainly, in fine (< 0.1 mm) soil fraction, that makes threat of
their further spreading by a wind. Discovered features require an acceptance of urgent
measures on detailed study and rehabilitation of these plots.

For the mountain massif "Degelen" the character of radionuclides distribution at near-
by-mouth plots of tunnels with water-manifestations and along the brook beds is investigated.
The results of the executed investigations have revealed the large contents of radionuclides,
Bq/kg: 239Pu - (5-50>102, 90Sr - (IH-IO)-IO4,

 137Cs - (2-200>104. Besides there is established,
that, directly at the portal, the concentration of these radionuclides are comparable, and at a
distance from it their ratio change. On the basis of the obtained data it is possible to make an
obvious conclusion that the tunnels with water-manifestations are the main reason of
contamination of adjoining territories. Radionuclides are in water-soluble form (leaching from
underground spaces) and migrate in ion kind, that defines their high migration capacities. By
migration character they can be arranged in the following order: 90Sr > 137Cs > 239Pu. The
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most acceptable way of removal of the further development of ecological threat at the
"Degelen" is a sorptional clearing of water-runnings-out from radionuclides.

The majority of underground tests in mines at "Balapan" had not led to serious
contamination of a day-time surface. The exceptions are accident events, consequences of
which are close to consequences excavational tests carried out at locations "Balapan",
"Murzhik, "Telkem". The contamination of these locations has a local character and is
presented by the significant contents of all kinds of artificial radionuclides: products of fission
- 137Cs, 90Sr; products of activation - 60Co, 152Eu, 154Eu; substances of a charge - 239Pu, 241Am.
There are carried out works on the study of migration capacities and the character of
radionuclides distribution at these locations.

The results of the executed researches had allowed one to obtain capacious idea about
character of radionuclide contamination of the SNTS as a whole. The further works on
classification of the most contaminated locations and on working out measures on their
rehabilitation are planned.

Ill II! IIII III II III I
UZ9901234

METHODOLOGICAL APPROACH TO RESEARCH
RADIONUCLIDE CONTAMINATION OF THE SEMIPALATINSK

NUCLEAR TEST SITE

K.K.Kadyrzhanov, S.Khazhekber, LV.Kazachevskiy,
S.N.Lukashenko, V.P.SoIodukhin

Institute of Nuclear Physics, Kazakhstan National Nuclear Centre, Almaty

In INP NNC RK by support of the international organizations (IAEA, ISTC etc.) there
is created a modern basis for determination of radionuclides and elemental composition of
environmental objects. There are developed and, successfully, used instrumental and
radiochemical methods, certified by "Gosstandart" of RK, for studying the radioecological
situation at the SNTC.

• There is created and certified by bodies of the "Gosstandart" the analytical laboratory,
capable at a modern level, to carry out a definition of radionuclide and elemental
composition of environmental objects.

• The technique of definition of isotopes of plutonium (239 + 240), stronzium-90 and
americium-241 in environmental objects (ground, plants, natural waters) is developed. The
certificate on attestation is received.

• The "Kazpatent" had decided the decision (950181.1-4678/2 from 16.10.98) about
distribution of the patent for the invention of the technique of extraction and concentration
of plutonium from soils of the SNTS.

• There is developed and created the equipment and the technique of mass-spectrometrical
determination of isotopical composition of trans-uranium elements in "hot" particles.
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• The technique of EPR-dosimetry, allowing to reconstruct dose loading for various plots of
the SNTS, is developed.

• There is adapted the NGR- spectroscopy with the purpose of investigation of phase
composition of iron-containing fragments of traces of radioactive falls-out for
radioecological researches.

• At the accelerator "ACReC-2" there is developed the technique "PIXA" with a
microbeam for microsonding of "hot" microparticles. In the same purposes, for study of
topography of distribution of light elements, there is developed the technique of electronic
microscopy.

• With use of the cyclotron of INP NNC RK there is developed the technique of obtaining
of isotope marks used in radioecological researches as traces by conducting radiochemical
works.

• For generalization of all information (historical, radioecological, geographical) about the
SNTS and new obtained results of investigations in the Institute there is created the
radioecological Data Base. The created Data Base allows one to carry out a complex
estimation of a radioecological situation, to simulate and to predict its further
development, to optimize directions of the further radioecological researches.

The developed techniques are successfully used for study of radionuclide compositions
and entrance forms of radionuclides at different locations of the SNTS.

There are investigated: the "Opytnoye Pole", where the ground and air explosions were
carried out; the mountain massif "Degelen" - a place of realization of underground explosions
in tunnels; the location "Balapan" - a place of realization of underground explosions in wells;
places of realization of excavational underground explosions - "Chagan", "Telkem",
"Murzhik".

The obtained results testify that each of these objects has its own characteristics by the
area of the contaminated territories, concentrations of radionuclides, their ratios and entrance
forms in environmental objects.

First of all the more complete information about radionuclide contamination of Test Site
is necessary for objective comprehension of a degree of danger of the SNTS for an
environment and health of the population. Such information can be obtained by detailed study
of area contamination of the SNTS. However, taking into account the huge area (18 500 km2),
the solution of such task will require very long time. In this connection in INP NNC RK there
is worked out the new methodological approach to the study of the character of radionuclide
contamination of the SNTS. The essence of this approach consists in the following:
• Classification of radionuclide contamination by varieties of carried out tests: air, ground,

underground, hydronuclear etc.
• Separation of zones by the certain kinds of tests:

- "opytnoye pole" and traces of radioactive falls-out-air and ground tests;

- "balapan" (excepting the territory of lake "chagan") - underground tests in wells;

- "degelen" - underground tests in tunnels.

- "chagan", "telkem" and "murzhik" - excavational tests;

- Plots of realization of hydronuclear tests;
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• Characterization of contamination and choice for each zone of the most representative

locations:

- At the basis - the principle of preliminary geological prospecting.

• All-round study and detailed characterization of radionuclide contamination of these

locations:

- At the basis - principle of detailed geological prospecting;

• Classification of different locations from the point of view of radioecological danger;

• Ranking by the degree of necessity and ways on their complete or partial rehabilitation

• Generalization of the obtained results on the appropriate zones and the test site in whole
The methodology of investigations of radionuclide contamination of the SNTS worked

out in INP NNC RK allows to obtain the information necessary for revealing of the most
contaminated locations, finding - out of a degree of their danger for the population and
environment (as potential sources of secondary contamination), to make the forecast of the
further development of a radioecological situation and to develop a complex of measures on
recultivation and rehabilitation of locations representing the greatest danger.

KINETICS OF UO2 SINTERING UNDER H2+Ar ATMOSPHERE

A.A. Aksit, M.T.Aybers, A.Yayli, S.Can
UZ9901235

Cekmece Nuclear Research and Training Center, Turkey

Nuclear power plants mostly use uranium dioxide UO2 as ceramic fuel. In this study
UO2 powder (ex-ADU) produced at nuclear fuel technology department of our institute is
examined. This powder is pressed under 300 MPa to form green pellets with 50% theoretical
density. These pellets are sintered under 90% Ar + 10% H2 atmosphere by the 5° C-min"1

heating rate at 1400, 1500, 1600 and 1700°C and held at the final temperatures for 1, 2, 3 and
4 hours.

After sintering, the properties of the pellets (density, microstructure) are determined.
The variations of density, microstructure and kinetics parameters of the grain growth
depending on sintering conditions are studied.

LJZ9901236

ARCHAEOMETRICAL STUDIES ON ANCIENT
GREEK SILVER COINS AT BUCHAREST CYCLOTRON

B. Constantinescu, R.Bugoi

Cyclotron Laboratory, Institute of Atomic Physics, Bucharest, Romania

The analysis of archaeological objects requires simultaneously non-destructive, fast,
versatile, sensitive and multielemental methods. Romania has a lot of interesting
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archaeological sites: Greek on the Black Sea coast, Roman in Transylvania and Dobroudja,
Byzantine on the Danube border. Our purpose was to help Romanian archaeologists to
identify objects provenance (workshops, technologies, mines) and to explain commercial,
military and political aspects. Two methods were used: in air 3 MeV protons PIXE and 241Am
source based XRF. For in air PIXE, we used a 3-4 MeV proton beam obtained from the 6.5
MeV Cyclotron nominal regime protons extracted through a 20 am aluminium foil into the
air, striking the sample after 8-10 cm. X-rays were detected through reflection, using a
horizontal Si(Li) detector. XRF measurements were done with a spectrometer consisting of a
30mCi 241Am annular gamma-source, a Si(Li) detector and a conventional electronic chain.
The high number of relevant samples (10-20) and the associated dispersion of concentration
values, allow us to consider as acceptable for such experiments obtained sensitivities down to
2-5 ppm for PIXE and down to 20-30 ppm for XRF and accuracy of 15-20% (PIXE), 10-15%
(XRF). We obtain the composition of silver coins and comparing the quantities of Ag, Cu, Sn,
Pb, and Au, we can find which coins are originals and which are local casted.

UZ9901237

DESIGN FEATURES OF INSHAS CYCLOTRON

M.N.H.Comsan

Nuclear Research Centre, Atomic Energy Authority, Cairo, Egypt

The Inshas Cyclotron Facility (ICF) is a multipurpose R&D facility based on a Russian
made AVF cyclotron of type MGC 20. The cyclotron is a compact K=20 machine for positive
ion acceleration of protons, deuterons, helions, and alpha particles up to energies of 20 Z2/A
MeV and currents in the range of 200 and 50 \xA for hydrogen and helium ions, respectively.

The scientific and applications programme of ICF includes:

- Production of short-lived cyclotron isotopes 123I, 67Ga, l uIn, and 18F for medical
applications.

- Fundamental research in the field of nuclear and atomic physics.

- Applied research in the field of material sciences including study of corrosion, wear,
radiation damage of solids, etc.

- Fast neutron production, research, and applications.

- Use of nuclear analytical techniques for radiation analysis and environmental control.

- More exact determination of nuclear constants for nuclear data compilation.
The paper gives account on both of the design features of MGC 20 and the building

complex of the high radiation area. Machine installation started in June 1999 and the 1st beam
is expected by March 2000.
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RADIATION EFFECTS IN NUCLEAR WASTE FORMS FOR
HIGH - LEVEL RADIOACTIVE WASTE AND ACTINIDES

R.C. Ewing

Nuclear Engineering & Radiological Sciences

University of Michigan, USA

High-level nuclear waste in the United States and Russia are of large volumes (tens of
millions of cubic meters), high total activities (billions of Curies) and of highly diverse and
complex compositions. The principal sources of nuclear waste are: i.) spent nuclear fuel from
commercial and research nuclear reactors; n) liquid high-level waste produced during the
reprocessing of commercial spent nuclear fuel; Hi.) waste generated by the nuclear weapons
production and naval propulsion programs. The latter category now includes over 100 metric
tons of plutonium and many hundreds of tons of highly enriched uranium from the
dismantling of nuclear weapons.

Most of these wastes will require chemical treatment, processing and solidification into
waste forms for permanent disposal. The long-term effects of radiation on waste form solids is
a critical concern in the performance assessment of the long-term containment strategy. In the
case of spent nuclear fuel, the radiation dose due to the in-reactor neutron irradiation is
already substantial, and additional damage accumulation during disposal is not anticipated to
be significant. In contrast, the post-disposal radiation damage to nuclear waste form glasses
and crystalline ceramics is significant. The cumulative alpha-decay doses that are projected
for nuclear waste glasses reach values of 1016 alpha-decays/g in 100 years. Similarly,
crystalline waste forms, such as Ti-based Synroc will reach values of >1018 alpha-decay
events/g in one thousand years for a 20 weight percent waste loading. These doses are well
within the range for which important changes in the physical and chemical properties may
occur, e.g., the transition from the crystalline-to-aperiodic state in ceramics.

This paper provides a comprehensive review of radiation effects (due to alpha-decay
events, as well as from actinide-doping experiments and particle irradiations) in nuclear waste
form glasses and crystalline ceramics, particularly pyrochlore and zircon.

ELECTRON POSITRON ANNIHILATION AND ADVANCED
MEDICAL BIOLOGICAL TECHNOLOGIES OF XXI CENTURY:

HUMAN RIGHTS AND INTELLIGENT PROPERTY

P.U.Arifov1*, D.A.Zaretdinov^, A.Z.Mukhamedjanov2), M.A.Rakhimova3)

l) Tashkent State Medical Institute, Uzbekistan
2* Tashkent State Institute of Law, Uzbekistan
3) Academy of State and Public Construction

at Presidency of Republic of Uzbekistan
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In "civil conversion" of nuclear technologies the special place is taken by the
fundamental quantum phenomenon electron positron annihilation (EPA).

Positron emission tomography (PET) achievements, its unique results in diagnostics of
diseases of a head brain, in many laboratories and research centres of the developed countries
gave birth to active interest to adoptation of unique opportunities of EPA in study of objects
of living and inanimate nature. Heuristically the consecutive logic analysis finds out, that
among the widespread physical phenomena there is not any capable to compete with EPA in
aspects of universality of adoptation, availability, reliability, sensitivity and efficiency in
receiving information on interactions and transformations, occurring on atomic, molecular
and submolecular levels.

Development of electronic computer and telecommunication technologies has
repeatedly lowered cost of means of techniques for realization of EPA methods. It has made
them competitive with other methods, for example X-ray. But EPA methods have serious
advantages, because of much lower radiation actions. Therefore, it is with confidence to
predict, that in the XXI "technological" century EPA methods will become conducting in
global sphere of human knowledge and practical adoptation in medical and biological
technologies and appropriate sciences (clinical and experimental medicine, general biology,
biochemistry, biophysics, molecular biology, citology, physiology, genetics, biotechnology,
selection, agrochemistry, agriculture and others).

During creation of global innovative civilization of the XXI century, the special
attention is turned to international norms of human rights protection. The progress in
development of medical and biological technologies continuously corrects common mankind
conceptions of value and appropriate international legal documents. As practice testifies the
special point in dynamic development is global phenomenon of the intelligent property.

Therefore, the authors of the report consider that a main task of experts of the country is
the implementation of international rights norms in the intelligent property field into the
national legislation of the Republic of Uzbekistan.

1. P.U.Arifov et al. Experience of creation DB positronica in the institute of electronics,
FAN, Tashkent 1980.

2. P.U.Arifov et al, Annihilation Data Base Formation./Positron Annihilation. - Eds.
P.CJain, P.M.Singru and K.P.Gopinatan. - Singapore, World Scientific Publ. Co., 1985.
- p.p. 828-829

3. Z.R.Abdurasulev et.al, Automatic System for Storage and Search of Annihilation Data. //
Cryst. Res. Technol., 1988, Vol. 23, tfa 3, p.p. 455-458.

4. P.U.Arifov et al., Interaction of corpuscular flows with a surface of the solid state, FAN,
Tashkent, 1992, p.p. 185-195.

5. P.U.Arifov et al., What the medical physics will give to Uzbekistan, Economy and
Statistics, Jfe 1-2, p.p. 74-75,1995.
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POSITRON AND POSITRON CHEMISTRY DATA BASE AS A
COMPONENT OF GLOBAL NUCLEAR DATA BANK

P.U.Arifov^, D.A.Zaretdinov1}, M.A.Rakhiniova2)

; ; Tashkent State Medical Institute, Uzbekistan UZ9901240
3) Academy of State and Public Construction

at Presidency of Republic of Uzbekistan, Uzbekistan

In 70-80-x years in Uzbekistan the experience of creation "Russian version" of the
problem-oriented (PO) computer databases (DB) of the scientific publications etc. documents
was saved: "Interaction of a positron with substance (DB posirtronica)," "Physics of cotton,
its preparation and primary processing," "Masspecpectrometry" and the "Control of
execution" for the decision of administrative tasks (Arifov, 1980). Then "DB Positronica" has
replenished with experimental spectra electron positron annihilation (EPA)< their individual
descriptions (Arifov, 1985), was adapted to the international computer programs of decoding
of spectra EPA (Abdurusalev, 1988). The interest to creation of "English version" of the
subject focused DB in sphere of nuclear technologies has begun to develop since 1992 in
independent Uzbekistan (Arifov, 1992; Arifov, 1995) with the purpose of preservation of
personnel potential of the nuclear experts continuing professionally to work in the country.

In 1999-2000 years some projects of a class R&D in problem area "The Nuclear
microanalysis" will be realized. One of the projects will provide creation on the basis of
global DB INIS and Current Contents problem-oriented DB "Interactions and annihilation
positrons in substance," which according to the author's opinion of this reports on 70-80 %
will be coincied with DB "Chemistry of positron and positronium," as it is submitted in
"Scope and Topics" of the PPC-6 circulars. It is necessary to say that with Uzbekistan's
independence the soviet legislation on intellectual property was in force, until the Republic of
Uzbekistan adopted its own laws in this sphere. And since 31 August 1991 a raw of laws was
adopted, but the experience in this field is smallest one in our country and demanded great
efforts for learning world experience in this field.

1. P.U.Arifov etc. Experience of creation DB positronica in the institute of electronics, Fan,
Tashkent 1980.

2. P.U.Arifov et.all. Annihilation Data Base Formation./Positron Annihilation. - Eds. P.C.
Jain, P.M. Singru and K.P. Gopinatan. - Singapore, World Scientific Publ. Co., 1985.-
P.P.828-829.

3. Z.R.Abdurasulev et. all. Automatic System for Storage and Search of Annihilation Data. //
Cryst. Res. Technol., 1988, Vol. 23 Jfe 3, p.p. 455-458.

4. P.U.Arifov etc.. Interaction corpuscular flows with a surface of the solid state. Fan,
Tashkent, 1992, p.p. 185-195.

5. P.U.Arifov etc.. That the medical physics will give to Uzbekistan, Economy and Statistics,
M> 1-2, p.p. 74-75, 1995.
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DEVELOPMENT, CONDITION AND TENDENCIES OF THE
METHODICAL AND TECHNICAL ASPECTS FOR ENSURING OF

RADIO-ECOLOGICAL RESEARCHES IN COUNTRIES OF FAR AND
NEAR LOCATION IN 1988-1998 (REVIEW)

A.M.Blechman, A.D.Duysebaev, K.A.Kuterbekov

Institute of Nuclear Physics, Kazakhstan National Nuclear Centre, Almaty

This review covers more of than 250 publications: proceedings of the scientific
conferences [1,2,3 et al.], the review reports on the various radioecology problems, and
articles as well. The maximum amount of publication was in 1991 (in 5 years after the
accident at the Chernobyl Atomic Power Station (ChAPS)).

Contents: introduction; problems of nuclear metrology; alpha-, gamma - spectrometry
and other techniques; measurement of the radon concentration; general techniques for the
registration of radionuclides in environment; software and processing of the measured
spectra; conclusions.

The most radio-biologically and ecologically hazard isotopes among the radionuclide
caused environment contamination are plutonium and transplutonium elements due to their
high radiotoxic properties and long half-life times [4, 5]. The main source of the plutonium
contamination in environment is a nuclear weapon test. Other sources are radioactive wastes
and accidents at Atomic Power Plants, e.g. ChAPS.

Short review of the long-term investigations of hot particles that have appeared in a
great amount after the Chernobyl disaster and as a result of the radiobiological consequences
was presented in [6, 7] and, especially, in [8]. The concept and the term of "a hot particle"
were, generally, introduced after the Chernobyl disaster and are used to indicate the highly
active aerosol particles. The "hot particles", as has been shown by radiography studies, are
conglomeration of radionuclides in aggregative form.

As usually methods of determination of plutonium in an environmental objects are
based on the radiochemical extraction of plutonium and on the subsequent alpha-
spectrometry.

In [9], by us was suggested «backgroundless» spectrometer , based on CsI(Tl) pulse-
shape analysis technique for solving of radio-ecological tasks. This method allows perform
«backgroundless» registration and spectrometry without procedure of radiochemical
separation.

From number of recently published articles we can mention review [10], where we
analyzed some characteristics of scintillation detectors (light output, flash time etc.), in which
silicon-organic compounds are used as scintillation matrixes and as converters. This analysis
shows that it is practically possible to create fast scintillators on base of SiO2 - aero-gels with
densities values ranged intermediate between gas and liquid ones. Results shown in [10],
allows significantly improve energy resolution of method [9].

In [11] was messaged about reliable results of usage pulse shape analysis technique of
n-type Si crystals with high resolution ability.
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The development of the charged particles activation analysis (ChPAA) was mainly as a

complement to method of NAA for special applications, in particularly, for the determination

of low concentrations of light elements in metals and semiconductors. However, in the last

15-20 years, the ChPAA was used widely for the determination of traces of medium and some

heavy elements in metals, also for the analysis of environmental, geological, and biological

materials. ChPAA allows instrumental analysis of some matrices (for example, Na, Co, Ge,

Au , etc.) that are difficult to analyze by NAA because of high induced activity, and long-

lived interfering matrices's radionuclides. Besides it can be used for the determination of the

contents of some elements which are impossible or very difficult to determine by NAA, for

example, Li, S, Ti, Nb etc. In principle, ChPAA is suitable for the analysis of almost any

matrix.

One of the main areas of application of ChPAA is the determination of light elements

with Z <10 (mainly, boron, carbon, nitrogen, oxygen) in metals and semiconductors, since

they even in trace concentrations have an important influence on the physical and

technological properties of these materials. The detection limits are usually in the 1-100 ng/g

range, depended on the nuclear reaction, the irradiation conditions and the matrix. We present

here the results of the investigation of some semiconductor materials (Si, SiC) of high purity

technological materials (Та, Nb, W, Mo etc.) by the use 3He-, 4He- activation analysis.
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Besides, important advantages of ChPAA are the analysis of metals and semiconductors
for traces of numerous medium and some heavy elements, since several analytical techniques
with very low detection limits have been developed. For this applications of ChPAA, namely,
for the determination of medium and heavy elements contents, protons have been most often
applied as projectiles, since they allow us to attain very high sensitivity and accuracy for
purely instrumental determination of many chemical elements in a number of matrices. The
developed proton activation analysis (PAA) techniques for more than 20 elements have
detection limits of 1 - 100 ng/g.

For determination of some light, medium and heavy element contents in the aluminium
and magnesium light alloys, PAA are used. These alloys are difficult to be analyzed by
reactor neutron activation analysis, because of the high matrix activity due to high thermal
neutron cross sections of the nuclear reaction with the component chemical elements (Co, Cu,
Zn, etc.). We have made extensive systematic studies of such alloys by PAA combined with
gamma-ray spectrometry with a germanium semiconductor detectors. The thresholds of many
nuclear reactions (p,2n), (p,a), (p,an) etc. are in excess of 11 MeV, therefore the incident
energy of the projectiles was chosen to be about 11 MeV. It has been shown that under our
experimental conditions the determination of 25 chemical elements concentrations in
aluminium alloys is possible. We have determined the traces of 16 chemical elements in
magnesium alloys. Detection limits for Li, B, N, Na, Mg, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn,
Ga, Ge, As, Se, Sr, Y, Zr, Mo, Ce, W, Pb are in order of 0,1-1 mg/g.

In recent years, the applications of ChPAA to geological, environmental and biological
materials have been described. We have made studies on determination of concentrations of
more than 20 chemical elements in 11 medicine species of plants of Uzbekistan using
techniques of pure instrumental proton- and deuteron- activation analysis.

UZ9901243

USING SPECTROSCOPY OF X-RAYS AND y-RADIATION
COINCIDENCE IN ACTIVATION ANALYSIS

E.Flitsiyan15, Lee Chao1}, V.Tsipin2)

^ University of Central Florida, Orlando, USA
2) Institute of Nuclear Physics, Uzbekistan Academy of Sciences Tashkent

For extension the activation analysis selectivity we use the coincidence spectroscopy of

x-rays and y-radiation of radioisotopes.

Directional correlations between x-rays and nuclear radiation were first considered by

Benoist [1], who pointed out that anisotropy can arise if the population of the intermediate

atomic state with total angular momentum Jo depends on the absolute value of its magnetic

quantum number. Consequently, the L3 (2P3/2) level is the lowest atomic intermediate state

that can lead to anisotropy. For elements with atomic numbers Z>20, 82-86% of all radiative

transitions to the L3 subshell are filled from an I = 5/2 state [2], 9.1-9.8% from an I = 3/2
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state, and 3.8 to 9.1%. In the light elements (Z<20), there are no 5/2 ->3/2 transitions, the Ms

(3d5/2) subshell being empty.

An expression for the triple correlation between the direction of the initial nuclear spin

and the directions and polarizations of the deexciting x-rays and y-rays, following either

electron capture or y-rays internal conversion, has been derived by Dolginov [3].

In case of electron capture the characteristic x-rays radiation of Z-l element is

correlated in the time with y-radiation of nuclear transition of the Z-l nucleus, and each y-

quantum is strict connect in the time with the corresponding x-radiation. This connection is

valid irrespective of the way of nucleus transition in the basic state: by emission of the single

quantum or through the intermediate subshell. The x-rays, beholden with the emission to K-

capture of the second electron from the shell are also correlated in the time with each y-

quantum of the nucleus transition [4].

The y-quantum of the nucleus transition at the P+-decay and isomeric transition are

correlated in the time with the x-ray quantum emitted at the internal conversion of the

corresponding cascade y-quantums.

On the base of nucleus decay processes analysis, x-ray radiation spectrums and decay

schemes of nucleus investigation more then 30 elements were recommended for activation

analysis with using the coincidence spectrometry of the x-rays, soft and hard y-radiation.

1. P.Benoist, Compt.Rend. 238, 1498 (1954).
2. J.ELScofield, Phys.Rev. 179, 9 (1969)
3. A.Z.Dolginov, Zh.Experim. i Teor. Fiz. 34, 931 (1958) [trans].: Soviet Phys.-JETP, 34,

644 (1958).
4. T.Rupnik and B.Crasemann, Physical Review C, V 6, 5, 1780 (1972).
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USE OF NEUTRON-ACTIVATION TECHNIQUES FOR STUDYING
ELEMENTAL DISTRIBUTIONS

E.Flitsiyan^, V.Tsipin2)

]) University of Central Florida, Orlando, USA
2) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

For advantageous decision of urgent problems in various areas of physics, chemistry,
geology, metallurgy, biology, agriculture and other branches of science and technology, it is
necessary to obtain the information about the spatial element distributions and their local
concentration in additional to an average content.

The radiography method is developed for the investigation of ionizing radiation sources

distribution on the sample surface by means of a two-dimensional image, produced in a

photoemulsion or dielectric track detector. The sensitivity of the elaborated techniques is

within a range of 10"2- 10"7 g/mm2 and resolution from 0.01 to 100|im. Statistical analysis
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and computer processing of the radiographic images have allowed us to solve the two main
tasks of the radiography methodology: determination of the true distributions of ionizing
radiation sources of the sample surface and the quantitative estimation of the local content of
different chemical elements within a given accuracy.

A complex of radiographic techniques based on the registration of secondary radiation of
the neutron activated nuclei, instantaneous products of the nuclear reactions and fission
fragments of transuranium elements has been developed. The elaborated methods were used
to solve a set of problems in geology and geochemistry, as well as for analysis of
technological and environmental samples.

A theoretical model of image formation and series of typical examples of using the
elaborated radiographic techniques to solve some practical problems in geology and
geochemistry, in microelectronics and in environment study are described.

Thus, the radiographic investigation of lead and zinc distributions in scales of rock was
turn off. The lead determination was attainable by radiation with the accelerated ions 16O. The
fission fragments of lead nuclei was registered during the radiation by polymer track detector.
The radiography of zinc was executed by activation the scale by thermal neutrons. The
methods sensitivity is 10"4-10"5 g/mm2 for lead and 10"6 g/mm2 for zinc. The space resolution
is 7-10 u.m for lead and 50-70 [im for zinc.

The radiographic method for study of gold and boron distributions in products of
microelectronic was elaborated. The gold distribution was obtained after resonant neutron
irradiation. The boron distribution was obtained during the irradiation by using the a-particles
from the (n,a) reaction at the 10B.

The conducted investigation of the plant had show, that using the radiography method it
is possible to reveal the regions of heavy metal pollution of environment

UZ9901245

ANALYTICAL APPLICATIONS OF DIELECTRIC
NUCLEAR TRACK DETECTORS

Z. EiA J.S. Brenizer2), D.A.Becker3), A.VasidovI}, T.Tillaev15, V.Z.Tsipin^

^ Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
^Department of Mechanical, Aerospace and Nuclear Engineering,

University of Virginia, USA
3) Nuclear Method Group, Analytical Chemistry Division, CSTL, NISTUSA

The capability of nuclear track detectors of imaging the analyzed objects enables their
applications in different fields of researches, including materials science, environmental
studies and others.

A neutron induced track technique has been applied for the study of boron behavior and
its distribution in boron doped metallic alloys. Nickel base alloy samples of Inconel 690 of a
wide range of boron concentrations (4-130 ppm) have been analyzed. The ingot samples were
subjected to a set of treatments: hot and cold rolling, followed by solution annealing. Boron
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distribution was observed to be highly sensitive to the structural changes caused by heat
and/or mechanical treatments. The radiograms have shown a high enrichment of grain
boundaries with boron in ingot and solution annealed samples.

The feasibility of measuring simultaneously boron and nitrogen distributions in metallic
materials has been studied. The 10B(n, a) 7Li and 14N(n, p)14C nuclear reaction products (1.48
MeV alphas and 0.58 MeV protons) were detected with CR-39 (TASTRAK) plastic track
detector. To identify proton tracks from the 14N(n, p) 14C reaction, the response functions of
the detector to the nitrogen protons and to the 10B(n, a)7Li reaction products in term of track
size distribution have been determined experimentally. Based on the experimental data the
minimum nitrogen to boron concentration ratio for this technique has been found to be ~1.6 x
102. The technique was applied for the determination of nitrogen concentration and its
distribution in a 316L stainless steel sample, where nitrogen and boron concentrations have
been determined to be 520 ppm and 0.86 ppm, respectively.

Track etch radiography has been also used for the study of environmental pollution with
some toxic and radioactive elements. Boron is known to be a vitally important micro-
component for the most of plants. However, excessive amount of it affects the plants as a
toxic element. Analyzing surface distributions of the elements in the leaves of the plants it
was possible to reveal a nature of pollution. The radiograms have clearly shown that boron
gets into the plant mostly through the root system, since its distribution strongly corresponds
to the leaf structure. Uranium, on the contrary, was revealed in the (n, f) radiograms as either
highly localized "hot" spots or dispersed and not clearly centered spots. It can be concluded,
that uranium deposited on the leaves had transported by aerosols, dust or rain drops in the
explored region.

Nuclear track detectors are an excellent tool for radon monitoring, allowing
simultaneous exploration of a large number of dwellings and other objects. Recently we
started measurements of indoor radon concentrations in several regions of Tashkent city. CR-
39 plastic track detectors are used in our experiments. Preliminary results will be discussed.

RADIOCHEMICAL NEUTRON ACTIVATION ANALYSIS OF HIGH-
PURITY RHENIUM, MOLYBDENUM AND TELLURIUM

LLSadikov, M.M.Usmanova, M.LSalimov, V.S.Karamnova

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Metallic rhenium and molybdenum are used to produce heatstable refractory alloys, and
tellurium is an essential constituent of A2B6 type semiconductors. These materials are
generally used in microelectronics, electrical engineering, aerospace and atomic technology.
In connection with producing high-purity rhenium, molybdenum and tellurium in Uzbekistan,
in particular in the INP (Re and Te), undertaking analytical purity test is a real problem.

Neutron activation analysis (NAA) is one of highly sensitive and multielement methods
of analysis. However, high activation sections of these materials makes it impossible
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performing an instrumental neutron activation analysis (INAA) and impedes a radiochemical
variant of analysis (RNAA).

Main difficulty of the RNAA is connected with the choice of methods to separate
matrix and impurity radionuclides ensuring sufficient efficiency of separation (factor of
purifying for tellurium and molybdenum is 107 and for rhenium is 1012).

For RNAA of rhenium we used anion-exchange chromatographic system AA-17 - O,1M
HNO3 (distribution coeffcient for rhenium DRe « 200, sorbent capacity is 265 mgs Re per
gramme of dry resin). For RNAA of molybdenum and tellurium we used extraction-
chromatographic system TBP-HC1 (DMo = 300, DTe > 1000) for separation of matrix and
impurity radionuclides.

On the basis of performed studies, RNAA techniques for renium (allowing
determination of about 30 impurities with detection limits of 10"4-10"7%) and for molybdenum
and tellurium (allowing determination of more than 20 impurities with detection limits 10' -
10'8%) have been developed. Standart error (Sr) of these techniques is 0,2-0,25.

DEVELOPMENT AND APPLICATION OF A COMPLEX OF NUCLEAR
METHODS FOR HYDROMETALLURGY

G.S.Sattarov1^ A.A.Kist1}, A.Muzaffarov1}, J.M.Kamilov2), F.Kadirov^,
V.Ye.Latishev2), V.A.Myasnikov2), G.M.Dmitriev2)

!) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
2) Navoi MMG (ore mining and smelting integrated works)

Development and application of the results of more than 15 research projects have
enhanced considerably the design of on-line extractions procedure for a number of precious
metals and simplified control process of the currently used procedure of mining of the basic
metals.

This involves:
bulk content determination of more than 40 elements in natural and technological
samples by means of neutron activation analysis using nuclear reactor facility and Sb-
Be and 252Cf neutron sources at site. An instrumental non-destructive version of NAA
and NAA involving preliminary concentration were used;

on-line analysis of a number of elements in a continuous flow of pulp and solutions
with the use of ampoule neutron sources;

- determinations of more than 20 elements in different samples by the X-ray
fluorescence method;

a technique for finding out if Sc and rare earth elements can be leached out in dynamic
and stationary laboratory conditions imitating (simulating) real underground leaching;

- portable concentration analyzers for uranium in resin and gold in gravitation-
separation concentrates based on isomeric isotope activity measurements, using X-ray
fluorescence and gamma-ray absorption methods;
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techniques based on the use of radiotracers for determination how long the products
have been processed in units of technological equipment:
a complex of nuclear techniques for spatial quantitative analysis of fractional
composition of gold microinclusions and texture-structural peculiarities of ores and
rocks.

The developed methods have been used for routine monitoring of technological
processes of extraction of Au, U, Re, Sc and Cu from ores and intermediate technological
wastes, for obtaining platinoids in reprocessing of catalyser, ecologically pure phosphoric
fertilizers from Kyzil-Kum phosphorites.

UZ9901248

INVESTIGATION OF COAL SHALES CHEMICAL COMPOSITION BY
NUCLEAR PHYSICAL METHODS OF ANALYSIS

V.P.Solodukhin1*, I.V.Kazachevskiy^, G.M.Kabirova1*, Rajmund Gwozdz2),
S.N.Lukashenko1*, A-KZhetbaev1*, S.P.Pivovarov1*, M.F.Vereshak1*, O.V.Stakhov1*

1} Institute of Nuclear Physics, National Nuclear Centre, Republic of Kazakhstan

^Institute of Geology (Copenhagen, Denmark)

An available experience of geological prospecting and research works in carboniferous
formations has shown, that in many carbonaceous rocks there are concentrated significant
amounts of rare and scattered elements of great practical importance. In Kazakhstan, the
vend-lower-Paleozoic deposits of Tekeli mountain-ore region belong to the most carbon-
enriched black shales. The purpose of the present work was to study the elemental
composition of rocks in this region. An additional argument for favour of such research is the
fact that the polymetallic ore resources of this region, used as the basic industrial raw
materials, are already badly depleted.

Analytical research was carried out by methods of NAA, XRF, AES-ICP, EPR- and
NMR-spectroscopy. The techniques are presented in work [1].

Results and Discussion
By the methods of instrumental and radiochemical NAA, XRF and AES-ICP there was

carried out determination of elemental composition of geological rocks from the
"Yablonovoe", "Karatal'skaya Dolina", "Kiuely", "Kokkus", "Koksu" and other deposits.
There were investigated 7 types of rocks: 1-ultrabasic, 2-silicate-carbonate, 3-carbonaceous,
4-carbonate-argillaceous-siliceous, 5-titanium-magnetite sandstone, 6-gold-bearing crusts, 7-
argillaceous- siliceous shales.

Practically, in all the investigated samples there were detected high (up to 0.1 %)
concentrations of V, in separate samples - Mn, Zn, Mo, Ag, Au, Cd, W. Alongside with useful
metals, in many samples, significant concentrations of technologically and ecologically
dangerous impurities As, Sb, Se, Br, were detected. By the method of the NAA with
preconcentration and subsequent radiochemistry the determination of Pt, Pd, Rh was
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performed. For the majority of samples the concentrations of these platinum group metals
were found to be in the following ppm range: Pt (0.30+0.03), Pd (0.20+0.01), Rh (<0.03). In
separate samples, there are discovered significant Pt and Pd concentrations, exceeding 1 ppm.
From the 7 types of rocks, analyzed here, the most platinum-bearing are the carboniferous,
silicon-carbonate and ultrabasic rocks.

By the method of the NAA there was investigated the concentration of REE-elements in
coal shales of the "Yablonovoye" deposit, collected from different strata (from 30 up to 285
m). A brief communication about this experiment is presented in the work [1]. The results are
given in the Table.

Contents (in ppm) of rare-earth group elements in separate samples

of coal shales, selected from different depths.

Depth,
m

38

51

77

100

122

132

150

167

282

La

25.6

27.1

35.7

19.4

14

10.2

26.1

31

17.1

Cc

60.0

58.2

84

40.9

26.9

24.4

61.3

67

34.8

Nil

24.9

23.9

36.2

19.9

12.4

12.2

24.5

25.6

15

Sin

3.25

3.48

6.94

4.46

2.28

2.5

4.47

4.12

2.69

Ku

0.68

U.74

1.02

0.8

1.62

1.71

0.67

0.74

0.53

Tb

0.57

0.6

0.76

0.71

0.36

0.41

0.57

0.56

0.47

Yb

2.48

1.51

1.96

2.46

0.85

1.42

2.13

1.28

1.81

Lu

0.33

0.29

0.42

0.34

0.09

0,19

0.27

0.26

0.24

50 100 1SO 200 250 300

Depth, m

Fig. 1 Distribution of REE-elements on depth
Fig.2 Typical EPR-spectra for coal shale's
samples, selected in following interval of
depths: at upper - 35-85 m and 150-290
m, at down - 95-140 m

The authors of this paper do not claim to offer any complete geochemical
interpretation of the results obtained in this experiment. However, one particular finding is
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obvious: samples, selected from the 120-135 m depth, show an abnormally low concentration
of most rare-earth elements (La, Ce, Nd, Sm, Tb, Yb, Lu) as compared to samples from other
strata, while Eu concentration is significantly higher (Fig.l). This effect was found to
correspond to the geologic fracture zone. The same samples were investigated by method of
EPR- and NGR-spectroscopy. The EPR- and NGR-spectra of samples from the fracture zone,
too, are proved to differ completely from the spectra of samples, collected at other levels. In
particular, the parts of EPR spectra corresponding to Mn++, were carefully investigated. The
comparison of the obtained spectra emphasizes the essential difference in symmetry of the
paramagnetic ion sites: for the samples, selected in the fracture zone, the symmetry is close to
cubic one, while above and below the fracture the symmetry is much lower (Fig.2).

Chemical forms of iron were
studied by the method of NGR-
spectroscopy. For most coal shale
samples there is detected the presence
of pyrite (FeS2) and syderite (FeCCy
in almost equal quantities. In coal
shales, adjacent to the fracture zone,
iron is discovered only in pyrite form
(Fig.3).

On the basis of obtained results it
is possible to assume, that application
of the methods of NAA and EPR-,
NMR-spectroscopy to carbonaceous
samples can facilitate the localization
of geological fractures.

Fig.3 Typical NGR-spectra for shale's coal
samples, selected in the following interval of
depths: at upper - 35+60 m and 150+290 m, at
down-75+140m

1. V.P.Solodukhin, J.Radioanal.Nucl.Chem. 1-2, (1998), 101.
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MINERAL AND ELEMENTAL CONTENT EVOLUTION
OF NIVAL BELT MOREIN DEPOSITS

A-A-Tichanovskaya1*, A.A.KoIdaev1^ A.A.Ni^, N.S.Osinskaya2), M.A.Petrov1*

' Institute of Geology and Geophysics, Uzbekistan Academy of Sciences, Tashkent
2) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

In this paper, at first, spatial changes of mineral and elemental content of Tian - Shan
glaciers morein deposits were examined. Soil profiles of old moreins in glacial valleys were
used as initial data. Mineral and elemental contents of moraines were studied by X - ray and
neutron activation methods, respectively.
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The dominant relic clay minerals in all soil horizons are mica and chlorate, and in
addition, their content increases from horizon A to horizon B. Basal reflexes of this minerals
are narrow. This indicates their allothigenic genesis.

To the neogenic clay minerals there are related: vermiculite, smectite, mixed - layered
vermiculite - biotite chlorate - smectite, originated as a consequence of initial rocks changing.

For the clarification of relations between the components of mineral and elemental
content, the correlational and factorial analysis was used. For the regions of the age of morein
deposits ( 3 - 4 000 B.P.) there was revealed conjugation of hydromika and chlorate content
with the location of sampling place regarding to glacier tongue and the absolute altitude of
locality (first factor Fl, weight 0.33 - 0.36). The chlorate content is increased with increasing
the distance from glacier (r = 0.655). Evidently it is indirectly related to the active surface
deglaciation time.

Second factor (F2, weight 0.10 - 0.12) is not a characteristics of sampling place location
in valley, but it defines a relationship between the mineral and elemental content of samplers.
Correlative dependence at R > 0.8 was observed in relations to elements Eu-Th-Hf-Sc
(glaciers of river Pskem basin) and Sm-Ce-Hf, Eu-Sc-Zn (Severtsov glacier). Factor F2 was
interpreted as the enclosed rocks influence.

Third factor (F3, weight 0.10 - 0.12) has connected the smectite content with a horizon
depth. In the regions with the absolute age of rocks of approximately 10 000 B.P., on the first
place coming factor was without loadings to the spatial characteristics (Fl, weight 0.461) with
the high coefficient of correlation between the separate components of mineral and elemental
content: (Yb-Hf-Tb-Rb-Eu-Sb-Lu, Dgoldgilga glacier). It was interpreted as enclosed
geological environment influence.

Factor connected with the altitude and location of sampler in the valley, retreated to the
second place (F2, weight 0.19) and demonstrated influence to the chlorate - smectite and
hydromica content.

So, with increasing absolute age of samplers, to the first place advanced influence of
geological content of rocks, undercovering changes takes place in the soils of pereglacial belt,
directly after deglaciation. Factors Fl and F2 characterize changes of their places.

DETERMINATION OF IMPURITIES IN MOLYBDENUM AND

TUNGSTEN PRODUCTS BY INSTRUMENTAL NEUTRON

ACTIVATION ANALYSIS

UZ9901250 N.M.Mukhamedshina

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent.

The developed INAA techniques with limit of detection from 1 ppm down to 0,0001
ppm have been used for the determination of 20 - 25 impurities in different molybdenum and
tungsten products with a view:

190



1. to make an optimum regime of technological process depending on a purity of
original raw material and a purpose of final material (total purity, the contents of
schedule impurities).

2. to study an influence of different impurities on mechanical and electrical properties
of the wire from molybdenum and tungsten.

3. to estimate the contents of useful elements ( Au, Ag, Sc) in waste of technological
process.

The study of dynamics of impurities during multi-stage production of molybdenum and
tungsten showed, what the basic purification out of K, Na, Cr, Mn, Ni, As, Sb and some
others took place at high temperature baking in a vacuum and atmosphere of hydrogen as a
result of the evaporation and the removal of easy volatile elements and unstable compounds.
Analysis of molybdenum's wire with defective sections showed, that the concentrations of W
and Fe in them were higher by a factor of 1,5 - 2 than those in a standard wire. The
knowledge of the contents of impurities helped us to establish the total purity of molybdenum
and tungsten or to find the effect of different elements on some their proper''

UZ9901251
INSTRUMENTAL NEUTRON-ACTIVATION ANALYSIS OF OIL

N.M.AlIaniyazov, F.Bakhrieva, J.Rakhmanov, U.Uzakova, S.Temirov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Need to study an elemental composition of oil is dictated by several practical problems,
met in oil geologies and oil production. Results of the analysis can be used for interpreting the
mechanisms of formation, evolution and migration of oil. To solve these problems a large
amount of analytical data is required. At the choice of methods of analysis along with the
limit of detection, productivity and analysis cost are of vital importance. These requirements
fully can be satisfied using neutron-activation method of analysis. In this connection in this
work we studied possibilities of instrumental neutron-activation analysis of oil element
composition.

Studies were conducted at different duration of irradiation of analyzed samples in the
nuclear reactor WWR-SM and different measurements conditions.

Studies under short irradiations were conducted by means of pneumatic set in the
reactor beam port with the neutronflux 1012 n/cm2*s.

Before irradiation, analyzed samples (on ~ 100 mg) and standard samples, prepared of
solution salt of defined elements hermetically packed in double polyethylene bags and placed
inside of polyethylene container. By means of pneumopost container was delivered to the
irradiation position, and then delivered back to the measuring system.

Under conditions of analysis (tjrrad
=30 s, tCOoi=5-6 min, tmes=100 s) induced activities for

the determinations aluminum and vanadium are measured and after cooling during 2 0 - 3 0
min these samples are remeasured for 400 s for determination of Cl, Mn and Na. Detection
limits of analysis under described conditions are for Al, Cl and Na - 10"3%; V- 10"4%; Mn -
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10~5%. Real contents of these elements in oil are found to be much higher, than limit of
detection.

For the elements of mid - and long-lived radionuclides analyzed samples and standards
are irradiated in vertical reactor tube with neutron flux of 1013 n/cm2*s during 0.5, 3 and 10
hours. Radioactivities are measured from 100 to 800 s after different cooling time (1-30 day).

Herewith it is possible to determine following elements: Mn, Na, K, Cu, As, Zn, Br, Au,
Sc, Sb, La, Fe, Co, Cr and other.

Limits of detection for different elements have the following values, %: Fe - 10"3; Na,
Cu, Br - 10"4; Cr - 10"5; Sb, La, Sc - 10"6; Au - 10"7.

Relative standard deviations for the majority of elements are 10 - 20%.

SORBTION-ACTIVATION METHODS FOR DETERMINATION
OF IODINE IN HYDROGEOLOGICAL SAMPLES

N.M.Allaniyazov, S.A.Bakiev, J.Rakhmanov, U.Uzakova, U.Hudaibergenov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

In connection with beginning of works on the processing hydromineral raw materials in
Uzbekistan for the extraction of iodine, it was necessary to develop reliable and high sensitive
methods for its determination.

These requirements are satisfied by neutron-activation method of analysis. However it
is appeared that high concentrations and high cross-sections of activation of a number of
elements (Na, Cl, Sb, As and others) under available concentrations of iodine (~10 mg/1)
obstruct neutron-activation determination of it from initial solutions and require its
preliminary concentrating.

For these aims we used sorption of iodine on anionyte AM - 2B and an activated coal.
Quantitative determination of iodine requires in this case to determine degree of its sorption
by sorbents. Determination of the latter was conducted with using method of "labelled atoms".
Indicator amount of radionuclide 131J dissolved in 100 ml distilled water, acidified up to pH -
(1-2), specific activity (activity of 1 ml solution) - A] was determined and solution was passed
through microcolumn with sorbent at the speed of 15 - 20 drops per minute. Then solution
specific activity - A2- was measured, and a degree of sorption of iodine on the sorbent was
defined:

(A1-A2)/A1*100%.

Measurements have shown that in indicated conditions, a sorption of iodine on activated
coal is 95%, and on anionyte AM-2B is 89%. Thus, for analysis both types of sorbents can de
used.

In the gamma-spectra of irradiated sorbents (tirrad -10 s, tcooi - 5 min, tmes -100 s; Ge(Li)
- detector) along with J12 lines which (not seen in spectra irradiated initial solutions)
intensive lines Na24, Cl38, Br82 are observed.
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To reduce disturbing influence of these elements, the sorbents after passing solutions
through them, were washed out by alkali. It was shown that at washing out by 1 - 5 %
solution NaOH J concentration on the sorbent did not change, but disturbing galloids Na, Cl,
Br were washed out to 50 - 60 %, that improves the ratio of signal/background and,
respectively, sensitivity of determination.

Determination of iodine concenration is conducted by the relative method using two
ways.

In the first way analyzed samples and standard solution with known concentration of
iodine are passed through identical microcolumns with the sorbent. After sorption fixed
weight sorbents are irradiated (together) and measured. After making the measurements
condition equal (entering the corrections for decay), intensities of J lines in measured
samples Sx and Sst give a correlation of concentrations of iodine in analyzed and standard
solutions.

In the second way only sorption of analyzed samples is conducted and sorbent is
irradiated with the dry iodine standard sample of certain weight.

The first way is simple and does not require knowledge and account of sorption degree
and can be recommended for single-analyses. The second way is more convenient because it
excludes the sorption standard solution, however requires experimental finding of
correspondence coefficient between effects from standard solution Sst and dry weight of
iodine standard sample Sst. This coefficient includes the difference in amount of iodine in
both standards, degree of sorption of iodine in the sorbent, as well as geometric factor. Given
way is more convenient for performing mass analysis.

Investigations have shown that in described above conditions of analysis a limit iodine
determination in hydrogeological samples is 0,1 mg/1 that meets the production requirements
with the spare.

Investigations are carried out for development of the methods for elemental analysis of
intermediate products of iodine production, using additionally adjacent methods. Preliminary
results show possibility of determination of Cr, Mn, Fe, Ni, Cu, Zn in the iodine paste which
are the main admixtures.

UZ9901253

COMPLEX OF INSTALLATIONS FOR THE X-RAY EMISSION
ANALYSIS WITH RADIONUCLIDE SOURCES

G.R.Alimov, Ya.M.BoItaev, S.Kalanov, D.Sh.Rashidova, I.KhoIbaev

Institute of Applied Physics at Tashkent State University, Uzbekistan

X-ray emission analysis by excitation of X-ray radiation elements with the help of
radionuclide sources is the most accessible and widespread methods to determine element
structure of substance in the solution of the different analytical tasks. The broad distribution
of this method is stipulated by a simplicity of excitation and analysis of spectra of the X-
radiation elements, a simplicity of sample's preparation, a undestroyed kind of the analysis,
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express (10"2-10"3 sec) of realization of the multi element analysis in a broad band of their
concentration (~10"6 ^ 1,0 gr/gr), a compactness of installation, its low cost and so forth.
Principles and areas of the method's use, its varieties, construction of installations, methodical
problems of measurements and processing of outcomes are explicitly considered in a large
number of the publications.

In the given work, there is described the developed and created complex of installations
of the X-ray emission analysis with:

• direct excitation of X-ray radiation elements of the sample by radionuclide gamma
radiation;

• two-stage excitation of X-ray radiation elements of the sample by a secondary
radiation generated by radionuclides in intermediate targets;

• excitation of X-ray radiation elements of the sample by alpha particles of
radionuclide sources.

First two installations intended for the analysis of the "thick" samples, and third one for
the analysis of thin samples (films, covers, skin layers and so forth).

Depended on a character of an analytical task, radionuclide sources as 59Fe, I09Cd,
241Am and 210Po were used in the system of the excitation of the X-ray radiation elements.

For the registration of X-ray radiation elements, excited in the sample, Si(Li) detector
was used with sensitive surface ~ 25 mm2 and thickness ~ 5 mm. The entrance window of
detector made of beryllium with: thickness 25 uJon, energetic resolution 290 eV on the line
Mn Ka. Registration, accumulation and processing of spectra we performed on multi channel
analysers LP-4900 and NTA-1024 with built-in mini computer.

In the systems of direct and two-stage excitation are foreseen the simultaneous
installations up to four of the same type radionuclide sources (through 90° on the distance 15
mm from axis of the system's symmetry). The tanks of systems made of lead to provide the
protection of detector from direct rays of radionuclide sources and from secondary radiation
of the intermediate targets as well as for the radiation safety of personnel. In the definite cases
for the suppression of Pb lines generating in the tanks of materials, the internal surface of
coming out collimators of systems are reveted with layers of copper, iron and aluminium
foils.

To install the optimal sizes of direct excitation system of X-ray radiation elements, ratio
Sp/Sf are investigated, where Sp and Sf are intensities of photopeak and background
respectively, for the Zr Ka line, which is excited by 241Am radiation in the measurement
standard SP-1 on the distance h "sample-detector" and diameter d of coming out collimator of
the system. The maximal ratio of Sp/Sf corresponds to values h=2A mm and d=6 mm that have
been chosen for the work sizes of direct excitation and two-stage excitation systems of the X-
ray radiation elements. As intermediate targets in systems of two-stage excitation of X-ray
radiation elements were used a metal foil of zirconium and cadmium, and substrate of barium
oxide.

Determination of the concentrations - Csp of elements in the sample is performed by
relative way - comparison of intensities lines in the spectra of X-ray radiation elements of the
sample ssp b and appropriate to it on material structure of a standard sample with the known
contents Cst of the analyzed elements (in the assumption that conditions of excitation of X-ray
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radiation elements of the standard and sample are identical). In the cases when the selection of
the appropriate standard is not obviously possible, the technique of components is used. This
technique represents itself the comparison of intensities of analytical lines in the spectra of
sample ssp and in the spectra of sample sa with additional component of the certain amount
"a", which is the analyzed element. The method of corrective action on difference between
effective nuclear numbers zeff of the analysed sample and standard sample is also used in this
case.

The most important condition for authentic determination of the concentration of the
element in the sample, is allocation of the pure intensity of line of the element in the spectra
of X-ray radiation elements. For this purpose, the correct account of the contributions of
background and a probable superposition of adjacent lines is necessary. For processing
spectra of X-ray radiation elements, the program that developed for the mini computer of
multi channel analyser LP-4900 is used by us. Input data for the program that recorded in
memory of the analyzer are the spectrum of X-ray radiation elements and the data of the
analyzed range of spectrum, number and multiplicity of its spectra lines, relative intensities of
multiples, half-width and positions of centers gravity lines. A background is depicted by
straightforward line Y(x)=a+bx, where a and b are defined by program or are entered as input
data.

The outcomes of spectra's processing are deduced as the values of amplitudes, squares
of lines of each element, parameters of background and residual sums of squares of the
weighed deviations of calculated spectrum from measured. The evaluation of a degree
corresponding calculated spectrum to measured one can be made and their visual comparison
can be displayed on a screen. The check of precision and reproducibility of outcomes on the
installations of X-ray radiation elements with direct and two-stage excitation are performed
by using three soil and plant samples from which were made by eight parallel samples. The
outcomes obtained from the analysis of spectra of parallel samples have allowed us to
conclude at dependence on the concentration of elements in samples their definition are
changed in the range from 3% to 20%.

Thus the created complex of installations of X-ray radiation elements allows us to select
the optimal regime of X-ray radiation elements and to determine the contents of elements in
samples up to 10~5 g/g with precision not worse than 20% in plant, soil and other samples.

FACILITY FOR STUDY OF THERMAL NEUTRON
CAPTURE GAMMA - RAYS SPECTRA

G.A.Aripov, B.LKurbanov
v UZ9901254

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

The device for study of thermal neutron capture gamma-rays spectra using 252Cf

neutron source which allows one to measure both low energy (E r<3MeV) and high energy

(E y>3 MeV) gamma-radiation has been developed.
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It was experimentally determined the combination of materials and their geometry and
another elements of the device which allows one to make maximum a flux of the thermal
neutrons and contribution of fast-neutrons, scattered gamma-rays on the sample and
background gamma-radiation on the detector, to be minimum.

The results of calculation of biological protection from combined construction of
materials are given.

The device allows us to study both low energy and high energy neutron capture gamma-
rays of nuclides and to develop methods for fast determination of elemental content of
substance and materials the same in dynamics and in streams. The methods to determine
hydrogen, sulfur, potassium in technological products with parameters allowing control of
technological processes were elaborated. The methods for determination of sulfur and
moisture in the technological products with using both semiconductor and scintillation
detectors have been developed. Determination limit using the scintillation detector for sulfur
is 0,5 % and for moisture is 0,3 % during 15 min of measurement with the use of Cf252 source

Q

with neutron yields of 10 n/s.

Neutron capture gamma-irradiation of sulfur with energy 840,3 keV and hydrogen

gamma-irradiation with 2223 keV energy were used as analytical lines. Gamma-radiation

spectra of compound sample with low energy (Ey < 3 MeV) and high energy (Ey > 3 MeV )

gamma-lines of neutron capture which show the application opportunity of the device for

analytical purposes using these gamma-rays are given.

USE OF SOME PECULIARITIES OF NEUTRON CAPTURE
GAMMA-SPECTRA FOR ANALYTICAL PURPOSES

illilli G.A.Aripov,B.I.Kurbanov
UZ9901255

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Number of peculiarities of neutron capture gamma-spectra are favorable to determine
elements concentration. Particularly, some elements have big binding energy (more than 9
MeV). There are five such elements (N, Cr, Fe, Se, Zn). The methods for the determination of
these elements by gamma-rays with energy more than 9 MeV detection have been developed.

On the chromium case the method and the experimental device has been designed for
the determination of elements by detection of neutron capture cascade gamma-rays and with
using sum-coincidence gamma-spectrometry.

Taking into account that the most intensive gamma-lines are in low energy region of
spectrum (Ey < 3 MeV) and efficiency of its detection is high, the methods for the
determination of hydrogen, sulfur and potassium contents in technological products and
processes have been elaborated.

The application possibilities of capture cross-section dependence from neutrons energy
for the element content determination was studied by this method.
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The methods for the determination of elements content have been carried out by
mathematical identification of unresolved neutron capture gamma - spectra. Physical basis has
been studied and method of determination of mixtures components concentration without
measurement of samples and standards mass or their density and volume have been
developed.

1111
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DEVELOPMENT OF MULTI-ELEMENT SILICON DETECTORS

O.F.Nemets1*, Yu.N.Pavlenko^, O.S.Frolov2), D.O.Frolov2), A.M.Torchinsky2),
A.A.Sadovnichiy3), V.A.Shevchenko4)

'* Nuclear Research Institute, Ukraine National Academy of Sciences, Kiev
2)"Detector"Ltd., Kiev, Ukraine

5/1 R&D Institute ofMicrodevices, Kiev, Ukraine
4) The National University, Kiev, Ukraine

Silicon detectors are widely applied in nuclear physics and many other fields of science
and engineering. The important feature of these detectors is their ability to integrate on a
single silicon crystal considerable amount of detecting elements, pulse amplifiers, signal
analogue processing and readout devices. Such integration paves the way for improvement of
detector parameters and diversification of its functions. The report gives results of
development of integral silicon detectors of three types.

A new method of detector construction is proposed, where high-energy resolution is
achievable even at large active detector area, for instance, resolution of 30 keV (for 5 MeV a -
particles) at area of 40 sm . Such detector consists of sections connected independently with
separate preamplifiers. Then the signals are combined in a special way. The given method
allows for construction of semiconductor spectrometers and radiometers of charged particles,
X-ray and y-radiation with an active detector area of tenth and hundredth of sm2.

There have been proposed scintielectron detectors based on the silicon diode matrices
ensuring high space resolution for detecting X- or y-ray images. The characteristics are given
for the silicon matrix composed of 36 elements. The analysis of the methods of registration
and processing of matrix signals, as well as the development of built-in signal readout devices
in large-format matrices with more than 100 elements, have been performed.

The limitations for parameters of X-ray sensitive silicon photolines with built into
silicon crystal readout and amplification devices, are also the subject of analysis. Photolines
of new type providing for additional signal amplification effect, produced by carrying over of
charge from photo-diode to a low built-in capacity, have been constructed. Moreover, for the
given photolines there have been proposed and introduced special methods of reduction of
geometric noise, which is one of the most substantial impediment to the improvement of
sensitivity of photolines with charge accumulation.
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MASS-SPECTROMETER FOR PRECISE DETERMINATION OF
DEUTERIUM CONCENTRATION

A.G.Mit', D.M.Mukhamedshina

Institute of Nuclear Physics, National Nuclear Centre,

Institute of Physics and Technology MS&HE, Republic of Kazakhstan, Almaty

The isotopical analysis of hydrogen are prospecting usually on mass-spectrometers,

with a small resolution, measuring the relation of ion currents: H% and HD+. Such devices do

not allow one to conduct measurements of intensity of the HD+ line separately from the Hi -

line. It is complicated to perform the precise measurements [1]. To measure separately rather

weak HD+ and Hi - lines it is necessary to have the mass-spectrometer with a high resolution

not less than 2000 on the basis of lines having creating sensitivity. For this purpose the use of
serially produced devices with a high resolution is difficult in consequence of large losses of
ions along a path from a source to the detector, and also small sizes (of order of 0.01 mm) of
slits of a ion source.

The possible solution of this problem is being in use of prism (on the basis of two-
dimensional deflection electrostatic and magnetic fields) mass-spectrometer with multiple
passage of ions of a magnetic field, the significant feature of which is the large dispersion on
masses [2]. One of its modification is mass-spectrometer with two passage of magnetic field
ions, the ion-optical scheme is represented below. In the given mass-spectrometer the
significant extension of ion beam at an input into the magnetic field, and, so, also an increase
of a resolution [3], is achieved in an electrostatic deflection system, main purpose of which is
the focusing of a ion beam on energy. There are two such systems in the considered scheme:
one - at an input into the magnetic field and other - at an output from it. These systems are the
constituent part of input and output electrostatic blocks (see Figure), including into itself,
accordingly, • collimating and focusing electrostatic transaxsial lens. The returning of ions
into the magnetic field is carried out by the electrostatic turning blocks, which consists of two
ionic mirrors with two - dimensional fields. The focusing on energy and space one of an ion
beam is provided in the device.

The calculations have showed, that the mass-spectrometer created on the given ion-
optical scheme will possess a high resolution and sensitivity. By relatively small dimension of
the analyser (a distance from a source up to the receiver of ions is about 1 m) the linear
dispersion on masses will be 3500 mm. Such dispersion of the device will allow confidently
to divide HD+ and //+ - lines by slits of a source and receiver of ions Ss= Sd * 1.5 mm, and

by the such way to exclude a main problem, with which it is happened to meet by analysis of
deuterium concentration.
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Ion-optical scheme of the mass-spectrometer:
1 - the output slit of an ion source; 2,3 - the
input and output electrostatic blocks; 4 - the
electrostatic turning block; 5 - the magnetic
prism; 6 - the collector of ions; 7- the yoke of
magnet; 8 - the input slit of ion receiver.

The considered ion-optical scheme can be a basis for creation of device of a high class

for the isotopical and chemical analysis.

1. A.D.Esikov. Mass- spectrometrical analysis of natural waters. Moscow. 1980. P.203. (in

Russian)
2. S.P.Karetskaya, V.M. Kel'nan, A.G. Mit' and E.M.Yakushev. Nucl. mstr.& Meth. A239:

202-206(1993).

3. L.Glikman, I.Spivak-Lavrov. Pis'ma v Zh.Tech.Fis.. 16(13): 26-29 (1990). (in Russian)

X-RAY FLUORESCENCE ANALYZER OF CONTENTS OF GOLD IN
ORE CONCENTRATES AND ION-EXCHANGE PITCHES

Yu.N.Karimov, V.D.Petrenko, AJ.Podkovyirin, A.Sh.Remeev

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

All variety of known techniques concerning determination of concentration of gold in

process of X-ray fluorescence experiment is reduced to two, differing as a matter of fact,

approaches. The concentration of gold - element with large nuclear number - can be

determined by measurement of K, and L series of characteristic radiation. The majority of

existing import devices of the X-ray fluorescence analysis work in a range of low energy,

appropriate to L line of gold. As a rule, X-ray tubes are used in them, as a source of radiation,

and cooled semi-conductor detectors of the high resolution. Choosing such circuit of

measurements we deal with two problems of fundamental character.

First, this is an influence of accompanying impurity. The preliminary researches, carried

out by us, have shown presence of a number of light elements impurity in samples of ion

exchange pitches. Besides gold, in spectra of samples the peaks still as minimum of 10

elements were observed. The characteristic concentrations of these elements (in comparison

with concentration of gold) are those: Cpe «3CAU, CCO^OJCAU, CM «0.8CAU, CCU^ 2CAU , Czn

«5CAU- The concentration of some impurity surpass concentration of gold. The influence of
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impurity on results of the analysis of the fluorescence spectrum can be displayed by two
ways. First this mutual overlapping of characteristic radiation peaks. The successful multiplet
division is possible only with use of cooled semi-conductor detectors. Secondly, the presence
of impurity can have an effect on sizes of absorption factors for different energy peaks. For
example, with the same concentration of gold, intensity of L lines characteristic radiation of
gold can vary considerably with changes of concentration of other elements present in a
sample. The size of a mistake depends on energy of stimulating radiation, and can make up to
30 - 40%. The method for solving this problem consists of the use of complex calibration
dependences. Thus the concentration of gold is considered as a function of intensities of all
characteristic radiation peaks available on a spectrum, and its concentration can be found only
simultaneously with determining concentrations of all other elements. Any manufactured
serially the X-ray device does not allow one to realize such special way of the analysis of
spectra.

One more factor capable of bringing a mistake in results of the analysis is fluctuations
of volumetric density of a sample. The variations of density and layer height are essential for
low energy part of a spectrum, where the material of a sample appreciably absorbs
characteristic radiation. For research of this phenomenon there were carried out the repeated
measurements of cylindrical glasses with the same samples with single difference. Before
each measurement the glass with a sample turned on some corner around central axis. It was
found, that with such rotation, the L lines gold intensity varied on size up to 15%. A unique
way of elimination of such mistakes is careful sample preparation. That is preliminary
weighing, grinding and pressing of standard tablets before measurement. Thus time of the
analysis and its cost can essentially increase.

The measurements in the field of high energy - in a range of K line of characteristic
radiation of gold - are free from all of these problems. The K line radiation is poorly absorbed
by impurity of light elements, therefore their presence has no effect on intensity of peaks.

The bulk layer of a sample by thickness 5 - 8 cm is optical thin layer for gold K line
because of weak absorption. Therefore, the measurement error, connected with variable
density of a sample or fluctuations of thickness of a bulk layer appears insignificant.

A single problem, which arises with processing results of measurements is partial
overlapping of gold K line peaks and non-coherent scattering peak, which is solved
successfully with angle of detecting more then 60°. As the generator of stimulating radiation
here it is natural to apply a source Co57, with the energy of 122 KeV.

Just such analysis circuit is applied in AMC-1 - apparatus for gold concentration
determination. The device is developed mainly by Institute of Nuclear Physics of the Republic
of Uzbekistan and NPC "ASPECT" (Dubna). The device contains a Co57 source and two
spectrometer channels of measurements. One of the channels is the scintillator block with a
Nal crystal. It is intended for registration of radiation in a range of 15-120 KeV. In this range
get K lines of characteristic radiation of heavy elements and peak of scattering. The second
channel is Xe proportional counter intended for measurements in a range from 4 up to 25
KeV. In this range L lines of heavy metals and K lines of light elements (Fe - Ag) are
observed.

The device contains the generator of a high voltage, circuits of signal amplification and
two-channel pulse analogue-digital converter. The analysis of spectra is carried out by the
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built-in industrial computer 486DX4-100. The computer is supplied with the built-in input-
output devices - graphic liquid crystal screen and buttons of management. Structurally a
whole device is executed in the uniform block by the sizes of 300x300x300 mm. At executing
of starting-up and adjustment works, testing and calibration the SVGA monitor, mouse,
keyboard can be connected to the built - in computer. The program of the analysis is used for
measurement of concentration of gold, concentration of elements of iron group (Fe, Co, Mn),
copper group (Ni, Cu, Zn), group of silver (Pd, Ag, Cd, Sn). The sizes of a sample can be up
to 80x80x80 mm.

The philosophy of measurement does not provide any sample preparing. The analyzed
material is scooped by a metal glass, and is established on the work table of the device. The
time of a measurement varies from 10 about 1000 seconds, depended on required accuracy.
The measurements accuracy, achieved to the present time, with time of measurement 300 sec,
weight of a sample of 20 g, activity of a source 10 MQ makes 8= ±(1 % + 0.03-100%/CAU)-

Thus:

C.All=10«/k« S = 1 . 3 % ,

V
CAN =0.1 g/kg o = 30%.

That means the limit of gold detection of AMC-1 is 80 - 100 g per ton.

UZ9901259

REGISTRATION OF CHARGE PARTICLE FLUX OF GAS
PLASMA SPRAYING FROM LAYERS OF BISMUTH

A.T.Mamadalimov, V.T.Toulanov, A.Sh.DavIetova

Tashkent State University, Uzbekistan

The semiconductor photographic systems ionization type principle of work, which
based on registrations of slow electrons of gas cathegory plasma by silver halogenids is
explored in work [1-4].

Despite of rather high sensitometry features above-stated photosystems have low
resolution (R = 5-7mm'').

It is connected with the size of metallic grid shielding and recording part (halogenides
of silver) photosystems from the digit cell.

In this work results of research on registrations of charged particles plasma of gas
cathegory with spraying by layers of bismuth are presented.

Gascharge cell is separated from photoreceiving part by the semiconductor electrode
from As halogen, but not from recording part with metallic layer of bismuth on
electroconducting substrate on the transparent glass base with sublayer from the oxide of tin.
Thereby, in given work on the one hand expensive material from halogenides of silver is
replaced by more cheap metallic layer of bismuth, but with other-is excluded metallic grid,
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that limits photosystem soluble capability.

Besides of that, in difference of [1-4] in given photosystem process of registration of
charged particles is possible to expire on the transparent glass photocamera without
obscuring, that allows visually to track the whole process of photographic record.

Investigation has shown that given system sensitivity in a spectral range of 1,7 mkm
forms 10" J/cm and resolution is 15- 20 lines on the millimetre.

1. Toulanov V.T., Uzb.ph.journal ,1994 M 6 , p.8-30.
2. Zainabidinov S.,Toulanov V.Ismailov SH., Uzb.ph.journal, 1994, N»4,p 41-46.
3. Astrov U.A.,Kasimov SH.S.,Paritskiy L.G., Rivkin S. M., dep. V.I.N.I.T.I. 1032-75.
4. Mamadolimov A.T., Paritskiy L.G. & others, dep.VINITI, 1103-76.
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DECREASE OF THE BACKGROUND
IN PET-IMAGES OF THE OBJECTS

Yu.Koblik, G.Mkrtchyan, Yu.Polyak, T.Shadieva, V.Ulanov,
V.Yakushev, B.YuIdashev

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Earlier [1-3] we introduced the method of image formation of the investigation object
for it's use in positron-emissive tomograph (PET) of the real time. The essence of this method
is processing of every trajectory of annihilation gamma-quanta and entering the geometrical
position of the trajectories into memory of computer. In this case in the memory device the
image of the working area of tomograph with available active centers is formed, what gives
the possibility to build the tomogram spontaneously in the process of measurements.
However, this method has a distinctive principle defect, which is that, the active center (the
cell) inevitably results in the events of the background in all rest (surrounded) cells. For the
removal of this defect a method, concluded in the following, is suggested.

The observed number of events Fm>n, in any cell of the working field of tomograph will
form from the number of events Cm>n, generated in the cell itself, and also from the events of
the background from the cells of the first border of this cell (8 pieces), the second border (15
points) and so on. In other words, these borders represent by themselves the contours with the
numbers 1 = 1, 2, ... Coefficients of proportionality ky, characterize the probability of
entering B cell, if the active cell is A, and they can be determined beforehand. In this case it is
enough to construct the object, consisted only of 1 cell and them to clear the content of the
cells in all contours. The lawfulness of the method will be observed in dependence on that,
which of the cells A or B is active or passive.

In the following suppositions we can write the following system of equations:
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m+1 n+l

mn
i-m-l j=n—l

where:

1, if mmin lmax

0, in another cases

l> if nmin ^ J ^ n m a x

0, in another cases.

The result of using such method we illustrate with the help of the following example.

For the simplicity of calculations we took the phantom object from 2 radiated cells, the plot of

the image of which in the sight of matrix by the size of 4x4 is presented in Table I. After the

series of consecutive numeral operations with I = I obtained result (Table 2), showing that

one can substantially release from preventing information (the background) and, so,

substantially increase the contrast of the image of investigated object.

Table I.

6954 10591 7750 5788

10594 20000 15331 7653

7621 15395 19932 10606

5728 7772 10654 6853

Table 2.

-86 -30 93

56 15471 -76

-138 20 15320

-61 32 206

-10

-85

156

-359

1. Yu.N.Koblik et.al., Avtorskoe Svidetelstvo SSSR, N°l644639,1990.
2. A.D.Avesov et.al. Mezdunarodnoe soveschanie po phizike atomnogo yadra

(Russia,Moskva, 16-19 iyunya 1998), S.Peterburg, 1998, p.351.

3. Yu.Koblik et.al., 3-rd Conference and Workshop on Cyclotrons and Applications (Egypt,
Cairo, 6-10 Feb. 1999), Book of Abstracts, p.44.

UZ9901261

FORMATION OF THREE-DIMENSIONAL IMAGE OF
OBJECT IN THE PET OF REAL TIME

Yu.Koblik, G.Mkrtchyan, Yu.Polyak, T.Shadieva, V.Ulanov,
V.Yakushev, B.YuIdashev

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

In accordance with conception of [1-2] method of obtaining the image of investigated

object in positron - emissive tomograph of real time, model calculations of the process of

formation of volumetrically image of phantom object are conducted. On the first stage

modeling included:
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• Elaboration of the methods structure of phantom object of arbitrary shape and with

different activities of its separate particles, and also visual representation of initial

picture.

• Search for detectors, registed in coincidence the annihilation gamma - quantum's and

identification, of spatial position of the trajectory of these quantum's in the working

volume of tomograph.

• Formation of informational data base model experiment with the different spatial

permitting capacity and also obtaining arbitrary competent plane cuts.

• Obtaining the visual picture of volumetrically image of phantom object in different

projections with the help of modifications of well-known 3-D-GRAPH program

(Fig.l).

\

feife*Wfllii
SSfj

Fig.l a) volumetric object;
b) volumetric image of object;
c) parallel cut of object;
d) image of cut.
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Modeling is made with the help of original program MOPET, elaborated for ECM IBM
PC AT 486 on FORTRAN language using the MOPET program, the first tomograms of
phantom objects are obtained. They allow speaking about the perspectives of using suggested
method and algorithm of obtaining the volumetrically tomographical images of investigated
object during the creation of positron - emission tomograph of new generation, reflecting the
dynamics of physiological and biological processes in real time.

1. A.D.Avesov et.al. Mezdunarodnoe soveschanie po phizike atomnogo yadra (Russia,
Moskva, 16-19 iyunya 1998), S.Peterburg, 1998, p.351.

2. Yu.Koblik et.al., 3-rd Conference and Workshop on Cyclotrons and Applications (Egypt,

Cairo, 6-10 Feb. 1999), Book of Abstracts, p.44.

UZ9901262

STUDY OF NUMBER ALBEDO OF BRAKE-RADIATION OF
ACCELERATED ELECTRONS WITH E=22 MEV FROM FLAT

SCATTERES

O.B.MamatkuIov1), T.M.Muminov1*, U.S.Salikhbaev2),
A.N.Safarov2), T.Khazratov2), I.Khakberdiev2)

!) Tashkent State University, Uzbekistan
2) Instityte of Applied Physics at Samarkand State University, Uzbekistan

There were measured secondary gamma-radiation, generated by bunch of brake
radiation of MT-22S microtrone electrons in ion-and multilayer scatterers from glass (G),
aluminum (Al) and lead (Pb).

Detectors were placed under 0s = 55°, 110°, 135°, and 160° angles at distance of 2m
from scatterer's centre. Angles of scatterer's surface orientation to direction o.f falling bunch
were changed automatically in limits of cp = 10° -^90°.

Experimental techniques are described in work [1].

There were defined signs of number albedo and number characteristics of flows of
diffusion of brake radiation of monolayer (d = 15 mm) (G, Al, Pb and trilayer G (5 mm) + Al
(5mm) +Pb (15 mm) scatterers.

Analysis of these data let us conclude:

- number albedo, aside from atomic number Z, depends on angles 0S of registration

of scattered y-radiation and falling angles tp, more over this dependency; more

strong for light scatterers;

- a screening of Pb scatterer by thin layers of G and Al leads to some weaking of

annihilation component (AEA = 0,45 -h 0,55 MeV) and more observable increase of

low energy component (A EH = 0,07 -f 0,45 MeV) flows of scattered radiation.

1. Alimov G.R. and etc. "Instruments and technology of experiment", 1998, N° 1, P46.
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UZ9901263

COMPARISON OF THE METHODS OF IODINE - 125
INTRODUCTION INTO SURFACE HEPATITIS B VIRUS ANTIGEN

A.M.Abdukavumov, P.G.Chistyakov, G.R.Garayshina

"Padiopreparat"at the Institute of Nuclear Physics,
Uzbekistan Academy of Sciences, Tashkent

The method for Iodine-125 introduction into the surface antigen of the hepatitis B virus
was worked out and applied for industrial manufacturing of immunodiagnostic kits.

Classical notion about optimum specific radioactivity is render unacceptable for
HBsAg. In the number of papers there are pointed at the biologically highactive 125I - HBsAg
preparations production with specific radioactivity 7 - 1 0 mkCi/mkg. That exceeds
approximately 10 times the ratio of 1 atom of Iodine per 1 molecule of a protein. High
stability of HBsAg lies on the base of this particularity. The problem of iodination agent
choice was which method for preparation of labelled antigen with maximum specific
radioactivity had the best biological activity. By means of three methods use we have shown
their different efficiencies.

Comparison of biological activity of 125I - HBsAg preparations prepared by
different iodination methods

The methods of
prepn rat ion (agent)

Chloraminc T

Bollon -f Iunlor reagent

Iodogen

Optimum specific
radioactivity,

mkCi/mkg

26 - 32

-

27-31

MAX binding,
%

40,2
*"?? 3

41,3

Radiochemical
purity %

l)9,2

92.6

99,6

The use of Bolton-Hunter reagent did not enable a getting of high specific radioactivity
preparations. It has affected the value of maximum binding (determination of maximum
binding was conducted under inequilibrium conditions).

125I - HBsAg preparations that had been produced by means of Chloramine T and
Iodogen use possessed a high biological activity. 125I - HBsAg prepared by these two method
did not distinguish practically for immunoreactivity. This fact confirms the conclusion about
high stability of HBsAg with respect to different chemical agents, in this case, to the action of
the oxidisers.

206



UZ9901264

IODINE-ORGANIC COMPOUNDS,
LABELLED WITH IODINE-131

M.N.Abdukayumov, A.Kholbayev, Rikhsiyev, D.Aripov

"Padiopreparat"at the Institute of Nuclear Physics,

Uzbekistan Academy of Sciences, Tashkent

It is being reported the results of development and introduction into production of the
importsubstituting generetic radiopharmaceutics of "Albumin labelled with iodine-131",
"Macroagregates of Albumin labelled with iodine-131", "Bengalian rose labelled with iodine-
131", "meta-Iodobenzylguanidine labelled with iodine-131", "Sodium iodide with iodine-131,
in capsules".

Radiopharmaceutical albumin of human blood serum, labelled with iodine-131, is the
water solution of albumin of human blood serum, part of molecules of wich includes iodine-
131 and intended for the determination of indicators of the central gemodynamics and
regional blood circulation. Injection of the radioactive isotope iodine-131 into albumin is
prepared by means of the preliminary transforming it into active cathionic form by means of
chloramine T in the phosphate buffer solution with pH 7,3 ± 0,3 with consequent including itit
to the phenil group of albumin molecule by the mechanism of electrophul substitution. If
necessary, the reaction can be stopped by adding ammonium metabiosulphite.

The macroagregates of albumin of human blood serum, labelled with iodine-131, is a
suspense agregirated by heating the albumin which includes isotope iodine-131. In medicine
they are used for scanning lungs in case of new transformations, embolisms of pulmonary
arteries, heart attack of lung, tuberculosis, chronic fostering deseases and their reception is
based on the warm-up influence on albumin in isoelectrical place in presence of alcohol and
glucose.

Bengalian rose with iodine-131 is used for liver and bilious ways studies and it is a dye-
stuff "bengalian rose" - a mixture of iodine make-ups of tetrafhluoresin with the primary
contents of 2,4,5,7-tetraiodine - 4', 5', 6', 7'- tetrafluorensine - a natural nuclide composition,
in which a part of stable isotopes of iodine is replaced to radionuclide iodine-131 by method
of isotope exchange in presence of hydrogen peroxides at the temperature 95-100 °C with
consequent adding to the ready product of benzol alcohol.

Radioharmaceutical "meta-Iodobenzylguanidine, labelled with iodine-131" is intended
for diagnosis and therapy of kidney desease. The main non-radioactive raw meterial is
sulfuricacid meta-iodobenzylguanidine. The reception of the radiopharmaceutical is based on
the reaction of isotope exchange of iodine atoms in sodium iodide, containing radionuclide
iodine-131, with iodine atoms in the meta-iodobenzylguanidine molecule in presence of
copper salts at the temperature of 150 °C during 30 minutes.

The method of getting of capsules with radioactive iodine-131 is based on the
evaporation of alcohol solution of sodium iodide with iodine-131 without carrier right in
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gelatious capsules. They are finished medicine form and intended for the determination of
functional condition and scanning of thyroid gland.

At present all radiopharmaceuticals have passed through corresponding tests and the
registration of their normative-technical documentations is being completed.

UZ9901265

METHOD OF PREPARING TRIPLE SUPERPHOSPHATE
LABELLED WITH PHOSPHORUS -32

M.N.Abdukayumov, P.G.Chistyakov, A.Z.Rikhsiev

"Padiopreparat "at the Institute of Nuclear Physics,

Uzbekistan Academy of Sciences, Tashkent

Studying of root nutrition of plants is one of the important problems of agricultural
chemistry. Partially labelled fertilizers are used in agricultural chemistry for development of
its regulation ways. This method is the most efficient and it gives a maximum possibility for
plants nutrition diagnostics and for determinations of fertilizers needs. Triple Superphosphate
labelled with Phosphorus -32 is one of this labelled fertilizers.

In this article the simple method for preparing of Triple Superphosphate labelled with
Phosphorus -32 was considered. The proposed method for Triple Superphosphate labelled
with Phosphorus -32 is carried out in the device for reaction supplied with the blade mixer,
the bunker for raw material feeding, gas-pipe-bend and the unloading hatch. Concentrated
Orthophosphoric acid and Orthophosphoric acid labelled with Phosphorus-32 with the
specific radioactivity 1 Ci/mmol is used for the synthesis.

The synthesis was carried out in the following order. The determined quantity of
concentrated Orthophosphoric acid, Orthophosphoric acid labelled with Phosphorus-32 and
concentrated nitric acid were carefully mixed. Then the Apatite concentrate and carefully
mixed Apatite concentrate with the calcium carbonate were added consecutively.

The bone flour was added several minutes later after mixing. After mixing during
several minutes the mass that getting thick was unloaded through the unloading hatch. The
mass was dried on the tray by means of heating.

After completion of the procedures the quantity of the prepared product is determined
by means of weighing on the analytical balances. The specific radioactivity is measured by
radiometric method by beta-spectrometer.
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COMPARISON OF CHARACTERISTICS FOR
MEDICINES PRODUCED BY DIFFERENT METHODS

OF IODINE -125 INTRODUCTION INTO MOLECULES OF
ANTIBODIES SPECIFIC TO THE AUSTRALIAN ANTIGEN

A.M.Abdukayumov, P.G.Chistyakov, G.R.Garayshina

"Padiopreparat-at the Institute of Nuclear Physics, l | | | | | | l l l
Uzbekistan Academy of Sciences, Tashkent UZ9901266

The experimental data are presented for Iodine-125 introduction into the molecules of
antibodies specific to the surface antigen of hepatitis B virus (Australian antigen) by means of
three methods: Chloramine T, Bolton-Hunter reagent and Iodogen. Comparative features for
prepared iodinated products are given: specific radioactivity, radiochemical purity and
immunoreactivity.

Characteristics of Iodine-125-antibodies preparations produced by means of three
methods of isotopes introduction into standard protein preparations

Method of
Iodinc-125
antibodies
preparing
(reagent)

BUR

Chloramine T

Iodogen

Radiochciuical
purity (RCT), %

I-s t

day

92,7+1.6

99,0+0,5

99,0-0.2

30-th
day

66,04 1.4

84,8+0,7

82,4+0,2

Maximum c
binding, %

I-s t

day

35 i 1.2

36,3+1,3

40.7+0,7

30-th

day

24.1+0.3

30,5+1,0

35,3+1,2

P/O

I-s t

day

J23.4

64,5

150,2

30-th

day

56,2

53,8

112,6

Sensitivity -
for IRMA

ng/ml IIBsAg

I-st 30-th

day day

2.5 5

4,5 5

1,8 2,5

Collation of RCP data for preparations shows that for antibodies to HBsAg conjugated
with the Bolton-Hunter reagent is distinctive low stability in solution. As result of molecules
degradation to the expire date there occurs a significant reduction of maximum binding level
for this case. Levelling of P/O ratio (as well as sensitivity) under the different maximum
binding takes place in the case of significant raising of radioactivity of negative control
sample as in the case of "chloramine" test-system. Such increasing background radioactivity
proceeds from the increase of non-specific absorbing abilities of labelled molecules that got
significant damage in the process of iodination.

The preparations that had been received by means of Iodogen distinguished with the
high biological activity within the whole storage time, particularly to its end, and prevailing
over other preparations. As far as radiochemical purity of preparations labelled with Iodogen
and Chloramine stayed at one level approximately we suppose that higher stability of the first
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is obviously ensured by sparing conditions of iodination. Well reproducible method of
iodination by means of Iodogen most corresponds to the problem nf
highactive preparations of 1-125- antibodies to HBsAg production.

UZ9901267

CLOSED TECHNOLOGICAL CYCLE FOR REUTILIZATION OF 58Ni
IN PRODUCTION OF RADIONUCLIDE 57Co

I.R.Gulamov, A.A.Rylov, A.A.Kim, I.A.Yaroslavskaya, S.A.Tushakov

Science and Technology Enterprise "TEZLATGICH" at the Institute of Nuclear Physics,

Uzbekistan Academy of Science, Tashkent

A simple and effective method of regeneration of enriched Ni from the utilized
cyclotron targets is shown. The residual nickel layer is completely removed from target
cooper backing by electrolysis in suphuric acid solution. The received sulfate of 58Ni is
precipitated, converted into 58Ni chloride and cleaned by ion-exchange chromatography. The
technological process of ion-exchange cleaning, using two sequentially connected columns
and detector of flowing radioactivity, is designed. This process allows us to extract
completely high purity enriched 58Ni and residual isotope 57Co from targets in shorter time
than it is needed by other methods of regeneration. The regenerated enriched 58Ni was used in
preparation of cyclotron targets. After its irradiation by proton beam and extraction of final
product, the radionuclide analysis has shown that received isotope 57Co has higher
radionuclide purity than 57Co from targets using metallic enriched 58Ni. The process gives us
the possibility to reduce personal doses of radiation and to decrease the consumption of
expensive reagents.

UZ9901268

PROBLEMS OF LOW YIELD
IN "Mo/9 9 mTc GENERATORS

S.Khujaev, A.Sultanov, N.A.Mirzaeva, J.A.Ganiev

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

The interest of researchers to radionuclide generators is connected with the problem of
production and use of short half-life radionuclides in modern radioisotope diagnostics. This
problem is well resolved by means of radionuclide generators. A preference of radionuclide
generators is in theirs using in order to obtain short half-life daughter radionuclide repeatedly.

At present 99Mo/ 99mTc generator is the most well-known and wide-used among the
radionuclide generators. The one of the main problem in the use of 99Mo/ 99mTc generator is
the yield of 99mTc daughter radionuclide (the completeness of 99mTc elution from the generator
column).
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The principal reason of 99mTc retention in generator system and the ways theirs
removing are considered in this communication. On the whole 99mTc yield decrease at the
expense of high meaning sorption of Tc reduction forms on AI2O3 sorbent in the generator
column.

The reduction forms of Tc (VI) and below may de formed in generator system under the
influence of radiation:

TcO 4 + e (hydrated) -» TcO 2
4~

TcC>4+H# ^ j

The products of radiolisis process leading to reduction of Tc are atomic hydrogen H* and

hydrating electron e aq (hydrated).

In the radiolisis of oxygen-free water the primary agents of chemical change coming

from the earliest products of water ionization and excitation are:

H2O -> e (hydrated), H' and OH*

Four variants of decline in 99mTc retention in column by a way of sorbent and eluting
solution treatment have been proposed in this communication.

•Ill
UZ9901269

EFFICIENCY OF ELEMENTS SEPARATION
BY EXTRACTION CHROMATOGRAPHY

S.Khujaev, N.A.Mirzaeva, L.B.Nushtaeva

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

The extraction chromatography method is simple and the most convenient for solution
of various problems in analytical chemistry and particularly in radiochemistry. It combines
merits of extraction and chromatography. The method submits to an easy automation that is
very important to solve a set of applied radiochemistry problems. Many aspects of extraction
chromatography were considered in recent work by the authors l.

The separation efficiency of elements can be expressed by resolution function (Rs) and
is determined by the following equation:

' Extraction Chromatography./ Edited by T. Brawn and G. Ghersini. Akademia Kiado, Budapest, 1975.
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where a is the separation factor (K2 I Kj or fc'2/k'i), N is the number of theoretical plates and
k' is the capacity factor, the subscripts 1 and 2 refer to the first and second components,
respectively. Thus, Eqn (1) relates Rs to three fundamental and important columns parameters:
namely, separation factor, number of theoretical plates, and capacity factor. Since N = L /H

and H (plate height) is a function of almost every column parameter (such as flow velocity,
experimental conditions, particle size), Rs can be expressed in terms of all column parameters.
According to Eqn (1) any parameter which affects plate height will affect Rs.

In the present communication the dependence of parameters defining the resolution
function Rs from different factors are investigated. It is determined that merely extraction
chromatographic processes in the extraction chromatography column by comparison of
distribution coefficient in static and dynamic conditions. The influence of mobile phase
current flow rate and load degree of inert carrier by extragent on meaning of resolution
function was considered on the example of Ce - Nd rare earth pair separation. The extraction
chromatography system for this investigation is TOA - Teflon - LiNCb (pH 2,0). It is
determined that the growth of resolution function is observed with increasing degree of load
from 0,2 to 0,6 ml/g. The subsequent increase of load degree results in decrease of resolution
function. The separation factor (a) does not depend on load degree. The column capacity
factor (k') increases with augmentation of carrier load degree by extragent and a number of
theoretical plates pass through the maximum.

The changing of mobile phase flow rate do not influence on separation factor and
capacity factor. The velocity influences mainly on a number of theoretical plates. A number
of theoretical plates and resolution function increases with decrease of mobile phase flow rate.

The obtained results have been used for determination of rare earth elements separation

c o l o n s by extraction chronograph, llliillllill
UZ9901270

INFLUENCE OF PRELIMINARY TREATMENT OF
ALUMINIUM OXIDE ON SEPARATION OF 68Ge - 68Ga

RADIONUCLIDE CHAIN

S.Kh.Egamediev, S.Khujaev, A.Kh.Mamatkazina

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

The 68Ge - 68Ga radionuclide generator is a convenient source of a positron - emitting
gallium-68. The search for new adsorbents and development of the optimal methods for
separation of the 68Ge - - 68 - Ga radionuclide chain are the main problem in this research of
this system.

In this contribution the influence of preliminary annealing and wet treatment (with 0,1
M HC1; with 0,1 M NaOH) of aluminium oxide on separation efficiency of 68Ge - 68Ga
radionuclide chain have been studied. The study of a preliminary annealing of aluminium
oxide at 400°C (I) and 1000°C (II) on the sorption of a carrier-free germanium-68 was shown
that distribution factor of 68Ge decreases from 128 to 52, accordingly. Adsorption behavior of
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gallium-68 daughter radionuclide was examined by desorption method with 0,1 M HC1.
Desorption of 68Ga from sample of aluminium oxide (I) with adsorbed 68Ge was 40%. At the
same time desorption of 68Ga from sample of aluminium oxide (II) with adsorbed 68Ge was
62%. The experimental gallium-68 generator was prepared on the basis of aluminium oxide
sample (II). The study of generator performance provides production of the first 60 eluates
with a gallium-68 yield of 60-65%. However, after 60 elutions the gallium-68 yield decreases
from 65% to 42%. The break through germanium-68 in all obtained eluates was less than
MO"3 % • ml"1. The study of influence of preliminary wet treatment of aluminium oxide on
separation efficiency of the 68Ge-68Ga radionuclide chain was carried out by using sample
aluminium oxide (I).

The results of experiments were shown in table.

Serial
JS'2

1.
2.
3.
4.

5.

The method of preliminary wet
treatment of AI2O3

Dry
treatment with 0,1 M 11C1
treatment with 0,1 M NaOH
in sequence treatment with 0,1 M
NaOH and 0,1 M1IC1
in sequence treatment with 0.1 M IIC1

and 0.1 MN'aOII

Distribution
factor of MGe;D

110
127

275

191

360

Desorption
degree, S

"sGa

39
40
48

55

46

0.2
0.2
0,1

0.1

0,1

The experimental gallium-68 generator was prepared by using aluminium oxide treated

consequently with 0,1 M NaOH and 0,1 M HC1 on the basis of obtained data (4). The elution

yield of 68Ga was 50-55 % with a 0,1 M HC1 solution. The gallium fractions obtained was

pure, the amount of germanium-68 in eluate was 2 • 10'4 ml"1.

MATHEMATICAL MODELS OF ELECTROCHEMICAL REFINING
OF TELLURIUM FROM SELENIUM ADMIXTURE

V.M.Bigelis, O.Ya.Karnuta

Institute of Nuclear Physics, Uzbekistan Academy ofScienses, Tashkent

On the grounds of the statistical results obtained at electrode processes study of
tellurium refining with using radioindicated methods with labelled 75Se, the mathematical
analysis has been carried out by the method of the least squares. It was determined that in
fiuorine-sulfur-acid-tartrate solutions a behaviour of selenium admixture depends essentially
on its concentration in the initial electrolyte, density of cathode current, temperature, duration
of electrolysis and concentration of tartaric acid.
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Concentration of selenium in the cathode tellurium depends on the initial contents of
selenium admixture. It is described by S - figurative curve, position of which with respect to
coordinates changes in dependence on technological parameters of electrolysis.

Proceeding from experimental data the empirical formula has been deduced which links
the initial concentration of Se insolution, containing 0,001-0,000001 M, 20-80° C
temperature, 2-24 hours of electrolysis, 2-100 mA/cm2 current density with the concentration
of Se in refined Te. The formula has been deduced by Fletcher-Pauls-Davidon method. The
results obtained can be described by the following function:

c =

where: ai, a2,a3, bi, b2,b3 - fitted parameters,
ai, a2 - units of concentration measurement (mg/ml),
a3 - coefficient of inverse concentration (mg/ml),

b2, b3 - coefficient of inverse temperature,
bi - coefficient of inverse time, (hour A\

Co - concentration of selenium in solution (mg/ml),
t - time, (hour),

T - temperature, (C),
10 - max - time of electrolysis, (hour),

80 - max - temperature of electrolysis (C).
It has been experimentally shown that maximum purification of tellurium from the

admixture of selenium having done by the method is ( 5 ± 2)10 - 6 %.

ELECTROCHEMICAL PROCESSES OF TELLURIUM REFINING

V.M.Bigelis, O.Ya.Karnuta

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Physical-chemical processes, kinetics of behavior of admixture of selenium, copper,
antimony in the process of electrochemical refining of tellurium in fluoric-sulfuric - tartaric
electrolytes have been studied by electrochemical, radioactive tracer and voltamperommetry
methods.

Investigation shows that process of electrochemical purification of tellurium from the
admixture of selenium comprises as a minimum two forms: chemical and electrochemical
reduction of Se (IV) up to Se°. On the basis of carried out investigations the balance of
selenium admixtures has been determined.
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During the elecfrocheiMical. reining process trooi add solitioos the Musics of
of Se, Eh Cu in Ttt depeads cm tempsiatture, entreat density atid process time,

These dependencies are different :for each dement By means of PC the mathematical model
of electrolytic process linking the initial concentration of selenium in solution with the

concentfattoo of sdeoniia in p u s tellurium la dependence on. temperature, density of
current, time of electtolpis his been foraoed.

On too ground, di" received results the tectioological modes j which allowed us to get a
of 99399 % purity have been offered.

UZ9901271

SORP1TON OF OSMIUM FROM NITRATE AND SULPHATE
SOLUTIONS ON VP-l4Kr IONIT1

vt AtGaniev, SfajRizaeva* BJCfflrimiaalov*

Imitate qfNmlew Physics, UzfreMsitsn Academy of Sciences* Tashkent

The methods coiimoliMttlly used for ccmcenlffltiig and subsequent eKttacting Oa are;
extraction", precipitation, distiliation and ion-csctianf® chfomotographyT The USE of ion»
esfihangeis makes it passible to extract Os- from solutions of complex composition up to 95%.
Its desorption, however, is strongly impeded and search for new methods providing effective
elution presents a challenging problem.

It is more convenient to study the sorption and desorption of osmium in volving organic
ion-exchangers used the Os-185 radionuclide. For the present study Os-185 was obtained by
irradiation of metallic Os with neutron flux of 5.10 cm"2sec"' in one of the irradiation tubes of
the WWR-SM reactor. The target was transferred by stopping OsSO from nitric acid into the
10% solution of sodium hydroxide at the temperature of 110° C.

First Os was concentrated by sorbing it on the VP-14Kr ampolite from nitrate and
sulphate solutions.

At the solution pH=3-4 and mixig time of 2 hours and at the ratio of solid to liguid
phase 1 to 4, the Os was sorbed by the ion-exchanging agent to 95%. 10% of this amount was
due to coprecipitation of Os on hydroxides of metals produced in the solutions. Ammonium
hydroxide was used as an eluant. Phases had been mixed for 3 hours at the ratio of solid to
liquid phase 1 to 5. Radioactivity of the sample was measured by the E =646 KeV line of the
Os-185 using multichannel analyser. The amount of desorbed Os was determined in percents.
In increasing of NH4OH concentration from 1 to 6% that of Os increased from 15 to 60%,
respectively.
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UZ9901273 UZ9901272

EXTRACTION OF PLATINUM AND IRIDIUM IONS
FROM SALTS OF PHOSPHORIC ACIDS

B.Babaev1*, D.Kadirova1*, D.Dalimov^, R.Gafurova2), A.Ganiev2), I.Abdurakhmanova2)

^ A.S.Sadykov Institute of Bioorganic Chemistry, Uzbekistan Academy of Sciences, Tashkent
2) Institute of Nuclear Physics, Uzbekistan Academy of Sciences Tashkent

Among the methods of separation platinic metals, the extraction methods found wide
application in analysis. These methods more often were used for the separation of
microamount of elements and readily were combined with neutron activation analysis and
other ones.

With a view of searching for effective extragents of platinum and iridium ions from acid
medium have been investigated the salts of some phosphoric acids. The procedure of the
extraction has been studied by neutron-activation analysis. For the izotope exchange was used
radionuclides Pt-197 and Ir-193, obtained by the irradiation of corresponding metals in the
WWR-SM reactor.

As the study showed, the main factors affecting the extraction efficiency of noble metals
are the concentration and nature of the acids (HC1, H2SO4, HNO3), the concentration and
structure of reagent, the nature of the organic solvent, time and temperature of the extraction
procedure. During the study there was recognized, that platinum and iridium ions were more
effectively extracted with their compounds from nitric acid medium than from the
hidrochloric and sulphuric acid medium. It was seen, that the acidity change of medium and
structure of reagent strongly affected the extraction efficiency of the platinum and iridium.
The optimal conditions of extraction of the metals by reagents have been determined.

EXTRACTION OF PLATINUM IONS FROM PURE AND
TECHNOLOGICAL SOLUTIONS WITH PHOSPHORORGANIC

COMPOUNDS

B.Babaev1*, D.Dalimov1*, R.Gafurova2), D.Kadyrova2), A.Ganiev2)

l* A.S.Sadykov Institute of Bioorganic Chemistry, Uzbekistan Academy of Sciences, Tashkent

* Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

With a view of searching for effective and selective extragent of Pt ions a number of
derivative acids of phosphorus were synthesised to exstract in the medium of organic solvents
the metal not only from pure solutions (H [PtCL ]), but also from technological solutions
effectively. The procedure of extraction was investigated by neutron-activation analysis with
the help of nuclear indicator Pt-197 obtained by irradiation of the metal in neutron fission
spectrum flux in the WWR-SM -reactor. The distribution coefficients and extraction ratio of
Pt in the organic phase were calculated using known eguations.
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During the study it was shown, that the structure and concentration reagent, nature
(HNO3, H2SO4, HC1) and the acidity (0,1-5,0 M) of medium, the temperature of the process
and concentration of labialical agent affect the extraction efficiency of metal ions.

The substances were found which allowed the effective end selective separation of Pt
from pure (83-92%) and technological (81-89%) solutions.

UZ9901274

RESEARCH AND DEVELOPMENT OF ACTIVATION
ANALYSIS AND TECHNOLOGY FOR NOBLE METALS

RODUCTION AT THE INSTITUTE OF NUCLEAR PHYSICS
OF UZBEKISTAN ACADEMY OF SCIENCES

A.Ganiev, D.Karimkulov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

The main line of investigations, carried out at the Institute in this area is research and
development of highly sensitive methods for determination of the noble metals in geological
samples and in their industrial derivatives and also development of technology for their
extraction from waste products of mining integrated works currently operating in Uzbekistan.

Conventionally used chemical, physical and combined chemical and physical analitycal
methods not always meet fully the requirements of chemists, geochemists and technologists in
effectivity as well as in sensitivity and accuracy.

At present growing attention is paid to on-line extraction of the noble and less
abundoned metals from the waste products of mining industry. As a result of the present
researches radiochemical methods have been developed for determining metalls from
platinum, gold and silver groups that is applicaple to analysis of ores, rocks and technological
waste products. These are being succesfully used by geologists and technologists, in
determining the concentration of the noble metals and estimating their reserves which, in the
long run can make it possible to discover their new sources in waste products of mining
industry plants.

UZ9901275

RADIO ACTIVATION DETERMINATION OF SEVERAL
IMPURITIES IN AFFINED SILVER

U.Khudeibergenov, K.T.Yoldasheva, A.Ganiev

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

In the samples on the basis of affined silver, which was obtained from various
technological stages of our Republic industries, such impurities as gold, platinum, palladium
and a number of accompanying elements were determined. For determination above
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mentioned elements the most sensitive neutron activation technigue without decomposition
and with radiochemical decomposition of the samples have been used.

Content of gold in affined silver was determined without decomposition of the sample.
Because it was impossible to determine contents of platinum and palladium without

radiochemical purification of accompanying radioisotopes and own silver radioisotope, the
samples were subjected to decomposition and radiochemical purification of platinum and
palladium of accompanying radioisotopes.

It is shown the possibility of qualitative determination of impurities in affined silver.

UZ9901276

DETERMINATION OF IMPURITIES IN TECHNICAL COBALT BY
INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS

N.M.Mukhamedshina, M.Kadirova

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent.

The development of INAA techniques for the determination of impurities in cobalt

encounters considerable difficulties. A great variety of nuclear reactions taking place in

interacting of nuclear reactor neutrons with the only cobalt nuclide (59Co) makes the y-

spectrum of irradiated cobalt very complex and identification of y-peaks of impurity

radionuclides becomes very complicated. It is necessary to take into account the contribution

from sample radionuclides or to produce the irradiation and measuring condition of the

sample, when their influence are neglect.

Because 5 Co has high thermal and epithermal neutrons capture cross-sections, it is

necessary to take into account the self-shielding and disturbance of neutron flux. To take into

account the neutron flux disturbance is very difficult, so we have found such spacing of

sample and standard by estimated way, when the correction of flux on the surface of sample is

negligible. The self-shielding coefficients of thermal and epithermal neutrons in cobalt have

been calculated using the well-known means from literature for the samples of regular shape.

The metallic powder and its oxide were pressed into disks with a diameter of about 10 mm

and thicknesses from about 0,05 mm to 0,2 mm with masses in the range of about 90-120 mg.

INAA techniques for the determination of 13 impurities in technical cobalt with

detection limit of 10"5-10"2 % have been developed by using thermal and epithermal nuclear

reactor neutrons, with taking into account nuclear characteristics of cobalt and determined

impurities, effects of self-shielding and disturbance of neutron flux, choosing irradiation,

decay and measurement time, with using the Al-Pb-Cd-Cu filter for absorption of low energy

y-rays of mCo and Co. The characteristics of techniques for determination of impurities in

technical cobalt are listed in table.
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Characteristics of the techniques for determination of impurities in Co

Ik'tcrmined
elements

Al, Cl, Ca, V

Na, K, Cr, Mn, Cu,
As,W

Cr. Ni. Mo, W

.V-u iron
spectra

thermal

thermal

Cd-ed fission
spectra

Siimpk-
mass, g

0,05

0.05

0.1

l . . .ad

3 min

1 h

1 min

Time [KimniL-l

2 min

2-3 h

3-4 d

CIN

MIICilMII

5 min

5 min

5 min

The samples for determination of impurities were irradiated by flux of thermal (Na, Al,
Cl, K, Ca, V, Mn, Cu, As) and epithermal (Cr, Ni, Mo, W) neutrons, so correction for the self-
shielding of neutron flux were calculated separately for thermal and epithermal neutrons. In
the case of irradiation by total flux these effects can be summarized, because the cadmium
ratio for all used channels are known (7.4 - 8.0).

The developed INAA techniques have been used for determination of impurity contents
in metallic powder of cobalt as well as in Co2O3 after two stages of purification from Cr, Mn,
Ni, Cu impurities.

Thus, skilled choice of energy spectrum of neutrons for samples activation, irradiation,
decay and measurement time, sample preparation, accounting of the self-shielding and
disturbance of neutron flux, the instrumental neutron activation techniques can be used for
determination of impurities in technical products of cobalt.

UZ9901277

IMPROVEMENT OF PROCESSING OF STEEL PICTURES OF
INTERNAL CONVERSION ELECTRONS

V.A.Ditlov3), T.A.Islamov1>2), V.G.Kalinnikov^, N.T.Kambarova2),
T.M.Muminov2), A.A.Solnyshkin1*

!)Joint Institute for Nuclear Research, Dubna, Russia,
2) Institute of Applied Physics at Tashkent State University, Uzbekistan,

'Institute of Theoretical and Experimental Physics, Moscow, Russia

Carrying out precision investigations of internal conversion electron (ICE) spectra of

radionuclides at beta-spectrographs [1] with recording of electron in R-50 um nuclear

emulsions, we have developed the techniques of ICE line intensity processing,

autoradiographic picture intensification, autoradiometric ICE measurement by an activated

glass photoplate, picture automicrophotometering, and ICE track counting on a glass

photoplate. In the formula relating the density (D) of line to the electron density (Q)

Q=10 D / c - l
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the coefficient C is found to be C = 6.2 ± 0.2 4- 1.5. The experimental curve of the spectral

sensitivity (s) of the glass photoplate at Ee. = 3 + 3000 keV is built. It is in good agreement

with the theoretical curve calculated by the one-impact collision response model (Fig. 1).
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Autoradiographic-intensification [2]. When a photoplate with the ICE spectra is immersed in
an aqueous solution of Fe3(CN)6 and KBr, the compound AgBr is formed. Next after its
immersion in the Na23DS solution, we have Ag235S. Putting a fresh photoplate on the activated
one, we obtain 15-fold intensification of the picture (Fig. 2). Activation of the picture by
radioactive 125J and 211At can provide even higher intensification. Autoradiometric
measurement. Beta-particles emitted by an activated photoplate were passed through a
collimator and detected by Geiger counters. Automicrophotometering. A device for
automatic photometering is developed. It allow processing of pictures 800 x 400 mm2 in size
with a minimum scanning step of 5 urn. Counting of ICE tracks. ICE tracks are counted on a

D
2J0
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«oo channel3500 3700 5500 410O

photoplate with the MBI-6 and MAC-1 microscopes [3], which allowed us to reveal lines 100
times weaker than was possible by the density method (Fig. 3). The developed techniques of
ICE track intensification and counting make it possible to gain reliable experimental
information on ICE spectra of radionuclides. These techniques can be used to process pictures
in other fields of science.
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1. A.A.Abdurazakov, T.A.Islamov et al., "The atlas of the spectra of the internal conversion
electrons of the neutron deficit radioisotopes with A = 131 - 172", Publishing office
"Uzbekistan", Tashkent, 1991, P.346.

2. Yu.D.Aleshin, B.B.Kolesnikov, B.I.Silaev, "The devices and techniques of experiment",
1997,No.2,P.43-46.

3. I.I.Gromova, T.A.Islamov et al., Izvestiya AN Uzbekistana, seriya physics mathematics,
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NUCLEAR-PHYSICAL TECHNIQUES OF BORON PROFILE
INVESTIGATION BY (n,ot) REACTION

M.Kadirova, Yu.F.Simakhin, N.Jumaev, M.M.Usmanova .

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

To investigate boron impurity profile by (n, a) reactions, two experimental equipments

on a horizontal channel of the WWR reactor have been developed. The experimental

equipments were used for destructive and non-destructive analysis.

The non-destructive determination of the topical Boron concentration profiles is based

on the measurement of the energy loss of the monoenergetic alpha particles from the 10B(n,

a)7 Li nuclear reaction.

In dependence of an a-particle registration geometry two measurement techniques

based on using a surface-barrier Si(Au) detector and a counting ionisation chamber have been

presented. The determination limit of Boron is approximately of n-1016 cm'3 or (1 - 5)-10"5 %

with depth resolution of ± 0.03 jam.

The sample's destructive analysis is realised by the technique of taking down thick (Ah

> Ro - Rd) and thin (Ah < Ro - Ra) layers.

Solid State Nuclear Track Detectors (SSNTD) are also used to determine the Boron

surface and deep (sidelong section technique) distributions.
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For analysis of experimental data the computer application programs have been

developed. The true a-spectra are restored by a regularisation algorithm and a deconvolution

technique by using a wide class of data windows with application of the Fast Fourier

Transform. A universal algorithm for destructive determination of the Boron profiles has been

developed, to take into account the influence of a deeper layer on a total measurement, when

Ah < Ro - Rd.

EFFECT OF NOXIOUS EJECTION FROM TADJIK ALUMINIUM
FACTORY ON ELECTRICAL RESISTANCE OF PLANT SEEDS

N.Norboev1*, B.Baynazarov1*, M.Ermamatov1*, M.Amanov^
N.M.Mukhamedshina2), M.Kadirova2)

Tashkent State Agrarian University,
2/1 Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

In this work the electrical resistance of plant seeds grown in areas of action of Tadjik
aluminum factory have been study. It is known that aluminium factories mainly throw out in
environment fluoric, nitrous, sulphuric compounds, which are ecotoxins, in particular
phytotoxins and other heavy metals.

The obtained results have shown that the electrical resistance of bulgarian pepper,
beans, corn, wheat, barley seeds grown on strongly polluted areas (200 - 300 mg/kg fluoric
compounds) are increased on 20 - 30 % in comparison with control (15-20 mg/kg) variant of
experience. In areas with an average level of pollution (100 - 200 mg/kg) by harmful
emissions of an aluminium factory the electrical resistance is increased on 10 - 15 %, and in
poorly polluted areas (below 100 mg/kg fluoric compounds) appreciable increase of electrical
resistance in comparison with control variant of experience was not observed.

Studies of tomato, grape, born apricot seeds have shown that in strongly fluoric
compounds polluted areas, their electrical resistance value is increased on 40 - 45 %, in
average polluted areas on 25 - 30 % and in the poorly polluted areas on 15 - 20 % in
comparison with control variant of experiment.

The experiments which have been carried out with germs of cotton seeds, grown in
strongly polluted areas have shown that their electrical resistance value is increased on 10 - 15
%, in average polluted areas on 5 - 10% but in the poorly polluted areas the appreciable
changes in comparison with control seeds were not observed.

The obtained results convincingly show that in plant seeds grown in areas of Tadjik
aluminium factory action deep physical - chemical and biological changes have been occured.
High degree an electrical resistance changes of tomato, grape, born apricot seeds on our
opinion is connected with their sensitivity to harmful influences of an aluminium factory.
Probably corn, wheat, bean and barley seeds are steady against harmful influences of fluoric
compounds. Small changing of electrical resistance value of cotton seeds shows that cotton
has a high degree of stability to harmful influences of Tadjik aluminium factory.
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The increase of the electrical resistance value is connected with infringement of element
contents of mineral nutrition. High degree an electrical resistance increasing for plant seeds
grown on strongly polluted areas by harmful emissions of aluminium factory is connected
probably with reducing of calcium, potassium, sodium, molybdenum and other elements in
plant seeds.

Multi-element instrumental neutron activation analysis (INAA) techniques for the
determination of elemental composition of leaf and seeds of plants grown in areas of Tadjik
aluminium factory action have been developed in the Institute of Nuclear Physics. Some
harmful heavy elements such as Mo, Cd, Ta, W, Hg, Th and U together with wellknown in
mineral nutrition elements have been found.

The conducted measurements of an electrical resistance value of different plant seeds
grown in areas of aluminium factory action show that determination an electrical parameters
of seeds, in particular measurement of electrical resistance may be used for determination of
the stability value of plant seeds to harmful influences of aluminium factories.

UZ9901279

RADIONUCLIDE SCREENING IN FODDER GRASS OF
THE SEMIPALATINSK TEST SITE

G.S.Aidarkhanova

Institute of Nuclear Physics, Kazakhstan National Nuclear Centre, Almaty

Biological variety of plants growing on the territory of Semipalatinsk Test Site
constitutes fodder grass, herb, technical and other species.

The landscapes of the test site are noted for diversity and multiplicity of various species
of medicinal herbs and lichens. These herbs have collected by the local inhabitants, because
they are expensive medicaments. The collection site of the samples is the Degelen mountain
mass. More than 200 explosions were conducted in horizontal tunnels of the Degelen testing
area between 1961 and 1989. As a result of the mountain mass investigation conducted in
1990 more than 50 radioactively contaminated areas adjacent to the test site were detected.
This is characterized the content of 137Cs, 90Sr, 239'240pu and sometimes the concentrations are
significantly high.

Degelen vegetation associations are mainly presented by typical steppe associations.
The species of interest were those possessing medicinal properties. It was found that
radionuclide content in herb is dependet on the place of herb growing. The accumulation of
137Cs by the species determinated by the method of spectrometric analysis. Gallium aparine
from the surroundings of the tunnel has 916 ± 7 Bg/kg of 137Cs; outside the Degelen Mountain
Complex , I37Cs specific activity of this specimen is 55 ±11 Bg/kg; Rumex confertus growing
within the tunnel vicinity accumulates up to 74 Bg/kg, that one growing near the radioactive
stream has 160000 Bg/kg. Results show that species-depended peculiarities also have
influence on the radionuclide accumulation. Herbs growing within the territory of the Degelen
Mountain Complex were studied. According to its capability to accumulate 137Cs it can be
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arranged as follows: Juiperus sabina [8 Bg/kg] - Leonurus quinquelobatus [13 Bg/kg] -
Galium aparine [55-916 Bg/kg] - Achillea millefolium [1398-208857 Bg/kg] - Sanquisorba
officinalis [75 000 Bg/kg] - Rumex confertus [74 - 160 000 Bg/kg] - etc. The content of 137Cs
in lichen layers is 2-8 times higher than the permitted concentrations.

Apparently, there are local plots with medicine herb resources on the territory of the
Test Site. The unique species of herb can be used for pharmacopoeia purposes. It seems that
difference in radionuclide concentrations in plants depends on degree and conditions of
environmental contamination. It is necessary to enrich the data bank on herb content of
biologically hazardous nuclides with the following assessment of possibility to use species
studied.

UZ9901280

PROBLEMS OF RADON MONITORING IN UZBEKISTAN

A.Ya.Yafasov1*, Z. En2)

!) Scientific Association "AKADEMASBOB", Uzbekistan Academy of Sciences, Tashkent
2* Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

The radiation dose received by population for the period of 70 years has been shown to
be 0.2 to 1.5 Zv (20-150 Rem). According to the published data more than half of the total
dose are related to radon and its progeny [1]. Excessive dose of radon and its progeny inhaled
by population for a long time is associated with increasing a risk of getting lung cancer. A
harmful effect of radon gas and its decay products has been estimated by the Ministry of
Health of the USA to be one order of magnitude higher than effect of air pollution.

The importance of radon problem was realized very quickly in many countries all over
the world. Since the middle of 80-es National, Federal and Regional Programs for radon study
have been developed in the USA, Canada, France, Germany, Sweden and other countries. For
Uzbekistan and other Central Asia regions the radon problem is very important for many
reasons. According to the IAEA data [2] by the end of 1992, Kazakhstan had 50 % of the total
USSR uranium deposits. Wastes from uranium mining process were estimated to be 217.8
mln tons of a total activity of 220000 Qi. The explored mine reserves in Uzbekistan can be
sufficient for at least for the next 80 years. There are two mine and metallurgy plants in
Kirgizstan, and total amount of waste is of 34 mln tons of radioactivity 88000 Qi. A similar
situation can be seen in Tajikistan. Central Asia is a region of tectonic faults, one of which
passes through Tashkent city. There also oil, gas and coal mining works have been carried out
extensively. Wastes from mining processing industry usually contain excessive amounts of
uranium and other fissionable elements and they can be considered an additional source of
radon accumulation in air of dwellings and other buildings. Preliminary studies showed that in
the region where uranium exploration work has been done before, indoor radon concentration
were tens as large as the Limit of Acceptable Concentration (LAC). Taking into account a
general unfavorable ecological situation in the Central Asia region the importance of the
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radon problem can be seen clearly. Extensive and comprehensive study of radon monitoring
in Uzbekistan as well as in other regions of Central Asia has not been done yet. Thus,
development of National Program in Uzbekistan on radon problem designated as "RADON"
becomes vitally important. The proposed project involves Republican and regional programs.
The Republican program is a research part of the Project and includes the following aspects:
• Development of technical documents, creating data base.
• Producing a national standard sample, development and production of radon measuring

devices.
• Development of techniques forecasting radon level in air of planned and designed

buildings; search for the ways of reducing radon exposure.
• Study and search for medical prevention for the group of population subject to high

radiation exposure.
• General initial preventive education of population, as well as fellowship and scholarship

for students and experts in the worldwide institutions on radon problems (USA, Canada,
Sweden, Germany, among them NIST, Gemitron Instruments GmbH, and others).

On the frame of regional "Radon" programs there is planned systematic exploration of
large amount of living and industrial buildings.

Radon concentration in air depends on many factors, including weather conditions,
temperature, atmospheric pressure and humidity. The radon measurement system, Alpha-
Guard (Germany), is an excellent device for such measurements. Use of track detector
techniques enables large scale radon measurements. For short term and control measurements
there are suitable devices with aerosol filter (Honeywell, Sun Nuclear, Niton, USA;
"Academasbob", Uzbekistan).

On the results of exploration of large amounts of buildings and other objects it will be
possible to reveal radiation, geophysical and construction features of the explored region, and
to outline the further actions which include: revealing buildings with excessive radon
concentrations, performing prevention procedures, finding risk group exposed to excessive
radon radiation, medical examination of them and prevention works.

The Central Asia region is a unique site for a study of natural radon sources as well as
industrial pollution of air with radon gas and other alpha-active radionuclides. Fulfillment of
the "Radon" program will enable solution of vitally important problem in Uzbekistan. In
addition, study in this field will lead us to better understanding physics of radon.

1. G.Jonsson (1995) Radon gas - where from and what to do? Radiat. Meas. Vol.25, Nos 1-
4, 537-546.

2. Consolidation of Infrastructures in Radiation and Nuclear Safety in the states of former
USSR. Proc. IAEA, Vienna, 4-7 May, 1993.
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VARIATIONS OF RADON CONCENTRATION
IN TASHKENT SUBWAY STATIONS

UZ9901281 A.Ya.Yafasov0, V.A.Akimov1*, Z.En2)

l> Scientific Association «AkadEMASBOB», Uzbekistan Academy of Sciences, Tashkent
2) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Measurement of radon monitoring in air is of important problem, since radon and its
short lived progeny have been proved to affect the human health. The average background
radon concentration in air depends on many factors. Among them are air convection; aerosols,
fogs, locations of high radon exhalation from soil and building materials and others. Intensive
ventilation in the locations of high radon exhalation decreases its level by the order of 10. In
this connection it is of interest to study radon concentration variation at the Tashkent subway
stations.

Laboratory of Physics of Non-homogeneous structures of the «Akademasbob»
performed measurements of air radon activity in the auxiliary rooms (conditions of law
ventilation) and platforms (intensive ventilation modes) with ionization chamber «Alpha
GUARD» PQ2000, made by «Genitron Instruments GmbH» (Frankfurt-on-Meine, Germany),
using automatic signal processing system (DSP). The system enables analysis of each pulse
on amplitude and shape, that is very important when measuring at high acoustic and
electromagnetic noise. A working volume of the detector is 0.56 1. Electric power is +750 V.
The volume is filled by fast passive diffusion. Glass fiber is used as filter with filtration
coefficient > 99.9 %. The detector sensitivity is 1 pulse per min at 20 Bk/m3 activity. Period
of one measurement cycle is 10 min, and a total measurement time is 3 hours or more. The
average radon concentration is determine with the following formula:

where N = number of 10 min cycles, CR^ = Radon concentration at cycle i, Bk/m3. Deviation

of concentration measurements ARn = 8o CRn, where 8o is systematic device error which

depends on a set of factors and determined by the following formula for the given detector:

do = {[200 / (pT/20)!/2f + K2 + M2 + (200 /p)2}1/2

where p = average value of radon meter reading for the measurement time, T = measurement

time, K = calibration deviation, 2 %; M = deviation of standard meter measurement, 7%.

Thus, result of measured radon concentration can be written as: C^n = CRn + ARn, Bk/m3. The

histograms of measured radon activity for the definite period of time are shown in Fig.l. On

the Fig.2, there is shown full meter reading for the «Mustakillik» station. It can be seen from

the figures that the radon concentration in underground constructions of subway station, being

higher than in ground rooms, is much lower than the Lower Limit of Acceptable
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Concentration. This fact proves the effectiveness of ventilation system and that the radon
factor was taken into account by designers and constructors of the subway stations.
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UZ9901282
RADIATION MONITORING

RXRadyuk, E.D.Vdovina, V.S.Vasilieva, V.N.Kadirov, V.A.Kochetkov,
A.Ziyamuchamedov, R.D.Maksudchanova, B.S.YuIdashev

Institute of Nuclear Physics, Uzbekictan Academy of Sciences, Tashkent

Large success was attained in the field achievement of radiation protection research
nuclear centers, but it is necessary to carry out works in this way. Moreover, for protection of
environment it is necessary to control radiation condition of system "nuclear center -
environment".

There is large amount of natural and man-made radionuclides in environment and it is
necessary to solve problem to control individual, important radionuclides, polluting natural
environment. It is necessary to control concentrations of specific radionuclides, which are
marks of definite radioactive source.

The radionuclides 137Cs, 9090,60Co, 14ICe, 144Ce, 95Zr, 35Nb, I31J, uranium, thorium and
their products of decay are basic radionuclides. The 57Co, 35S, 32P, 95Mo, are considered also
basic radionuclides taking into consideration specialization of our Institute.

The basic problems of control of environment are following:
- observation of radioactive pollution level of environment objects ;
- estimation of radioactive pollution level with the purpose of warning of possible negative

consequences;

investigation of dinamics of radioactivity and prognosis of radioactive pollutions of
environment objects;

- influence on sources of radioactive pollution.
There is a large volume of information, characterising radiation conditions of

environment around research nuclear center. The bank of environment object analysis result
date was build for investigation of information.

The system of radiation protection around location of research nuclear center, consists
of control of radioactive waste, superficial and underground water, soils, plants, atmospheric
precipitation. This control includes estimation of throw down values, analyses of radionuclide
concentration in samples, building standards of permissible throw down, estimation of
practical requirements for decreasing spread of radioactive elements in environment,
accounting radiation doses for people.

The permanent control of radioactive pollutions of air shows, that radioactive products
are in air, as products of underground explosion made in China, India, Pakistan. These results
are in picture. The data of air radioactivity, taken in May 1986 after Chernobil accident are
also in this picture.

Thus, the control system for radiation condition, built and used at the Institute, meets
the normatives for the estimation of radiation conditions of environment and radiation risk of
personnel and population, living in the vicinity of research nuclear center.
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INVESTIGATION OF DISTRIBUTION AND MIGRATION
FORMS OF TOXIC ELEMENTS BY COMPLEX

RADIOACTIVATION METHODS

R.A.KuImatov, N.Y.Turaev, D.Kenjaev, Kh.Tillaev, I.Umbarov

Termez State University, Uzbekistan

Since environmental pollution is such a global problem the study of pollution has great
ecological importance. Among the polluting elements of the nature toxic elements and others
that have cumulative canserogen and mutagen properties, Hg, Cd, As, Sb, Se, Cr, Co are in
second place after pectisides. In this paper, the quantity and migration forms of toxic elements
in the content of the atmosphere air and river water were studied for the first time by
radioactivation methods [1-3]. Toxic elements in the city atmosphere are divided into
fractions with the help of impactor and condensation. The quantity and migration forms of
about 30 toxic elements from the aerosols in the size of ~ 20 + 0,4 mkm and in smaller size
than < 0,4 mkm were studied for the first time (Fig. 1). In the first table the distribution of
some toxic elements in the Termez town atmosphere are given according to the size of the
aerosols [see table]. According to the results, the Hg, As, Sb, Cr, Se, Zn, Br elements in the
town atmosphere are mainly found in the aerosols of the size < 0,4 mem in the steam and gas
forms, and Sc, Fe, Co, Th, La, Eu elements are mainly found in the big aerosols of the size >
0,4 mem.

The quantity and migration forms of toxic elements in the contents of the Surkhandarya
River were also studied for the first time by radioactivation methods. The migration forms of
elements were separated from natural and running waters by ultra-filtration and electrodialis
methods and then determined by radioactivation method (Fig. 2). The Table 2 shows the
migration forms of some toxic elements in the Surkhandarya and Amudarya water.

In the river water the Hg, Cr, Sb, Zn elements are migrated mainly in the solvent form
and the Fe, Sc, Co, Sm elements are migrated in the colloid and dissolved particles forms.
These results are very important in monitoring and protecting the environment.
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Table 1

The distribution of toxic elements in the contents of Termez atmosphere according to
the dimension of aerosols (in % from the common rate.)

Size of aerosols; mem

Elements
SC

Cr

Co

Zn

Se

»B
Sb

11,3
19

5

11

4

8

6

17

3.6
22

7

8

18

7

4

12

1,5

8

6

11

3

13

4

11

1,0 >

23

8

9

7

6

5

4

0.4 <

14

21

50

6

27

12

18

0,4
15

52
->

72

36

71

38

Migration forms of some elements in the content of river water (%)

(bruit of
i-li-muils

Sc ( r I I - Cu

Amudarya

/ n

Table 2

Sh

1 ) ' ^ . > l \ ; \ l - i , . - ^ i . i l . i n

Colloid and neutral

Anion

Kation

Dissolved-" 0.45 mkm

Colloid and neutral

Anion

Kation

10,3

10.0

13,8

76.4

4.6

10.5

9.1

1 .̂

1,8
69.1

17,2

9.8

12,5

58.7

20.5

Sl . i

4,8

2.6

•8,7

28,4

0.7

38,1

Surkhand:ir\a

70.8

10,9

11,1

6,7

49.4

18,7

2.7

28.5

IS,

34,7

2.8

54

18.7

21,9

1,40

5 7.7

M.4

10,2

71.2

3,1

9.5

2 5,4

51.4

14,1

V'.l

11,2

49.3

18,5

5.7

25,4

54.8

16,2
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Fig. 1. Scheme of investigation of toxic elements in atmosphere
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Fig.2. Scheme of fractioning and radioactivation analysis of the river water
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RADIONUCLIDES IN SEDIMENTS AND BIOTA FROM THE
KUCUKCEMECE LAKE

D.GafitulHna^, S.Topcuoglu2), D.Kut^, N.Esen2), E.EniIli2)

1} Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
2) Cekmece Nuclear Research and Training Center, Istanbul, Turkey

Concentrations of radionuclides 137Cs, 40K, 238U, 232Th have been studied in sediments

and biota from the Kucukcekmece Lake near Istanbul.

The Kucukcekmece lake (41° OO'N - 28° 43'E) is a brackish water lagoon of 15,22 km2

surface area and a maximum depth of 20 m. It is connected to the Marmara Sea via a narrow

channel. The main fresh water supply comes from the underground springs and several small

streams.

The Cekmece Nuclear Research and Training Center was established near the lake and

the drenage system of the Center is connected to the lake. The take water has been polluted by

trace elements and organic pollutant from a combination industrial, agricultural and municipal

activities. At the same time, this lake was greatly affected by atmospheric input of the

particulate matter originated from the sweepings of waste storage and use of fossil fuels in the

region.

The sediment samples were collected from a station of the lake by using of a Lens

Bottom Samples from different depth (0-2)cm, (2-4)cm, (4-6)cm, (6-ll)cm.

The sediment sample were dried at 85°C for 48h, crushed and homogenized prior to the

analysis. The biota samples were balanus. The samples were pooled and freeze-dried for

several days to constant weight.

The gamma spectra were measured using Canberra S-85 4K MCA gamma-ray

spectrometer PC integrated multichannal analyzer cart, Accuspec, Canberra Resolution was

1,9 keV at 1332,5 keV for 60Co.

Concentrations of selected radionuclides in sediment samples and balanus are given in

Table.

KUCUKCEKMECE LAKE SAMPLES

Results of radioactivity analysis, BQ/kg dry weight

Radiomi

Sample ^ " " - \ ^

Sediment (0-2)cm

Sediment (2-4)cm

Sediment (4-6)cm

Sediment (6-1 l)cm

Balanus

137Cs

67+20

122±14

IO8±2I

205±9

<170

<170

-.170

604^168

<170

2J8U

<13

<\3

• 1 3

78±L9

<13

2 " l h

121+23

~7

S-Oi-36

67_15

<7
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The 137Cs activities in sediment sample from different depth were found within the
range of 67 to 205 BQ/kg, level of 137 Cs was increased with increasing of depth. Also the
highest of 40K (604 BQ/kg) and 238U (78 BQ/kg) in sediment (6-ll)cm. 232Th was
concentrated in higher layer (0-2)cm.

137Cs, 40K, 238U and 232Th were determined in balanus. The results showed no
significant contamination in balanus.

Thanks are due to IAEA for supporting part of this study under its fellowship
C6/UZB/98007.

UZ9901285

RADIOACTIVE BACKGROUND OF ATMOSPHERIC AIR

G.Ahmedova, Sh.Omanov, E.Isakulov, Kh.Omanova

Samarkand State University, Uzbekistan

The radioactive bckground of atmospheric air has been made up from radiation of
naturally-radioactive nuclides which are scattered in the samples of environment. There are
three families of radioactive elements - 238U, 232Th, 235U. These radioactive elements make up
three chains of radioactive families. Radioactive elements (226Ra, 222Rn, 214Pb, 214Bi, 228Ac,
212Pb, 208Tl and so on) which are included in these radioactive chains in the scattered state are
found in all natural formations - mountain rocks, soil, plants, water, air and so on. Moreover,
there are natural radioactive isotopes in many chemical elements, which do not get in chain of
naturally - radioactive families like 40K, 87Rb, 138La, 115In, 14C and others. Radioactive
radiations are formed at the disintegration of above-mentioned natural radioactive nuclides
which make significant contribution to the radioactive background of atmospheric air.

The second source of the background is cosmic rays. The primary cosmic particles with
energy of 1011 -1012eV are coming in atmosphere and make elastic collisions with nuclei of
air molecules and form the secondary radiation. There are new particles with high energy such
as 7t-mesons, protons, neutrons, nucleon-antinucleon's pair, giperons and k-mesons. y-quanta
with high energy, electrons are formed from disintegration of these particles. So, cosmic rays
carry some contribution to radioactive backgroundof atmospheric air.

The third source of the atmosphere background is radioactive waste from the atomic
industry, scientific-research works, the results of conducting nucleus trials (I37Cs, 140La, 144Ce,
124Sb). These radionuclides can enter the atmospheric air in accordance to migration diffusion.
The nuclear radiations have been formed at the disintegration of such radioactive nuclides,
which also affect the atmospheric air. All of the existing live organisms in the earth conditions
are subject to act ionizing radiations of the radioactive background.

We investigated radioactive background for different locality. In these works relative
gamma-rays intensities of radioactive nuclides are different from each other. All of the
radiations, which form radioactive background are not constant values. That is why
permanent measurements of the radioactive background changes will give us possibility to
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control radiation level, to fix common conformity to natural laws for diffusing radionuclides
in environment, to get correct information in scientific-research works and to solve various
ecological problems.

We continued investigations of radioactive level changes in laboratory. From May 1998
to May 1999 radioactive was measured five times a day by the method. Analysis of
measurement results show that intensity change of radioactive background during several
months is not essential and varies in the range of (54 -̂  70)- 10"2Bk. There are the same values
of intensity of radioactive background in August, November, December, January and
February. A moderate increase of radioactive background was observed in May, June,
September, and decrease of radioactivity was in October and March.

Apparently, such moderate changes of radioactive background intensity is connected to
variations of pressure and temperature of atmosphere because the intensity of cosmic rays can
change. Midsquare error of the measurement was (5-6)%.

UZ9901286

RADIATION TECHNOLOGY OF WATER DESALINATION

R.Haydarov, S.Korovin, V.Mironov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Preparing of high quality potable water is an actual problem in some regions of
Uzbekistan as well as in various countries of the World. Many different chemical and physical
methods are used to solve this problem. One of them is based on distillation. However, this
method consumes large amount of energy and requires a large volume of cooling water.

The purpose of this work is creating a cheap and low energy consuming water
desalination technology based on using radioisotopes. In the paper a new water distillation
technology is described. Radiator of ultrasonic waves and source of alpha-particles are
suggested to use as the evaporator and ioniser of water aerosols, respectivly.

The water is transformed into aerosols by means of the ultrasonic waves with the
frequency about 2 Mcy, the aerosols get a charge by means of the alpha-particles. A valve
formed by a controlling electrical field leaks through itself only saturated vapour pressure of
which at the aerosols surface is higher than at the flat surface. The vapour is transformed into
liquid in the condensation camera.

Influence of the ultrasonic waves power and the controlling electrical field voltage on
the salts concentration in the distilated water are given in the paper. Test results show that the
optimal ultrasonic waves power is 40 W and the controlling electrical field voltage is 50 V
and the method efficiency decreases when the power and voltage increase higher than these
values.

As an example, test results of 2 kg water contained 2-4 g/1 of NaCl and CaCl2 are given.
The distillation process lasts 30 minutes, power is 20 W and the purification coefficient is 104.
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PROBLEM OF THE QUICKEST TRANSITION OF
OBJECT FROM RADIATION REGION

S.Ochilov, S.Otaqulov

Samarkand State University, Uzbekistan

The problem connected with radioactive contamination of the ground is the most acute,
since for surviving in this cases, we have to consider also the indefinite factors of the
influence of nature. Besides, the indefinitenesses occur in connection with the imperfect input
information, with the measurement errors, with the availability of delay and information
hindrances.

This paper presents one of the most important problems of the task of temporary
optimisation of object transition through radiational possibly moving prominent region,
expressed in the form of linear differential systems with delay.

Mathematical model of this task is:

T\x{) = \h{x{t),i)\dt -^ min,

where

l,x(t) £ M(t),

at the conditions

x(t) = Ax(t) + Axx{t-h) + Bu(t),t e[0,1],

x(t) = xo(t) eM(t),t e[-h,0],x(l) ^MxV\M())9t{i) eU,t

Here X GR ,U d R ,A,A-[ — YlXYl —matrix B = nxr matrix, U - plural permissible

direction,

Mx = Ix GRn:(pj(x) < OJ = l,...nl,M(t) = {x eRn:y0(x9t) < o},O<t <

The necessary conditions of optimisation have been formed and proved for the
investigated task.
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MAGNETOMETRIC METHOD OF INVESTIGATING FIRE AND
RADIATIONAL CATASTROPHES SITES

M.Kh.Usmanov, V.P.Yugay, U.Abdurakhmanov, Sh.Sharipov

Higher Engineering Fire Technical School, Tashkent State University, Uzbekistan

Magnetic susceptibility (MS) measurements were taken to determine fire exposure
patterns on noncombustible structural members and compartment boundaries. These
measurements led on-site fire investigators to the cause of combustion and the point of fire
origin. Thermal damage to walls and to ceilings was estimated quantitatively by measuring
MS and two-valent Fe ion concentration in building materials such as concrete and plaster. It
was shown that these effects are preconditioned by thermochemical transformations in the
mineral biotite, which is present as a component of common building materials.

The possibility of using the measurements of concentration the paramagnetic centres by
EPR-spectroscopy method in the bulding materials for the finding the temperature and time
behavior of fire, and for the estimating the rate of the buildings frameworks thermal damage
was studied too.

For the first time, the effect of a substantial and irreversible increase in biotite
magnetization and decrease of the concentration the paramagnetic centres in mineral biotite
exposed to powerful flows of N- and P-rays was found. It is hoped that the presence of this
«magnetic trace» of radiation in building materials will allow investigators to use the
magnetometric method at nuclear power plant catastrophes such as that in Chernobyl. It was
also shown that the influence of N- and P-rays on biotite s magnetic properties greatly differs
from the thermal influence on biotite.

UZ9901289
STUDY OF BACK SCATTERING

y - RADIATION 137Cs AND 60Co

N.V.Baliyan, A.Hamrakulov, T.Hazratov

Samarkand State University, Uzbekistan

In the given work the radiation field of the 137Cs and 60Co radionuclide sources, back
scattered from plexiglas, glass, building glazed, aluminium, iron and lead was investigated.
The point isotropic source from a gang OSGI Cs and 60Co was in the leaden collimator of
cylindrical form. The collimated radiation was directed vertically up on scatter. For
registration of the radiation there were used Ge(Li) detectors (V = 100 cm3, = 6,2 KeV on 1
333KeVofaline60Co).

The measurements have shown, that the amount of backscattered photons increased in
accordance with growth of nuclear number and scatter thickness up to 1,5-2 lengths of free
run. With increasing a scatter thickness, the albedo reaches saturation and remains unchanged.
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We shall mark, that, applying isotope sources it is possible to conduct not destroying
monitoring of depths scatters not exceeding 1,5-2 lengths of free run of a thickness of the
reflector.

UZ9901290

COMBINED EFFECT OF GAMMA-RADIATION AND FLUORIC
COMPOUNDS ON ROUTINE CONTENT IN PLANTS

N. Norboev1*, B. Baynazarov1*, M. Ermamatov^, M. Amanov1^
N.M. Mukhamedshina2), M. Kadirova2)

^ Tashkent State Agrarian University,
2) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Intensive development of mining, reprocessing atomic power production industries as
well as agriculture and national economy results an environmental contamination with
harmful radioactive, fluoric, nitrous, sulphuric compounds and heavy metals. The basic
sources of environmental contamination in Uzbekistan are Tadjik aluminium factory and
uranium mines. Therefore the necessity for research the mechanisms of environmental
harmful factors influence on plants and living organisms has become pressing.

For this purpose we investigated the changes of vitamin P (routine) content in plants
grown in areas of fluoric and other compounds influence with subsequent gamma-irradiation.
The research data indicate that routine content in fruits are more than in leaf, and under the
fluoric compounds influence in peach, apricot, grape and tomato fruits the routine content
decreases in 2 - 2.5 times in comparison with control variant of experiment.

Since vitamin P (routine) in living organisms plays an important role in preservation
stability to harmful physical-chemical influences of an environment, the reduction of the
routine content in leaf and fruit of plants in spheres of Tadjik aluminium factory action speaks
about reducing of plants stability to harmful influences of environment.

Probably, in the vegetative organisms stability study against harmful influences of
aluminium factory routine is endogenous protective substance and can serve on our sight as
one of the criterion's for determining degree of vegetative organisms sensitivity to harmful
influences of environment.

We also investigated changes of vitamin P content in cotton and tomato sprouts grown
in strongly polluted (200 - 300 mg/kg fluoric compounds) areas with the subsequent influence
of gamma-radiation. Gamma-irradiation of cotton sprouts for 9 days of germination by doze
of 2 and 4 kR has show that appreciable changes of routine content in comparison with
control variant of experiment was not observed but at the same time in tomato leaf irradiated
by doze of 2 kR the routine content has increased on 5 - 10 %. Apparently this process is
connected with stimulating effect of small gamma-irradiation doses.

Combined influences of gamma-radiation by dose of 10 kR and fluoric compounds on
cotton and tomato sprouts have shown that synergetic effect is very high, i.e. the vitamin P
content in cotton decreases in 1,5 times and in tomato leaf in 3-3.2 times in comparison with
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control level. Similar regularity observed in sprout of plants grown in average (100 - 200
mg/kg) polluted areas. Supervision over plants grown in weakly (below 100 mg/kg fluoric
compounds) polluted areas and irradiated by dose of 4 kR observed synergetic effect.

Multi-element instrumental neutron activation analysis (INAA) techniques for the
determination of elemental composition of leaves and seeds of plants grown in areas of Tadjik
aluminium factory action have been developed in the Institute of Nuclear Physics. Some
harmful heavy elements such as Mo, Cd, Ta, W, Hg, Th and U together with wellknown in
mineral nutrition elements have been found.

Thus appearance of synergetic effect under the combined influences of fluoric and other
compounds, gamma-radiation and some heavy metals on leaf, seeds and sprouts of plants
speak that it is necessary to turn the special attention on influences of different factors of
environment on plants and living organisms studies.

UZ9901291

DETERMINATION OF CONTENTS OF NATURAL
RADIO-NUCLIDES IN SAMPLES OF BUILDING MATERIALS

F.Zaripova, A.Muhamedov, A.Safarov, T.Hazratov

Samarkand State University, Uzbekistan

Applying the method has been described in work [I], experimental researches on
determination of contents of natural radio-nuclides in samples of building materials are
fulfilled.

Measurements were conducted on gamma-spectrometer with Ge(Li)-detector (V=100
cm , AEy= 6,2 keV on Ey = 1332 keV). Registration, admission and processing of spectrums
were conducted on IBM PC. For calibration of the detector on efficiency of registration,
standard volume sources 226Ra, 232Th and 40K-BMASN with different fill'ingers packed up
into resells of Marinelly with volume V=ll were used. Building materials were pounded up to
powdery condition and were packed into the vessels of Marinelly. The results of measurement
are given in the table.

Table
.VB

1.

2.

4.
5.

6.
7.

8.

Nucleus Bit/kg

Marble (Zarband)

Marble (Chingaly)
Marble (Ciazean)
Ceramics bricks
Cencerete clay

Cmshed stone
Red sand (Juma)

Black sand (r. Zaravshan)

22(Ra

7.0

8,2
6,5
50
43

25
20
29

232.,.,,

7.1

7,0
4.7
46
32

27
30

27

39

34
37
609
925

296
1206
290

Acff.

19.7

20.26
15,8
162
164

, 86
162
89
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1. Darapheev A. and others "Registration's method of background in spectrums of natural
radio-activities of samples of surroundings" // Abstracts of the second Uzbekistan
conference "Modem problems of Mueller physics" 9-12 serf, 1997, Samarkand, p. 115.

UZ9901292

Pb IN ENVIRONMENT AND ITS INFLUENCE ON THE BLOOD
CONTENT AND ELEMENTAL HAIR COMPOSITION

L.I.ZhukI}, E.A.Danilova l\ A.A.Kist1}, T.Ju.Jashina l\ S.S.Agzamova *>,
M.M.Tabachnikov2), S.V.Olichova2), R.M.Nozhkina3), V.V.Titova4)

!) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
2) Central Laboratory Tashkentgeology, Tashkent, Uzbekistan

3) Health Ministry of Uzbekistan, Tashkent, Uzbekistan
4> GOSKOMPRIRODA, Tashkent, Uzbekistan

Lead is known to exert unfavorable influence on the blood formation, central nervous
system, heart, and kidney. In this regard the lead content in children's blood and hair as well
as hair elemental composition has been studied in the regions of pb disposals into atmosphere.
The samples of blood and hair of children from kindergartens (in twenties samples) have been
selected in the areas with intensive traffic, near crystal production plant and in comparatively
ecologically pure areas. For the comparison the results of tashkent children hair analysis (100
samples) have been used. Traditionally the influence the lead on people's health is determined
according to its content in blood. However, the period of lead semiexcretion from blood is
about 5 weeks and consequently the content of lead in blood shows not summery influence
but the dose for small period of time. Moreover lead concentration in blood decreases
significantly while moving away from the source of pollution - in particular from motor
tracks. Therefore the using of hair for the determination of influence of lead can be more
convenient and informative. The samples have been analyzed for lead content by cathode
valtamperometry method and for the other element content, by neutron activation analysis
method. Hair analysis results show that lead content is the highest 2.4±0.66 mkg/g in the
crystal plant area, it is 1.5±0.65 mkg/g in intensive traffic areas and it is 0.81±0.2 mkg/g in
pure area. However pb concentration in the blood of children in the motor transport disposals
areas is higher and makes up 0.16±0.023mkg/l, in the plant area it is 0.11±0.031 mkg/1 and in
pure area it is O.O33±O.OO8 mkg/l. The motor transport disposals can be supposed to be more
toxic. This result is justified by the results of hair analysis, especially essential elements in the
intensive traffic areas.
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INVESTIGATION STRUCTURE OF THE BONE DINOSAUR BY
NEUTRON DIFFRACTION METHOD

G.Batdemberel1', D.Sangaa2), M.Yu.Tashmetov3), D.Chultem1'

7/1 Joint Institute For Nuclear Research, Dubna, Russia
2) National University of Mongol, Ulaanbaatar

3) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

On the neutron diffractometer DN-2, installed at the IBR-2 (JINR, Dubna, Russia)
pulsed neutron source a bone structure of dinosaur was investigated. The neutron-diffraction
data was treated by Rietveld's method.

The calculations show (table) that the bone of dinosaur has a hydrooksilapatite -
(Ca5[PO4] (OH,F,C1)) structure (space group P63/m).

Atom

Cal

Ca2

PI

01

02

03

04

II

1-

a

Posi-
I ion

4(f)

6(h)

6(h)

6(h)

6(h)

12(i)

2(b)

2<b)

2(b)

2(b)

x/a

0,667

0,974

0,376

0,479

0.466

0,259

0.000

0.000

0.000

0.000

Data

\ /b

0,333

0.198

0,415

0.323

0.589

0.348

0.000

0,000

0.000

0,000

of structure analyses

0,001

0,250

0,250

0.250

0.250

0.064

0,250

0.250

0.250

0,428

B

0,404

0,508

0,001

0.251

0.689

0,236

0.163

0,858

0.825

0.734

n

0.155

0.150

0^199

0.289

0.384

0.590

0.431

0,569

0,137

0,139

a,A c,A

626.9 9,37 6,91
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X-RAY EMISSION ANALYSIS OF ELEMENT
COMPOSITION OF COTTON

S.Kalanov2), D.Sh.Rashidova^, I.KhoIbaev1*, K.Asomov2)

^Institute of Applied Physics at Tashkent State University, Uzbekistan

^ Tashkent State University, Uzbekistan

The living organism practically contains different amounts of all elements of a periodic
system. The certain group of main elements is vitally important for normal growth,
development and deriving of high yields. The physiologic, biological and chemical functions
of other elements are still clarified unsufficiently. The study of element composition of
internal and external mediums of living organisms and their separate organs promotes to
revealing of a biological role of chemical elements in processes that are happening in them.
As the most fundamental characteristics of these processes are regarded the contents of
chemical elements in living organisms. Therefore, even the insufficently full data on element
composition of living organisms have the important practical application [1-8].

In the given work, the contents of fourteen elements are investigated by using X-ray
emission analysis method in soils and in various vegetative (stalks, leafs) and fruit (seeds,
filament) organs of such technical culture as cotton.

Samples. Samples of soils and cotton "Oq-oltin" were taken in 10 points of cotton plot
of the Tashkent State University with square of one hectare. It is well known that the
absorption of mineral substances reaches maximum amount during flowering and fruit-
making. In this connection, samples of cotton leaves were selected in the phase of flowering,
and all other samples (soil, stalk, filament, seeds) were selected in the phase of maturing. The
third leaf from the top that has grown well was taken for the analysis. The selected samples
after thoroughly cleaning were dried up in a drying cabinet during 10 hours with gradual

o o

increase of temperature from 30 C to 105 C and were ground on the mill, and then were

pounded in the agate mortar up to the sizes of particles ~ lOmkm. From the obtained powder,

the tablets that would have sizes 20x6 mm and mass of five gram were pressed under the

pressure 30 t/sm . SBMT for plants and SP-1, SP-2 for soils were used as the standard

samples.

Installation of X-ray emission analysis. The measurements were conducted on the set-

up of X-ray emission analysis in samples with direct excitation of X-ray radiation elements of

elements. The excitation caused by direct and reflected (from secondary barium and cadmium

targets) radiation of radionuclide sources 241Am with activity 2.2* 1010 Bk. Spectra of X-ray

radiation elements measured by using X-ray spectrometer with Si(Li) detector that have

beryllium window thickness 20 mkm and resolution 250 eV on the line Mn Ka. The

measurement of a separate sample took 10 seconds.

Experimental results. The contents of elements Q in the investigated samples / are

determined by comparison of intensities of the appropriate lines of X-ray radiation elements

in spectra of samples and standards. The average contents of elements, minimal contents of
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element Cmin, maximal contents Cmax and clarks of air-dry fittomass of continents are listed in
the table 1. The average contents defined by 10 points of selection C=ZCi/10. The statistic
errors composed 3-10% in the definition of value Q depending on appropriate lines of X-ray
radiation elements.

The analysis of results listed in the table 1 allows us to make the following conclusions:
• The Mn content in leafs exceeds in -3-9 times in comparison with stalk and filament;
• The contents of considered elements, except Cu, Zr, Ba and Pb in samples of leaves of

cotton exceed appropriate values in remaining organs -1.3-50 times;
• The Cu contents is a little higher in seeds than in leaves that is observed rather rarely;
• Following the leaves the stalks have also accumulative abilities of elements into organs.

Only in the cases of Cu and Zn, the accumulative abilites are compared or conceded to
seeds samples;

• For parts of plants with maximum accumulation K, Ca, Cu, Rb and Sr of values of their
contents are within the limits of a factor -1.5-4.0 and comparable with corresponding
values obtained for soils. For elements I and Zr these factors increase up to -50; and in the
cases Fe, Zn, Br and Mo their concentration ratio was Cieaf/CS0j|S -1.1-2;

• The values of contents of elements in leaves and stalks of cotton in cases Br, Rb, Sr, Mo
and Ba also exceed corresponding average value for fittomass of continents within the
limits -1.5-8.5 times;

• The contents K, Br, and I in soils exceed corresponding dark values in -2.5 times; the
contents Ca exceeds in - 7 times; the Pb contents are less than remained elements and
correspond to clarks within the limit factor 2;

• Difference in the contents of elements in sample of one kind for various points of
selection in overwhelming majority of cases do not exceed factor of— 1.5-3.

The results we received do not contradict to earlier similar researches performed by
methods of chemical and activiation analysis and testified that the X-ray radiation method can
be successfully used for a solution of analytivcal problems connected with biogeochemical
researches.

1. V.I Vernadskiy, Izbranniy sochineniya, Vol. 5. Biosphera, Moscow, Press of Academy of
Sciences USSR, 1954.

2. A.A. Kist, Phenomologiya, biogeochemii i bioorganicheskoyi chimii, FAN, Tashkent,
1987.

3. M.Ya. Kabata-Pendias, Microelementy v pochvakh i rasteniyakh, Mir, Moscow, 1989.

4. M.Ya. Shkolnik, Microlementy vjizni rastenii, P. 324, Moscow, 1974.

5. L.I. Ovchinikov, Prikladnaya geochimimiya, Nedra, Moscow, 1990.
6. V.V. Dobrovolskiyi, Geographiya microlementov. Globalnoe rasseyanie., Mysl, Moscow,

1983.
7. E.K. Kruglov et.al., Microlementy v orochaemikh pochvakh Uzbekskoyi SSR i

primenenie udobreniy, Fan, Tashkent, 1984.
8. V.Ya. Viropaev et.al., Perspectivy ispolzovaniya yaderno fizicheskikh metodov analyza v

biologii naprimere vilta, Preprint JINR, 14-8290, Dybna, 1974.
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The average contents of some elements in various organs of cotton and in soils.

Table 1

No
Kind of
sample

1

2

3

4

5

6

7

8

Stalk

Leafs

Filament

Seed with
cover

Bare seed

Soil

Clarks[6]
of soil
Clarks[6]
of dry
fittomass

C(q)/Cmin^Cmax,xl0-q

K

2.3(2)
l.l-s-3.2

2.9(2)
1.2-f-3.2

1.0(2)
0.7+1.8
1.2(3)
0.44-2.2
1.2(2)
0.74-1.9
3.5(2)
2.24-3.8

1.38(2)

-

Ca

8.5(3)
5.24-11.9

3.3(2)
2.64-4.6

1.8(3)
1.04-3.4
2.0(3)
1.04-4.1
1.6(3)
1.34-2.4
9.6(2)
7.94-10.9

1.37(2)

-

Mn

8.0(5)

2.9(4)

3.1(5)

-

-

-

8.5(4)

-

Fe

1.7(4)
0.94-1.8

6.3(4)
3.04-11.0

7.0(5)
4.74-11.2

5.8(5)
4.04-7.6
6.0(5)

3.24-10.7
3.5(4)

2.34-4.5

3.8(2)

-

Cu

9.1(6)
3.4-17.8

1.4(5)
0.54-2.6

5.5(6)
2.44-1.2
1.4(5)

0.34-1.5
1.0(5)

0.64-2.8
2.5(5)
1.34-6.2

3.0(5)

1(5)

Zn

3.7(5)
2.04-5.6

6.5(5)
2.34-11.8

1.3(5)
0.74-2.5
3.1(5)
1.84-5.5
4.3(5)
1.94-4.8
5.5(5)

4.04-8.0

8.4(5)

5(5)

Br

1.3(5)
0.94-1.6

2.2(5)
1.64-3.1

3.0(6)
1.74-4.3
2.5(6)
1.64-5.8
3.2(6)

2.34-5.1
1.1(5)

0.64-1.6

4.0(6)

4(6)

Rb

7.3(6)
4.84-10.2

2.3(5)
1.04-5.8

3.9(6)
2.14-6.0
4.1(6)

3.74-6.8
4.0(6)

3.24-4.9
9.0(5)

7.24-10.9

9.5(5)

5(6)

Sr

5.4(5)
2.94-7.8

2.0(4)
1.64-2.3

3.7(6)
2.44-6.4
5.6(6)

3.34-9.2
5.5(6)

3.54-9.7
4.8(4)

4.34-5.3

3.8(4)

4(5)

Zr

3.5(6)

3.5(6)
2.34-9.8

6.8(7)
3.04-18.0

6.3(7)
0.34-1.0
5.0(7)

3.04-11.1
1.6(4)

1.24-2.0

3.0(4)

7.5(6)

Mo

1.2(6)

5.1(6)

1.3(7)

4.5(7)

2.0(7)

2.0(6)
0.84-4.6

2.0(6)

6(7)

Ba

-

4.0(5)
1.54-7.0

5.5(5)
3.44-8.0
4.0(5)
2.04-6.0
5.0(5)
4.04-6.0
4.5(4)
3.34-6.1

5.0(4)

2.25(5)

I

2.0(7)

2.0(7)

1.0(7)

4.0(7)

1.5(7)

1.3(5)
0,94-2.3

5.0(6)

3.0(7)

Pb

2.9(6)

2.9(6)

1.0(6)

1.8(6)

1.4(6)

9.6(6)

4.0(5)

-
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DEVELOPMENT OF METHOD OF CHITIN LABELLING BY
THERMALLY-ACTIVATED TRITIUM

A.A.Kim1*, K.S.Tachtobin1*, A.A.Abdukarimov2), M.I.Rakhmanov2), G.T.Mavlonov2)

!) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
2) Institute of Genetics and Experimental Biology of Plants,

Uzbekistan Academy of Sciences, Tashkent,

The tritium-labelled chitin is very useful tool for determination of chitinase activity of
plant proteins.The method of chitin labelling by thermally activated tritium was developed.
Chitin was obtained from crawfishes and purified by 5-fold treatment of 5% HC1 and 5%
NaOH. Obtained preparation contains pure chitin. The suspension of chitin in the large
volume of deionized water was frozen on the walls of reaction flask and then liophilized.
Thus reactionable surface of chitin was increased. The tritium labelling was made in the
apparatus for labelling by thermally activated tritium. The labelling consists of the following
cycles - evacuation, introducing of tritium into the system followed by its activation and
labelling of chitin during a few minutes (the time of labelling consists of short (20 seconds)
intervals with following pause 1 minute). After the end of the cycle chitin was rehydrated and
again was liophilized. The all procedure of labelling consists of 5 cycles. After labelling chitin
was washed by the deionized water for remove of labile and nonbound tritium. The specific
molar activity was from 0,3 to 3 Ci/mmol, so that the activity provides required sensitivity for
chitinase activity of proteins determination. It was shown that produced preparation was
stable in storage and was applicable for use during several months.

UZ9901296

INFLUENCE OF STRONTIUM-90 ON SPROUTS
AND PLANTS OF COTTON

H.T.Yadgarov1*, V.V.Pugachev1', V.N.Grishanin1*, A.A.Kim2), K.S.Tachtobin2),
V.I.Bajanova!), A.A.Abdukarimov1*

}) Institute of Genetics and Experimental Biology of Plants,

Uzbekistan Academy of Sciences, Tashkent,
2> Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

The prolonged influence of 90Sr on the cotton plants development and dynamics of 90Sr
migration into the plants from irrigated soils and accumulation in the plants were investigated.
The experiments were produced in the laboratory and vegetation conditions. The influence of
different concentrations of 90Sr on the radiation affect of cotton plants was researched by the
laboratory experiments. The cotton seeds of different variety were sprouted in the water and
then were placed into the solutions with different 90Sr concentrations and were grown before
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phase of 5-6 real leaves. There was found that at concentration of 90Sr 3,7 kBq/L experimental
plants had not differences in comparison with control plants. Cytology-anatomical analysis
has been shown that at concentration of 90Sr 3,7 kBq/L there was not changes in the cones of
stem and root growth in comparison with control plant. The concentration of 37,0 kBq/L
causes certain delay in the root growth and appearance of real leaves. The concentration of
370,0 kBq/L causes following damages of cotton sprouts:

- dysfunction of roots apical meristems - the initial cells of root growing point lost their
orientation, grown dark and mitosis was stopped;

- the root caps peeled or root did not develop - as result there was suspension of root
growth;

- the function of formation of lateral organs of embryos nodules of real leaves was
suppressed - as result there was delay and lag in the development of ground part of
sprouts.

The accumulation of 90Sr in the cotton plants depending on concentration and time of
90Sr stay in the soil was studied during 5-year vegetation experiments on the typical soil. It
was shown that increase of concentration 90Sr in typical soil causes increase of its
concentrations in the plants. However, direct proportional dependence between of this
indicators was not found. In the first few years of experiments the increase of concentration of
radionuclide in the soil causes the insignificant decrease of accumulation coefficient (AC) in
the vegetative mass of plants. On the 4 and 5 years in the experiment with concentration of
90Sr 11,1 mBq/kg AC of Sr was significantly less than at more less concentration 90Sr in the
soil. With increase of concentration of 90Sr in the soil comparatively less part is transferred
into reproductive organs. Thus, the level of radioactive contamination of soils is very
important indicator of accumulation of 90Sr in the plants of cotton. .......,,................................ ........

UZ9901297

DYNAMICS OF CAESIUM-137, COBALT-60, RUTHENIUM-106,
ZINC-65, MANGANESE-54 AND CERIUM-144 RADIONUCLIDES

ACCUMULATION AND DISTRIBUTION IN COTTON
PLANTS AT PROLONGED ACCESSION

H.T.Yadgarov1*, V.V.Pugachev1*, V.N.Grishanin^, A.A.Kim2), K.S.Tachtobin2),
V.LBajanova1*, A.A.Abdukarimov^

!) Institute of Genetics and Experimental Biology of Plants, •

Uzbekistan Academy of Sciences, Tashkent,

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

The aim of investigation was research of dynamics of radionuclides accumulation in the

cotton plants in conditions of prolonged cultivation on the soils contaminated by

radionuclides. Together with 90Sr and 137Cs the level of contamination of cotton plant is

determined also by other radionuclides - 60Co, I06 Ru, 65Zn, 54Mn, 144Ce. The information
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about their behaviour is very poor. The accumulation of radionuclides in the cotton plants was
studied in the conditions of vegetation experiments.

As it was shown in 8 years long experiments with l37Cs with increase of time its staying
in the soil there was noticeable decrease accession of 137Cs into the cotton plants. In
comparison with the first year of experiment, in the 8th year after introduction of I37Cs in the
soil, accession of 137Cs into the vegetative part of plants decreased 3-5 times, accession 137Cs
into the raw cotton decreased 1,3-2,8 times. Accumulation coefficient of 137Cs in the plants
after 8 year cultivation of cotton decreased in vegetative mass 2-3 times, in the raw cotton
decreased 1,5-3 times.

It was found that absorption of radionuclides 60Co, 106 Ru, 65Zn, 54Mn, 144Ce and their
migration into the different organs of plant to a great extent is dependent on the properties of
this radionuclides. The radionuclides can be subdivided on the three groups according with
nature of absorption and migration into the different organs of cotton plants:

- more intensively accessing into the plants, to a great extent accumulating in the vegetative
and reproductive organs - 65Zn, 54Mn and 90Sr;

- comparatively poorly absorbed by cotton plants and accumulated mainly in the vegetative

organs and in small quantities accumulated in the seeds and cotton filaments - 144Ce, 137Cs

and 60Co;

- radionuclide in very small quantities migrating into the vegetative and reproductive organs

of cotton plants - 106Ru. / £j ^

STUDY OF HEXACHLOROCYCLOHEXANE ACCUMULATION IN
SOIL BACTERIUM STRAINS BACILLUS SP. BY TEST SYSTEM

BASED ON USE OF TRITIUM-LABELLED
HEXACHLOROCYCLOHEXANE

H.T.Yadgarov1*, U.T.Salimov1*, A.A.Kim2), K.S.Tachtobin2), A.A.Abdukarimov1*

!) Institute of Genetics and Experimental Biology of Plants,

Uzbekistan Academy of Sciences, Tashkent,
2/1 Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Test-system based on radioanalytical technique for study of accumulation and
biodegradation (biotransformation) hexachlorocyclohexane (HCHs) with use of labelled by
thermally-activated tritium HCHs was developed. The tririum - labelled HCHs with high
specific activity was produced. Test-system includes TLC analysis of biodegradation and
biotransformation products followed by autoradiography. With the help of test-system the
collection of active strains of soil micro-organisms Bacillus sp. was analysed and strains
26,33,510 resistant to HCHs were selected. The accumulation of 3H - HCHs in the soil micro-
organisms in culture in vitro was studied. There was shown a possibility of active strains to
accumulate and destroy HCHs. Precise quantification accumulation of HCHs by micro-
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organisms was obtained. The most perspective strains for genetic engineering investigations
were selected for creation of new high effective strains -destroyers of HCHs. Developed test-
system can be used for preliminary screening of active soil micro-organisms strains and for
selection screening of soil bacterium strains during genetic engineering work.

RADIOCHEMICAL METHOD OF DETERMINATION
OF CHITINASE ACTIVITY OF FICUS

CARICA L. LATEX PROTEINS

2)A.A.Abdukarimov1*, M.I.Rakhmanov1*, G.T.Mavlonov1*, A.A.Kim2), K.S.Tachtobin

!) Institute of Genetics and Experimental Biology of Plants,
Uzbekistan Academy of Sciences, Tashkent,

2) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Plants synthesize a wide array of proteins capable of reversibly binding to affinity
matrices composed of chitin, a beta-l,4-linked biopolymer of N-acetylglucosamine (GlcNAc).
Chitin-binding proteins possess strong antimicrobial and either insecticidal activity or at the
same time both activities that define their significance in plant defence from pathogenes.

We have isolated chitin-binding fraction of proteins from Ficus carica L. latex by the
method of affinity chromatography on chitin column at pH 3,2. By the further procedures:
separation on Sephadex G-50, gel-filtration on Sephadex G-25 and lyophilization we have
purified two proteins with molecular mass of approximately 83 and 30 kDa, respectively.
Both proteins have chitinase activity.

The calorimetric procedures for the determination of chitinase activity with colloidal
chitin as the substrate are relatively cumbersome. The most chitinolytic enzymes usually
degrade chitin to the diacetylchitobiose or other oligosaccharides. An additional incubation
step is required to degrade these oligosaccharides to a product - monomeric N-
acetylglucosamine that will react with p-dimethylaminobenzaldehyde or dinitrosalicylic acid
and can be assayed.

We have developed a new modified method for determinartion of chitinolytic
(chitinase) activity on the base of tritium-labelled chitin. The radiochemical method is much
simpler, rapid, more sensitive and inexpensive.

Chitinase activity was measured radiometrically at 37° C in a reaction mixture
containing enzyme, 0,5 mg [3H]-chitin, 0,6 mM sodium azide and 25 mM sodium citrate (pH
5,0) in a total volume of 1 ml. The reaction was stopped after 60 min incubation by the
addition of 0,05ml of 100% (w/v) TCA. After centrifugation for 5 min at 14.000 g in a
Beckman Microfuge, the radioactivity of 0,5 ml of the supernatant was measured. A unit of
enzyme activity is defined as the amount of enzyme required to produce 0,5 micromoles of N-
acetylglucosamine under the described conditions. It was shown that a 30 kDa enzyme
possesses more chitinolytic activity with chitinase activity of 190 units per mg of protein,
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whereas a 83 kDa enzyme has chitinase activity of 140 units per mg of protein.
Antifungal activities of purified enzymes on the growth of cotton wilt pathogenes

Fusarium oxysporum and Verticillium dahliae has been estimated by the spectrophotometric
method of Broekaert W.F.(1990). Both proteins showed strong inhibitory effects (up to 52
and 57%, respectively) on the growth of tested fungi. Hence, both 83 and 30 kDa chitinases
from fig latex can be useful for genetic engineering of plants.

This work is supported by grant of the State Committee on Science and Technics

Republic of Uzbekistan "Geninmar" N 18/98. | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | i l l l l l l l l l l l l l l l l
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DEVELOPMENT OF RADIOANALYTICAL TECHNIQUES TO STUDY
CHLOROORGANIC ECOTOXICANTS ACCUMULATION,

BIODEGRADATION AND BIOTRANSFORMATION
IN BIOLOGICAL SYSTEMS

A.A.Kim1*, K.S.Tachtobin1*, H.T.Yadgarov2), U.T.Salimov2),
P.V.Zinovev3), A.A.Abdukarimov2)

^ Institute of Genetics and Experimental Biology of Plants,

Uzbekistan Academy of Sciences, Tashkent
2) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent.

3) Central Asian Research Scientific Hydrometeorological Institute, Uzbekistan

On the base of universal method for tritium labelling of organic compounds by
thermally-activated tritium the techniques to study accumulation, biodegradation and
biotransformation of chloroorganic toxicants - hexachlorocyclohexane(HCHs) and
polychlorinated biphenils (PCB) was developed. The tritium labelling method allows one to
obtain uniformly labelled chloroorganic compounds with high specific activity. The
possibility to label complex mixture of organic compounds isomers in the solid (HCHs) and
liquid (PCB) states was studied. The technique for labelling of commercial mixture of HCHs
isomers was developed. We also developed the technique allowing us to label liquid technical
mixture of PCB without loss of any components of mixture. The analysis by thin layer
chromatography (TLC) and gas chromatography detected that mixtures components were
intact after labelling. Uniformity of labelling allows us to trace majority of the biodegradation
/ biotransformation products. On the base of produced tritium labelled compounds
inexpensive, simple and effective test-systems were developed for study of accumulation and
biodegradation / biotransformation of HCHs and PCB in model biological systems. Test
systems include TLC analysis followed by quantification with use of direct measurement of
radioactivity by liquid scintillation counting with transfer of layer from TLC plates into
scintillation vials or by densitometry of autoradiographs. Developed test-systems are universal
for wide range biological models, including soil microbial models and plants models.
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PROBLEM OF METROLOGY OF NEUTRON-ACTIVATION
ANALYSIS AND ITS APPLICATION IN AGROCHEMICAL

RESEARCHES

N.S.Osinskaya, B.Ibragimov, A.Zhumamuratov, Sh.Khatamov,
T.Tillaev, T.P.Rakhmanova, J.Pulatov, M.Suvanov.

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

At agrigeochemical estimation of soil condition of cotton and cereals sowing areas of
the Republic carrying out a big number (hundreds thousands) of analyses on the content of
wide spectrum of chemical elements is required. The application of previously developed
methods of neutron-activation analysis at mass soil analysis requires making simplified
schemes in order to reserve sufficient reliability and high sensitivity and provide the reduction
of carried out tests. For this purpose the problems of the metrology of instrumental neutron-
activation analysis have been studied (INAA) on the basis of large statistics material.

Reproducibility of the results was studied by means of parallel specimen analysis (10-15
pieces) and different specimen analysis with mass from 50 mg up to 1,5 gr. Finally,
reproducibility of the results has been found to depend on average element contents in the
sample for the wide spectrum of chemical elements. While the increasing of the analyzed soil
mass the reproducibility of the method is improved. It was noticed that the reproducibility
characterizes the distribution of each element evenly in the sample and determines the
representability of analyzed soil. It changes from 1,5 % up to 100 % depending on element
contents of the analyzed sample.

The method correctness has been determined according to the analysis result of certified
standard samples SP-1 and SP-2. The result convergence for the individual elements is
satisfactory and in this case, the sufficiently reliable dependence of standard deviation of the
results for each element on their average contents in analyzed sample takes place.

The consideration of multiplicity ratio and accuracy to the analysis reproducibility for
wide concentration range (10"6 % - 100 %) shows that at 0,10 % contents both parameters are
similar and equal, and at 10" - 10" % contents the accuracy is better (for 2,2 times) than
reproducibility, but at more than 0,10 % contents the reproducibility decreases.

The comparison results of these parameters with the other author's data are given in this
paper. The attempt to explain the reasons conditioning the mechanism of the appearance of
these errors is done on the basis of statistical character of measured value of signal from the
background sum of disturbing radionuclides in the energy range of y-ray spectrum.

The comparison of reproducibility and accuracy data of the method with nature of
dispersion of element distribution in given region shows that these parameters are similar and
equal to the absolute value. In this connection the distribution functions of more than 20
chemical elements in soil have been investigated and the elements distribution form have been
shown to be connected directly with the parameters of the method (analytical dispersion,
detection limit etc.).
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The problems of choice of background, normal and anomalous element contents, their
concentration limits in soils and other environment objects on the basis of the parameter
characteristics of the elements are discussed in the paper.

Cotton and cereals sowing soils have been shown to be enriched with As, Sb, REE, Br,
I, Cl, Na and other chemical elements. The individual sub-regions of biosphere and
biochemical provinces enriched with mentioned above elements and strontium have been
discovered. .

NEUTRON ACTIVATION STUDIES OF MICROELEMENTS
COMPOSITION IN SOILS AT CROP ROTATION AND

MATHEMATICAL MODEL

Sh. Khatamov1*, B. Ibragimov2), A. Djumamuratov2), G. Kim1^
T. Tillaev1*, N. OsinskayaI}, T. Rakhmanova1*

^ Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
2) Nucus State Pedagogical Institute, Karakalpakstan, Uzbekistan

Modern agrochemical methodology and metrology should be based on multielement
analysis data of soils since insignificant change in their composition can influence on soil
properties, its structure, and microscopic vital process.

There is necessity in studying of this problem because of the farm land were zone of
cotton permanent crop during many years. There were violations in insertion of mineral
fertilizers, plant treatment by toxic chemical, crops watering with highly mineralized water
and so on.

In this connection we have studied elemental composition of soils at crop rotation and
permanent crops: cotton, cucurbits crop, clover, rice by method of multielement instrumental
neutron activation analysis [1]. Regular agrochemical technologies have been used in growing
of these crops. Soil specimens have been taken before sowing and at the end of vegetation
period. The preparations that could influence on soil composition have not been used. It has
been watering with the water close to neutral. Field experiments were carried out on the area
of 1.2 hectare (gray soil). In this area 20-30 rows of each crop have been sowed. Rice has
been sowed closer to irrigation system.

Experiment version: crop rotation: cotton - cucurbits crop - clover - rice and permanent
crop (8 version in all). The soils under permanent crop were in use during 20-30 years. It has
been taken 800 specimens in all. By the results of multielement instrumental neutron
activation analysis (more then 21,000 measuring) and mathematical methods accounted in [2]
the data processing algorithm and mathematical model of the change process for more than 20
chemical elements in soils at crop rotation and permanent cultivation of cotton, cucurbits
crop, clover, rice have been developed.

The algorithm and mathematical model allow to make corresponding changes in soil
composition on cultivation of one or other crop for balanced feeding of crops.
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Analysis technique and mathematical bases of the data processing using nomograms of
change dynamics of the soil composition at crop rotation and permanent crops: cotton,
cucurbits crop, clover, rice are described in this report.

1. Sh. Khatamov. Neutron activation analysis of biological objects at searching for gold
earring deposits and evaluation of biogeochemical situation in the Middle Asia region.
Dissertation for scientific degree of doctor in technical sciences (applied researches).
Moscow, 1991, p. 485

2. G. Kern, T. Kern. Mathematic Reference. «Science», Moscow, 1973.
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COMPARISON OF DETERMINATION OF ELEMENT'S
CONTENTS OF PLANT AND SOIL SAMPLES FROM

RESERVATION OF UZBEKISTAN

A.K.Aiabov1\ Sh.Kh.Khushmurodov^, A.B.Kholikulov1*, D.Sh.Rashidova2),
I.Kh.KhoIbaev2), A.A.Kist3), E.A.DaniIova3), I.T.Muminov4), A.P.Kobzev5)

Samarkand State University, Uzbekistan
2) Institute of Applied Physics at Tashkent State University, Uzbekistan

3> Institute of Nuclear Physics, Uzbekistan Academy of Science, Tashkent

Geogra Tashkent State University, Uzbekistan
5) Joint Institute of Nuclear Researches, Dubna, Russia

The precision of element's determination in samples determined by systematic and
accidental errors can be estimated by comparison of results acquired by different methods, as
well by statistic errors.

In the present work, there are given the results of analysis at plant and soil samples of
reserved restricts of Uzbekistan.

At plant samples there are determined the concentrations of 34th elements and higher
limits of 5th elements. 25th of them determined by NAA, 24th by RFA, 18th by GAA and 15th

by PIXE methods. Concentrations of thirty elements were determined by four methods,
contents of thirty sixth element was determined by three ones, contents of ninety second
element was measured by two ones and contents of seventy third element was measured by a
method.

At soils samples there are determined the contents of 39 elements. 24th of them defined
by NAA, 20th by RFA, 19th by GAA, 19th by PIXE and 6th by AA methods. Contents of
elements were determined by five methods, contents of twelve elements was measured by
four method, contents of sixty six elements were determined by three ones, contents of ninety
five elements were measured by two ones and contents of one hundred twenty two elements
were determined by one method. Totally, in the selected samples contents of about 40
elements were determined.

Contents of some elements at various kind of plants and soils might be differentiated
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more than 10 times. The differences between averaged values of contents of elements in the
selected samples from clarks might reach decimals (for soils) and hundreds (for plants).

The outcomes received by different methods and average-square errors are consistent
with one another within the ranges -17% and 22% for soil and plant samples, respectively.

Abbreviations:
NAA — neutron activation anlysis
RFA — Roentgen fluorescent analysis
GAA — gamma activation analysis

PIXE - perturbed ion X-emiss ion 111«|| 111 III III II I! ill I III III Illl
AA — atom absorption analysis Illlilllllllllllllll

UZ9901304

DETERMINATION OF TRACE ELEMENTS IN SOME PLANTS
WITH RADIOACTIVATION METHODS

S.Mukhamedov, Kh.Tillaeva, E.Isakulov, Sh.Omanov, J.Omanova

Samarkand State University, Uzbekistan

Many medicine preparations are prepared of the plants. These preparations are made of
the vegetation in the form of the water base and alcohol extracts and contain the mineral
substances with biologically active compounds, therefore they are assimilated by the humans
organism better as compared with the different preparations of the chemical elements.

The knowledge of the natural vegetal sources of the microelements gives a possibility to
use them in the medical industry for receipt of the preparations with coffective action for
diseases which are connected with the violation of the metabolism in humans organism.
Therefore the development of new and high-sensitive analysis methods is actual problem.
Moreover, with these methods also new data can be obtained on concentrations of the
elements in the medicine plants and evaluate their chemical, biological and pharmacological
properties.

We developed the method of radioactivation analysis (RAA) for determination of
presence of 32 elements using NAA, proton-activation analysis method (PAA) and ESA.

In this work, the distribution of chemical elements in some plants was studied with
application of NAA, PAA and DAA methods. The results were compared with the results
obtained by activation and emission spectral analysis methods. We investigated 5 types of
herb: bitter wormwood, pepper mint and etc. Methods of sample preparation, irradiation in
reactor and cyclotron and radioactivity measurements were the same as before.

Energy spectrum of gamma-radiation of activated samples for all plants contains the
photopeaks of 24Na, 42K, 56Mn, 140La, 82Br, 124Sb, 46Sc, 59Fe, 198Au, 139Cs, 153Sm, 86Rb, 65Zn
and 61Co.

The concentration of Fe, Sb, Sn, Zn, Rb, Co were determined after the exposure of
irradiated samples for 10 days.

For determination of Ca, Fe, Ti, Cu, Zn, Sr, the ash pills were irradiated by proton and
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deuteron beams on cyclotron and the radiations of 48Sc, 56Co, 48V, 65Zn, 87Ga, 88Y which are
formed by reactions (p,n) and (d, 2n), were recorded. Nuclear-physics data for these reactions
and radionuclides were taken from the works, published before. The raising of copper content
in all plants is explained, apparently by systematic errors conditioned by reaction on zinc
which gives the same radionuclide 65Zn. The coincidence of manganese concentration for
certain plants is observed. The deference between compared results for copper and cobalt
concentration is significant.

Thus, the developed methods of activation analysis applying nuclear reactor and
cyclotron allow demermination of concentrations of 17 chemical elements with relative
standard deviaton of 0,2.

/ 6 -\o
IMPROVING AVERAGE TEMPERATURE

BY USING SOLAR ENERGY

O.S.Hatamov UZ9901305

Fergana Polytechnical Institute, Uzbekustan

Heating soil process occurs too slowly, the reason of it is the solar energy falls in
triangle, the warm stored in soil is too low. The solar energy increases the average
temperature of soil, so it is a great support in sowing seeds earlier.

There are 2 methods of increasing the average temperature.
1. By changing the profiles of the sown field orientation, precisely dirrected radiation [3].
2. In horizontal sown field should be directed to the east and the west: the surface of sown

field must be faced to the south, maximum radiation keeps the heating of the soil and helps
to growth of cotton earlier. When the cotton plant is 20-25 centimeter it should be
cultivated.

The main aim of the research is to know exact and available time of planting. It is necessary
to determine the average temperature of soil.
The average temperature of soil:

t5 = AtQ exp[-
as we determined [4].
a is the changeable temperature
Ti, T2> 0, Ti',T2' > 0 if we observe

a = \\o,l-ol) ^-ypin-^i ~T\)/(T2 -T\)
x is daily time (24 hours)

5 is the depth of soil

Ti, T2 and T]', T21 are two types that means 51 and 62 daily maximal and minimal
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temperature in the depth of soil.

The research and the formula resulted that the average temperature in the inclining
surface in the depth of 5-10 centimetre is higher by 3-5' C than in horizontal surface [1,2].

This allows the seeds to grow earlier. In both methods the average temperature of soil
around the root is higher by 4-6' C. It has effect on watering the plant, and it is considered an
effective element of energy source.

The high temperature increases the photo synthesis processes.

The scientists and research workers of the Ferghana Branch of the Academy of Science
of the Republic of Uzbekistan worked out the new and effective method of reworking
effective cotton plants.

According to this technology the land is dug to the depth 55-60 centimetres, then duct
usually is made, and the cotton seeds are planted in both sides of the duct. The experiment had
been carried out in Bagdad and in Rishton and it gave good results [5].

Using this technology, if one plants cotton seeds only on one side where exact solar
energy radiates, the productivity of cotton would be higher [1-6].

77^77~ff~
Fig I. Plan of the west side duct Fig 2. Using special plough

1- unworked position
2 - position after working out

1. Umarov G.Y. (And others)" Argiculture of Uzbekistan" 1975 X21
2. Umarov G.Y."Solar engineering". 1976. N2 5
3. Umarov G.Y."Solar engineering". 1973. X23

4. Turapov I.T., Avezov P.R., Kasimov B.H. "Thermal and radiate regimes of flat ground"
Tashkent, 1987.

5. M.V.Muhammadjonov, K.J.Khamraev, A.H.Sobirov, M.Isomiddinov, Z.I.Salohiddinov,
S.M.Sulaymonov. A new economic technology for giving branch operation". "Cotton-
growing and grain farming". ITJ. 1997.x23

6. S.O.Khatamov. "Improving the radiation and temperature for plantations" Republic
conference materials "Contemporary problems of chemical technology" Ferghana, 1998.
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UZ9901306

NEUTRON PHYSICS ENTERING A NEW CENTURY

V.L.Aksenov

Frank Laboratory of Neutron Physics, JINR, Dubna

The review is devoted to the present state and trends in neutron physics. The objectives
of present-day neutron physics are neutron-aided investigations of fundamental interactions
and symmetries, highly excited states of nuclei, crystalline and magnetic structures, dynamics
of excitations in solids and liquids over a wide range of energies.

The state-of-the art and perspectives of solution of most topical and principal problems
of neutron physics are analyzed. The following classification is used: (1) - problem is solved,
(2) - problem can be solved using the existing neutron sources, (3) - continued investigation is
possible though a higher intensity neutron source is desirable, (4) - solution on a certain level
is obtained. Further investigation is possible with a neutron source of new generation, (5) -
result can be obtained with a higher intensity neutron source. The main conclusion is that
neutron physics provides rich information for nuclear particle physics, physics of nucleus,
condensed matter physics, chemistry, biology, material science, earth sciences. In the next
century, however, new higher flux neutron sources must be created. By the year 2010 the
number of nuclear reactors used for physical research will reduce to 10 - 15 reactors over the
world.

Trends in the development of neutron sources are analyzed. The possibilities of leading
neutron research centers in the world and most promising projects of neutron sources are
discussed.

1. V.L.Aksenov in: Large Facilities in Physics (Ed. M.Jacob and H.Schopper) World Sci,
1995, p. 273.

2. V.L.Aksenov, A.M.Balagurov, Physics-Uspekhi 39 (9) 897 (1996).
3. Scientific prospects for neutron scattering with present and future sources. European

Science Foundation Workshop, Autraus, France, 1996.

UZ9901307

STATUS OF RADIATION SOLID PHYSICS RESEARCH 7 ^ U

AT THE INSTITUTE OF NUCLEAR PHYSICS

Sh.M.Makhkamov, M.Kh.Ashurov, M.Karimov, M.Mukhamedjanov, M.Kalanov,
I.Khidirov, I.Nuritdinov, E.M.Ibragimova

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

The radiation solid physics department was established more than 40 years ago and has
been studying fundamental mechanisms for defect production and evolution during and after
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irradiations, and also practical material science for atom energy, air-space-apparats, radiation
treatment and diagnostics etc [1]. The object studied possessed the widest variety of
properties (metals, alloys, dielectrics, segnetoelectrics, semiconductors, dia- para- ferro-
magnetics and superconductors), element composition and structure forms (crystals, glasses,
ceramics, films and fibers).

There have been considered theoretically the processes of elastic and inelastic defect
production in Si and SiC>2, and also radiation-enhanced diffusion of impurities and structure
defects (first in Si and CdS), leading to atom disorder and sometimes to reordering, phase
transformations or amorphization. Methods for quantum-chemical simulation of radiation
processes were developed. The hypothesis was advanced for radiation hardness and shake in
non-crystallic materials. The dominated role of the ionization processes of defect production
was proved in oxides. Defects are produced mainly in oxygen sublattice through the non-
radiative decay of electronic excitations. Molecular models were elaborated for kink-defect
production, self-diffusion and destruction of molecular chains. Unlike BCS-theory, the
microscopic theory is being elaborated for two-step scenario of gapless superconductivity in
Fermi-Bose liquid. The bipolaronic mechanism for high-Tc-superconductivity in irradiated
copper oxide lattices is being studied as well.

The Institute of Nuclear Physics provides wide opportunities for measurements in the
course of irradiation with neutrons, protons, alpha particles and electrons of different energies,
and also gamma-irradiation in the widest range of intensities from 1 to 103 R/s and doses from
10 to 1010 R. The particularity of researches at INP is the capability of distinguishing of
radiation-induced and radiation-stimulated transitions between stable and unstable states of
crystal and electronic structure. The methods applied are the combined and sequential
irradiations with different particles and gamma-rays or UV-illumination at varied
temperatures, doses and energies.

Study of main working parameters (electrical, magnetical, optical, kinetical) were
carried out together with structure analysis of the irradiated materials by the methods of
neutron and X-ray diffractrions, and also mechanical testing. Phase transitions of order-
disorder type in alloys were studied systematically. The highly exact non-destructive
activation methods for determining impurities and forms of their distribution were also used
to explain in many cases the behaviour of the materials in radiation fields (hardness and
sensibility).

Particular emphasis is put on radiation technologies for neutron transmutation of Si,
thermoradiation treatment, sintering and synthesis of crystals, ceramics and glasses in the
course of gamma-irradiation. This has allowed to discover radiation-induced phase transitions
(for example graphite-diamond) and to gain valuable properties of materials: for example: to
change the transparency gap (optical filters), to improve either sensitivity (detectors) or
stability (solar cells, lasers) of working parameters to radiation exposure, to shorten time
response of semiconducting devices and scintillators, to ennoble crystals for jewelry, to
increase structure stability (alloys, fibres, ceramics) and mechanical robustness (ceramics,
metal-ceramic contacts), the critical supercurrent and magnetization in superconductors, the
break-down voltage in dielectrics etc.

As result, there have been created unique jewelry crystals, valuable materials for
tomography, lasers, semiconducting devices and wares, detectors of nuclear and ionising
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radiation, hermetic input for atom power stations. We are open for fruitful and mutual benefit
collaboration. Nuclear radiation can be very helpful servant, but never let it be your master.

[1] Based on publications of the department of radiation solid physics.

THE EFFECTS OF ELECTRONIC EXCITATION INDUCED
BY SWIFT-HEAVY-ION IRRADIATION IN SOLIDS

1
F.Garrido, L.Thome UZ9901308

Centre de Spectrometrie Nucleaire et de Spectrometrie de Masse

CNRS-IN2P3-Universite Paris-Sud, Batiments 104-108,
F-91405 Or say Campus, European Union

Energetic ions, which penetrate into solids, lose their energy via two nearly
independent mechanisms: (i) a direct transfer of kinetic energy to target atoms by elastic
collisions between the projectile nucleus and target nuclei (i.e. nuclear energy loss), dominant
at low ion energy (below ~ 10 keV.u-1); (ii) the generation of excited and ionized atoms
(electronic energy loss), dominant at high ion energy (above ~ 1 MeV.u-1). The former
process leads to the formation of displacement cascades in all kinds of solids and generates
well-known phenomena extensively investigated in the last fifty years by using classical low-
energy ion implanters. For a long time electronic energy loss effects in solids were studied by
using fission fragments. Most studies were restricted to insulators, in which the formation of
the so-called "latent tracks" was early discovered. At the beginning of the 1980s the advent of
facilities allowing one to accelerate heavy ions at energies of GeV range brought a new
impetus in the field of particle-solid interaction by the discovery of unexpected effects of
electronic energy loss in metallic systems. This contribution is devoted to the study of the
specific effects induced by the passage of swift heavy ions through matter in the electronic
slowing-down regime.

Electronic excitation is responsible for structural changes and atomic motion in
virtually all types of materials, as far as a sufficently high value of electronic stopping is
available. In crystalline systems irradiation led to damage creation and phase transformations
in pure metals, to the formation of amorphous tracks in metallic compounds or even to target
amorphization. Moreover, one of the most dramatic manifestations of atomic motion induced
by electronic excitation is the giant deformation evidenced in amorphous solids irradiated
with swift heavy ions. This phenomenon consists in a macroscopic growth of the dimensions
of the irradiated sample perpendicular to the ion-beam direction and shrinkage of the
dimension perpendicular to it. The understanding of the processes that could account for such
structural changes and long-range atomic transport is still quite incomplete. The Coulomb
explosion model or the thermal spike descriptions are the concepts most generally invoked to
explain the observed effects.
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NEW APPLICATION OF ISOTOPICALLY PURE
28Si FOR SEMICONDUCTORS

Helmut Swyen

Chemotrade GmbH & Co. KG Isotopics Corp.

Dusseldorf/Germany

Denver/USA

Isotopic purification of carbon used to manufacture synthetic diamonds has resulted in
substantially improved physical properties. Published tests conducted by GE and others have
shown that the removal of a small amount of carbon-13 to produce isotopically pure carbon-
12 synthetic diamonds can result in 50% improvement in room temperature thermal
conductivity of the diamond. At cryogenic (i.e., extremely cold) temperatures, the heat
conductivity is so great that it cannot be measured using conventional techniques.
Additionally the new diamond was found to be highly transparent, and the light transmission
at certain frequencies was increased by approximately 10 times without the diamond
sustaining damage. GE has stated that isotopically pure carbon-12 diamonds may enable
faster, more reliable computers due to their superior heat removal capability and may result in
more efficient laser cutting tools and more accurate devices, and that the new diamonds may
enable designers to use lasers in semiconductor fabrication techniques.

Synthetic diamonds made from isotopically pure carbon-13 have been found by Ford
Motor Company scientists to have the highest density (atom/cm3) among other solids known
to exist on earth. These isotopically pure carbon-13 diamonds are harder than any other
known materials. Studies conducted at Lawrence Berkeley Laboratory and the Max Planck
Institute on isotopically pure germanium have shown thermal conductivity improvement
similar to that found in isotopically pure carbon-12 diamonds.

There are believes these and other improved properties might be found in other
isotopically pure materials and may result in commercial opportunities, particularly in the area
of semiconductors. According to the Semiconductor Industry Association, the 1995 market
for silicon wafers and other semiconductor substrates was approximately $6 billion. This
market is projected to grow 50% by the year 1999 to other $9 billion. Improvement in the
thermal conductivity of these materials is important since the feature size continuously
decreases, the power density increases. As power density increases, more heat is generated
per unit volume, causine, device operating temperature to rise. The semiconductor industry is
moving towards a lower operating voltage and is using mechanical means to remove bulk
heat, but there are believes that greater heat dissipation on the micro scale will become even
more important to the industry in the future. Better thermal conductivity directly affects heat
removal capability and indirectly increases device speed. As the industry moves toward multi-
layer devices and true 3-D chips, the ability to remove heat will be a material consideration
for the semiconductor industry.
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Natural silicon contains three isotopes, silicon-28 (92%), silicon-29 (5%) and silicon-30
(3%). An otherwise perfect crystal of silicon will contain imperfections in the form of
isotopes of different mass with the density of these imperfections amounting to nearly 8%.
This far exceeds the doping levels and density of imperfections ordinarily found in device-
quality crystals. There are believes that removal of the minor isotopes should result in
substantially improved thermal conductivity.

Laboratory tests have shown that isotopically pure silicon-28 has 50 percent higher
thermal conductivity than natural silicon. The improved thermal conductivity of silicon-28
will facilitate the manufacture of higher density integrated circuits resulting in increased
performance and improved chip yields. These benefits might be of particular importance in
small runs of custom chips and in situations where time to market in of utmost importance.
The attractiveness of silicon-28 is that while it has improved properties over standard silicon,
it can be used without any changes in existing semiconductor manufacturing processes.

UZ9901310

STRUCTURE AND PROPERTIES OF IRRADIATION
DEFECTS IN YBa2Cu3O7x

Marquis A. Kirk

Materials Science Division, Argonne National Laboratory, USA

We review our contributions to the understanding of the structure and properties of
irradiation defects in the high TC superconductor YBa2Cu3C>7.x (YBCO) using several
transmission electron microscopy (TEM) techniques. Irradiating particles have included fast
neutrons, ions with energies from 50 keV to 2 GeV, MeV protons, electrons, and gammas. In
much of this work it has been possible to correlate TEM data with that of bulk
superconducting property measurements on the same or similar single crystals. This has been
valuable to understanding some aspects of magnetic vortex pinning by the irradiation defects,
and thus the often-large enhancements of the critical current density.

It has long been recognised that particle irradiation can produce defects in type 2
superconducting materials which can be effective in pinning magnetic vortices and thus
increasing the critical current density (JC). Early work in low temperature superconducting
materials (e.g. NbsSn) showed substantial enhancements of JC following fast neutron
irradiations. The defect proposed to be effective in pinning vortices was the cascade defect; a
small volume of high defect concentration produced by the high-energy atom recoils from
collisions with MeV neutrons. As in the low temperature superconducting materials, it was
immediately discovered that neutron irradiation enhanced JC substantially in YBCO. TEM
studies of the structure of the vortex pinning defect in the new superconductor were
undertaken. Proton irradiation of YBCO was soon found to be as effective as neutron
irradiation in increasing J c . Again, defect structures produced by 3 MeV proton irradiation of
50 |im crystals were related to vortex pinning and were the subject of TEM investigations.
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Besides protons, other ions have been employed to study changes in the superconducting
properties produced by structural damage. The temperature dependence of the normal state
resistivity and resistive transition to the superconductive state received attention due to
unusual behaviour of the superconducting to insulating transition produced by the irradiation.
Our microscopy results for similar irradiation shed light on the role of the structural
transitions produced by these irradiations. Electron irradiations were of great initial interest to
investigate threshold energies for single atom displacements, and later magnetic flux pinning
by individual point defects. Several TEM results from these experiments will be reviewed.
Related to electron irradiations we also performed gamma irradiations to investigate the
vortex pinning effects by oxygen defects and oxygen-cation defect complexes and their
magnetic behaviour. Finally, our most recent TEM work has been on the microstructural
changes produced by high-energy heavy-ion irradiations, typically 1 GeV Au. The cylinders
of damaged material, or columnar defects, have been shown to be the most effective magnetic
vortex pinning defect. These defects have produced the very highest JC values in YBCO at 77
K, and additionally have been employed in fundamental studies of vortex dynamics under
controlled pinning defect concentrations and geometries.

UZ9901311

DONOR RELATED BAND EDGE AND BROAD BAND
LUMINESCENCE IN IODINE IMPLANTED CdTe SINGLE CRYSTALS

Ch. Muhammad Ramzan Tahir

Physics Department, Govt. Islamia College, Lahore, Pakistan

CdTe single crystals were implanted at 77 K with iodine ions of 100 KeV energy and
subjected to post implantation isochronal heat treatments in vacuum in the temperature range
50 to 500 C. After each annealing treatment of a sample the cathodoluminescence emission
spectrum was recorded at liquid helium temperature. The emission spectrum of CdTe:I was
compared to the spectra of similarly-annealed unimplanted and krypton implanted reference
samples. One new luminescence band has been observed after anneal at 200 C and seven new
luminescence bands have been observed after anneal at 350 C at the band edge side. At 200 C
annealing temperature, the emission band appeared at 1.551 eV (7992 A) and at 350 C
annealing temperature the emission bands appeared at 1.598 eV (7557 A), 1.586 eV (7820 A),
1.580 eV (7848 A), 1.574 eV (7878 A), 1.542 eV (8040 A), 1.529 eV (8550A), 1.436 eV
(8633 A) and 1.419 eV (8736 A). The broadening of LO phonon lines was observed after
compensation of iodine impurities in CdTe implanted sample with iodine ions.

262



U29901312

PECULIARITUES OF HYPERFINE INTERACTIONS OF m Cd IN
INTERMETALLIC COMPOUNDS STUDIED BY THE METHOD OF

PERTURBED ANGULAR CORRELATIONS

B.A.Komissarova1*, G.K.Ryasny1^ A-A-Sorokin1*, L.G.Shpinkova1*,
A.V.Tsvyashchenko2), L.N.Foraichova2)

^ Skobeltsyn Institute of Nuclear Physics, Moscow State University, Russia
2) Vereshchagin Institute of High Pressure Physics, Moscow Reg., Russia

Intermetalic compounds of the Laves type structure, RT2, (R = rare earth, T = 3d, 4d, or

5d transition metal) represent an extensive class of substances many of which exhibit specific

magnetic or/and superconducting properties. Investigation of hyperfine interactions of the

host and impurity nuclei in these compounds serves as an important source of valuable, and in

many respects unique, information on their electronic structure.

We have studied the hyperfine interactions of 1HCd in the following Laves phases:

GdFe2, YbFe2, LuFe2 (ferromagnetic with Tc = 800 K, 560 K, and 596 R, respectively),

YMn2, LaRu2, and CeRu2. The method of perturbed angular correlation (PAC) of the y-ray

cascade 172 - 247 keV in 1HCd excited in the e-capture decay of m I n (Yy2 = 2.7 d) was

applied. The characteristics of the 247 keV level in n iCd are as follows: / = 5/2, Q = 0.77 b, g

= -0.31, T1/2 = 84 ns. n iIn was obtained using the reaction 109Ag(a, 2n). The samples were

melted and crystallised in the high-pressure chamber at P = 8 GPa, with an addition of about

0.5 wt.% of the irradiated Ag metal. An automatic 3-detector coincidence spectrometer was

used in the PAC measurements.

In the case of RFe2 compounds the perturbation due to the pure magnetic hyperfine

interaction was observed, and the following values of hyperfine magnetic fields were

determined: Bhf (Cd-GdFe2) = 2.92(4) T, Bhf (Cd-YbFe2) = 3.32(7) T, Bhf (Cd-LuFe2) = 3.2(1)

T. They are practically independent on the total and spin 4f moment on the rare earth ion, and

the observed «10% variation can be attributed to the effect of lanthanide contraction.

In the paramagnetic compounds YMn2, LaRu2 and CeRu2 the perturbation was due to

electric quadrupole interaction. This means, in the first place, that, in contrast to the former

cases, the m I n impurity substituted not for rare earth elements at the sites with the cubic point

symmetry, but for Mn and Ru, respectively, with the 3m-point symmetry.

YMn2 synthesised at high pressure is of hexagonal C14 structure, in contrast to the

cubic C15 structure for the normal phase, obtained at an ambient pressure. For the latter the

quadrupole frequency was determined in [1]: VQ= eQVzz /h= 37 MHz at 300 K. For our

sample we obtained VQ- 32.0(5) MHz, but with a significant asymmetry parameter

t|=0.51(50). This means that in the C14 phase In substitutes for Mn presumably at the axially

asymmetric /z-type sites.

LaRu2 and CeRu2 were of pure C15 structure. In this phase all Ru sites are equivalent.

In the LaRu2 PAC spectrum a very slowly damping precession at vQ= 230(1) MHz with

r)=0.06(l) was observed; its amplitude nearly reached its maximum value, i.e. nearly 100% of

impurity In dwelt at the Ru sites.
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A different pattern was observed for CeRu2, with two equally populated sites
characterised by the distinct frequencies VQ= 220(2) MHz and 150(2) MHz, and r|=0.06 and
0.1, respectively. The sum of amplitudes for these frequency components also reached nearly
its maximum value. All the Ru sites being crystallographically equivalent, one has to assume
that they are not equivalent electrically. It is known that Ce in many systems, and in CeRu2 in
particular, is characterised by variable valence state between 3+ and 4+. The present results
allow one to propose that these valence states are stabilised (for time intervals much larger
than the 1HCd intermediate state lifetime) in volumes (cells) large enough to produce the
observed perturbation pattern. The higher frequency can be attributed to the 3+ cells and the
lower one - to the 4+ cells. Most probably, the Ru sublattice mediates stabilisation of these
valence states.

1. A.Tulapulkar et al. In: Xllth Symp. NQI, Providence/R.I. (USA) 1995, Book of Abstracts

(P- 67).

UZ9901313

RADIATION STIMULATED AND TEMPERATURE-DEPENDENT
PHASE TRANSITIONS IN NEUTRON IRRADIATED

INTERMETALLIDE Mn5Zn21

Yu.A.Ryabikin, O.V.Zashkvara, V.D.Melikhov

Physical-Technical Institute MS&HE RK, Kazakhstan

Intermetallide compounds with ordered structure are considered as perspective materials
for their using in atomic reactor construction and air-cosmic technique.

In this report the investigations results of intermetellide MnsZ^i (y-phase) behaviour in

dependence on neutron irradiation fluence by means of EPR-method and X-ray structure

analysis are given. Irradiation of intermetallide samples were carried out in VVR-K reactor by

the fluences: 9,1 • 1014; 1,4 • 1016; 8,8 • 1017; 3,25 • 1018; 8,8 -1018 n-cm"2 (E>2,35 MeV) with

the temperature being not higher 353K. EPR spectra measurements were performed in

temperature diapason 4,2-3 00K at X-band spectrometer. X-ray structure analysis at room

temperature was executed by using of DRON-3M.

By investigating of EPR signal intensity dependence on concentration it was found a

maximum in stoichiometric composition range. We suppose that the increase of Mn atoms

concentration in the intermetallide more than stoichiometric one leads to their

antiferromagnetic interaction and causes the EPR signal intensity decrease. The irradiation by

minimal fluences of y-phase alloy Zn with 17,4 weight % Mn increases signal intensity more

than three times and at further dose growth its intensity drop with small maximum at fluence

3,25-1018 n-cm"2 is observed. Practically linear dependence of line width on the fluence talks

about advantageous generation of point radiation defects. The signal intensity increase at

small irradiation fluences can be resulted from two reasons. Firstly, this can be related with

generation of s-phase which EPR signal intensity is 2,8 times as large than from y-phase.
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Secondly, the signal increase can be due to radiation diffusion extra ordering of atoms in

crystalline lattice site of y-phase. X-ray investigations confirmed generation of s-phase small

particles at these fluences and their dissolution at fluence >8,8-10 n-cm" . The latter evidence

is reflected as in decreasing of EPR spectra intensity with irradiation fluence increasing as in

invariance of EPR line width in fluence value range 8,8 -1017 - 3,25 -1018 n-cm'2. A sample

being irradiating by fluence 3,25 -1018 n-cm"2 it was found a sharp decrease of lattice

parameter which with further fluence growth practically returned to initial value. We suppose

that such strong change of lattice parameter under this fluence can be induced by dissolution

of this s-phase. This disordering of intermetallide structure must be responded on its magnetic

properties. Indeed, at temperature dependencies investigation of line width and intensity of
IS ")

sample EPR-spectrum irradiated by fluence 3,25 -10 n-cm" it was found their sharp decrease

at the temperature lower 20K. Such temperature behaviour of sample EPR characteristics may

be treated by its transition to spin-glass state.

Thus in intermetallide MnsZ^i under its irradiation by neutrons y-»s—>y radiation-

stimulated phase transition is observed, and at investigation of temperature dependence of

EPR-spectra the transition to spin-glass state has been found.

ABOUT RELAXATION CHARACTERISTICS CORRELATION
OF OIL-BITUMENS FREE-RADICAL STATES WITH THEIR

STRUCTURE

Yu.A.Ryabikin1*, A.I.Polyakov1*, S.I.Romanov2)

/ ; Physical-Technical Institute MS&HE RK, Kazakhstan
2/1 Volgograd Engineering - Construction Institute, Russia

Much attention is given to investigation of physical-chemical properties of high-

molecular oil fractions, i.e. of asphalt's, bituminous and oil-tars. That is due to both scientific

interests, because these compounds belong to the organic semiconductor class, and demands

at their production and use in practice. Traditional EPR spectroscopy is widely used for study

of their paramagnetic properties. However, one can expect some features of bituminous

composition will influence on relaxation characteristics of their paramagnetic centres. The

measurements of spin-lattice relaxation time Ti was executed on the basis of absorption signal

dependence on the frequency of microwave power amplitude modulation [1]. With this way

of time Ti measurement the EPR spectrometer sensitivity is practically completely remain in

contrast to known method of signal record conditional by Mss- component of specimen spin

magnetisation [2]. Accordingly [1], an expression for absorption signal derivative of

inhomogeneously broadened line in first approximation is:
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Where:

m - coefficient of microwave power modulation, Q - frequency of microwave power

amplitude modulation, h (Aco) - function of spin-packet distribution.

In the experiments the coefficient of modulation must be taken a s m - 1. This procedure
permits, in principle, to determine Tiand T2. However, because for bituminous, as a rule,
T i»T 2 , it is needed very high modulation frequencies to determine T2 in such a way, that
represents hard technical problem. Therefore it was performed a calibration of Hi here, that
permitted to calculate T2 if Ti was known from the measurements.

5 specimens of various bituminous were investigated. The specimen Nl is bituminous
of «sol» kind, the specimen N2 is bitumen of «gel» kind, and the specimens N3 and N4 are
bituminous of «sol-gel» kind, the specimen N4 having less oxidation depth than N3. The
specimen N5 differs from that N3 by 5% addition of synthetic rubber.

The characteristics of paramagnetic properties of studied bituminous are given in Table.

N
specimen

Nl "sol"

N2 -!gel"

N3 "sol-gel"

N4 "sol-gel"

N5 "sol-gel"

+5%syn.caout.

T 10s

(set)

4

0.9

1.6

2.1

3.2

AHI>I>

(Oc)

6.6

5.2

5.6

5.4

5,6

AH,.

(Oe)

2.7

0.7

1.2

1.5

2.3

Ni.oc-10"19

(sp/sm 3)

6

1.4

2.6

3.2

5

N M - K T 1 *

(sp/sm3)

1.7

2.2

3

2.3

3

N|.o<
N.M

35

6.4

8.6

14

16.6

Here: AHpp - line width peak - to - peak; AHp - line width spin - packet; NM - mean

concentration of free radicals; NLOC- local concentration of free radicals.

One can see that maximal relaxation time Ti and maximal ration NLOC/ NM corresponds

to the «sol» kind bitumen. The «gel» kind bitumen has minimal relaxation time Ti and ration

NLOC/ NM. V . The characteristics for the specimens N3 and N4 have intermediate values. Thus,

for the specimens N1-N4 it is observed certain correlation between relaxation time Ti and

bitumen viscosity. The characteristics of the specimen N5 request an additional discussion.

1. Polyakov A.I. and Ryabikin Yu.A., Izv.ANKazSSR, ser. fizmat.nauk, 1974, 20, 60.
2. Herve J. and Pescia J. Compt.rend.Acad.Sci. 1962, 255, 2926.
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BEHAVIOR OF METASTABLE PHASES IN
Ti-36wt.% AL-4NB ALLOY AT HEAT TREATMENT

V.D.MeIikhov, S.E.Romankov, V.P.Kiryushin

Institute of Physics & Technology, Almaty, Kazakhstan

This work presents the results of heat treatment investigation of Ti- 36wt.%Al -4%Nb

alloy. The specimens of that alloy were quenched in oil at the temperatures in range from

800°C to 1300°C with 30 min soaking time.

The initial specimens contained two phases: Ti3Al (0C2 phase)- an ordered hexagonal

structure of the DO19 type with the degree of long-range order r|=0.48 and TiAl (y phase) - an

order tetragonal structure of the Llo type and r\ — 0.68. While increasing quenching

temperature to 1100°C, the redistribution of reflection intensity between the phases, an

increase of lattice parameters c and decreasing a both (X2 and y phases were observed. At those

quenching temperatures as well the long- range order of a.2 phase reduced to value 0.25

remained constant at the further increasing of those. In quenching from 1150°C temperature a

new set of lines appeared on the diffraction pattern. The appearance of the new phase was

accompanied by the strong changing of lattice parameters both (X2 and y phases and the

extender of 0:2 lines. The further increase of quenching temperatures led to the decrease of the

lattice parameters with the exception of 0C2 one (which went on increasing). Also the width of

0C2 lines was observed to become narrower and the degree of range order of y phase extending

to 0.98. It would be also interested to notice the dispersion of microhardness have reached

maximum value at 1150°C quenching, and at quenching 1300°C it was the same as the initial

samples.

We suppose that at 1150°C quenching the disordering regions enriched by Nb appeared

in alloy. These regions were seen on transmission electron patterns. Microanalysis of the

regions showed the high content of Nb as well. In increasing quenching temperature the

regions extended and were seen through optical microscope, hence the dispersion of

microhardness was decreased, and the quenching sample contained tree phases: ordered T13A

and Ti Al and disordered a phase.

NEUTRON DIFFRACTOMETRY FOR UZ9901314

HIGH-COMPONENT ALLOY

F.B.Baimbetov, B.M.Ibraev, A.T.Gabdullina, S.P.Pak

Al-Farabi Kazakhstan National State University,

Institute of Experimental and Theoretical Physics, Almaty, Kazakhstan

By method of small-angle cold neutron scattering on the double-crystal diffractometer
of reactor BER II (Berlin, Germany, Si (111) monochromator, neutron wavelength 0.478 nm)
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the structure inhomogeneities (defects, clusters, pores, etc) after plasma treatment on the
surfaces of stainless steel 12O18I10O and aluminum sample Al-16 were investigated. The
energy density of plasma was varied from 0 to 200 J/cm2. The values of total macroscopic
scattering cross-section St in dependence of radiation dose significantly changes that shows
the structure transformation on the sample after treatment.

The total macroscopic scattering cross-section St decreases in all range of transmitted
momentum (q- range) by comparison with St initial sample at the energy < 90 J/cm2 but at the
dose Q>90 J/cm2 Et j r r increases Et,. There occurred strong absorption and scattering of
neutrons and increasing the neutron transmission under determined density of plasma energy
that allows doing a suggestion that the dose about 90 J/cm2 is threshold ones for stainless
steels. Our theoretical calculations (Stefan task) have corroborated that as from the dose ~ 90
J/cm2 in the sample occur irreversible change up to its destruction.

In considered range of transmitted momentum in the case of the aluminum alloy A-16 is
observed reduction of neutron intensity in contrast with the initial value and sizes of
inhomogeneities (clusters) forms ~ 60-65 run that also corroborates of presence of structured
change influencing upon the physical-mechanical properties of alloy.

Metallographic (Vickers Method) and electron microscopy measurements these types of
samples are in good agreement as well as the experimental data obtained by the small-angle
neutron scattering data.

UZ9901315

X-RAY AND NEUTRON DIFFRACTION STRUCTURE
INVESTIGATION OF RARE EARTH METAL

TRIHYDROXIDES R(OH)3

N.N.Mukhtarova, I.Khidirov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Rare earth metals (REM) are unstable in ordinary atmosphere because of their large

affinity with oxygen and so they intensively corrode. The final products of corrosion are the

different small-disperse trihydroxide R(OH)3 [1]. However, exact phase composition of

corrosion products of the solid solution of some REM is not established. But it is important to

know it for elaboration of technology for increasing of the REM alloys corrosion stability.

In this work the results of X-ray and neutron-diffraction analysis of corrosion products

of REM solid solutions are presented. The study of phase compositions and structure

peculiarities of the compounds were carried out by methods of X-ray diffraction

(diffractometer DRON - 3M, CuKa - and CoKoc- radiation; server regimes differed depending

on the task) and neutron diffraction (diffractometer of INP UzAS, X = 0,1085 nm). The

samples under study are: Pr(OH)3 - as standard; the sample 1-corrosion product of solid

solution Pr and Nd in 1:1 proportion; the sample 2 - corrosion product of solid solution of Ce

( 53 %), La (25 %), Nd (15 %), Pr (5 %), Fe (2 %). For phase analysis, standard X-ray

diffraction patterns were calculated for all three-hydroxides R(OH)3 (R- Ce, La, Nd,Pr) using
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hexagonal unit cell parameters [1], and for oxides RO2 and R2 O3 using unit cell parameters

from [2].
Analysis of obtained X-ray diffraction patterns showed that the three samples are

isostructural and belong to hexagonal system. Using the results obtained by scanning of
reflections with low velocity, the unit cell parameters were determined, the lattice parameters
of Pr(OH) 3 practically coinciding with the standard. Because of nearness of ionic radii (r3+) of
studied REM (r3 + =0.104, 0.102, 0.100, 0.099 nm for La, Ce, Pr and Nd, accordingly, [2])
and, therefore, of the lattice parameters of trihydroxides, the diffraction peaks positions for
different trihydroxides are very like. Because of not so high degree of crystal perfection of
samples under study, the reflections (particularly at Bragg angles 29 > 50°) was broadened,
Ka 1 -, Kot2 - doublet didn't split, the big Bragg angles reflections were weakened. So, the
separation of reflections belonging either to pair Nd(OH)3 and Pr(OH)3 or to solid solution
(Nd, Pr)(OH)3 was impossible. Further, the calculated reflection profiles for mixture of
Nd(OH)3 and Pr(OH)3 (in 1:1 proportion) were received by means of geometrical addition of
profiles of the components. Then their half-widths were compared with those of
corresponding reflections fixed at X-ray diffraction pattern of the sample 1. The comparison
makes possible to suppose that this sample is the substitution solid solution of trihydroxides:
(Nd, Pr)(OH)3. Neutron - diffraction study confirms this result.

Content of Pr(Nd) calculated according to Vegard law for this sample has been found to

be ~ 45 %, this result conformed to chemical analysis data. For sample 2 Vegard law isn't

executed because this is multi-component solid solution. For this reason carrying out of

neutron structure analysis (by Rietveld method) seems to be impossible.

In conclusion, it should be noted that this work was financed by Fund of support of

fundamental investigations of Uzbekistan Academy of Sciences (' 16-98).

1. K.T.Portnoi, N.I.Timofeeva Oxygen compounds of Rare Earth Metals. Moscow: Izd.
Metallurgiya. 1986.480 p.

2. L.I.Mirkin Reference - book on X-ray structure analysis of polycrystals. Moscow:
Fizmatgiz. 1961. 863 p.

HYDROGEN THERMO-EMISSION OUT OF RARE EARTH METAL
TRIHYDROXIDES CRYSTALS AND PHENOMENON OF

SELF-CRYSTALLIZATION

I.Khidirov, N.N.Mukhtarova

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

It is shown in present work that phenomenon of hydrogen thermo-emission (removal of
hydrogen atoms out of crystal lattice without symmetry changing) is observed not only in
hydrogen-containing solid solution of nitrogen in transition metals, but in some chemical
compositions and, hence, it is widespread phenomenon.
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Hydrogen thermo-emission out of compounds: La(OH)3 , Pr(OH)3> as well as R(0H)3
with Fe admixture, in temperature interval of 50 - 250°C was studied. The temperature values
of hydrogen evacuation out of La(OH)3 and Pr(OH)3, with Fe admixture, without symmetry
changing were found.

It is established that the temperature of hydrogen termo-emission out of La(OH)3; which
is not accompained by considerable distortions of crystal structure, is Tevac. = 150 - 160°C ,
and within error limits it coincides with that of Pr(OH)3. It should be noted that strong
distortion of peak forms was observed at the neutron diffraction patterns of La(OH)3 as
compared with Pr(OH)3 and R(OH)3, with Fe. This is evidence that the crystal structures are
distorted to various degrees resulted from hydrogen thermo-emission.

It is shown that in R(OH)3, with Fe admixture, the temperature of hydrogen evacuation
(T« 140 °C ) is much lower than that for La(OH)3, Pr(OH)3. The comparison of structure
characteristics of hydrogen containing and hydrogen induced phases was carried out.

When the annealing duration increased more than 20 - 24 h. at temperature Tev, or the
temperature increased higher than Tev, it results in amorphisation of the compounds. The
matters obtained are stable only at low temperature and in media, which don't contain
hydrogen. In air they, being both in crystal and in amorphous state, interact with water
molecules, taking away hydrogen atoms, and then gradually transform into R(OH)3 crystal.
By using neutron diffraction methods, it was established that the observed process lasts about
50 days. So, the obtained substances possess the property of spontaneous absorption of
hydrogen atoms from environment.

In conclusion, it should be noted that this work was financed by Fund of support of
fundamental investigations of Uzbekistan Academy of Sciences (N°16-98',

UZ9901316

NEUTRON DIFFRACTION STUDY OF THE SHORT RANGE
ORDER IN SOLID SOLUTIONS TiNxHy AND ZrNxHy

B.B.Mirzaev, D.Ya.Khvatinskaya, I.Khidirov, V.T.Em

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

The interaction between atoms embedded in metal matrix determines, in large measure,
the features and kinetics of phase transitions in interstitial phases and solid solutions. An
effective way of assessing this interaction is to study short-range order.

The short-range order parameters were determined by least-squares fitting,' with the
agreement factor calculated as

where Icaic. is the intensity calculated using the given model, Iabs- is the intensity measured at a
given scattering angle, and M is the number of data points.
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Thermal and concentration dependencies of short range order parameter in solid
solutions TiNx Hy (x = 0,26; 0,23; 0,20; 0,15; 0,12; y = 0,15) and ZrN o.,2vH o.,i9 have been
studied by neutron diffraction method. It was found out that the type of short-range order
changes with decrease in nitrogen content so that short range order parameter ai alters sign
from positive (ai > 0) to negative (a\ < 0). Temperature at which diffuse neutron scattering
intensity arises depends on composition and increases with nitrogen content on condition that
hydrogen content is fixed. It was shown also that with decreasing of annealing temperature
the correlations in interstitial atoms distribution became weaker. Calculations have been
carried out taking into account the correlations between atoms occupying only octahedral
interstices, only tetrahedral interstices and correlations between atoms occupying octahedral
and tetrahedral interstitials.

We found that the short-range order parameter for the nearest-neighbour environment in
the Zr No,27 Ho, 19 solid solution is negative (cti < 0) that is, nitrogen and hydrogen atoms tends
to be surrounded by vacancies.

CRYSTAL STRUCTURE AND PHASE UZ9901317

TRANSFORMATIONS OF SOLID
SOLUTIONS MeAxBy (Me - Ti, Zr; A - N, C; B - H or D)

I.Khidirov, B.B.Mirzaev, N.N.Mukhtarova

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Titanium is one of the widely used materials in aircraft and rocket techniques, and
zirconium is used in machine building and electronics. Hydrogen is often meeting, harmful
and hardly removed admixture in these metals. Therefore, many investigations are directed to
the removal of harmful influence of hydrogen on properties of the metals. One of such
methods is the building up of hydrogen into more stable phases as Me2Nx Hy, Me2CxHy and
others. These complex phases are distinguished by higher stability of physical - mechanical
properties than binary metal hydrides. So, the study of the regularities of interstitial phase's
formation and their structure peculiarities is one of the actual problems of obtaining of
materials with necessary service properties. The object of present work is neutron and X - ray
diffraction investigation of the phase correlations and structure peculiarities of phases in the
solid solution homogeneity region (and its neighbourhood) for Me - C (N) - H (D) - systems.

It was shown that in these systems carbon and nitrogen atoms occupy only octahedral
pores whereas hydrogen atoms can occupy both octahedral and tetrahedral pores. All the
systems have order - disorder phase transition, so definite distribution of non-metal atoms
depends on temperature.

The new ordered monoclinic phase Me2N i . x H 2 - x was found, and its crystal structure
belongs to space group (sp.gr.) C2 / m; a = 0,5163(3); b = 0,3012(2); c = 0,4828(1) nm, p =
89,82(7)° for Ti - N - H system, and a = 0,5721(2), b = 0,3295(1); c = 0,5363(1) nm; p =
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89,61(4)° for Zr - N - H system. There is the next relation of parameters of starting hexagonal

unit cell (a0, c0) to monoclinic ones (a, b, c): a = V3 a0; b « a0 ; c &c0 .

It was known experimentally that in the interstitial solid solution TiNOj26Ho, 15 there is the

consecutive process " ordering - decay ", and ordering of anti-phase domains is observed.

It was shown that at the high temperature (1270 K) the isotopically different solid

solution TiNo,26 Do, 15 and TiNo,26Ho,i5 were isostructural, and arrangement of non-metal atoms

in interstitials was identical. However, if the temperature decreases, the isotopic effect is

observed to manifest itself: in TiNxDy (unlike TiNxHy, the process of ordering begins at higher

temperature; in the ordered phases the part of deuterium atoms remains in octahedral

interstitials.

Unlike Me-N-H system, the monoclinic phase was not found in Me-C-H system. In

MeCxHy solid solution it was found ordered (sp. gr. P3ml) and disordered (sp. gr. P63/mmc)

solid solution of C and H atoms in a - Me. The ordered hexagonal phase has the wide

homogeneity range, and lattice parameters depend strongly upon non-metal atom

concentration. In Ti-C-H system, metastable solid solution of C and H in body - centred cubic

lattice of titanium ((3 - phase) has been obtained first. The phase has lattice parameter of a

=0,3345(5) nm, its value is much more than that of pure p - Ti (a = 0,3282(1) nm). In Ti - C -

H system we has also obtained the metastable facet-centred cubic (FCC) phase TiCo,47Ho,2i

with lattice parameter a = 0,4273(1) nm. Although that phase has been observed in recent

works, its lattice parameter has much more value as observed in our experiment. The

composition of obtained phase corresponds to lower limit of the homogeneity region of FCC -

phase.

As carbon and nitrogen has similar atomic radii, the difference found .in phase

correlations of Me-N-H and Me-C-H systems can be explained by the different configurations

of valent electrons of carbon (2s22p2) and nitrogen (2s22p3) atoms.

UZ9901318

INVESTIGATION OF STRUCTURE TICO^OO.OSNO.OT

BY NEUTRON DIFFRACTION METHOD

M.Yu.Tashmetov, V.T.Em

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Experimental investigation of ordered phases in multi-compound systems is Of interest

because energy of interaction between interstitial solutions themselves and those with metallic

atoms of different group of periodic table at lattice sites are not equal. And the ordering in

interstitial phases is mainly caused by the deformation interaction between interstitial

solutions. The structure of TiCo,450o,o8No,o7 was investigated by the neutron diffraction

method at High Resolution Fourier Diffractometer (HRFD) installed on reactor IBR-2 JINR

LNP in Dubna. The neutron-diffraction data were treated by Rietveld method. The specimen

was annealed in evacuated sealed quartz tube and water quenched.
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The TiCo,450o,o8No,o7 specimen in the initial state was single-phase and the diffraction
pattern contained reflections corresponding only to the NaCl - type structure.

After annealing at 720°C for 200 hours, the neutron diffraction pattern contained the
same reflections but splitted and also superstructure reflections. Calculations showed the
formation of the ordered trigonal structure (space group P3i). The metallic atoms occupy two
threefold positions, and non-metal atoms do two threefold positions both in the P3i space
group. Metallic atoms are displaced from their ideal "vacant" sites towards non-metal atoms.

INVESTIGATION OF THE STRUCTURE UZ9901319

AND CHARACTERISTICS OF THE PHASE
TRANSFORMATION IN CARBOHYDRIDE COMPOUND

M.Yu.Tashmetov, V.T.Em

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Carbides of transition metals (IV-VI groups) display many remarkable physical
properties, which explain their use as hard materials and coating in engineering. In the latest
years it was established that many physical properties depend not only on composition and
temperature but also on ordering of carbon sublattice. The ordered phases and characteristics
of phase transformation in single-phase Tio,8Vo,2Co,59Ho;39 were studied in wide temperature
range because of possible existence of TiCx ordered phases.

The investigation of the structure was carried out by X-ray diffraction (Cuica - radiation)
and neutron diffraction (DN-500 and HRFD) methods. The sample was heat-treated in
evacuated sealed quartz ampoules and quenched from temperatures within 600-900 °C. The
X-ray diffraction patterns showed that as-synthesized carbohydride was single phase with
diffraction peaks attributed to the disordered structure of NaCl type. The formation of a cubic
ordered phase (space group Fd3m) with a double lattice parameter was observed after
annealing at 600 ° C for 200 hours. In this space group metal atoms are in 32(e) positions,
carbon (hydrogen) atoms are in 16(c) and 16(d) positions. For determining parameters of
phase transformation order-disorder, the sample annealed at 600°C - 900°C. After each anneal
thermal dependence of the (113) superlattice reflexion were measured on DN-500. The
temperature of order-disorder transition for this specimen was determined 900°C (±10°C).
The temperature dependence of the superlattice reflection showed that phase transition order-
disorder is of the second type and is connected with the wave vector k =(1/2,1/2,1/2).
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UZ9901320

NEUTRON DIFFRACTION STUDY
OF THE DOMAIN STRUCTURE OF SiFe

M.U.Kalanov, M.S.Paizullakhanov, H.D.Ummatov, E.Akhmedov, T.Haidarov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

In this work, refraction of neutrons on disordered domain boundaries in polycrystalline
Fe+3,5%Si oriented on plane (110) samples was studied in details by method of bicrystalline
spectrometer. In all cases neutron beam was directed normally to the plane. Two neutron
wavelengths of 0,145 nm and 0,248 nm were used for measurements.

High sensitivity of the method allowed observing visible broadening of neutron beam
even at the thickness of monocrystalline sample of 0,25 nm. External field of 0,25 kOe
completely dismissed widening of beam, indicating magnetic saturation of sample and
disappearance of domain boundaries. There is fact, that attracts one's attention: the increase in
magnification of refraction effect for sequence of samples of monocrystal Fe+3,5%Si-
polycrystal Fe+3,5%Si ironarmko. For all samples dependence of beam broadening on of
neutron wavelength square observed, typical for neutron refraction on disordered domain
boundaries. Dependence of beam broadening on square root of sample thickness (d) has two
features. Saturation is observed for large sample thickness, when influence of instrumental
thickness of beam becomes negligible. Extrapolated to small thickness linear parts of curves
in (dl/2) for different samples pass through the same point on abscissa, in convergence with
the beginning of co-ordinates. This dependence has the following form:

where GQ =(27i)I/2(2uB/E)(l+ln2-lnuB/E)1/2 - average angular distance between light beams

refracted on domains, JJ, - magnetic momentum, E - energy of neutron, B - magnetic field

inside domains, 8 - average size of domains, d - typical thickness of samples. For all samples

at given neutron wave-length X=0,145 nm the numerical estimation is 3,47", giving rise to an

average size of domains 140 micron for sharpen monocrystals of Fe+3,5%Si, 102 mem for

unsharpened monocrystals of Fe+3,5%Si, 35 mem for polycrystals Fe+3,5%Si, 14 mem for

iron-armko and 8 mem for deformed iron-armko. Neutron data on average size of domains

turned out in good accordance with the results for powder samples.

So, studying the width of neutron beam passing through ferromagnetics by using

bicrystalline spectrometer provides possibility for estimating an average size of domains and

thereby gives information about internal domain structure of ferromagnetics.
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UZ9901321

NEUTRON DIFFRACTION STUDY of Fe-Co-Ni-AI-Cu ALLOYS

M.U.Kalanov1*, M.S.PaizulIakhanov1*, H.D.Ummatov1*, E.Akhmedov1*,
T.Haidarov1*, S.Sh.Shilstein2), V.A.Somenkov2)

!) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
2/> Kurchatov Scientific Centre, Moscow, Russia

The high coersiative strength of the dispersionally solidified alloys on the base of Fe-
Co-Ni-Al-Cu system appears as a result of the special thermomagnetic annealing, when
particles of the strong magnetic phase are distinguished in non-magnetic matrix along an
external magnetic field direction. The anisotropy of the distinguished fraction further
coincides with the low magnetisation direction and the pivot axis. The neutron studying
allows to be informed about the correlation between magnetisation direction and
distinguishes, about magnetic macrosell existence and perfectness of these sell.

This work presents results of neutrono graphic study with bicrystalline spectrometer
(0,145 nm). The plate of size 18x12x4 mm3 cut from single crystal alloy UNDK35T5 along
(100) plane was put in the magnetic field perpendicular to the neutron beam. •

Two maxima appear (29=12 and 24 minute) with the angular dependence of intensity in
the field of 6 kOe, which differ from initial rocking curve. In the case of the magnetic field
directed in parallel to the scattering vector, the two maxima disappeared. It is evidence that
nuclear scattering is less than magnetic one. The observed maxima correspond to (10) and
(20) reflections from the two dimensional magnetic macrosell. The sell parameter of the
magnetic macrosell was 40,6 nm. The coherent scattering region size was 120-160 nm. The
magnetic distinguish size was 16 nm. A larger maximum width (5 min.) than instrumental one
(3 min.) indicates that magnetic distinguishing isn't perfect.

The diffraction pattern for the demagnetised sample strongly differs from the
magnetized sample. The diffuse reflection was observed near Bragg reflection in the case of
the magnetised sample. Non-magnetic character of the diffuse reflection intensity angle
dependence indicates neighbour distinguish direction correlation. So, particles of phase
formed by disintegration of the solid solution in the system Fe-Co-Ni-AI-Cu at the
thermomagnetic annealing process, are strong magnetic and one-domain too. These particles
form two-dimentional magnetic macrosell and interact within 3-4 periods of the sell.
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UZ9901322

THEORETICAL ASPECTS OF ION-BEAM MODIFICATION
OF THE MECHANICAL PROPERTIES OF

MATERIALS AND COATINGS

CRRakhimova1*, T.D.Radjabov2)

!) Institute of Nuclear Physics and Science - Production "Academpribor"
2> Academy of Sciences Republic of Uzbekistan, Tashkent

Ion implantation is widely used to modify the physico-chemical and mechanical
properties of the surface layers of metals, construction materials and coatings. The properties
that can be modifyied in this way include the composition, structure, hardness, wear and
corrosion resistance, etc. /I , 21.

The results of a number of works show a close relation between the mechanical
properties of a surface layers of materials, coatings and microstructural and/or phase
transformations induced by ion implantation. In this connection we have developed the new
version of the mathematical model assumed the growth of multizone (three and five areas)
near-surface region with the formation of spherical precipitations of a new phase on uniformly
distributed volume defects with finite dimensions under ion bombardment. The theoretical
study was performed of the features of a mobile impurity incorporation into a layer-
inhomogeneous target having a "contaminated" near-surface layer with moving boundaries.
Using the obtained analytical solutions of a stationary problem, it was shown that a better
implant retention is favoring by the formation of near-surface layers hindering the diffusion.
Layers facilating the back diffusion may lead to a strongly reduced limiting dose.

The processes of ion-beam nitrogenation accompained by surface carbonation of
stainless steel also modification of mechanical properties and corrosion resistance have been
studied. The model of mobile impurity implantation into a layer -inhomogeneous target with
moving boundaries has been considered. The calculations of distribution and redistribution of
the implanted nitrogen at conditions of carbon layers growth on surface as a result of ion
enhanced diccosiation of hydrocarbon compounds from resudial gases have been estimated. A
satisfactory agreement between the calculations and the experimental data has been obtained.

This paper rewiews, retrospectively, the work done to establish the main ideas,
experimental investigations and theoretical models of different levels for ion beam assisted
deposition of thin films, coatings and multilayer structures. The evolution of the attitude
connected with the wide number of opportunities of thin emerging technique, different
options in its realisation and also in the theoretical description are presented. It is based
mostly on the results of the studies of at least 20 years, including the work done by the
authors and their colleagues in the former USSR. Development and improvement of the
models were going in two major directions. One of them took into account, as much as
possible, microscopic atom-scale processes, such as: diffusion, trapping on defects,
bombardment - induced desorption, dynamic ion mixing, etc. A new approach to high dose
implantation has been developed by the authors, which included bombardment - induced or
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enhanced new phase formation and chemical reactions. The second approach was based on
phenomenological description of different technological options. It includes the simultaneous,
alternating or pulse bombardment. That presents a great opportunity to form subsurface
multicomponent microalloys, bilayers or multilayered structures with sharp or graded
interfaces. The discussion of some experimental data, in order to support or compare with
theoretical results, is also included.

Both the theoretical investigation and a representative amount of experimental results
show the unique opportunities of the advanced ion beam assisted deposition methods for the
improvement of microstructure, adhesion, mechanical and optical properties, corrosion
resistance, etc. /3, 4/.

1. T.D.Radjabov, Z.A.Iskanderova, L.F.Lifanova, A.I.Kamardin. Modification of the surface

properties of materials and coatings by ion implantation. Tashkent: Fan. 1993. 304 p.

2. N.V.Pleshivshev, A.I.Bazhin. Physics effect of ion beams on materials. Moskow:
Vyzovskay kniga. 1998. 392 p.

3. T.D.Radjabov, G.R.Rakhimova // IX Intern. Conf. on Ion Beam Modification of
Materials. Canberra, Australia. Book of Abstracts. 1995. P. 04. 046.

4. G.R.Rakhimova // XII Intern. Conf. on " Ion-Surface Interaction ". Moscow. 1995. V. 2.
P. 152-153.

ENERGETICS AND STRUCTURAL CHARACTERISTICS
OF SMALL CARBON CLUSTERS

D.S.Pulatova, N.T.Sulaymanov, Z.M.Khakimov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Investigation of stability and electronic properties of clusters of atoms has been
attracting particular interest due to discovery of new forms of carbon consisting of a finite
number of atoms Cn (blackballs and etc.) with unique properties. In spite of a great number of
works devoted to this subject there are still contradictory results even for clusters (molecules)
with n=3, 4. In particular, though clusters with n<10 are believed to be linear, there are more
recent ab-initio calculations predicting C2V symmetry for the charged C3, and planar rhombic
structure for n=4.

In this work the results for small carbon clusters (n=3-f7) obtained by the semi-
empirical self-consistent tight-binding method are presented. Stable and metastable
configurations of carbon clusters are obtained by molecular dynamics simulation technique,
where forces acting to atoms are calculated in the framework of the above method. The linear,
two- and three-dimensional structures and their dependence on the number of atoms in the
cluster and charge state of clusters are considered.

The most stable configurations are found to be linear for n=3 in all charge states
considered (0,+,-), planar for n=4 (0,+,-), 5 (+), 6 (0,+), 7 (-), and three-dimensional for n= 5
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(0,-), 6 (-), 7 (0,+). In the case of clusters with the same dimensionality but different number
of atoms, there appeared peculiarities at large number of atoms in the cluster. In particular,
alternation of shorter and longer bond distances as well as smaller (for clusters with odd
number atoms) and larger values (for clusters with even number atoms) of electronic affinities
in the linear structures (Such alternation in the energy gain is also the case when one add
atoms to even and odd number linear clusters, respectively). As far as potential ionizations of
clusters are concerned, the monotonic decrease of their values with number of atoms is
obtained, regardless of the dimensionality of clusters. For electronic affinities the above
mentioned alternation behavior is also disappeared in a row of the most stable configurations.

THE EFFECT OF "LOW" DOSE IRRADIATION
ON STRUCTURAL CHARACTERISTICS

OF CAREOGRAPHITE REACTOR MATERIALS

R.G.Khanbekov. U.A. Khalikov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Studies of radiation affect mechanisms in solids have an essential impact on progress in

practical application of radiation material Science. For example, "low" dose irradiation gives

rise to non-monotonies dependence of different properties of samples on the value of doses

absorbed thus marking it possible to obtain materials with predicted properties.

We have studied pirographite irradiated with 10 Mev electrons to doses of 1015, 1016,

and 1017 partical\cm2 with 5 Mev a-particles to doses of 106 to 10u partical\cm2 and 1.25

Mev y-rays to doses of 107 and 106 Gr ; recrystallized graphite (RG) containing 7 to 10% B,

Ti, Si and materials MPG-6, ARV and GSP/ARV; irradiated with 0.18 Mev neutrons to doses

1016, 1017 and 1016 part/cm2 (at temperature of 50 to 70° C) and with 1.25 Mev y-rays to doses

107tol010Gr.

X-ray structural studies of pirographite revealed, at electron irradiation doses of 10 5

and 1016 part/cm2, the lattice plane spacing parameter "C" decreases by 0.2 to 0.25% while

increasing of the irradiation dose up to 1017 increases "C" to its initial value before irradiation.

For the parameter «L» an inverse regularity is observed. Thus at electron irradiation dose of

1015 this parameter increases by about 30% compared to its initial value at the dose of 106 .

This increase comprises 15%, then decreases and at the dose of 1017 it decrement amounts to

70%. Similar structural parameter changes were also observed in the case of irradiation with

a-particles and y-rays.

Strength characteristic changes were analyzed using those of microhardness by

Winker's scale Electron irradiation resulted inmicrohardness increase up to 10 to 18 kg/mm

at the depth of 14 to 16 H\x from the surface of the sample.

Measurements using electron-positron annihilation method (EPAM) showed that

irradiation with electrons and y-rays gives rise to a significant asymmetry in angular
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distribution of annihilation photons which depend on the value of doses absorbed. This effect

however, is not observed in case of irradiation with neutrons or a-particles.

With pirographite having admixtures, the MPG-6 and ARV materials, if was found that
«C» and «L» parameters reach their extremum values at neutrons dose of about 107 n/cm2 and
so does the value of microhardness. Further increase of fluence up to 1016 n/cm2 results in
decreasing of the «C» end «C» values to their install values and in decreasing of sample
microhardness. Similar Structural changes with GSP/ARV materials have not been observed
in identical conditions of irradiation.

Irradiation of CG materials with admixtures as wall as that of MPG. ARV. , GSP/ARV

with y- rays does not cause any notice able changes of structural parameters: for example, the

parameter «C» changes within ± 0.3% and the value of «L» remains nearly unchanged.

The results of the experiment offer that there exists a regularity of a single radiation
induced defect (it may be a carbon atom or that of an admixture) from the disordered state of
the ordered one and again of the disordered state under the effect of irradiation. Located basal
planes, infertifial atoms stimulate transformation of the sp hybrid states in to the sp ones
their vicinity. This kind of electron distribution changes around the radiation induced defect
mare basal planes to come closer to each other and increase «clutching» between them. Thus
intermolecular weak bonds turn into fairy strong covalent ones.

NATURE OF RESONANCE ENHANCEMENT
OF THE POLAR KERR ROTATION

IN TWO-LAYERED Fe/Cu FILM

K.M.Mukimov l\ D.H.Mukhtarova^ , S.M.Sharipov2)

^ Bukhara State University
2) Institute of Applied Physics at Tashkent State University, Uzbekistan

This communication describes the nature of resonance enhancement of the polar Ken-
effect in two-layered Fe/Cu films, which occurres at interaction of optical radiation with the
films.

As it is known, spectra of the polar Kerr rotation (PKR) for two-layered Fe/Cu films
contain the resonance band with the maximum at the energy of light corresponding to the
plasma resonance frequency in Cu. The origin of this band is related to effect of plasmons
excited by the light radiation in Cu [1] on the magneto-optical activity of Fe. However such
interpretation was believed to be doubtful (for example by [2]).

In order to elucidate the role of plasmons in increasing PKR in Fe/Cu .films, we have
carried out model calculations of PKR in the films of such a type. The model consisted of two
media: homogeneous magnetic matter of a thickness d and uniform semi-infinit environment,
and the boundary between them was taken extremely thin.

The observed increase of PKR was shown to have the interference origin and not to be
related to effect of copper plasmons on magnetic activity of iron. The enhancement of PKR in
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such films can be obtained at any wave length of light at corresponding thickness of the
magnetic layer. The value of PKR depends significantly on those of optical constants of the
non-magnetic layer.

1. Katayama T., Suzuki Y., Awano H., Nishihara Y., Koshizuka N. // Phys. Rev. Lett. 1988.
Vol.50. P.1426.

2. Nies R., Kessler F.R. // Phys. Rev. Lett. 1990 Vol.64. P.05.

PHOTOINDUSED CHANGE OF MAGNETIZATION UNDER
INFLUENCE OF LASER RADIATION

K.M.Mukimov1*, M.G.Kalmuratov2), O.O.Ochilov2)

* Bukhara State University

' Institute of Applied Physics at Tashkent State University, Uzbekistan

The investigation of photomagnetic effects is of considerable importance not only from

the standpoint of solving problems of a fundamental nature concerning interaction with

matter, but also in relation to problems involving the practical application of such phenomena,

for example, in the design of radiation detectors.

We have investigated the influence of various factors on the fotomagnetization
dynamics in iron garnets with a view toward elucidating the nature of fotomagnetic effects in
yttrium iron garnet.

Change of the magnetization of sample was detected by one reel plain coil arrangement
located on the surface of sample. External magnetization field has been applied
perpendicularly to the surface of sample, coleniarly with direction of laser irradiation and can
change to 320 kA/m.

The temperature of the sample change in range 80-600K. The experiments were done at
the wavelength of neodymium laser -1064 nm. and the second garmonic - 532 nm.

The obtained experimental results shown alrulabitity of the anomaly behavior changes
of magnetization under influence of laser radiation on temperature lower 300K.
Photoinduction change of magnetization observed in all investigations near the Cure point and
determined with destruction of magnetic order. Behaviour of photoinduction change of
magnetization strongly depends on external magnetization field value lower 300 K and thus
this change is connected with rebuilding of domain structure. At the light wavelength 532 nm
the obtained results were similar mainly to those at the wavelength of 1064 nm., but some
difference observed at temperature range of 80-300 K. Besides temperature of photoinduction
change of magnetization is different along different directions of crystallographic axes.

This work was done by INTAS project JVa 97-0366.
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ABOUT SPECTRUM AND BOUND STATES (BS)
OF THE ENERGY OPERATOR OF TWO-MAGNON

SYSTEM IN A SPIN S=3/2 NON-HEISENBERG
FERROMAGNETIC WITH NEAREST

NEIGHBOUR INTERACTIONS

S.M.TashpuIatov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

In [1,2], the author studied spectrum and bound states of two-magnon system in the
one-dimensional non-Heisenberg ferromagnetic of spin S=l.

In the present work we investigated spectrum and BS of two-magnon system in the non-
Heisenberg ferromagnetic with nearest neighbour interactions in the V-dimensional lattice Z"
of spin value S=3/2. We found conditions of existence of BS of this system.

The Hamiltonian of the system under consideration has the form

) ~
m,r m,r m,r

where J> 0, J\> 0 and J2>0 are, respectively, real parameters of the bilinear, biquadratic and

quadruple exchange interactions between the nearest neighbors nodes of the lattice, while x

implements summation over the nearest neighbour nodes, Sm is atomic spin S-3/2 operator

at node m.

Operator (1) acts in the symmetrical Fock's space H. Denote by H2 the two-magnon

invariant subspace of operator //-Let H.2=H/H2.

Changes of energy spectrum of system are described. We some results of the their work:

Theorem 1. Let J-3 J1+9J2 = 0 and v are arbitrary. Then the operator H2 has equally

two BS (not taking into account fold degeneracy their energies) 91 and 92 with energies
values respectively equally

Z, =2(J + JX -23J2) and Z2 = -2{j + Jx -23J2)-24(Jl -SJ2)-Xcos2 —
i=\ 2

And besides Ziis(v-l)- fold degeneracy and Z2 is non degeneracy and they lies outside the

continuous spectrum.

Theorem 2. Let Ji=8J2 and v are arbitrary. Then the operator H2 has at most two BS

(not taking into account fold degeneracy their energies). Number of BS are depending also of

total momentum Values A. Energy levels of their BS the one is (V-/>fold degeneracy and the

others are non-degeneracy and they lies outside the continuous spectrum.

For example, at A = n and v =1 of the system has at the unique BS with energy values Z

= 5 (7-75 J2).
Theorem 3. Let J+Ji- 23 J2 = 0 and v are arbitrary. Then the operator H2 has mostly one

BS. And besides energy levels of the BS are non-degenerated and they lie outside the
continuous spectrum.
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We denoted n = (n;n; ...;n) e Tv.

Theorem 4. Let A = n and v are arbitrary. Then the operator H2 has at a unique BS (not

taking into account fold degeneracy their energies) with energies values Z = 10J - 38Ji +

154J2. And besides energy levels of the BS v-fold degeneracy and they lies the continuous

spectrum.

1. S.M.Tashpulatov Theoretical and Mathematical physics, vol.107, N° 2, 1996, pp.251-261.
2. S.M.Tashpulatov Theoretical and Mathematical physics, vol.107, N° 2,1996, pp.262-268.

ENERGY OPERATOR SPECTRUM AND LOCAL
IMPURITY SPIN STATES OF ONE-MAGNON SYSTEM

IN THE NON-HEISENBERG MODEL WITH
IMPURITY SPIN AND ONE ION ANISOTROPY

FOR ARBITRARY SPIN VALUES

S.M.Tashpulatov

Institute of Nuclear Physics, Uzbekistan Academy Sciences, Tashkent

We consider the one-magnon system in a non-Heisenberg model with impurity spin and

one ion anisotropy for arbitrary spin values s. Spectrum and local impurity of spin states

(LISS) in the v-dimensional lattice is studied.

The Hamiltonian of the system under consideration reads

m,rn=l TT n=\

Where Jn and Jn are the multiple exchange interactions parameters, between nearest

neighbour atoms and between atoms and impurity spin, respectively, and A and Ao are one

ion anisotropy parameters. Sm = Sm,S^,Sm is atomic spin S operator at node m and

Sm is z projection of spin operator Sm, and x denotes summation over nearest neighbours.

Operator (1) acts in the symmetrical Fock's Space H- Denoted by cpo is the vector called the

vacuum, and let it be uniquely defined by the conditions Sm<po =0,Sm<pQ =S(pQ and

=i. Let 5 ^ = Sm +iSft2, where Sm and Sm are the creation and annihilation spin
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operators at node m, respectively. The space spanned by-vectors Sm(pQ is denoted as Hj,

which is Euclidean with respect to a natural scalar product.
The space Hi is in invariant under the action of operator H. The operator H;=H/Hj is

bounded and self-adjoined, and gives rise to a bounded self-adjoined operator H\ that acts in

the space l2(Zv).

In the momentum representation operator H\ that acts in the space L2(TV) a S (H\f)

(x)=[p(s)h(x)-AJf(x)+ J

h(x) = v - 2cos xt, hl(x;t) = v + YJ\?°s(xi ~h)~cosxi ~cosh
v=l i= l

here " °

Pis) = -rt{-2sfjk,q(s) = -2i(-2s)k(J°k -Jk).
k=\ k=\

Definition. The self-function (p e L2(TV) of H\ corresponding to the self value z is

called a local impurity of spin states (LISS) of the operator H\ while z is called the energy of

that states.

Note that the continuous spectrum of H\ consists of set G of values of the function

p(s)h(x)-A. Main results are following theorems:

Theorem 1. Let v=l. Then the operator H\ has at most three LISS with energy values

that lies outside the set G. Energy levels of this LISS are non-degenerate.

Theorem 2. Let v=2. Then the operator H\ has at most four (not taking into account

fold degeneracy of their energies) LISS with energies values that lies outside the set G. And
besides one of this energies is double degeneracy, and the others are non-degenerates.

Theorem 3. Let v=3. Then the operator H\ has at most four (not taking into account

fold degeneracy of their energies) LISS with energies values that lies outside the set G. And
besides one of this energies is triple degeneracy, and the others are double degenerates, and
the others is non-degenerate.

Theorem 4. Let v is arbitrary, v > 3. Then the operator H\ has at most four (not taking

into account fold degeneracy of their energies) LISS with energies values that lies outside the

set G. And besides one of this energies is v-fold degeneracy, and the others are (v-l)-fold

degenerates, and the others is non-degenerate.

1. S.M.Tashpulatov. Uzb.Math.Journ., 1998, M> 3, pp.62-73.

2. S.M.Tashpulatov. Dokl.Akad.Nauk Resp. Uzb, 1995, M> 4, pp.4-9.
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CRYSTALLISATION CLEANING OF LEAD UNDER HIGHER -
GRAVITATIONAL CONDITIONS

Sh.Mavlonov, B.Makhmudov, T.Alimov, A.Yusupov, O.Davronov

Samarkand State University, Uzbekistan

The development of technics and electronics is closely connected to the "'technology of
high - pure metals. Lately in parallel to the known methods of obtaining pure substances new
methods have been suggested for the technology of ultrapure material production [1]. This
method is called a gravitational material making. This paper concems the experimental results
(Table 1) on cleaning of lead by the method of crystallisation at higher - gravity conditions.

Element Cs, %(ata = g) Cs
r, % (at a = 50()g)

Sb

Mg

Va

Ha

K

Ca

"g
In

Pu

M

Methods of conducting the experiments have been reported in [2]. The following

designations are introduced in the table:

Cs - the mixture concentration after the first crystallisation of lead in the normal (earth)

gravitational conditions;

C/ - concentration of the lead mixture in conditions of high gravity, when the

acceleration gravity was a = 500g (g = 9,81 m/c ). As it is illustrated in the table, the

increasing of the gravity essentially inreases the cleanness degree of lead.

The table shows the concentration coefficient dependence on the mixture aggregation at

lead crystallisation under high gravity conditions. For the interpretation of the results, a new

designation (Ko) was proposed for the first concentration (Co) of lead in the mixture and with

the entropy of fusion of the solvent A Si and of the mixture A S2.

0,1
0.01

0,001

0.03

0,01

0.03

0.1

0.1

o.l
0.05

0.01
0.002

0,0007

0.003

0,001

0.005

0.01

0.001

0,01

0,005
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where KQ - the coefficient of the mixture segregation near the melting point of lead

1. Sh.Mavlonov. The equipment for division and cleaning of substances. A.N.USSR,
N693575/ B.U.I 984, N2 1, p. 203

2. Sh.Mavlonov. The phenomenon of crystallisation in centrifugal force fields and dynamo
effect. - Sour. Cryst. Growth., 1992, v. 1'19' p. 167-175.

MICROWAVE RADIATION INFLUENCE
ON GOLD CONTAINING SULFIDE ORES

A.D.Avezov, V.G.Kolesnik, N.N.Mukhtarova, E.V.Urusova

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

The energy of microwave (MW) electromagnetic field (EMF) is used in extraction
metallurgy of precious metals during last decades. In this work the extraction of elements in
the samples from "tailings", concentrates of gold-sulfide-quartz ores and molybdenum
concentrate with the use of MW field were studied. MW field causes the formation of
magnetic centers of magnetite Fe3O4 type and increases during magnetic separation the
contents of gold and other elements ten times more than in initial material and the extraction
of gold achieves 99%. Rhenium and molybdenum oxides were obtained and it was shown that
90% of molybdenum concentrate became magnetic although the ferromagnetic fraction in
initial materials is very low [1].

The characteristics of main ore and rock-forming minerals of studied samples determine
magnetic and electric conductivity of MW field. The interaction effectiveness of EMF energy
depends on such minerals as pyrite, hematite, chalcopyrite, magnetite, hydroxides of iron,
sulfur, quartz. These minerals are responsible for dielectric losses.

The experimental researches were conducted on specially elaborated MW stands. The
element analyses were done by radio-chemical neutron-activation method. The initial samples
of "tailings" with gold contents 0.1 g/ton and silver 3.9 g/ton were put for irradiation into MW
chamber. MW power was monitored by calorimetric method. The temperature was measured
at MW power shut down directly in the sample.

The dependence of free gold yield and silver on temperature was studied. The treatment
of samples was done in three ways: a) the heating by convection (traditional) heat up to
350°C, then MW power was given; b) without convection heat by MW field energy; c)
convection heating without MW energy. During convection heating there is no revealing of
minerals and phase transitions. The results of heating with MW field energy (without
convection heating) and those of convection heating with MW power coincide. The joint use
of convection heating and MW power is economically profitable.
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In the gamma-spectrum of initial sample one may see the lines of gold, antimony, silver,
iron and sulfur. In the gamma-spectrum of the sample irradiated in MW field after magnetic
separation (magnetic fraction) the gold peak is increased 10 times. As results of irradiation
and magnetic separation enrichment of gold, silver, iron, antimony, zinc occurred. The main
subjects of studies were gold and silver.

Taking into account the low contents of gold in initial sample and the fact that during
magnetic separation the enrichment takes place only for ferromagnetics one may conclude
that the gold concentrates in iron-containing minerals. For increasing statistics the extraction
of gold from sulfide-quartz gold-containing ores was investigated. The results obtained are
presented in table 1.

Table 1
lit till'

sample

1

3

4
5

6

H«il<I

coiK-i-nt ra t ion

0.10 g/ton

0.32 g/ton

1,26 g/ton

\ 1,20 g/ton

1.25 g/ton

1.25 g/ton

MI\ cr
conci-i] trillion

3.9 g'ton

6,0 g/ton

32,5 g/ton

34,4 g/ton

30.6 g/ton

27.7 g.'ton

initial probe, "tailings"

magnetic fraction of initial probe.

"'tailings"

magnetic fraction after microwave
treatment, "tailings"

a

_ " ..

From table 1 one may see that in "tailings" magnetic fraction after microwave treatment
contains the gold ~ 10 times more than initial probe.

Analyzing gamma-spectra before and after irradiation, radiochemical and neutron
activation analysis data one may conclude the following:

As results of MW irradiation the thermal decomposition takes place thus indicating to
irreversible changes in mineral crystal structure.

The formation of magnetic centers of Fe3O4 magnetite type and increasing of metal
contents connected with sulfides and iron oxides in magnetic fraction.

The high efficiency of enrichment for ferromagnetics permits to increase gold and silver
concentration ten times comparing the initial product.

The interaction of conducting structures of minerals with MW electromagnetic field
creates thermal tensions and leads to microcrackness and destruction of rock-forming
minerals containing precious metals.

During the irradiation of "tailings" the specific conductivity changes ten times and the
level of absorbed MW power also changed thus leading to physical-chemical transformations
in minerals.

1. Kolesnik V.G., Kozlov V.V., Mukhtarova N.N. Increasing of gold extraction in MW
electromagnetic field./ Proc. of In. Sem. "Modern Anal. Met. & Apparatuses in Geology",
Tashkent, 1998, p. 65-67.
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MOLECULAR DYNAMICS SIMULATION OF Ga AND As
EMISSION FROM GaAs SURFACE

N.T.Sulaymanov, F.T.Umarova, Z.M.Khakimov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Ion and atom emission from solid surfaces irradiated by electrons and photons has been

subject of extensive studies from both fundamental and technological points of view. Widely

accepted mechanism of such emission for ionic systems (NaCl, NaF, etc.) is the Coulomb

ejection mechanism. The driving force of which most likely is the intra- or inter-atomic Auger

decay of a core hole. It leads, in particular, to the turning of a negative halogen ion at the

surface into a positive one, consequently, to the reversal of the sign of its Madelung potential

energy. This scenario does not work for host atoms of metals and semiconductors, but Auger

transitions can still play a key role in ion (atom) emission in this case.

In this work we considered an ion (atom) emission mechanism which may be valid for

systems consisting of atoms with three or more core electron shells, regardless of the nature of

chemical bonds between atoms. This mechanism can be also understood in a semi-classical

manner. If one represents the repulsive term of inter-atomic interaction as a repulsion of

screened nuclear charges, then any atom (p,) becomes "effectively positively" charged for

others (u); this charge depends on the distance between atoms, Zeff(R), so that Urep ~

Zeffn(RnV)- Zeff
v(R^v)/ Rnv • Then we can immediately conclude that Zeff(R) is far from zero for

the chemically bonded atoms. So the appearance of two and more holes (Nhoie) in core shells

of one of these atoms due to Auger transitions may result in very large repulsive forces

between them, because Zeff(R)-» Zeff(R)+ Nhoie- The main problem here is whether the ion can

gain or not enough kinetic energy during the extremely short life-time (~10"15 s) of core holes

for the consequent overcoming a barrier against emission.

We have considered such possibility for Ga and As emission from GaAs surface by the

molecular-dynamics simulation, where forces are calculated by the semi-empirical electronic

and total energy calculation method involving the repulsive energy term Urep~ Zeff
(I(RtiV)>

Zeff
v(RMv)/ R v̂ (Z.M.Khakimov. Comput.Mater.Sci. 1994, V.3(l), p.95).

The simulation results (see Figure) have shown the possibility of both Ga and As

emission from GaAs surface triggered by the K-shell ionization followed by creation of four

holes in the M-shell due to the two consequent intra-atomic Auger transitions. During the

time of 12-13 fs (for Ga) or 15-16 fs (for As), the repulsive forces described above were able

to accelerate Ga and As atoms up to kinetic energies, which exceeded the binding energies of

the three-fold coordinated Ga and As atoms on the GaAs surface, 4.03 eV and 3.08 eV*,

These values are obtained as difference of total energies of the system with and without the reference
Ga and As atoms, without taking into account a relaxation energy in the latter case. Using of these
values is reasonable, because in the dynamic processes with atoms having comparatively high energies
the remainder atoms cannot find their favorable positions in as short period of time as fs order, and
one should refer namely to these values.
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respectively. Note the dissipation of tie reference ion. Moetic energy, when, dpuamics of its
first and second neighbors {compare curves /, 2,3} are involved, is practically negligible.
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energy {a, b) and outward displacanent {c d) of Cia and As trom their
initial surface positions versus the time passed, after the core ionizitiM, I « only
the reference As or Ga ions are allowed to move, 2,3 - the first, first and second
nearest-neighbors of the reference ion, respectively, are also allowed to move.
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INFLUENCE OF FAST NEUTRONS UPON EFFICIENCY
OF RADIATION DEFECT FORMATION

IN p-Si<B,Ge,Pt> AND p-Si<B,Ge,Zn>

M.S.Yunusov, R.N.Khamraeva, M.N.Alikulov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

We report on the influence of Ge impurities on the peculiarities of Pt and Zn centers in

silicon. The p-type silicon doped by germanium during the growth process (Noe ~ 5.1019 cm"
3) was used. The p-type silicon samples p -Si<B> and p -Si<B,Ge> (~ lO.Q.cm) were doped

by platinum and zinc by termodiffusion followed by fast cooling (~ 250 K/min). The deep
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center parameters are measured by the deep-level transient spectroscopy on the Schottky

diodes. Irradiation of samples was conducted in the horizontal channel of the atomic reactor

(/«3- 10 1 0 cm"V).

The experimental results show that there is one deep level of Ev +0,36 eV in p-Si<B,Pt>
and two at Ev +0,21 eV and Ev +0,27 eV in p-Si<B,Zn>. At the same time concentrations of
these centers in p-Si<B,Ge,Pt> and p-Si<B,Ge,Zn> 2-3 times less than those in p-Si<B,Pt>
and p-Si<B,Zn>.

In all investigated samples the irradiation was found to lead to the formation of
radiation defects (RD) with the energy levels of Ei =EV + 0,25 eV, E2 =EV +0,37 eV and E3
=EV +0,44 eV. Concentrations of RD (especially,E2 ) in Si<B,Ge,Pt>, Si<B,Ge,Zn> and
Si<B,Ge> were 2-3 times higher than those in Si<B,Pt>, Si<B,Zn> samples.

The obtained results can be explained by the impurity induced lattice deformation,
leading to a change of the local dielectric transmittance near the impurity atoms and there by
the cross-section of radiation defect formation.

UZ9901325

SOME LAWS OF RADIATION DEFECT FORMATION
IN P-TYPE SILICON DOPED BY IMPURITIES

OF TRANSITION ELEMENTS

M.S.Yunusov, M.Karimov, M.Alikulov, K.Begmatov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

We studied p-type silicon samples grown by Czocchralski method with various boron

concentrations (0,1 -^l-1016 cm'3) and oxygen and carbon concentrations of ~ 5-1017 cm"3 and

-3-10 cm", respectively. Doping of silicon by Au, Cd, Pt, Ir, Zn, Rh, Cu and Ni was carried

out by thermal diffusion at various temperatures (1173-1473 K) with subsequent abrupt

cooling. Here the degree of compensation K < 0,2. The samples were irradiated in Co60 y -ray

source at the dose power of 2000 Rad/s at the temperature 40°C. The deep level transient

spectroscopy (DLTS) method implemented for measurements on Shottki diodes created by

evaporation of Au and Sb.

In this work the results of studies of defect production kinetics of radiation centres Ev +

0,25 eV (divacancy), Ev + 0,36 eV (complex "divacancy + oxygen + carbon" and Ey + 0,44

eV ("vacancy + interstitial boron") are presented for various doping levels of impurities M

(Au, Cd, Pt, Ir, Rh, Zn, Cu, Ni). It was shown that with increasing of impurity content, the

concentration of radiation centre Ev+0,25 eV decreases, but that of centres Ev +0,36 eV and Ev

+0,44 eV increases. The observed results can be explained by radiation decay of deep level

"impurity + self-interstitial" and deep level "impurity + vacancy" complexes formed by ther-

mal-diffusion doping. As a result, the released self-interstitial atoms take part actively in

quasichemical reactions, significantly affecting the radiation defect production.
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The dependence of the radiation centre generation efficiency on a covalent radius of
impurity atom M was observed, which can be explained by elastic distortion of lattice near
impurity atoms. Such distortion, in our opinion, changes the dielectric constant of silicon and,
consequently, the cross-section of radiation defect formation.

UZ9901326

TO THE PROBLEM OF THERMAL STABILITY OF COMPLEX
RADIATION CENTRES [V+P] and [V+B]

M.S.Yunusov1*, M.Karimov1*, P.A.Halikov1*, S.S.Sabirov2)

7/1 Institute of Nuclear Physics of Uzbekistan Academy of Sciences, Tashkent

Fergana Polytechnical Institute, Uzbekistan

It is known, that the higher irradiation doze, the higher the annealing temperature of
radiation centres (E-, A- centres and divacancy) [1-3]. However the temperature dependence
of complexes [V+P] and [V+B] decay connected with main impurities (phosphorus and
boron) is not studied in details yet (especially a mechanism of this effect).

The purpose of this work was the investigation of mechanism of correlation between

[V+P] and [V+B] radiation centre concentrations in silicon and their annealing temperature.

Samples with various concentrations of complexes [V+P] and [V+B] n-Si<P> with

specific resistances of (p) ~ 4 Q.cm, 6 Q.cm, 10 Q.cm and p-Si<B> with p ~ 4 Q.cm and ~ 12

Q.cm were taken.The density of dislocations was ~ 104 cm"2 The samples were irradiated in

the horizontal channel of the atomic reactor. It should be noted, that in the irradiated samples

the Fermi-level position (F) was lower than the energy levels of the radiation centres [V+P]

and [V+B] (F < Ec -0,43 eV, Ev - 0,44 eV). The carrier concentration recovery was

investigated in the annealing temperature range of 300^700 K with isochronical annealing

periods of 20 min and temperature intervals of 20 °C.

The concentration of complexes [V+P] and [V+B] and the annealing temperature of these

centres were shown to increase with increasing the main impurity concentrations in silicon (at

the same doze of irradiation). The suggested mechanism of increasing of the annealing

temperature of radiation centers with increase of their concentration is defined by degree of

the charge fluctuations of radiation centres in the irradiated silicon.

1. T.Tanaka, J.Inuishi. J.Phys. Soc. Japan. 19. 167 (1964)

2. L.C.Kimerling, H.M.DeAngelis, C.O.Carnes. Phys. Rev. (B). 3. 427 (1971),

3. Doping of semiconductors by method of nuclear reaction (Novosibirck, Nauka, 1981)

180 p.
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UZ9901327

INFLUENCE OF IONIZING RADIATION UPON CHARACTERISTICS
OF SILICON STRUCTURES

Sh.Makhkamov, N.A.Tursunov, M.Ashurov, S.V.Martynchenko, Z.M.Khakimov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Static and dynamic characteristics of semiconductor devices are known to become

worse under effect of radiation. Degree of their degradation depends on the technology of

device fabrication, quality of the basis material, type, energy and intensity of radiation,

temperature and other factors. Due to exploiting conditions of devices a prognosis of their

working ability is required under radiation influence. For this aim an implementation of

theoretical methods, including computer simulations, is still computationally in demand and is

not possible for majority of device structures. Therefore, to obtain optimal conditions for

exploiting of devices in radiation fields a special testing is usually carried out in an active

regime that imitates the real exploiting conditions.

This work is aimed at the investigation of degradation kinetics of characteristics of low,

medium, and large-power silicon pulse diodes, field-effect transistors, and integral schemes

(IS) under influence of y-ray and neutron irradiation conjugated with elevated temperature.

Silicon structures were tested on the universal setup allowing in situ measurement of

parameters of diodes, transistors, and IS under radiation field in the temperature range of

30* 150°C. Samples were irradiated with y-rays of 60Co at the intensity of (5-f5.5>109 cm'V1

up to fluences of 2-1015 cm"2 and with reactor neutrons fluxes of (2-̂ -4) • 107 cm'V1 up to

fiuences of 1013 cm'2 at the temperature 65°C. The back current was controlled for diodes, the

primary source current and source-gutter resistivity - for field-effect transistors, and the outlet

leakage current - for IS.

Analysis of results of studies of degradation kinetics of device characteristics showed

that under thermal and radiation influence of y-rays and neutrons the back current of all types

of examined diodes increased 10-̂ 50 times as compared to that before thermal and radiation

influence. Such changes are due to increase of both the diffusion component of current and

generation-recombination processes in the space charge region of p-n junction at elevated

temperatures.

It should be noted that the kinetics of back current of diodes was also influenced by

surface effects in p-n-junctions due to appearance of surface states caused by accumulation of

immobile charges near the surface.

It was shown that the existence of electric field increases the potential barrier for

electrons entering the protective insulator layer.

After removal of thermal and radiation influence, the back current of low-power diodes

practically recovered to the initial magnitude, while that of medium- and large-power diodes

remained 2-H3 times larger than the initial value. Such a different behaviour is explained by

the back current in the area of p-n-junction.

291



Concerning the field-effect on transistors and IS, noticeable changes of their parameters

are observed only during thermal and radiation influence of both y-rays and neutrons.

It is concluded that the accounting for influence of external conditions and functional
destinations of devices are required when they are exploited under radiation field.

UZ9901328

DETERMINATION OF PIEZOSPECTROSCOPIC TENSOR
BY METHOD OF MONO-AXIS STRESS IN SILICON

IRRADIATED BY HIGH ENERGY PARTICLES

Sh.M.Makhkamov1*, Yu.V.Gorelkinskii2), G.O.Togibaev1*, Z.M.Khakimov13,
R-RSaidov1*, M.Ashurov^, S.V.Martynchenko1}

//f Institute of Nuclear Physics of Uzbekistan Academy of Sciences
' Institute of Physics and Technology of Kazakhstan Academy of Sciences.

In this work an influence of the irradiation by high energy particles upon formation of

interstitial defects in silicon was investigated by the ESR method. The preliminary high-

temperature thermal processing and consequent fast cooling are found to influence

significantly upon formation of interstitial complexes created by proton or a-particle

irradiation.

It was obtained that the ratios of line intensities of ESR-centers of C2 symmetry for

H||<110> are equal to A:B:C:D=1:2:2:1 under the normal conditions. When mono-axis stress

are applied upon samples these ratios change to A:B:C:D=a:2b:2d:c, where a, b, c, d are

occupancy probabilities of different equivalent defect orientations under crystal deformation.

Using the experimental values of the probabilities for the samples kept under stress of

P=250 MPa during 90 min at T=673 K and cooled fast (~3 min. to -573 K) under different

stress conditions, as well as the elastic constants for silicon Sn=7.68xl0"6 MPa, Si2~-2.14x10"
6 MPa, S44=12.56xl0"6 MPa, we have calculated values: Bi-B3=+23 eV; Bi-B2=+12.2 eV;

B4=+2.1eV.

From the temperature dependence of the atomic reorientation speed the reorientation

energy (AE=2.81+0.02 eV) and the pre-exponential factor with the entropy of S=(7-*-8)k are

obtained. On the base of analysis of g- and A-tensors and studies carried out under the mono-

axis stress, the model of interstitial defect complex was proposed. A role of thermal and

radiation defects in the process of defect clustering at silicon device technological process will

be discussed.
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EFFECT OF HYDROGEN PLASMA PROCESSING ON TIN OXIDE
THIN FILM STRUCTURES FABRICATED BY MAGNETRON

SPUTTERING

I.A.Karapatnitski, K.A.Mit', D.M.Mukhamedshina, G.G.Baikov

The Institute of Physics and Technology MS-HE, Republic of Kazakhstan, Almaty

The magnetron sputtering (MS) methods is one of the most perspective for a group
technology of tin dioxide semiconductor gas sensors. But the problem of such sensors'
parameters stability has not been solved up to nowadays. The main cause of that is extra
oxidation processes m deposited films.

It is apparently thin film semiconductor gas sensors working stability has to improve
while decreasing operating temperature. Therefore, it is very interesting to find new
approaches for implementation of thin films with gas sensitivity at lower operation
temperature.

One of the ways to decrease such a sensor's operating temperature is its treating by
different gas plasma [1]. In the report the results of treating of the fabricated by magnetron
sputtering SnC>2 films on AI2O3 substrate by hydrogen plasma are presented. Films with
thickness of 150 - 200 nm were fabricated in an ultrahigh vacuum system using high purity
oxygen and argon gases. The films were obtained at deposition temperature of 250°C and
growth rates of 1.5 - 2.0 nm.min"1. As investigation shows that immediately after fabrication
films have poly crystalline structure. The annealing at 550°C during 30 minutes forms
polycrystals of SnO and SnC>2 in the film [2].

Treatment by hydrogen plasma decreases the film resistance and increases their gas
sensitivity (see Figure). It is important to note also the treatment by hydrogen plasma allows
to ensure a higher sensitivity of thin films at lower operating temperature. Besides electrical
properties of tin dioxide thin films, the X-ray analyses were done at every treatment stages.
Applying plasma technology in industry of thin film gas sensors to decrease their operating
temperature is discussed.

Figure illustrates typical experimental
dependence of tin dioxide films' gas
sensitivity in air containing 70 ppm of
heptane as a function of exposition time.

10 15
Exposure time (minutes)

20
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1. R.Srivastava, R.Dwivedi and S.K.Srivastava. Effect of Oxygen, Nitrogen and Hydrogen
Plasma Processing on Palladium Doped Tin Oxide Thick Film Gas Sensors H Physics of
Semiconductor Devices. V.Kumar and S.K. Agarval (Eds). Copyright* 1998, Narosa
Publishing House, New Delhi, India.

2. I.A.Karapatnitski, D.M.Mukhamedshina, S.G.Bichkov, K.A.Mit', O.A.Zhukova.
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Izvestiya MN-AN PK. Ser. Fis-mat. 1997..N6. P.78-86.

UZ9901329
IMPURITY CONTENT DETERMINATION IN SILICON BY THE X-

RAY DIFFRACTION TECHNIQUE

H.D.Ummatov, M.U.Kalanov, M.S.PaizuIlakhanov

Institute of Nuclear Physics Uzbekistan Academy of Sciences, Tashkent

Silicon crystals were shown not to be homogeneous and contain impurity phase of

crystalline quarts. The quantitative determinatition of crystalline quarts in silicon included

grinding of silicon single crystal up to grains of 15-20 mem size and adding c=l-5 weight per

cent of clear white quarts. The samples were subjected to X-ray diffraction analysis on the

DRON -UM1 with Cu Ka-irradiation (A,=0,1542 nm) at the room temperature within the angle

range of 26=15-40 degree.

Very intensity line (111) with d=3,14 nm

belonging to silicon and the line (101) with

d=0,334 nm of quarts were selected as

analytic lines. The increasing of intensity

of the (101) reflection (I) with quarts

content (c) increase I=1.494c-0.456 was

observed (fig. 1). This fact indicated

undoubtedly that quartz is impurity phase

in silicon. The quarts content in different

types of silicon was in the range of 0,33-

0,87 wt.%. Sensitivity of this method for

determining SiO2 in silicon is about 0,25

wt.%.0
C, weight per cent
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INVESTIGATION OF THE HIGH TEMPERAURE TREATMENT
INFLUENCE ON THE PHASE STATE OF SILICON

M.S.PaizulIakhanov, M.U.Kalanov, H.D.Ummatov,
T.Haidarov, E.Akhmedov, V.Rustamova

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Usually initial crystals are exposed to high temperature (Ts) treatment at temperature

less than the melting temperature (Tm) Ts<Tm=1683K. Stabilization of the electric properties

of silicon was found to take place as example value of the specific resistivity and

concentration of thermodonors. This stabilization is caused by change of the phase

composition of silicon, as there is possibility of oxygen slip out of silicon. In this work phase

composition of silicon was studied at temperature Ts<Tm.

N-type conducting crystals of silicon

with different content of oxygen (01

n=1017 cm"3 and 02 n=6xlO17 cnf3)

were used. The measurements were

carried out on the diffractometer

DR0N-UM1 with CuKa-irradiation at

two temperatures: 1173 and 1523K.

The diffraction picture shows relative

integral intensity of the reflection

(111) for two Si crystals with different
r""^ content of oxygen as a function of

treatment time at temperature 1173K.

t 4

I
o-

'0 \ i
Time hours
The dependence of intensity of the silicon (111) T h e i n t e g r a l i n t e n s i t y o f t h e C111)
reflection on treatment time at T=l 173K: reflection decreases with increasing of
l-n=6xlO17 cm"3, 2-n=1017 cm"3 treatment time.

The more oxygen content, the stronger decrement takes place. Following treatment
during 1 hour at 1523K completely reestablishes the intensity of the (111) line. So observed
changes are inverse.

The cause of the anomal behavior of relative intensity of (111) line in silicon can be: the
presence of a large number of point defects at this temperature; disintegration of oxygen solid
solution in silicon. The number of point defects does not affect on the intensity of (111) line.
They cause displacement of other atoms from the equilibrium positions. This displacement
affects on the intensity of line and is described by the structural factor:

F (-2M) exp2m (hxt (i)
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where M=r87c2<u2i>sin29/A,2, <u2>=<u2it>+<u2is>, <u2it> - an average displacement of atoms

because of thermal vibration, <u2is> - an average statistic displacement related to point

defects. However, the calculations showed that <u2is> «"u2it> at the reflection angle 0=15.

The thermo vibration of atoms reduces the integral intensity of the (111) line only for 2-3 %.

The second factor is important. Oxygen atoms form a solid solution in silicon at temperature

near the melting temperature. In these case disintegration of the solid solution of oxygen

atoms form enriched oxide phase SiO2. The impurity phase because of different specific

volume causes elastic strain and the intensity of (111) decreases.

If <u2is>=n<u2ia> , where n is number of the distinguish, u2ia is displace caused by one

distinguish. The group of the distinguish caused displace neighbour atoms nua and average

quadrate will n2 <u2ia>. Average quadrate of the all group will n time more than average

quadrate of displacements caused by point defects. Repeated treatment of the crystal at 1523

K again dissolved oxygen in lattice and recovered the intensity of (111) line.

So, disintegration of the solid solution of oxygen in silicon with distinguish of impurity

phase SiO2, causes strong distortion of the crystal lattice, that affects on the integral intensity

of the host lattice structure line.

UZ9901330
INFLUENCE OF IRRADIATION AND THERMAL PROCESSING

ON PHOTOSENSITIVITY OF TIInSe2 CRYSTALS

I.Nuritdinov1*, S.Kh.Umarov2)

1/1 Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent.
2) Bukhara State Medical Institute, Uzbekistan

Influence of preliminary irradiation by electrons and neutrons upon features of spectral

and integral photosensitivity of p-THnSe2 monocrystals were studied. Samples were irradiated

by electrons of energies 6 and 25 MeV and fluences 10t3-r-1015 cm"2, as well as neutrons of

energies E < 0,1 MeV and fluences 1012+ 1014 cm"2.

For all crystals investigated the sensitivity in the range of fundamental conductivity is
dominant. In the non-irradiated samples the maximum of photosensitivity corresponds to
energies of photons 9,2 eV. It has complex dependence on the dose of irradiation. With
increase of fluence of electrons (up to O = 1014 cm"2) and neutrons (up to O = 1013 cm"2) the
photo current on the photosensitivity maximum increases 80 % as compared to the
unirradiated samples, while the integral photosensitivity increases up to 20 %. Further
increase of irradiation dose leads to reduction of the intensity of photo current and integral
photosensitivity of samples. After irradiation of samples by electrons and neutrons with
fluences 1015 cm"2 and O = 1014 cm"2, respectively, the intensity of photo current decreases up
to 50 % with respect to the unirradiated samples, and the maximum of photo conductivity
shifts to a low-energy part of spectrum. Thermal processing of samples under voltage 15 V at
temperature 473 K during 24 hours brought to two orders increase in photoconductivity with
respect to unprocessed sample.
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Increasing of photosensitivity under low doses of irradiation, as well as under thermal
processing, is explained by an improvement of structural order of crystals in this case. While
the reduction of photosensitivity and shift of the photo conductivity maximum offset under
higher doses of irradiation is due to the prevailing of destructive processes over improvement
ones.

UZ9901331

INFFLUENCE OF ORIENTED DEFORMATION ON DEEP
LEVEL RADIATION DEFECTS IN SILICON

N.A.Sultanov, M.Tajibaev

Fergana Politehnical Institute, Uzbekistan,

The tensosensitivity of the deep levels of radiation defects (RD) in silicon has been
investigated by deep level transient spectroscopy (DLTS) method. Procedure of information
extraction from DLTS spectra with different emission rate windows is proposed. Instead of
thermal emission constant 0 at the peak maxima which is used to obtain the Arrenius plot the
points of intersection of the curves are analysed. DLTS peaks with different ti, fe/t, being
constant) was calculated [1].

The concentration of initial shallow impurities in Si samples was 1014 - 2-1015 cm"3,
Schottky barriers, formed by evaporation of Au or Sb, were used as rectifying contacts The
dimensions of the samples were 6 x 1 x 1 mm3. Their long sides coincided with principal
crystallographic directions of the silicon lattice [100], [110], [111]. A uniaxial pressure was
created by a level system similar to that used earlier [2].

Samples were irradiated at 300 K with y-rays from the 60Co isotope and the dose rate
•try -^ 1

was 3,6-10 cm" sec". For most centres the DLTS peak shifts towards lower T, since the

activation energy Ea is reduced as a function of the pressure: AEa = pAP. The values of p are

listed in Tabl. 1.

The high sensitivity (100 - 150 MeV/GPa) has been found for the level of RD L (Ec -

0,33 eV) to orientational deformation. This level is due to defect appearing in n-Si as a result

of 60Co y-irradiation followed by thermal treatment at temperature 250 °C [3].

The data were compared with similar experimental ones for A-centre (Ec- 0,17 eV) [2].

Thermal treatment at low (200-300 °C) temperatures increased pressure sensitivity of RD. For

E- and K-centres this thermal treatment rised sensitivity for 2-4 times, but the position of the

DLTS peak did not shift. L-centre (Ec - 0,33 eV) appeared after thermal treatment of

irradiated n-Si. The splitting of DLTS peak of this centre was found to be 0, 06 - 0,12 eV
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S-centres were formed after thermal treatment (TT) of irradiated p-Si.
The ionisation energy of other levels showed weak dependence on the pressure.

Table 1
Deep Defect

A-ccntre

1 .-centre

li-ccnirc before TT

alter TT

K-cenlre before TT

after TT

S-ccnire

AU rel, unite

Ru, cV

rx-0,17

Lc-0.33

nc-0,44

Ue-0.44

l-vt-0,35

LA-i 0.35

H\-0.285

al0 l 5cm2

30

0.46

4

4

0.6

0.6

13

P

Pil [1.00]

-58

-154

-7,2

-14

-43

-41

meV/tipa

[110]

-41

-62

-5.7

-I1)

-12

-45

-62

[11T

-33

-138

-5.2

-15

-11

-31

-20

to

tse

Fig. 1. DLTS peak for the L-centre under different pressure PI [111]

1. A.A.Lebedev, N.J.Kuznetsov, Preprint PTI, No 1046,Leningrad, (1986)

2. C.D.Lamp, J.W.Farmer and J.V.Meese, Rev.Sct.Instrum.55.210 (1984)

3. A.A.Lebedev, N.A.Sultanov, Preprint PTI, No 1080,Leningrad, (I 986)

4. A.A.Lebedev, N.A.Sultanov and W.Ecke. Preprint PTI, No 1233, Leningrad, (1988).
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UZ9901332

CAPACITANCE TRANSIENT SPECTROSCOPY OF RADIATION
DEFECTS ON Si-SiO2 INTERFACE OF SILICON MIS-STRUCTURES

Kh.S.Daliev, Sh.B.Utamuradova, A.J.Akbarov

Tashkent State University, Uzbekistan

Study of the effect of ionizing radiation on the structures of metal-insulator-
semiconductor (MIS) is still of interest. Mechanisms of radiation defects formation in
insulator, semiconductor and on their interface, and possibility and limits of using such
radiation in technologies of MIS-devices are not clear yet.

Particular interest presents the investigations of interface Si-SiOz with the transient
layer of incomplete oxidation of silicon SiOx. Deep level transient spectroscopy (DLTS) in
different regimes and volt-capacitance measurements allows understanding the nature and
location of radiation defects.

For determination of surface states density Nss in the lower half and the upper half of
forbidden gap of semiconductor the method was elaborated. It is based on the measurement of
voltage relaxations U in the regime of constant capacity in all temperature interval T,
including peak of surface states rechargding by minority carrier. In was shown that
calculation of area by f (U/T) at different distances of Fermi quasi level for electrons E from
the conduction band bottom of semiconductor at the interface during the emission of electrons
allows define Nss (E) in the lower half of semiconductor forbidden gap.

Structures Al-Si-SiO2 with the termal oxide were used for the experiments, density of
surface states was 10x1 lcm"2 eV"1. The samples were irradiated with gamma-quantum of

Co. After irradiating the following changes of surface states spectrum occurred:
Predominant growth of surface states density was found in the centre of forbidden gap

of semiconductor. These surface states are connected with broken bonds just on silicon
surface. The peak amplitude of the surface states grows too recharging by minority of current
carriers, but the temperature of the maximum does not change. This proves that after
irradiating structures, the surface states in the centre of forbidden gap of semiconductor have
the same kinetic parameters as before irradiation.

The distinctive peak of radiation defects connected with broken bonds in transient layer
of composition SiOx was found. Specific particularity of these radiation defects is a growing
of recharging temperature with reducing E, because of the tunneling and following termal
excitation of electrons to the conduction band of silicon. On the base of model of the centres
recharging in transient layer the evaluation of the spatial distribution of the distinctive
radiation defects is made.

Radiation defects also appear, with the velocity of recharging not depending on
temperatures. They are bounded with centres removed from the surface silicon and recharged
by tunnelling the electrons without thermal activation. Experiments have shown that
irradiating of MIS-structures under the voltage stabilizes radiation defects formation. This
allows defining the dose dependence of density of different radiation defects and the reasons
of their formation in these devices under the influence of penetrating radiation.
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UZ9901333

FORMATION OF RADIATION INDUCED DEFECTS IN THE SILICON
DOPED WITH GERMANIUM AND STANNUM

K.P.Abdurakhmanov, Sh.B.Utamuradova, Kh.S.Daliev, R-M.Ergashev

Institute of Applied Physics at Tashkent State University, Uzbekistan

The behaviour of isovalent elements (IVE) introduced into the molten silicon has been
investigated by the deep level transient spectroscopy. It has been shown that IVE impurities
such as germanium, stannum in silicon volume did not result in noticeable concentration of
energy levels to be formed. It was found that the presence this elements in the silicon lattice
prevented formation of radiation defects: complexes of vacancy - oxygen (A - centers) and
vacancy - phosphorus (E - centers) with deep levels Ec - 0,17 eV and Ec - 0,43 eV,
respectively.

The efficiency of formation of this radiation defects in the specimens of Si<Ge>, and
Si<Sn> radiated with gamma rays of 60Co was shown to depend on concentration of isovalent
element dopants in silicon.

Also it was established that at high concentration of IVE impurities (>1019 cm"3)
radiation defects are not formed.

UZ9901334
THE RADIATION DEFECTS IN THE SILICON DOPID WITH

PLATINUM

K.P.Abdurakhmanov, Sh.B.Utamuradova, Z.Ou.Olimbekov

Institute of Applied Physics at Tashkent State University, Uzbekistan

Investigations of deep level impurities in silicon are still of great interest because many
of their physical properties cannot at present be described by a general theory. In addition,
some of these impurities may be suitable for controlling lifetimes in silicon and are therefore
of great importance for many semiconductor devices. This is one the reasons why platinum
has been studied so extensively during recent years. However, results on the deep energy
levels introduced by platinum diffusion into silicon reported in various published papers, are
higly contradictory.

The purpose of this work is to study the interaction processes of impurity defects
formed during diffusion of platinum atoms in silicon with point radiation defects generated by
gamma rays of °Co.

The energy deep levels produced by platinum in silicon have been measured using
deep-level transient spectroscopy (DLTS) and photocapacitance (PC) methods. In the all
samples, at least two deep energy levels were found, 0.20 eV and 0.25 eV below the
conduction band, respectively. From the comparison spectrum DLTS of the doped samples
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and the control samples was found that the efficiency of formation of deep level Ec-0.25 eV
depends on concentration of platinum atoms in silicon.

The effect of platinum atoms on the formation efficiency of the main compensating
radiation defects in silicon doped with platinum and irradiated by gamma rays of 60Co is
studied. It was found that the presence of Pt in the silicon volume prevented to the formation
of famous radiation defects: of the complexes vacancy-oxygen (Ec-0.17 eV) and vacancy-
phosphorus (Ec-0.43 eV). The experimentally observed low values of production rates of
compensating radiation defects in gamma-rays irradiated Si<Pt> containing impurity-defect
agglomerations are interpreted taking into account the vacancy and interstitial atom migration
towards them.

Also it was found that gamma irradiation of Si<Pt> leads to increasing of deep level
concentration introdused by platinum atoms in silicon.

Possible models of radiation defect formation and impurities interaction in Si<Pt> and
their applicability for the explanation of the results obtained are discussed.

UZ9901335

PHOTOCONDUCTIVITY PECULIARITIES OF y-IRRADIATED
SILICON DOPED WITH SULFUR IN SPECTRAL REGION 10,6 mem

V.T.Toulanov, T.K.Tashhodjaev, E.Hodjiahmedov,
A.A.Skorobogatko, A.Sh.Davletova, K.A.Ortaeva

Tashkent Automobile & Roads Construction Institute, Uzbekistan

The purpose of this paper is to investigate y-irradiation influence on photocoductivity of

Si < S > under cooling down the liquid nitrogen temperature. It is known that a number of

donor and acceptor levels are created in the gap of silicon at y-irradiation [2]. Since donor

levels are in the lower half of the gap and sulfur atoms create a number of donor levels placed

in the upper parts of the gap, they don't reveal themselves in photoconductivity at 10,6 mem.

Only acceptor levels decrease the filling of sulfur donor levels and free electron concentration

in the conductivity band. The samples had the specific resistivity 80 Q. cm., produced by

sulfur diffusion into p-type silicon with the initial specific resistance 1600 Q cm. Samples had

a bar form with dimensions 10x8x1 mm3. Two nickel contacts were drifted electrochemically

on one side of the largest surface 7 mm apart one from another. Pulse CO2 laser LGI-50 was

used as an irradiation source, with impulses of 150 mes duration and 13 mJ energy. Direct

voltage of 10 V was applied to the sample, the dark current and photo response were

measured by memorizing oscillograph S 8-12. The source of 60Co gamma-rays, that created

flux 1,7-10 quantum/cm s Irradiation.

Obtained values of dark current (Ja), photocurrent (AJ) and their multiple (as) over y-

irradiation time (At) for two samples are represented in Table 1.
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0
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Such an increase of the multiple (as) with the compensation degree increase cannot be
accounted for, if assume that there are transitions only from one level.

Comparison of the multiple for two centres, possessing equal photon and electron
capture cross-sections, but different activation energies (0,08 eV and 0,1 eV) shows that it
may differ more than one and half of an order.

So, we come to conclusion, that in 10,6 mem photoconductivity is due to no less than
two levels. All works on study of energy spectra of sulfur impurity levels in silicon can be
subdivided into four groups. The first includes the works, where the levels responsible for
photocondictivity at 10,6 mem were not discovered [3], the second and the third - where one
level was found with activation energy either 0,08 eV [4] or 0,109 eV [5] respectively, and the
fourth - where the both levels were revealed at the same time [6,7].

The results this work allow to make a suggestion that such a variety may be due to
different compensation degree of investigated samples, determined by the acceptor impurity
content in the host material and sulfur impurity concentration.

1. N.Sclar.Jnfrared Physics, 1976,V.16,p. 435.
2. V.C.Vavilov.,I.P.Kekelidze and L.S.Smirnov. Influence of radiation on the

semiconductors. M. "Nauka".1988.

3. Jdanovich,Yu.I.Kozlov. FTP, 1976 ,T. 10, JVb 10,p. 1846.
4. S.D.Brotheron , M.J.King , G.J.Parker J.Appl.Phys. 1981.Rev. 1970,V.52, No 7, p.4649.
5. D.L.Camphausen , H.M. Jams,Phys.Rev.l970,V. 132,M> 6,p. 1899.
6. B.Pajot, Solid State Communication, 1985,V.54,K° l,p.57.
7. B.Pajot, C.Nand. J.Physique, 1984, V. 45,p.539.

UZ9901336

NUCLEAR - SPECTROSCOPIC CONDITION STUDY OF IMPURITY
ATOMS IN In2Te3 CRYSTAL TYPE

N.Y.Turaev, B.Kh.KhoIikov, E.Y.Turaev

Termez State University, Uzbekistan

Absence of impurity conductivity in In2Te3 type semiconductors with stoichiometric
vacancies can be realized with using the methods allowing identify charge of impurity atoms.
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The most widely used method for these studies was Messbauer spectroscopy. States of
dopant tin and iron atoms in In2Te3 and Ga2Te3 have been studied.

The detailed Messbauer spectral study of admixtured atoms of tin and iron in In2Te3 has
shown that not Sn° and Fe°, but Sn2+ and Fe2+, and also centres Sn2+ are localised not in cation
vacancies, but in octahedral interstitials.

Centres of In were found in In2Te3 doped by tin and iron by the method of photo
electronic spectroscopy.

In conclusion, we note that a question on mechanism of «undoped» crystals of
type cannot be considered as definitely solved.

UZ9901337

GAMMA-RADIATION INDUCED DEFECTS IN INDIUM
ANTIMONIDE

D.A.AbdulIaev, U.B.Juraev, K.E.Eshimov

Samarkand State Architectural-Building Institute, Samarkand State University

Undoped indium antimonide of n-type was studied after gamma- irradiation until n-p-
conversion began. Temperature dependences of Hall coefficient and electrical conductivity
were measured in n-type indium antimonide irradiated by different gamma-doses. The
electrical conductivity changed moderately due to degeneration of electron gas. The
degeneration does not permit to define separately the concentrations of donors and acceptors.
The electrical conductivity of the material is changed only due to the change of electron
mobility.

The electron concentration decreases linearly with the irradiation dose growth, until
observation of n-p-conversion. The cross-section for electron removal is 1.10"24 cm2.

At T > 40K the electron scattering on phonons predominates, and at T < 3 OK the
electron mobility is caused by the scattering of carrier current on the ionised centres.

The irradiation leads to the electron mobility decrease. An assessment of concentration
of scattering centers N inserted by varying irradiation steps showed that only in unirradiated
material the value of mobility corresponds to the assumption about the scattering depart ions
Ni=6-1015cm"3/

After initial stage of irradiation the mobility decreases down a small value in the
vicinity of n-p-conversion:

RG 22^ARGn 2,2^
V-c

For explanation of this effect, the additional notions should be attracted, such as in the
case of irradiated germanium: the notion about the scattering on regions of elastic tension in
the vicinity of interknot atoms.

Furthermore the electron mobility may decrease under irradiadion because of the
material irregularities, especially strong when approaching to n-p-conversion. It seems likely
that both of these effect contribute in the decreasing of electron mobility under the irradiation.
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Small values of hole mobility after n-p- conversion, evidently, are connected with the
same scattering mechanisms responsible for the electron mobility decrease in inndium
antimonide. The growth of hole mobility after n-p-conversion can be explained by the
decreasing of structure irregularity degree.

UZ9901338

PHOTODETECTOR FOR REGISTRATION OF ROENTGEN AND
ULTRAVIOLET RADIATION WITH THE REGULATED

SPECTRAL PHOTOSENSITIVITY

E.Abdullaev, S.Otazhonov

Fergana University, Semiconductors Physics Department, Uzbekistan

The light-sensibility of detector to ionising radiation increases by making photosensitive
cell just from luminescent crystal. The perspective couple of ZnSe (luminophor) -CdTe
(photoconductor) has been studied to aim these goals. At the slanting spray the asymmetric
barriers are formed in polycrystalline CdTe , that allows occurring an abnormally high
phototension and gaining rather high photosensibility.

Investigations of the spectral dependence of photo-E.M.V. and photoconductivity
showed that it is possible to conduct with spectrum layer sensibility by applied stress. It was
conditioned by carrier pulling into the volume with the definite orientation of barriers
asymmetry and applied electric field. The CdTe film photo - E.M.V. is produced both with
zone - zone perturbation from the deep levels with optical ionization energy -1.15 eV, so all
the luminescence ZnSe straps are covered. Besides, conductivity over the barriers influence
upon the CdTe surface and the ZnSe surface, and it is possible to get photo-E.M.V. both the
same sign and different sign in the range of 1.9 - 2.3 eV and 1.4- 1.7 eV.

The large layer resistance (109 Om.cm) allows to get rather large accumulation time.
The produced heterostructures possessing the sensibility to ultraviolet rays provides making
photodetectors of ionizing radiation with accumulation.

UZ9901339

KINETIC PROCESSES IN AIV BVI THIN FILMS UNDER
RADIATION INFLUENCE

K.E.Onarkulov, A.M.Khudojberdiev, G.Akbarov

Fergana State University, Uzbekistan

The investigation of radiation effect on polycrystalline AIV BVI films is of scientific

and practical importance, because they detect infrared-rays and are thermal converters.

Electric parameters of AIV BVI compound crystals change under radiation influence

perceptibly.
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We investigated PbSnTe p-type polycrystalline films which were produced by the
thermal vacuum condensation method on mica and polyamid substrate. The temperature of
condensation varied within the range of T = 370 - 570 K. Films had a thickness depending on
temperature of condensation and deposited at a speed of condensation within 600 - 4000 A/s.
Accordingly to electron microphotographic pictures, the higher temperature, the bigger the
crystalline size was. At 300 K Hall concentration comprised 1017 cm* and Hall mobility was
(100-200) cm2/V s.

The obtained experimental results were explained by changing the mixture of
concentration and defects under the radiation influence. Transferring the energy of quants to
the lattice (through the influence) was stimulated with hot electrons. Transferring the energy
of electrons to the lattice brings atoms to dislocation. The irradiation causes both generation
of defects and radiation-stimulated diffusion.

UZ9901340

STUDY OF SURFACE PROPERTIES OF SEMICONDUCTORS
AND DIELECTRICS IN RADIATINY STATE

K.Baktibayev^, K.Togzhigitov2), R.Orozbayev3)

^ Institute of Nuclear Physics, Almaty, Kazakhstan

M.H. Dulaty Taraz State University, Kazakhstan
3) Physical Technical, Almaty, RK Kazakhstan

It is known that during and after gamma, reactor and cyclotron irradiation of silicon,
silicon carbide, oxides of rare earth elements, ceolite and silicon dioxide the volume
adsorbing hydrogen, carbonic gas and water vapour, increases.

The reactor irradiation was found to stimulate migration of copper, iron, zinc,
aluminium, boron impurities in silicon carbide, and copper, gold, silver impurities in silicon
and silicon epitaxial films; also by means of these irradiations alloy of the materials is realised
with the formation of p, n - transitions which are revealed in volt - ampere characteristics. It is
shown that the coefficient of radio-stimulated diffusion on the film surface is less than that of
the silicon oxidised surface.

Gamma, reactor, proton and alpha-irradiation of photoresistors on substrates made of
sulphide and selenide of lead was shown to result in the decrease or complete disappearance
of their photosensivity.

The degradation of the working characteristics of photoresistors is related to the
desorption of oxygen and destroying of (lanarkite) layer of sulphide and selenide of lead.
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UZ9901341
MODIFICATION OPTICAL AND MAGNETO-OPTICAL PROPERTIES

OF THE GARNET FILMS UNDER y, e AND IONIC EXPOSURE

ICM-Mukimov^, O.O.OchiIov2), M.G.KaImuratov2), A.H.Ramazanov2)

'* Bukhara State University
2> Institute of Applied Physics at Tashkent State University, Uzbekistan

Modifications of optical absorption spectra, magnetic-circular dichroism and Faraday
effect are investigated on monocrystalline epitaxial garnet films in visible area of wavelengths

ft 11-1

at room temperature exposed to gamma-rays (10 -10 Rad, E-1.25 MeV), electrons (fluence
10 17 cm"2, E= 25 MeV) and oxygen ions (fluence 10 18-10 20cm"2, E~ 0,5-10 keV).

It was shown, that at high doses of y rays (1010 Rad) the minor diminution (10-12 %) of
the magnetic-circular dichroism and Faraday effect was observed in spectral area 450 -750 nm
as compared to non-irradiated films.

These modifications are possibly connected to formation of radiation defects, though
garnet films are considered to be radiation hard materials, and were observed due to high
sensitivity of the implemented methods of research.

In optimal modes an exposure to oxygen ions with energy from 1 to 2 keV and fluences
from 2.1019 to 4.1019 cm"2 results in the spectral changes towards those characteristic of
monocrystal. It is stipulated by prevalence of sputtering processes on the surface and
improving crystalline structure of recordings on some depth beyond the shaping of the
stratum, infringed by an exposure. It is necessary to notice, that the observed modifications
under effect of y, e", and ion exposures were of identical order.

Thus, the exposure of garnet films to y, e" and oxygen ions can be the way of improving
optical and magneto-optical properties, as it allows to reduce an amount of impurities of lead
of a technological origin near to the surface by sputtering the surface stratum of the growth
nature and promotes improving the initial crystalline structure in bulk of the samples.

to y
ACTIVE CENTRES OF ADSORPTION ON OXIDE

SURFACE IRRADIATED BY CHARGED PARTICLES

T.Tuseev, T.I.Aksenova
UZ9901342

International Kazakh-Turkish University by Yesavi, Turkestan,

Institute of Atomic Energy NNC, Almaty, Kazakhstan

Adsorption processes stimulated by charged particles (protons, alpha -particles, ions

He3) irradiation on an oxide surface (silicon, beryllium, aluminium, lanthanum , erbium ,

dysprosium and scandium) have been investigated.

It was found that the irreversible adsorption of oxygen, hydrogen and carbon dioxide

was observed for all samples under irradiation with protons and a -particles, as well as
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gamma - irradiation, except La2O3 and Er2O3. On the last samples the adsorption of oxygen
and carbon dioxide was observed, whereas hydrogen adsorption on the oxide surface was
absent under irradiation. The adsorption centres of acceptor and donor types are both formed
on scandium oxide surfaces under action of a-particles, while proton irradiation didn't cause
any.&dsorption centres for oxygen and CO2.

REM oxide's feature is that the irradiation with the charged particles stimulates the
desorption of previously sorbed M2. The ESR signals appear as a result of previous vacuum
treatment and following irradiation by charged particles of samples of the lanthanum,
scandium and erbium oxides at liquid nitrogen temperature; and on Er2O3 samples containing
oxygen (sorbed previously or at irradiation) paramagnetic centres are stable up to 600-700 K.

The paramagnetic and adsorption centres cannot be identified exactly; for some oxides
gas adsorption doesn't proceed on paramagnetic centres. The irradiation causes the
dehyjiroxidation and decarbonization of oxide's surface and in some cases breaks Me-0
bonds in a lattice; in this case the reduction of intensity of adsorption band 975 cm"1 in IR a
spectrum is shown. Adsorption of hydrogen results in restoration of hydroxyl groups (3500-
3700 cm"1) on all investigated oxides. There is a probability of transformation of bidentat
structures in monodentat, and the formation of water molecules and ion - radical O2" at
oxygen adsorption on REM oxides.

UZ9901343

SELF ORGANIZATION AND LOW FREQUENCY RAMAN
SCATTERING IN QUARTZ GLASS IRRADIATED BU

FAST NEUTRONS

F.R.Akhmedzhanov, O.Davronov, Sh.Omanov, E.Isakulov

Samarkand State University, Uzbekistan

In all investigated glass materials [1] in low frequency region of the IR absorption and
Raman scattering spectra the intensive broad band with ~ 10 - 100 cm"1 and bandwidth ~ vmax

is observed. The appearance of such band is typical for low frequency spectra of amorphous
materials and spectroscopic characteristics of this low frequency peak in glass is similar to
that in spectra of liquids and liquid crystals.

In this work the influence of fast neutrons (from 2,5-1015 to 2,2-1020 cm"2) on location
of the low frequency peak was investigated in quartz glass with accidental impurities (Ca, Al,
Ba, Sb, Pb, Mn, B, Na, Zn) at summary maintenance of (10"3- 10"1) mass %. Spectral from of
the low frequency Raman scattering peak is identical for all glasses independently on their
chemical composition [1]. It was discovered that the frequency and amplitude of boson peak
increased with irradiation dose growth. Maximum of peak displaced from 54 cm"1 to 72 cm'1.

The increasing of glass density and velocity of propagation of acoustic waves was
observed. Depending on E'-centre (28Si3+) concentration under irradiation dose, at first a
gradual growth was observed, and then the saturation of these centres occurred. The
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increasing of concentration of centres correlated with the growth of intensity of narrow
Raman line at 606 cm'1, attributed to oxygen atoms vibrations on the cluster surface.

The results of this investigation, taking into account the ideas developed in [2,3], allow
to develop another approach to understanding the nature of low frequency Raman scattering
in glasses.

The irradiation by fast neutron leads to changing the degree of self organization or
phase correlation in glasses. It leads to increasing of internal field in phase structure, and
consequently, to changing of the wave vector of phase structure, which is displayed in the
shift of frequency of the boson peak. The changing of self organization degree influences the
macroscopic parameters of medium and is displayed in the changing of glass density and
velocity of propagation of acoustic waves.

The increasing of internal field of phase structure is equivalent to the changing of
distribution of energetic states because of the changing of self organization degree. This
process leads to the changing of density of fluctuation transitions between hierarchies of
energies states, which is displayed in the growth of E'-centres concentration and the Raman
line intensity.

According to our ideas [2,3] about structure-dynamical processes in irregular media and
their spectral displays, and also from the results of this work, one can conlude that the nature
of the boson peak is not directly connected to a velocity of propagation of acoustic waves and
hypersound data, which can be obtained from Brillouin scattering. In our opinion the nature of
boson peak is formed by more sensible processes in medium, just by phase correlation radius,
which plays the main role in the forming of macroscopic parameters of medium. Frequency
distribution of boson peak corresponds to that of internal field in phase structure of irregular
medium.

1. T.S.Perova. Physics and chemistry of glasses 20, 301, (1994)

2. Erkin Nurmat. Proc. XIV Int. Conf. Raman. Spectr. Hong Kong, A 371, (1994)
3. Erkin Nurmat, R.M.Ishburiev, Sh.Umidullaev. Proc.XIV Int. Conf. Raman. Spectr., Hong

Kong, 1068, (1994).

UZ9901344

EPR-SPECTROSCOPY OF ALKALI-BORATE
GLASSES CONTAINING IRON, SYNTHESIZED

IN RADIATION FIELD OF 60Co

A.N.Salakhitdinov, A.A.Yusupov, Sh.N.Nizamov, T.S.Djuraev

Samarkand State University, Uzbekistan

Earlier we [1,2] carried out the experimental evidence, that the aggregation degree of
ion-activators (Fe 3+, Cu2+, Ce3+, Nd3+) in optical borate glasses with additions of [Fe2C>3;
CuO] and laser phosphate glasses with protective additions of CeCh changes in unusual
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manner at usual and radiation assisted thermal melting: in the case of usual thermal melting
the area of chemical differentiation increases, and therefore the aggregation degree of
structural units in clusters increases too; the second case indicates the opposite behaviour -
the decreasing of the degree.

In this work the experimental (optics and ESR data) and theoretical researches of
radiation-induced paramagnetic centres were pursued in alkali-borate glasses at optimal
composition (22K.2O; 78B2O3) without and with additions Fe2C>3 (0,1; 0,25; 0,5 mass %; in
excess of 100%).

The prime objective of work was the elucidation of conditions for conservation of

useful thermoradiation effect under synthesis of indicated glass in 60Co y-field and the study

of the influence of duration (dose), dose power and temperature of remelting in y-field. On the

basis of the obtained data, theoretical analysis and correlation of results with literature data we

have outlined the following:

a) thermoradiation conditions are equivalent to "powerful" oxidising conditions with high

efficiency of proceeding of radiation-chemical reactions with participation of atmospheric

oxygen;

b) thermoradiation influence leads to the appearance of new structural units of [=B-O-O'],

[sB-0-0'], [=Fe3+ -O-O'], [sFe 3+-O-O'] types, which are not realised at ambient air

conditions;

c) thermoradiation effect of small doses and its interpretation.

The development of dynamic-evolutionary conception [3,4] led to main conclusion that

more disordered system of neighbouring order can be obtained by thermoradiative effect on

oxide glasses, than just at the melting. Basing on optic and paramagnetic properties, we

suggested formation of structure of oxide glasses with specific structural groups which are

elements of self-organisation of system on clusterisation level.

1. Salakhitdinov A.N., Babaev A., Umarova D.R. and et all. Physics and Chemistry of
radiative treatment of glasses. Tashkent: FAN, RUz, 1992.

2. Salakhitdinov A.N. Vth Intern. Conf On Methods and Appl. of Fluorescence Spectroscopy.
Abstracts. Berlin-Germany, 21-24 September 1997, p. 1 59.

3. Salakhitdinov A.N., Nizamov Sh.N., J. Appl. Spectr. (Russ); 1998, v. 65, N 3, p. 453-455.
4. Djabbarov I.D., Salakhitdinov A.N., Yusupov A.A., Nizamov Sh.N., J. Appl. Spector

(Russ); 1998, V. 65, N, p. 137-140.
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UZ9901345

PARAMAGNETIC AND THERMOSTUMULATED
CENTRES IN YAG AND CsBr-In CRYSTALS

A.N.Salakhitdinov, A.A.Yusupov

Samarkand State University, Uzbekistan

Interaction of high energy electromagnetic radiation (UV-and y-rays) and neutrons of

atom reactor with YAG-crystals leads to formation of several defects which are rather

complicate by nature. They are studied by the optic, electric and magnetic methods [1,2].

We studied the paramagnetic and thermo-optical characteristics of YAG-crystals

undoped and doped by rare-earth ions (Nd3+, Dy3+, Ho3+, and others - Tr3+) irradiated by

UV-light, y-rays and neutrons at different temperatures. The y-irradiation at 77 K induces a

dark colour of these crystals, and after heating up to 600-700 K the thermo-luminescence

peaks and EPR-signals occur. The twelve-component EPR signal with g-factor 2,0186 was

detected at the irradiation dose of 106 R. at 77 K and weakly depended on orientation of

crystal, therefore it was ascribed to a defect comprising two aluminium ions. Paramagnetic

spectra of YAG-crystal irradiated by y-radiation and by neutrons differ in values of g-factor,

in shape and a width of signal, that proves different types of defects formed by these

radiations. The y-irradiation at room temperature does not induce EPR-signal, and the neutron

irradiation does intensive signals at 310 K depending on neutron fluence. The highest

intensity is reached at 6.1018 neutron/cm2. Variation of experimental conditions (temperature

in combination with UV-, y- and neutron irradiation, intensity, dose and fluence) allowed to

obtain information and to make a number of essential conclusions about formation of defects

in YAG-crystals. For elucidation nature of some radiation-induced defects in YAG-crystal the

thermo-optic processes in CsBr-In crystals irradiated by y-rays have been studied as well. The

absorption spectra of these crystals after were studied their burning out at various

temperatures (with stand at isothermic conditions). It was found that the change and

redistribution of absorption band's intensities were connected with aggregation of admixture

ions.

1. Z.T.Azamatov, P.A.Arsenev, H.S.Bagdasarov, M.P.Bedilov, A.A.Evdokimov,
V.M.Cehanovich. Damage in materials of quant electronics Tashkent: SAN, 1991

2. Salakhitdinov, LD. Jabbarov, Sh.N. Nizamov, A.A. Yusupov Journal ofapplied
Spectroscopy, 1998, V 65, No 1, p. 13 7-140

310



INFLUENCE OF THERMORADIATION ACTION
ON PHOTO-LUMINESCENCE OF LASER PHOSPHATE

GLASSES

Sh.N.Nizamov, A.N.Salakhitdmov UZ9901346

Samarkand State University, Uzbekistan

Thermoradiation treament [1-2] is a powerful method for excitation of electron

subsystem of solids. In order to get the direct information about the kinetics of radiation

induced defect-formation caused by this excitation, we studied the photoluminescence and

absorption spectra of laser phosphate glasses (LPG) which were undergoed to

thermotreatment outside and in gamma-field. The samples differed in composition one from

another by the following ratio C(n) = [Nd2O3]:[CeO2] in the range of 0/2; 0/8; 1/6; 2/6, 6/8;

4/0 and 8/0. Several samples of glasses had rather low temperature of softening (T = Tg =

653 - 673 K), so we searched the optimal regime for thermoradiation treatment at T = Tg both

outside and in y - field (60Co) during 30, 60, 90 and 120 minutes.

For undoped LPG at excitation with Xc = 328 nm, one broad photoluminescence band

with maximum at ^max =375 nm was observed. It was shown that both radiation thermal

treatment and prolonged thermal treatment outside gamma-field resulted in the formation of

associations and clusters including the rare-earth ions with alternating valency by means of

vacancy-thermal-diffusion or radiation-stimulated-vacancy mechanism. However, the

efficiency of its formation is small. Weak {Ce3+ - Ce3+} interactions were displayed as

radiation-induced absorption bands at 420 and 620 nm. Also, the thermal-induced broad band

at 750 - 850 nm was observed with the simultaneous rising of absorption background in the

region 400 - 800 nm. The last fact explains the degradation of the generation characteristics of

the irradiated laser active elements doped with Nd3+ [3].

For LPG with optimal C(n)=6,6/1 two bands of photoluminescence with A,max(l) - 354

nm and A,max(2) = 375 nm were observed, their interplay and overlapping are explained by

{Nd3+-Ce3+} interaction.

The thermoradiation treatment of samples LPG with C(n)=4/2 resulted in the complete

extinguishing effect of broad-band photoluminescence with Xmwi = 385 nm.. As seen from

absorption spectra in UV-region, the thermoradiation-induced colour centre with «ultra-

broad-band» absorption from 240 nm to 450 nm was observed. Also found more than

double increase of absorption band intensity at X - 750 - 850 nm, indicated to existence of

{Nd3+ - Ce3+} interactions because of thermoradiation effect on structure. It is supposed that

the mechanism of extinguishing photoluminescence is connected to both dynamics and

evolution model of generation- recombination [2].

Obtained data may be used for improvement the output characteristics of laser active

elements made of LRG with Nd3+ (for increasing homogeneity of impurity distribution, for

decreasing active losses) and also for controlling radiation-optical parameters of oxygen

glasses by optimal choice of glass composition, dose, intensity and temperature of X-

irradiation.
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1. A.N.Salakhitdinov. Vth Internal. Conf. on Methods and Applications of Fluorescence
Spectroscopy. Abstracts. Berlin-Germany, 21-24 September 1997, p. 159.

2. A.N.Salakhitdinov. Physics and Chemistry of radiation treatment of glasses. Tashkent:
FAN, RUz, 1992.

3. P.K. Khabibullayev, M.R.Bedilov, Kh.B.Beysimbayeva, Radiation - stimulated processes
in solid-state optical quantum generators. Tashkent: FAN, Ruz 1988.

UZ9901347

INFLUENCE OF RADIATION INDUCED DEFECTS ON
LUMINESCENCE OF QUARTZ CRYSTALS

Sh.G.Boboyarova, J.D.Ibragimov, A.A.Mustafakulov, R.T.Turdiev

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

We explored spectra of photo-, gamma- and thermoluminescence ( PL, GL, TL ) of

quartz crystals, irradiated with different fluences neutrons, protons and deutons. It was found

that increasing fluence of incident particles brings about reducing an intensity of band at 490

nm imputable to the glow of self trapped excitons. In spectra PL, GL and TL of quartz,

irradiated with neutron fluences >5-1016 n-cm"2, there are the bands with maxima at 550, 660

nm, stipulated by neutron induced (3- and amorphous phases of quartz. Growth of intensities
I ft 0 I S O

of bands 550 and 660 nm is slow at fluences < 10 n-cm" and sharp at fluences >10 n-cm" .

Above 10! n-cm"2 intensity of band 550 nm decreases, but intensity 660 nm continues to

increase. This is stipulated by appearance of nucleus of (3-phase, and consequently glass-like

phase, probability of which sharply increases in the interval of fluences 10l8-1019 n-cm"2. At

fluences >1019 n-cm"2 reduces the concentration of the nucleus p-phase due to interaction

between themselves, also the amorphous phase of quartz forms , stipulating an appearance of

band 460 nm.

In PL, GL, TL spectra of quartz, irradiated with fluences >10 n-cm"2, an unknown

band with maximum at 840 nm has been first discovered with the intensity increasing up to

5-1019 n-cm"2, but then decreasing. Appearance of the glow centres is due to silicon

nanocrystals formed under effect of neutrons. The glow centre nature and the mechanism of

its luminescence are not clear yet.

The bands at 550 and 660 nm are observed also in crystals, irradiated by fluences of

protons (E = 18 MeV ), deutons (E = 16 MeV ) 4-1014 and 1015 cm"2. In the crystals, irradiated

with the same fluence under different current density beam, the increasing of density of

current brings about the intensities grows of bands 550 and 660 nm. The obtainted date allow

to suppose that the nuclues of p- and amorphous phases form due to losses of energy of

impact particles spent on excitation, ionization and on displacements of atoms. The increase

of defectness of structure relieves formation of nucleus p- and amorphous phases of quartz.
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UZ9901348

THE COMBINATED EFFECT OF RADIATION AND HIGH
TEMPERATURE ON FOTOLUMINESCENCE

OF NON-BRIDGING OXYGEN-HOLE CENTERS IN
FUSED SILICA WITH DISORDERED STRUCTURE

I.Nuritdinov, Kh.A.Khaydarova, K.Yu.Masharipov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

The photoluminescence (PL) of non bridging oxygen-hole centerc (NBOHC) and the
absorption spectrum of [AlC>4]+-centres were investigated in fused silica at 20 °C. The objects
of study were plates cut of fused silica mono-blocks as well as tubes drawn from the glass
mass, obtained by the method of electrofusing in vacuum. The investigated samples were
irradiated by y-rays till dose 107 rad in the temperature interval of 20-700°C with 50 °C step.

It was shown, that in the case of plates irradiated in the temperature interval of 20-200
°C, 660 nm luminescence band was not detected, but in the case of tubes this band was
observed, whith intensity remaining constant. The aluminium hole centres [A1C>4]+ absorption
density in plates in the same temperature interval is approximately one order of magnitude
more, than in tubes. Probably, in plates NBOHC are created as well , however, because of
strong reabsorbtion of NBOHC emissing by aluminium hole colour centres [A1O4]+, the
luminescence registration is not possible. In the irradiation temperature dependence of
luminescence intensity of the plates two maximums occur at 350 °C and 500 °C, but in tubes
there is one broad peak with the maximum at 450 PC.

From comparison of these dependencies of PL NBOHC and of aluminium hole colour
centres, it is possible to conclude, that NBOHC luminescence at the peak 350 °C is related to
the transfer of the holes from [AlO4]+-centres to =Si-0 -centres, since, the absorption density
of aluminium-hole centres decreases:

= Si - O + [AIO4 ]
+ —^ = Si-Om + [AIO4

The second peak of the temperature dependence of NBOHC PL in plates, irradiated at
temperatures >400 °C, is related to the radiation creation of NBOHC as a result of the
reaction:

= Si-O-Si = rJ > = Sr+ = Si-O* (2)

Presence of only one maximum in dependencies of NBOHC luminescence in tubes is
explained by the disordering of tube structure unlike to monoblocks, that brings about to
decreasing of the defect formation energy and expansion of PL spectrum.
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INFLUENCE OF RADIATION AND THERMAL TREATMENT ON X-
RAY LUMINESCENCE OF QUARTZ GLASSES

E.M.Gasanov^, R.R.Gulamova1*, RAlimov1*, B.Abdurakhmanov1*,
M.Kh.Ashurov2), I.R.Rustamov2)

!) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
2) Scientific Industrial Association "Phonon ", Tashkent, Uzbekistan

In this paper the investigations results of radiation induced X - ray luminescence (RL)

of quartz glasses of KI, KV and KU-1 types with different impurities exposing to y-radiation

Co60 by doses of 102-107 Gy and to the neutron fluences of F=10!5-1017 neutrons/cm2 are

presented. The thermal annealing in air of y- and n-y-induced luminescence centers at

temperatures of T=450 and 900° C was considered.

The RL spectra of the initial samples of glasses KI having metallic impurities of 10~2-

10"3 % and KV, containing metallic impurities of 10"3-10"4 % and OH groups of 10"2 %,

consist of a wide asymmetrical band with Xmax =410-420 nm. Decomposition of this band on a

Gauss curves showed that in the RL spectra another weak band with X,max
=450-460 nm is

present. After y-irradiation of these glasses intensity of band at 410 - 420 nm at first increases

at doses D < 103 Gy for glasses KI and decreases for glasses KV. Then in both glasses this

band decreases to the dose of D<106 Gy followed by a increasing of intensity of this band

within dose interval 106 - 107 Gy. Besides within the dose interval 103 -106 Gy the maximum

of RL band shifts from 410-420 nm to 450-460 nm. Decomposition on Gauss curves showed

that the observed dose dependencies of the RL band for these glasses are superposition of the

dose dependencies of both RL bands with A,max=410-420 nm and 450-460 nm.

In unirradiated samples of the quartz glasses KU-1, containing the OH-groups of about

0.1-0.2% and a small amount of CI2 there is no RL. After y-irradiation by doses D>105 Gy a

weak band with Xmax=460 nm appear in RL spectra of the samples, with an intensity growing

up the dose 107Gy.

Based on analysis of experimental results, it was supposed that the observed RL spectra

of quartz glasses are due to two types of centers, causing the luminescence bands at 410-420

nm and 460 nm. The first center is associated with the native defects, depend on impurity

content and is absent in glasses KU-1. As an absorbed dose grows the number of this center

after some rise in glasses KI begin to decrease in both glasses KI and KV. The second center

causing the luminescence band at 450-460 nm is due to both the native and radiation induced

defects, the radiation generation of which begin at D>104 Gy. It is supposed, that the RL band

at 410-420 nm is due to the oxygen deficient Ge center and the band at 460 nm is related to

the E1 -center.

For the n-y-exposed samples the RL band at 410-420 nm is mainly induced by the y-

component of the n-y-radiation. Radiation generation of structure defects at the elastic

collision of neutrons with oxygen atoms prevails at fluences of F>1017 neutron/cm2 that causes

the more rapid growth of the intensity of RL band at 460 nm.
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The high temperature annealing of the luminescence centers leads to annealing of the

second center (A,max=460 nm) and recovery of the first center (A.max=410-460 ran). The

annealing at 900° C fully restores the number of the first center and almost fully anneals the

second centers. The thermal annealing in air at 900° C induces new RL bands with A,max~470

and 520-540 nm in the RL spectra of all these glasses KI, KV, KU-1, which are related to the

interstitial defects of O", O~2 types. These defects are supposed to result from the oxygen

diffusion from air into glass at T=900° C followed by localization them at interstice.

SPECTRAL AND RELAXATION CHARACTERISTICS OF THE
GAMMA - INDUCED TRANSPARENCY LOSSES

IN THE QUARTZ FIBERS

B.Abdurakhmanov1*, M.Kh.Ashurov2), E.M.Gasanov2), Sh.Kh.IsmoiIov2),
I.R.Rustamov2), S.E.Ulugmuradov, B.S.Yuldashev^

1} Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

^ Scientific Industrial Association "Phonon", Tashkent, Uzbekistan

A study of radiation response of optical fibres to a mixed flux of high energy particles is
necessary for designing and optimal choice of fibre material for calorimetry in experiments at
LHC (Large Hadron Collider).

The aim of this work was to study the gamma-induced absorption characteristics in the
nominally pure quartz fibres. The investigated samples with high (lOOOppm) and low (lppm)

contents of OH"-groups were irradiated by 60Q) gamma-source within an absorbed dose

interval of 106 - 108 Rad at the dose power of 130Rad/s at 300°K. The radiation induced

absorption spectra were measured in the region 300 - 600 nm using lamp-probe technique

(fig.l) with the time delay (T) after the irradiation. The value of T varied from 10 min to 16

hours thus enabling us to estimate the relaxation characteristics of the induced losses.

The results obtained:

l.In the spectral range the quartz fibre with high content of OH"- groups are more
radiation hard than those with low one. At the same absorbed doses the gamma-induced loose
value in these fibres differs more than twice.

2. The spectra of radiation - induced losses in the fibres differ significantly. In the fibre
with high content of OH"- groups there is the region of minimal losses at 400-450nm. At long
wavelength and short wavelength edges of the region the additional losses increase

monotonously. In the fibres with low content of OH"- groups the spectral dependence of the

induced losses has the form of non-structure band with the maximum 320nm. Special

attention should be paid to the fact of decreasing of induced losses value in short wavelength

region of the spectrum (A,<320nm).
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3.The small dose irradiating (10^ Rad) of the quartz fibre with high contents of OH~-
groups results in increasing of its transmitance. This is due to radiation - induced
transformation of the initial structural colour centres of the sample.

The quartz fibres demonstrate the possibility of the recovery of the optical transmittance
after the irradiation. Within 16 hours the additional loss value decreases up to 40%, that can
be explained by thermal destruction of the radiation-induced colour centres.

Figl . Experimental set-up for gamma-induced losses measurements:
1 - source of a probing light (flashlamp); 2 - spectral measuring set up; 3
objective; 4 - a sample mounted on the optical table; 5 - "black" camera; 6
optical detector (photomultiplier); 7 - power supply; 8 - synchronizer; 9
digital storage oscilloscope.

UZ9901351

RADIATION-INDUCED LUMINESCENCE OF QUARTZ FIBERS

E.M.Gasanov^, R-RGulamova15, R.Alimov1*, B.S.Yuldashev1*,
M.Kh.Ashurov2), I.R.Rustamov2)

^ Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
2* Scientific Industrial Association "Phonon", Tashkent, Uzbekistan

The influence of the Co60 y-radiation within the dose interval of 102-107 Gy on photo-

and X-ray luminescence (PL, RL) of optical quartz fibers, planning for an use as material of

the frontal calorimeter in future collider experiments at CERN LHC, and working under a

large radiation loading was studied. Radiation doses in region of the frontal calorimeters are

expected to amount up to 106 Gy/years and 1016 neutrons/years. So an investigation of the

radiation defect formation in fibers, exposing to y and n-y-radiation is important for a rise of

safety of optical fibers.
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The studied subjects were multimode gradient fibers (MGF) with pure- SiO2 core and
cover made of SiO2 : F2 (12%), P2O3 (0,1-0,2%) doped by GeO2 at various concentrations (0-
10%) and the thin undoped quartz fibers with different concentrations of OH-groups and CL2

and side of core and cover.

Since the radiation stability of fibers is mainly determined the radiation stability of
materials, from which the fibers are fabricated, and during the irradiation of quartz glasses
and quartz fibers the identical radiation processes was established to occur, the results
obtained for quartz glasses may be used for interpretation of the results, obtained for quartz
glasses.

The RL spectra of the initial MGF samples consist of a wide asymmetrical band with

A.max=415 nm and a weak bend at 570 nm. The PL spectra of these samples consist of two

bands with A,max=410 and 610 nm (A,eXc=250 nm). Gamma irradiation of these samples leads to

a disappearance of the PL band with A,max =570 nm at doses D>103 Gy. The intensity of PL

band with X,max =410 nm also decreases as the absorbed dose grows up to 107 Gy. After y-

irradiation the intensity of the RL band with X.max =415 nm at first increases at doses D<103

Gy, then that decreases to dose of D=10 Gy. Besides within the dose interval 10-10 Gy the

maximum of RL band shifts from 415 nm to ^013^450-460 nm.

In unirradiated samples of the thin undoped fibers there is no RL. After y-irradiation by

doses D>104 Gy a weak band with A,max=460 nm appears in RL spectra of these samples with

an intensity growing up the dose 107 Gy. In samples of these fibers with different

concentration of OH-qroups the RL intensity is smaller, when the concentration of OH groups

is larger.

Analysis of the RL spectra of the studied fibers and a comparison them with the RL

spectra of quartz glasses permit to suppose, that the RL bands on RL spectra of fibers are due

to two types of centers causing the luminescence bands at A,max= 415 and 460 nm.

By analogy with quartz glasses it was supposed, that a number of the first centers

(^maX
=410 nm) decreases (sometimes after a primary slight rise at D<104 Gy) and a number of

the second centers (X,max=460 nm) increases as the absorbed dose grows. However

contribution from centers into the observed luminescence is not the same for different types of

fibers and depends on the impurity content. Proceed from this assumption it is supposed that

in the initial samples of MGF both centers exist. The first center, a number of which is much

more than that of the second center, is associated with the native defects and is destructed

during the y-irradiation of fibers. The second center is due to both the native and the radiation

induced defects, a number of which increasing as the absorbed dose grows.

In the thin undoped fiber only the second type center is present, radiation generation of

which beginning at D>104 Gy. By analogy with quartz glasses that it was supposed the

luminescence band at 410-415 nm is due to the oxygen deficient Ge-center and the band at

460 nm is related to the E'-center.
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CHANGE OF ELECTRO-OPTICAL PROPERTIES
OF NEUTRON-IRRADIATED SILICON DIOXIDE

I.Kh.Abdukadyrova

Institute of Nuclear Physics, Uzbekistan Academy of Sciences Tashkent

The effect of radiation on the electrical and optical properties of silicon dioxide

modifications has been studied inadequately. In this work one modification was studied -

silicon dioxide (cc-SD) neutron-irradiated at low-temperature. The studied plates with

different history, pureness and geometry were irradiated with different neutron fluences in

channels of WWR-SM reactor.

We measured the electrical parameter - dielectric permeability (s) at 1 kHz. The s(F)

dependence was found to be non-monotonous, with a kink near dose F = 4-1019 cm"2. Using

these data and dose dependence of the refractive index, we calculated the total ( cti ) and

electronic (a.2) polarisation of the irradiated crystals by the Klausius-Mossoti and Lorentz

formulas.

The oci(F) and 0.2(F) curves were similar, that at the initial stage (F = 1018-1019 cm'2) -

table of irradiation these parameters changes little; a noticeable increase them occurs at the

second stage (for F > 1019 cm'2). It is of particular interest to study the effect of high doses,

which the ai(F) and ct2(F) curves exhibit similar behaviour with an upturn at the dose 4-1019

cm*2, when a rapid phase transition occurs.

Using the available data on the temperature dependence of the dielectric permeability

and refractive index for the crystal, these parameters were plotted as a function of

temperature. Analysis of the ai(F) and ai(T) curves reveal some correlation between change

of the polarisability of crystals at the thermal and radiation treatments (Table): both had the

same values at the certain dose Fc and the temperature of transition Tc , indicating that the

state was similar to the high-temperature modification SD formed near Fc. This suggestion is

confirmed by X-ray diffraction data.

The fluence and temperature dependence of

micro parameters polarisabilities

F. cm"2

0

lxlO18

1x10 19

3xlO19

5xlO19

7xlO19

a K A
3

4,86
4,86
4,85
4,86
4,89
4,99

I, °C

20
100
200
300
500
700

«i, A 3

4,85
4,85
4,86
4,89
4,94
4,99

a-SD lattice parameters (c, a) change non-linearly and intensity relations of reflections

330 and 3301 are responsible for phase transition. It was found that ^$301/^3301 =
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c(F) = 5,460 A near Fc and the temperature Tc. These relations prove the finishing of
formation of a state like high-temperature modification at Fc.

Our data show, that properties of a-SD vary non-linearly with the degree of structure
modification, slowly at the first stage of irradiation with fast neutrons and much more rapidly
at fluences > 1019 cm'2.

Approximation of radiation-induced changes in parameters of polarisability at the
second stage is exponential. It is established that the critical exponent less than that in our
case.

Proceeding from approximation products and the "steam chink" theory, the real

mechanism of radiation-induced phase transition in the a-SD is prop—-1

UZ9901353

INFLUENCE OF RADIATION ON SPECTROSCOPIC
CHARACTERISTICS OF QUARTZ

I.Kh.Abdukadyrova

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Samples of crystalline synthetic quartz were exposed to fast neutron flux in reactor to

fluences ranging from 1017 to 1020cm~ . They were wrapped in aluminium foil and quartz

ampules. As a result of the high-dose fast neutron bombardment, single crystals of a-phase

transformed into another phase.

This process of radiation damage of crystalline structure and defect formation has been

studied by spectroscopic methods (infrared spectroscopy, electronic paramagnetic resonance,

Raman light scattering) prior and after irradiation.

The influence of radiation on a spectral characteristics (R, v, 8) of quartz crystalline
lattice main vibrations was studied. In addition, after the intensive irradiation the induced
damage of the structure was discovered in the IR reflection spectrum: the critical
transformation in the region of E-type symmetric and anti-symmetrical valent vibrations.
Besides, bands at 1180, 697, 396 (E) cm"1 disappeared, which correlate with lattice dynamics
by heating crystals and indicated to end of the transition at this critical point.

In the course of the neutron irradiation of crystal the structure transformation
phenomenon was studied by means of IR-spectroscopy absorption. Four groups of bands
which are of great interest were registered in the region of 2000-3500 cm"1. These are the next
groups: 3300-3200, 3000-2800, 2700-2500, 2400-2000 cm"1. Some vibrations were
preliminary attributed to unharmonism. The proximity of bands to the summary frequencies
of the main absorption maximum was estimated.

In the region of the mentioned frequencies the kinetics of the changing absorption was
taken off. The first two groups of bands are very stable on the first irradiation stage. They
change at the following action of neutrons and disappear near 7.1019 cm"2. The initial spectrum
by frequencies 3300-2800 cm'1 is not restored at the following irradiation. The obtained result
on 3300, 3200 cm"1 bands confirmed the supposed connection of their disappearance with
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transition to (3-phase. On the base of the carried out estimate 2685, 2605, 2505 cm"1 are
supposed to be caused by composite oscillations of S1O4 tetrahedron, kinetics of which is the
presence of the mentioned transformation of quartz structure. Peaks at 2340, 2250, 2150 cm"1

are found in the region of the last group of bands. The proximity of bands to the estimated
values of second harmonic and combined frequencies of the main oscillations of crystal lattice
is shown. At increasing the irradiation dose (when crystal symmetry C6 became) this group of
bands changed and the side peaks disappeared.

Neutron irradiation effect on Raman spectra of quartz in region frequencies 100-1200
cm"1 was studied. It is shown that neutron irradiation of crystal strongly influences on their
spectra. Radiation effect on the spectral parameters (R, v, 8) of lines 128... 1162 cm"1 was
studied. The results were analysed in comparison with the Raman spectra of single crystal
temperature dependence. It is supposed that in samles irradiated to fluxes near 7.1019 cm"2 the
P-phase like structure is formed.

Particularities of accumulation of E'- centres were revealed by EPR methods. The

maximal concentration of this structure defects at the transition was estimated. The micro

mechanism for the radiation damage of quartz and the transition driving force was proposed.

X-RAY DIFFRACTION STUDY OF STRUCTURE
PARAMETERS OF REACTOR-IRRADIATED CORUNDUM

I.Kh.Abdukadyrova, N.N.Mukhtarova

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Corundum is one of the dielectric materials widely applied in science and technique,
namely, as an active laser element, dosimetric systems, optic window of infrared radiation
detector, etc. Corundum is also used as crystal-phase of many stable dielectric materials, and
it is a perspective construction material for mechanisms of atomic power stations and the first
wall of thermonuclear plants. The information about reliability of these materials in complex
conditions is very important for further development of atom energy and optoelectronics. One
of the most significant conditions is high dose radioactivity. So, the cycle of work on study of
influence of high-dose reactor radiation on corundum structure and properties has been
undertaken.

Here we studied structure of a-corundum after irradiation to high doses (up to O >

1021 sm"2 ) in the atom reactor WWR-SM (INP UzAS). X-ray diffraction patterns were

obtained using diffractometer DR0N-3M (CuKoc-radiation). The initial non-irradiated

crystals had the trigonal (rhombohedral), space group R3c, with unit cell dimensions a =

0.4756(2), c = 1.2982(7) nm , which are close to those of the standard samples.

Particular attention was paid to dynamics of form and positions of some representative

reflexes with hkl = 014, 110, 116, 146, 047, 220, 223, 02.10, 03.12 (hexagonal aspect). These

reflexes were point scanned with steps A(20) = 0.01; 0,02°. The diffraction patterns were

found to change significantly, with peak intensity and position depending on O: the Bragg
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angle 2© decreased with the fluence increase (O); the regularity was especially shown when

Kai-Ka2 doublet was splitted. The displacement of peaks 220, 223, 02.10 is about A(20) =

0.28 * 0.31° and 226, 146, 03.12 - twice as much. This means that damaging radiation acts at

the ordering of initial corundum structure and its lattice parameters.

The unit cell parameters a and c were calculated using the observed values of 2©(O) for

reflexes 110, 220, 02.10 and controlled by least-squares method. The functions d/n(O), a(O),

c(O) curves were plotted. Thus, it was shown that the corundum lattice expands

anisotropically up to the values a= 0.47696, c = 1.3020 nm at large doses (the error < 0.05% ).

We suppose that these changes are due to particular damage of crystal structure due to

radiation defect formation which is also observed by optical methods. Besides, at doses O «

10 21 sm'2 the perfection degree of the structure is worsened, the reflexes at 20 > 70° are

eroded and weakened, Kai - Kct2 doublets are not splitting. When O > 4.10 19 sm'2, the

appearance of some weak reflexes was noted, the main ones being at Bragg angles 20 « 38.5

and 44.7°. It may be assumed that within the accuracy of the data these peaks belong to Al

inclusions. Besides, it is shown that at doses about O « 1020 -r 1021 sm"2 some halo appears at

the diffraction patterns, its maximum being at 20 « 12.5°. This allows one to suppose that

mechanism of radiation damages, due to reactor irradiation with large fluences, is based on

the formation of small zones of disordering in the form of defect clusters and small inclusions

of metallic Al into octahedral holes. The striking mechanism of atom displacement out of

lattice knots plays the main role in it.

UZ9901355

THE INFLUENCE OF UV AND GAMMA - IRRADIATION ON
YAlO3:Nd3+ AND YAlO3:Nd3+, Ce3+ CRYCTALS

GENERATION CHARACTERISTICS

M.Kh.Ashurov1*, E.M.Ibragiraova2), LRRustamov1*, S.E.Ulugmuradov2)

^ Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Scientific Industrial Association "Phonon", Tashkent, Uzbekistan

The aim of these investigations is comparative study of YA103:Nd3+, Ce3+ and

YAlC>3:Nd+ crystals generation characteristics depending on spectral composition of

pumping pulse lamp and a dose of preliminary y-irradiation.

The results obtained:
1. The YAlC^Nd crystals generation energy monotonously decreases under influence of

different UV - components of pumping light. The degradation process begins when

samples are pumped by light with wavelength Xf< 420 nm, then increased rapidly - when

Xf< 290 nm and reaches the maximum when the light is not filtered (Xf - the boundary

filtration wavelength - crystals are excited by light with wavelength X>Xf).
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2. In the case of preliminary y-irradiation ( 60Co source, dose rate 120Rad/s) the output
energy monotonously decrease with the absorbed dose growth. At the dose 105Rad the
crystal generation energy falls down to zero.

3. The reason for these lasers output energy degradation is the increasing of the transient
optical losses (lifetime 100(as and 10ms) at the generation wavelength under influence of
the UV-component of pumping light.

4. YA103:Nd3+, Ce3+ - crystal revealed a higher hardness to the ionizing irradiation
influence: first, the maximum output energy is reached when the crystal is excited by an
unfiltered pumping light and, second, its y-irradiation with dose 106Rad results in as low
as 20% generation energy decrease.

5. A higher radiation hardness of YAlC>3:Nd3+, Ce3+ crystal generation characteristics is due

to small values of photo- and y-induced losses at the laser transition wavelength.

Discussion.
Such differences in the radiation response of YA103:Nd3+ and YA103:Nd3+, Ce3+

crystals generation characteristics are explained by coloration processes (colour centres
formation). In the investigated YAlC>3:Nd3+ crystals there exist, at least, two channels of the
charge release by ionising radiation.

The first channel is caused by with the charge separation process at absorbing radiation
with a wavelength shorter than YA103:Nd3+crystal fundamental absorption edge and can be
proved by sharp enhancing of the colouration process under irradiation of the pumping lump
light at A,<290ii in all samples investigated. Electrons released at this process are captured by
oxygen vacancies and form electronic F-centres with additional absorption bands in the UV
and visible region. Hole colour centres formed at the same time are responsible for an
additional absorption at the IR-region of spectrum including generation wavelength.

The second one is related to the photoionisation of the defects, having absorption within
the range of 290-420ii, which are not identified yet.

Codoping of the YA103:Nd3+ crystals by Ce3+ ions prevents formation of the above
mentioned F-centres, since the ions trap the radiation - induced holes. So free electrons
recombine with them, instead of being localised at oxygen vacancies:

Ce3+ + h+ -> Ce4+ + e -> Ce3+ + hv.

UZ9901356 / 3 r b

ELECTRON EXCITATION IN CRYSTALS OF
YTRIUM-ALUMINUM GARNET

M.Z.Amonov, M.Kh.Ashurov, A.M.Kurbanov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Simple action of electron excitation and it's relaxation channels in the lattice of YAG

crystals with different defectness degree were considered in the work [1].

In YAG crystals pre-irradiated in reactor the decay of electron excitation is due to:
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a. defects of structure responcible for the bands at ^se=270, 290 and 520 nm; at

T=77K

b. self-localised excitons (SLE), self-localised holes (ALH) (A,se = 317nm; T = 77 -

200K);

c. SLH nearTR3+ impurity (Ase=340 nm, T>150 K);

d. SLH near cation vacancy with formation of O' centre. The following recombination

of mobile electrons on them gives rise to luminescence band A. ~400 nm (T>150 K).

The purpose of this work was study of electron excitation decay in YAG crystals,
containing 1018 cm"3 of cation vacancy at the expense of impurity Si4+ at 10"2 mass % (content
of other impurities did not exceed 10"4 mass %)

Spectrum of radio luminescence at 77 K consists of bands with maxima at 317 and 390
- 400 nm. As the temperature increases up to 270 K the intensity of the 317 nm band
decreases and the 390 nm band increases. Next increasing of the temperature up to 400 K
brings to full quenching. The behaviour of the luminescence band of 390 - 400 mm in the
YAG crystals confirms its belonging to the centre of cation vacancy. In our opinion in the
condition such a high concentration of cation vacancy (1012 cm"3), forming at 77 K under y -
irradiation hot holes (O") is captured by more deep trap on the cation vacancy up to
autolocalization in regular lattice. Recombination of active electrons on these centres gives
luminescence band 390 - 400 nm simultaneously with the luminescence ALE on regular site.
They migrate to cation vacancy and other traps, providing extra increasing luminescence
intensity A,se = 390 - 400 nm at the temperature of ALH T>150 K.

1. Vakhidov Sh. A. and Rakov A. F. //Physics status solidi (a), 1983, 80, KI 75
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CRYSTALS OF ZrO2-Y2O3 UllllillHIIIllI
UZ9901357

M.Z.Amonov, M.Kh.Ashurov, A.M.Kurbanov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

This work is devoted to study of luminescence properties of yttrium dioxide crystals
stabilised by zirconia (8-12 %) ZrO2-Y2O3 . The crystals investigated were grown by
technique described in [1]. The spectral composition and luminescence intensity of crystals
depending on fluence of preliminary fast neutron irradiation (E>0.1 MeV) at 1016 - 5.1018

n/cm range were measured at the 77-300 temperature interval.

In the photo -, y - and thermo-luminescence spectra of non-irradiated crystals two band

at the 2.57 and 2.3 eV (excitation at the 5.08 and 4.58 eV, consequently) are observed. With

the increasing of temperature around 180 K the short wave band is quenched, while the long

wave one is flamed up. The short wave band positions is independent on admixtures. And

basic component relation, a large half - width and excitation near to the fundamental

absorption edge enables ascribing the luminescence band at 2.57 eV to radiation decay of the
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electron excitation located in the regular lattice. Intensity of this band decreases
proportionally to the preliminary neutron irradiation fluency, as a result of nori-radiative
electron excitation of the structure defects.

The intensity of long wave luminescence strongly depends on the relation of matrix
component relation, which indicates it's connection with the structure defect. In fact, intensity
of this luminescence increases as fluence neutrons increases, making defects shifts.
Luminescence at 2.3 eV is considered as radiation transition to F - like center, taking into
account heterovalent character of substitution Y3+-> Zr4+ and necessity of formation of the
vacancy of oxygen for the charge compensation.

1. Alexandrov V.I., Osiko V.V.Prohorov A.M., Tatarenzev V.M. // Izv. AN.SSSR «Serie of

chemistry», v 47, p. 385-427.
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RADIATIVE RECOMBINATION AND DEFECT CENTRES IN
YTTRIUM -STABILISED ZIRCON SINGLE CRYSTALS

M.Z.Amonov, M.Kh. Ashurov, A. Rakov, A.M. Kurbanov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Yttrium stabilised zircon (YSZ) is well known as solid electrolyte. Introduction of Y3+

in the zirconium sublattice of YSZ implies the formation of oxygen vacancies which control

it's properties. This work reviews some results on radiative recombination. The y- and

thermo-stimulated luminescence in ZrC>2-Y2O3 (12%) were studied.

Characteristic green luminescence under y-ray excitation was observed. In order to
elucidate the origin of this luminescence the temperature dependence of the • emission
spectrum was taken. Two salient features are observed: (i) the emission band shape is obvious
asymmetric, and (ii) the band peak position shifts from 2.6 to 2.3 eV as the temperature is
increased from 77 to 300 K. These features indicate the luminescence band is not simple and,
it supposed, that it consists of two elemental bands, as minimum, which have contrariwise
intensity temperature dependence.

The two thermo-luminescence bands of 2.6 and 2.3 eV were excited at 190 and 290 K
respectively. When the short-wave luminescence band quenches, one can see the bleaching of
typical low-temperature broad absorption band at the 2.2 eV. High-temperature treament in
air leads to increasing of the intensity of the 2.6 eV band and decreasing of the 2.3 eV one.
This supposed the 2.6 eV emission is intrinsic and is caused by radioactive decay of the
exciton-like state. This is a result of recombination of gree electron wits hole centre,
responsible for the 2.2 eV absorption band. The 2.3 eV emission is ascribed to an intrinsic
defect in cubic stabilised zircon.
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UZ9901359

RADIATION - INDUCED OPTICAL ABSORPTION
IN THE PbWO4:Nb CRYSTALS UNDER SMALL

DOSES OF GAMMA - IRRADIATION

M.Kh.Ashurov2), E.M.Gasanov2), Sh.Kh.IsmoiIov2), V.A.Kozlov3),
K.Khatamov1}, I.R.Rustamov2), S.E.Ulugmuradov1*

^ Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
2) Scientific Industrial Association "Phonon", Tashkent, Uzbekistan

^ Lebedev Physical Institute, Moscow, Russia

PbWO4:Nb crystals have proved themselves to be perspective media for high energy
particles detectors in the electromagnetic calorimeter of the Large Hadron Collider
experiment. From this point of view at the conditions similar to the expected one in the given
experiment we have investigated the radiation hardness of the standard PWO- crystal
(pyramid with length 210 mm and size of faces 21x21mm2; 23,5x23,5mm2), was grown at
Bogoroditsk Techno-Chemical Plant in Tula (Russia). The crystal was cut into 19 samples
with the size (10x1 Ox 10mm). The samples were numbered from 1 to 19: the first number
corresponded to the bottom area, while the last - to the seed one. This enables us to measure
the transverse transmission (absorption) spectra by the standard spectrophotometer, as well as
to test the radiation hardness of different crystal parts. Samples absorption spectra were
measured on SPECORD - M40 Double-Beam Spectrophotometer in the wavelength region of
320-700 nm prior and after irradiating at the dose of 10; 102; 103; 2-104 Rad by the 60Ni y-
source with the dose rate of 103Rad/h. The measurements were conducted 1 min after
finishing each irradiation, followed by the annealing this samples (at 6=300 °N; for t=2h; in
air) until recovery to their initial state. The measurements sensitivity was at the level of
0,01m"1, and at the accuracy of 0,03m"1.

Results:
1. Preliminary experiments have shown that UV component (320-380 nm) of the

spectrophotometer probing light itself results in coloration of the crystals. The given
circumstance is a serious obstacle for the induced absorption measurement of PbWC>4
crystals under small dose irradiation and should be taken into account. Therefore, all
following investigations were conducted outside this spectral region.

2. An additional absorption at the level of 0,1-0,15 m"1 is detected in the whole investigated
spectral region with the UV-maximum at the dose as low as 10D. The irradiation dose
increase results in a quick saturation at A=2-104D for the given dose rate of the source.

3. The induced absorption value is maximal in the crystal part closed to the seed (sample
N=l). The dependence Ae(N) has non-monotonous behaviour, which seems to be caused
by different growth imperfections in the samples.

4. The y-induced absorption relaxation rate varies from one part of the crystal to another. So

2 days after irradiation the losses in the sample N=l are reduced to 30% only, while for

the other samples - to 50%.
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THE FORMATION OF STRIP DOMAINS IN BUBBLE
GARNET FILMS BY CHARGED PARTICLE IRRADIATION

K. M.MukimovI}, A.Vasidov2), T.S.AsiIov3)

!) Bukhara State University, Bukhara, Uzbekistan
2} Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

* NTP «Computer - Asia», Tashkent, Uzbekistan

During last several years transparent magneto-optical films of BGF with stable strip

domains (SD) find more and more applications in optical telecommunication and memory

devices on vertical Bloch lines. Therefore, the obtaining of BGF with SD is very important

problem in area of domain microelectronics. For strip domain formation

(SmLuYGa)3(GeFe)5O]2 BGF grown on the (111) plane on gadolinium gallium garnet (Gd3

Ga5 O12) substrate were used. The magnetic parameters of the films were following: the width

of domain was 4.5 um, magnetic field of collapse Hc was 127 A/m, saturation of

magnetization 47tMs was 293 Gs. The irradiation of BGF samples was done at the U-150

cyclotron of the Institute of Nuclear Physics at the 14 MeV energy of protons with beam

current of 0.2-0.3 |iA during 70 minutes. On the sample surface, a mask-absorber from

aluminum foil (thickness of absorber more than the range of protons) with rectangular slots

limiting the change of during proton irradiation was put. After the radioactivity of irradiated

BGF slowed down, the image of strip domains was observed under magneto-optical device

with a polarizing microscope [1]. Under application of bias field Hbf < Hc straightness of

domains was preserved, and after increasing Hbf > Hc in some films of BGF the parallels of

domains were destroyed. The formation of strip domains in BGF is explained by local

changes of 47rMs independence of dose and type of bombarding particles.

1. K.M.Mukimov, A.Vasidov et al. High speed stroboscopic setup for study of bubble

domain dynamics in BGF (in Russian). Pribory i Tehnika Experimenta, 1989, Nol, p.101.

I is f
RADIATION DEFECTS AND SPECTROMETRIC

PROPERTIES OF GADOLINIUM SILICATE CRYSTALS

Illllllllllllllllllll E.M.Gasanov, Kim Gen Chan, K.Kh.Saidakhmedov,
UZ9901361 A.D.Avezov, B.S.Abdurakhmanov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Presently luminophores on the basis of silicates are widely used as particles detectors in

high energy physics. Gadolinium silicates crystals Gd2SiOs(GSO) are such materials. We

have investigated spectrometric properties (S- light yield, R- energy resolution) of GSO

crystals of various quality with additions of cerium Ce(0.5 molar %) irradiated by Co60 y-rays
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and reactor radiation(n + y). The crystals having defects in the form of small inclusions (GSO-

1) and crystals without inclusions (GSO-2) were studied. The long living background

spectrum of pulse amplitude distribution in low energy spectrum region after reactor

irradiation was discovered and it was due to internal self-irradiation during the decay of

radioactive isotopes. After y- irradiation the deterioration of spectrometric properties of GSO-

1 group crystals is observed and for crystals without defects(GSO-2 group) these parameters

after irradiation even improved. In optical absorption spectra of y- irradiated GSO-1 crystals

the band of additional absorption with the maximum A, = 450 - 520 nm was observed and its

intensity saturates at doses 106 - 107 R. The optical absorption spectra of GSO-2 group

irradiated crystals do not show considerable changes.

The capture centers of these crystals were investigated by thermo-luminescence

method(TL). In GSO-1 group crystals TL peaks at 95 and 275 C° were observed and their

intensities were saturated at the doses when additional coloring was saturated. For GSO-2

group crystals TL peaks are at 80, 110 and 270 C°. The results of thermal annealing in various

environment indicate to electron type of charge traps. The analysis of experimental data have

shown that the radiation hardness of GSO crystals depends on the crystal quality. The small

saturation dose indicates that radiation processes are due to charge re-distribution on structure

defects and impurities during the irradiation. The possible reasons of changing of

spectrometric properties of GSO crystals and the nature of color centers are discussed.

UZ9901362

INFLUENCE OF IMPURITIES OF TRANSITIONAL
ELEMENTS OF FERRUM GROUP AND LANTANIDS

ON THE FORMATION AND THERMAL STABILITY OF
RADIATIONAL DEFECTS IN MgF2 CRYSTALS

M.A.Mussaeva, K.Turdanov

!) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

In this work the influence of impurities of transitonal elements of ferrum group (Co, Fe,
Ni, Mn) and lantanides (Pr, Sm, Ho, Tb, Tm, Yb) on the formaton and thermal stability of
defect in MgF2 crystals under the irradiation with g-rays of the source Co60 was investigated.

It is proved, that an ion radius and concentration of an incorporated impurities
essentially influence on processes of radiation induced defect formation. With increasing of
an ion radius and a concentration of impurities in MgF2-MeF2 crystals(Me - Co, Fe, Ni, Mn),
the thermal stability of F- and M- centres decreases. The phenomena is explained by the
decreasing of an energy of thermal activation of fluorine ions, displaced from their sites in to
interstitials by the radiation.

In MgF2-TRF3 crystals alongside with the decreasing of the thermal stability of
radiational centres, the decreasing in radiation defect yield depend on luminescent efficiency
of samples is also observed. Under ionising radiation the defects are generally created in
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MgF2 by non-radiative decay of electronic excitations. It is supposed, that the presence of
strongly luminescencial impurities Sm3+, Tb3+, Ho3+, Tm3+ and Yb2+ increases a part of
energy released by luminescence and thereby decreases a transformation of the energy of non-
radiative decay of electronic excitations and the yield of radiation defects in crystals.

13*3
INFLUENCE OF IMPURITIES ON RADIATION DEFECT

FORMATION OF BaFCl CRYSTALS

I.Nuritdinov1*, B.T.Atashov2)

UZ9901363
!) Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

2) Karakalpak State University, Uzbekistan

Processes of radiation defect formation have been studied in BaFCl monocrystals,
nominally pure and doped by impurities Li, Ti, Mn, Fe, Ce, Nd, Eu, grown by hydrothermal
method. Spectra of optical absorption and thermal luminescence crystals were studied before
and after irradiation by y-rays by the dose 10 - 10 rad. All examine samples showed two
stadies of accumulation of radiation-induced F(F")- and F(Cl")-centres. The first one is
explained by formation of F-centres at the anion vacancies available before irradiation but the
second one is due to radiation defect formation.

Studing thermal annealing of radiation defects, are we found region of thermal
stabilition of F(C1")- and F(F")-centres, as well as energy of thermal activations of intersticial
Fi° and Clj0 atoms.

The amount of radiation induced defects of structure and value of energy of intersticial
atom Fj° and Clj0 depends strougly on the type and concentration of impurities. The less anion
radius of introduced impurity than that of Ba2+, and the more increasing the concentration of
impurites in the crystal, the less the amount of radiation induced defects and the less of energy
of thermal activations of intersticial anions. The mechanisms, have been suggested for
explaining the observed effects.

UZ9901364

RECOMBINATION LUMINECSENCE OF BaFCl CRYSTALS

LNuritdinov0, B.T.Atashov2)

^Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent
2* Karakalpak State University, Uzbekistan

Recombination luminescence has been studies in BaFCl crystals, grows by

hydrothermal method. In X-, gamma- and thermoluminescence spectra of samples the bands

with maxima at 260, 310, 365, 490, 700 and 770 nm occurred, the most intensive among them

being the band at 365 nm.
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Study of thermal dependency of recombination luminescence in the temperatures
interval of 77-500 K at excitement by x-ray and gamma ray showed that an intensity of 365
nm band increases in the interval of 200-350 K. Intensity decrement is described by the Mott
formula, that proves intra centre nature of this luminescence. Energy of thermal quenching
activation, calculated by Mott, the formula is 0,24 + 0,03 eV. There is a peak of thermoglow
at 235 K. The corresponding activation energy of recombination process, defermined by the
method Luchik is 0,24 ± 0,03 eV. This thermal glow spectra of consists of an intensive band
with the maximum at 365 nm.

With increasing a temperature intensity of gammaluminescence band 365 nm decreases
and the intensites of bands at 310, 410, 490, 700 and 770 nm increases.

On the base of results of the experiments and analysis of literary data the nature of some
luminescence bands was identified. Band 260 nm is due to the cross luminescence, collated to
excited states of Cl2+ ions band 310 nm corresponds to by self-trapped exition (F2~.e)* in
fluorine sublattice, 365 nm - self-trapped exition (CV.e)* in chlorine sublattice, band 700 nm
F- centres in fluorine sublattice band 770 nm - centres in chlorine sublattice. Zone scheme for
BaFCl crystal is suggested for the explanation of nature of recombination luminescence.

UZ9901365

THERMAL ANNEALING OF COLOR CENTERS IN MAGNESIUM
FLUORIDE OPTICAL CERAMICS

M.D.Khotamov, Gen Chan Kim, M.A.Mukhamedjanov, M.I.Muminov, S.D.Sultanov

Institute of Nuclear Physics Uzbekistan Academy of Sciences, Tashkent

Optical ceramics were synthesised from the materials containing different kind of
impurities. There were synthesised carbonite ceramics containing calcium and hydroxyl ion,
chloride ceramics that contained mainly sodium ion impurities. The carbonite ceramics
synthesised in vacuum was studied as well. It was found that radiation stimulated colour
centres are formed more effectively that decrease in vacuum and chloride ceramic. Studiung
of thermal annealing of the colour centres showed monotonous of F- and M -colour centre
concentrations in carboniteceramics as the temperature rises. The full annealing of these
colour centres takes place at temperatures 450-550 C depending on irradiation dose. It should
be noted that thermal stability of radiation colouring in carbonite ceramics is mainly
conditioned by the thermal stability of M-centres, in monocrystals. A little different behaviour
of the F- and M- bands are observed in the absorption spectra of the chloride and vacuum
ceramics. Decreasing of F-band intensity is accompanied with the growth of M- band
intensity. The maximal intensity of the M- band is observed after annealing temperature at of
200-3 00°C and depends on irradiation dose. M-band intensity decreases at the temperature
higher than 350°C above and additional annealing is observed at the temperature higher than
400 C. The absorption spectra of irradiated ceramics annealed at the temperature of 400°C.
Absorption spectra of these spec show residual absorption in UV and visible range and a low
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intensity maximum at 300-350 nm. These thermal stability of the radiation stimulated
colouring in chloride and vacuum ceramics are not conditioned by thermal decay of the M-
centre, as it is observed in monocrystalls and carbonite ceramics. It is supposed that the colour
centres studied are more complex defects than M-centres. Indeed, colour centres are formed
more effectively in the chloride and vacuum ceramics than in the carbonite one. This is
caused by a higher concentration of anionic vacancies in the chloride and vacuum ceramics.
These promotes more effective coagulation of simple defects in to complex one under
irradiation and thermal annealing.

UZ9901366

X-RAY-LUMINESCENCE OF SEVERAL

CRYSTALS OF A2BX4 FAMILY

A.D.Karaev, G.G.Guyamov

Samarkand State University, Uzbekistan

Studying optical characteristics of wide band ionic crystals has become an actual matter
of solid state physics. Investigation of light emission centers, their kinetic, thermal and energy
characteristics allows to improve generation characteristics of the crystals, which are of
practical importance.

This paper describes the results of study the X-ray-luminescence spectra of several
crystals of A2BX4 family in the wave length range from 200 to 800 nm and temperature
dependence of the luminescence intensity in the temperature interval from 77 to 350 K. The
crystals examined were of RD2C0CI4 and RA^ZnCU composition.

The crystal Rl^ZnCU, excited by X-rays-at ambient temperature (300 K), showed the

luminescence maximum at the wave length Xt = 500 nm with the half-width of 45 nm. After

lowering the temperature down to 77 K the luminescence maximum moved to the wave

length Xn = 400 nm.

The observed X-ray-luminescence at 400 nm at the low temperature is probably related
to the radiative transition in the relaxed exciton like in alcali-haloid crystals. This suggestion
is based on the temperature dependence of the luminescence intensity, which is the most
effective at temperatures when the relaxed excitons are self-localized.

Temperature dependence of the luminescence band at 500 nm has a linear growth with
decreasing temperature and slope with increasing temperature. The luminescence intensity
growth at temperature decrease is explained by increase of probability of the radiative
process.
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EFFECT OF RADIATION-INDUCED DEFECTNESS ON
ANOMAL TEMPERATURE HYSTERESIS OF DIELECTRIC

PERMITTIVITY IN CRYSTALS K2SeO4 AND Rb2ZnCl4

A.D.Karaev, G.G.Guyamov
mi in

UZ9901367
Samarkand State University, Uzbekistan

It is known, that crystals of A2BX4 group undergo sequence of phase transitions

including those into irregulate phase.

This work was aimed at clearing up the effect of radiation induced defects on dielectric

and acoustic properties of K ŜeCU and RbiZnCLt crystals. We studied effect of y-irradiation

on anomal temperature hystereses of dielectric permittivity and elastic wave speed in the

vicinity of phase transitions. Defectness was induced by y-irradiation of the samples in Co

source at room temperature. The samples were exposed to y-irradiations in sequence with

measurements after each dose.

Under effect of the y-irradiation the temperature of phase transition in cooling and

heating modes moves towards lower temperatures and the temperature hysteresis ATh= Th
c -

Tc
c increases with the dose growth. It is interesting to mention, that at the same conditions the

temperature at cooling mode Tc
c is more sensitive to the irradiation dose than that at heating

mode. There also occurred the decrease in value of sz at maximum both at cooling and heating

modes.

The obtained experimental data on acoustic and dielectric properties of the crystals

studied allow to conclude, that radiation-induced defects of structure interfer the value of

temperature hysteresis for Tc, sz and the velocity of transverse elastic wave v.

INTERACTION OF MULTICHARGED ION LASER PLASMA
BEAM WITH DIELECTRICS

A.N.Ishmuratov, M.A.Mukhamedjanov, Sh.D.Sultanov UZ9901368

Institute of Nuclear Physics Uzbekistan Academy of Sciences, Tashkent

Study of physical processes at surface of solids under bombarding with multicharged
ions is of a great fundamental importance. By the present time the character of electron
emission from solids under impact of multicharged ions at speeds of 106 - 107 m/s has not
been cleared up yet. The experiment with laser source of multicharged ions is capable of
providing the information about the regularities of change of the ion-electron emission
coefficient depending on multiplicity of the ion charge, because the maximal speed of the
multicharged ions of laser plasma reaches 5x 106 m/s.
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This work is devoted to study of electron emission from the surfaces of AI2O3 and glass

under bombardment with ions Be, B and C with the charge to mass ratio Z = 1/2 and speed

froml05to3xl06rn/s.

The results of the experiment show that beginning from the ion speed 8xlO5 m/s the
emission decreases especially sharply under impact of highly charged ions. It is concluded
that in this range of ion speeds the contribution from the eigen electrons of the bombarding
ion becomes significant: the higher multiplicity of charge, the less the emission coefficient
and vice-versa. The reason for conservation, inspite of the theory of charged particles
interaction with solids, of the strong charge dependence of the emission observed at the laser
plasma ion speeds of 105 - 4xlO5 m/s has been elucidated. The method has been suggested for
avoiding this phenomenon caused by the nature of the laser plasma.

UZ9901369

ENERGY SPECTRA OF MULTIPLY CHARGED IONS SE2O3, LU2O3,
GENERATED BY LASER RADIATION

M.R.Bedilov, R.T.Khaidarov, G.R.Berdiyarov, U.S.Kunishev

Institute of Applied Physics at Tashkent State University, Uzbekistan

It is known that the multiply charged ions are often applied to creation of controlled
thermonuclear synthesis, the first wall of thermonuclear reactor, short-wave lasers, radiation -
stable materials. Such increased interest to beams of multiply charged ions stimulates new
researches on physics of the ion formation and dispersion in laser plasma. This is due to the
fact that laser plasma is perspective source of not only multiply charged ions but also
neutrons, electrons, x-radiation. Note that, formation of multiply charged ions in laser plasma
is accompanied by rather complex processes, such as ionisation, recombination and
acceleration, which depend not only on parameters of laser radiation [1], but also on condition
and element composition of targets [2]. Energy spectra of multi-charged ions ejected from the
target with different element structure by laser radiation are of especial importance.

The energy spectra of multiply charged ions Se2C>3, LU2O3, generated by the radiation at
power densities q = 10 -10 W/ cm are studied . It was shown, that both one-charged and
multicharged ions in laser plasma have a broad energy spectrum. Note that, ions (independent
on multiplicity of a charge) of each multiplicity of ionisation have a certain energy. Their
energy spectrum is in the interval of energies from a EZjmjn to EZj max and has the maximum at
some energy Ez. It was found experimentally, that the position of the maximum and its
magnitude depends on a charge of ion and nature of a target. It is typically, that for both two
elements and monoelement plasma ions with increasing multiplisities of charge the
displacement of the energetic distribution to the high energy region and the decrease of its
area are observed. We note that, the maximum magnitude of the energy spectrum of the
registered particles is determined by maximum multiplicity, obtained for fixed values of q for

fill 0

the laser. Changing the density of laser radiation from q = 10 -10 W/cm leads to change of

the energetic spectra of ions with different multiplicities. It is shown experimentally, that with
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increasing laser radiation density the spectrum in maximal energy region changes where a
higher multiply charged ions with high energies for two element plasma are generated. Here
energetic spectrum of small energy ions are changed not much. For example, EZ; mjn and Ez> max

of ions Se1 +, Se2 +, Se3 + and Lu1 +, Lu2 +, Lu3 + are equal to 30 and 400 eV; 90-500 eV; 300-
600 eV and 20-650 eV; 100-900 eV; 350-1100 eV, accordingly. The similar variation in
energy spectra of ions of O, from SeaCb, LU2O3 targets is observed. The physics of formation
of the energy spectrum of ions with various multiplicity of two-element plasma produced by
laser radiation are discussed.

1. M.R. Bedilov, R.T. Khaidarov, I.Yu. Davletov. Quantum Electron, vol.22 Ns 6, p.568,

1995.

2. M.R. Bedilov, R.T. Khaidarov, U.S. Kunishev Quantum Electron, vol.23, Jfe 9. p.814-815,

1996.

UZ9901370

INTERACTION OF LASER RADIATION WITH
TARGETS OF VARIOUS DENSITIES

M.R. Bedilov, R.T. Khaidarov, U.S. Kunishev

Institute of Applied Physics at Tashkent State University, Uzbekistan

It is known [1-4] that interest to the investigations of interaction of laser radiation with
low density materials is increasing because arising possibilities to use low density (porous)
media in the problems of thermonuclear synthesis, formation of intensive beams of
multicharged ions and nuclei and in building of x-ray lasers. Investigation of charge and
energetic spectra of multicharged plasma ions formatted under laser heating of targets with
various densities gave us the optimal target densities when due to decreasing of
recombinational processes in the laser plasma the maximal intensities, multiplicities of charge
and ions energies are observed.

In this work the features of formation of multicharged ions under interaction of the laser
radiation with targets with various densities in low energy plasma ions were studied.

Mass, charge and energy characteristics of laser plasma ions were determined by the
mass-spectrometric method [5]. In the experiments we used laser ILTI-207 (A,=l,06 microns,
E=0,8-l,0 J, T=15 ns), which provides the power up to q = 108 - 1011 W/cm2 on the target
surface. The targets were made of Y2O3, HO2O3 with diameter 1 cm and thickness 5mm
pressed from powder to the densities n=no (initial density if powder), ni=l,4g/cm2, n2=2,8
g/cm2, n3=3,2 g/cm2, ri4=3,5 g/cm2, n5=3,7 g/cm2. The laser radiation was directed normally to
the target surface.

The mass- charge and energetic spectra of multicharged ions produced by laser heating
of targets with different densities were measured. The features of formation of multicharged
ions of Ho (Y) and oxygen were found, depending on the target density in rather low range of
energies of the ions (<50 eV). The features are that Zmax for oxygen reached at low values of
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(ni, n2), and for Ho (Y) - at high (>n3) densities of the target. These features result mainly
from non-equilibrium processes in the plasma due to variations of laser radiation absorption.

The analysis of the obtained experimental data allows the following conclusions:

1. Non-equilibrium distributions of the charge densities in two beams of ions (Ho and
O) are revealed especially for low densities of the target (n=no). Inside low density
target the non-equilibrium plasma forms, which can effectively absorb the laser
radiation. Special additional experimental studies of dependence of the morphology of
the targets on n after interaction with laser radiation confirm, that at n<n3 the laser
induced destruction is observed in the target volume.

2. It seems, that for n<n3 not only n of target but also energy exchange is important
when Coulomb collisions between ions of different mass (Ho and O) takes place during
the inertial expansion of the two-element plasma.

1. M.R. Bedilov, R.T. Khaidarov, B.Kh. Yakubov, U.S. Kunishev, Fizika Plasmy, 1996,

vol.22, N 12,p.l 151-1152.
2. M.R. Bedilov, R.T. Khaidarov, B.Kh. Yakubov, U.S. Kunishev Quantum Electron, vol.23,

W°9.p.814-815,1996.

3. EyrpoB A.3., BypaoHCKHH H.H., TOBPHJIOB B.B. H jsp. )K3TO,1997, T.I 11, B.3, C,903.

4. FyctKOB CIO. , Po3aHOB B.B., KBaHTOBas ajieKTpomiKa, 1997 ,T .24 , N° 8, c.715.

5. B.Kh. Yakubov, 5. M.R. Bedilov, R.T. Khaidarov, R.T. Davletov, Fizika Plasmy, 1995,
vol.21, N 10, p.1007.

UZ9901371

MASS-CHARGE SPECTRA OF MULTICHARGE IONS
FORMED BY LASER IRRADIATION

OF TWO-ELEMENT TARGETS

M.R.Bedilov, RT.Khaidarov, G.R.Berdiyarov, U.S.Kunishev

Institute of Applied Physic at Tashkent State University, Uzbekistan

Investigation of physics of plasma formation, heating of plasma using laser radiation,
transformation of powerful coherent light into kinetic energy of charged particles and
conversion of infrared radiation into short-wave one using non-linear optical mediums (ions,
plasma) are actual. It is known that monoelement plasma formed by laser radiation, is rather
well investigated. Note that earlier, to realise the controlled thermonuclear synthesis (LiD,
CD2) and the laser mass-spectrometer, based on single charged ions NaF, NaCl, Nal, CuCk,
PbCl2 and Pbl of laser plasma, were used two-element targets.

In the present work we studied mass-charged spectra of multicharged ions formed by
laser irradiation of the two-element targets. In the tests we used the laser spectrometer
combined with the electrostatic analyser [1]. There used SeaCh and LU2O3 as a target, which
had density ~ 4.4 g/cm2, diameter 1.0 cm and width 0.5 cm [2]. The laser allowed to get the
density of power q=108-10H W/cm2. Mass and charge spectra and changes of multiplicity of
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charges Z of ions Se2O3 and Lu2O3 are obtained experimentally depending on element

composition of the target and density of power of the laser.
The analysis of mass-spectra of ions Se2O3 and Lu2O3 obtained by the laser radiation in

the interval of O and Se (Lu) shows that mass-spectra of the investigated elements is generally
consists of ions O and Se (Lu) in various ionised states. Growth of power of laser's radiation
leads to increasing of mass composition of spectra. The charge composition of spectra of ions
SaO3 and Lu2O3 strongly depends on the laser power density, increasing of which leads to the
growth of the charge multiplicities O and Se (Lu) ions of the two-element laser plasma.

The maximal multiplicity of ion's charge of O and Se (Lu) achieved when q=10n

W/sm2 and Zmax of ions of O and Se (Lu) are equal 2 and 3 respectively. Let's notice that Zmax

of ions of O and Se (Lu) don't depend on the nature of the targets, but in the interval of the
density of power of laser radiation q=108-10n W/sm2 it has non-linear character. Since the
density of power q>109 W/sm2, the evaporated substance is ionised largely and the most of
energy of the laser impulse is absorbed in the forming plasma, leading to increase of
temperature and degree of ionisation of the target atoms.

The mechanisms of ionisation of atoms of two-element targets generated by the laser
radiation are explained and possible experimental outcomes in scientific and applied aspects
are discussed.

1. M.R. Bedilov, R.T. Khaidarov, R.T. Davletov, Plasma Physics Reports, 1995, vol.21, N

10,p.l007.

2. M.R. Bedilov, R.T. Khaidarov, U.S. Kunishev, Plasma Physics Reports, 1996, vol.22, N
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INFLUENCE GAMMA RADIATION ON STRENGTHEINGN
OF POLYCAPROAMIDE WITH ADDITIONS

U.Gafurov, N.Nemkova, L.Kabisova

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Doping the oriented crystalline polymer with polar groups (polycaproamide) by
inorganic polar molecules KJ3 (KJ + J2) results in approximately 50% increase of polymer
sample strength. The strengthening took place at the insertion of admixture in amorphous
regions of the oriented polymer without change of its crystal structure. The strengthening is
consequence of inter-chain intermolecular bond formation between the passage amorphous
macromolecular sections and inorganic polar groups of the addition. But the polymer-
inorganic complex was unstable to thermal treatment. The addition was removed causing
appropriate reduction of polymer strength at as low temperature as 100 C.

Gamma-radiation resulted in increase of thermal stability of mentioned complex and
preservation of the strengthening influence of the addition.
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RADIATION-INDUCED STRUCTURAL
MODIFICATION AND DIELECTRIC

RELAXATION OF BUTADIENE RUBBERS

Z.Fazilova, N.Nemkova, U.Gafurov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

The radiation-induced structural changes and the related mobility of macromolecular
sections depend on kind and concentration of impurity and radiation conditions.

The measurements of sol-fraction were conducted by sol-gel analysis and IR-
spectroscopic method. Two temperature regions of dielectric losses were found. The first
region with peak of losses at -80 C was attributed to molecular movements of isoprenic polar
groups. The second wide region of losses with maximum at approximately -5 C was attributed
to segmental mobility of rubber macromolecular sections including some polar molecular
groups. The measurements have shown, that the first peak intensity at first decreases with
dose, and then increases and its position displaces to higher temperatures. The intensity of
another peak decreases with dose. Besides, some growth of the losses occurred near IOC.
These effects are explained by radiation-induced formation of space cross-linking slowing the
molecular groups mobility. It was shown that radiation-induced cross-linkage of low-
molecular polybutadiene is considerably accelerated in presence of methacrylate.

ELECTRON - PARAMAGNETIC RESONANCE
SPECTROSCOPY OF PHOTOPOLIMERIZATION

OF ACETYLENE DERIVATIVE

K.K.Zakirov, A.A.Skorobogatko, T.K.Toshhodjaev, A.Akbarov

Tashkent automobile & roads institute

Development of engineering and technologies in various areas of national economy puts
new requirements to science and manufacture of perspective materials with valuable
operational properties. Creation of such materials would result in application of polymers
with valuable electric-physical parameters in system of communication.

It is known, that ultra-violet radiation causes break of many molecular chains for which
it is possible to keep up during transformation.

The purpose of the given work is to show how brominepropeigyl and chlorine-propeigyl
under influence ultra violet radiation treatment differ from « immaterial » innative and ratary
under softer condition 25-30°c. We used electron -paramagnetic resonance spectroscopy for
studying peculiarities of structure transformations.
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First it was found, that at photolysis under influence of ultra violet light monomer
bromine propeigyl and chlorinepropeigyl formed oligomeric products of dark of brown
colour. The process of polymerisation under irradiation at wave lenghths of 200-250 nm with
the filter directly into the resonator with simultaneous registration of formed thus spectra of
radicals. The source of radiation was mercury filled quartz lamp drt-500.

At room temperature of 20-25°c under influence of ultra violet light there weren't many
spectral lines of radicals in radio-frequency range. Probably due to low concentration and
short living time, therefore for increase of concentration of radicals with the purpose of their
accumulation and also enthusiasm perceiving the device, the spectra were taken from the
samples subjected to low temperature photolysis at 77c.

This method enables to do on-time experiment on the formed free radical of carbon at
nano-scale measure.

In these cases we observed spectra of electron-paramagnetic resonance attributed to a
free radical at carbon atom at the intensity ratio (1:2:1) but thus absence of thin structure of
the spectrum.

At further photolysis of examples the decrease of spectrum was observed in the weak
field part with simultaneous decreasing of signal magnitude, that testifies formation of
monomers and oligonomeric radicals.

This fact is proved by realisation of the given reaction in stable aminoacryl of radical
2,2,6,6 -tetramethylpiperidil 1-acryl . The occurrence of cross- connected of connection and
education of macro-radical testifies yellow colouring.

By processing ethane of a solution is allocated of polymeasures on a basis
brominepropeigyl, soluble in organic of soluble, dark -brown colour, develop a symmetric
signal electronic paramagnetic resonance, characteristic for a free electron with g = the factor
close g = 2.0031 and concentration paramagnetic of particles equal to 1016 spin/gr.

Allocated of polymeasures with multi-connected connection has paramagnetic
properties and are characterised electric conductor, laying in semiconductor areas.

PECULIARITIES OF LIGHT SCATTERING NEAR PHASE
TRANSITIONS BY OXIDE CRYSTALS

Sh.Atabaev, Sh.Shamuratov

Higher Engineering Fire Technical School, Tashkent, Uzbekistan

The fast growth of investigations of the properties of elementary excitations in crystals
owes its origin to the introduction of lasers in processes of Raman scattering. The last few
years they studied Raman scattering of light not only by optical phonons, but also by
polaritons, which can be observed only when laser excitation sources are used.

Raman scattering has now become an effective method for investigating the
characteristics of the spectra of polariton excitations and of their changes as a result of
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interactions of polaritons with other elementary excitations and with many-particle states in
solids. Studies of Raman scattering by polaritons have given information on important
parameters of solids, such as dispersion of the permittivity and the non-linear susceptibility,
which describes the scattering intensity over a wide spectral range including lattice
resonances.

This report describes some properties of light scattering by phonons and polaritons near
phase transition in dioxide circonium crystals. The crystals have been grown at the laboratory
of radiation physics of optical materials at the Institute of Nuclear Physics.

The crystals were cut so that the angle between Z-axis and the polished face <100> was
90 degree.

The experimental set-up consists of the spectrometer DFS-24 with an optical system for
collecting the scattered light within a small solid angle oriented in some definite way relative
to the exciting radiation beam. The argon ion laser was used for excitation of phonons and
polaritons in crystals. X-Y plotter was used for recording the spectral lines.

The obtained spectral lines of phonons and polaritons of the crystals show, that the
intensity of this line near phase transition temperature of crystal extremely changes. The
nature of these changes were studied and compared with the results of authors. The main
result of this experiments is that using the light scattering from elementary excitations, it is
possible to determine phase transitions temperature in crystals.

The detail results of the experiments will be published elsewhere.

IMPLEMENTATION OF NOVEL PARAMETERIZATON
SCHEME FOR INTERPRETATION OF INTENSITY

PARAMETERS OF Pr3+ IONS IN YA1O3

K. Kurbanov, T. Dzuraey, K.Muminov

Bukhara State University, Uzbekistan

Compounds with Ho3+, Er3+, Pr3+ ions have been attracting a great attention in studies of
spectral and generation properties of oxide and fluoride laser crystals. These activators are of
interest due to the existence of several metastable states in their energetic levels that allows to
generate stimulated illumination of various wave lengths, including of visible light at a great
number of inter-multiplet transitions.

The semi-phenomenological approximation of Jadd-Ofelt have been successfully used
for description of spectroscopic intensity characteristics of Ln3+ in condensed compounds.
There are, however, two points that can not be resolved in the framework of this
approximation: simultaneous description of several supersensitive inter-multiplet transitions
in Ln3+ ions and the problem of negative sign of the parameters Q2, for instance for Pr3+ ion.
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In Ref. [1] a novel parameterisation scheme was implemented for description of the
intensity characteristics of the inter-multiplet electron-dipole transitions of Pr + in YAIO3,
involving corrections depending on the energy of initial and final multiplets:

Sff = Z h +^EJ +Ef -2E0)Rk]<yJ\\uk || f-J>2 +
JJ

£=2,4,6

£=2,4,6

If Rk=0 and Dk=O, the equation reduces to the that of Jadd-Ofelt

nk<aj\\uk\\a'j>2

£=2,4,6

Here R|< and D|< are corrections to the dependence of line power of J->J' electron-dipole
transitions from the energy of initial E, and final Ej> multiplets. The centre of configuration is
E0=9940sm"1.

The experimental and calculated values of line powers of electron-dipole transitions
with and without taking into account of J-mixing of Pr3+ ions in YAIO3 are in well agreement
with each other. Note that the influence of corrections dependent on the energy of multiplets
on Sjj' from Ln3+ is the most noticeable for Pr3+ ions. Because for this ion the centre of
configuration Eo lays approximately at the middle (O-22220sm"') of observable range of
spectrum.
1. Kaminskii A.A., Kurbanov K., et.al. Phys.Stat.Sol. (a), 1988, v.IOS.p.KISS-KISq.

UZ9901374

HERMETIC INPUTS OF POWER AND CONTROL CABLES
FOR ATOM ENERGETICS

M.Mukhamedzanov1*, M.Muminov1', Kh.Nurmatov1*, N.Kostyukov2), N.Minakov2)

^ Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

Engineering Technologic Center Russian Academy of Sciences, Blagoveshchensk

This paper presents the results of testing of the inputs of the power and control cables
destined for atomic electric power stations including a water-water type reactor. Several
ceramics and metals were used as construction materials being radiation hard and thermal
stable till temperatures of 1000°C are extepted. Radiation testing of the inputs was carried out
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under the regimes of «small» and «great» damage (break-down) having the following
parameters:

pu r:i in c (ITS

Temperature °C

Pressure. Mpa

Humidit>

Specific active ( V I

Absorbed dose power

Rad/hour

Period of damage

regime, hour

Period between the regime

Temperature after

the damage, °C

Pressure after

the damage. Mpa

<-MII:|]|» il:im;i»f

till 90

0.118

steam-air mixture

1.5.10""'

102

5

1 per 2 ears

till 60

0.05-0.12

.••trout» d:iniu<ii'

till 150

0,5

steam-mixture

2.5

10?

10

1 per the total exploaling. period

nl on

0.05-0.12

During the tests the total radiation dose of 5.108R simulated the total exploiting period
(40 years) accounting for probable damages. The testing of the hermetic inputs were carried
out in the special chamber invented for these purposes inside 60Co gamma-sources at the
Institute of Nuclear Physics (Tashkent, Uzbekistan). The results of thete sting have shown
that these hermetic drivings based metal- ceramic conjunctions keep up completely its
working abilities after simultaneous influence of external factors listed in the table above. In
conclusion one should note, thet the worked out facility imitating the damage regimes, the
probability of which is provided for the atom reactor processing allows to test any
constructions (diameter till 300 mm and height up 2000 mm) for control and protection of the
reactors of the atom electric stations.

SOLVING EQUATIONS OF QUANTUM CHEMISTRY
OF SOLIDS AND HIGH-TEMPERATURE-SUPERCONDUCTOR

PROBLEM

E. Z. Liverts

Institute of Nuclear Physics, Alma-Ata, Kazakhstan

The conventional technique for solving the equations of quantum chemistry (of solids)
is extended to the structures possessing certain symmetries. The extension proposed gives a
chance to find unoccupied electronic states located lower than the Fermi level of the ground
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state of a specific system. Such states can be treated as «spectral holes». Application of this
technique, in particular, when calculating the electronic structure of HTSC-compounds
YBa2Cu307.8 (0 < 8 < I), La2Cu04, YBa2Cu08, results in the following. For all versions of the
examined charge distributions over a crystal lattice, spectral holes of high spatial localization
are found. The «spatial spectral holes» are mainly located at the py - orbitals of the apex
oxygens. These orbitals overlap and form linear chains which are parallel to but do not
coincide with the known Cu(l)-0 chains which disappear when 8 is close to 1. One can
suppose that these linear chains of the overlapping hole states form a «superconducting
channel». It should be noted that the mentioned above «spectral holes», which are localized
mainly on the py - orbitals of the apex oxygen atoms, are localized completely in the two-
dimensional layers parallel to the lattice vectors B and C. Recollect on the works by
academician V.L.Ginzburg devoted to the two-dimensional superconductivity. Some other
parameters are closely related to the critical characteristics of HTSG-materials are calculated
too. The calculations show that, when the oxygen chain atoms 0(1) are removed (8 > 0), «the
superconducting channel» is broken.

SIMULATION OF THE GROUND STATE OF THE ANYONS IN
THE TWO - DIMENSIONAL PARABOLIC WELL

B.AbduIlaev, A.D.Kidisyuk, M.M.Musakhanov

Tashkent State University, Uzbekistan

The determination of the energy spectrum of anyons in the two-dimensional (2D)

parabolic well is actual and interesting task of quantum mechanics.

The analytical calculation of the energy spectrum of the two anyons in 2D parabolic

well was performed in [1, 2]. The energy spectrum of systems containing more than two

anyons in the same external field can not be obtained analyticaly. Wu [3] generalized the class

of exact two anyons solution into three anyons containing system and found it's energy

spectrum. There is a numerical calculation of the lowest part of the energy spectrum of three

[4, 5] and four [6] anyons in the 2D parabolic well.

The ground state of the systems from two to four containing anyons in 2D parabolic

well is linearly interpolated between boson and fermion spectra [3-6], when the factor

describing the statistics of anyons v, changes from 0 to 0.5, i.e. from the numerical quantity

corresponding to bosons to that of fermions.

In the present work by using Complex Diffusion Monte Carlo method developed in [7],

we have simulated the ground state of 2, 4, 6, 8 and 10 anyons containing systems in the 2D

parabolic well. For the realization of this simulation we have used an anyonic vector potential

[3]. We have varied the anyonic factor v from 0.1 to 0.5 with step 0.1. For the 2 and 4 anyons

we have found a very good agreement between simulation results and ones outlined in [2, 3,

6] (maximum deviation about 8 per cent was established only for the two anyons at v=0.1).
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The simulation has shown that for the 6, 8 and 10 anyons systems in the 2D parabolic

well there is the same linear character v dependence of the ground state from boson to

fermion spectra as for 2, 3 and 4 anyons. Numerical simulation quantities of the ground state

energy fit excellently this line for these systems.

1. J.M.Leinaas and J.Myrheim, Nuovo Cimento, B37,l (1977).
2. F.Wilczek, Phys.Rev.Lett., V.48,1144 (1982).

3. Y.S.Wu,Phys.Rev.Lett.,V.53,lll (1984).
4. M.Sporre, J.J.M.Verbaarschot, I.Zahed, Phys.Rev.Lett., V67, 1813 (1991).
5. M.V.N.Murthy, J.Law, M.Brack, R.K. Bhaduri, Phys.Rev.Lett., V67, 1817 (1991).

6. M.Sporre, J.J.M.Verbaarschot, I.Zahed, Phys.Rev.B46, 5738 (1992).
7. B.Abdullaev, A.B.Baphoev, A.D.Kidisyuk, Yu.E.Lozovik, M.M.Musakhanov, Phys.

Lett.A. (1999). See also the Abstract of this Conference.

SIMULATION OF THE ANYONS: METHOD FOR THE EXACT
SIMULATION OF TWO-DIMENSIONAL FERMIONS

B.Abdullaev, M.M.Musakhanov

Tashkent State University, Uzbekistan

The simulation of the three and two-dimensional (3D and 2D) fermions is very difficult
task of the numerical methods of simulation. It seems, the best method for the simulation of
the fermions is a Fixed-Node quantum Monte Carlo approximation [1] developed by Ceperley
and co-workers.

The difficulty of the 3D fermions simulation is in fact that the wave function of the
fermionic system can change a sign and therefore can not be used in simulation process as
probability weight. The application of anyons [2, 3] for the simulation of the 2D fermions
looks very attractive. But the wave function of anyonic system, as that of 2D electrons in
magnetic field, where vector potential has central-symmetric gauge, is essentially complex,
i.e. it contains an imaginary part. So, we have here the same difficulty as for 3D fermions. On
the other hand, the simulation of the 2D fermions via the simulation of anyons could be
comfortably by numerical computational meaning, because the anyonic vector potential [3, 4]
providing anyonic property is relatively smooth and continuous.

In our recent work [5] the Complex Diffusion Monte Carlo (CDMC) method was
developed for the simulation of quantum systems with complex wave function. The ability ot
this method was demonstrated by the simulation of ground state of one electron in magnetic
field and several non-interacting coulombic charges in 2D parabolic well and magnetic field.
In the present work via anyonic vector potential and by using CDMC, we have simulated the
ground state of fermions in 2D parabolic well. This example of task is obvious for showing
fermionic behaviour, because the structure of quantum energetic levels of the 2D oscillator is
clear [6] and every fermion must occupy only one quantum energetic level. The simulation
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was done for the system containing from two to ten particles. The excellent agreement of the
simulation results with analytical ones allows us apparently to hope that the method for the
exact simulation of the 2D fermions is constructed.

1. PJ.Renolds, D.M.Ceperley, BJ.Alder, W.A.Lester Jr.,J.Chem.Phys.,V.77,5593 (1982).

2. F.Wilczek, Phys.Rev.Lett., V.48,1144 (1982).
3. Y.S.Wu,Phys.Rev.Lett.,V.53,lll (1984).
4. R.B.Laghlin, Phys.Rev.Lett, V.60,2677 (1988).
5. B.Abdullaev, A.B.Baphoev, A.D. Kidisyuk, Yu.E. Lozovik and M.M. Musakhanov, Phys.

Lett.A.(1999). See also the Abstract of this Conference.

6. V.M.Galicki, B.M.Karnakov and V.I.Kogan, "The tasks on the quantum mechanics",
Moscow, "Nauka", 1981, 648.

COMPLEX DIFFUSION MONTE-CARLO METHOD FOR
SIMULATION OF QUANTUM SYSTEMS WITH COMPLEX WAVE

FUNCTION

B.Abdullaev1*, A.B.Baphoev1*, A.D.Kidisyuk1', Yu.E.Lozovik2', M.M.Musakhanov1*

!) Tashkent State University, Uzbekistan
^Institute of Spectroscopy, Russian Academy of Sciences, Moscow

On the base of Diffusion Monte-Carlo method [1] we have developed a method

allowing to simulate the quantum systems such as a two-dimensional electron system under

external uniform magnetic field when vector potential has a central-symmetric form and

system of anyons.

In the framework of the numerical statistical error that is constant for an all simulation

running process method is exact and there are no approximations on the calculation of module

and phase of system's wave function. It is shown that an accuracy of the simulated mean

quantities is connected with the fact that a new complex distribution function in the method

has a phase which tends to zero as T1/2, where x - a diffusion equation integration time step.

But the principal point of the method is the way of calculation of summation mean

quantities with such a complex distribution function that allows to get reality of ones. It turns

out, that during calculation of these quantities at any fixed integration time point of diffusion

equation, it is enough to consider a complex distribution function phase only at one time step

x.

We have tested our method by the simulation of the ground state of one two-

dimensional electron and the systems non-interacting electrons-bosons in the 2D parabolic

well in the external uniform magnetic field. It is shown that there is excellent agreement

between simulations' results and analytical ones [2] for these two tasks. Namely, for one

electron the degeneracy of a ground state energy on the orbital quantum number m and m

dependence of fit of quantum distribution of particle was got in exact correspondence with
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analytical prediction. For the systems of electrons-bosons in 2D parabolic well a m
degeneracy of system's ground state energy vanished and particles quantum distributions were
Gauss like.

The method of investigation has shown that for the second task there is possibility to
simulate excited states of the system on the quantum number m.

1. P.J. Renolds, D.M.Ceperley, B.J.Alder, W.A.Lester, J.Chem. Phys., V77, 5593(1982).
2. V.M. Galicki, B.M. Karnakov and V.I.Kogan, "The tasks on the quantum mechanics",

Moscow, "Nauka", 1981, 648.
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EFFECT OF OPEN SPACE ON RESISTIVE CHARACTERISTICS
OF HIGH-TEMPERATURE SUPERCONDUCTING YBa2Cu3Ox

CERAMICS

L.S.Sergeeva, A.K.Jetbaev, M.F.Vereschak, V.S.Red'kin, K.K.Satpaev

Institute of Nuclear Physics, Almaty, Kazakhstan

L.S.Palatnik with co-authors [1] was the first to study effect of the open cosmic space
on structure and electrophysical properties of epitaxial yttrium-based high-Tc-superconducting
(HTSC) films, obtained under laboratory conditions. They showed the possibility for keeping
the HTSC state above the liquid nitrogen temperature and practical application of the films
under the space condition.

Two types of industrial HTSC ceramics were studied here: 1) stable samples with the
oxygen ordering and the critical temperature Tc « 92 K, and 2) unstable samples unsaturated
with oxygen and having Tc« 80 K. A part of them was exposed to the space and another one
was kept on the earth as reference samples.

The samples to be transported to the space were sealed in the specially designed cassete,
which was fixed on the external surface of the orbital station "Mir" by cosmonaut of
Kazakhstan T. Musabaev. The samples were being exposed to the space during a year.

Measurements of R(T) dependence were conducted by the four-probe technique at the
transport current of 20 mA. The samples with Tc values of 78, 81 and 92 K were found to
keep HTSC properties under the space conditions. The samples with Tc= 92 K appeared to be
the most stable, with the transition width practically unchanged and the Tc value even
increased by 1-2 K. Those with Tc= 80 K showed the transition shift by 10 K up and the width
increase by 5 K.

There are discussed possible mechanisms causing the observed changes of Tc values.

1. L.S.Palatnik et al, On stability of epitaxial HTSC films under the open cosmic space

conditions, Superconductivity: physics, chemistry, technique, Vol. 5 No 1 (1992) p. 139.
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ION-PLASMA PROCESSES RESPONSIBLE FOR FROMATION
OF TAPE SUPERCONDUCTORS

A.Zh.Tuleushev, Yu.Zh.TuIeushev, V.N.Lisitsyn, S.N.Kim, V.N.Volodin, A.B.Asanov

Institute of Nuclear Physics, Kazakhstan National Nuclear Centre, Almaty

The ways for manufacturing superconductors used for generation of strong magnetic
fields are based on the diffusion processes responsible for synthesis of superconducting phase.
Quantity of publications devoted to the ion-plasma processes resulting in formation of
superconductors with this purpose is rather limited, and its contents don't allow estimating
readiness to transition from studies to technology tests. Development of nuclear technologies
at the Institute has allowed solving a series of the problems related to manufacture of the
superconductors possessing high critical parameters by means of its synthesis at the
conditions of low-pressure plasma.

The samples of the belt (film) of niobium-nitride superconductor were produced by
reactive sputtering of niobium in the low-pressure nitrogen-containing plasma. The optimum
technological parameters for NbN <S/-phase synthesis, depends of a quantity, quality and
composition of gas mixture, type and composition of the anti-diffusion layer and the
stabilising one, the substrate material and its location with respect to plasma fluxes and other
factors, including design, have been found. The ways of control for variation of the crystalline
lattice parameters, in order to achieve a desired change of the transition critical point (from 7
up to 15 K) have been developed. In the course of studies, a potential opportunity has been
found for varying the coating composition, both within the homogeneity region and beyond it.
Subsequent treatment of samples in vacuum at a temperature about 700°C allowed reducing
distortion of crystalline lattice, keeping the nitrogen amount in the compound unchanged.
Possibility for implementation of the direct synthesis of niobium nitride, having the lattice
parameters that correspond to the appropriate superconducting compound, has been found too.

Formation of the superconducting film has been carried out by super-layers having the
thickness to 10 nm up to the total coating thickness 1 to 1.5 i m, on the copper belt of the
thickness up to 20 i m with the surface specially prepared and coated by titanium nitride. The
rate of superconductor formation (NbN coating is implied) on the belt of the width up to 40
mm comprises 0.8 to 1.2 m/hour.

The lead-based superconductor was among the first ones; however, the small level of
the critical current (7C) restricted its application. When forming the lead-based superconductor
by sputtering in plasma, we have used the technique for increasing lc via doping by the
elements which aren't mixed and don't produce intermediate compounds, exemplified by the
Pb-Al and Pb-Be systems. The targets made of high-purity metals containing not less than
99.99 mass % of the base element have been used. The coating components, identified by
means of X-ray structure analysis, are represented by isolated phases with undistorted
crystalline lattices which correspond to its table values. The conductors have been obtained on
the copper belt, both with a preliminary deposited adhesion layer and without it, layer to

345



layer, up to the superconducting layer thickness comprising 0.3 to 1.2 mm with the rate of belt
transport in the course of formation comprising 3.6 to 4 m/hour. Cryogenic tests of the doped-
lead-based conductor samples in the form of a film have shown that the transition critical
point, practically, doesn't differ from that for pure lead. But multiple increase of the critical
current comprised from 3.1 • 104 to 3.6 • 104 and 2.3 • 105 to 2.5 • 105 A/cm2 for the cases of
doping by beryllium and aluminium, respectively. The latter observation widens potential
sphere of application of the lead-based superconductors.

The presented results of studies and tests on formation of the belt superconductor based
on niobium nitride or doped by lead, as well as preliminary data for the Nb-Al system have
demonstrated capabilities of the prospects for application of the ion-plasma processes.

UZ9901376

MAGNETIC SCATTERING OF VERY COLD NEUTRONS BY

HIGH-TEMPERATURE BiLsPbo.3Ca2SrL9Cu3.1O5 CERAMICS

B. M. Ibraev

Al-Farabi Kazakhstan National State University,

Institute of Experimental and Theoretical Physics, Almaty, Kazakhstan

Using the method of very cold neutron scattering (VCN), magnetic interaction (field of 700

Oersted) with high-temperature superconductiing ceramics Bil.8PbO.3Ca2Srl.9Cu3.10d

were studied. The temperature of superconducting transition is Tc =113 K. Measurements of

the total macroscopic sections of scattering Et(v) (v-neutron velocity ) VCN with samples in

and out of the magnetic field were conducted at temperatures 120, 140 and 300 K in

conditions FC (cooling in the field) and ZFC (cooling in zero field). From the analysis Et(v) it

follows that in the velocity range from 50 to 90 m/s section Et(v) will comply a law ~l/v, but

at n<50 m/s a strong deviation 2t(v) from the law 1/v observed aside increasing the sections

and does not depend on temperatures of samples. Calculation of capture sections in main

elements and with admixtures gives a smaller value 2t(v) determined by ~l/v. Measurements

have shown that in all range of measured neutron velocities Et(v) measured in conditions ZFC

exceed values St(v) for FC. The approximation of the found macroscopic sections of elastic

incoherent scattering 2es(v) on inhomogeneities shows that the model of sphere satisfactorily

approximates Ses(v) dependence. This investigation allows to expect cluster formation of

magnetic nature (spin density waves) in ceramics in ZFC mode.

346



THE CONTINUUM THEORY OF NEARLY LARGE AND SMALL
MULTI-SITE BIPOLARONS IN WEAKLY
DOPED HIGH-TC SUPERCONDUCTORS

S.Dzhumanov, A.A.Baratov, U.Kurbanov, T.I.Umaraliev, B.Yavidov

Institute of Nuclear Physics Uzbekistan Academy of Sciences, Tashkent,

Since the discovery of high-Tc superconductors (HTSC), different bipolaronic states
have attracted much attention. They contain the basic ingredients to describe the electronic
correlation and the local formation of electron or hole pairs, which are believed to be relevant
to explain not only inconventional types of superconductivity but also unusual properties of
the normal state [1,2]. Among the bipolaronic states, nearly large and small multi-site
bipolaronic states have received considerable attention in the last years as the relevant ones to
high-Tc superconductivity. In this connection, we have developed a consistent and adequate
quantitative continuum theory of strong-coupling or so-called real (r)-space bipolarons in
weakly doped HTSC. The pairing theory for weakly dressing delocalized (D) and strongly
dressing localized (L) carriers describing the formation of r-space around large D and small L
multi-site bipolarons in the heavily underdoped HTSC is elaborated within the continuum
model and adiabatic approximation, taking into account the short- and long-range electron-
lattice interactions without and with electron correlations. We variationally determine the
binding energies, radius and stability regions of such D and L bipolarons for different trial
wave functions. The ratio of bipolaron binding energy EbB to doubled polaron energy 2EP,
radii and stability regions for the optic Pekar's and acoustic-optic D bipolarons as well as for
the optic and acoustic-optic L bipolarons are determined as a function of x=soc/so (Soc and so
are the high-frequency and static dielectric constants) and y=gsgi (gs and gi are the short- and
long-range electron-lattice coupling constants, respectively) in various compounds. More
accurate and detail phase diagrams of bipolaronic states on the (x,y) are presented. We have
shown that nearly large D and small L multi-site or continual bipolaronic states are
manifested as two localized states in the charge-transfer (CT) gaps of HTSC. I.e. they
correspond to the mid- and/or in-gap states observed in HTSC: one is with the energy level
very close to the edge of the CT gap and another is with the energy level away from this edge
of the CT gap. With dopant concentration increasing, the r-space around D and L bipolarons
evolve smoothly into k-space ones which are responsible for superconductivity below Tc. The
crossover boundaries between the Bose-Einstein condensation (BEC) (i.e. r-space pairing)
and BCS-like k-space pairing regimes are determined for the D and L bipolarons.

1. S. Dzhumanov, A.A. Baratov, S. Abbaody Phys. Rev. B54, 13121 (1996)
2. S. Dzhumanov. Int. J. Mod. Phys. B12, 2151 (1998)
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MAGNETIC ANOMALY IN YBaCuO CRYSTALS WITH
IMPURITY AND OXYGEN DEFECTS

E.M. Ibragimova, A.F.Nebesny, O.Yu.PoIyak, E.M.Gasanov

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

It is well established, that both doping high temperature superconductor (HTSC) by
ferromagnetic metal and creating oxygen displacement defects causes the paramagentic
Curie-Weiss response being contrary to the diamagnetic superconducting (SC) state.

Using the high frequency magnetic field and ionizing 60Co-gamma-irradiation, both
affecting only electronic and oxygen subsystem, we studied the influence of dia- and para-
magnetic metal impurities on the SC-parameters of undoped ("pure") singlecrystals
YBa2Cu3O7-x grown in different crucibles. The highly sensitive neutron activation and X-ray
analyses have shown in four examined cases, that during synthesis the following metals of the
crucible materials enter the crystals at some concentration 1-2 wt.% with the decrement from
surface to bulk: Atoms of Pt, Au and Al replace copper in Cu(l) sites of the chains and Cu(2)
sites of the planes, and Zr replace Y. Temperature dependences of magnetic susceptibility %

of the pure sample and those containing the impurities were measured prior and after the
irradiation. The pure crystal had the narrowest SC-transition starting from zero value of % at
92 K, while in the presence of Al dopant it was wide. In the rest cases the diamagnetic
response occurred far above the SC-transition.

Because of heterovalent cation substitution there are formed the impurity-oxygen defect
centers, at which charge carriers are trapped. Platinum and gold form the impurity M1+-
oxygen vacancy centers, breaking down or turning Cu(l)O-chains and creating microtwins.
This is the reason for the observed increase or decrease in Tc related to that of the pure crystal,
broadening the SC-transition and revealing an additional diamagnetic transition about 200 K,
since these metals are diamagnetic. Contrary to it, paramagnetic impurity Al3+ form defect
complexes of 1 or 2 oxygen atoms in the empty oxygen sublattice 0(5), thereby forming
cyclic regions of Cu(l)O, that can pin magnetic vortice currents and result in high values of
residual magnetic moment. The SC-transition also broadens and Tc lowers due to underdoping
Cu(2)O-plane with holes. Replacement Y3+ for Zr4+ sites inside the SC-layer of Cu(2)O-
biplanes causes displacement of the nearest neighbour oxygen atoms towards Zr, that
promotes locatization of holes in the SC-planes. Development of the diamagnetic.response
beginning from 280-300 K can be attributed to copper atom ordering, since the Neel
temperature for Cu is 280 K.

Thus, introducing diamagnetic metal impurities in all cation sublattices and forcing
redistribution of charge carriers localized near the impurity, one may observe the diamagnetic
state just below 300 K. The processes of charge carrier pairing and depairing in YBaCuO can
be considered from the point of view magnetic polaron theory.

The authors are grateful to B.Ya. Kotyuzhanski from Institute of Crystallography in
Moscow, Boyd Weal and Mark Kirk from Argonne National Labs, Sh.Chowdhury and Chen
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Kang from Clarendon Lab. in Oxford, J. Giapintzakis from University of Illinois in Urbana-
Champagne for kind providing crystals and interest in this experiment.

UZ9901377

NEUTRON - STRUCTURE INVESTIGATION OF y - RADIATION

INFLUENCE ON THE STRUCTURE OF YBa2Cu3O7x

I.Khidirov, K.O.Baktibaev, N.N.Mukhtarova

Institute of Nuclear Physics of Uzbekistan Academy of Sciences, Tashkent

It is of interest to study the influence of y - radiation on the structure both superconducting

and non - superconducting non - stoichiometric ceramics YBa 2CU 3O7.X, because the effect of

y - radiation can either cause the formation of various structure defects or initiate new phase

transformations which are not corresponding to the equilibrium phase diagram of the system.

The influence of y - radiation has been studied on the powder samples YBa2Cu3 06.98 and

YBa2Cu3Oe.77. The first one had the critical temperature of the superconducting transition Tc =

89 K and had usual orthorhombic structure. The second one had semiconducting behaviour of

temperature dependence of electrical resistance in the interval of 77 - 300 K. This sample is

characterized by essential oxygen non-stoichiometry over 0(1) and 0(4) positions, oxygen in

0(5) position being absent completely. The structure of the samples (before and after y -

irradiation) was studied by neutron diffraction method. Irradiation by y -rays up to dose of

3.65xl010R was carried out in the y - source with the intensity of- 2200 R/s (INP UzAS) in

evacuated and sealed quartz ampoules.

The same the neutron diffraction patterns observed before and after irradiation.

Therefore, the irradiated samples remained monophase with the initial structure type. The

treatment of neutron diffraction pattern of YBa2Cu3O6.77 by means of profile Rietveld method

showed that practically there were no noticeable changes in the structure. However, the large

scatter of experimental points revealed in the neutron pattern of the irradiated sample of near

stoichiometry composition (YBa2Cu3O6.98 ), and the changes observed in proportion of

diffraction reflexes intensities and in doublet reflexes form, which are visually well detected

at the Wolf - Bragg andles of 29 > 40 ° . It is obviously that the large statistic scatter of

experimental points testifies that large statistic distortions arise in the structure exposed to y -

irradiation. The other changes of diffraction pattern can be caused by change in atom

arrangement over the various positions or in atom concentration. The treatment of diffraction

patterns by Rietveld method showed that a good agreement between experimental and

calculated reflex intensities (and the least discrepancy index R) can be obtained when

supposed that oxygen content in the sample decreased significantly (7-x) = 6.64, oxygen

atoms having gone away from 0(1) and O (4) positions. If Meissner effect was observed in

the starting sample, after irradiation this effect was not found.

Thus, the results caused by y - irradiation of powder sample YBa2Cu3O6.98 in evacuated
ampoule are analogous to those obtained by annealing at a temperature about 450 - 570 K
under persistent evacuation; the difference is that the large statistic distortions of the lattice
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arise in irradiated sample. Different consequences of effect of heat treatment and y -
irradiation on the YBa2Cu3C>6.98 structure are caused by various mechanisms of these factors.
In the case of heat treatment the atom diffusion plays the main role in these structure changes;
in the case of gamma-irradiation mechanisms are much more complicate. Under the effect of
long-term irradiation, the particular material structure is formed, which is caused by radiative
heating (thermal diffusion), radiation-stimulated diffusion, formation of radiation-induced
defects and their interaction with various defects of initial structure and local distortions of the
electron structure of crystals. Irradiation of the samples non-stoichiometric on oxygen, doesn't
lead to noticeable modification of their structure. Therefore, the structure of the powder nori-
stoichiometric samples is more radiation-resistant than that of stoichiometric one.

In conclusion, it should be noted that this work was financed by Fund of support of
fundamental investigations of Uzbekistan Academy of Sciences.

UZ9901378

INVESTIGATION OF THE HIGHLY SYMMETRIC CUBIC
STRUCTURE OF YTTRIUM CERAMICS

M.U.Kalanov, M.S.Paizullakhanov, V.M.Rustamova, E.Akhmedov, T.Haidarov

Institute of Nuclear Physics Uzbekistan Academy of Science, Tashkent

The high temperature superconducting oxide materials belong to well-known group of
materials with perovskite structure (CaTiOs). It is well known, that in the perovskite structure
oxygen anions form regular octahedron with titanium cation in its centre. Yttrium ceramics
belongs to this class too. However, in this structure copper atoms are in the center of oxygen
octahedron, oxygen ions are in Ba-plane, and Y-plane is oxygen free. There are a few
questions: is octahedric enclosing of copper ions possible on Y-plane; if yes, what order is in
Y- and Ba-cation sublattices, what is stochiometry of anions, and what nature of conductivity
in the material.

The first results of sintering, structural analysis and electrophysic study of YBaCuO
perovskite phase are presented. The pellets of 12 mm in diameter and 2mm in thickness were
pressed from superconducting yttrium powder. The sample after short time annealing at
1223K was rapidly heated up to partial melting temperature and then furnace copied. The
structure was studied on the X-ray diffractometer DRON -UM1 with Cu-Ka - irradiation. The
temperature dependence of the specific resistivity was obtained by the Van der Paw method
within the temperature range of 77-300K.

Analysis of X-ray diffraction patterns showed, that obtained ceramics structure belongs
to the Pm3m space group of elementary cubic sell with a=0,4051 nm. The lattice positions are
occupied as following: lb (1/2,1/2,1/2) with Y and Ba atoms in accordance to their weight per
cents (l/3Y:2/3Ba); la (0,0,0) with Cu atoms and 3d (1/2,0,0), (0,1/2,0), (0,0,1/2) with
oxygen atoms. The experimental and calculated intensities of the diffraction reflexions were
compared for 4 versions for occupation over the above mentioned positions:
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1. lb by Y and Ba atoms - statistically is accordance with their weight per cent; la and 3d -
completely by Cu and O, respectively;

2. lb - by Y atoms only, la and 3d as in the case of version 1;
3. lb - by Ba atoms only, la and 3d as in the case of version 1;
4. lb and la - as in the case of version 1, 3d - by O atoms - not completely.

The divergence factor R for the cases 2 and 3 versions is 14,3 and 9,7%, respectively,
and in the case 1 and 4 versions is 3,8 and 1,1%, respectively (see the table).

Structural parameters of the perovskite phase of yttrium ceramics
JVs IIKL d(calc), nni d(mcas) I(meas), % I(calc),ft=0 I(calc), 6=0,15

1
2

3

4

5

6

7

8

NX)

no
111

200

210

211

220

300

0.405

0.286

0,234

0,203

0,181

0,165

0.143

0.135

The divergence

0.405

0.287

0,234

0,204

0,181

0.166

0,143

0.135

factor, R (%)

15.2

100.0

23,8

44.7

16,7

64,5

23.5

7.8

12.6

100.0

27,1

51.3

13,5

57.8

30.6

14,3

3,8

13.9

100,0

24,3

46,5

15,7

62.8

26.1

• 9 .9

1,1
According to minimal value of the R-factor (1,1%) this phase of yttrium ceramics was

presented as [(Y,Ba)CuO3J3-5, where value of 8 lied within 0 <8< 0,15. The temperature

dependence of specific resistivity measurements showed, that the sample displays an insulator

behavior.

So, the perovskite phase of the yttrium ceramics can be presented as a structure which

does not have ordering in Y and Ba sublattices and has a deficit of oxygen (8=0,15), thereby

showing an insulator behavior.

TEMPERATURE DEPENDENCE OF MICROWAVE ABSORPTION
IN YjBA^UaOv.x SINGLE CRYSTAL NEAR Tc IN LOW

MAGNETIC FIELDS

M.K.Aliev!), CR-Alimov1*, I.KhoIbaev1*, L.I.Leonyuk2), T.M.Muminov1*,
BA-Olimov1*, R.F.Rumi3), H.I.Turkmenov1*

!) Institute of Applied Physics at Tashkent State University, Uzbekistan

* Moscow State University, Russia
3) Institute of Material Science, SIA «Physics-Sun», Tashkent, Uzbekistan

The experimental data obtained by the method of magnet and temperature modulation

[1] for single crystals Y]Ba2Cu3O7.x near T c« 92 K and in the region of fields 0 < H < 80 Oe
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on the modified spectrometer. They are depicted well within the model R ~ ^ p ' , where p is

specific resistance average by Tc, p is taken as p = pw when T > Tc and

p = p w /o 2 (y /2)when T < Tc with y = \(A/H)^ cos2G + sin29/2(1 - T/Tc)^
2 Oo -

modified function of Bessell, A « 2-105Oe, « 13). In the given model the scattering of Tc

values is taken as the Gauss distribution.

1. M.K.Aliev, G.R.Alimov, T.M.Muminov, B.Olimov, B.Yu.Sokolov, R.R.Usmanov,
I.Kholbaev, Instruments and Experimental Techniques, 39, (1996) 769 (Translated from
Pribory i Tekhnika Eksperimenta 5 (1996) 152), (E-preprint, cond-mat/980972).

/3 7 9
INTERACTION OF LASER IMPULSE WITH YBA2CU3O7 TARGET

AND GENERATION OF FOUR-ELEMENT PLASMA

M.R.Bedilov, I.Yu.Davletov, RM.Bedilov

Institute of Applied Physics at Tashkent State University, Uzbekistan

It is known that interaction of laser radiation with solids leads to generation of electrons,
neutrons, multicharged ions and plasma at a high temperature and pressure. The generation of
the plasma from solids depends not only on the light beams density of power, wavelength,
frequency and focusing conditions but also from elemental constituents of the target [1].
Therefore study of laser interaction with HTSC-targets is of interest for production radiation-
stable materials and for understanding generation mechanisms of a multicharged laser plasma.

In this work the results of studies of interactions of laser radiation with HTSC-targets
are presented. The experiments have been performed by using a laser mass-spectrometer and
HTSC-materials in the form of tablets of 1,0 cm diameter and thickness 0,5 cm. It was
established experimentally that along with heating, destroying and evaporation of the target
under interaction of the laser radiation at q>109 W/cm2 with HTSC-targets, the four-element
plasma has been formed. Mass, charge, velocity, time and energy spectra of ions emitted from
HTSC-target were studied in a wide range of the laser power. It was revealed that mass-
spectra of HTSC-target atom ionized by the laser radiation contained not only one-charged
ion peaks of basic element of the target but also signals of multiply charged atoms of the
elements. The experiment showed, that ions with Z>1 are emitted from the HTSC-target by
one-electron mechanism of ionization of the four-element target by the laser radiation in the
range of 108 W/cm2 - 1011 W/cm2 (branch feature). Note that the formation of target ions Y+1

Cu + ', Ba + ', O + ] begins at the power density of the laser radiation q=T08 W/cm2, and Cu+2,
Y + 2 - at q=10 W/cm . The charge and energy distributions of the multicharged ions of the
HTSC-target are determined by processes of triple recombination and energy exchange of non
Coulombic collisions between them. The energety spectra of the HTSC-target ions are
analogous to those of a mono-element target, but the decreasing of the maximal energy of the
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ions of each multiplicity resulted from energetic losses due to Coulombic collisions. The
influence of oxygen state in the HTSC-target is established.

1. M.R. Bedilov, R.T. Khaidarov, et at all, Fizika Plasmy, 1998, vol.24, JNTs 4, p.366-368.

DYNAMICS OF KINK UNDER ACTION
OF FLUCTUATION AND DISSIPATION

M.R.Jumaev, N.K.Nosirova, C.Q.Qahharov, K.R.Nasriddinov

Bukhara State University,

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent

In this paper the function distribution (FD) for velocity of kink (|u|<l) is obtained,
which is considered as a non-gaussian. This fact is essential, therefore neglecting leads to the
wrong interpretation and divergence results theory and (numeral) experiment to one order and
more (see, for instance, [1]).

Fluctuated current availability leads to a fluctuating addition to velocity of kink and,
therefore, to shifts of spectra of lines. Calculation of spectral characteristics was lead in the
[2,3] at low velocities of kinks ( |u |« l ) .

Dynamics of kinks (for instance, in Josephson's junctions) in most cases, realisable in
experiments, is described by equation sinus-Gordon [4]:

where (p is the difference of phase, a is the dissipation coefficient, y(t) is the current's density.

Further we consider, that y(t) is delta-correlated Gausse randomness with following

characteristics:

< y(t) >= 0,< f{t)f\t) >= 2afS(t - O-(2)
In this case the dynamics of kink is defined by accidental current and characteristics of

fluctuation in system (particularly <r2y) may be directly found. Using methods of the Fokker-

Plank equations (see, for instance [5]), we obtained the following expression for the FD on

velocities of «gas» of kinks

(1 - u ) 2 Qxp[-au / (1 -

where parameter a is defined by following expression

\Jv / s / i/ \. / /

Thus, the obtained relativistic FD(3), essentially differs from classical, gaussian FD
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that we can use only at low velocities ( | u | « l ) and weak fluctuations (a2 « 1). In order to

confirm the last statement, we calculate averagequadratical velocity by using FD(3):

< u2 >- 1 -
where erfc(x) is the additional function-error. In the case of strong fluctuations formula (6)

gives finite values of < u2 >, then classical FD gives infinity values for averagequadratical

velocity. Besides, the FD is non-gaussian and is noticeable at strong fluctuations. Note, that

<j>(u) at 0<a<— ,that corresponds to the strong randomness, has two maximum,

3
symmetrically situated relatively to the beginning of co-ordinate; then at a > -1 we have only

3
one maximum at u=0. Therefore, we can consider a = — as the threshold value, dividing

strong and weak fluctuations.

1. If F., Christiansen P.L. et al.// Phys.Rev.B32 (1985) 1652.

2. Kaup D.J.// Phys.Rev.B27 (1983) 6787.

3. Salerno M. et al.// Phys.Rev.B38 (1988) 593.

4. Likharev K.K. Introduction to the Josephson's junctions dynamics // M., «Nauka», 1985,

320p.

5. Van Kampen N.G. Stohastical processes in physics and chemistry //M.,«Mir»,1994, 230p.

SUPERCONDUCTIVITY OF ATOMIC NUCLEUS AND MECHANISMS
OF MEMORY AND BEHAVIOUR OF MAN

E.N.Shermatov, R.N.Shermatov

Samarkand State University, Uzbekistan

Problem of superconductivity of atomic nucleus and mechanisms of memory and
behaviour of Man were correlated to one another. Deciding these problems of attended by
many bodies is problems, condensation of substance from matter for the physical field, living
and lifeless matters, tape-recording of information of field and material levels and so on.

In the context of representations of field quantum theory the universe was offered as the
totality of the infinite numbers of particle-oscillators plurality. Factors, which led to system -
formation and structure-formation in a result of, which takes place the essential lowering of
freedom degree in the particles system, were shown. Phase correlation between pulsation of
particles vibration leads to structure-formation of matter on the field level, and phase
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coherence leads to the condensation of matter which has the local character. Wavelength of
pulsation defines the spatial extent within which the pulsation's of the vibration phase of the
given particle renders self-organization influence on the vibration phase of other particles. As
a result of in particles system there are formed the superposed oscillated phase structures
(wave packets). An isolated one wave packet may be considered as a shimmering drop.
Superconductivity of the atomic nucleus and origin of energetic slit were explained by
realization of pulsation coherency of the nucleons vibration phase in the shimmering drop and
by formation of wave surface energy. The shimmering drop has vibrations and rotational
modes of vibration. Spiral-shape interpenetrating of induced the of dipole moments forms the
electrical dipole moments of nuclei. The disturbance of phase correlation in the process of
compression and expansion of nuclear matter (drop shimmering) forms the magnetic
component of the dipole moment. The context of this model is able to explain a number of
regularities in the spectra of atom nuclei as well as the "backbending" in nuclei rotation
spectrum. There was shown availability of absolute analogy between the atom nucleus
spectrum and the condensed state of molecular systems in the basic energy state.

As a result of self-organization in atom-molecular systems take place the compression
of phase space occupied by these sub-units, which is accompanied by formation quasi-free or
generalized electrons. As certain conditions were accomplished the phase correlation and self-
organization between generalized electrons led to the formation of the electron subsystem.
After realizing phase coherence, the pulsation of vibrations in the electron subsystem in
substances will observe the superconductivity. However this process requires realization of
phase coherency on certain modes of vibrations pulsation in matrix, i.e. in the atom-molecular
system.

If in the spectrum of vibration pulsation matrix there is a wide variety of modes of
vibrations pulsation then it in turn excites wide variety of modes of vibrations pulsation in the
electron subsystem. As a result of the character of self-organization and energy structure of
the wave packet of the electron subsystem is changed. The electron subsystem is in its turn
situated in interaction with the field of nuclei. Pulsation of nucleus vibration as a result of
oscillation on its shell steadily generates the elementary particles, which as a result of their
degradation again transfer in low step of structure in physical field matter. The change of
energy structure of the internal field of matter will lead to the generation of the totality of
quasi-free elementary particles. As its concentration achieves a certain value, as a result of
self-organization, if can form the new subsystem, the self-organized elements of which the
elementary particles are: leptons, quarks etc. The resulting formed system may be named as
substance-field system. After this point take place the separation of substance of living and
lifeless. The range of phase vibration pulsation modes in the new system allows realization of
phase coherency on some modes of vibration pulsation. This process leads to the formation of
superconductivity on a substance-field level and to the ability to save the information, i.e.
memory. The system tends to support the established phase coherency of stability. The set of
modes of pulsation of the vibration on the system allows it to compensate for energy losses
due to oscillation only at the sacrifice of physical field energy, and if necessary of generate
substance from matter of field for its progression. Thus, they have own independence in some
degree.
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The substance-field system, as a result of self-organization, gains new properties, which
absented in constituent it elements as individually. As a consequence of this it loses the ability
immediately to exert the influence on the processes in atom-molecular systems, capacity on
self-progression. For the supporting the connection with atom-molecular system, which can
promote its development, it forms subsidiary apparatus, in this case the brain, which consists
from neurons and connecting its elements-gluons [1]. The study of growth of animal and
man's embryos shows that the first proceeds the formation of drain. Then the ending
formation of brain proceeds to form the bodies according to built in its information. The
structures and bend of brain depend of from energetic structure of substance-field system.
Substance-rield system and brain spatial are superimposed in one another; however, the space
of action and their functional abilities differ from one another. They form in the bio-field of
living substance.

In the Universe, as a result of oscillation of substance structures, there take place
persistent radiation of information in the form of wave packet or Four-form in space about the
events and processes in these systems. This information is passed ahead to the character 111.

All information is recorded by the holographic method in the substance-field system. It is
necessary in note, that all substance systems are the holographic systems. Bearing wave for
the holographic record of information is an oscillating field of physical vacuum. The
substance-field system, after corresponding treatment, is transferred through the brain and
fixed in atom nuclei. As a function of character information, the brain produces the behavior
of the body, which is directed for development and for the supporting of its integrity, and
Finally for the development of the substance-field system.

1. Bloom F.E., Laserson A., Hofstadter L., Brain, Mind and Behavior, W.H.Feemon and
Company, N.Y. 1985.

2. Nicolis J.S. Dynamics of Hierarchial Systems. An Evolutionary Approach, Springer-
Verlag, Berlin, Heidelberg, N.Y., Tokyo, 1986, 486 p.
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RADIOACTIVE PRODUCTS OF
INSTITUTE OF NUCLEAR PHYSICS
AND ITS ENTERPRISES
"RADIOPREPARAT" AND
"TEZLATGICH"

1. Solution of sodium phosphate labelled with
phosphorus-32 for injection

2. Soldium iodide in isotonic solution with
iodine-131

3. Gold colloid, (Au-198)
4. Technetium-99M sterile generator
5. Rhenium-188 generator
6. Mezida, Tc-99M
7. Butyl ida, Tc-99M
8. Technephore, Tc-99M
9. Technemek, Tc-99M
10. Technephyte, Tc-99M
ll.Indiphore, In-113M
12. Indiphyte, In-113M
13. Hepatitis B surface antigen

immunoradiometric assay kit utilizing
iodine-125

14. Antibody to Hepatitis B surface antigen
radioimmunoassay kit utilizing iodine-125

15. Antibody to Hepatitis B core antigen
radioimmunoassay kit utilizing iodine-125

16. Hepatitis B core antigen
radioimmunoassay kit iodine-125

17. Antibody to Hepatitis delta antigen
radioimmunoassay kit utilizing iodine-125

18. IgM antibody to Hepatitis delta antigen
radioimmunoassay kit utilizing iodine-125

19. IgM antibody to Hepatitis A virus utilizing
iodine-125

20. a-fetoprotein immunometric assay kit
using iodine-125

21. Myoglobin radioimmunoassay kit using
iodine-125

22. Insulin radioimmunoassay kit using iodine-
125

23. (32P) phosphoris acid, carrier free

24. (33P) phosphoris acid, carrier free
25. Adenosine-5'-(y-32P) triphosphate
26. Guanosine-5'-(y-32P) triphosphate
27. Cytidine- 3', 5' - (5'-32P) diphosphate
29. Ammonium (32P) perophosphate

Nucleoside - 5'-(a-32P) triphosphates
30. Deoxynucleoside-5'-(a-32P) triphosphates
31. Adenosine 5'-(y-33P) triphosphate
32. Guanosine - 5' -(y-33P) triphosphate
33. Cytidine-3', 5', - (5' -33P) diphosphate
34. Nucleoside-5'-(a-33P) triphosphates
35. Deoxynucleoside-5'-(a-33P) triphosphates
36. L -(35S) methionine
37. Monopotassium phosphate, P-32
38. Dipotassium phosphate, P-32
39. Tripotassium phosphate, P-32
40. Monosodium phosphate, P-32
41. Disodium phosphate, P-32
42. Trisodium phosphate, P-32
43. Germanium metallic, Ge-71
44. Gold chloride (HauCl43H2O), Au-198
45.1-131, Soldium orthoiodine hyppurate

solution
46. Selenium-68 metallic
47. Phosphorus-32, red phosphorus
48. Phosphorus-32, phosphorus trichloride
49. Phosphorus-32, PS5

50. Radon generator with Radium salt
solution

51. Cadmium-109 radiactive source
52. Cobalt-57 radioactive source
53. Sodium iodide solution with iodine-131,

carrier free
54. Sodium iodide solution with iodine-125,

carrier free
55. Cobalt-57, carrier free



INSTITUTE OF NUCLEAR PHYSICS AND
ITS ENTERPRISES OFFER THE
FOLLOWING PRODUCTS AND

SERVICES

Radioisotopes (reactor and cyclotron) and their complete sets, labelled
compounds.
Superpure (99,9999 % and over) rare metals.
Filters for purification of air and water, for water harmless from bacteria and
filters for desalting the water.
Tritium - labelled compounds.
Devices and tools for mining, steel and oil-processing industries (level and
density gauges).
Devices determining the contents of gold, silver, platinum and other metals.
Systems for detecting the radioactive substances.
Samples analysis for trace-elements - up to 60 elements with concentrations up
to 10 %.
Medical devices and equipment (gamma - chambers, gamma counters, device
for electrolysis ELMA-1M).
Liquid air and nitrogen.
Development and production of non-standard equipment, gadget for every day
life (gas burners, water tanks).
Gamma sterilization
Hermetical lead-in and ceramics.
Precious and semi-precious ennobled gems.
Irradiation channels and service at reactor etc.
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